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Abstract

PurSUIt of a Jomt approach to the assessment of research Impact IS cntlcal for the contmumg VIabIlIty of
national and mtematlOnal research wlthm the global agncultural R&D system ThIs workshop on Jomt
Impact Assessment of NARS/ICRISAT TechnologIes for the SemI-And TropICS was organIzed to achIeve
three objectIves a) to report results of case studIes on adoption and Impact undertaken Jomtly by teams from
ICRISAT and the national programs b) to proVIde a forum for peer revIew and c) Identify through workmg
group sesSIOns key Issues and pnonty areas for ICRISAT/NARS research agenda on Impact assessment

The workshop was attended by ICRISAT sCIentIsts from all dlsclphnes by representatIves from pnvate
and publIc sector research mstltutlOns the seed sector and other mtematlOnal research orgamzatlOns These
proceedmgs mclude the presentatIOn of case studIes featunng research Impact m four areas - genetic en­
hancement research resource management options mtermedIate products of research and Impact of net­
works That adoptIOn IS a condItIOn of Impact was noted The effIcIency dImenSIOn of Impact served as a
startIng pomt m most analyses Other dImenSIOns of Impact mclude food secunty gender eqUIty sustamabllIty
human nutntlon employment and spIllover effects The mtegratlon of these dImenSIOns m the research
evaluatIOn process was dIscussed Peer revIew was an Important feature of thIS workshop It served as a baSIS
for the dISCUSSIOns on pnontles for the future research agenda on Impact assessment

Resume

L'evaluatwn con]omte de l'zmpact de la recherche compte rendu d'un atelzer znternatzonal 2-4 dec f996
feRfSAT Patancheru fnde La sUlVle dune approche conJomte pour l'evaluatlOn de 1 Impact de la recher­
che est cruclale pour la vlabllIte contmue de la recherche natlonale et mtematlonale au sem du systeme
mondlal de recherche et de developpement agncole L atelIer sur 1 EvaluatIOn conJomte de 1 Impact des
technologIes SNRAlICRISATpour les regIOns troplcales semI andes a ete organIse en vue de reahser trOIS
obJectifs prmclpaux a) falre un compte rendu des resultats des etudes de cas sur 1 adoptIOn et 1 Impact
entrepnses conJomtement par les eqUIpes de 1 ICRISAT et des programmes natiOnaux, b) servlr de forum
pour la revue par les speclahstes (peer revIew) et c) IdentifIer a travers des sessIOns de groupes de travml
les themes cles amSI que les domames de pnonte pour Ie programme de recherche des Systemes natlOnaux de
recherche agncole (SNRA)/ICRISAT sur 1evaluatIOn de 1 Impact

L atelIer a reum les chercheurs de 1 ICRISAT provenant de toutes les dlsclplmes de travaIl amsl que les
representants des mstltutlons de recherche relevant des secteurs publIc et pnve les representants du secteur
de semences et d autres organlsmes de recherche mtematlonaux Ces comptes rendus comportent la presentatIOn
des etudes de cas trmtant de 1 Impact de la recherche dans quatre domames -la recherche sur 1 amelIoration
genetlque les posslbIlIteS de gestlOn des ressources les prodmts mtermedImres de la recherche et 1 Impact
des reseaux La reUnIon a note que 1 adoptIOn est une condItIOn de 1 Impact La dimenSIOn de l'effIcacIte a
servI de pomt de depart pour la plupart des analyses Les autres dimenSIOns de 1 Impact comprennent la
secunte alImentarre l'eqmte de genres la durabllIte, la nutrition hummne 1 emplOl et les retombees secondmres
L mtegratlon de ces dImenSIOns dans Ie processus d evaluatIOn de la recherche a fmt 1 objet de dISCUSSion La
revue par les speclahstes etmt une charactenstlque Importante de cet atelIer elle a servl de base pour les
dISCUSSIOns sur les pnontes pour Ie programme de recherche future sur 1 evaluatIOn de 1 Impact

The ICRISAT research actIVIties were partially supported by the ASIan Development Bank,
the AustralIan Centre for International AgrIcultural Research, the CommIssIon of the
European Commumtles, and the Dmted NatIOns Development Programme
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Welcome Address

J G Ryan 1

Ladles and gentlemen, It IS a profes­
sIOnal and personal pleasure to wel­
come all of you to thIS Important
workshop I know that besIdes col­
leagues from IndIa, we also have
representatives from IndoneSIa, Nepal,
Bangladesh, Sn Lanka and Afnca I
hope I haven t mIssed any country or
regIOnal representatIOn as I welcome
ViSItors to ICRISAT And to my
colleague'S at ICRISAT, I also offer a
partIcular welcome I thmk It'S hIghly
appropnate that thIS workshop focuses
on Jomt impacts of agncultural re­
search by natIOnal agncultural research
systems (NARS) and ICRISAT

As most of you know, It is not easy
to dIfferentiate among the vanous
actors m agncultural research m terms
of attnbutmg Impact to particular
mputs The Consultative Group on
InternatIOnal Agncultural Research
(CGIAR) and I beheve m the NARS,
and there has been considerable effort
m recent years to act m more collabora-

----- tlve partnershIps as we pursue our
agendas I belIeve thIS partIcular

approach of collaboratIOn and partner­
ShIp is gomg to be an even more
Important feature of the relatIOnshIps
between ICRISAT and other mterna­
tIOnal centers and NARS m the future
And by natIOnal agncultural systems,
we should be talkmg of not only the
national publIcly-funded research
mStitutIOns such those here m IndIa,
but also umversltles, the pnvate sector,
government orgamzatIOns, and farm
aSSOCIations After all, It IS the farmers
who are the ultImate focus of what we
are all about -If we don't satIsfy theIr
expectatIOns and needs, then both
pubhcly and pnvately funded R&D
actIVIties m agnculture have no use

Let me Illustrate the emphaSIS that
WIll be given by ICRISAT and the
other mternational centers to collabora­
tIve relatIOnshIps m the future At the
recent InternatIOnal Centers Week m
Washmgton, two days were devoted to
a global forum on agncultural research
and that forum was led by the NARS
and regIOnal orgamzatlOn1> such as
APAARI (ASIa-PaCIfic ASSOCiatIOn of

Ryan, J G 1998 Welcome address Pages 3 5 In Assessmg Jomt research Impacts proceedmgs of an
Intematlonal Workshop on Jomt Impact Assessment of NARS/ICRISAT Technologies for the SemI And
TroPICS 24 Dec 1996 ICRISAT Patancheru IndIa (Banhlan M C S and JOShI PK eds) Patancheru
502 324 Andhra Pradesh IndIa Intematlonal Crops Research Institute for the SemI And TroPICS
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Agncultural Research InstItutIons),
ASARECA (AssOCIatlOn for Strength­
enmg Agncultural Research m Eastern
and Central Afnca), SACCAR (South­
ern Afnca Centre for CooperatIOn m
Agncultural Research), and WCASRN
(West and Central Afncan Sorghum
Research Network)

That forum was an extremely
Important renewal of the CGIAR
system to Illustrate the sense of
partnership With NARS that Will be a
hallmark of future relatIOnshIps The
other major reason why thiS meetmg IS
appropnate concerns the total resources
devoted to agncultural R&D m the
developmg world The mternatlOnal
centers research represents only about
4%, so the other 96% comes from other
actors m the agncultural R&D spec­
trum And that mcludes publIc sector
fundmg as well as pnvate and volun­
tary fundmg of agncultural R&D

So I belIeve for these types of
reasons that It IS not appropnate for us
m the mternatIOnal centers to be talkmg
about our Impacts separately from Jomt
Impacts WIth our NARS partners I
belIeve that all of us m the global
agncultural research system are facmg
a support enVIronment that IS bemg
subjected to many dynailllcs, such as
the debates over mtellectual property
nghts and constramed resources for
agncultural research, partIcularly m the
publIc sector, and competItIOn m the
pnvate sector It IS also a challenge to
harness research resources m pursUIt of
pnvate sector ObjectIves that comple­
ment objectives of pubhc sector
mstItutIons

4

One of the major purposes of Jomt
Impact assessment IS to measure and
document, and I stress document, Jomt
development of what we might call
mtermediate SCIentific output The
qualIty and quantity of these IS often an
Important mgredlent to acknowledge
the sCientific contributIOns of a group
of sCientists workmg m an mstItutlon
or a number of mstltutIOns Thus
mtermedlate outputs are necessary, but
obViously not suffiCient m most
mstances to JustIfy contmued financial
support to the agncultural research
agendas of other publIc or pnvate
sector mstItutIOns

We should also use opportumtles
such as thiS workshop to look at how
we can more accurately assess and
document Jomt Impact m terms of
socioeconomic parameters that contnb­
ute to economic progress The one that
IS most common IS benefit-cost assess­
ment, and here IS where the Issue anses
of decldmg who has actually contnb­
uted and for how long Most of the
benefit-cost studies that pertam to
agncultural research - either mdl­
Vidual proJects, an mstItutIon, a
program, or an entire natIOnal effort ­
show extremely high mternal rates of
return to the mvestment CntIcs
conclude that costs are bemg underesti­
mated and benefits overestImated
Those who respond would say thiS IS
an mdicatlOn of undennvestment m
agncultural research because we still
have a great opportumty for further
mvestment to get very hIgh rates of
return The truth may he somewhere III

between



Another element of measunng and
documentIng the SOCIOeconomIC Impact
of publIc sector InstitutIOns such as
ICRISAT IS what share of benefits
from JOInt actiVItIes IS attnbuted to the
core research Also Important IS the
gender perspectIve In those benefit
streams Have women In partIcular
been partIcIpatIng In the gaIns from the
enhanced Income streams generated
from agncultural research and develop­
ment actiVItIes?

A fourth Issue IS the ImplIcatIOns of
research actiVIties In terms of enhanc­
Ing the enVIronment or natural resource
base on WhICh most agncultural
endeavors depend Many methodologI­
cal challenges stIll remaIn In the past,
there wasn t much emphasIs on natural
resource management research as IS
currently the case There may be
methodologIcal dIfficulties In deCIdIng
who IS responsIble for generatIng
natural resource management research,
how much IS IndIgenous knowledge,
and how much IS modem SCIence
There are many methodologIcal
questIOns that surround the natural
resource management agenda

Measunng the Jomt Impact of
agncultural R&D IS very Important to
Justify future Investments In agncul­
tural research and development
Stakeholders want to know what has
been accomplIshed In the past, and

what are the prospects for future
SOCIOeconomIC Improvements Ac­
countabIlIty IS alIve and well In
agncultural R&D, and thIS proVIdes
another reason why we need, as we say
In IndIa, pukka Impact assessments, not
kucha And that IS why I am delIghted
that we have some key reVIewers In thIS
room who can contrIbute to the
refinement of Impact assessments
undertaken thus far

We need to be lookmg at Jomt
measures of Impact so we can set
future pnonties In a more mformed
way Impact studIes should not be used
solely to look at a final rate of return,
but also to understand the process to
gUIde future endeavors and proVIde
more explICIt JustIfication for future
support

The more we expose our Impact
studIes, the better Job we wIll do at ex­
ante pnonty settIng As thIS cycle
conTInues, plannIng and methodology
WIll Improve, and we wIll do a better Job
of Informmg our stakeholders of the
R&D agenda These JOInt exerCIses are
also Important to reach an agreement
among NARS, InternaTIonal centers, and
other actors for a future complementary
agenda

I am confident thIS workshop WIll be
successful, and I very much look
forward to the outcome of thIS contmu­
Ing process

5



Workshop Overview

Me S Bantllan1

Good mommg everyone, and welcome
to thIS workshop on "Jomt Impact
Assessment of NARS/ICRISAT
TechnologIes for the SemI-And
TroPICS" It IS now almost two years
smce we embarked on an InItIatIve to
document the Impacts of agncultural
research ThIS IS mdeed a reUnIon,
because most of you were WIth US m
1993 when we held a small meetIng on
agncultural research Impact awareness
and apprecIatIOn That 1993 meetmg
was followed by a workshop on
methodology, where we presented a
WIde range of technologIes developed
through ICRISAT/NARS partnershIps,
and we dIscussed approaches to
mtegratIOn of research evaluatIOn
efforts of ICRISAT, NARS (natIOnal
agncultural research systems), and
other mtematIonal research centers

Our senes of jomt case studIes
began m 1995 and 1996 We sustamed
the InItIatIve wlthm the natIonal
programs by trammg, and on-the-job
and field expenence among our own

and NARS staff m ASIa (1995) and
Afnca (1996) Smce then, these study
programs have been a regular feature of
what has evolved as a global Impact
team

The first ObjectIve of thIS workshop
IS to present results and progress of
adoptIOn and Impact studIes undertaken
jomtly by teams from ICRISAT and the
natIonal programs Second, thIS
workshop prOVIdes a forum where peer
reVIewers have been mVlted to gIve
cntIques and constructIve suggestIons
that WIll help Improve or refine the
adoptIOn and Impact analySIS I am
thankful to the emment SCIentIsts who
have jomed us for the next three days
to share theIr expert opmIOns and
perspectIves And lastly, the most
Important actIVIty of thIS workshop
WIll be the workmg group dISCUSSIons
Followmg the reVIew of papers, you
wIll have addItIOnal opportunItIes to
suggest dIrectIOns for the future jomt
research agenda on Impact assess­
ment

BantJlan, M C S 1998 Workshop overvIew Pages 6 7 In Assessmg Jomt research Impacts proceedmgs of
an Internattonal Workshop on Jomt Impact Assessment of NARS/ICRISAT Technologies for the SemI And
TropiCS 24 Dec 1996 ICRISAT Patancheru IndIa (BantJlan M C S and Joshi PK eds) Patancheru
502 324 Andhra Pradesh IndIa International Crops Research Instttute for the SemI And TropICS

ICRISAT Conference Paper No 1334
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To gIve you an overvIew of our
workshop, let me provIde a day-by-day
outhne After the opemng remarks and
mspIratIOnal talk by Dr Ryan thIS
mommg, w111 be an overvIew of
present technologIes m the SAT and a
summary of case studIes that are
underway ThIS seSSIOn w111 present
effects of adoptIOn of cereals and
legumes genetIc enhancement tech­
nologIes and consequent Impact

Three themes w111 be covered on day
2 - the Impact of resource manage­
ment technologIes, use of ICRISAT
mtermedlate products by NARS and
the seed sector, and the Impact of
networkIng An Important sessIon at
the end of thIS day w111 be a forum for
peer reVIew where mVlted reVIewers
w111 cntique the papers presented
dunng the first two days Dunng thIS
sessIOn, experts w111 present theIr
opmIOns on the methods and analysIs
m the case studIes, and provIde sugges­
tIons to enhance the analysIs

All partIcIpants WIll be mvolved m
workmg group seSSIOns on day 3 Four
workmg groups are planned The
sesslOns WIll provIde a venue for more
extensIve dISCUSSIon of vanous aspects
of the studIes - Impact studIes of
genetIc enhancement research, Impact
studIes of resource management
research, Impact of mtermedlate
products - crop management and
screemng techmques, and use and
value of germplasm and parental
matenals These workmg groups WIll
address key Issues on Impact assess­
ment m each of these areas and
develop a workplan that mcorporates
suggestIons from the peer reVIewers
HIghhghts of the workmg group
dISCUSSIOns and a workshop synthesIs
report WIll be presented m the con­
cludmg seSSlOn

I look forward to your actIve
partIclpatlOn, and thank each of you for
the valuable contnbutlOns that I know
you w111 make durmg thIS workshop

7



JOint Impact of Genetic Enhancement Research:
Case Studies



Sorghum S 35 In Chad - Adoption and Benefits

A Yapl1, G Dehala2, K Ngawara2, and I Abdallah3

A sound polIcy on sCience and technol
ogy IS necessary to resolve most
development problems, and thus soon
after mdependence, the government of
the Republtc of Chad set up a natIonal
commIttee for SCIentIfic and techrucal
research under the MImstry of Plan­
nmg and Development The objectIve
of the commIttee was to coordmate all
research actIVItIes led by dIfferent
mStItutIOns m the country, mcludmg
the AgronomIc Research Center, WhICh
later became the Center for Agncul­
tural Research and Technology
(CART) Agncultural research devel­
oped wIth major mternal and external
fundmg, WhICh led to perfectIng certam
technologIes, mcludmg the sorghum
vanety S 35

ConsIdenng the not msubstantIal
funds already granted for agncultural
research, as well as the bleak pOSSIbIlI­
tIes for future finanCIal aSSIstance, It IS
essentIal to evaluate the Impact of past

mvestments so that research ObjectIves
and actIVItIes can be orgaruzed for
greater effiCIency

ThIS study IS a combmed effort of
ICRISAT and CART to evaluate the
Impact of research and extenSIOn of
sorghum S 35 m the semI-arId regIOns
of Chad The two mam ObjectIves are
• to determme the performance and

acceptabIlIty of S 35 under farm­
level condItIOnS based on adoptIOn
rates and farmer perceptIOns m
dIfferent regIOns where the technol­
ogy IS applIcable, and

• to evaluate the economIC Impact that
the adoptIOn (and the accompanymg
cultIVatIOn techmques) had on the
welfare of peasants and consumers
Other mdIcators of Impact affectmg

food secunty, rural poverty, and
problems for lastmg development WIll
also be dIscussed based on data
collected m major sorghum growmg
regIOns

YapI, A , Dehala, G Ngawara, K , and Abdallah, I 1998 Sorghum S 35 m Chad - adoptIon and
benefits Pages II 25 In Assessmg Jomt research Impacts proceedmgs of an InternatIonal Workshop on
Jomt Impact Assessment of NARS/ICRISAT TechnologIes for the Semi And Tropics 2 4 Dec 1996
ICRISAT Patancheru IndIa (BantIlan M C S and JoshI P K eds) Patancheru 502 324 Andhra Pradesh
IndIa InternatIonal Crops Research InstItute for the SemI And TropIcs

ICRISAT Conference Paper No 1348

I InternatJonal Umon of Forestry Research OrganIZatIons - Special Programme for Developmg Countnes Food
and Agnculture Orgamzatlon of the Umted NatIons (RegIOnal Office for Afnca) Box 1628 Accra Ghana

2 Center for Agncultural Research and Technology BP 441 NdJamena Chad
3 Gassl Seed Project Chad
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Study regions
Chad IS one of the largest Afncan
countnes, with an area of 1 284 000
km2 and a populatIOn of 6 3 milhon
The cultivable surface area IS 20
milhon ha, of whIch only 5% IS
currently explOIted Agnculture and
arumal breedmg represent 43% of the
gross natIOnal product (GNP) and
support 90% of the populatIOn (Chad
Mlmstere du Plan et de la CooperatIOn
1993) Sorghum, pearl mIllet, and
matze are the staple cereals of the
ChadIan dIet (Table 1)

Table 1 Cereal consumptIon In Chad
(kg capita 1 year1)

Pearl
Zone mlllet Sorghum Maize Rice

Sahehan 60 60 30 07
Sudaman 40 90 20 30
Country

average 50 70 20 10

Source Chad Mmlstere de I Agriculture 1996

All three cereals are cultIvated
(although m varymg proportIOns)
throughout the country, With the
exceptIOn of the extreme north, whIch
IS too arId The three study zones ­
Guera, Mayo-KebbI, and Chan
Bagmrmi (FIg 1) - were chosen
because they are located m the
Sahehan and the Sahehan-Sudanlan
zones, where chmate affects yield and
consequently necessitates short-cycle
crop varIeties such as S 35 Further­
more, these three zones are target and
dlstnbutIOn zones for S 35 m Chad

12

Guera

Sorghum remams the most cultIvated
crop m thiS hIlly regIOn The chmate IS
of the SahelIan type With an annual
ramfall of 400-700 mm and a ratny
season that can last five months (May­
Sep) The dry season IS generally Oct­
Apr, WIth a temperature of 42°C m
Apnl The soil and sub-soil are clay
and sandy-clay, permeable, and poor m
organIC matter, but favorable to the
cultivatIOn of cereals such as sorghum
and pearl mIllet In the mountamous
zones (whIch are unfortunately numer
ous), the SOlI has been largely washed
away by eroSIOn Indlscnmmate
explOitatIOn of the enVIronment and
overgrazmg aggravate SOlI degradatIOn

Off-season cultIvatIOn IS also
pOSSible m thIS regIOn Ferrahtlc SOils
can be found m certam areas The
vegetatIOn of Guera IS charactenzed by
a sparse grassy and woody savannah
There are a number of natural water
sources and zones that can be flooded
thus permlttmg the cultIvatIOn of
berbere (flood sorghum), which along
WIth S 35, are the only whlte-gramed
sorghums m the regIOn WhIte sorghum
(300 CFA coro I) IS more costly III the
local market than red sorghum (175
CFA coro 1) local vanetles The 'coro'
IS a umt of measure used for cereal
transactIOns m Chad, about 2 5 kg The
CFA IS the currency used m most of
French-speakmg Afnca, and IS pegged
to the French franc at 1 ff = 100 CFA
The French franc usually trades at
between 5 and 6 to the U S dollar

Over an area of 59 950 km2 , Guera
has a populatIon of 306 653 (43959
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urban and 219 884 rural), WIth 42810
who are resIdent nomads (Chad
MmIstere du Plan et de la CooperatIon
1993) Guera's populatIOn IS 55%
women The most Widespread crops are
sorghum, pearl mIllet, groundnut, and
berbere Cowpea, sesame, potatoes,
cassava, and vegetables are also
cultIvated

Mayo-Kebbt

Mayo-KebbI IS sItuated m southwest
Chad on the Cameroon border, has an
area of 30 105 km2 and a populatlOn of
799543 (94001 urban and 705 542
rural) Women are 52% of the popula­
tIOn Mayo-Kebbi is only 240 km
(startmg from Bongor) from the
capital, N'djamena, but m the ramy
season, the larger part of Mayo-Kebbi
becomes maccessible, which is a
drawback for mtegratIOn mto the
natlOnal economy

Openmg up thiS region is thus
imperatlVe m order to develop natural
resources improve services for the
populatlOn, and proVide a better
mfrastructure for commerClabzatlOn of
agnculture

The average annual temperature is
23°C m Mayo-Kebbi, with dally
vanatIOns of 20°C m the dry season
(Oct-Apr) and 9°C m the ramy season
(May Sep) The average ramfall varies
from 1 100 mm m the south to 800 mm
m the north In the last few years, a
ramfall deficit of 20% has been noted

Mayo-Kebbi is diVided mto dramed
zones m the southwest and mundatlOn
zones m the Logone basm, With a
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VariatIOn m altItude from 340 m m the
south to 310m m the north EroSIOn is
a senous problem

Cha,,-Bagulfml

The Chari-Bagumm reglOn is charac­
tenzed by both Saheban and Sudaman­
Saheban cbmates, differentiated mamly
by ramfall - 400-600 mm m the
Saheban zone, and 600-800 mm m the
Sudaman-Saheban zone The cbmate
mcludes a humid season (mid-Jun to
mid-Oct), as well as a dry season With
a cool penod (mid-Oct to mid-Feb) and
a hot penod (mid-Feb to mId-Jun) Two
major nvers, the Logone and the Chari,
cross the reglOn, and theIr waters
collect m the northern part of
N'djamena m Lake Chad Chan­
BagUirmI covers an area of 83 000 km2

The SOlIs of the regIOn are partIcularly
vaned

In 1993, the populatlOn of Chan­
BagUirmi was estimated to be
1 251 906, whIch IS a denSity of about
15 mhabitants km 2 (Chad Mmlstere
du Plan et de la CooperatlOn 1993)
The urban populatlOn IS estImated to be
605212 of whom 88% bve m the
capital, Ndjamena

Sorghum S 35 In Chad

After the CivIl war of 1979-81, the
country needed to reconstruct itS
genetIc resources and stabibze seed
productlOn Research efforts were first
aimed at extrapolatmg results from
agronomic research m neighbormg
countnes (Cameroon, Nigena Niger,
etc) With Similar agrocbmatic condi-



Source IRA 1993 Centre Semencler de GasS! 1989

Table 3 Characterrstlcs of S 35

year that was even dner, research
conducted III rural areas by SAFGRAD
at 93 SItes III Cameroon, showed that S
35 was even more effectIve than local
and other tested vanetles, WIth an 85%
edge m gram yIeld (S 35 had an average
yIeld of 1 330 kg ha I compared to 720
kg ha I for the local vanety) (Kamuanga
and Fobasso 1994)

Soon after ItS mtroducnon m Chad m
1986, adaptlve research was conducted
on S 35 WIth tests at local research
stanons and m rural areas Most of the
research actIvIty at the DOUgUl center
(WhICh does not have an ImgatIOn
network) was shIfted to the Gassl Seed
Center so that the DOUgUl center would

nons, and also wIth natIOnal and
mternatlonal agronomIc research
organIzatIOns such as ICRISAT
SAFGRAD (SemI-And Food Gram
Research and Development), and IITA
(Intemanonal Insntute of TropIcal
Agnculture) It IS m thIS capacIty that S
35 was mtroduced m 1986 at the Gassl
research stanon m Chad from the­
InStitut de Recherche Agronomlque
(IRA)-Maroua research statIOn m
Cameroon Base matenals of S 35 was
bred at ICRISAT m IndIa (Rao 1983)
and mtroduced at Maroua m 1981 from
the Samaru research statIOn m Nlgena,
hence ItS prefix'S' Table 2 summa­
nzes the stages of research and exten­
SIOn of S 35 technology m Chad

The vanety was earlier offiCIally
released In rural areas m the far north
of Cameroon, chIefly due to ItS hIgh
yIeld, especIally m a dry year, and also
due to ItS reSIstance to Smga, dIseases,
and Insect pests In 1983 a year that
proved to be dner than usual III the far
north of Cameroon, S 35 was supenor to
all expenmental vanetles III 10 of the 13
research zones where annual ramfall
was lowest (300-800 mm) In 1984, a

Table 2 Research and extension
perrods for S 35 sorghum In Chad

Re- Re Exten- Exten
Instltu- search search slOn slon
tIon began ended began ended

Gassl
StatiOn 1986 1989 1990 1995

AICF 1989 1991
ONDR 1989 Ongomg

Source DISCUSSIons WIth staff

Character

Pedigree
Type
Photopenodlsm
PanIcle
Gram color
Plant height
Mean panIcle length
1 000 seed mass
Mean gram yield

potential on station

Vegetative duratIOn
(headmg)

Semi matunty duratIOn
Drought tolerance
FolIar disease tolerance
Smga tolerance
Gram mold tolerance
Recommended

croppmg area

DescnptIon

M 910196-1 1-2
Dura
Non sensitive
Semi compact
Ivory white
I 7-2 I m
24cm
2530 g
2 8 t ha I Without

mmeral fertilIzer
45 t ha! With

mmeral fertilIzer
60 days

95 110 days
Very good
Good
Very good
MediOcre
With 300 800 mm

ramfall
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serve as a site fOf S 35 technology tests
(Table 3)

Research at the station

S 35 was evaluated m a senes of tests
at the statlOn m DougUl between 1986
and 1989 (Table 2) The aim of these
tests was to compare yield and
behavlOf of S 35 to local varIeties and
others already m the seed productlOn
project at Gassl Tests conducted at the
Dougm station m 1988 showed the
supenor gram yield of S 35 (Table 4)
In fact, the yield of S 35 surpassed that
of Samboul by 731 kg ha I (39%)
Zergay was the best local variety
(2 463 kg ha I ) compared to Samboul
(l 870 kg ha I), but Zergay IS sensItive
to smut whereas Samboul has the
advantage of bemg resistant to thIS
dIsease and harmful msects

When compared to mtroduced
vaneties (E 38-3 and ICSU 1002N),
S 35 produces a hIgher yield and IS also
resIstant to diseases and msect pests
E 38-3 produced a commendable yIeld
but IS senSitIve to long smut DespIte ItS
good gram yield dunng tests, E 38-3
was progressively Withdrawn due to ItS
sensitivity to long smut The vanety
ICSU l002N IS susceptIble to stem
borer Long smut and stem borer are two
enemIes of sorghum III the semi-and
regIOn of Chad

Adaptive research on S 35 also
targeted local regIOns dunng 1988/1989
m Guera, Mayo-Kebbl, and Charl­
BagUlrml (Table 5) In Guera,
S 35 fared well compared to other
vaneties, but III Charl-BagUlrml S 35
was Illfenor to other vaneties The yield
of S 35 III Guera dId not surpass that of
the best local vanety (Akoulmout)

Table 4 Results of S 35 trials at DougUi Research Station, 1988

50% 50% PhySIOlogIcal Dlsease/msect Stem Gram
headmg mature matunty Drought suscep height Stem Gram yield

Variety (d) (d) (d) resistance tlblhty (cm) taste color (kg ha 1)

Zergay (local) 66 86 101 ReSistant Smut 185 Sweet Red 2463
E 383 76 98 106 ReSistant Smut 230 Sweet Cream 1816
S 35 76 96 106 ReSistant ReSistant 235 Sweet Cream 2602
WhIte

NadJ dadJa 88 III 126 Susceptible ReSistant 310 Not White 1298
sweet

Red
NadJ dadJa 88 III 126 Susceptible ReSistant 310 Not Red 1400

sweet
Samboul 74 96 106 ReSistant ReSistant 320 Not WhIte 1870

sweet
ICSU 1002N 82 106 III ReSistant Stem borer 245 Sweet White 1966

Source Progress Report 1988/89 Seed Project GasSl
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Source Progress Report 1988/89 Seed Project GasSI

Table 5 Yield comparison of multl­
locatlonal trials, 1988/89 (Data for
Mayo-Kebbl are not available)

S 35
~

1 416 830 1 123
E 383 1 411 1408 1409
White

Nadj dadja 686 534 610
Red

Nadj dadja 610 1036 823
Akoulmout I 851 846 1015

Farm-level research
Tests on S 35 at the fann level started
m 1989, chIefly m Guera, WhICh was
the SIte most favorable to thiS vanety
Most tests were conducted at Mongo
and Mangalme by officIals of AICF, a
French non-governmental organIZatIOn
(NGO) 'MmI doses' of 250 g and 500
g of seed were dlstnbuted under a
supervISIon scheme that followed a
calendar of pre-arranged VISitS In
1994, for example, with 12 workers m
the Guera prefecture, ONDR (Office
natIOnal de developpement rural),
could tram a mmlmum of 1 200
farmers dIstnbuted m 120 villages

The dlstnbutlOn method adopted by
AICF IS Similar to that of ONDR, but
apart from trammg farmers AICF also
mcreased the amount of seed dlstnb­
uted to farmers m targeted villages

It IS mterestmg to note that all the
farmers who were tramed sowed at a
later date (end-Jun to early-Jul)
compared to the usual sowmg penod of

PTlmarydata collectIon

Study methodology

A study to determme adoptIon levels
and benefits from use of sorghum S 35
m different areas of Chad was con­
ducted

Agncultural statIstIcs were reViewed to
Identify areas With a hIgh productIon of
ramfed sorghum where Improved
varieties were dlstnbuted This approach
targeted potentIal adoptIon zones for S
35 Workers from ONDR and AICF
made reconnaIssance VISItS m the areas
to determme homogeneIty and select
representatIve sub-prefectures Mongo
and Bltkme (m Guera), Bongor (m

local vanetIes (generally, end-May to
early-Jun) (Table 6) As a short­
duratIon variety, the later sowmg
penod IS recommended for S 35 to
reduce bird damage and aVOId gram
mold when the rams have not stopped
at harvest tIme AICF workers have
also mSlsted on the Importance of
seedlmg denSity (about 100 g 0 01 ha 1)
and ImmedIate harvest at matunty
When the field IS sown m Jun-Jul at the
recommended seedlIng denSIty, weeded
properly, and harvested promptly at the
begmnmg of October, the fanner has a
good pOSSibIlIty of gettmg an average
yield of 1 200 kg ha I , even If less than
30% of the field IS sown m rows (Table
6) Accordmg to surveys by AICF
workers, more than 70% of the tramed
farmers favor mtroductIOn of S 35 m
the Guera regIOn

Yield (kg ha I)

Guera Chan-BagUlrml Mean
Sorghum
vanety
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Table 6 On·farm trials of S 35 carned out by AICF, Arenga {Guera}, 1988/89

No of
farmers Row FIeld

ProductIOn (kg)
Mean

and mIni Sowmg sowmg Emergence cleanliness Harvest yIeld
VJllage doses date (%) (%) (%) date Total Mean (kg ha ')

Arenga 5 27 and Yes 40 Very good 80 Clean 80 2 or 12 561 112 1771
28 lun No 60 Good 20 DIrty 20 Nov

Mankous sme 2 26 lun Yes 50 Good 100 Clean 100 II and 219 109 1588
3 luI No 50 14Nov

Male 3 26 lun and No 100 Bad 100 Clean 50 26 Oct and 53 18 983
3 lui DIrty 50 4 Nov

Doyo II 2 29 lun and Yes 100 Very good 50 Clean 50 25 Oct and 105 53 1050
4 luI Bad 5'0 Dirty 50 3 Nov

Total Bltkme 12 26 lun Yes 42 Very good 42 Clean 73 25 Oct 937 78 1348
4lul No 58 Good 25 Dirty 27 14Nov

Bad 33

Nlergm 6 10 29 lun No 100 Good 83 Clean 33 26 Sep 123 21 1060
Bad 17 Dirty 67 15 Nov

Total Guera 18 10 lun Yes 28 Very good 28 Clean 64 26 Sep 1060 59 1204
4lul No 72 Good 22 Dtrty 38 IS Nov

Bad 50 W

Source AICF ExtenSIon Work Progress Repol1 Aranga, Bllkme Guera



Mayo-KebbI) and MandelIa (under the
rural sub-prefecture of NdJamena) were
selected, wIth 28 vIllages m 17 dIstncts
chosen m the 4 sub-prefectures These
vIllages and dIStnCtS were chosen to be
representatIve of each of the study
zones A total of 152 farmers partICI­
pated m the study, wIth about 6 farmers
chosen randomly from each vIllage

A formal questIOnnaIre was used to
ask farmers after harvest m 1994/95
about productIOn systems, theIr opmIOn
of S 35, and post-harvest condItIOns

S 35 IS also grown m the regIOns of
Salamat, Moyen Chan, western and
eastern Logone, TandJI1e, OuaddaI, and
BI1tme, but not as wIdely because thIS
IS a hIgher ramfall area Nevertheless,
WIth a VIew to covenng all productIOn
zones, an mformal mqUIry was carned
out by farm extenSIOn workers resIdmg
m these regIOns Based on the opmIOns
of regIOnal extenSIOn experts, the
adoptIOn of S 35 m these secondary
regIOns was estImated to be 3-6%

EconomIc surplus approach was the
analytIcal method used m thIS study to
calculate the econOmIC Impact of
research and dIstnbutIon of S 35 m Chad
ThIS method IS based on the Idea that the
usage of a new technology can poten­
tIally change the structure of productIon
costs and market pnces and thus
Improve condItIons for farmers as well as
consumers (Akmo and HayamI 1975,
BantIlan 1996, Masters et al 1995)

AdoptIon of the new technology
mcreased productIOn effiCIency so that
despIte the addItIOnal expenses of
adoptmg a new technology, productIon
gams offset the addItIOnal expenses

In Chad, lIke most other SahelIan
countrIes, cereals such as sorghum are
produced by thousands of small
farmers for both home consumptIon
and urban markets, and thus the
dIstmctIOn between producers and
consumers IS often blurred

AdoptIon study

Surveys m rural areas collected
mformatIOn on the adoptIon rate of S
35, reasons for adoptIOn, and con­
stramts to adoptIOn

Adoption rate

The adoptIOn rate (%) m each of the
three study regIOns was calculated by
divIdmg the area growmg S 35 by the
total area under raInfed sorghum m the
sample area (Table 7) The adoptIon rate
IS clearly hIgher m Guera than the two
other regIOns because Guera IS the zone
most SUIted to cultIvatIon of S 35, and
most S 35 grown at Gassl between 1987
and 1989 was dlstnbuted m the Guera
zone Table 8 presents productIOn and

Table 7 Adoption rate (%) of S 35 In

regions under stUdy In Chad, 1990-95

Mayo Chan Average of
Year Guera Kebbl BaguInm three regions

1990 17 7 0 7
1991 22 8 0 8
1992 23 10 14 14
1993 28 17 21 20
1994 32 22 22 24
1995 38 27 24 27

Source Fonnalon [ann survey lCRISAT/DRTA 1994/95
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Table 8 Distribution of mini-doses of S
35 at Gassl, 1987-95

Year Seed (t)

1987 05 I

1988 06 I

1989 09
1990 14
1991 40
1992 40
1993 42
1994 58
1995 63 2

I Multlphcallon and dlstnbulJOn of S 35 was barely
documented m the first few years (1987-89) because
seeds were not sold but rather dlstnbuted to seed
growmg fanners through extensIOn agents for large
scale multlphcallon The 1987-89 quantllles are
estImated based on mfonnal dISCUSSIons with authontles
at the GasSI Research Station and ONDR staff

2 The quantity of S 35 seed reported for 1995 IS an
estimate based on sales of 4 300 kg by the end of May

Source Progress report on seed sale (mlm doses) at GasSI
Research Stallon

dIstnbutiOn of S 35 between 1987 and
1995

AdoptiOn of S 35 10 Mayo-KebbI
was much lower than In Guera, and In
Chan-BagUlrmI, adoptIon only began
10 1992 The lower adoptIon rates can
be explaIned by a preference In these
two regIons for the local red sorghum
(djIgan) rather than white sorghum
such as S 35 Also, the clImate IS more
favorable to cultIvatIOn of other crops
and seed of S 35 IS not as eaSIly
aVaIlable

Dunng the past few years, however,
sIgmficant rates of adoptIOn have been
noted In the Mayo-KebbI and Chan­
BagUlrmI regiOns The InCreas10g
Importance of S 35 10 regIons preVI­
ously conSIdered secondary for thIS
vanety IS perhaps an IndIcatiOn that
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dIetary habIts of the populatiOn are
changIng

Reasons for adoptmg 5 35

Farmers had a number of reasons for
adoptIng S 35 The three most common
were early matunty, hIgh YIeld, and
good taste (Table 9)

Early maturIty The fact that early
matunty IS more Important to farmers
10 Guera than 10 the other two regiOns
IS a confirmatiOn that drought IS a more
senous problem In that regIOn Early
matunty IS also Important In Mayo­
KebbI (73%) and CharI-BagUlrmI
(75%), an IndIcatIOn that drought IS
also spreadIng to these regiOns
Contrary to common belIef, however,
early matunty IS not always assocIated
WIth drought reSIstance

High yield The percentage of farmers
CItIng high yIeld as an Important factor
10 all three study zones confirms the
Importance of thIS cntenon 1Odepen­
dent of agroclImatlc zones

Good taste ThIS IS an Important cntenon
for adoptIon In Guera because dIetary
habIts In thIS regIOn tend toward white
sorghum, 10 fact, there IS a pnce dIffer­
ence between the two types of sorghum
m Chad, espeCIally In Guera It IS
surpnsmg that such a hIgh percentage of
farmers adopted S 35 for ItS taste 10 the
other two regIOns (53% m Mayo-KebbI
and 38% 10 Chan-BagUlrmI), especially
10 the latter where red sorghum IS
preferred Perhaps dietary habIts are
adaptIng to the new envITonmental
condIt:lons In whIch farmers lIve



Table 9 Frequency (%) of reasons cited by farmers for adopting S 35 sorghum

Guera Mayo Kebbi Chan-BagUlmu Across 3 reglOns
Reason for adoptlOn (62)1 (55) (8) (125)

Gram whIteness 31 20 0 24
Short duration 81 73 75 77
HIgh yIeld 52 62 50 66
Taste 63 53 38 58
Sweet stalk 11 26 13 17
Good threshabl!Ity 5 0 0 2
Drought reSIstance 48 7 0 27
HIgh sale pnce 42 0 1 22
Insect pest reSIstance 3 2 0 2
Good storabl!Ity 8 4 0 6
Other uses 0 2 0 1
Dough consIstency 6 0 0 3
Non lodgmg 3 0 0 2
Large gram SIze 5 20 0 11
GennmatlOn 2 0 0 1
Good seed VlabIhty 2 0 0 1
Floury 2 2 0 2

I Sample sIze
Source Formal on farm survey ICRISAT/DRTA 1994/95

Less Important reasons for adoptIOn
cIted by the farmers mclude drought
reSIstance, a hIgher sales pnce, and the
'sweetness' of the sorghum stalk

Constramts to adoptIon of S 35

Constramts mentIOned by farmers
mcluded bIrd damage, land degrada­
tion, seed avaIlabIhty, and seed cost
(Table 10)

BenefIts

We evaluated the data to learn Impor­
tant lessons about settmg research
pohcles and pnontIes, and future
extenSIOn actIVIties In order to evaluate

the Impact of S 35, the followmg
mformatIOn was collected

• productIOn level of sorghum m a
base year (1989) for each of the
three regIOns,

• productIOn costs and mput use of S
35 and the best local varIety,

• adoptIOn rates m the dIfferent study
regIOns dunng the years of mvestI­
gatIOn,

• research and extenSIOn costs, and

• yIeld mcrease and addItional costs
for growmg S 35

Growmg S 35 reqUlres a hIgher
InItIal mvestment by farmers SoIl
preparatIOn IS more expenSIve because
deep plowmg followed by ndgmg IS
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Table 10 Frequency (%) of constraints Cited by farmers as reasons for not adopt
1n9 S 35

Guera Mayo Kebbl Chan BagulOTII Across 3 regIOns
Constramt (8)1 (17) (2) (26)

Lack of seed 13 18 0 15
High cost of seed 13 12 0 11
Land degradatlOn 13 24 0 19
Bird damage 62 24 100 41
Insect pest damage 13 6 0 8
Labonous work 13 0 0 4
Growth duratIOn (too short) 13 0 0 4
Stem (too sweet) 13 0 0 4
Susceptibility to Strlga 0 12 0 7
Short height 0 6 0 4
Sowmg date (not controlled) 0 13 0 4
Lack of time 0 6 0 4
Susceptibility to smut 0 0 0 0

1 Sample size
Source Formal on farm survey ICRISAT/DRTA 1994/95

recommended Harvestmg IS also more
expensIve because S 35 IS so much
more productIve (51 %) than the local
varIety, but there IS an effiCIency to the
addItIOnal harvest - It only reqUIres
9% more work ThiS effiCiency IS
because S 35 IS less than half the heIght
of the local varIety (200 cm vs 440
cm), thus the pamcle can be cut
Without havmg to first cut the stalk, and
plantmg m rows facIlitates movmg
through the fields durmg harvest
Farmers have the additIOnal expense of
protectmg their fields because S 35 IS
susceptIble to bird damage

With a yield mcrease of 51 % m the
three regIOns over three years com­
pared to the best local varIety, the
productIOn cost was reduced by about
US$ 38 t I This reductIOn (US$ t 1)
varied by regIOn dependmg on the
yield mcrease - 46 m Guera, 16 m
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Mayo-Kebbl, and 36 m Chan
BagUlrml SOIl preparatIOn reqUIred
less time m Guera than m the other two
areas because there IS less vegetatIOn,
hence the reductIOn m productIOn costs
IS greatest Plantmg S 35 has enabled
farmers to reduce their umt cost of
productIOn and mcreased their effi­
ciency

The higher productIVIty of S 35 has
thus Improved famIly food secunty and
even proVided a surplus for marketIng,
espeCially m Guera, where farmers Said
that a high market pnce was one reason
for adoptmg thiS varIety Furthermore,
Improved cultIvatIon techmques mtro­
duced With the vanety reduced the trade
defiCit caused by Import of cereals

The mvestment m S 35 for research
and extensIOn IS Justified because
• growmg thiS variety has Improved

food secunty,



• Improved cultIvatIOn techmques
mtroduced wIth the vanety have
mcreased efficIency and decreased
productIOn costs, and

• yIelded a net economIC surplus of
US$ 15 mIllIon and anllltemal rate
of return of 95%

Implications for agricultural
research pnorltles

Pnmary mformatlOn collected from
farmers remams an Important means to
determme pnontles for future research
The followmg research tOpICS are based
on problems farmers IdentIfied as they
adopted S 35 technology

Date ofsOWIng

WhIle cltmg "loss caused by bIrd
menace" as a factor preventmg the
adoptIOn of S 35, farmers sard they are
stIll confused about sowmg dates BIrd
damage IS a consequence of early
matunty, thus adaptIve research to
determme the optimal sowmg date for
S 35 m the three zones IS a research
pnonty

Fertilizerandpost-harvest

Farmers IdentIfied 'degeneratIOn of
sod" as a problem for adoption of S 35,
and suggested that researchers study
fertIlIty managemept techmqhes

Ralsmg farmer mcome IS a prereqUI­
SIte to mvestmg m fertIlIty manage­
ment Consldenng the low mcome
levels of farmers and theIr reluctance to

mvest m nutnent management, research
on SImple fertIlIzatIOn techmques usmg
locally avaIlable raw matenals IS
necessary CompostIng, use of orgamc
matenal such as crop reSIdues, mtro­
duct 'o1"l of' IegJmmous plants lI1 a
rotation, and applIcatIOn of mmeral
fertIlIzers are all research pnontIes

LikeWIse post-harvest technologIes
aImed at mcreasmg demand for
sorghum, development of new uses,
and Improved marketmg networks are
essentIal and should receIve attentIon
when plannmg future sorghum research
actIVItIes m Chad

Seed sector

Farmers saId that lack of seeds' and
'hIgh cost ot seeds' were major
constramts to adoption of S 35
TacklIng thIS problem IS a pnonty

Research on seeds at the Gassl
research statIOn - the most Important
center for multiplIcatIOn and dlstnbu­
tIOn of Improved vanetIes m the
country - now SImply mvolves
packagmg hIgh qualIty breeder's seed
mto mlm-doses ThIS actIVIty should be
expanded on a large scale by farmers
WIth the help of government and NGO
extenSIon workers Farmers are adVIsed
to use new, Improved vanetles of seeds
every three years but when they grow
and sow theIr own seeds over time
mese seeds lose theIr punty and
prodUCtIVIty IS lower Research on an
mtegrated system to multIply and
dIStnbute hIgh qualIty seeds IS a
pnonty
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Fundamental questIons

The successful mtroductlon of S 35 m
Chad demonstrates that it IS worthwhIle
for Afncan NARS and regIOnal
research networks to cooperate,
commumcate research data, and
exchange genetic matenals It is
important that newly developed
agncultural technologies be made
aVaIlable to farmers as qUickly as
pOSSIble The consequences of the
eventual refusal by fanners of an
unsuccessful technology seem less
senous than the costs that are Incurred
by a long delay between perfectIng a
technology and It'S adoptIOn

When considenng research and
extenSIOn programs, the government
needs to create a system that produces
qualIty seeds In the reqUired quantities
and at the lowest cost

Development of such a seed system
should Involve competitIon from the
pnvate sector, With the government
creatmg an appropnate enVironment
WhIle waltmg for such a system to
develop m Chad, it is Important to
remforce the effiCIency of the Gassl
Seed Project, which is currently bemg
funded by FAO (Food and Agnculture
OrgamzatIOn) WhIle contmued
fundmg by FAO is extremely Impor­
tant, It is also unreahstlc to thmk It WIll
contmue mdefimtely, and thus Identlfy­
mg other fundmg sources IS essentIal
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Impact of Sorghum S 35
In Extreme North Cameroon

C NdJomaha1, A Yapl2, and A Adamou1

In extreme north Cameroon, agncul­
tural researchers aim to create tech­
nologIes that can
• mcrease productIOn,
• Improve productIVIty,
• contnbute to socIal well-bemg, and
• Improve food secunty

To attain thIS obJectIve, researchers
at IAR (InstItute for AgronomIc
Research) obtam finanCIal and techm­
cal support from the government of
Cameroon, foreIgn donors such as
USAID (U S Agency for InternatIOnal
Development) and FAC (Fund for AId
and CooperatIon), and from mterna­
tlonal agncultural research orgamza­
tIOns such as the InternatIOnal InstItute
of TropIcal Agnculture (llTA), Interna­
tIonal Crops Research InstItute for the
SemI-And TropICS (ICRlSAT), and
Center for InternatIOnal CooperatIOn m
AgronomIc Research and Development
(CIRAD) As part of the R&D process,
It IS essential that after a penod of tIme,
stakeholders understand the Impact of
theIr mvestments through an evalua-

tIOn Such an evaluatIOn estabhshes the
rate of adoptIon of a crop vanety,
documents the dIfferent factors affect­
mg adoptIOn, and proVIdes feedback to
refine future research efforts

Because Impact studIes are of such
Importance to researchers, donors, and
the government, ICRISAT ImtIated a
collaboratIVe study WIth the natIOnal
program m Cameroon to evaluate the
Impact of the S 35 vanety of sorghum
m the extreme north of the country

Extreme north Cameroon

Cameroon IS a central Afncan country
WIth an area of 475 440 km2 and an
estImated populatIOn of 12 658 439
(Central Intelhgence Agency 1992)
Extreme north Cameroon covers about
7 4% of the country and Its estImated
populatIOn IS 2 154067 people (RGPH
1987) (FIg 1) It IS a Sudaman­
Sabehen regIOn With an annual ramfall
of 500-900 mm and temperatures that
vary from 24°C to 40°C In the prov-

NdJomaha, C , YapI, A., and Adamou, A 1998 Impact of sorghum S 35 m extreme North Cameroon
Pages 26 37 In Assessmg Jomt research Impacts proceedmgs of an InternatIOnal Workshop on Jomt Impact
Assessment of NARS/ICRISAT Technologies for the Semi And TropiCS 2 4 Dec 1996 ICRISAT
Patancheru India (Bantilan M C S and Joshi PK eds) Patancheru 502 324 Andhra Pradesh India
Internalional Crops Research Inslitute for the Semi And TropiCS

ICRISAT Conference Paper No 1345

I Inslitute for Agronomic Research Agncultural Research Center Maroua Cameroon
2 InternaliOnal Umon of Forestry Research Orgamzalions - Special Programme for Developmg Countnes Food

and Agnculture OrganlZalion of the Umled Nalions (RegIOnal Office for Afnca) Box 1628 Accra Ghana
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Table 1 Area and productIon of
sorghum In Cameroon

reSIdue from the local brewenes IS
WIdely used m pIg breedmg ThIs
survey also showed that consumptIOn
of sorghum IS much hIgher than other
foods such as mIllet, groundnut,
cowpea, nce and maIze In additIOn to
Its role m feedmg humans and pIgS,
sorghum stalks are WIdely used m hut
constructIOn and fed to cattle dunng
the dry season

Considermg the Importance of
sorghum m thIS regIOn, agncultural
research began m 1964 to develop
technologIes to mcrease and stabIlIze
productIOn The estImated average
productIOn of sorghum and mIllet m
north Cameroon IS 700-780 kg ha 1, but
accordmg to researchers, output of
2 500-4 000 kg ha 1 can be achIeved m
the zone WIth ramfall of 600-800 rom
(IRAT 1971)

AttaInIng stable and hIgh productIon
IS strongly lImIted by uncertaIn clI­
matIC condItIOns For example, annual
raInfall varIes from 500-1 000 mm and
IS not temporally or geographIcally

FIgure 1 Extreme North regIon of
Cameroon

mces, agrIculture mamly mvolves
cultIvatIOn of cotton, cereals, (sorghum,
mIllet, nce, and maIze) pulses
(groundnuts and cowpea), marakhers
(omons, lettuce, and carrots), and
fruIts Pastoral actIvItIes mclude cattle,
calves, poultry, and pIg breedmg

Annual sorghum productIOn IS
estImated at 400 519 t (284 785 t
ramfed and 115 734 t grown m the off
season (SNAR 1995) (Table 1)

Accordmg to a survey CarrIed out by
the Testmg and LIaISOn Umt (TLU)
Maroua In 1990/91, annual consump­
tIon of sorghum per rural famIly IS
1 000-2 500 kg Sorghum IS consumed
eIther as a pomdge or as beer The

Year

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

Source SNAR 1995

Area (ha)

179425
273629
259264
319560
277 336
302890
232902
283553
281925
296569

ProductIOn (t)

109322
163926
248247
396997
281543
366150
224308
194981
252643
316927
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unIfonn The cultIVatIOn penod dunng
which It rams IS Jun-Oct, but smce
rams are Irregular and not predictable,
fanners often face a difficult sowmg
season m June and floods and erOSIOn
m August (FIgs 2 and 3) In 1982, the
Agncultural Research Center m
Maroua began work to select and
Improve sorghum vanetles that were
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Fzgure 3 Monthly ramfall- The
Mora regwn (1970-80)
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• early matunng (80-95 days) m the
semi-and zone with 300-900 mm of
ram,

• stable and high yleldmg
• tolerant to drought stress and Strzga,
• resistant to diseases and msect pests,

and
• compatible with farmer and con­

sumer preferences (Dangl et al
1990)

S 35 In Cameroon
The S 35 vanety was selected by the
Agncultural Research Center of
Maroua m 1983 based on a collectIOn
obtamed m 1981 from N G P Rao, the
sorghum breeder at the Samaru re­
search statIOn m Nlgena Favorable
charactenstlcs were Identified at
Maroua, and durmg 1983-85
multllocatlOnal tnals were used to
establish recommended areas for the
new vanety Simultaneously, expen­
ments m rural areas were carned out by
the TLU m collaboratIOn wIth
SODECOTON (OrganIzatIOn for the
Development of Cotton) In 1984 It
was tested m 88 farmers' fields and the
Yield was practically double that of the
local vanety

This spectacular perfonnance of
S 35 m a year when ramfall was less
than 500 mm led the heads of research
and development to propose ItS use m
1986 It was rete<;ted m 1985 WIth
particular emphasIs on cultivatIOn
technIques that could Improve or
stabilize yield In the off-season of
1985, more than 20 t of S 35 was
produced to launch the extensIOn



program m 1986 The zone where S 35
IS recommended has an average ramfall
of 300--800 mm S 35 has a hIgher
yIeld than the most WIdely grown local
vanety m the study area, Djigan, and IS
more resIstant to drought and Strzga,
but Djlgan seems to be more resIstant
to gram mold and appears to be hardIer
when grown on margmal SOlIs

Research on S 35 was mamly earned
m north-central Cameroon (FIg 4)
Mountamous zones were not consId­
ered because the average ramfall
exceeds 800 mm and humIdIty IS qUIte
hIgh The northern zone of the provmce
was abandoned even though ramfall
was adequate for S 35 (500--600 mm)
because the area lacked the necessary
mfrastructure ExtenSIOn of thIS varIety
was done m north-central Cameroon
wIth partICIpatIOn of the seed project
and SODECOTON

Study area

S::: Ie 112000000[:J M8~sa a l1li Dlrn e

~ MyoDmy

The area where the Impact of S 35 was
studIed, after mtroductIOn m 1986, IS
popularly called the cotton belt of
north-central Cameroon (FIg 4) It
was dIVIded mto three zones Mayo
Sava, Mayo Danay, and Dlamare
(Table 2 and Fig 5) These zones have
notable dIfferences that could mflu­
ence adoptIOn of a varIety

Mayo Mayo
Sava Dlamare Danay

Total area (km2
) 3408 7418 6897

Potential area for
ramfed sorghum 2215 4822 3829

Source BED! 1988

Table 2 Estimated area of the three
study zones In north central
Cameroon

&::: Ie 112000000~N fes rch die

N

t
Fzgure 4 Area ofresearch and release
ofS 35 m the Extreme-Nord (Far
North) regzon ofCameroon

Fzgure 5 Areas ofstudy ofS 35 Impact
m the Extreme-Nord (Far North)
regzon ofCameroon
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Table 3 Annual rainfall In the three
study regions of north-central
Cameroon (mm)

• Annual ramfaliis relatively lower m
Mayo Sava compared to the two
other zones (Table 3)

• Farmers m Mayo Sava (whIch IS
closer to the Nlgenan border) have
the opportumty to buy fertIhzer at
relatively lower pnces than m the
zone Itself

• ActivItIes under the agncultural
extensIOn program were first
launched m the Mayo Sava zone m
1989 The Dramare and Mayo Danay
zones began m 1991 and 1993

• Cotton IS not cultIVated m a part of
Mayo Danay and therefore cannot
benefit from the servIces of
SODECOTON

Mayo
Year Sava

1986 582
1987 526
1988 783
1989 635
1990 604
1991 773
1992 709
1993 697
1994 884
1995 686
Average 688

Source DPA 1986-95

DIamare

876
588
846
813
736
785
797
768

1046
941
820

Mayo
Danay

860
716
902
756
650
840
782
773
928
909
812

color varIes from red to whIte,

mcludmg DJIgan (red pencarp),
Tchergue (yellow pencarp),
Boulbassm, Walagaman, and
Guehng (whIte pencarp) DJIgan IS
the most WIdely used m the zone
and IS often the local varIety m pre­
extensIOn expenments

• VanetIes WIth a short growmg
penod (85-100 days) such as
Damougan and Makaiarl also have a
red pencarp These vanetIes are
often consIdered by farmers as types
of DJIgan

• Vaneties WIth a long growmg penad
(> 130 days) are presently on the
verge of disappeanng m the north­
central areas because annual ramfall
IS lower These vaneties are Yolobn
and Mbain Ramfed sorghum can be
cultIvated as a sole crop, rotated
WIth cotton, or as an mtercrop With
cowpea (Mayo Tsanga), groundnut
(Mayo Tsanga), or pearl mIllet
(Mayo Danay) Sorghum IS grown
as a sole crop on over 70% of the
land (Kamuanga 1991)
The use of organIC waste and

fertIlIzers on ramfed sorghum IS qUIte
common m north-central Cameroon
Accordmg to a study carned out m
1991 by TLUlMaroua, only small
quantItIes of fertIlIzers are used
because farmers cannot afford more

Many vaneties of ramfed sorghum
are cultIvated m north-central
Cameroon, WhICh can be classIfied mto
three groups (Russell 1991)
• VanetIes WIth an average growmg

penod (100-130 days) are 3-4 m
hIgh WIth compact pamcles Gram
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Methodology

Data collectIon

Data were collected from field studIes
and supplemented by secondary data
obtamed from Village heads, officers of



SODECOTON, agncultural orgamza­
tIOns, and NGOs

Samphng A team traveled through the
three research zones m July 1995 to
explam study objectIves to dlstnct
agncultural officers and SOhClt theIr
support Two vIllages were chosen at
random from each dlstnct, and one
officer from each vIllage was selected
and tramed to conduct the study
ThIrty-four vl1lages were selected 8 m
Mayo Sava, 14 m Dtamare, and 12 m
Mayo Danay In every VIllage, a survey
gUIded by the tradItIOnal chIefs was
carned out to claSSIfy land used for
cotton cultIvatIOn m 1995 From thIS
survey, the team of researchers first
sampled 20 farmers before movmg to
the larger survey of 571 farmers 136
from Mayo Sava 250 from Dtamare,
and 185 from Mayo Danay Farmers
were claSSIfied by cultIvated area
because SODECOTON recommends a
yearly rotatIOn of cotton-sorghum to
farmers, hence a large producer of
cotton IS also conSIdered a large pro­
ducer of ramfed sorghum In addItIOn
cotton cultivatIon IS an mdicator of
revenue because It IS the most profitable
cash crop m the study area The VIllage
samples were supposed to mclude a
range of sorghum growers and revenue
levels

Trmmng Data collectors were tramed
m August 1995 usmg a questIonnaIre
prevIOusly prepared and pretested
Modules of the questIOnnaIre were
deSIgned to gather data about farmer
charactenstIcs, productIOn, area under
ramfed sorghum, reasons for adoptIon

and non-adoptIOn, market pnce, etc
(BantIlan 1996) The research team kept
m frequent contact WIth the study
VIllages to ensure smooth data collec­
tIOn, WhICh occurred Sep-Nov 1995

Problems Certam areas are not
accessIble from July-Sep because the
roads are Impassable, so they were not
covered m the sample In addItIOn, the
sample SIze m some VIllages was
reduced because some farmers had
moved, were travelmg, or had dIed
Fmally, one vl1lage m the Dlamare
zone was dropped from the sample due
to dIfficultIes faced by the surveyor m
completmg data collectIOn After
meetIng WIth local agnculture OffiCIalS,
It was thought that changes m the
sample would not sIgmficantly mfluence
results of the study

Method to determme adoptIon and
Impact

Adoption rate The adoptIOn rate for
S 35 was calculated as a percentage of
the total area on whIch ramfed sor­
ghum IS grown For each of the three
zones under study, a ratIo of adoptIOn
was estImated from the sample and a
calculatIon was made from 1986 (the
first year of adoptIOn) to 2015 ThIrty
years was selected as the penod dunng
WhICh S 35 could generate benefits
before becommg obsolete or before
bemg replaced by an Improved technol­
ogy (Table 4)

EconomIC surplus approach The
mam objectIve of thIS method IS to
estImate the addItIOnal benefit that S 35
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Table 4 Observed and projected
adoption of sorghum 535 In the three
study regions as a percentage of total
area planted to sorghum

provIdes to producers and consumers
ThIS estImate IS based on an analysIs of
the changes that S 35 wIll bnng to
supply and demand of ramfed sorghum
m the area The addItIonal benefit thus

I n= Number of sample households

Quantrty

o

Quantrty

D

c

Q1

Q1 Q2

A

B

Ftgure 6 Schemahc representahon of
economic surplus

B Srtuabon afterdlfluslonof new technology

Ralnfed sorg,um pnce

A Imllal situatIOn (before the use of new technology)

Ralnfed rorghum pnce

P1

determmed represents the potentIal
contnbutIOn of the technology to the
economy (FIg 6) The economIC
surplus IS divided mto two parts ­
consumer surplus and producer
surplus

The extent of the additional surplus
generated by the new technology IS a
functIOn of reduced per hectare
productIOn costs

04
04
58
16

148
93
96

159
177
12 I
130
138
146
153
160
165
170
175
179
182
185
187
189
19 I
192
194
195
196
200
200

Mayo

Danay

(n=1l9)

65
75
60
42
36
45
53
66
98

136
159
180
198
21 2
223
23 I
236
241
243
246
247
248
249
250
250
250
250
250
250
250

Dlamare

(n=137)

106
154
203
30 1
360
359
391
47 I
465
494
519
540
556
568
577
583
588
59 I
594
596
597
598
599
600
600
600
600
600
600
600

Mayo

Sava
(n=48)1Year

1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
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Flgure 8 Rate ofadopnon ofS 35 tn
the three study zones (percentage
ratnfed sorghum area)

432 kg In Mayo Sava, 89 kg m
Dlamare, and 52 kg m Mayo Danay
These dIfferences mdlcate a better
genetic potentIal for S 35 m Mayo Sava
than m the other two areas, probably
because ramfall IS more congruent WIth
the 300-800 mm research recommen­
datlOn Dunng thIS same penod,
average ramfall m Mayo Sava was 687

FIgure 7 Rate ofadopnon ofS 35 tn
the three study zones (percentage of
farmers)

Results

Extreme north Cameroon IS a closed
economy - sorghum sales outsIde the
area are neglIgIble, thus suggestmg that
m a state of market eqUIlIbnum, supply
equals demand InelastiCIty of the
supply occurs because ramfed sorghum
IS the staple dIet for rural famIlIes m
thIS area, and farmers cultivate It
pnmarIly to meet theIr nutntlOnal
needs, thus changes m the market pnce
Will not markedly affect quantIties sold
Constramts such as limIted agncultural
credIt and operatmg funds Will not
allow farmers to react favorably to a
hIgher market pnce for sorghum In
addition, consumers rank ramfed
sorghum lower when compared to
mouskwan (dry season) sorghum,
maize, or nce

Research and extenSIOn costs These
costs mclude the sorghum selectlOn
program at Maroua, pre-extenslOn
work With SemI-And Food Gram
Research and Development
(SAFGRAD) and SODECOTON, seed
multiplicatiOn, and delIvenng seed to
farmers

Ten years after mtroductiOn, S 35 was
bemg grown on 50% of the ramfed
sorghum area by 85% of the farmers m
the Mayo Sava zone but In the
Diamare and Mayo Danay zones the
results were lower (Figs 7 and 8) Over
the lO-year-penod 1986-95, the per
hectare dIfference In productiVity
between S 35 and the local vanety was

AdoptIon of 5 35
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mm, but 819 mm m Dlamare and 811
mm m Mayo Danay Local sorghum
vanetIes are usually sown m June, but
S 35 can be sown up to 15 July, thus
when June ramfallIs weak, S 35 fares
better

Another factor mfluencmg S 35
adoptIOn was extenSIOn servIces from
PNVFA (Program natIonal de vulgan­
satlon et de formatIon agncoles) Mayo
Sava had theIr servIces smce 1989, but
DIamare and Mayo Danay were
covered only In 1992 and 1994 These
extenSIon efforts may have contnbuted
to the hIgher adoptIOn rate of S 35 In

Mayo Sava

Farmers cIte several reasons for
adoptmg S 35 - earlIness, and food
and feed qualIty In addItIOn, farmers
m Mayo Sava and Dlamare appreCI­
ate S 35 for ItS hIgh productIvIty and
gram color In Mayo Sava, 27% of
those mtervIewed adopted the vanety
for ItS hIgh market pnce, whIch was
22-40% hIgher than the local vanety
In Dlamare, the stem of S 35 IS
consumed lIke sugarcane, a charac­
tenstIc that was mentIOned by nearly
20% of the farmers Reasons for non­
adoptIOn were more numerous
(Table 5)

Table 5 Reasons for not adopting S 35 In the three study regions In north-central
Cameroon (percentage of farmers citing reason)

Mayo Sava Dlamare
Reason (n=48)1 (n=137)

Losses due to bIrds 375 35 1
Gram mold 375 175
HIgh pnce of mIllmg 271 131
LIght food 229 139
RegermmatlOn of seed 208
ReqUIrement of fertIle SOlIs 167 175
Poor qualIty of beer 125
Small stalks for constructIOn 104 5 1
Stalks dIslIked by ammals 104 44
Lack of seed 83 241
ReqUIres weedmg many tImes 62
ReqUIres qUIck harvest 62 1 4
Problem WIth threshmg area 62
Inadequate labor 42 14
Loss of stalk from fields 2 1 87
SusceptIble to wmd 2 1
Date of sowmg unknown 109
Vanety unknown 73
Lowretum 87
SusceptIble to msect attacks 66
HIgh cost of seed 44

I n =Total number of sample households

Mayo Danay
(n=119)

76
50

59

185

59

15 1

42
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To mltlgate bIrd damage and gram
mold, researchers recommend late
sowmg (early July) of S 35 so that
maturIty wIll comcIde wIth that of
early local varletles and thus dIstrIb­
ute' the bIrd damage Late sowmg alms
for gram maturIty at the end of the bIg
rams, WhICh should reduce the mCI­
dence of mold

Accordmg to the systems research
team, these general recommendatlOns
are not sufficIent, and more research IS
necessary to determme approprIate
sowmg dates m each agrochmatlc zone
recommended for S 35 These experI­
ments are of great Importance to
mltlgate the two mam constramts that
hmder adoptlon of S 35 m north­
central Cameroon It IS hoped that the
problem of lack of seeds hIghlIghted
by farmers (52% m Mayo Danay and
25% m Dlamare) wIll be gradually
solved by Jomt seed productlOn and
multlphcatlOn by IAR and PNVFA
that began m 1994 The officers m
charge of the dlstnbutlOn program
should be asked to work actIvely to
mform farmers who do not yet know
about the potentlal of S 35

Adopters andnon-adopters

The study determmed that adopters of
S 35 cultIvate relatIvely large areas
and have more plows and draft ammals
than the non-adopter1> They also have
more contact WIth extenslOn agents
and seem to exploIt new technologIes
more readIly

Factors such as educatlon and age
do not seem to affect adoptIOn but

most of the adopters belong to the
Mafa, ToupourI, and GUlZlga groups
On the other hand, the Foulbe,
Moundang, and Masa cultIvate smaller
amounts of S 35 ThIS can be explamed
by the WIde aVailabIlIty of DJagan,
whIch IS a good substltute for S 35, m
the zones where the non-adopters lIve

Impact 01 S 35

Internal rate of return (lRR) and net
present worth (NPW) were used to
assess the Impact of S 35 IRR and
NPW helped to Judge mvestment
opportumtles and estlmate prodUCtlvIty
Use of the economIC surplus method
allowed the potentIal gam generated by
S 35 to be determmed m each zone By
expressmg the gain m reduced umt
costs, the cost reductlon 'k' IS sIgmfi­
cant m Mayo Sava (k = 19 8) and qUIte
weak m Dlamare (k = 4 6) and Mayo
Danay (k = 0 7) The hIgher productIV­
Ity of S 35 relatlve to the local varIety
explams the lower umt cost

The Impact of S 35 IS notIceable m
Mayo Sava WIth an IRR of about 123%
and a NPW of more than 2 bilhon
CFA In Diamare, the IRR IS about
36% WIth NPW at 140 mIllIon CFA
The Impact IS lowest m Mayo Danay,
WIth an IRR of 11 %

Comparison of results

Kamuanga and Fobasso (1994) con­
ducted a SImIlar study of S 35 adoptlOu
m north-central Cameroon m 1990 In
that study 13% of farmers adopted
S 35, WIth 8 7% of the area covered by
ramfed sorghum In extreme north
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Cameroon, adoptlOn rates were 12%,
14%, and 50% respectIvely m Mayo
Danay, Dlamare, and Mayo Sava
Reasons for adoptlOn cited by farmers
were similar m the two studies In
additlOn, S 35 Improved food secunty
m the reglOn - m 1984 average
ramfall was 480 mm, but produCtiVity
of S 35 was double that of the local
vanety Food secunty was not meas­
ured m the present study, but It IS hoped
that future studies will consider It

Conclusion

The data from thiS study mdlcate that
Mayo Sava IS the zone best sUited for
S 35 m extreme north Cameroon An
mternal rate ofreturn of 123% and a
net present worth of more than 2 billion
CFA were obtamed Rates of adoptlOn
m the other two zones were less than
20%, which reduces the IRR and NPW,
but It should be noted that many
farmers m these two zones did not have
access to S 35 and were not well
mformed about ItS advantages com­
pared to the local vanety

Further research IS necessary to
determme optImal sowmg penods m
the three zones and Jomt seed produc­
tlOn by IRA Maroua and PNVFA
should be mamtamed to ensure an
adequate seed supply Fmally, It IS
necessary to conduct research on S 35
m other parts of north Cameroon such
as Logone and Chan
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Dual-purpose Sorghum - A Case Study In India

M Asokan, M C S Bantllan, P K JOShi, M MAnders,
and S Valasayya1

The bovme populatIOn m the Indian
state of Andhra Pradesh declIned from
21 9 nullIon to 21 1 milhon (a 3 6%
decrease) between 1983 and 1987
(Government of Andhra Pradesh 1996)
Straw and stover are Important feed for
bovmes, and higher fodder pnces
combmed With a declme m the area
under fodder crops forced farmers to
reduce herd size (Kelley and
Parthasarathy Rao 1994) Although the
supply of nce straw has mcreased m
lITIgated areas while sorghum fodder
productIOn declmed m ramfed areas,
farmers m ramfed areas tend to prefer
feedmg sorghum straw to their hve­
stock (Anders and SatyanaraY<Ula
1994)

Dual-purpose sorghum varieties
were proposed by ICRlSAT for thiS
area to meet the demand for ralnfed
fodder at reasonable pnces Feed
demand m ramfed areas has been
mcreasmg as the avmlablhty of
tradltlOnal communal lands has
dechned, and fallow penods m crop

rotatIOns have become less frequent
(Anders, Mulder, and Satyanarayana
1993) Despite a negative growth rate
m animal populatlOn, the pressure on
fodder has mcreased dunng the past
two decades (Kelley and Parthasarathy
Rao 1994)

Improved cultivars have been
adopted at a high rate m some areas of
IndIa, but many other areas eIther had
no exposure to Improved cultlvars or
have rejected those that have been
made avmlable (Anders and
Satyanarayana 1994) A method for
farmers and researchers to IdentIfy
farmers' needs, along WIth constrmnts
to adoption of Improved cultlvars, was
developed to better understand their
reasons for not adoptmg Improved
genetic matenal (Anders and
Satyanarayana 1994) ICRISAT
SCIentists were keen to become
mvolved m a project that would focus
on an area WIth potentIal for growmg
Improved cultlVars, but where they had
not been adopted by farmers

Asokan, M , Banttlan, M C S , JOShi, PK , Anders, M M., and Valasayya, S 1998 Dual purpose sorghum
- a case study m India Pages 38 51 In Assessmg Jomt research Impacts proceedmgs of an InternatIOnal
Workshop on Jomt Impact Assessment of NARS/ICRISAT Technologies for the Semi And TropiCS 2 4 Dec
1996 ICRISAT Patancheru India (BantJlan M C S and Joshi PK eds) Patancheru 502 324 Andhra
Pradesh India InternallOnaJ Crops Research Inslltute for the Semi And TropiCS

ICRISAT Conference Paper No 1355

I Internallonal Crops Research Inslltute for the Semi And TropiCS Patancheru 502 324 Andhra Pradesh
India
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The Indo-SwISS Project Andhra
Pradesh (ISPA) IS a bIlateral project
that has been operatmg m the state
smce 1990 ISPA made efforts to
mcrease and mamtam the bovme
populatIOn and conduct research to
mtroduce appropnate fodder vanetles
to meet the growmg demand One of
Its major ObjectIves IS to Improve
feedmg systems to optImIze the
eXlstmg fodder resource base and
mtegrate fodder cultlvatlOn mto the
farmmg system Because both
ICRISAT SCIentlsts and ISPA wanted
to develop a comprehensIve profile of
sorghum productlOn m a mIxed crop­
hvestock system, a collaboratIve
project began m 1991 The obJectlves
were to assess farmer preferences for
dual-purpose sorghum vanetles by
mtroducmg a WIde range of genetIc
matenals and to IdentIfy and quantIfy
constramts to adoptlOn of Improved
sorghum

A methodology was Jomtly devel­
oped to bnng together farmers,
extensIOn personnel, and researchers
and to evaluate dIfferent cultivars m
farmers' fields WIth the same manage­
ment practlces apphed to all plots
(Anders and Satyanarayana 1994)
Researchers made aVaIlable a WIde
range of genetlc matenal from whIch
farmers could select accordmg to theIr
needs The methodology also mcluded
momtormg the adoptlOn and Impact of
the project Anders, Mulder, and
Satyanarayana (1993) evaluated
dIfferent sorghum genotypes m
farmers' fields and found that the dual­
purpose sorghum vanetles ICSV 112

and ICSV 745 were much preferred by
farmers m the Warangal dlStnct of
Andhra Pradesh

The Imtlal reconnaIssance survey m
Bachannapet and ItS neighbonng
vIllages found farmers expressmg the
need for good quahty seed, but It was
not avaIlable nearby If the seed of a
new cultivar IS an Important compo­
nent of a technology, steps should be
taken to multIply It qmckly to meet the
demands of mterested farmers (Nene
1993) ThIS was followed by dIstnbu­
tlon of about 1 2 t of seed ofICSV 745
and ICSV 112 and 240 kg of
plgeonpea (ICRISAT plant matenals)
dunng the 1993 raIny season There­
fore, a study was planned m 1993 to
document the performance of ICSV
112 and ICSV 745 ThIS paper reports
• yIeld and fodder advantages of

ICSV 745 and ICSV 112 sorghum
vanetIes over the local sorghum
under the same management
practIces,

• farmer perceptIOns about dIfferent
traIts, and

• early adoptIOn and spread through
seed tracking and momtonng (ICSV
745 and ICSV 112 are not yet
offiCIally released m thIS area)
Results of a follow-up survey to

confirm adoptlOn m the followmg
ramy season (1994) usmg a sub­
sample of farmers from two vl1lages
are also presented

Study Area

The study was conducted m
Bachannapet and the surroundmg
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vIllages of Warangal dIStnCt m Andhra
Pradesh dunng 1993/94 (FIg 1)
DIstnct-level secondary data from the
1970s mdIcate that sorghum was a
major crop m thIS regIOn, occupymg
about 35% of the gross cropped area
CGCA) Warangal dIStnct IS endowed
WIth assured annual ramfall of 1041

mm A large proportIOn of the CUltI­
vated area m thIS regIOn IS character­
Ized as ramfed where sorghum IS the
mam staple food gram as well as a
fodder crop The crop has tradItIonally
been an Important food gram and a
good source of dry fodder However,
sorghum area has drastIcally declIned

FIgure 1 Location ofWarangal dlstnct In the state ofAndhra Pradesh
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Figure 2 Area sown to sorghum and
adoptIOn ofhlgh-yleldmg sorghum
vanettes m Warangal district

Sorghum area

Year
Area sown to

high Yielding vanehes

vanetIes was mmImal The area under
HYV expanded from 20% m 1980 to
42% m 1984, but dunng 1985 sud­
denly dropped to 5% However, smce
1986, the area under HYV mcreased to
about 21 % m 1992 (FertIlIzer ASSOCIa­
tIOn of IndIa 1994) In the study
vIllages, however, no modem varIetIes
of sorghum were found dunng our
reconnaIssance survey m 1992

AnalysIs of croppmg patterns m the
study vIllages showed that sorghum
mamtamed ItS Importance m terms of
cultIvatIon and consumptIOn Survey
data collected durmg Nov 1993
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m the last two decades The total area
under sorghum m the dIStnCt sIgmfi­
cantly declmed from 191 000 ha m the
early 1970., to 32 000 ha m the early
1990s (Government of Andhra Pradesh
1994), and now occupIes only 7% of
GCA (Table 1) Long-term trends
mItIally mdIcated mcreasmg produc­
tIOn dunng 1966-74, but fluctuatIOns
were hIgh dunng the subsequent 10
years, whIch could be due to hIgh
variatlon m the annual ramfall dunng
that penod After 1980, the area under
sorghum started declmmg remarkably
m both the ramy and postramy seasons
Ramy season sorghum declmed from
66000 ha m 1971-73 to 6 000 ha m
1991-93\ whtle postramy season
dropped from 125 000 ha m 1971-73
to 26 000 ha m 1991-93 Whtle the
ramy ~eason sorghum yIeld has
fluctuated wIdely but mcreased
margmally, the postramy season yIeld
mcreased from 500 to 620 kg ha I

durmg the 1971-73 and 1991-93
penods

AdoptIOn of hIgh yIeldmg varIetIes
(HYV) of sorghum m Warangal
DIStnCt IS presented m FIgure 2 UntIl
the late 1970s, adoptIon of these

Table 1 Trends In sorghum area, production, and productiVity, Warangal dlstnct,
Andhra Pradesh

Ramy season Postramy season Total

Time
penod

Produc Produc
Area tton YIeld Area hon

('000 ha) ('000 t) (kg ha ') ('000 ha) ('000 t)

Produc
Yield Area tlOn

(kg ha 1) ('000 ha) ('000 t)
Yield

(kg ha I)

1971-73
1981-83
1991-93

66 40 610 125 62
61 29 470 82 44
6 4 670 26 16

500 191 102
540 143 73
620 32 20

530
510
630
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mdicated that nce IS the most Impor­
tant crop, occupymg about 23% of
total cropped area (TCA), and among
the ramfed crops, sorghum occupIed
23% of TCA, sesamum about 20%,
castor 10%, and sunflower 8% (Table
2) AdoptIOn of HYV nee was hIgh
(about 97%), whIle adoptIon oflCSV
745 and ICSV 112 was also hIgh
(45%), pnmanly due to the seed
dIstnbutIOn that occurred m 1993
Adoptlon of Improved cotton (74%)

and sunflower (87%) cultivars was
also hIgh

Methodology

Bachannapet and Its cluster of villages
are located about 100 km from
Hyderabad ISPA IS actively working m
thiS area to Improve and mamtam the
livestock populatIOn through Improved
technology for the farmmg systems In

VIllages that were preVIOusly selected

Table 2 Cropping patterns of sample farmers In eight selected Villages, Warangal
district, 1993/94

Ramy season Postramy season Total

Area Area Area
(percentage Percent of (percentage Percent of (percentage Percent of

of total crop sown of total crop sown of total crop sown
Crop crop area) to HYVI crop area) to HYV' crop area) to HYVI

Rice 232 971 225 969 230 970
Sorghum2 220 616 256 22 229 445
Maize 36 626 43 485 38 585
Pearl millet 01 0 0 0 01 0
Wheat 0 0 o1 0 o1 0
Plgeonpea 04 199 0 0 02 199
Chickpea 0 0 1 7 0 04 0
Green gram 23 0 02 0 1 8 0
Horsegram 1 9 0 128 0 47 0
Cowpea 02 0 o1 0 o1 0
Sesamum2 264 0 1 7 0 201 0
Castor 128 554 29 539 102 553
Groundnut2 25 103 19 11 7 23 106
Sunflower 27 957 223 842 77 872
Safflower o1 0 1 5 0 04 0
Mustard 01 0 0 0 o1 0
Cotton 06 741 0 0 04 741
Vegetables 06 0 08 0 07 0
Fodder sorghum 02 0 1 3 0 05 0
Grass 02 0 02 0 02 0
Total 1000 488 1000 451 1000 478

I HIgh yleldmg vanelles 2 Includes mtercrops
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One approach was to mtroduce sUItable
fodder varIetIes On-farm trIals to test
several ICRISAT sorghum vanetles
were conducted m the VIllages dunng
1991-93 m collaboratIOn WIth ISPA
(Anders 1994)

After 2 years of on-farm work,
Anders, Mulder, and Satyanarayana
(1993) found that two sorghum vane­
tIes, ICSV 112 and ICSV 745, were
sUItable tor thIS locatIOn and favored by
farmers for hIgher gram and fodder
yIelds, Improved seed and fodder
qUalIty, and hIgher profits than four
other vanetIes, N 1, M 35-1, ICSV
422, and SP 260 Gram and fodder
yIelds ofICSV 745 and ICSV 112
were mU<i:h hIgher than other vanetIes
tested (Table 3) Fodder YIeld, however,
was lower than or equal to fodder
vanety N 1, but hIgher than the other
vanetIes The perfonnance of the dual­
purpose sorghum varIetIes ICSV 112
and ICSV 745 was relatIvely better
than the other four vanetIes, hence
ISPA decIded to collaborate WIth

Table 3 Yield comparisons of local and
Improved sorghum genotypes,
Bachannapet, 1992

Gram Fodder
yIeld yIeld FaIled

Genotype (t ha ') (t ha 1) plots

ICSV 745 I 2 109 0
M 35-1 I 5 8 I 3
NI 0 109 I
ICSV 112 1 3 9 1 0
SP260 08 63 1
ICSV 442 0 64 2
Mean 08 85 1

Source Anders Mulder and Satyanarayana (1993)

ICRISAT and mtroduce these two
vanetIes to theIr program

ICSV 112 was IdentIfied by
ICRISAT after 8 years of research
(Reddy and Stenhouse 1994) It was
recommended by the NatIOnal Seed
Release CommIttee as CSV 13 m IndIa
m 1987 It IS of medIUm heIght,
matures m 110-120 days, IS sUItable
for mtercroppmg, and IS recommended
for ItS hIgh and stable yIeld at low and
mtermedIate altItudes It can be
cultIvated as a ramfed crop dunng the
ramy season and as an Imgated crop
dunng the postramy season

ICSV 745 sorghum was developed
by NARS usmg matenals from
ICRISAT Research began m 1983 and
the product was IdentIfied after seven
years of research (Reddy and
Stenhouse 1994) It was released 10

IndIa m 1993 for mIdge-prone areas
ICSV 745 matures m 100-110 days, IS
hIghly reSIstant to sorghum mIdge, and
has hIgh yIeld potentIal It IS also less
susceptIble to leaf dIseases such as
ergot and downy mIldew

Because avaIlabIlIty of qUalIty seeds
was a major constramt m the regIOn,
ISPA and ICRISAT decIded to produce
sufficIent quantItIes of ICSV 745 and
ICSV 112 and make them avaIlable to
farmers for the ramy season of 1993
ImtIally 1 2 t of seed was sold to 240
farmers m these VIllages through ISPA
Each farmer paId Rs 14 for 5 kg of
ICSV 745 or ICSV 112, along WIth I
kg of pIgeonpea seed (an ICRISAT
varIety) because most farmers were
growmg pIgeonpea as an mtercrop
WIth sorghum (At the tIme of thIS
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study, I US$ was worth about 30
IndIan rupees [Rs ] )

Farmers were mtervlewed to
determme how much land they CUltI~

vated, croppmg patterns, adoptIon and
assessment of the technology, and cost
of cultIVatiOn Although ISPA reported
that 240 farmers bought seeds m thIS
program, we could Identify only 159
farmers as adopters oflCSV 112 and
ICSV 745 It was planned to trace the
240 seed kits dlstnbuted to farmers,
but we found that about 159 farmers
bought 164lats for themselves, 22
reported that someone mIght have
taken seed m theIr name, 6 were from
dIstant vIllages, and 31 reported that
they dId not sow the seed dunng thIS
season We also took a sample of 57
farmers who dId not sow ICSV 112
and ICSV 745 but mstead grew local
sorghum vanetIes Thus data were
collected from 216 farmers m 8
VIllages About half the seed was sold
m the two VIllages closest to the seed
dlstnbutiOn center

SCIentific experts VISIted at dIfferent
stages, momtored crop growth dunng
the 1993 ramy season, and were
Impressed WIth the crop's perform­
ance Dunng Nov 1993, farmers who
sowed ICRISAT vanetles and those
who sowed local vanetIes were
mtervlewed An addItiOnal survey m
February of the next year gathered data
on the pigeonpea crop, and a thIrd
survey m Sep 1994 confirmed second­
year adoptIon of these varIetIes by
farmers

Dlstnct-Ievel data on area, YIeld,
and productiOn were used to assess
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sorghum performance m the study
regIOn Tabular analysIs looked at
technology dissemmatlOn and farmer
perceptIOns of vanetal traIts Deslfable
charactenstlcs lIsted by-farmers were
ranked m order of Importance A
partial budget approach was used to
evaluate performance The value of
famIly labor, bullock labor, and major
eqUIpment were Imputed on the baSIS
of market pnces Adoption rates were
also estimated from the aVailable data

Survey results

Technology dlssemmatlon

The two dual-purpose sorghum
vanetles were dlstnbuted to farmers
only dunng the ramy season of 1993
About 50% of the adopter respondents
learned about the Improved vanetles
through ISPA, 18% from other farmers,
and 32% from other sources (a fnend,
vetennary hospItal staff, etc) Heads of
households usually deCIde WhICh
vanety to sow, and only 6% of re­
spondents reported that other farmers
mduced them to adopt these vaneties

FarmerperceptIons

Among 159 adopters, 93% were
convmced about the supenonty of
these vanetles m terms of theIr per­
formance and the crop stand before
harvest Eleven farmers were not
convmced about the supenonty of
these varIetIes m any of the traIts
featured Among 57 non-adopters, only
three were unaware of these varIetIes,
and 89% of the non-adopters rated



Table 4 Desirable characteristics of
ICSV 112 and ICSV 745 as perceived
by farmers

these vanetles supenor when compared
to local matenals The responses were
based on theIr observatIOns of
nelghbonng fields 1\vo non-adopter
farmers rated these vanetIes equal to
local ones, whIle four rated them as
mfenor to the local

Table 4 presents the most preferred
gram and fodder traIts ofICSV 112
and ICSV 745 All respondmg farmers
lIked the easy threshabilIty, an Impor­
tant charactenstIc m VIew of the
declmmg labor supply dunng peak
penods, especIally ImmedIately after
harvest

Economic evaluation

Table 5 Characteristics of ICSV 112
and ICSV 745 disliked by farmers

Problem

Gram mold
Small gram SIze

Shorter than local
Breaks eaSily
Thick stem

AdoptIOn of Improved vanetles IS
largely determmed by theIr profitabIlIty
compared to eXlstmg vanetles Cost
and returns data were exammed to
determme the profitabIlIty of ICSV 112
and ICSV 745 The analySIS looked at
sorghum grown as sole crop and as an
mtercrop WIth plgeonpea (Table 6)

Local vanetIes tended to be sown
usmg a hIgher seed rate than Improved
vanetIes, and the seed prIce of the
local vanety was hIgher (3 vs 2 Rs
kg 1) due to the subSIdy offered by the
project More farmyard manure was

Gram

Fodder

Farmers were concerned about
gram mold, WhICh was brought on by
ram Just before harvest Farmers also
complamed about the smaller gram
SIze (Table 5) In terms of fodder,
farmers dIslIked the short plant heIght,
easy stem breakage whIle tymg
bundles for fodder, and the thICk stem
that IS not easIly chewed by anImals
Farmers were pOSitIve about theIr
mItIal expenence WIth these two
vanetles, and were expectmg hIgher
mcome than WIth the local varIetIes, as
well as more fodder for theIr lIvestock

Product

597
32 I
296
207
163
38
38
44

1000
585
484
402
245
170
163
94
69
38
82

Response (%)Charactenstlc

Gram
Easy threshablhty
Higher yield
Big ear head
White color
Drought resistant
Sweetness
Bold gram
Small gram
Umformlty
Good seed
Other

Fodder
More yield
Broad leaves
Shorter than local
Good stem quality
More palatable
Sweetness
Equal With local
Others
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Table 6 Cost analysIs of the research Impacts of ICSV 112 and ICSV 745

Local vanetIes ICSV 745 ICSV 112

QuantIty Cost (Rs) Quantity Cost (Rs) Quantity Cost (Rs)

Sole crop
Number of farmers 25 13 18
Total vanable costs l 2104 2067 2051
Total fixed costs2 1020 1020 1020
Total costs 3124 3087 3071
Output

Sorghum gram (kg) 546 1606 733 1980 851 2255
Gram pnce (Rs kg l) 294 27 265
Sorghum fodder (t) 27 1202 22 888 23 871
Fodder pnce (Rs t l) 445 404 379
Gross returns 2808 2868 3126

UnIt cost assessment
Vanable costs (Rs t l) 3850 2819 2410
Fixed costs (Rs t 1) 1867 1391 1 199
Total cost (Rs t l) 5717 4210 3609

UnIt cost reduction
Vanable costs (Rs t I) 1031 1440
Fixed costs (Rs t 1) 476 668
Total cost (Rs t l) 1507 2108

Intercrop with pigeonpea
Number of farmers 49 47 86
Total variable costsl 2253 2370 2131
Total fixed costs2 1020 1020 1020
Total costs 3273 3390 3 151
Output

Sorghum gram (kg) 421 1237 542 1464 571 1514
Gram pnce (Rs kg l) 294 27 265
Sorghum fodder (t) 22 977 1 7 685 I 7 642
Fodder pnce (Rs r 1) 444 403 378
Plgeonpea gram (kg) 357 165 384 182 458 266
Gram pnce (Rs kg I) 462 474 581
Plgeonpea stalk (t) 001 3 009 23 010 26
Fodder pnce (Rs t I) 300 256 260
Gross returns 2382 2355 2 448

Umt cost assessment
Variable costs (Rs t I) 5356 4371 3730
Fixed costs (Rs t I) 2425 I 881 1785
Total cost (Rs t l) 7780 6252 5515

UnIt cost reductIOn
Vanable costs (Rs t l) 984 1626
Fixed costs (Rs t l) 544 640
Total cost (Rs t l) 1528 2266

I Vanable costs mclude male labor female labor bullock labor seed farmyard manure fertlhzer
pestICides and cost of usmg eqUipment

2 Fixed costs mclude land taxes land rent and depreCiatIOn and mterest on capital
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used for the local vanetIes, whIle the
Improved vanetIes receIved more
morgamc fertIhzer Total labor used m
both croppmg systems dId not vary
sIgmficantly (about 60 days) Overall,
however, vanable mput costs dId not
sIgnIficantly dIffer among the dIfferent
varietles, 1 e , no extraordmary ex­
penses were mvolved m the cultIvatIOn
of ICRISAT vanetles Total vanable
costs for growmg ICSV 112 were
lowest m both the sole and mtercrop
wIth pigeonpea

Compared to local vanetIes, the
yIeld of ICSV 112 as a sole crop was
56% hIgher and the mtercrop was 36%
hIgher Although the yIeld of ICSV
745 was lower than that ofICSV 112,
It was stIll hIgher than the local
varietles -34% for the sole crop and
29% for the mtercrop The pnce of
ICSV 112 and ICSV 745 was lower
than the local varIetIes, but for the sole
crops, the total value of gram har­
vested from ICSV 112 was 40% hIgher
than the local vanetles whIle ICSV
745 was 23% hIgher

Results were sImIlar for the
mtercrop WIth pigeonpea The gross
returns from sorghum for ICSV 112
were 22% hIgher than the local
varIetIes, and ICSV 745 was 18%
hIgher Gram mold dIsease due to rams
before harvest ofICSV 112 and ICSV
745 caused severe damage to the crop
and the pigeonpea crop suffered an
msect mfestatIOn due to cloudy
weather In addItIOn, there were no
rams for the pigeonpea crop and ItS
yIeld was poor The pigeonpea crop
grown WIth ICSV 112 and ICSV 745

was an ICRISAT matenal, and Its
yIeld was much hIgher than the local
pigeonpea grown WIth the local
sorghum

The fodder yIeld of the local
vanetles was much hIgher than the
dual-purpose vanetles m both sole and
mtercrops, an expected result smce the
local vanetIes are more of a fodder
type

The gross returns from ICSV 745
were only shghtly better than the local
vaneties for the sole crop, but slIghtly
lower for the mtercrop Gross returns
from ICSV 112 were 11 % hIgher than
the local varIety m the sole crop, and
3% hIgher m the mtercrop

For the sole crop, net farm mcome
was hIgher by 13% forICSV 745 and
52% for ICSV 112 For the mtercrop
WIth pigeonpea, net tarm mcome from
the local varIetIes and ICSV 745 was
negatIve, but ICSV 112 yIelded about
Rs 700 ha I net mcome In terms of
umt cost reductIOn, ICSV 112 gave
hIgher returns when compared to local
vanetles and ICSV 745 When com­
pared to the local vanetIes, umt cost
reductIOn (Rs t I) for ICSV 112 was
Rs 2 108 for the sole crop and Rs
2266 for the mtercrop, WIth ICSV 745
at about 1 507

The two dual-purpose sorghum
vanetles showed sIgmficant economIC
advantages, and hence they have a hIgh
potentIal for adoptIOn m thIS regIOn

Adoption

Sample farmers m the eIght VIllages
around Bachannapet sowed 44 7 ha of
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ICSV 112,269 ha of ICSV 745, and
45 6 ha of local vanetIes of sorghum
dunng the ramy season of 1993 The
dlstnbutIOn of areas sown to ICSV 112
and ICSV 745 IS shown m Table 7 The
area expected to be sown to ICSV 112
and ICSV 745 was much higher m
Bachannapet and Pochannapet, the two
mam Villages where ISPA operated

InformatIon on planned use of these
varietIes for the next ramy season was
also gathered from farmers In mter­
views conducted before the 1993 ramy
season harvest, farmers Said they
expected to sow about 101 ha of the
two dual-purpose sorghum vanetIes
dunng the rainy season of 1994
Farmers m Alimpur, Iteka1ampal1y,
Thammadapally, and Yeddugudam
Said they expected to sow about 70%
of their 1994 ramy season sorghum
area to the two ICRISAT varietIes,
while m other vIllages expected
adoptIon was about 95%

Dunng the ramy season of 1994, a
follow-up survey determmed that the
actual area sown to the two varieties
was much less than had been earlier
predicted (Table 7) The follow-up
survey mdlcated that farmer percep­
tIOns of ICSV 112 and ICSV 745 had
changed substantially (Table 8) More
than one-third of the farmers mter­
viewed Said they had sWitched to a
commercial crop such as sesamum
Grain mold IS a major constramt to the
adoptIOn ofICSV 112 and ICSV 745,
which contnbuted to low market
pnces
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Lessons learned and future
research

The methodology used by Anders,
Mulder and Satyanarayana (1993) m
selectmg and mtroducmg appropnate
vanetles to new areas proVided Impor­
tant lessons for researchers who are
mvolved m on-farm research Involvmg
an establIshed project staff such as
ISPA was an Ideal way to mtroduce
new technologies This partiCipatory
method of technology generatIOn,
evaluatIOn, and transfer IS an effiCient
way to mtroduce new technologies

Some farmers benefited by sellIng
sorghum as seed to ISPA under the
seed buymg policy of the project Other
farmers were unable to sell their seed
to the program because of the gram
mold problem, and others mixed the
two vanetles after harvest There IS,
therefore, a need to closely momtor the
harvest If a seed procurement program
IS bUIlt mto the project plan

Most farmers did not know how to
mamtam seed purity Farmers can harvest
the crop for food and feed, but are not
sure how to harvest for seed Trammg m
seed production IS an obvIOUS need

Pnor to the ramy season of 1994,
ISPA made aVailable a suffiCient
quantity ofICSV 112 and ICSV 745
seed to farmers, but they thought It was
too expensive Farmers were ready to
buy seed at Rs 2 50- 5 00 kg 1, but
during the follow-up survey, many
farmers Said that they did not know
seed was aVailable at the project center



~

Table 7 Area sown to sorghum during 1993 rainY season and expected and actual adoption of ICSV 112 and ICSV 745dUring 1994 rainY season

Area planted 1993 ramy season Area planted 1994 ramy season
ICSVI 12 and Area expected ICSV 112 and

ICSV 745 to be sown to ICSV 745
area as ICSV 112 and area asICSV 112 ICSV 745 Other percentage ICSV 745 ICSV 112 ICSV 745 Other percentage(ha) (ha) (ha) of total dunng1994 (ha) (ha) (ha) of total

Ahmpm 22 15 57 397 65
Bachannapet 107 58 107 606 259 22 85 103 51 1Chmna Ram Cherla 43 30 39 650 109Itekalampally 49 35 45 655 89
Nakkavamgudem 17 06 06 797 28
Pochannapet 126 98 116 659 324 68 6 I 156 453Thammadapally 27 13 51 444 62
Yeddugudem 55 14 36 656 77
Total 447 269 456 611 101 3
Bachannapet and

Pochannapet 233 156 223 635 583 91 146 258 478



Table 8 Reasons for decline In the
area sown to ICSV 112 and ICSV 745
from 1993 rainY season to 1994 ramy
season

One year IS not long enough for
conclUSIve results m such an attempt to
mtroduce new crop vanetIes Momtor­
mg should contmue at thIS locatIon to
document the adoptIOn behaVIOr of
farmers
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Research on High Yielding Pearl Millet­
Background for an Impact Study In India

Me S Bantllan, K V Subba Rao, K N Ral, and S 0 Slngh1

Pearl millet IS an Important coarse gram
that IS generally grown as a ramfed crop
on margmallands wIth few mputs and
lIttle management It proVIdes food for
millIons of people lIvmg In the and and
semI-and regIons of the IndIan subcontI­
nent and Afnca ThIS gram has a hIgh
feed value for poultry and IS a good
source of energy and mtrogen m
rummant dIets Pearl ffilllet IS a diplOld­
tIllenng, protogynous, cross-pollInated
cereal that eaSIly produces hybnd and
selfed seed (Andrews and RajewskI
1995) ThIS gram IS grown as a food
crop m tropICal Afnca and IndIa, WIth
most productIOn concentrated m
SahelIan western Afnca and northwest­
ern IndIa HIgh temperatures and a short
growmg season charactenze these
regIOns that are prone to frequent
droughts caused by low and erratIc
ramfall SoIls are sandy and mfertlle

MIllets are grown on 36 mlllIon ha,
producmg 27 mIllIon t of gram More
than 90% of mlllet area and productIOn

are m developmg countnes WIth a food
defiCIt - 47% of the area IS m ASia,
producmg about 55% of the world crop
Of the ASIan contnbutIOn to world
millet productIOn, IndIa alone covers
83% of the area producmg 71 % of the
crop (about 40% of world mIllet area
and productIOn) (FAO 1995) The pearl
mIllet area m India declIned from more
than 13 mlllIon ha m 1973 to less than
11 mlllIon ha dunng 1993

As hIgh yIeldmg vanetles (HYV)
began to be adopted m the mId 1980s,
productIVIty steadIly mcreased, and now
they occupy 55% of the pearl millet area
m India (FertIlIser ASSOCIatIon of IndIa
1993) The states of Rajasthan,
Maharashtra, GUjarat, Uttar Pradesh,
and Haryana account for around 90% of
the total area and productIOn of pearl
mIllet m India Rajasthan alone accounts
for 46% of India's total pearl mIllet area,
but only 30% of ItS total productIon
because ram IS erratIc and sUltable HYV
seed IS often unavaIlable (FIgS 1 and 2)

BantJ1an. M C S , Subba R,lO, K v, Ral, K N , and Smgh, S D 1998 Research on high yleldmg pearl
millet - background for an Impact study m India Pages 52 61 In Assessmg Jomt research Impacts
proceedmgs of an Intematlonal Workshop on Jomt Impact Assessment of NARS/ICRISAT Technologies for
the Semi And TropiCS 2-4 Dec 1996 ICRISAT Patancheru India (Bantllan M C S and Joshi PK eds)
Patancheru 502 324 Andhra Pradesh India Internatlonal Crops Research Instltute for the Semi And
TropiCS

ICRISAT Conference Paper No 1346

International Crops Research Instltute for the Semi And TropiCS Patancheru 502 324 Andhra Pradesh
India
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In collaboratIOn WIth researchers of
the natIOnal agncultural research system
(NARS), ICRISAT and Its partners
developed several open-polhnated
vanetIes, hybnds, and parental matenals
that have been released to farmers m
IndIa by government authontles smce
1982 These research products were
developed to mcrease yIelds by allevIat­
mg pnmary bIotIC and abIOtIC con­
stramts NARS, mcludmg the pnvate
seed sector heavIly deoend on ICRI~AT
parental matenals for theIr breedmg
programs The sIgmficant Improvements
m the relatIve research strength of
NARS through the years had led
ICRISAT to focus mcreasmg1y on
strategIc aspects to Improve gram yIeld
and downy mIldew reSIstance, and
develop IntermedIate products

Among bIOlogICal constramts to pearl
mIllet productIOn m ASIa, downy mIldew
IS the SIngle most Important Research on
both Intermedtate and final products was
pursued Among Intermedtate products,
for example, development of more
effectIve screemng procedures to evaluate
a WIde array of germplasm and breedmg
matenals from around the world has
contnbuted substantIally to research
effiCIency In NARS breedmg programs In
IndIa and Mnca

ICRISAT m partnershIp With NARS
SCIentIsts worked on breedmg open­
pollmated vanetIes and hybnds reSIstant
to downy mtldew ThIS effort has been
productIve In 1982, an ICRISAT-bred,
open-pollmated vanety (WC-C75) that
was reSIstant to downy mtldew and
produced gram and stover yIelds equal
to the best avrolable hybnd at that tIme

(BJ 104) was released m IndIa Release
of thIS vanety proVIded a tImely alterna­
tIve to the susceptIble BJ 104, and to
10w-yIeldmg locallandraces The rapId
multIphcatIon of WC-C75 and ItS
adoptIon by farmers helped to prevent a
declme In pearl mIllet productIOn In
1986, an ICRISAT downy mtldew
reSIstant hybnd, ICMH 451 (also known
as MH 179) was released It out-yIelded
all other vanetIes and hybnds released
parlter a.nd Its seed productIon was
relatIvely easy and profitable

The range of final products from the
pearl mIllet R&D program m IndIa IS
gIven m Table 1 The pearl mtllet
breedmg program at ICRISAT devel­
oped vanetIes, hybnds, and hybnd
parents, and supphed matenals to ItS
pubhc and pnvate sector partners The
avrolabIhty of ICRISAT-bred parental
matenals and theIr use by pnvate and
pubhc sector pearl mtllet breeders m
IndIa SubstantIally reduced the research
tIme lag m developmg new hybnds
Many hybnd cultlVars bred by the
IndIan NARS and now under cultIvatIOn
are based on parental matenals from
ICRISAT

The ObjectIve of thIS paper IS to
proVIde an overvIew of research
evaluatlOn undertaken to assess the
Impact of pearl mIllet research and
development It hIghlIghts surveys
conducted to determme adoptIOn and
Impact of pearl mIllet breedmg re­
search m IndIa To date, the surveys
have covered regIOns m western
Maharashtra, where 90% of pearl
mtllet m the state IS grown Surveys
have also been completed for the ramy
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Table 1 Pearl millet hybrids and varieties released In India, 1965-98

Type' CultIvar Bred at Released m PedIgree

H HB I Ludhlana 1965 Tift 23A x BII 3B
H HB2 Jamnagar 1966 Tift 23A x J 88
H HB 3 Jamnagar 1968 Tift 23A x J 104
H HB4 Kanpur (IARI) 1968 Tift 23A x K560
H HB5 Kanpur (IARI) 1969 Tift 23A x K559
H PHB 10 (HB 6) Ludhlana 1975 Pb lIlA x PIB ISS
H PHB 14 (HB 7) Ludhlana 1975 Pb IlIA x PIB 228
H GHB 1399 Jamnagar 1975 MS 126DzA x J-1399
H NHB3 DeIhl (IARI) 1975 5071A x Jl04
H NHB4 DeIhl (IARI) 1975 5071A x K560 230
H NHB5 DeIhl (IARI) 1975 5071A x K559
H CJ 104 DeIhl (IARI) 1977 5054A x J104
H BD III DeIhl (IARI) 1977 5141A x DIll
H BJ 104 (KM I) DeIhl (IARI) 1977 5141A x Jl04
H BK560 (KM 2) DeIhl (IARI) 1977 5141A x K560 230
H X4(COH2) COlmbatore 1984 5141AxPTI921
H GHB27 Jamnagar 1981 MS 5141A x 12002
H MBH 110 Mahyco Seeds 1981 MS2AxPL2
H CM46 DeIhl (IARI) 1981 5054A x M46
H BD763 DeIhl (IARI) 1982 5141A x 0763
V WCC75 ICRISAT 1982 7 full Sibs of World

Composite cycle
1975

H GHB32 Jamnagar 1984 MS 5141A x JlI88
H PHB47 Ludhlana 1983 Pb IlIA xPIB 1234
H MBH 118 Mahyco Seeds 1984 MS 2AxPL 3
H X5 COlmbatore 1984 Pb IllAxPT 1921
H HHB45 Hlsar 1984 5141A x H 90/4-5
V ICMS 7703 ICRISAT 1985 SynthetIc variety bred

(MP 15) by crossmg mbred
hnes derIved from
seven crosses

V HC4 Hlsar 1985
H ICMH 451 ICRISAT 1986 81A x ICMP 451

(MH 179)
H MH 182 Pune 1986 PT 732A x PNBM

83009
H ICMH501 ICRISAT 1986 834A x ICMP SOl

(MH 180)
H GHB30 Jamnagar 1986 MS 5054A x 12002
H MHB 130 Mahyco Seeds 1987 MS2AxPL4
H Pusa 23 (MH 169) DeIhl (IARI) 1987 841A x D23
H HHB50 Hlsar 1988 81A x H 90/4-5

Contmued
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Table 1 Continued

Type! CultIvar Bred at Released In Pedigree

V ICTP 8203 ICRISAT 1988 5 S2 progemes from a
(MP 124) sample of the early-
(pCB 138) matunng Imadl land

race from northern
'T'1"\l'Tn ---

.A. V 6 V

H ICMH 423 ICRISAT 1988 841A x ICMP 423
(MH 143)

H HHB60 Hlsar 1988 81A x H 77/8332
H MBH 136 Mahyco Seeds 1989 MS2AxPL6
H GHB 181 Jamnagar 1989 MS 81A x 12002
H RHB 58 (MH 320) Jalpur 1990 8IA x RIB 20 K 86
H VBH4 VIJay Seeds 1990 VBMS 1AxVBR 19
H HHB 67 (MH 338) Hlsar 1990 843A x H 77/833 2
V ICMV 155 ICRISAT 1991 59 mass-selected SI

(ICMV 84400 plants from New
MP 155) Elite Composite

Cycle 4 bulk
H RHB30 Jalpur 1991 843A x RIB 335/74
H Eknath 301 Nath Seeds 1991 NBMS 13A x NB 37
H MLBH 104 Mahendra Seeds 1991 MS 3A xl 3

(MH-351) Ja1na
V Raj 171 ICRISAT/Jalpur 1992 8 S2 progemes of

(RCB IC 9) ICRISAT
Intervarleta1
Composite cycle 5

H MH419 Jamnagar 1992 Pb III A x 12290
(GHB 229)

H MH402 Rahun 1992 RHRB 3A x RHRB
(RHRBH 8802) 138

H MH439 Rahun 1992 RHRB 3A x RHRBL
(RHRBH 8803) 458

H MLBH 27 Mahendra Seeds 1992 MS 3A x I 53
(MH 425)

H ICMH 312 ICRISAT 19932 81A x ICMR 312
(pooJa)

H GRB 235 Jamnagar 1993 MS 81A x 12296
V ICMV 221 ICRISAT 1993 124 Sl progemes from

(ICMV 88904 C3 of ICRISAT
MP221) Bold Seeded Early

Composite

Contmued
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Table 1 Contmued

Type' Cultlvar Bred at Released III Pedigree

V PCB 141 LudhIana 1993 Based on plants
selected from
ICRISAT composites

H HHB 68 (MH 306) Hlsar 1993 842A x H 77/833 2
H Pusa 322 (MH 322) Delhi (IARI) 1993 841A x PPMI 301
H ICMH 356 ICRISAT 1993 ICMA 88004 x ICMR

(lCMH 88735 356
MH356)

H Pusa 444 (MH444) Delhi (IARI) 1994 189A x PPMI 301
H Pusa 325 Delhi (IARI) 1995 490A x PPMI 303
H ORB 183 3 Jamnagar 1993 MS 81A xJ 998
H OHB 316 Jamnagar 1997 MS 405A x J 2290
H OHB 2294 Jamnagar 1998 MS LII,A x J 2290

Other cultlvars mcluded In natIOnal program mals of released materials
V Pusa 266 Deihl (IARI)
H X6 (UCH 11) COimbatore PT 732A x PT 3095
V CZ-IC 923 ICRISAT/Jmpur 1996+
H RHRBH8609 Rahun RHRB IA x RHRBI

(Shraddha) 138
H MLBH285 Mahendra Seeds 1997 MS llA x MI 51

(MH 518) Jalna
H ORB 15 (MH 404) Jamnagar 1992 MS 5054A x J 108
H AHB 251 Aurangabad 81A x AlB 16
H X7 COlmbdtore Pb IliA x PT 1890

Other cult/vars that were mcluded m national trials ofreleased cult/vars
V Mukta Palem
V Pusa Safed BaJra Deihl (IARI)
V MalhkarJuna Palem
V PCB 15 Ludhlana
H PHB 47 Ludhlana
V RCB 2 Jatpur

RHR 1 Rahun

CommerCially marketed and under tests m project mals
H MLBH 287 Mahendra 1995
H MLBH 305 Mahendra 1997
H MLBH 308 Mahendra 1998

Pb lllAxPIB 1234

MS 7A x MI 62
MS 36A x MI 67
MS 38A x MI 71

I H =hybnd v= vanety
2 Not offiCIally released but marketed pnvately
3 Only for summer season cu]tlvallon
4 Yet to be notJfied

Note Authors gratefully acknowledge C T Hash K V Petham and K R Chopra for theIr substantial contnbutlon to factual
content of table 1
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cultIvars, farm cost structure, post­
harvest practIces, and seed use

ThIs paper features results from the
Maharashtra survey Based on the
survey, It was observed that 21 HYVs
and hybnds had been sown m
Maharashtra Data for 1990-94 (Table 2)
show that substantIal changes m
adoptIon of pearl mIllet cUltlVars have
occurred Demand for vanetIes and
hybnds that dommated m the 1980s (for
example WC-C75, BK 560, and MBH
110) had dropped substantIally, or these
cu1tIvars had been replaced Declme m
adoptIOn of BK 560 from 23% of the
pearl mIllet area m 1990 to 5% m 1994
IS notable Both WC-C75 and MBH 110
were replaced by Improved cultIvars ­
from 8% m 1990 (when use of both had
declmed substantIally from earlIer peak
levels) to 1% m 1994 (FIg 3)

The expansIOn of IndIa'S seed mdustry
m the late 1980s and early 1990s was
accomparued by a sIgruficant nse m
R&D mvestment and spawned a
«1 30.---------------,
~
«I

1992 1993 1994
Year

Fzgure 3 Decreasmg use ofolder
pearl mlliet cultlvars m Maharashtra,
1990-94
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and postramy crops of adjOInIng
GUJarat The other regIOns covered by
the study are TamIl Nadu m southern
IndIa and the states of Haryana and
Rajasthan m northern IndIa

The survey SItes are pnmanly
selected based on secondary dIStnCt­
level data and reconnaIssance surveys of
pearl mIllet growmg dIStnCtS FIeld
observatIons and mtervIews WIth
regIOnal research and extenSIOn staff and
the pnvate seed sector are used to
provIde dIrectIons on specIfic pearl
mIllet target areas ThIS mformatIOn IS
augmented by data on pearl mIllet seed
sales by publIc and pnvate sector
agencIes to confirm whether or not
adoptIon of Improved cultIvars IS
wIdespread m the regIOn

A stratIfied multI-stage samplIng
procedure was used to select a sample
of farmer respondents Once the pearl
mIllet growmg dIStnCtS m the study area
were IdentIfied, blocks were classIfied
mto two strata accordmg to the mtensIty
of pearl mIllet cultIvatIon Block-level
data on pearl mIllet areas were obtamed
from the Department of Agnculture m
each IdentIfied pearl mIllet growmg
dIStnCt One block was then randomly
selected from each strata provldmg a
representatIve sample of two blocks
from each dlstnct Sample VIllages were
randomly selected from each block and
a random sample of farmers was taken
from each selected VIllage

A survey questIOnnaIre WIth modules
on Importanl aspects was developed to
obtaIn structured mformatIon on baSIC
farm charactenstIcs, land use, croppmg
system, adoptIon of pearl mIllet
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Table 2 Adoption of Improved pearl millet cultlvars In Maharashtra state (percent-
age of total pearl millet area)

Cultlvar 1990 1991 1992 1993 1994

ICRISAT cultIvars 355 444 468 372 364
WCC75 76 47 44 05 1 2
ICTP 8203 264 371 403 355 335
ICMH 451 15 27 20 1 2 1 6

NARSpubbc 245 210 168 187 141
RHRBHsenes 28 85 79
BK560 226 199 138 102 5 1

NARS private 182 209 280 382 415
MLBH 104 5 1 85 139 230 228
MLBH27 1 2 1 9 28 48 78
PA 7701 1 1 1 9 1 5 20 24
PA 7501 02 09 02 07 08
PO 7602 02 04 09 26 09
PO 7604 06 03
PO 7701 01
PO 7709 02 o1 04
PO 7702 02 02
Paras 20 1 1
Paras 13 04 04 02
Nath 301 1 3 17 35 17 1 6
KPRATAP o1 04 04
Nav Bharat 02 02 04 04 o1
VIJay 4 12 1 1 1 2 1 4 19
MBH 110 77 42 2 1 06 09
TotalHYV 781 862 916 941 920

Source Survey In Maharashtra In 1995 by staff from ICRISAT s Research Evaluation and Impact Assessment project

flounshmg seed market and avaIlabIlity
of Improved seeds to farmers m
Maharashtra and other pearl mIllet
growmg states The three cultIVars that
dommated dunng the 1980s (yVC-C75,
MBH 110, and BJ 104) were practIcally
replaced by new vanetIes and hybnds
from ICRISAT, NARS, and the pnvate
sector The mcrease m demand for IClP
8203, MLBH 104, MLBH 27, RHRBH
8609, and a senes of hybnds from
ProAgro and PIoneer seed companIes
from 1990-94 was SIgnIficant (Fig 4)
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The trends clearly show the dommance
of an ear1y-matunng, large-gramed,
downy rmldew reSIstant, open poIhnated
vanety, IClP 8203, which was developed
at ICRISAT, and the mcreasmg Impor­
tance of early-matunng pnvate sector
hybnds - MLBH 104 and MLBH 27
(Mahendra Hybnd Co ), PA 7701 and PA
7501 (proAgro Seed Co Ltd) and PO
7602 (pIoneer Overseas InternatIOnal),
among others

FIgure 4 reflects the resurgence of
public matena1s m Maharashtra when
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MBH llO's downy mIldew resIstance
was overcome UntIl 1991, ICRISAT
and the publIc sector shares dommated
the market, whIle the pnvate sector was
m its early expansIon phase AnalysIs of
data through thIS penod hIghlIghts the
role that ICRISAT has played m
provIdmg final products to farmers m
collaboratIOn WIth ItS NARS and pnvate
sector partners, as well as supplymg
parental matenals to ItS clIentele - the
publIc and pnvate seed sectors, WhICh m
tum produce final products for farmers
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Adoption of Improved Pearl Millet Cultlvars
in Tamil Nadu

C Ramasamy1, S Elangovan1, Me S Bantllan2, and M Asokan2

Pearl mIllet IS the thIrd most Important
cereal 10 the IndIan state of TamIl Nadu
after nce and sorghum It IS grown In
236 000 ha, and ItS productIOn was
estImated at 338 000 t 10 1993 (FAO
1994) It IS grown In 12 of the 22
dIStrIctS 10 the state, and ItS outstandIng
adaptatIOn to a range of enVIronments
IS well reported 10 the lIterature
(BIdInger et al 1982, ICRISAT 1996)
The raInfall where It IS grown 10 TamIl
Nadu ranges from 662 mm In V 0
Chidambaranar dIStrIct to 1 100 mm 10

South Arcot Vallalar dIstnct Although
leadlOg pearl mIllet grow109 states In
IndIa Imgate a neglIgIble 5% of the
crop, about 15% IS Imgated 10 TamIl
Nadu

The area sown to pearl mIllet has
declIned dramatIcally, from 451 000 ha
10 1972 to 236 000 ha In 1993 (FIg 1)
SUbSIdIzed nce and wheat under the
publIc dlstnbutIOn system have lowered
the demand for pearl mIllet, but In
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Ftgure 1 Trends m area and produc­
hon ofpearl mtllet m Tamtl Nadu,
1970-94

addItIOn more profitable crops such as
groundnut, pulses sunflower, and
maIze have also affected the crop
DespIte the drop In area, productIvIty
has almost doubled (FIg 2), hence the
productIOn of pearl mIllet IS at about
the same level as 10 the early 1970s
GIven the competItIOn from other crops
and the lImIted scope for an Increase In
net cropped area 10 TamIl Nadu, It IS

Ramasamy, C , Elangovan, S , BantIlan, M C S , and Asokan, M 1998 AdoptIOn of Improved pearl
millet cullIvars m Tamil Nadu Pages 62 75 In Assessmg Jomt research Impacts proceedmgs of an
IntemalIonal Worl..shop on Jomt Impact Assessment of NARS/ICRISAT Technologies for the Semi And
TropiCS 2-4 Dec 1996 ICRISAT Patancheru India (Bantilan M C S and Joshi PK eds) Patancheru
502 324 Andhra Pradesh India IntemalIonal Crops Research Institute for the Semi And TropiCS

ICRISAT Conference Paper No 1357

1 Tamil Nadu Agncultural Umverslty COimbatore Tamil Nadu 641 003 India
2 IntemalIonal Crops Research InslItute for the Semi And TropiCS Patancheru 502 324 Andhra Pradesh

India
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Year

and Research InstItute, COImbatore
The Department of AgrIculture m the
state has released three cultlvars, KM 1
(BJ 104), KM 2 (BK 560) and KM 3
Other new cultlvars, both publIc and
pnvate, released from other IndIan
states have also made a solId Impact on
pearl ml1let productlOn m TamIl Nadu

Early plant breedmg research
focused on open-pollInated cultlvars,
mcludmg mass selectlOn from locally
adapted landraces Some hybndlzatlon
between landraces or between mbred
lInes and landraces followed by
progeny selectlOn also occured
(Knshnaswamy 1962) These cultlvars,
however, dId not make much of a
contrIbutlOn to mcreasmg yIelds
(Bldmger and Parthasarathy Rao
1990) The next phase of the pearl
mIllet breedmg research employed
male stenle lIne 23 A to produce F

1

hybnds (Anand Kumar and Andrews
1980) Gram yIelds of the hybrIds were
substantIally hIgher than the prevaIlmg
vanetles, whIch led to theIr rapId
adoptlOn by farmers on up to 20% of
the pearl m111et area m IndIa Downy
mIldew epIdemICS, however, occurred
all over IndIa, and collapsed the lIfe of
many hybnds, mcludmg HB 1, HB 2
and HB 4 (Walker 1989) Conse­
quently the trend to adopt hybnds
rapIdly slowed down

After the downy mIldew epIdemICS,
pearl millet breedmg programs were
reorgamzed to mcorporate reSIstance m
hybnd parents and reexamme open­
pollmated cultlvars (BIdmger and
Parthasarathy Rao 1988) Breedmg
research on pearl mIllet was slgnIfi-
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lIkely that pearl mIllet area will eIther
remam at Its present level or shnnk
further

WhIle the demand for pearl mIllet as
a food gram has dlmlmshed sharply, Its
use m poultry and other ammal feeds IS
growmg, and It appears that thIS crop
will remam Important m TamIl Nadu as
an mdustnal raw matenal The situa­
tlOn sends clear messages to agncul­
tural planners and pearl mIllet research­
ers to rethmk then strategIes

A SIgnIficant bnght spot m pearl
millet productlOn IS that over the last
15 years, new cultivars have enabled
productIOn to remam at the same level
as crop area has decreased ProductIV­
Ity enhancements have also helped
pearl mIllet to be more financIally
competitIve WIth other crops

Pearl mIllet breedmg research m
TamIl Nadu dates back to the late
1930s The first vanety, CO 1 was
released m 1939 (Table 1) Smce then,
13 cultlvars have been released by the
Tamil Nadu Agncultural UmversIty
(TNAU) and the Agncultural College

Ftgure 2 Trend m productlVtty of
pearl millet m Tamtl Nadu, 1970-94
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Table 1 Pearl millet cultlvars grown In Tamil Nadu

Year of Research lag
Cultlvar Parents release (years)

NARS
CO 1 1939 7
CO2 1940 7
C03 1942 7
C04 1953 7
C05 1954 7
C06 1976
C07 1986 7
XI PT 348 x PT 350 1950 9
X2 PT 411 x PT 422 1951 9
X3 PT 926/7 x PT 829/8 1953 9
X4 5141A x PT 1921 1980 9
X5 Pb IliA x PTl921 1983 7
X6 732A x PT3095 1983 7
KM 1
KM2 1979
KM3 1977
HB 1 Tift 23A x Bii 3B 1965
HB 3 Tift 23A x 11 04 1968

Private sector
Eknath 101 1988
Eknath 301 302 303 1992
PIOneer 1987
PIOneer 7602 1995
Plantgene 1988
Mahyco 151 1995
PIOneer 7686 1996
PBH 13 19 3738 1996

ICRISAT
WC-C75 7 full sibs of World Composite 1985 12
ICMS 7703 7 mbreds Ind x Afr Crosses 1986 11
ICMV 155 59 S, progenies of NELC 1993 6
ICTP 8203 5 S2 progenies of a Togo landrace 1993 5
ICMV 221 124 S1 progenies of BSEC 1995 5

Note Empty cells mdlcate that data are not avaIlable

cantly strengthened by the estabhsh- Program (AICPMIP), and state agncul-
ment of ICRISAT In 1972, activIties of tural UniversIties (SAUs) In the late

the Indian CouncIl on Agncultural 1970s and 1980s Of partIcular Impor-
Research (ICAR) under the All IndIa tance was the Introduction by ICRISAT
CoordInated Pearl Millet Improvement of new matenals from Afnca WIth
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resIstance to downy mtldew, develop­
ment of several male stenle hnes,
dIversIficatIOn of hybnd parents, and
new methods of breedmg (usmg
molecular markers)

These new pearl mIllet cultIvars
were sown by farmers m sIgmficant
quantItIes, and by the late 1980s and
early 1990s, the pnvate sector began to
market new hybnds to challenge the
matenals that ongmated from the
pubhc sector And most recently,
bIOtechnology has opened new vIstas to
plant breeders - hybnds wIth enough
heterogeneIty for resIstance and
enough umformIty for good agronomIc
performance WIll be soon m the field
The first field evaluatIOns of these new
hybnds began dunng the 1996 ramy
season (lCRISAT 1996)

Research Issues and Objectives

Tamtl Nadu IS an agrIculturally pro
gressIve state and m the forefront of
adoptmg Improved technologIes for
crop productIon Over the years, the
state has bmlt a good agrIcultural
extensIOn system that has helped
farmers to conSIstently grow Improved
cultIvars Hybnds such as HB 1, HB 2
and HB 3 were grown m the early
1970s but were later dlscontmued due
to downy mIldew Table 1 lIsts other
Improved cultIvars grown m the state
Improved cultIvars have been grown on
a large scale over the entIre state dunng
the last decade, but there are Issues that
need detatled scrutmy
• DespIte WIdespread growth, no

SCIentIfically based study has

measured the adoptIOn rate of
Improved cultIvars

• AdoptIOn rates and vanelal compo­
SItIOn vary conSIderably across
productIOn envIronments, WhIch
may affect mcome dIstnbutIOn

• Reasons for dechne m the area
under pearl mtllet m Tamtl Nadu

• Research products from the pnvate
sector appear to be takmg over
products from pubhc sector re­
search, both natIOnal agncultural
research systems (NARS) and
mtematIOnal agncultural research
centers (IARCs) ThIS has Imphca­
tIons for agrIcultural research
mvestment and pnontIzatIon

• The tratts of Improved cultIvars do
not seem to have totally met the
reqUIrements of pearl mtllet grow­
ers

ThIS paper attempts to prOVIde an
accurate perspectIve on the current
state of pearl mtllet productIOn m Tamtl
Nadu m order to foster appropnate
pohcles to promote ItS productIOn The
ObjectIves of thIS study of Improved
pearl mtllet cultIvars are to

• measure the scale of adoptIon and
vanetal composItIon,

• IdentIfy the determmants of adop­
tIOn and quantIfy theIr mfluence,

• study the magmtude of tIme lags to
adoptIOn,

• determme farmer perceptIOns on the
constramts that mhIbIt mcreased
adoptIOn, and

• assess the Impact of ICRISAT pearl
mIllet cultIvars m Tamtl Nadu
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Methodology

Data

ThIS study uses data drawn from a
survey of pearl millet producers In 28
Villages spanning 7 dIstncts of Tamil
Nadu (FIg 3) The purpose is to
measure the extent of adoptiOn and to
explain, at farm level, the reasons for
adoptiOn of improved cultivars The
sample distncts, blocks, and VIllages
were selected based on total pearl
mIllet acreage data from 1991-93
averages The surveyed sample

Included 336 cultivator households, 84
agnculturallabor households, and 28
non-agncultural households The
sample d1stnbutlon 1S umform across
all the villages - farmers represent all
productiOn envIronments COvering
d1fferent rainfall reg1mes and SOlI
types under wh1ch pearl millet 1S
cultivated In Tamil Nadu InformatiOn
about household charactenstics,
cropping pattern, adoptiOn pattern,
seed source, reasons for adoptiOn, and
cost of cultlvatlOn were collected
usmg a structured questiOnnaire

Andhra Pradesh

Karnataka

Kerala

Figure 3 Location ofsample Villages In Tamll Nadu
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(Tables 2, 3, and 4) ThIS was sup­
ported by a detaIled dISCUSSIon wIth
leadmg farmers, agncultural extensIOn
personnel, researchers, seed produc­
ers, and agncultural polIcymakers m
the sample area In addItIOn, second­
ary data about area, productIOn,
produCtIvIty, seed dIstnbutIOn, ram­
fall, croppmg patterns, and SOlI
characterIstIcs were obtamed from the
offices of the Jomt DIrector of AgrI­
culture m each dIStrICt

Table 4 Percentage of Income III

sample households denved from
different sources

Source Adopters Non Adopters

Crops 743 686
Livestock 2 084
Trade 79 157
Labor 98 107
Other 6 42

1 Figures In parentheses represent number of household
heads

Table 2 Size of land holding and
tenunal status of sample farms (ha)

Table 3 Educational level In sample
households (%)

Owned land 3 93 2 55
Leased/mortgaged m land 0 14 0 02
Sharecropped In 0 02 0
Leased/mortgaged out land 0 02 0 02
Sharecropped out 0 0 07
Current fallow land 0 23 0 03
Permanent fallow land 0 04 0
Total 3 80 2 45

Replacement of seed AdoptIOn of a
cultIvar IS a dynamIC process Seed
technology IS an Important element to
maXImIze yIeld that neceSSItates a
knowledgeable farmer or gUIdance by
others to know
• when to replace the seed,
• where to buy seed
• where to get mformatIOn about new

seed, and
• when to replace an adopted cultIvar

The present analySIS embraces these
Issues

AnalytIcal framework

DIsaggregatIon Research attempts to
quantIfy the adoptIon of Improved
cultIVars often employ a smgle varIable
by aggregatmg all cultIvars RealIzmg
the Importance of dlsaggregatmg the
data, cultIvars were grouped as those
developed by NARS (mcludmg ICAR
and SAUs), the prIvate sector, and
IARCs such as ICRISAT

TIme perIod The analySIS looked at
the adoptIOn patterns for groups of
cultIvars for the perIod 1989/90 to
1994/95 AdoptIOn patterns for mdI­
VIdual cultIvars were also determmed

4
3
o

228
277
297
129

Non
Adopters

(101)1

Non
Adopters adopters

85
3
09

153
264
255
204

Adopters
(235)1EducatIOnal status

Ilhterate
Up to pnmary school
Up to middle school
Up to high school
Intermediate/diploma
course

GraduatIOn
Post graduate and above

TenurIal status
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If 1* = X R+ Il ~ T
II-' I

Determmants of adoption Farmers
are economic decislonmakers Unless
they are convmced of the benefits of a
cultlvar or technology, they mIght not
adopt It A combmatIOn of factors and
their mterrelatIOnshIps mfluence
adoptIOn decIsIOns by farmers Our
analytIcal framework attempts to
understand farmers perceptIOns of
factors that convmced them to sow new
cultIvars

Econometric model It IS cntIcal to
preCIsely measure the degree of mflu­
ence of vanabies that determme adop­
tIon LIterature on adoptIon lIsts a set of
vanables that mfluence adoptIon ­
farm SIze, numbel of family labor,
proXimIty to market, human capital,
capItal aVaIlabIlIty, mput pnces, agrIcul­
tural mformatIOn, productIon uncer­
tamty, and nsk (Adesma and Zmnah
1993, Shakya and FlInn 1985, Raumyar
and Goode 1996) Our study was
deSigned to measure the extent of
adoptIOn of Improved pearl nullet
cultIvars by farmers m TamIl Nadu and
to IdentIfy and quantIfy effects of
vanables on adoptIon Econometnc
analySIS prOVIdes ample scope to study
the adoptIon behaVIor of new technolo­
gIes Feder et al (1985) proVIde an
excellent review of adoptIOn models
Llnuted dependent vanable models
prOVIde a good framework to study the
adoptIon behaViOr m agnculture Some
of the most appropnate models are
ProbIt, LegIt, and TobIt The TobIt
model (Tobm 1958) IS conSIdered most
appropnate because It measures not
only the probabIlIty that a pearl mIllet
farmer WIll adopt a new vanety but
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also the mtensIty of use of the technol­
ogy once adopted and hence was
preferred for thIS study The functIOnal
form of the model IS

YI = XI ~ If 1* = XI ~ + III > T

(or)
=0

where
Y, IS the probabIlIty of adoptmg and

the mtensIty of use of Improved
cultIvars,

1* IS a non-observable latent vanable,
T IS a non-observed threshold level,
XI IS the vector of mdependent

vanables determImng adoptIon of
the Ith farmer,

~ IS the estImated coeffiCient, and
Il, IS an mdependently normally

distributed error term With zero
mean and constant vanance (J2

ThIS equatIOn IS a SImultaneous and
stochastiC deCISIOn model If the non­
observed latent vanable I* IS greater
than T, the observed qualItative varI­
able Y

I
that mdexes adoptIOn becomes a

contmuous functIon of the explanatory
vanables and zero otherwise In the
present case, there are farmers who
have not adopted the technology and
many farmers who have completely
adopted the technology Hence a 2­
LimIt Tobit proposed by Rosset and
Nelson (1975) IS followed The TobIt
model uses a maximum lIkelIhood
method to estImate the coeffiCients of
the equatIOn The regreSSIOn coeffi­
cients are asymptotically effiCIent,
unbIased, and normally dIstnbuted

VarIables The empIrIcal model
assumes that the dependent variable,



the area sown to Improved pearl mIllet
cultlvars as a proportIOn of the total
pearl mIllet area, depends on these
varIables - educatIOn, non-farm
mcome, farm SIze, ImgatIOn, market
dIstance, eXIstence of pnvate compa­
mes, and regIOnal charactenstlcs

The adoptIOn behavIOral model
(Leagans 1979) suggests that the
personal vanable of educatIOn, the
SOCIOeconomIC vanable of farm SIze,
and bIOphYSICal vanable of ImgatIOn,
all m the pnmary fanner's envIron­
ment, would affect adoptIOn of a
technology Non-farm mcome was also
hypothesIzed to be negatIvely related to
adoptIOn because the fanner's concen­
tratIOn would be dIstracted from
agnculture SImIlarly, dIstance to
market was assumed to negatIvely
affect adoptIOn Because the data
showed that NARS and the pnvate
sector are mcreasmg theIr share of the
seed market over time It was hypoth­
eSIzed that the sales networks of pnvate
compames could raIse adoptIOn and
thus these were mcluded m the model
DIstrIct dummIes were mcluded to
capture whether spatIal changes m
adoptIOn could be attrIbuted to such
regIOn-specIfic agrocltmatlc character­
IStICS as SOlI temperature ramfall etc

The total effect of these explanatory
vanables can be decomposed usmg the
framework suggested by McDonald
and Moffitt (1980) The two effects of a
gIven change m a vanable are the
effects on adoptIOn probabIlIty and
mtenslty of adoptIOn To denve
elastiCIties, see Adesma and Zmnah
(1993)

Results

Farm SIze Table 2 shows the land use
pattern of the sample farmers Among
farmers growmg pearl mIllet, land
leasmg was almost absent and almost
all cropped land was owned The
average adopter farmed 3 8 ha and the
average non-adopter farmed 2 5 ha
Farm SIze may exert a pOSItIVe mflu­
ence on adoptIOn of Improved cultlvars
because farmers WIth larger holdmgs
may have a better capItal base and nsk­
beanng capaCIty However, when tested
through the TobIt model, farm SIze was
pOSItIvely related to adoptIOn, but ItS
mfluence was not sIgmficant Pearl
mIllet IS grown mostly as a ramfed
crop Ramfed farms of adopters are an
average 1 3 ha larger than non­
adopters, but the SIze of Imgated farms
was almost the same among adopters
and non-adopters

EducatIon EducatIOn has umversally
proved to be a fundamental factor for
economIC and SOCIal change (Myrdal
1968) Is fonnal educatIon always a
prereqUISIte for technology adoption?
An analySIS of educatIOn defined m
terms of dIfferent levels of schoolmg as
related to adoptIOn of Improved
cultlVars of pearl mIllet appears m
Table 3 Average level of educatIOn
between adopters and non-adopters
dIffers onlv neglIgIbly lllIterates are
hIgher by one-thIrd among non­
adopters, but thIS group has a larger
share of pnmary and mIddle school
WIth the present level of modernIZatIOn
m commUnICatIOns and mfrastructure,

_even less-educated fanners do not lag
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behmd m adoptIon of Improved
cultIvars An earlIer study reported a
sImIlar conclUSIOn (Shakya and FlInn
1985) The TobIt analySIS, however,
reveals that when measured m number
of school years, educatIon IS pOSItIvely
and sIgmficantly related to farmers'
adoptIon behaVIOr

Income Crop productIOn offers the
largest slIce of household mcome m all
the households covered m the survey
(Table 4) WhIle mcome from crop
productIOn alone accounts for about
75% of total mcome among adopters,
non-adopters had a 70% share AVaIl­
abIlIty of non-farm mcome through
trade may mfluence a lower level of
adoptIOn LIvestock as a source of
mcome mfluencmg adoptIOn IS also
empmcally testable Share of labor
earnmgs IS SImIlar across the two
groups As expected, non-farm 1Ocome
was negatIvely related to adoptIOn m
the model, and ItS effect was sIgmfi­
cant ThIS ImplIed that farmers who
earn more non-farm 1Ocome paId lIttle
attentIon to pearl mIllet HYVS

VarIetal composItIon Improved
cultivars are developed and released by
both publIc and pnvate research
systems CultIvars were categonzed
mto those from ICRISAT, NARS, and
the pnvate sector to faCIlItate analySIS
The number of farmers who adopted
Improved cultivars and the area under
dIfferent cultIVars dunng 1994/95 are
shown 10 Table 5 About 25% of the
adopters grew ICRISAT cultIvars on
about 23% of the pearl mIllet area,
whIle 28% of the adopters grew
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Table 5 Pearl millet cultlvars grown on
sample farms, 1994/95

Number CultIvars as
of CultIvated percentage

CultIvar farmers area (ha) of total area

ICRISAT
ICMS 7703 33 247 62
ICMV221 13 182 46
WCC75 41 468 118
Subtotal 87 897 226

Pnvate sector
Eknath 6 261 66
HLL 1 16 04
Mahyco 12 13 33
MBH 110 4 58 1 5
PBH3 1 06 02
PG 5822 3 22 06
PG5877 2 08 02
PIOneer 68 116 292
Plantgene 2 49 12
Subtotal 99 171 1 431

NARS
C03 1 06 015
C07 32 199 50
KM2 33 198 5
KM3 3 08 02
X5 2 49 1 2
Subtotal 71 459 116
Local 97 902 227
Grand total 354 397 100

pnvate-sector cultIvars on 43% of the
land NARS cultIvars were found
among 20% of adopters on 12% of the
pearl mIllet area Of three ICRISAT
cultivars, WC-C75 accounts for about
50% of the area sown to these cultIvars,
and ICMS 7703 IS the second most
Important vanety PIOneer dommated
WIth 70% of the total area sown to
pnvate-sector cultIVars PIOneer
followed by WIth Eknath (66%) and



Local

1991 1992 1993 1994
Year Table 6 Year sample households first

adopted ICRISAT cultlvars

Number of
Year of farmers Area

adopuon adoptmg (ha)

1985 6 126
1986 2 09
1987 14 122
1988 5 75
1989 21 516
1990 13 223
1991 14 166
1992 21 223
1993 15 105
1994 6 47
1990 4 14
1991 9 164
1992 18 138
1993 9 74
1994 5 2
1994 5 59
1995 7 149

ICMV 221

ICMS 7703

WC C75

Culuvar

mIllet-growmg areas In IndIa It was
first sown m the sample area In 1985
by SIX farmers, but was then adopted
by more farmers because of ItS hIgh
resIstance to downy mIldew that had
been devastatIng the cultIvar KM 2
(Table 6) ICMS 7703, also hIghly
resIstant to downy mIldew, was mtro­
duced m 1985, and the drought reSIS­
tant ICMV 221 made ItS entry dunng
1994 wIthm a year of release from
ICRISAT The survey revealed that
ICRISAT cultIvars were supenor to
local cultIvars m terms of yIeld and
were more responSIve to nutrIent
applIcatIOns In drought SItuatIOns A
rapId rural appraIsal confirmed that
ICRISAT cultIvars occupy half of the
pearl mIllet areas of TamIl Nadu The
tough competItIOn to ICRISAT
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AdoptIon of cultIvars Efforts were
made to understand the pattern of
adoptIon from 1989/90 to 1994195 The
proportIon of area under pnvate-sector
cultIvars mcreased from 5% In 1989 to
40% m 1994, whIle that sown to
ICRISAT cultIvars declIned from 38% In
1989 to 23% In 1994 (FIg 4) The total

Mahyco (3 3%) The leadmg CUltIVars
among NARS-released cultIvars are
C07 andKM2

Ftgure 4 Temporal adoption pattern
ofpearl mtllet growers zn Tamzl Nadu,
1989-94

pearl mIllet area remaIned almost
constant Dunng thIS penad, however,
WC-C75 dommated, whIle ICMV 221
has become more popular m recent years
maInly m southern dIStrIcts where
drought occurs more frequently The area
sown to NARS cultIvars also illcreased,
but Its proportIon among other groups
has declmed from 15% to 11 % over the
last 3 years Of NARS CUltIVars, CO 7
and KM 2 are sIgmficant

ICRISAT cultIvars WC-C75 was
released ill 1982 for cultIvatIOn In all
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culttvars grown In IrrIgated and good
raInfall regIOns has come from
prIvate-sector culttvars that are
hIgher yIeldmg

Sources of seed and mformatton
InformatIon dlssemmatlon and good
sources of seed are CrItICal elements for
the adoptIOn of Improved cultlvars
(Table 7) The state Department of
AgrIculture was a major source of both
seed and mformatIOn and whIle other
farmers and relatIves also played
slgmficant roles m the adoptIOn of
Improved cultlvars, all sources of both
seed and mformatIOn have Important
complementary roles

Preference for Improved culhvars
EIghteen dIfferent factors were
IdentIfIed that mfluenced farmers to
adopt Improved cultIvars, WIth about

60% cItIng expected hIgh productIV­
Ity (Table 8) ReSIstance to drought
was the second most Important
factor

AdoptIOn by women AdoptIOn of a
new agrIcultural technology may
mvolve some rIsks that could affect
household welfare The survey
mdlcated that women are consulted
about technology adoptIOn where
they perform the larger share of fIeld
work m crop productIOn

Seed replacement Pure seed IS
CrItIcal to realIze the full benefIts of
a crop In the case of non-hybrIds
(lCRISAT cultIvars), more than 70%
of farmers sow pure seed every year,
and about 6% replace seed once m
two years Only for WC C75 does
use of pure seed extend to 7 years

Table 7 Sources of seed and mformatlon (percentage of sample households)

ICRISAT cultIvars Pnvate sector cultlvars

WC ICMS ICMV MA MBH PBH PO PIO-
Source C75 7703 221 HYCO 110 13 5877 NEER

Seed source
Other farmers 09
Seed shop 77 178 83 100 100 100 80 987
Department of
Agnculture 855 822 75 20 I 3

Other 1 7 83
RelatIves I 7 83
Coop society 43

Information source
Other farmers 145 67 167 333 75 50 29
Relatives 77 22 167 267 276
Department of
Agnculture 735 80 583 25 20 105

Research mstItute 09
Other 67 67 145
Seed shop 34 44 83 333 50 60 184
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Table 8 Reasons cited for adoption of
Improved cultlvars

On average, 17% of farmers never
bought pure seed Only a small group
of farmers did not sow pure hybnd
seed every year

Longevity of cultIvars Several
factors mfluence the number of years
that farmers may grow a cultivar ­
desIrable and undeSirable traIts, seed
supply, entry of new cultIvars supply
of extensIOn serVices, among others
Among the non-hybnds, KM 2 and
WC-C75 had a longer lIfe than other
cultlvars (Table 9) Hybnds had a
relatively shorter lIfe because they
are replaced by newer ones as pnvate
compames regularly offer better and
Improved products

Table 9 Life of selected cultlvars

Impact of ICRISATcultivars

After the debacle of HB I, HB 2, and
HB 3 hybnds m the early 1970s,
farmers m TamIl Nadu were skeptlcal
about Improved vanetles The confi­
dence was regamed WIth the entry of
WC-C75 m 1985 Subsequently, ICMS
7703 and ICMV 221 were adopted
WIthout heSItatIOn by farmers The
Impact that ICRISAT cultlvars made on
yIeld levels of pearl mIllet m TamIl
Nadu encouraged farmers to sow more
area to Improved cultivars TheIr
downy mIldew reSIstance and larger
grams accelerated the adoptIOn of
Improved cultIvars, and the gram SIze
bnghtened the prospect for usmg pearl
mIllet as a raw matenal m poultry and
cattle feeds, thus strengthenmg the lInk
between agnculture and mdustry The
drought tolerance and shorter duratIOn
of ICMV 221 fit very mcely mto the
dryland environment of the southern
dlstncts Another Impact mdlcator was
the exchange of breedmg techmques
between TNAU and ICRISAT Ex­
change of germplasm IS another
sIgmficant actIVIty that deserves
mentIOn m the Impact analySIS

2-8
3-7
3-4
3-5
1-3

2
I
3
3

Range (years)Cultlvar

KM2
WC C75
ICMS 7703
C07
HB3
PIOneer
PBH 13
MBH 110
Mahyco

48
40
33
1 8
15
I I
I I
I I
07
04
04
04
04
04
04

593
103
88

Percentage of
households
CIting reasonReason

High yield
Drought resistant
AVailability of seed
Influence of pnvate traders/
family members

Good gram size
Good market pnce
Short duratIOn
Seed productIOn
No msect pests or diseases
Fewer bird problem
Fewer mput reqUirements
Requires less water
Compact earhead
Short height
Umfonn matunty
Good taste
Higher fodder yield
Easy threshmg
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The mdirect Impact of ICRISAT
germplasm IS mIrrored through the
rapId spread of pnvate-sector hybnds
that has more than doubled pearl mIllet
yIelds m TamIl Nadu It must be
emphasIzed that most pnvate-sector
hybnds mIght have used ICRISAT
germplasm WIth 75% of the pearl
mIllet area sown to pnvate-sector
hybnds m TamIl Nadu and 90% of
hybnd productIOn flowmg to the
mdustnal sector, ICRISAT has made a
notable contnbutIOn to pearl mtllet­
based econOmIC actIVItIes m TamIl
Nadu

Conclusions

The adoptIOn of Improved cultivars of
pearl mIllet m TamIl Nadu IS Impres­
SIve, WIth 75% of the area sown to new
cultIvars Both pubhc and pnvate
research have played a sIgmficant role
m releasmg Improved cultlvars Earher
contnbutIOns m breedIng pearl mIllet
were made by ICRISAT and NARS
USIng the parent matenal from
ICRISAT and NARS, the pnvate sector
has produced a number of hybnds that
are Increasmgly adopted by more and
more farmers, mamly due to theIr gram
charactenstics and yIeld gaIns The
state extenSIOn system IS the major
source of InfOrmatIOn and seed for
pnvate-sector vanetIes, and pnvate
seed dealers playa cntIcal role On
average, In one-thIrd of pearl mIllet
grOWIng households, women were
consulted In adoptIon deCISIOns

The econometrIc model suggested
that educatIon, lITIgatIon, dIstance to
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market center, presence of pnvate­
sector seed dIstnbutIOn, and regIOnal
charactenstIcs have sIgmficantly
determIned the probabIhty of adoptIOn
and degree of adoptIOn Hence these
vanables condItIOn adoptIOn declSlons

Farmers reported that the deSIrable
features of a pearl mIllet vanety are
hIgh YIeld, drought reSIstance, good
graIn SIze, Insect pest and dIsease
reSIstance, and short duratIOn all of
whIch breeders try to mcorporate mto
new cultivars AvaIlabIlIty of seed,
presence of pnvate dealers and qualIty
seed are equally Important factors for
farmers Pollcymakers, extenSIOn
workers, and agrIcultural development
agenCIes must note these pOInts when
deVISIng polICIes and ImplementatIOn
strategIes
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Impact of Sorghum and Millet Research In Mall

AYapl\ A 0 Kergna2, 5 K Debrah3, A 5ldlbe4, and 05anog02

Competition for fundmg has led
research sponsors to ask hard questIOns
about the impact of research they have
funded ThiS study is a Jomt effort of
ICRISAT, the Institute of Rural
Economy m Mah (IER), and the
NatIOnal Program of Agncultural
ExtenSiOn (PNVA) Researchers
associated With the study mtended to
• determme adoptiOn rates of millet

and sorghum vaneties currently
grown by farmers that were pro­
duced from local research,

• document farmer opmIons about
these varietIes,

• determme factors assocIated WIth
extensIOn and adoptIon of these
varIetIes,

• estImate the return to mvestments in

agncultural research, and
• estImate the benefits to producers

and consumers from Improved
vanetIeS of these cereals

Millet and sorghum In Mall

Millet and sorghum are important
foods m Mah An estImated 135 kg of
these two cereals IS consumed annually
by each person (FAO 1994) as flour
boiled seeds, cream, and dnnks
Together, mIllet and sorghum proVIde
approxImately 1 088 calones, 49% of
the total daIly need per person

The area covered by millet and
sorghum is about 2 25 milhon ha,
around 80% of the total cereal area m
the country (FAO 1994) Total
productIOn is about 2 5 milhon t,
With average yields estimated at 659
kg ha 1 ProductiOn mcreases at an
annual rate of about 2 4% as new
areas are brought under cultiVatiOn,
pnmanly m the Kayes, Kouhkoro,
Mopti, Segou, and Sikasso regiOns,
which prOVide close to 92% of the
natiOnal productiOn

Yapl, A , Kergna, A.O , Debrah, S K , Sldlbe, A , and Sanogo, 0 1998 Impact of sorghum and mJllet
research m Mall Pages 76 91 In Assessmg Jomt research Impacts proceedmgs of an International
Workshop on Jomt Impact Assessment of NARS/ICRISAT Technologies for the SemI And TropiCS 2-4
Dec 1996 ICRISAT Patancheru india (Bantllan M C S and Joshi P K eds) Patancheru 502 324
Andhra Pradesh India International Crops Research Institute for the Semi And TropICS

ICRISAT Conference Paper No 1347

I international Umon of Foresti)' Research OrganIZations - Special Programme for Developmg COImtnes Food
and Agnculture OrganizatiOn of the Umted Nations (Regional Office for AfrIca) Box 1628 Accra Ghana

2 Institute of Rural Economy Ecofil BP 320 Bamako Mall
3 InternatIOnal FertilIzer Development Center AfrIca BP 4483 Lome Togo
4 National Program of Agncultural ExtenSion BP 320 Bamako MalI
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Study regIons

The three regIOns selected for the study
are at elevatIOns between 400 and 900
m, but each occupIes a dIfferent
ecologIcal mche (FIg 1)

Kouhkoro Average annual ramfall of
877 mm makes thIS the most humId of
the three regIOns SoIls are generally
ferrugmous tropIcal soIls In addItIOn to
sorghum and mIllet, maize, groundnut,

cotton, and a slgmficant number of
marshland and fruIt crops are grown

Segou Ramfall m thIS area ranges
between 456 and 962 mm, WIth an
average of 877 mm The area IS less
humId than Kouhkoro but more humId
than Moptl Ferrugmous hardpan
trOPICal SOlIs are present, and hydro­
morphIc mmeral soIls are prevalent m
the allUVIal depOSIts of BanI Sorghum
and mIllet are Important crops m the

Regional rainfall patterns

Mop!1
Segou
Koulikoro

400-600 mm
400-800 mm
400-1000 mm

FIgure 1 Map ofMalt showzng the three study regzons
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regIOn Other crops mclude maize, nce,
groundnut, cowpea, cotton, and
marshland vanetIes

MoptJ WIth an average ramfall of 533
mm, MoptI IS the dnest of the three
regIOns, with three dIstmct geomor­
phologles - the central NIgenan delta,
the Dogon plateau, and the Seno plam
The delta IS a flood plam, the plateau IS
a large gravelly honzon, and the Seno
plain IS a stnp of land wIth sandy
eroded formatIOns, flat, and often With
slIghtly leached soIl with low clay
content RIce mIllet, and sorghum are
the pnncIpal crops

Agricultural research and
extension In Mall

AgronomIC research has been con­
ducted m MalI for more than half a
century It began m 1925 with the
estabhshment of a cotton research
statIon at M pessoba by the colomal
admmIstratIOn Before mdependence,
agncultural pohcy called for cash crops
such as sugarcane nce, cotton, SiSal,
and groundnut on state farms m
Samanko, Same and M'pessoba The
government took over admmIstratIOn of
agncultural research m 1962 WIth the
estabhshment of the InstItute of Rural
Economy (IER) Agncultural research
was thus redefmed, With emphaSIS
moved to food crops hvestock, and
forestry UntIl 1977, research was
conducted on a contract baSIS exclu­
SIvely by a number of French research
mstItutes, of whIch the InstItute of
TropIcal AgronomIC Research (IRAT)
was the most Important
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In 1970, the DIVIsIOn of AgronomIC
Research (ORA) was created m IER,
and there has been active collaboratIOn
With ILCA (InternatIOnal LIVestock
Centre for Afnca, now part of ILRI, the
InternatIOnal LIvestock Research
Institute), ICRISAT (InternatIOnal
Crops Research InstItute of the Seml­
And TroPICS), SAFGRAD (SemI-And
Food Gram Research and Develop­
ment), and WARDA (West Afnca RIce
Development AssocIatIOn) BIlateral
donors, mcludmg USAID, Canada, and
the Netherlands, are Importdnt funders
of agncultural research The annual
agncultural research budget IS estI­
mated at US$ 11 mllhon, of WhICh US$
4 mIllIon was generated mtemally

Pnnclpal research statIOns for food
crops are Sotuba (sorghum and maIZe),
Kogom (nce), Cmzana (mIllet), Same
(cereals and groundnut), and DIre
(wheat) VanetalImprovement, new
crop techmques, and management of
natural resources remam the mam
ObjectIves of agncultural research It IS
m thIS capaCIty that a number of mIllet
and sorghum varIetIes were tested WIth
the combmed effort of IER and
collaboratmg bodIes, notably ICRISAT

Sorghum selection

The objective of the sorghum Improve­
ment program IS to select cultIvars for a
hIgher and more stable yield by
• collectmg and Improvmg local

vanetIes,
• mtroducmg exotIC matenals,
• selectmg and breedmg from

populatIOns,



• researchmg the use of mutatIOns,
and

• selectmg F I hybnds
It was necessary to estabhsh re­

search pnonties m each agrochmatIc
zone m the country based on ramfall
• In low ramfall areas, selectIOn IS

made for hIgher yIeld, earlmess,
drought resIstance, germmatIOn at
hIgh temperatures, and resIstance to
borers

• In average ramfall areas, hIgh YIeld,
average growmg penod, gram
quahty, germmatIOn at hIgh tem­
peratures, and reSIstance to dIseases
and drought were the selectIOn
cntena

• In hIgh ramfall areas, selectIOn
cntena mcluded hIgh YIeld, matunty
after the ramy season ends, gram
quahty, and reSIstance to fohar
dIseases
Table I summanzes the hIStOry of

sorghum Improvement under the Mah­
ICRISAT program

Millet selection

Compared to sorghum, mIllet IS
cultIvated m areas of lower ramfall
because It IS more reSIstant to water­
stress Two pnmary ObjectIves of mIllet
Improvement are to mcrease productIV­
Ity of local vaneties and select for
stable yIeld by Improved tolerance to
pests and abIOtIC stresses Methods to
satIsfy these objectives mclude creatIon
of synthetIc varIetIes usmg both local
and exotIc matenal, selectIOn of
synthetIc dwarf varIetIes, selectIOn for
larger grams, and much later, F

I
hybnds

Table 1 Chronology of sorghum
Improvement by the ICRISAT-Mah
program

Year ActIVIty

1979-82 CollectIon of local vanetles
Develop populatIOns (local x

exotIc)
Develop screemng method
Test mtroductIons

1982-86 Mass selection m landraces
PopulatIOn Inprovementllme

denvatIon

1986 Nammg of MalIsor 1 to MalIsor 7

1986 Pedigree breedmg (MalIsor x
exotic)

PopulatIOn Improvement
Evaluate new mtroductlOns
Develop head bug screenmg
On farm variety tests
Improve seed stocks

Source Shelly el aJ (1991)

It was necessary to estabhsh re­
search pnontIes m each agrochmatic
zone m the country based on ramfall
• In the Sahehan zone (low ramfall)

reSIstance to drought, Smga, and
msect pests are the mam selectIOn
cntena, WIth reSIstance to dIseases
as a secondary cntenon

• In the SudanIan-Sahehan zone
cultIvars are selected first for
reSIstance to Strzga then to drought,
msect pests, and dIseases, and
finally for response to fertIhzers

• In the Sudanian-Gumean zone (high
ramfall), reSIstance to Smga and
response to fertIhzer are the mam
selection cntena, WIth reSIstance to
downy mIldew a secondary cnte­
non
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Table 2 Chronology of pearl millet Improvement by the ICRISAT-Mah Program

Year

1979-82

1983/84

1984-90

Breeder

J Scheurmg

J Scheunng
o NJangado

ONlangado

Activity

Collection and evaluatIOn of local genetic resources
Introductions from ICRISAT m India
Selection for Improved harvest mdex

Recurnng selection of local varieties
Intervarletal hybndlzatlOn
Development of downy mildew screemng nursery

Improvement of composites
FormatIOn of synthetic vanetles
Evaluation of mtroductlOns to the ICRISAT SaheiJan Center
Evaluation of F

I
hybnds and topcross hybnds

Source Shelly et al (1991)

Table 2 summanzes the history of
pearl mIllet Improvement under the
MalI-ICRISAT program

ExtensIon In Mall

Pnor to mdependence extensIOn was
pnmanly for farmers of cash crops,
WIth demonstratIOns on selected pnvate
farms or state-run farms Begmnmg m
the 1980s, the benefits of educatIOn and
farmmg orgamzatlOns began to have an
effect

The evaluatIOn of the extensIOn
system by the Program of Structural
Adjustment of the Agncultural Sector
(PASA) dunng 1986-88 Identified
msufficient organizatIOn and structure
(no calendar or personnel rules) WIth a
need for
• regular trammg,
• formal techmcal educatIOn,
• elImmatlOn of duplIcatIOn,
• remforcement of research-extensIOn

lmks and lInks WIth credit agenCIes
and forest rangers,
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• harmony wlthm eXlstmg projects
and programs,

• Improved partICipatIOn by women,
and

• better lInks WIth farmmg orgamza­
tlOns

NatIonal Seed ServIce

The NatIOnal Seed Service (SSN) IS
offiCIally m charge of multiplymg and
dIstnbutmg seed m MalI The demand
for Improved cultivars IS first deter­
mmed so that a sIgmficant quantity of
breeder seed can be produced for
multIplIcation m two succeedmg
generatIOns before dIstnbutlOn to
farmers through state-controlled
trammg centers, non-governmental
organIzatIOns (NGOs), and seed
growers

From 1989 to 1990, 569 t of Im­
proved sorghum seed and 295 t of
Improved mIllet seed were produced
and dIstnbuted by SSN The pnmary
sorghum vaneties that were multiplIed



were CSM 388 (42%), CSM 63-E
(32%), and Tlemanfing (20%) MultI­
phcatIOn of sorghum seed reached Its
hIghest level m 1991 wIth 284 t, but
there was a consIderable reduction of
both sorghum and mIllet seed produc­
tIOn m 1992 as SSN was reorgaruzed
The prImary mIllet vanetIes that were
multIphed were mv 8001 (28%),
NKK (25%), HKP (25%), and Toromo
(21 %) As WIth sorghum, mutIphcation
of mIllet reached ItS hIghest production
m 1991 at 155 t

Informalseed chstnbutlOO

The most Important mformal system of
seed dIstrIbutIOn IS farmer-to-farmer,
but the quantItIes dIstrIbuted thIS way
are unclear Other sources of Improved
seed vanetIes are collectIon of small
quantItIes by farmers dUrIng demon
stratIOns, savmg a portIOn of the
harvest for the next season, and NGOs

Methodology

In order to measure the Impact of
research on sorghum and mIllet
productIOn and productIvIty, It IS first
necessary to estImate the adoption rate
for Improved vanetIes a ratIO of the
area occupIed by Improved varIeties to
total crop area

It IS dIfficult to estImate the area
cultIvated WIth Improved vanetIes of
sorghum and mIllet m Mah for at least
three reasons
• SSN data are hmlted to a few

-------v=arietles,

• seed dlstnbutIOn IS often mformal
and therefore not recorded, and

• Improved vanetIes sometimes lose
theIr IdentIty at the farm level
Improved vanetIes may acqUIre

several names dependmg on the source,
or may be mIxed WIth local vanetIes
and lose theIr pUrIty To overcome
these obstacles to data collectIOn, It
was necessary to work closely WIth
extenSIOn departments

samplmg method

A three-stage samplmg procedure was
estabhshed to determme the study area,
sample VIllages, and sample farmers
(Table 3)

Stage one was a reVIew of secondary
data on productIOn, area, and consump­
tIOn of sorghum and mIllet m the
dIfferent regIOns of Mall PrImary areas
of productIOn and consumptIOn were
IdentIfied, along WIth the hIgh ramfall
regIOns targeted for research on
Improved vanetIes - Kouhkoro,
MoptI, and Segou

Stage two mcluded reconnaIssance
VISItS to the three regIOns to IdentIfy
representatIve areas, along WIth
trammg and research facIhtIes In thIS
manner, the Banamba and the
Ouelessebougou sectors were chosen
for the Kouhkoro regIOn Bankass
DJenne and Koro for the Moptl regIOn
and Braoeh, Macma and Segou for the
Segall regIOn

Stage three mcluded choosmg
representatIve VIllages followed by
randomly choosmg umts of agrIcultural
productIOn (UAP) Farmer selectIOn
was based on UAP hsts supphed by
VIllage agrIcultural orgamzers or
VIllage chIefs
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Table 3 Multistage sampling procedure adopted for the study of Improved varieties
of sorghum and millet In Mall

Level of Umt of Type and source
analysIs analysIs of data Results Sample

NatIOnal RegIOn Journal of collected RegIOns produc RegIOns of Segou
data FAO and 109 mIllet and KoulIkoro and Moptl
NatIOnal StatiStiCS sorghum 10 MalI were selected
(DNSI) Identified

RegIOnal Dlstnct Reconnaissance VISits Identification of Districts chosen two
to selected regIOns districts represent 10 Segou three 10

DRA database and
109 the regIOns KoulIkoro and three

diSCUSSIOns With
10 and Moptl

development and
extensIOn personnel

District VIllage Reconnaissance VISitS Complete lIst of Villages randomly
to selected distriCts vIllages 10 the selected 10 Segou
and diSCUSSIOns With selected districts KoulIkoro and Moptl
development and Sorghum 18 13 and 12
extensIOn personnel

Millet 8 19 and 16

Village Production Reconnaissance VISitS Complete lIst of 300 and 345 UAPs
UOlt to selected Villages umts of produc chosen at random 10

and meetings With tlOn 10 the which to collect
Village aSSOCiatIOns chosen Village pnmary data on

aSSOCiations sorghum and mIllet

ProductIOn Field General features Collection of
UOlt of the UAP and socioeconomic data

their fields onUAP

Data collectIon

Data collectIOn covered 300 UAP for
sorghum and 345 UAP for mIllet These
productIOn uruts are dIstrIbuted over 43
VIllages QuestIOnnaireS were gIven to
the UAP chIef or hIS representatIve The
survey was carned out by 10 surveyors
and 4 supervIsors durmg 20 days The
dIfficultIes encountered were mostly
related to the languages of the dIfferent
regIons, partIcularly m MoptI, Koro, and
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Bankass where the main language IS
Dogon On more than one occaSIOn It
was necessary to use an mterpreter
between the Bambara surveyor and the
Dogon farmer

EconomIc surplus approach

The economIC surplus approach
permIts an ObjectIve evaluatIOn of
Impact based on return to capItal
Investments



The essence of thIS concept IS that
the adoptIOn of an Improved technol­
ogy leads to lower productIOn costs and
a vertIcal shIft m the supply curve The
total yearly profit (or socIal gam) from
thIS shIft IS measured by the total
changes m the producer and the
consumer surpluses

Producer surplus IS the dIfference
between the producer pnce on the
market and what they expect to receIve
(on the baSIS of umt cost of productIOn)
for the sale of every margmal umt of
theIr products up to the total quantIty
sold The total welfare of the producers
IS the area defined by the eqUIlIbnum
pnce lme and the supply curve (FIg 3)

Purchase
price

Quantity

EqUIlibrium
price

A+B =EconomiC surpluS

Supply curve

Demand curve

FIgure 2 Illustrahon ofconsumer
surplus

Quantity

FIgure d IUustrahou ofthe economIc
surplus concept

Quantrty
FIgure 3 [llustratwn ofproducer
surplus

Consumer surplus IS a measure of
welfare represented by the dIfference
between what consumers pay and what
they would be reqUIred to pay for every
margmal umt of goods up to the
amount of purchased quantItIes ThIS
measure of welfare IS the area between
the eqUIlIbnum pnce lme and the
demand curve (FIg 2)

Price

Producer SLrplus

Supply cUlve

The consumer and producer sur­
pluses (FIg 4) are supposed to change
followmg a ShIft m the supply curve due
to the adoptIOn of a new technology For
consumers, the shIft m the supply curve
mcreases the avaIlabIlIty of consumer
goods on the market at a lower pnce,
whIle for producers, an mcrease m theIr
productIVity reduces productIOn costs

In order to measure the gams from
research by the economIC surplus
method It IS necessary to compare the
productIon and consumptIon SItuatIOns
WIth and Without research The SImplest
model to use m thIS context IS the statIc
umdlmenslOnal model that supposes a
parallel shIft m the supply curve

CertaIn condItIOns should be
fulfilled for the benefits of research to
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be realIzed FIrst, the research project
should effectIvely produce the expected
technology, and second, the technology
generated should be effectIvely trans­
ferred to farms The range of annual
welfare gaIns depends on how m­
tensely the technology IS used

The net gams from research there­
fore mclude all benefits m the tIme
penod dunng whIch technology IS
used, mmus research and extenSIOn
costs and other costs assocIated WIth
use of the technology

Research and release costs

In order to estImate the net benefits of
research, It IS necessary to estabhsh

gross benefits as well as research costs
The research costs for Improved
varIetIes of mIllet and sorghum m MalI
are estImated based on the annual
budgets of the mtervemng mstItutIOns
(IER, ICRISAT, and PNVA) The costs
allotted by thIS study were estImated by
consIdenng the share of the budget
allotted for research, Improvement,
release and extenSIOn

Results and diSCUSSion

AdoptIon study

CharacterIstIcs of UAPs Charactens­
tIcs are common for both crops
(Table 4) The UAPs are large (average

Table 4 SOCioeconomic characteristics of the Units of agricultural production

Charactenstlc Moptl Segou Koulikoro Mali

Average number of people 224 214 226 22
Average number of active people 108 86 67 87
Average expenence (years) 172 175 209 186
Member of Village association (%) 81 73 77 76
Use of chemical fertilisers (%) 24 21 25 23
Use of orgamc fertilisers (%) 97 96 83 94
PossessIOn of agncultural equipment (%) 94 98 93 96
Land (ha)
Collective dramed land 93 98 66 86
Collective lowland 1 1 144 02 09
IndiVidual dramed land 25 21 20 22
Individual lowland 02 o1 02 02
Fallow land 37 38 37 37
Education (percentage of sample)
Do not wnte or read either French or locallanguage 74 65 56 67
Read and wnte French 2 1 4 2
Read and wnte the local language 13 21 31 20
Speak French 2 1 4 2
Read and wnte French and local language 2 1 4 2
Read wnte and speak French 3 3 3 3
Read write and speak French and local language 5 8 5 6

Source Fonnal ICRISAT/lER survey 1995/96
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of 22 people, with 9 employed) and
usually mclude several households
Unemployed people are probably
chl1dren Average duratIOn of a UAP
chief IS 18 years, an mdlcatlOn of a
broad knowledge of agncultural
actlvltles The chief IS responsible for
decIsIOns about all actlvltles on
common land An average 77% of the
UAP chiefs belong to an agncultural
orgamzatlOn, and most are IllIterate
Only 6% know French, but 21 % know
to read and wnte theIr natlve language

About 96% of the farmers have
some agncultural eqUIpment Only
23% use mmeral fertilIzer because of
ItS high cost, but 94% use manure
Mmeral fertlhzer IS used m the Moptl
and KoulIkoro areas on crops other
than millet and sorghum

In Moptl, the decIsIOn to adopt an
Improved vanety of millet or sorghum
seems to correlate With the chief's
educatIOnal level size of the UAP, and
membership m a farmmg orgamzatlon
In other words, 'educated' farmers With
a responsibilIty for many people who
belong to a Village-level orgaruzatlon
are more lIkely to adopt a new vanety
Land avaIlabilIty, possessIOn of
agncultural eqUIpment, expenence
With cultivatIOn of sorghum and millet,
and the number of employed people m
the UAP do not seem to mfluence the
adoptlon deCISIOn

In Segou, four charactenstlcs
correlate With the deCISIOn to adopt
Improved vanetles
• educatlonal level of the UAP chief,
• contact With extensIOn officers,
• tendency of the farmer to use

mmeral fertilIser, and

• land avaIlabIlIty
SIze of the UAP, number of em­

ployed people, expenence, membership
m a VIllage-level orgamzatlOn, and
possessIOn of agncultural eqUIpment
do not seem to affect the farmer
declSlons to adopt new vanetles

In KoulIkoro, seven charactenstlcs
seem to mfluence adoptlon declSlons
• educatIOnal level of the chief,
• size of the UAP,
• membershIp m farmIng orgaruza­

tlon,
• contact WIth extensIOn officers,
• possessIOn of agncultural eqUIp­

ment,
• number of actIve people In the UAP,

and
• land avaIlabIlIty

Only expenence and the tendency of
a farmer to use organIc fertilIzer do not
seem to Influence the adoptIOn of new
vanetles m KoulIkoro

Two trends seem to be mdependent
of locatIOn - younger and more
educated chiefs are more lIkely to
adopt new varletles than older and less
educated ones These two factors may
be lmked because young chIefs are
lIkely to be more educated

VarIeties The formal survey caITled
out III 645 UAP (300 for sorghum and
345 for millet) spread over 43 Villages
m Moptl Segou, and Kouhkoro
revealed a slgmficant number of
Improved varieties - 28 millet and 47
sorghum

Some of the names are qUIte reveal­
mg For example, the vanety
Monperegnon IS certaInly a sorghum
mtroduced by a pnest (Monpere =
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father/prIest), whereas Dlalategnon
seems to be a variety mtroduced m the
village by Dlaklte, a farmer or an
officer of the trammg service It would
be temptIng to conclude that
Monperegnon IS an Improved varIety,
smce It IS unhkely that a 'whIte father'
would mtroduce a tradItIOnal vanety
(WhICh IS less productive) m a commu­
mty that frequently suffers from a food
defiCIt It IS also Improbable that a
farmer would mtroduce another
tradItIOnal variety m hiS commumty
when the local vaneties are no longer
respondmg to environmental changes
DIakltegnon could also be an Improved
varIety Farmers conSIder these Im­
proved varIeties even though theIr
vernacular names have nothmg to do
WIth SCientific names of VarIetIes
developed by researchers and mtro­
duced to the farmmg environment
Only VarIetIes correctly IdentIfied by the
researchers and/or the releasmg agents
as havmg been Improved were conSid­
ered for calculatIOns m thIS study

WIth the help of PNVA officers and
rural organIzers, the sorghum varIety
known as FAO-mon was IdentIfied as
CSM 388, the multIphcatlon and seed

dlstnbutlon of whIch was entIrely
financed by FAO It was also pOSSible to
associate Monperegnon With the mvento­
ned sorghum vaneties ICSV 1079 BF or
ICSV 1063 BF accordmg to lOCalIty
However most of the mventoned
vanetIes could not be clearly IdentIfied

AdoptIon rates - mIllet There were
220 adopters m 345 UAPs, With an
adoptIOn rate m cultIvated area rangmg
from 12% m 1990 to 23% m 1995 for
all three regIOns By regIOn dUrIng the
same perIod, the rates were 13-20% m
Kouhkoro, 13-29% m Segou, and 10­
17% m MOpti (Table 5) The hIgher
adoptIOn rates m Segou are explamed
by the presence of SSN, several
development orgamzations and the
Cmzana research statIOn (the country's
prmclple mIllet research statIOn)

The lower rates In Moptl could be
partIally explaIned by scarce techmcal
services and farmers' apparent mIstrust
of the Improved vaneties In Kouhkoro,
reduced mterest m mIllet cultIvatIOn by
OHVN (the Niger Upper Valley
OperatIOn, the zone s mllin develop­
ment servIce) partially explams the
lower adoptIOn rates

Table 5 Adoption rate (%) and area sown to Improved millet Varieties, 1990-1995

Area sown to lillproved
Year Moptl Segou Kouhkoro 3 reglOns ml11et vanetles (ha)

1990 10 13 13 12 145440
1991 12 14 15 13 162760
1992 13 15 15 14 143780
1993 15 18 16 16 144000
1994 15 24 18 19 266760
1995 17 29 20 23 322920
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Table 6 Adoption rate (%) and area sown to Improved sorghum Varieties, 1990-1995

Area sown to rrnproved
Year Moptl Segou Koulikoro 3 reglOns sorghum vanetles (ha)

1990 14 14 20 17 137530
1991 16 15 23 19 140790
1992 19 15 23 20 164000
1993 19 18 24 22 1 71 600
1994 20 21 26 24 234480
1995 23 29 30 29 283330

AdoptIOn rates - sorghum There
were 213 adopters from 300 UAPs,
WIth an adoptIOn rate m cultIvated area
rangmg from 17 to 29% between 1990
and 1995 for all three regIOns Dunng
thIS same penod, adoptIOn rates rose
from 20 to 30% m Kouhkoro, from 14
to 29% m Segou, and from 14 to 23%
m MoptI (Table 6)

The hIgher rate m Kouhkoro can be
explamed by the Importance of sor­
ghum m the local dIet and favorable
COndItIOns for sorghum cultivatIOn
AdoptIOn rates m the other two regIOns
are relatIvely important considenng
that sorghum IS a secondary crop m the
local diets

AdoptIOn rates after the survey
penod (l99(}-95) were projected to
ceIlmgs of 35% for mIllet and 40% for
sorghum for all three regIOns based on
adoptIOn constramts noted by farmers
These constramts were not predIcted to
Improve sigmficantly by the year 2000
Without sigmficant pohcy changes m
research and extenSIOn (Figs 5 and 6)

Adoptmg new varIetIes For all the
three regIOns, the mam reasons for
adoptIOn of new millet varIeties are

earhness (91 %), productIVity (72%),
and food quahty (33%) Reasons for
adoptmg new sorghum varietIes are the
same, but the percentages dIffer ­
earhness (85%), productIvIty (67%),
and food quahty (34%) These reasons
vary m order and m Importance m the
three regIOns, perhaps due to ramfall
dIfferences (Tables 7 and 8)

Constramts to adoptIon The most
sIgmficant constramts to adoptIOn Cited
by farmers for sorghum are lack of
mformatIOn about the eXistence and use
of new vanetIes (58%), lack of seed

Table 7 Reasons (% of respondents)
for adopting Improved sorghum
varieties

Kouli 3
Reason Moptl Segou koro regIOns

Number of
respondents 70 104 46 220

Earlmess 97 87 89 91
ProductiVity 53 89 74 72
Food quality 31 31 36 33
Yield stability 4 2 0 2
Strlga resistance 0 2 24 9
Storage faCilities 3 2 4 3
Fodder quality 4 3 0 2
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Table 8 Reasons (%) for adopting
Improved millet vanetles

Number of
respondants 32 25 156 213

Earlmess 94 84 76 85
Productivity 50 72 79 67
Food qualIty 34 40 29 34
Yield stabilIty 3 0 1 1
Strlga resistance 0 4 13 6
Storage facilities 0 0 2 1
Fodder qualIty 3 0 2 2
Insect resistance 0 0 2 2
Commercial 0 0 1 033

Impact mdlcators

IndIcators of food secunty, production
effiCIency and economIC surplus
denved from use of Improved vaneties

----~oofF_mHlHlllet and sorghum were used to
analyze Impact

Food securIty Data from the survey
showed that yIelds after adoptmg new

(50%), and poor soll (13%) The same
reasons are cIted for mIllet - lack of
mformatIOn (49%), lack of seed (33%),
and poor soIl (26%) Lack of mforma­
tIon and seed are the most Important
constramts m all three regions, and
poor soIl IS only a problem In MoptI In
Segou, there IS a strong preference for
local vanetIes For sorghum In

KoulIkoro, the need to use fertilIzer on
Improved vanetIes, bIrd damage, labor
shortages, and storage are constraints
The need for fertIlIzer IS the Illost
Important constramt to groWing
Improved pearl mIllet m Kouhkoro

varIeties rose substantially - 63% for
mIllet and 51 % for sorghum MIllet
yIelds rose from 570 k.g ha 1 WIth the
best local vanety to 930 kg ha 1 for
Improved varIeties Sorghum yIeld
mcreases were SImIlar - 620 kg ha 1

for the best local vanety, and 940 kg
ha 1 for Improved vanetIes

These yIelds are conSIstent WIth
those found m prevIOUS studIes Shetty
et al (1991) noted that m MalI sor­
ghum yIelds are about 600 kg ha 1,

compared to 2 000-3 000 kg ha 1 on
research statIOns, and those of mIllet
vary from 300 kg ha 1 m the Sahehan
zone to 700 kg ha 1 m the zone WIth
most raInfall m the south, compared to
on-station yIelds of 1 500-2 000 kg
ha 1 Our on-farm yIeld estimates seem
congruent WIth these data

WIth productIOn at these levels,
farmers not only feed theIr famIlIes, but
also have surplus gram to market
Growmg Improved varIeties assures
food secunty and reduces productIOn
nsks lInked to drought at the end of the
growmg season Farmers are mterested
m these vanetIes because they produce
a consutylab1e and rnar1cetab1e crop------­
earher m the season

Production effiCiency Usmg Improved
vanetIes of mIllet reduced productIOn
costs as much as 38% (US$ 38 r 1),

whIle the savmg for sorghum was 25%
(US$ 34 t 1), both compared to local
vanetIes The absolute productIOn cost
per hectare was hIgher for Improved
varIetIes because of additIOnal mputs,
but the higher prodUCtiVIty still pro­
VIded these economIes With thIS
hIgher prOdUCtiVIty, farmers have the

Koull 3
Moptl Segou koro regIOnsReason
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opportumty to reduce the area sown to
sorghum and mIllet and dIversIfy theIr
farmmg to grow other crops for eIther
the market or home consumptIOn

EconomIc surplus Considenng
research and extensIOn costs, the net
present value of benefits from research
on Improved vanetIes IS US$ 25
mIllIon for ml1let and US$ 16 mllhon
for sorghum These figures represent an
Internal rate of return of 69% for
sorghum and 50% for mIllet The
sensItIvIty analysIs showed that these
eStimates are robust, and do not change
sIgmficantly wIth margmal varIation In
elasticIties and yIeld levels

ConclusIons

Investments m vanetal research on
rmllet and sorghum In Mah are benefi­
cIal because yIelds mcreased sIgmfi­
cantly, thus lowenng umt productIOn
costs and consumer pnces Both of
these factors are Important IndIcators of
Impact

DespIte the low use of agncultural
mputs, the benefits are sIgmficant In
Mall and throughout the Sahel, produc­
tIOn nsks are hIgh, usually from hIghly
vanable ramfall and pests, thus farmers
are reluctant to Invest m mputs beyond
what IS absolutely necessary HIghly
vanable producer pnces also dIscour­
age mvestment In mputs

In all three regIOns, farmers
reported that the major constramts to
adoptlOn of Improved vanetIes were
lack of mformatIOn, lack of pure
seed, and poor soIl Lack of mforma­
tIon IS related to the hmited number
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of extensIOn agents and the weakness
of the research-extensIOn lmk Lack
of pure seed reflects the hmIted
capaCIty of SSN, madequate coordI­
natIon of the productlOn-dlstnbutIOn
network, and farmers' reluctance to
mvest m pure seed when productIOn
nsks are so hIgh ExpansIOn of
croppmg mto margmal land as
populatIOn mcreases, as well as
lImIted mvestment In mputs and
techmques to Improve soIl fertIlIty,
all contnbute to 'poor soIl'

Farmers have mdicated that selec
tIon cntena adopted by researchers
correspond to theIr needs - earhness,
hIgh YIeld, and good food quahty
AdoptIOn rates have Increased smce
1985 (Madan 1990), and quantitative
Impact mdicators calculated on the
baSIS of these adoptIOn rates are
encouragmg

Farmers contInue to sow a major
portIOn of theIr fields to tradItIOnal
vanetIes so It IS necessary contmue
promotmg Improved vanetIes WIth new
and creatIve approaches so that umt
costs decrease and productIOn, produc­
tiVIty, and food secunty mcrease

Implications for research

The quantitatIve economIc Impact
IndIcators produced by thIS study are
slgmficant, mdicatmg that past mvest­
ments have been benefiCIal and profit­
able compared to all other alternatIves
of mvestment In the pubhc sector
dunng thIS penod HIgh net profits dnd
Internal rates of return, however, do not
necessanly Justify contmued Invest­
ments In the same area



Of great Importance IS the ability to
use pnmary data from the study to set
pnontles for future research (Bantllan
1996) The Important pnmary data
Include levels and rates of adoptIOn,
feedback from farmers on factors
affectIng adoptIOn, adoptIOn con­
straInts, and desirable charactenstlcs
for Improved varletles, and profit gaIns
due to use of new technologies These
data proVide Important InSights for
researchers to conSIder on-farm
sItuatIOns and problems

On the baSIS of InfOrmatIOn col­
lected on farms, thIS sectIOn proposes
to establish pnonty areas of agronomy,
breedIng and SOCIo-economlCS Recom­
mendatIOns In the domaInS of extensIOn
and the seed sector WIll be made
subsequently

Agronomy-ImprovedsOil fertility

The formal survey found that poor soil
IS one of the prIncipal constraInts In
adoptIng Improved vanetles on a large
scale In Mali This was strongly
reported In all three regIOns thus
suggestIng that future research must
conSIder restoratIOn and maIntenance
of soIl fertility

Consldenng the relatIvely high costs
of mputs low non-farm mcome and
farmer reluctance to mvest m sorghum
and mIllet productIOn research must
focus on ~Imple fertilizatIOn techmques
that use orgamc raw matenals that are
aVailable on farm Research tOpiCS
should mclude compostmg, use of
organIC matenals, crop and fertIlIzer
reSIdue, soIl cultIvatIOn, bench manage­
ment usmg level curves, stnp croppmg,

IntegratIOn of crop-livestock systems,
conservatIOn of water and nutnents,
rotatIOn, use of legumes In crop
systems, and JUdiCIOUS applicatIOns of
mIneral fertIlizers

Plant breedmg

Enormous progress has been made In
sorghum and millet breedIng In Mali
Several hIgh-yIeldmg early matunng
varletles have good reSIstance to
dIseases and Insect pests and have
acceptable taste By cItIng earliness,
productIVity, and food quality of new
vaneties as reasons for adoptIOn,
farmers expressed their satIsfaction
With the achIevements of Malian
researchers Consequently, It would
seem to be more profitable to dIrect
future research to removmg adoptIOn
constraInts and more Intensive use of
Improved vanetles that are already
avaIlable rather than breedIng new
vanetIes WIth the same favorable
charactenstlcs

Recent studIes on food crops have
IndIcated that at thiS stage of agncul­
tural research, crop management (and
not crop genetics) IS the pnncIpal
factor limItIng cereal productIOn m
MalI (Shetty et al 1991) Moreover,
studies on productIOn systems m the
south of MalI have shown that the fight
agaInst pests - espeCially Strzga - IS
much more difficult when soil fertIlity
limits plant growth

Socioeconomic research

Further Improvement of sorghum and
mIllet productIOn In Mali depends
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largely on the capacIty of fanners to
manage sOlI fertIlIty and pests SOClO­
economIC research must therefore
focus on how to Improve fanner
mcome to enable mvestmg of mputs for
technology adoptlOn Future research
should consIder strategIes to mcrease
demand for sorghum and mtllet, new
uses for these cereals, Improved
commercIal channels, and reform of
pncmg polICIes for mputs and agncul­
tural funds

Seed sector and extensIon

Lack of pure seed of Improved vanetIes
lImIts adoptIon One pnonty should be
collaborative research to create an
mtegrated and effiCIent seed multIplIca­
tIOn and dlstnbutIOn system CreatIOn
of such a system must not be the sole
responsIbIlIty of SSN, but should also
mclude researchers, extenslOn officers,
and the MIlllStry of Agnculture Roles
and responsIbIlItIes should be clearly
defined

The NatIonal Seed ServIce should
be an essentIal lInk m the seed system,
but not the entIre system It should
keep accurate records of seed ongm, as
well as report all multlphcatiOn and
dIstrIbutIOn Detmled annual reportIng
should record all multIplIcatIOn and
growmg condItIOns, quantItIes of seed
produced and dIstnbuted, dlstnbutIon
locatIons, and the related actiVItIes of
extenSIOn officers Such detmled data
WIll enable researchers to follow
adoptIOn of Improved cultivars and new
technologIes

ExtenSIOn officers should create
technology packets (mcludmg Im-
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proved seed), and clearly document
theIr actlVltIeS so that any weak or non­
functIonmg lmks m the technology
transfer cham can be Identified And
the MIlllStry of Agnculture should
respond to research and extenSIOn
needs, mcludmg tImely payment of
salarIes

Farmers often CIted 'lack of mfor­
matIon' as a constramt to adoptmg
Improved cultIvars an mdicatIOn of the
current weakness m the collaboratIon
among research, extenSIOn, and
farmers For example there IS no well­
defined procedure to name and dlstnb­
ute new vanetles, so names often
change from VIllage to VIllage WIthout
the knowledge of researchers or
extenSIOn officers They are even
returned to research statIOns for
IdentIficatlOn, drammg manpower and
other resources, and addmg confUSIOn
for all concerned

It IS Important to establIsh a commIt­
tee responSIble for nammg varIetIes m
the local languages of the areas where
they are mtended for dlstnbutIOn A
system of contmuous follow-up should
be establIshed to evaluate the level of
adoption success, as well as preferences
and perceptIOns of farmers, rather than
haltmg research when extenSIOn begms
Such practIces would better mtegrate
research and extenSIOn m the partner­
ShIp of rural development ThIS partner­
shIp IS essential for the permanent
follow-up of vanetles mtroduced on
fanns so that they do not lose productIV­
Ity through seed detenoratlon

To summanze the appropnate
mdlvlduals and organIzatIOns should



work to Improve multIplIcatIOn and
dlstnbutIOn of hIgh-qualIty seed,
follow Improved vanetles where they
have been adopted as a means to
Improve adoption rates, productIOn,
and produCtIVIty, and conduct research
to restore and maIntaIn soIl fertIlIty
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Chickpea in the Hot and Dry Climate of India ­
Adoption and Impact of Improved Varieties

P K Joshll, M C S Bantllanl, R L Shlyam2, M Asokanl,
and S C Sethi'

Introduction

Dunng the past few years, chIckpea has
become more Important as a wmter
crop m penmsular and central IndIa
Although not tradltlOnally a promment
pulse crop m thIS reglOn, dunng the last
decade Improved cultlVars have
enabled a productlOn shIft from the
tradltlOnal growmg areas m the north­
west and northeast of the country A
large portlOn of penmsular and central
IndIa suffers a hot and dry chmate,
along wIth the productlOn-hmltmg
constramts of WIlt (Fusarzum
oxysporum) and root rots (Rhlzoctonza
batatlcola), stunt vlrus[Bean (pea) leaf
roll virus], and pod borer (Hellcoverpa
armlgera) Development of short­
duratlOn cultlvars adapted to these
condhlOns, however has led to expan­
ston of chIckpea area and penmsular
and central IndIa now contrIbutes more

than 70% of the nattonal productlOn,
and has enormous potentIal for further
expanston

ChIckpea Improvement research at
the IntematlOnal Crops Research
Institute for the SemI And TropICS
(IeRISAT) mmed to alleVIate major
ablOtlc and bIotIC productIon con­
stramts under ramfed, low-mput
farmmg systems Researchers began to
develop short- and medmm duratIon
desl and kabulz chIckpea varIetIes
adapted to penmsular and central
IndIan condlttonS wIth stable and hIgh
yIelds and good consumer acceptance

A dIrect result of thIS research
mvestment was the development of
mne extra-short and short-duratton
Improved chIckpea vanetles - IeeV
1, IeeV 2, IeeV 3, IeeV 5, IeeV 6,
IeeV 10, Ieee 37, Ieee 42, and
IeeV 88202 Among these, IeeV 1,
IeeV 2, IeeV 10, Ieee 37 and

JOShI, P K , BantJlan, M C S , Shlyam, R L , Asokan, M , and SethI, S C 1998 ChIckpea m the hot and
dry cbmate of India - adoptIOn and Impact of Improved vanetIes Pages 94-102 In Assessmg jomt research
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JoshI PK eds) Patancheru 502 324 Andhra Pradesh India InternatIonal Crops Research Inslitute for the
SemI And TropIcs

ICRISAT Conference Paper No 1304

I InternalionaJ Crops Research Inslitute for the Semi And Tropics Patancheru 502 324 Andhra Pradesh
India

2 GUjarat Agncultural Umverslty Junagadh campus Junagadh 362 001 GUjarat India
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State Villages Farmers

Andhra Pradesh 21 210
GUJarat 24 240
Madhya Pradesh 16 160
Maharashtra 54 540
Total 115 1 150

Table 2 Sample size of the adoption
Impact study (number of Villages and
farmers)

than half of the IndIan total (Table l)
Important states are Andhra Pradesh,
GUJarat, Karnataka, southern part of
Madhya Pradesh, Maharashtra, and
TamIl Nadu ThIS study was confined
to these states, wIth the exceptIOns of
Karnataka and TamIl Nadu ChIckpea
yIeld m these states, except Madhya
Pradesh, IS below the natIonal average
of 855 kg ha I, but IS on the mcrease

A systematIc samplIng scheme was
desIgned to choose the representatIve
chIckpea growmg areas and growers m
the selected states (Table 2) A three­
stage random samplIng method was

Table 1 Chickpea area, production,
and yield In peninsular and central
India, 1994

Area ProductIon YIeld
State (000 ha) ( 000 t) (kg ha 1)

Andhra
Pradesh 168 136 808

GUJarat 153 122 799
Karnataka 441 222 529
Madhya
Pradesh 2741 2487 908

Maharashtra 763 469 614
TamIl Nadu 7 5 684
'IbtaI 4273 3441 805
India 7260 5020 855

Objectives

The objectives of thIS study m a hot
and dry clImate were to
• assess adoptIOn patterns of Improved

chIckpea vanetIes, and
• measure returns to mvestment on

chIckpea research
The study proVIdes farmers re­

sponses to adoptIon of these vaneties at
the dIstnct, state, and regIOnal levels
ThIS mformation WIll be useful to help
adjust research productIon and
marketmg strategIes The analysIs WIll
also JustIfy returns to mvestment on
chIckpea research efforts at ICRISAT

ChIckpea area m penmsular and central
IndIa covers about 4 mIllIon ha, more

Methodology

ICCV 88202 were released for general
cultIvatIOn m dIfferent parts of IndIa
TheIr perfonnance m on-fann tnals
was qUIte ImpreSSIve and generated
great mterest among fanners, as well as
the publIc and pnvate seed sectors

In the past, adoptIOn assessment of
Improved chIckpea varIetIes dId not
attract the attentIOn of plant breeders,
economIsts, and polIcymakers Infor­
matIon that was aVaIlable on seed sales
through publIc and pnvate seed
companIes \v as arl Indlcator of ~thlfe~-----,.,=co­
popularIty of Improved varIetIes among
fanners But mfonnatIOn based on
these statIstIcs IS mcomplete because It
does not mclude the most vItal mfor­
mal channel- fanner-to-fanner
transfer of seed
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employed to choose the sample urnt In
all, 1 150 chIckpea farmers from 115
villages m 41 blocks of 20 dlstncts m 4
states formed the study sample

Pnmary data were collected from
sample farmers through a formal
survey usmg a questIOnnaire that
covered general mformatlon on farm
holdmgs, adoptIon of Improved
chIckpea vanetIes, sources of seed, and
farmer preferences on vanety traits
The survey was conducted m 1995/96,
and asked farmers to recall mformatIOn
for the penod 1992-1995

The study estimates the pattern and
spread of adoptIOn of Improved
chIckpea cultlvars, their rate of Adop­
tIOn, and ceIlmg levels It also meas­
ures the returns to research mvestment
on chIckpea Improvement at IeRISAT

Results and diSCUSSion

Research lag

Among several vanetIes developed at
IeRISAT, IeeV 1, IeeV 2, IeeV 10,
and Ieee 37 were released for general
cultivatIOn and became popular m the
selected states IeeV 1 (also known as
Ieee 4) was released by the state
vanetal committee m GUJarat for
cultIvatIon m 1983 IeeV 2 and Ieee
37 were released m Andhra Pradesh,

and ICCV 10 was released for penmsu­
lar and central IndIa, mcludmg
Maharashtra The tIme to develop these
vanetIes varied from 10 to 17 years
(Table 3)

VarietycharacteristIcs

The four most popular HYVs m the
study area have dlstmct charactenstIcs
• IeeV 1 IS of medIUm duratIOn (110

- 140 days) With medIUm to large,
yellow to lIght brown seeds, and IS
moderately reSIstant to the pod borer
(Hellcoverpa amugera)

• IeeV 2 IS an extra-short duratIOn
(85 - 90 days) kabulz type and IS
resistant to fusarIum wilt (Fusarzum
oxysporum) It was released as
Shwetha m Andhra Pradesh and
Maharashtra, IS adapted to normal
and late sowmg and can escape
drought

• Ieee 37 IS a medIUm- to large­
seeded hlgh-Yleldmg varIety,
matures m 90 - 100 days and IS
resistant to wilt and tolerant to dry
root rot (Rhzzoctonza batatzcola) It
was released as KrantI for general
cultIvatIOn m Andhra Pradesh

• IeeV 10 was released as Bharatl for
cultivatIOn m the central and
penmsular zones of India It IS a wilt

Table 3 Research process and time lag for Important new varieties of chickpea

Parameter ICCV 1

Research process started 1973
Research product Identified for release 1982
Research product released 1983
Total research lag (years) 10
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ICCV2

1975
1984
1989

14

ICCV 10

1975
1984
1992

17

ICCC 37

1974
1983
1989

15



and root rot resIstant varIety WIth
wIde adaptabIlIty IeeV lOIS a
medIUm-duratIOn, hIgh-Yleldmg
varIety, reported to be drought
tolerant

Adoption of Improved VBrtetles

Farmers who have full mfonnatlOn
about Improved VarIetIes and theIr
potentIal benefits have sown them
(Table 4)

TradItIonal chIckpea VarIetIes stIll
dommate 10 all the selected states, but
they are be109 replaced by Improved
vanetIes In Maharashtra, ehaffa IS the

most popular tradItIonal varIety, and
covers about 40% of total chIckpea
area, whIle 10 Andhra Pradesh,
Anmgen occupIes about 60% of the
area In GUJarat, Dahod Yellow IS the
most common among chIckpea grow­
ers In Madhya Pradesh, local VarIetIes
cover less than 20% of the chIckpea
area, but an Improved but unreleased
varIety, RUSSIan, covers about half of
the chIckpea area

In Andhra Pradesh, IeeV 2 and
Ieee 37 are replacmg the rulIng
Anmgen varIety, WIth about 30% of
chIckpea farmers growmg these two
Improved VarIetIes The area under

Table 4 Adoption of Improved chickpea vanetles In hot and dry areas of India
1992-95 (percentage of total chickpea area)

State Variety 1992 1993 1994 1995

Andhra Pradesh ICCV2 4 7 7 17
ICCe 37 4 6 6 9
Other Improved 05 5 08 15
Anmgen 74 66 70 58
Local 17 16 15 15

GUJarat ICCV 1 21 21 25 25
(only Jamnagar district) Dahod Yellow 79 79 75 75

Madhya Pradesh ICCV2 n a I na na 13
UJJam na na na 21
RUSSian na na na 48
Local na na na 18

Maharashtra ICCV2 25 3 6 9
ICCC 37 12 14 18 18
Other ICRISAT 0 06 1 1

vanetIes
Other Improved 24 26 26 24

varietIes
Chaffa 49 44 38 39
Other local 12 12 11 9

I n a = not aV3.11able
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ICCV 2 and ICCC 37 mcreased from
less than 10% m 1992 to about 26% In

1995, WIth ICCV 2 bemg adopted
much faster than ICCC 37

In Maharashtra, there IS a WIde
chOIce of chIckpea varIetIes Although
as many as 28 chIckpea vanetIes are
cultIvated m the state, ICCV 2 and
ICCC 37 occupy about 27% of the
chIckpea area, and are rapIdly replac­
mg the dommant vanety, Chaffa Other
Improved varIetIes were grown on 24%
of the area Among non-ICRISAT
Improved varIetIes, the area under G 12
was mcreasmg, whIle that of G 5
declIned Both were developed at
PunJabrao Knshl Vldyapeeth (PKV),
Akola

In GUJarat, the maJonty of farmers
are stIll growmg local vaneties ICeV
1 IS found only m Jamnagar dIstnct Its
area among the sample farmers m the
dIStrIct mcreased from 20% m 1992 to
25% m 1995 ThIS vanety was first
adopted m GUJarat m 1986, three years
after ItS release, and has a nIche In
Imgated areas In groundnut-chickpea­
based croppmg systems

In Madhya Pradesh, Improved
vaneties cover about 34% of the chIck­
pea area Two Improved vanetIes, UJJam
and ICCV 2, are popular WIth the sample
farmers Both are adopted m areas WIth a
more favorable mOIsture regIme

In lookmg at adoptIOn patterns, It
appears that when progressIve farmers
have easy access to research InstItutes,
they tend to adopt HYVs Examples
Include Medak dIStrIct m Andhra
Pradesh (locatIon of ICRISAT), Akola
(locatIOn of PKV), and Parbhani
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(locatIOn of Marathawada Knshl
Vidyapeeth)

Drought and wIlt are the major
constramts to chIckpea productIOn m
most parts of penmsular IndIa, thus
vaneties that escape drought and are
wIlt reSIstant are becommg popular
among farmers ICCV 2 escapes
drought and IS an early matunng
varIety WIth a premIUm pnce over other
vanetIes because It IS kabulz The added
advantage of thIS vanety IS that ItS
performance IS relatIvely better than
other vaneties m both ramfed and
Imgated enVIronments It IS gammg
WIde acceptance IeCC 37 IS WIlt­
reSIstant, of medIUm duratIon, and
hIgh-YIeldmg ThIS vanety IS preferred
where chIckpea yIelds are suboptImal
due to WIlt ICCV 2 and ICCC 37 are
favored over other Improved vaneties
m the study areas IeCV 10 IS stIll m
the early adoptIOn stage but IS ex­
pected to replace local vaneties, and to
some extent ICCC 37 If an adequate
quantIty of seed IS aVailable

On-farm benefits

Table 5 presents the on-farm benefits of
Improved chIckpea vaneties over
tradItIOnal vaneties m selected states of
IndIa An attempt was also made to
examme the relatIOnshIp between
adoptIOn of Improved vanetIes and
average prOdUCtIVIty m Maharashtra at
the dIStrICt level Usmg the on-farm
survey adoptIOn estImates of 1992-94
and dIStrIct level yIelds dunng same
penod, as HYVs were mcreasmgly
adopted yIelds rose, and vice-versa



Table 5 On-farm benefits of Improved chickpea vanetles compared to the popular
vanety (percentage change)

Indicatorl

VarIety
Yield
Netmcome
Umt cost
Employment
Gender
PrIce premium

Andhra Pradesh

ICCV2
108
440
-29
-20

11
58

Andhra Pradesh

ICCC 37
29

116
-5

8
8

42

GUJarat

ICCV I
67

143
-32

10
-35

1

Madhya Pradesh

ICCV2
123
624
-33

25
65
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I Urnt cost IS the cost ofproducmg one urnt of chickpea employment IS the male and female labor employment for
chIckpea cuillvallon gender IS share of female labor m total employment for chIckpea cultIVatIOn

(Table 6) It IS mterestmg to note that
average yields of chickpea m most of
the dlstncts dunng the early 1980s
(when no Improved vanetles were
adopted}, ranged between 300 and 450
kg ha 1 An ImpresslVe mcrease m
chickpea yields was observed m
dIStnctS where adoptIOn of Improved
vaneties was qUIte hIgh dunng the
early 1990s SImIlar results were
obtamed for Jamnagar dIStnct m
GUJarat where ICCV 1 was sown on
about 25% of the chIckpea area The

mcrease m the average yIeld of chIck­
pea m Jamnagar was substantlally
higher and faster than other dIStnCtS

A large share of the chIckpea area m
Andhra Pradesh and Maharashtra IS
formerly fallow land, WhICh IS an
Important benefit of Improved vaneties
Use of thIS land mtensIfies and dIversI­
fies crop productIon and reduces SOlI
erOSIOn ThIS mtrogen-fixmg legumI­
nous crop fixes atmosphenc mtrogen at
a rate of 80-120 kg N ha 1, whIch IS
aVailable to the subsequent crop

Table 6 Effect of Improved varieties on chickpea yield In Maharashtra

AdoptIOn of Average yteld Average yield Change m
Improved vanetles III early 1980 III 1994 yield

Distnct III 1994 (%) (kg ha I) (kg ha I) (%)

Osmanabad 24 430 489 14
Amravatl 27 295 756 156
Nagpur 31 233 493 111
Yavatrnal 43 455 765 68
Aurangabad 49 367 586 60
Wardha 62 178 585 238
Buldhana 72 265 850 223
Parbham 77 319 505 58
Akola 83 243 838 245
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The dIrect and mdirect benefits of
Improved chIckpea vanetIes are
attractive enough to farmers m hot and
dry chmates that the area sown to
chIckpea mcreased from less than 3
milhon ha m the early 1980s to more
than 4 mIlhon ha m 1994 It IS expected
that If Improved vanetIes contInue to
be avaIlable, the area under chIckpea
WIll expand further

Economic benefits ofchickpea
research

There are several methods avaIlable to
estImate the econonuc benefits of
research Investment In thIS study, the
partIal eqUlhbnum model of supply and
demand In a commodIty market was
used EconomIC benefits from chIckpea
Improvement research were estImated
under a perfect market for IeeV 2 and
Ieee 37 To estImate the economIC
benefits of IeeV 2, a kabulz chIckpea
varIety, a shIft In demand curve was
assumed because there was a pnce
premIUm on thIS vanety due to ItS
quahty On the other hand, to assess
economIC benefits of Ieee 37, a ShIft
In supply functIOn was assumed
because ItS adoptIOn resulted m
reduced umt costs of productIon

To estImate net economIC benefIts,
mformatIOn IS reqUired m three areas
• research costs of developmg the

Improved vanety,
• adoptIOn rates and ceIlmg levels,

and
• savIngs In umt costs of productIOn,

or pnce premIUm In case of quahty
changes
Research costs to develop IeeV 2

and Ieee 37 were not recorded, so
they were estImated by considenng the
salary of researchers, operatIOnal
expenses, and overhead costs for
developIng these vanetIes InformatIon
on adoptIOn rate, spread of adoptIOn,
ceIlIng levels, umt cost saVIngs, and
pnce premIUm were denved from the
survey data (Table 7)

Assummg a perfect market, the
Internal rate of return (IRR) and net
present value for research on IeeV 2
and Ieee 37 were computed The
mternal rate of return was 21 % to
develop the extra-short duratIOn,
drought-escapIng kabulz type (IeeV
2), whIle the IRR was 25% for the
hIgh-yIeldmg, WIlt-resIstant varIety
(Ieee 37) The present value of net
benefits from research on IeeV 2 was
US$ 1 44 mIllIon and on Ieee 37 was
US$ 2 87 mIlhon (Table 8) The

Table 7 Parameters used to estimate economic benefits of chickpea research

Parameter Andhra Pradesh GUJarat Madhya Pradesh Maharashtra

Base productIOn ( 000 t) 27 48 1483 324
Pnce of desl type (Rs kg 1) 12 10 875 11
Pnce of kabuh type (Rs kg 1) 19 12 18 16
Supply elastiCIty (%) 05 05 05 05
Demand elastICIty (%) -13 -13 -13 -13
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Table 8 Economic benefits of the
research mvestment m developmg
Improved chickpea varieties

ICCV 2 IeCC 37

the absence of actual estImates, the
research lag for drought-escapmg, short­
duratIon vanetIes was assumed to be 10
years, but m realIty was 14 years
SImIlarly, the research lag for the wIlt­
reSIstant vanety was estImated at 7 years,
but It took 15 years to develop ICCC 37
These figures WIll now be used for future
research plannmg

2875
1263

2543

1440
11 82

Internal rate of return (%) 21 21
Net present value
(000 US$)

Benefit cost raUo

Cntena

aggregate net present benefits of
research to develop these two VarIetIes
for a hot and dry clImate IS estImated to
be about US$ 4 3 mIllIon - more than
10 tImes the entIre chIckpea research
budget at ICRISAT m 1997

These computed benefits are
underestImated because our analysIs
was based on SubstItutIOn of Improved
VarIetIes for local landrace, however,
there was a large gam from area
expanSIOn to fallow land that IS not
accounted for m the analysIs

Area andproduction expansion

The analysIs showed that research
efforts SIgnIficantly expanded the
chIckpea area and productIOn m a hot
and dry clImate because the new
varIetIes were adapted to the enVIron­
ment There IS stIll further expanSIOn
potentIal ChIckpea IS gammg Impor­
tance m former wmter fallow areas
because the Improved vanetles mature
early and can escape drought Seed
compames should plan productIon
accordmg to needs m the target regIOns

Conclusions On-farm benefits
Based on the precedmg analysIs,
several areas ment attentIon

TIme lag

The tIme lag to develop Improved
cluckpea vanetIes sUlted to a hot and dry
clImate was long because thIS enVIron­
ment IS not favorable to tradItIonal
cluckpea cultIvatIon To alleVIate the
fOrmIddble abIotIc and bIOtIC constramts
the long research lag was JustIfied
Research and adoptIon lags assumed for
research on drought and WIlt m cluckpea
were undere~tImated m the ICRISAT's
MedIUm Term Plan (ICRISAT 1992) In

Several on-farm benefits were denved
by farmers as a result of adoptmg
Improved chIckpea vanetIes These
were related to mcreases m average
yIelds and net mcome, declme m urut
cost of productIOn, enhanced employ­
ment opportumtIes and labor productIv­
Ity pOSItive ImplIcations on gender­
related Issues and a pnce premiUm due
to qUalIty Among these benefits,
mcreased mcome was more promment

Yield Increase

A sIgmficant mcrease m chIckpea yIeld
was noted m regIOns where Improved
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vanetles were adopted A posItIve
relatIOnshIp between chIckpea yIelds
and adoptIOn of Improved vanetIes was
observed In Andhra Pradesh,
Maharashtra, and GuJarat

Major expansIon

A sIlent but sIgmficant cOntrIbutIon of
Improved chIckpea vanetIes has
occurred In the hot and dry clImate It
was not VISIble lIke the green revolu­
tIOn In cereals III northwestern IndIa
because chIckpea area IS less than 10%
of the gross cropped area In the
country But It should be noted that
dunng the early 1980s, the hot and dry
areas of IndIa were contrIbutIng about
40% of chIckpea productIon, III 1995,
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the figure approached 70%, despIte the
fact that yIelds are stIll lower than the
natIOnal average
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Adoption of Improved Chickpea Varieties In
Panchmahals D~strlct of GUJarat

R L Shlyam1 , P K JOShI2 , M Asokan2, M C S Bantllan2,

and S C Sethl2

Source DIrectorate ofAgnculture (1996)

Table 1 Area, production, and yield of
chickpea, Panchmahals district and
GUJarat state, 1970-1995

Parameter 1970 1980 1990 1995

Panchmahals

Area ( 000 ha) 296 202 445 437

ProductIOn ( 000 t) 228 163 360 356
Yield (kg ha I) 770 807 809 815

WIth the former BntIsh Overseas
Development AdmImstratlOn (ODA),
now Department for InternatIOnal
Development (DFID) It promotes
partiCIpatory natural resource develop­
ment m the predommantly poor tnbal
dIStrICtS of western IndIa under the
Indo-Bntlsh Ramfed Farmmg Project

52 9 70 3 170 2 152 9

439 538 1158 1222

530 765 680 799

GUJarat
Area ( 000 ha)

Production ( 000 t)

Yield (kg ha ')

Introduction

In the IndIan state of GUJarat,
Panchmahals mstnct ranks first m
chIckpea area (29%) and productlOn
(29%) Although chIckpea area and
productlOn mcreased dramatically
durmg the last decade, yIeld was stalled
at about 800 kg ha I (Table I) Expan­
sIOn of chIckpea area to margmallands
and slow adoption of Improved vane­
ties were the major factors responsIble
for low yIelds, hence It was necessary
to mtroduce Improved varIeties and
management technIques m the chIck­
pea growmg areas of Panchmahals
dIStrIct

Knshak Bhartl CooperatIve
LImIted (KRIBHCO) deCIded to
mtroduce Improved technology to
enhance agncultural prodUCtiVIty and
Improve food secunty KRIBHCO IS a
farmer cooperative actIvely assocIated
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The project began In 1993, and covers
15 clusters, 3 In GUjarat and 6 each In
Rajasthan and Madhya Pradesh
Vanous welfare actIvItIes are under­
taken In each cluster of five to seven
tnbal vIllages

USIng a partIcIpatory rural appraIsal,
KRIBHCO assessed vIllage problems
and decIded that the most effectIve
approach to ImproVIng the hvehhood of
tnbal people would be to IdentIfy
Improved chIckpea vanetles WIth traIts
preferred by farmers, and ensure that
adequate quantItIes of seed were
aVaIlable KRIBHCO partnered WIth
the InternatIOnal Crops Research
InstItute for the SemI-And TroPICS
(ICRISAT) to IdentIfy tmproved
vanetIes adapted to the enVIronment
FIve dIverse chIckpea vanetIes thought
hkely to be adapted to the project area
were IdentIfied and Introduced In SIX
tnbal VIllages of the KRIBHCO project
area - ICCV 1 (ICCC 4), ICCV 2,
ICCV 10, ICCC 37, and ICCV 88202

In on-farm tnals, the performance of
these vanetIes was compared to local
vanetles Three vanetIes, ICCV 2, ICCV
10, and ICCV 88202, were found to be
promISIng m the VIllages located m
Panchmahals dIStnCt Results of a survey
conducted m two VIllages of
Panchmahals dIStnCt confirmed that the
maJonty of sample farmers who had first
sown these vanet1es m 1993/94 had
resown them (JOShI and Wltcombe 1996)

The purpose of thIS study was to
evaluate the role of the KRIBHCO
project The specIfic objectIves are to
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• assess the role of the KRIBHCO
project III dISSemInatIng Improved
chIckpea vanetIes,

• study the dIrect and IndIrect on-farm
benefits of Improved chIckpea
vanetIes,and

• IdentIfy the factors that Influence
adoptIOn of Improved chIckpea
varIetIes

Sampling framework

The results of the study are based on
four VIllages randomly selected from
purposIvely chosen two clusters m
Llmkheda block of Panchmahals
dIStnCt where KRIBHCO actIVItIes
were mtroduced (Table 2) The VIllages
are Jahapada and SarJumI In the
northern cluster, and Mahunala and
Bor In the southern cluster A complete
hst of all chIckpea growers III the
selected VIllages was obtaIned, and 12
farmers groWIng Improved chIckpea
vanetles (adopters) were randomly
selected from each VIllage An equal
number of farmers growmg local
chIckpea varIetIes (non adopters) was
also randomly selected from the same
v111ages, thus the total sample mcluded
96 farmers who grow chIckpea - 48
who had adopted Improved varIetIes,
and 48 who cultIvated local vanetIes
The relevant data were collected by
IntervIeWIng farmers USIng a pretested
questIonnaIre dunng October 1996
InformatIon on Important aspects of the
VIllages was also collected from
secondary and offiCIal sources



Table 2 Profiles of four villages

Parameter Jahapada SarJuml Mahunala Bor

Total area (ha) 502 723 309 165

Size of holdmg (ha) 081 097 102 095

Forest land (%) 765 692 408 189

SOlis Black red Bhun sandy Red sandy Bhun stony
stony black stony stony black

Ramfall (mm) 800 900 900 800

Crops Maize nce Maize nce Maize nce Maize nce
chickpea chickpea chickpea chickpea
plgeonpea plgeonpea

Population (No) 1236 1045 626 834

ElectnficatlOn (%) 47 47 97 127

Literacy (%)
Female 42 5 9 26
Male 44 14 42 37

Analytical framework

Temporal changes m adoptlon of
different chIckpea vanetles were
estlmated More partIcularly, the extent
of adoptiOn and on-farm benefits were
estImated to ascertaIn the role of
KRIBHCO m dIssemmatlng Improved
technologIes The study also attempted
to IdentIfy and quantIfy the mfluence of
mdependent vanables on vanetal
adoptiOn The Tobit model (Tobm 1958)
was used because It measures not only
the probabilIty that a farmer will adopt
the new technology, but also the
mtenslty of use of the technology once
adopted (Adesma and Zmnah 1993)
The functiOnal form of the model IS

Y=XR
I II-'

or
Y =0,

where
Y, IS the probabilIty of adoptmg and

the mtensIty of use of Improved
chIckpea vanetles

1* IS a non-observable latent vanable,

T IS non-observed threshold level,
X IS the n x k matnx of the explana-

tory vanabies

~ IS a k x I vector of parameters to
be estlmated, and

J.l
I

IS an mdependently normally
dIstnbuted error term WIth zero
mean and constant vanance 0 2
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The equatIon IS a sImultaneous and
stochastIc decISlon model If the non­
observed latent varIable 1* IS greater
than T, the observed qualItatIve van­
able Y, that mdexes adoptIon WhICh
becomes a contmuous functIOn of the
explanatory VarIables, and zero other­
WIse (I e, no adoptIOn) The maXImum
lIkelIhood method was used to estImate
the coeffiCIents The regreSSIOn coeffi­
CIents are asymptotIcally effiCIent,
unbIased, and normally dIstrIbuted

Variables In the empirical model

The estImated empmcal model denved
from the equatIon was developed usmg
the farm and farmer-specIfic attrIbutes,
together WIth farmer perceptIOns about
technology-specIfic charactenstIcs of
the Improved chIckpea vanetIes The
model assumes that the dependent
VarIable (proportIOn of area under
Improved chIckpea VarIetIes m the total
chIckpea area), depends on these
mdependent VarIables - educatIon,
SIze of land holdmg, chIckpea duratIon
(matunty), experIence of growmg
chIckpea, market dIstance, number of
parcels of land, VIllage representatIOn,
and yIeld rIsk The lIst of mdependent
varIables along WIth theIr umts and
hypothesIzed nature of responses are
gIVen m Table 3

The level of educatIon of the farmer
IS measured as zero for IllIterate, 1 for
prImary educatIOn, 2 for hIgh school
educatIOn, 3 for secondary educatIOn,
4 for graduate, and 5 for post-graduate
educatIOn It IS hypotheSIzed that
educatIon IS pOSItIvely related to
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Table 3 Variables conSidered In Tobit
analySIS

Variables Hypothesized sign

EducatIOn (score) +
Size of holdmg (ha) +/-
Chickpea duratIOn (days)
Farmer s expeflence of
growmg chickpea (years) +
Market distance (kIn)
Parcels of land (no)
Village dummies (bmary) +/-
Yield fisk (CV%) +

adoptIOn because educatIOn helps an
mdIvIdual to acqUIre knowledge about
Improved VarIetIes

There are two schools of thought on
the relatIOnshIp between farm SIze and
the adoptIOn of Improved technologIes
One argues that the VarIable has a
pOSItIVe mfluence on adoptIon because
large farms generate more mcome and
therefore prOVIde a better capItal base
and enhance the abIlIty to take rIsks
(Sarop and Vashlst 1994) Another
argument advocates that small farmers
use theIr lImIted resources more
effiCIently and adopt new technology at
a faster rate (Allauddm and TIsdell
1988)

Farmers m thIS study area perceIved
that early-maturmg varIetIes would
escape drought caused by recedmg SOlI
mOIsture (JOShI and WItcombe 1996) It
was hypothesIzed, therefore, that the
duratIOn of chIckpea IS negatIvely
related to adoptIOn of Improved
varIetIes

Years of experIence m chIckpea
farmmg IS expected to be related to the



abllity of the fanner to obtam, process,
and use mformatlOn relevant to Its
cUltIvatlOn Therefore, a pOSItive
relatlOnship between thIS vanable and
the probablhty of adoptlOn of Improved
vanetIes IS hypothesIzed Adesma and
SeIdl (1995) and Adesma and Forson
(1995) also confirmed that expenence
was posItively related to adoption of
new technologIes

DIstance to product markets,
measured m kIlometers, IS one of the
most Important vanables, partIcularly
m thIS study area where tnbal fanners
do not have easy access to markets
The market dIstance IS therefore,
hypothesIzed to be negatively related to
adoptIon

FragmentatlOn of land holdmgs
adversely affects adoptlOn rate because
It demands more tIme and resources
per umt of productlOn The number of
parcels, therefore, has also been
mcluded as one of the mdependent
vanables m the empmcal model and IS
expected to be negatively related to
adoptlOn of Improved vanetIes

Study VIllages dIffer m many
respects such as solI type and ramfall
patterns VIllage dummIes have there­
fore been mtroduced m the model
These are measured as bmary vanables
to capture the mfluence of solI type and
ramfall pattern on adoptlOn decislOns

YIeld nsk IS measured as a coeffi­
CIent of vanatlOn of the chIckpea yIeld
m bad, normal, and good years HIgher
nsk-beanng ablhty of fanners IS an
mdlCatlOn of a faster rate of adoption
A pOSItive relatlOnship IS hypotheSIzed
between yIeld nsk and the probabIhty
of adoptlOn of Improved chIckpea
vanetles

Farmer charactenstlcs

Table 4 presents charactenstics of
farmers m the sample ChIckpea IS
grown on more than 40% of the total
cropped area dunng the wmter
(postramy) season by adopters of
Improved vanetIes The correspondmg
figure for non-adopters IS 50% No
sIgmficant dIfference was notIced m

Table 4 Characteristics of farmers In the sample, Panchmahals diStriCt, GUJarat

Charactenstlc ICCV2 ICCV 10 Adopters Non adopters

Size of holdmg (ha) I 3 I 2 12 1 3
Total operated land (ha) I I 12 I 1 12
Chickpea area to total area (%) 42 40 42 50
Number of parcels 1 3 I 4 14 1 3
ChIckpea growmg expenence (years) 28 36 31 28
Chlckoea rotatIOn III same plot 35 0 2 19

(percentage of sample farmers)
Crop rotatIOns

(percentage of sample farmers)
MaIze chIckpea 93 95 94 96
RIce chIckpea 0 6 2 4

107



Table 5 Extent of adoption of Improved
chIckpea varretles, 1994-1996, Panch­
mahals district, GUJarat (percentage of
chickpea area)

Adoption of Improved varieties

Of the adopters of Improved chIckpea
varIetIes, 60% are growmg ICCV 2 and
40% are grow109 ICCV 10 (Table 5)
AdoptIon of ICCV 2 and ICCV 10 was
almost the same (20%) durmg 1994,
but 10 subsequent years adoptIOn
mcreased SIgnIfIcantly by replacmg the
most popular local vanety (Dahod
Yellow) The mcreased adoptIOn rate
mdlcates that the Improved chIckpea
vanetIes were preferred by the mbal

the number of land parcels between

adopters and non-adopters A maJonty
of farmers who adopted Improved
vanetIes (98%) do not grow chIckpea
contmuously on the same plot There IS
a general tendency to rotate chIckpea to
dIfferent plots to enhance sOlI fertIltty
and mcrease productIvIty of the
subsequent ramy-season crop On the
other hand, about 19% of non-adopters
have grown chIckpea contmuously on
the same plot Tnbal farmers generally
grow chIckpea after maIze, whIch IS
one of the maJor ramy season cereal
crops m the study area, wIdely used as
food The maJonty of sample farmers
followed a maIZe-ChIckpea rotatIOn, but
a few used a nce-chIckpea rotatIOn

Year

1994
1995
1996
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ICCV2

20
31
71

ICCV 10 Adopters

20 20
45 42
79 74

farmers when compared to the local
vanety

RapId adoptIOn of Improved vane­
tIes by the tnbal farmers IS testImony to
the role of KRIBHCO m dlssemmatmg
the new technology The partICIpatory
approach of understandmg farmer
needs about dIfferent vanetal traIts and
IdentIfymg speCIfic varIetIes was
mdeed responsIble for WIde acceptance
and adoptIOn of new vanetles 10 the
project area The new vanetles are also
becommg popular outSIde the project
area through KRIBHCO's contact
farmers It was reported that
KRIBHCO IS now producmg commer­
CIal seed to develop a mechamsm to
ensure aVaIlabIlIty of qualIty seed of
Improved vanetles 10 adequate quantI­
tIes at the nght tIme WIth such a
mechanIsm mstltutIOnaltzed, It IS
expected that the adoptIOn rate of
Improved vanetles WIll be much faster,
whIch m tum produces several dIrect
and mdIrect on-farm benefits to the
mbal communIty

It IS mterestmg to note that over the
3-year penod 1994--96, farmers
mcreased theIr adoptIOn levels Dunng
1994, about 60% of farmers adopted
ICCV 2 and ICCV lOon about 20% of
theIr total chIckpea area, but two years
later, these vanetIes covered an area of
more than 80% (Table 6) About 50%
of the farmers sowed ICCV 2 and
ICCV 10m the range of 60-80% of
theIr chIckpea area Such an ImpressIve
adoptIOn rate can be attnbuted to the
mvolvement of KRIBHCO

The rate of change m the adoptIOn
of Improved chIckpea vanetles dunng



Table 6 Percentage of sample farmers who have adopted Improved chickpea
Varieties, 1994-1996, Panchmahals district, GUJarat

AdoptIon range
ICCV2 ICCV 10 Total

(percentage of
chIckpea area) 1994 1995 1996 1994 1995 1996 1994 1995 1996

<20 59 17 63 5 60 13
20-40 34 34 7 32 32 5 33 33 6
40-60 7 38 31 5 53 5 6 44 21
60-80 10 52 II 42 II 48
>80 10 47 25

last 3 years was also assessed sepa­
rately for ICCV 2 and ICCV 10 (Table
7) Chickpea growers adopted ICCV 2
at a faster rate than ICCV 10 ExamIn­
Ing the Increase In adoption In the S0­
100% range m 1996 over 1995, u'ie
proportIOn of chickpea growers was
maxImum for both the vanetIes (4S%
for ICCV 2 and 47% for ICCV 10) A
higher proportIOn of chIckpea growers
was In the upper range of mcrease m
1996 over 1994 for both the Improved
vanetles, however thiS proportIOn was
sIgmficantly higher for ICCV 10 ThIs
could be attrIbuted to the higher yIeld
ofICCV 10 and ItS SUItabIlIty to
ramfed conditions because there IS no

ImgatlOn m the study area Farmers
reported that ICCV 10 IS a better
replacement for the predommant local
vanety (Dahod Yellow)

Benefits of Improved varieties

Although both ICCV 2 and ICCV 10
provided considerable yIeld gaIns over
the local chickpea vanety, yIeld of
ICCV 10 (SS%) was hIgher than ICCV
2 (34%) The hIgher yIelds reduced per
umt productIOn costs and Increased
profitabilIty (Table 8 )

The net returns for ICCV 10 were
84% hIgher than local vanetIes, whIle
ICCV 2 was 68% hIgher HIgher

Table 7 Increase In rate of adoption of Improved chickpea varieties (percentage of
sample farmers), 1994-1996, Panchmahals district, GUJarat

Increase III
ICCV2 ICCV 10

rate of adoptIOn 1995 over 1996 over 1996 over 1995 over 1996 over 1996 over
(percentage) 1994 1995 1994 1994 1995 1994

<50 34 24 3 26 21
50-100 31 45 28 47 47 11
100-150 24 24 14 5 16 5
150-200 7 7 3 5 1I
>200 3 52 21 II 74

109



Table 8 On farm benefits of Improved chickpea Varieties, Panchmahals district,
GUJarat

Gross Net Umt Labor
YIeld PrIce returns Cost Income cost productlvlty

VarIeties (kg ha 1) (Rs kg 1) (Rs ha I) (Rs ha I) (Rs ha 1) (Rs t l
) (kg day 1)

ICCV2 1470 12 17875 3362 14513 2290 76
ICCV 10 1696 11 18961 3120 15841 1840 88
Dahod Yellow 1096 10 11245 2626 8619 2400 43

profitabilIty seems to be the most
Important reason for rapid adoptIOn
rate of ICCV 10 Umt cost for ICCV
10 was lower than the local vanety (Rs
560 t I) The correspondmg figure for
ICCV 2 was about 5% (Rs 110 t J)
Another benefit was higher labor
productlVlty, With ICCV 10 at 88 kg
day J ICCV 2 at 76 kg day J, and the
local vanety at 43 kg day J

Generatmg additIOnal marketable
surplus was another slgmficant benefit
The marketable surplus of those who
adopted ICCV 2 was highest (61 %),
followed by ICCV 10 (21 %), With the
local vanetles at a miserable 3% (Table
9) The marketable surplus of ICCV 2
was expected because thiS kabuh type
sells at a higher pnce and IS not
preferred for consumptIOn, thus

Table 9 DISPOSition of chickpea by
sample households, Panchmahals
district, GUJarat (percentage of total
production)

Use ICCV2 fCCV 10 Local

Home
consumptIOn 39 79 97

Marketable
surplus 61 21 3

farmers sell the maximum quantity of
thiS vanety m the market for a profit
and purchase the local vanety for home
consumptIOn at a lower pnce

The yield nsk was measured by
computmg coeffiCient of variatIOn
(CV) m chickpea yield dunng bad,
normal, and good years (Table 10)

Table 10 Distribution of chickpea yield risk (percentage of sample farmers),
Panchmahals diStrict, GUJarat

CV of yIeld (%)

<10
10-20
20-30
30-40
40-50
50-60
60-70
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Adopters

4
13
15
12
19
29
8

CumulatIve

4
17
32
44
63
92

100

Non adopters

o
o
4
6

42
40
8

CumulatIve

o
o
4

10
52
92

100



About 44% of adopters have a CV less
than 40%, whereas only 10% of the
non-adopters have this CV m yields It
IS eVident from the table that the
farmers cultlvatmg local vaneties have
hIgh nsk under a range of clImatIc
changes

Factors Influencing adoption

There are several factors that determme
adoptIOn of the new technology The
adoption process begms as farmers
expenment WIth the technology and
then compare ItS results to eXIstmg
technologies Whl1e technology­
specific traits are Important, a farmer's
own charactenstlcs, resources, and
market access also mfluence adoptIOn

As dIscussed earlIer, the Tobit model
was estimated usmg a maximum
lIkelIhood approach to Identlfy Impor-

tant factors and their specific role m
mfluencmg the adoptIOn of Improved
chickpea varietIes m the mbal areas
(Table 11) The number of parcels of
land had no mfluence on the probabl1­
Ity of adoptIOn because most of the
sample farmers have only one or two
parcels This vanable was dropped and
the estimated equation Without It was
selected to explam the results VanabIes
mcluded m the model explamed about
88% vanatIOn m the adoptIOn of
Impruved chickpea vanetles (Table 12)

All but one of the vanables had their
expected SignS, With five sIgmficant at
5% and 1% levels, and one each at
10% and 15% levels The SIze of
holdmg was negatlvely related to the
adoptlon There are dIfferent schools of
thought on adoptIOn and farm SIze In a
study m Bangladesh, Allauddm and
Tisdell (1988) observed that while

Table 11 MaXImum likelihood of Tobit model estImates on factors affectmg adop
tlon of Improved chIckpea varieties

Asymptotic

Vanable CoeffiCIents Standard error t ratio

Constant 412 900 33030 12 50
EducatIOn 2665 3187 084
SIze of holdmg -4729 1636 -289
ChIckpea duratIOn -3821 0304 1254
Expenence of growmg chIckpea 0421 0276 152+
Market dIstance 0543 1073 051
VIllage 1 (Jahapada) -45821 10470 -438
Village 2 (SarJuml) -26415 7488 -353
Village 3 (Mahunala) -14564 5687 -256
YIeld RIsk 0313 0181 1 73++
F 14802 1557 951
Adjusted R2 8776

** Slgmficant at I% level * Slgmficant at 5% level ++ Slgmficant at 10% level + Slgmficant at 15% level
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Table 12 Variables used In the empirical
model

Mean Standard
Vanable values deViatIon

ProportIon of
adoptIon (%) 369 363

EducatIon (score) 071 065

SIze of holdmg (ha) 77 36

ChIckpea duratIon (days) 104 148

Expenence of growmg
chIckpea (years) 29 10

Market dIstance (krn) 128 37

Parcels of land (no) I 3 06

YIeld nsk (%) 45 14

large farms were the early adopters of
modem varietIeS, small farmers
adjusted qUIckly and adopted as fast as
large farms Adesma and Seidi (1995)
reported that the effect of farm Size on
adoptIon is unclear m the adoptIon
literature In the present study, it is
mterestmg to note that small farmers
are the early adopters of improved
vanetIes

Among the vanetal traIts, days to
matunty negatively mfluenced adop­
tIon deCISiOns Farmers perceIved that
early-matunng vanetIes would escape
drought, as well as pod borer mfesta­
tIOn to some extent The pOSItIve SIgn
of the coeffiCIent of yIeld nsk tndIcates
that those expenencmg hIgh nsks to
theIr chickpea crop are more likely to
adopt new vaneties

Increasmg farmer expenence is
expected to pOSItIvely mfluence the
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probablhty of adoptIOn because more
expenenced farmers may have better
slalls and preferentIal access to new
mformatiOn or technologIes through
extenSIOn servIces or development
projects that work m the VIllages The
empmcal results of the TobIt model
mdicate the pOSItIve SIgn of farmer
expenence m explammg theIr adoptIOn
deCISIon

The three VIllage dummIes were
sIgmficant, mdicatmg that SOlI type and
ramfall pattern mfluence adoptIon of
Improved technologIes HIgher nega­
tIve dummy coeffiCIents for Jaliapuda
and Mahunala VIllages could be
attrIbuted mamly to dIfferent sod types
compared to Bar VIllage, whereas some
unknown charactenstIcs could have
mfluenced lower adoptIOn m SarjUmi
VIllage Although market dIstance was
POSItIvely related to the adoptiOn of
Improved cultIvatIOn, ItS mfluence was
not sIgmficant ThIS vanable was
expected to have a strong mfluence on
adoptiOn, but because KRIBHCO
ensured a market, It was not found
sIgmficant It IS Important to remember
that market prospects for Improved
vanetIes IS an Important determmant of
adoptiOn

ConclUSions

The efforts of KRIBHCO were reward­
mg m dIssemmatmg Improved chIck
pea vanetIes and mfluencmg theIr
adoptIOn rate The performance of
ICCV 10 was much better than ICCV 2
when both are compared to the domI­
nant local vanety, Dahod Yellow



A sIgruficant dIfference ill YIeld, net
illcome, and labor productIVIty occurred
AdoptIon ofICCV 10 and ICCV 2
resulted ill reduced umt cost of produc­
tIon There was a substantIal marketable
surplus of the Improved vanetIes ICCV
2 had a pnce premIUm If It was sold
through KRIBHCO, otherwIse the tnbal
farmers were explOIted by mIddlemen
artd traders ill the regIOn To overcome
thIS problem, KRIBHCO IS formtng
cooperatIve SOCIetIes ill the tnbal VIllages
ThIs ImtIatlve will certaInly help farmers
to reap the benefits of higher market
pnces

Breeders' and the actIve extensIOn
role of KRIBHCO m dissemmatmg the
seed were hIghly mstrumental m
provIdmg farmers With access to the
Improved varietles of chIckpea m the
study area
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Improved Chickpea Varieties In Nepal

R K Gurung1

Table 1 Area, production, and yield of
chickpea In Nepal, 1985-95

ChIckpea IS an Important pulse crop In

Nepal Based upon officIal statIstIcs of
the MInIStry of Agnculture, It ranks
fourth In area and fifth m productIon
among the gram legumes Dunng the
penod 1985-95, however, chIckpea
area decreased at an annual rate of
1 8%, whIle productIOn decreased at an
annual rate of 1 7% (Table 1) The
declme m chIckpea area was due to
VarIOUS bIOtIC, abIOtIC, mstItutIOnal, and
SOCIOeconomIC constramts Most
Important were msect pests and
dIseases, expanded lITIgatIOn, competI­
tIve crops, and neglIgIble world trade

Unless the competItIveness of
chickpea Improves through pnce and

Source AgrIcultural StallStICS DIVISIOn MInlstry of
Agnculture

Year

1985-87
1988-90
1993-95

Area
(ha)

28797
28903
25010

ProductIOn
(t)

18437
16443
15 191

YIeld
(kg)

640
569
607

yield advantages, productIOn and area
wIll contInue to declIne (Jodha and
Subba Rao 1987, ICRISAT 1995) In
order to halt thIS declIne, chickpea
productIon must Improve - better
agronomIC practices, new VarIetIes With
genetIc reSIstance to pests, and gram
acceptable to consumers are needed

The NatIOnal Gram Legume Im­
provement Program (NGLIP), Rampur,
IS mandated to conduct research
deSIgned to alleViate productIon
constramts and mcrease prodUCtIVIty
WIlt (Fusarum oxysporum) and
botrytls gray mold (Botrytls cmerea
Pers Ex Frz) (BGM) are Important
diseases of chickpea m Nepal Reddy
et al (1990) estImated about a 40%
yield loss due to BGM dunng the
1987/88 season Pod borer
(Hehcoverpa armlgera) IS another
senous bIOtIC constramt All these
constramts are responSIble for conSid­
erable yield losses that destabIlIze
productIOn Chemical control measures
are known, but most are not economI­
cal (Smgh et al 1989), and many
farmers lack knowledge of chemIcals

Gurung, R K. 1998 Improved chIckpea vanelJes m Nepal Pages 114 125 m Assessmg Jomt research
Impacts proceedmgs of an InternatIOnal Workshop on Jomt Impact Assessment of NARS/ICRISAT
TechnologIes for the SemI And TropICS 2-4 Dec 1996 ICRISAT Patancheru Indm (Banllian M C S and
Josh! P K eds) Patancheru 502 324 Andhra Pradesh IndIa International Crops Research InstItute for the
SemI And TropiCS

I RegIOnal Agncultural Research StalJon Parwanlpur POBox 4 BlrganJ Narayam Nepal
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Lack of soIl mOIsture at sowmg tIme
m the western term and termmal
drought m the central and eastern term
also lower yIelds IrngatIon could
allevIate these constramts, but chIckpea
IS rarely grown under ImgatIOn In the
eastern term, soIl aCidity IS also a
problem

Smce ItS mceptIon, NGLIP began
research projects on chIckpea wIth
actIve collaboratIOn from ICRISAT,
emphasIZmg development of vanetles
wIth resistance to pest and dIseases, as
well as with a high and stable yIeld
SIX Improved vanetIes of chIckpea
have been released for general cultIva­
tIon m the country, of which three are
ICRISAT varIetIes - SIta (ICCV 1),
Koseh (ICCV 6), and Kahka (ICCV
82108) Two are local selectIOns,
Dhanush and Tnshul, and one IS an
IndIan hne, Radha (JG 74) SIta IS
performmg well m the western term,
whereas Kahka and Dhanush are domg
well m the central term and Kahka m
the eastern term

The adoptIon levels of these vane­
tIes have yet to be confirmed ThIS
study mms to assess the adoptIOn
pattern of three dIfferent varIeties m
three regIOns where chIckpea IS grown
m Nepal and to mvestIgate reasons for
adoptIOn and non-adoptIon

Methodology

5tudyarea

The study area IS confined to the seven
teral dIStrICtS - Banke and Bardlya m
the western regIOn (l 500 mm annual

ramfall), Dhanusha, Mahottan, Sarlahl,
and Rauthat dIStrIctS m the central
regIOn (1 700 mm), and SIrha dIStnct m
the eastern regIOn (l 950 mm) Almost
90% of preCIpItatIon occurs dunng
Jun-Sep The SOlIs of the term belt of
Nepal are allUVIal, and thIS regIOn
mcludes more than 90% of the coun­
try's chickpea area The monsoon rams
start earher m the eastern regIon, but
termmate earher m the western regIon
Ramfall m Sep-Oct mfluences the area
sown to chIckpea, while wmter rmnfall
affects crop growth and yield because
chickpea IS cultIvated on recedmg soIl
mOIsture

InformatIon on area, productIOn, and
yIeld of chIckpea was collected from
the MImstry of Agnculture Seven
dIStnctS were selected Banke and
Bardlya dIstncts m the western regIOn
mclude about 36% of chIckpea area
and 80% of productIOn SImIlarly
Dhanusha, Mahottan, SarlahI, and
Rauthat dIstncts m the central term
regIOn account for 65% of chIckpea
area and 74% of productIOn m the
regIOn Only SIrha dlstnct was selected
m the eastern regIOn, and thIS dlstnct
accounts for 65% of area and 70% of
productIOn m the regIon These
selected dIStrIctS account for about
50% of chIckpea area and 45% of
production m Nepal

Samplmg

One VIllage from each of the seven
dIstncts was selected based on chIck­
pea area and on-farm adaptive trials
conducted for one or more seasons
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smce 1992 by NGLIP and ICRISAT
through the Cereals and Legumes ASia
Network (CLAN) In each vIllage 10­
15 chIckpea farmers were randomly
selected for a total sample of 88
growers for the study Pnmary data
were collected from the sample farmers
through a formal survey usmg a
questIOnnaire that mcluded general
mformatlOn on the farm households,
adoptIOn of Improved vaneties, sources
of seed, farmers' preferences on
vanetal trmts, etc The data were
collected m 1995/96 for the penod
1992-95 BeSIdes adoptIOn of Im­
proved vanetles, farmers were asked to
speCIfy the crop grown before and after
chIckpea, soIl fertIlIty, rotatIOn,
mtercroppmg, competmg crops, etc, m
order to understand chIckpea produc­
tIOn systems m the chosen VIllages The
study estimated the rate and pattern of
adoption of Improved vanetIes

Sample farm households

The average operated area of the sample
farmers ranged from 1 3 ha m Bardlya to
2 9 ha m Srrha dIstnct, whde the average
number of parcels per household ranged
from 23m Bardlya to 100m Rauthat
(Table 2) These numbers mdIcate that
land fragmentation is hIgher m the
central and eastern term regIOns than m
the western regIOn Cluckpea IS not a
very Important crop m central term - the
average chIckpea area m Sarlaln dIStnCt
of central term was about 60% of the
total operated area In Banrnya dIStnCt,
however, the area under chIckpea was as
hIgh as 80%
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ChIckpea is generally grown as a
ramfed crop, but m the central term
regIOn, all dIstncts except Dhanusha
have more than 40% Imgated area
dunng wmter season, WIth the smallest
area under chIckpea ThIS supports the
notIOn that the mcrease m Imgated area
caused a declme m chickpea area
(Jodha and Subba Rao 1987) Among
the surveyed diStrIctS, almost 100% of
the farm households of MahottarI,
Sarlahl, and Sirha WIth access to
Imgatlon dunng the wmter season
grow chIckpea under ImgatlOn

Crop rotatIon

Except Bardlya dIstnct m the western
term, the maJonty of farmers do not
grow chIckpea contmuously on the
same plot They usually rotate chIckpea
to Improve soIl fertIlIty and enhance
the productlVlty of subsequent ramy­
season crops Several reasons were
given to support the practIce of rotating
chIckpea -farmers of the central term
rotate chIckpea to reduce weed mfesta­
tIOn, m the western regIOn It was to
escape WIlt disease, and m the eastern
term It was to prevent SOlI aCIdIty
because they perceIve that contInuous
chIckpea cultivatIOn leads to thIS
problem

In the western regIOn, about 59% of
farmers sow chIckpea after maize and
41 % sow it after nce In the eastern
term, almost 73% of farmers grow
chIckpea after nce and 21 % grow
mmze before chIckpea, whereas 2 7%
of the farmers precede chIckpea With
finger mIllet and vegetable crops The



Table 2 ChIckpea production systems of sample farm households

Western teral Central term Eastern teral

Parameter Banke Bardlya Dhanush Mahottan Sarlahl Rauthat Sirha

Average holdmg (ha) 23 15 24 2 I 22 24 32
Average operated land (ha) 22 13 23 23 24 25 29
Average number of parcels 25 23 35 42 35 100 88
Average size of parcels (ha) 09 05 06 06 07 02 03
Average chickpea area (%) 45 793 188 68 62 13 I 366
lITIgated wmter area (%) 103 0 73 512 438 57 19
Farm household access to
wmter lITIgatIOn (%) 286 0 30 50 545 80 83

Fann households growmg chIckpea
on lITIgated plots (%) 333 0 667 100 100 625 100

Chickpea grown on good quality soil (%) 667 556 100 100 636 60 100
Fanners rotatmg plots for chickpea
cultIVation (%) 61 9 444 90 833 50 818 917

Crop rotations (%)
MaIze chickpea
Rice chickpea 476 722 636
Fmger millet chickpea 524 277 80 100 182 100 916
Rice chickpea nce 10
Maize chickpea plgeonpea 10
Rice chickpea maize 9 I
Vegetable chickpea mustard 90 84
Crops competmg for resources Lentil Wheat Vegetables Wheat Vegetables Lentil Wheat

wheat plgeonpea lentil mustard lentil, wheat lentil
mustard Lentil wheat lentil plgeonpea mustard mustard--.....:l



maJonty of farmers In the western and
eastern term perceived that wheat IS the
most Important crop that competes WIth
chickpea In terms of labor, tIme, land,
and other resources, followed by lentIl,
pigeonpea, and mustard In the central
term, lentIl IS the most Important crop
that competes With chIckpea for
resources, followed by vegetable crops,
wheat, and mustard

Research process

There IS always a gap between the tIme
a research project deSIgned t'O develop
a partIcular technology begInS, and ItS
adoptIOn This gap Includes a research
lag between the InitiatIon of research
and IdentificatIOn of research output for
general recommendatIon, followed by a
gestatIOn penod between the genera­
tIOn of a technology and Its adoptIon
by ItS ultImate users

ThIS study assessed the research lag
for Improved chIckpea varIetIes
released In Nepal Table 3 shows the
research process Involved In the
development of three vanetIes In
Nepal

ICCV1

The research process to develop ICCV
1, a desl type, began In 1973/74 at
ICRISAT - Patancheru After baSIC
research, the germplasm was supplIed
to an InternatIOnal chIckpea coopera­
tIve tnal at Parwarupur In 1978/79
After ngorous on-statIOn adaptIve
research and on-farm tnals In farmers'
fields, NGLIP released ICCV 1 under
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the name of Sita for general cultivation
In 1987 A research lag of 14 years was
Involved to develop ICCV 1 In Nepal
ThIS cultivar IS predomInantly basal
branchIng, of moderate height and
medIUm duratIOn, and capable of
prodUCIng stable yIelds across the
country

ICCV 6

ICCV 6 IS semI-erect, of moderate
plant heIght, basal branchIng, and
resistant to fusanum Wilt It IS a kabulz
type With a cream-colored seed coat
The research process to develop thiS
vanety began In 1973/74 at ICRISAT
After completIOn of baSIC research, the
germplasm was supphed to an InitIal
evaluatIon trial at NGLIP Rampur
After on-statIOn and on-farm tnals at
vanous locatIOns, It was released as
Koseh by NGLIP for general cultIva­
tIon In 1990 A research lag of 16 years
was Involved to develop KoselI In
Nepal

ICCV 82108

ICCV 82108 IS a medIUm-duratIOn desl
type With a semI-spreadIng growth
habIt, moderate plant height, hIgh
Yield, reSIstance to fusarIUm WIlt and
BGM, and tolerance to soIl aCIdIty The
research to develop ICCV 82108 began
In 1976 at ICRISAT It was supplIed as
an entry In the InternatIOnal chIckpea
cooperative tnal at NGLIP, Rampur, In
1985/86 After on-statIOn adaptIve
research and on-farm tnals at vanous
locatIons, It was released under the



Table 3 Development of ICCV 1, ICCV 6, ICCV 82108, and Dhanush

Vanety/year

ICCVl
1973

1978

1987

ICCV6
1973/74

1987

1990

ICCV 82108
1976

1985

1990

Dhanush
1971

1980

Research process

Smgle crosses made between H 208 (ICC 4954) and T 3 (ICC 4998)
Smgle plant selectIOn m Fz and F

3
generation

Bulked m the F
4

generatlon as selectIon number IC 7310 3-2 B BH

Germplasm supplied to Agnculture Research StatIOn (ARS) Parwanipur
Nepal as entry number 10 m InternatIOnal ChIckpea Cooperatlve Tnal Desl
Ime (ICCT DL) m 1978/79

After ngorous on-statIOn adaptlve and on-farm mals at vanous locatIons
NGLIP Rampur released It as Sita for general cultivatlon m 1987

PedIgree selection from a cross ofL 550 (ICCC 4973) and L2 (ICCC 4965)
Smgle plant selectlon m Fz to F

6
generatIOns from wllt SIck plot

Bulked m F
7

generatlons as selectlon number ICCX 7385 15 1 IH IP BP

Supplied as entry m mitlal evaluatlon mal to NGLIP

After coordmated varietal mals on vanous research statIOns and farmers field
mals at dIfferent locatlons released as Koseli m 1990 for general cultlva
tlOn

Multlple crosses made between F
2

(JG 62*WR315) 1< F
2

(p 1363*PRRl)
F

2
generatIOn was screened m multIple dIsease mfested field that had

mCIdence of fusanum Wilt Rhlzoctoma batatlcola Rhlzoctomal solam and
Fusanum Solam

Smgle plant selection was followed untIl Fs and bulked as selection number
ICCX 761470 BP IP BP BP

Supplied as entry ICCL 82108 m the InternatIOnal ChIckpea CooperatIve
Tnal Desl Short DuratIOn (ICCT-DS) to NGLIP

After on statIOn and on farm adaptlve research NGLIP had released It as
Kalika for general cultIvatIOn

SelectIOn from local germplasm

Released after evaluatIOn on dIfferent research statlons and locatlons through
on statlon and on farm research

name of Kahka 10 1990 for general
cultIVatIOn A research lag of 14 years
was IOvolved to develop Kahka 10

Nepal

Adoption of Improved varieties

AdoptIon of Improved chIckpea
vanetIes vanes WIdely (Tables 4-7)
Overall, about half of the sample farm
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Table 4 Adoption of chickpea vanetles
by sample farmers In selected dlstncts
of Nepal, 1992-95 (percentage of
chickpea area)

RegIOn and vanety 1992 1993 1994 1995

Western term
KalIka

(ICCV 82108) 05 48
Koseh (ICCV 6) 1 7 I 3 10 20
Sita (lCCV 1) 300 363 467 370
Dhanush 04
BG256 03 30 30
Local 678 573 492 575

Central teral
Kahka

(ICCV 82108) 18 106 152 142
Koseh (lCCV 6) 1 5 06 14 1 8
Sita (ICCV I) 84 65 I 8
Dhanush 36 16 1 25 I 323
Local 932 641 518 498

Eastern teral
Kahka
(lCCV 82108) 1 8 33 35

Sita (ICCV 1) 28 76
Dhanush 45 62 22
Local 100 938 878 868

households m 38% of the total ChICk­
pea area are cultlvatmg Improved
vanetIes of chIckpea About 50% of the
farmers grow local vanetIes on about
62% of the area

The spread of Sita m the western
teral reached 40% of farm households
on 47% of chIckpea area m 1994, then
dropped to about 37% At an aggregate
level, the share of Improved vanetIes
was 42% m 1995 from 32% m 1992

In the central term, the hIgh-yIeldmg
locallandrace (Dhanush) accounted for
32% of the total chIckpea area m 1995,
followed by Kalika at 14% of the area
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for 17% of farm households III 1995
Both the hIgh-YIeldmg local varIety
and Kahka seem to be slowly replaCIng
the tradItIOnal local vanetIes, but the
adoptIOn path of Koseh seems to be
constant and that of Sita dechrung At
the aggregate level, theIr share ap­
proached 50% In 1995 from less than
7% m 1992

In the eastern teraI, the tradItIOnal
local vanety stIll dommates the
chIckpea area (87%), whIle Sita has
been adopted by only 10% of farm
households on 8% of the ared Kahka
grew to 4% of the chIckpea area for
16% of farm households The local
hIgh-yIeldIng vanety Dhanush declIned
to 2% of the area for 11 % of farm
households In 1995 from 6% of the
area for 26% of farm households m
1994

Adoption factors

Many factors constramed dIffuSIon of
vanetIes In dIfferent regIons, mcludIng
bIotIC and abIotIC factors, SOCIOeco­
nomIC constraInts, and InstitutIOnal
bottlenecks

Table 5 Aggregate adoption of chick­
pea varieties on sample farms In

Nepal, 1992-95 (percentage of chick
pea area)

Varieties 1992 1993 1994 1995

Kahka
(ICCV 82108) 07 50 45 33

Koseh (lCCV 6) 1 3 09 09 1
Sita (lCCV 1) 180 246 264 243
Dhanush 07 32 75 65
BG256 02 16 I 8
Local 794 66 592 625



Table 6 Adoption of chickpea varieties
by farm households, 1992-95 (percent-
age of households)

VarIetIes 1992 1993 1994 1995

Western teral
Kahka

(ICCV 82108) 25 64
Koseh (ICCV 6) 50 85 7 1 74
Sita (ICCV 1) 300 319 405 333
Dhanush 19
B0256 2 1 48 55
Local 625 51 1 476 519

Central term
Kahka
(ICCV 82108) 57 104 138 172

Koseh (ICCV 6) 29 2 1 1 7 3 1
Sita (ICCV 1) 104 34 1 6
Dhanush 114 208 345 354
Local 800 563 466 422

Eastern teral
Kahka
(ICCV 82108) 118 174 158

Sita (ICCV 1) 44 105
Dhanush 177 261 105
Local 1000 706 522 632

Table 7 Aggregate adoption of chick
pea varieties by farm households,
1992-95 (percentage of households)

VarIeties 1992 1993 1994 1995

Kahka
(ICCV 82108) 35 8 1 98 102

Koseh (ICCV 6) 35 45 33 43
Slta (lCCV I) 14 179 163 153
Dhanush 47 II6 21 I 19
BG256 09 16 22
Local 744 563 48 489

BiotiC and abiotic factors

In the western term, farmers are
cultivatmg chIckpea on a large scale on
45-80% of the total area Among

abIOtIc constramts are lack of mOIsture
at sowmg ume and ramfall dunng
flowenng, whIch causes mcreased
mfestatIOns of pod borers WIlt and pod
borer (Heltcoverpa armlgera) are
major bIOUC constramts m chIckpea
productIOn

Western teral The preferred varIety m
the western term IS Sita Its populanty
IS mamly due to ItS stable yIeld m both
normal and bad years, yellOWIsh seed
coat, responsIveness to feruhzer, and
hIgher gram yIeld when sown early
(NGLIP 1990) MOIsture recedes
rapIdly because the monsoon rams are
short m thIS regIOn The area under thIS
varIety was hIghest In 1994 and
dechned margmally m 1995, mamly
due to WIlt Another Improved varIety
spreadmg In thIS regIon, although not
so WIdely, IS Koseh Farmers are
culUvatmg Koseh on smaller plots to
Judge ItS performance and determme If
It fits theIr farmmg systems Farmers
prefer Koseh for ItS creamy-whIte seed
color and large gram SIze that com­
mands a hIgher market pnce Although
released as a wtlt-resistant varIety m
thIS wtlt-prone western regIOn, Kahka
has a dark brown seed coat and lower
gram yIeld than Sita MaJonty of
sample farmers m thIS regIOn expressed
a preference for a creamy-whIte seed
coat and bold grams

Central teral Farmers cultIvate
chIckpea on a smaller scale, 6-18% of
theIr land, In thIs regIon Pod borer
(Helzcoverpa armzgera), BGM, and
WIlt are major problems (SIngh et al
1990) A maJonty of farmers sow
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chIckpea after harvestmg nce m the
last week of November, so they
preferred short-duratIOn varIetIes that
escape termmal drought Among the
Improved vanetIes, local selectIOn
Dhanush was sown on a consIstent area
durmg 1992-95, mam1y due to ItS
tolerance to BGM (Smgh et al 1989)
Other reasons for ItS preference are the
brown seed coat medIUm-sIzed gram,
and good yIeld when sown late Among
the ICRISAT vaneties, Kahka showed
consIstent adoptIOn untd 1994, and
then a margmal declme m 1995 Kahka
IS preferred by farmers because It IS
less susceptible to pod borer and BGM,
has a hIgher gram yIeld, dark brown
seed coat, bold gram SIze, and good
performance when sown late

Eastern teral In thIS regIOn, farmers
cultIvated chIckpea on an average 36%
of theIr land, whIch IS larger than the
central term regIOn Pod borer and
BGM are the majOr bIOtiC constramts,
whde termmal drought and sod aCIdIty
are Important abIOtic constramts (Smgh
et al 1990) The local varIety stdl
dommates the total chIckpea area,
willIe Improved vaneties account for
only 14% of total chIckpea area
Among the Improved varIetIes, the area
under Kalika IS mcreasmg The
preferred traIts for Kahka are hIgh
YIeld, tolerance to aCIdIC sod, dark
brown seed, medIUm-bold gram (larger
than Dhanush), and good performance
when sown late However, the share of
the hIgh-YIeldmg local varIety Dhanush
IS dechmng mmnly due to ItS lower
gram yIeld and smaller gram Preferred
traits m the eastern regIOn are dIsease
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reSIstance (BGM), hIgher gram YIeld,
early matunty, medIUm-sIzed gram,
and brown seed coat

InstItutIonal factors

One of the major stumblmg blocks to
adoptIOn of Improved vaneties IS the
absence of an orgamzed seed mdustry
m Nepal (Smgh et al 1989) The
pnvate sector IS not mvolved m seed
productIon and dIstrIbution of Im­
proved chIckpea vanetIes The publIc
sector mstitutIOn responsIble for seed
dIstrIbution IS the AgrIculture Input
Corporation (AIC), but It IS lImIted to
cereal crops (wheat, nce, and maIze)
and vegetable crops Lack of proper
seed productIOn technology for grow­
ers of legume crops, low output, and
lack of a proper demand forecastmg
system make gram legumes a low
pnonty for AIC (ParaJuh and Sitaula
1990) Research mstItutes are the only
source of qualIty chIckpea seed, but
theIr capaCIty (Table 8) IS far below the
estimated demand

Usmg the estimated adoptIOn rates
m the study area, about 9 t of KoselI,
41 t of Kahka, 103 t of SIta, and 84 t of
Dhanush are reqUIred m a year at a 60
kg ha 1 sowmg rate for Just the study
area The only means of transfer of
Improved vanetIes seems to be through
farmer-to-farmer transactIOns that do
not guarantee quahty seed

Lack of mformatIon about vaneties
IS another problem for dIffuSIOn of
Improved vanetIes Only two or three
farmers from a sample populatIOn
adopt Improved vaneties ImmedIately
after release A large adoptIOn lag



Source NatIOnal Gram Legume Research Program
(NGLIP) Rampur ReglOnal Agnculture Resarch
StaUon Parwampur RegIonal AgrIculture Research
Stauon KhaJura NepalgunJ Nauonal OIlseed Research
Program Nawalpur

Table 8 Production and distribution of
Improved chickpea varieties by differ­
ent research stations under the Nepal
Agriculture Research Council, 1993/
94-1994/95

eXIsts AdoptIOn of Improved vanetles
pIcked up only after on-farm demon­
stratIOns began m a surveyed vIllage
Successful and rapId adoptIOn demands
strong lInks between researchers,
extenSIOn agents, and farmers to
accelerate the rate of diffusIOn through
such on-farm adaptive research

The overall area sown to chickpea IS
declImng, except m the western teral
regIOn It IS difficult to predict whether
the area sown to Improved vanetles
wIll Increase because the entIre system
for seed productIOn and distrIbutIOn IS
so poorly establIshed Farmers who
cultIvate crops on small plots solely for
only household use rarely seek Im­
proved productIOn packages that are
not Immediately aVailable Chickpea
area wIll also depend on agrIcultural
mfra~tructure (such as ImgatIOn), and
the comparative advantage (for export)
and market prIce for chickpea and ItS
competmg crops

Vanety

Dhanush
KalIka (ICCV 82108)
Sita (lCCV 1)
Koseh (ICCV 6)

Breeder
seed
(kg)

90
25

FoundatIon
seed
(kg)

2130
1816
2130
2763

ConclUSions

MultIple traits preferred

In the three regIons of the term, farmer
preferences dIffer, but farmers are
mclmed to adopt vanetIes WIth multI­
ple preferred traIts approprIate to both
the environment and theIr SOCIOeco­
nomIC circumstances

Research lag

AdoptIOn of Improved chIckpea
vanetIes suffered a long research lag It
took 14 years to develop ICCV I
(SIta), 14 years for ICCV 82108
(Kahka), and 16 years for ICCV 6
(KoselI) Research strategIes to reduce
thiS tIme lag must be developed

SlowdIffUSIon

The diffUSIOn process seems to be
slower m the central and eastern
regIOns than m the western term A
speCIal extenSIOn project m the west,
the Secondary Crop Development
Project of the Department of AgrIcul­
ture, has a mandate to diffuse Improved
technologies of varIOUS secondary
crops, mcludmg chIckpea It has played
key role In makIng seed avaIlable
through extensIOn agenCIes and has
also started a seed productIOn program
for Important crops, mcludmg chickpea
at the farmer level

ExtenSIon partIcIpatIon

On-farm adaptIve trials played a
sIgmficant role m diffUSIOn of Im­
proved varIetIes m the surveyed
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villages But on-farm adaptIve tnals by
a research program alone do not
guarantee the wider adoptIOn of
improved technologies Lack of
mformatIOn about new vanetles also
constrams adoptIOn, so there IS a need
for actIve partIcIpatIon by extensIOn
agencIes m order to replIcate such
mnovatlons m other areas

SeedproductIon

The seed sector, both publIc and
pnvate, IS a major player m the dIffu­
sIon of improved technologIes Lack of
qualIty seed is the major constramt

In the western terai, one of the
reasons for successful dIffusIOn of
IndIan vanety BG 256 was ItS readtly
aVailabIlIty at a nearby border market
The publIc seed sector, together WIth
extensIOn agencies, should enhance
seed productIOn, partIcularly m major
growmg areas
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Chickpea In the High Bannd of Bangladesh

M R Karlm\ Q M S 151am2, and A K M H Haque1

Bangladesh is situated on the northern
fnnge of the trOpiCS and forms the
largest delta m the world It stretches
from the HImalaya m the north to the
Bay of Bengal m the south Agncul­
ture dnves the Bangladesh economy,
contnbutes 36% of gross domestIc
product (GOP), and accounts for
68 5% of natIonal employment At
present, agncultural land IS about 8 I
mIllIon ha, of whIch 7 6 mIllIon ha are
cultIvated (BBS 1994) The country IS
dIVIded mto three major physIOgraphIc
umts - hIlls, terraces, and floodplams
The terraces mclude the Madhupur
tract, the Bannd tract, and the Akhaura
terrace

The Barmd tract covers about 5382
km2, about 6% of the country (Hunt
1984) It IS further divIded mto three
subregIOns - the dIssected Barmd
tract, the level Barmd tract, and the
northeast terram The dIssected Barmd
tract, also called the HIgh Bannd,
covers about 1 002 km2 of undulatmg
topography and terraced nce fields

ThiS area of northwest Bangadesh is
semI-and (Hunt 1984), and farmers
there generally grow a smgle crop of
transplanted nce

Pulses are a major and cheap source
of protem m the dally dIet m Bangla­
desh, and many different ones are
grown m the country Pulses are also
Important to soIl fertilIty because
symbIOtiC root rhIzobia fix atmos­
phenc mtrogen, and the plants contnb­
ute sIgmficant amounts of orgaruc
matter to the soIl Pulses also proVide
valuable fodder and feed for lIvestock

Climate

The High Bannd has lowest and most
unrehable ramfall pattern m Bangla­
desh Dunng the penod 1982-93, there
were Wide vanatIOns over both months
and years, with a mean annual ramfall
of about I 258 mm With a standard
deViatIon of ±196 mm and a coeffi­
Cient of vanatIOn of 15 6% Much of
the annual ramfallis receIved dunng

Karim, M R , Islam, Q M S , and Haque, A K M H 1998 ChIckpea m the hIgh Bannd of Bangladesh
Pages 126-135 In Assessmg Jomt research Impacts proceedmgs of an internatIOnal Workshop on Jomt
Impact Assessment of NARSIICRISAT TechnologIes for the SemI And TropICS 2-4 Dec 1996 ICRISAT
Patancheru India (Bantllan M C S and Joshi PK eds) Patancheru 502 324 Andhra Pradesh India
International Crops Research Institute for the SemI And TropICS

I Agncultural EconomICs DIVIsIOn Bangladesh Agncultural Research Institute Joydebpur Gazlpur
Bangladesh

2 Pulses Research Centre RegIOnal AgncultuTdI Research Station Bangladesh Agncultural Research
institute Ishurdl Pabna Bangladesh

126



the monsoon season (Jun-Sep)
The probabIlIty of ram sharply

declmes dunng the dry months of
Nov-Mar At the end of the ramy
season m October, the probabIlIty of 75
mm ramfallIs 48% at RaJshahI, 56% at
NawabgonJ, and 53% at Naogaon ­
the three dIStnctS chosen for thIS study
(Manalo 1975) SOlI mOIsture depletIOn
begms m October and at the end of
December none IS avaIlable for crop
growth ThIS mformatIOn helps select
an appropnate croppmg schedule
because mOIsture reqUIrements vary
among crops The average monthly
temperature m the HIgh Bannd ranges
from 9 to 44°C, whIle the average
humIdIty IS 78%

Area and production

In Bangladesh, most pulses are tradI­
tIOnally grown dunng the dry wmter
months (postramy, or rabz season)
under ramfed condItIons Some of the
pulses such as blackgram, mungbean,
and pIgeonpea are also grown dunng
the summer or khan! season The area

under summer pulses IS, however,
small Most of the pulse crops are
concentrated m eIght dIStrIctS, and
occupy an area of about 07 mIllIon ha
(Table 1)

Khesan (Lathyrus satzvus) tops the
lIst of pulse crops m Bangladesh m
both area and productIOn It grows m a
range of clImatIC condItIOns, IS the
hardIest pulse crop, and IS usually
raIsed WIth mmImum or zero tIllage
(relay) and management LentIl IS the
second most Important pulse crop and
IS popular among consumers It IS the
most palatable pulse and IS one of the
mam Items m the daIly dIet However,
the crop cannot tolerate extreme cold
or heat ChIckpea IS the thIrd Important
pulse crop and IS one of the best
legumes for human and anImal con­
sumptIOn BeSIdes ItS common use as
dhal, It IS also WIdely used m the
preparatIOn of snacks, sweets, and
spIced food Items It IS drought tolerant
but hIghly sensItIve to excess mOIsture

Through contmuous support and
collaboratIOn from the InternatIOnal
Crops Research InstItute for the SemI-

Table 1 Area, productIon, and Yield of different pulses In Bangladesh (1990/91 to
1992/93)

Area ProductIon YIeld
Percentage of total

Pulse (000 ha) (000 t) (kg ha 1) Area ProductIOn

Khesan 242 178 738 345 347
LentIl 206 158 764 294 307
Cluckpea 85 63 744 12 1 123
Blackgram 67 51 762 96 100
Mungbean 55 32 576 79 62
Others 46 31 686 65 6 1
Total 701 513
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Table 2 Chickpea varretles developed
and released by the Bangladesh
Agrrcultural Research Institute

And TroPICS (ICRISAT), the Pulses
Research Centre of the Bangladesh
Agncultural Research Institute (BAR!)
has developed some chIckpea vanetIes
that have hIgher yIeld potential and are
tolerant to msect pests and dIseases
BAR! has released SIX Improved
chIckpea vanetIes smce 1987 (Table 2)

Vanetyl PedIgree

Year
research
began

Year
of

release

been mcreasmg m the HIgh Bannd
(Table 3) The area under chIckpea
more than doubled from 1984/85 to
1993/94, whIle productIOn more than
tnpled durmg the same penod In
1995/96, both area and production of
chIckpea further mcreased to almost
double of those m 1993/94 and 1994/
95 The average chIckpea yIeld was
648 kg ha 1 m 1984/85 and mcreased to
1 009 kg ha 1 by 1993/94 It IS, how­
ever, dlsappomtmg that the yIeld of
chIckpea has been declmmg smce then
The reason for thIS IS not yet fully

1 ICRISAT was the source of germplasm for all vanetles
except Banchola 5 whIch IS a local cross

ChIckpea In the High Bannd

ChIckpea IS a SUItable postramy-season
crop to be grown m the HIgh Barmd on
reSIdual SOlI mOIsture after harvestmg
transplanted nce In thIS dnest part of
the country, most chIckpea vaneties
grown by farmers are local, low­
yIeldmg, and susceptible to vanous
dIseases and msect pests Growmg
postramy-season crops on Bannd SOlIs
under ramfed condItIOns after harvest­
mg long-duratIOn nce IS generally
dIfficult because there IS msufficlent
SOlI mOIsture

DespIte thIS adverse SItuatIOn, the
area and productIOn of chIckpea have

Nabm
Banchola 2
Banchola 3
Barlchola 4
Barlchola 5
Banchola 6

ICCL 81248 1981
ICCL 83228 1985
ICCL 83103 1985
ICCL 85222 1987
RBH 228(a) 1987
ICCL 83149 1987

1987
1993
1993
1995
1995
1995

Table 3 Area, prOduction, and Yield of
chickpea In the High Barrnd, 1984-96

Change SInce
1984/85

Year Parameter Total (%)

1984/85 Area (ha) 1213
ProductIOn (t) 786
YIeld (kg ha I) 648

1991/92 Area (ha) 1225 1
ProductIOn (t) 1062 35
Yield (kg ha I) 867 34

1992/93 Area (ha) 1 325 9
ProductIOn (t) 1293 65
Yield (kg ha I) 976 51

1993/94 Area (ha) 2666 120
ProductIon (t) 2690 242
Yield (kg ha I) 1009 56

1994/95 Area (ha) 2907 140
Production (t) 2504 219
Yield (kg ha I) 861 33

1995/96 Area (ha) 5452 349
ProductIon (t) 4621 488
YIeld (kg ha I) 848 31

Source BBS 1993 1994
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understood Because data are not
avaIlable from 1984/85 to 1990/91, It
was not possIble to estimate the growth
rate of area and productIOn of chIckpea
ill the HIgh Bannd ThIS paper, there­
fore, calculates production and yield
usmg 1984/85 as the base year

Considenng the Importance of
chIckpea m thIS drought-prone enVIron­
ment, It IS necessary to understand
present cultivatIOn practices, profitabIl­
Ity, and Impact on the nce-based
croppmg system The specIfic objec­
tIves of thIS study were to
• assess the expanSIOn of chIckpea

area m the HIgh Bannd,
• evaluate farmer preferences for

dIfferent vanetal traits of chIckpea,
• IdentIfy farmer attItudes toward

chIckpea cultivatIOn, and
• quantIfy the Impact of chIckpea

cultivatIOn on the nce-based crop­
pmg system m the HIgh Bannd

Methodology

The study was conducted usmg a
formal survey, but some mformatIOn
was also collected from secondary
sources For the survey, three dIStriCtS
m the High Barmd were chosen WIth
followmg thana (polItIcal subdiVISIOn
of a dlstnct) from each dIstnct
Godagarl from Rajshahl, Nawabgonj
Sadar from Nawabgonj, and Sapahar
from Naogaon They were selected
because they had a hIgher concentra­
tIOn of chIckpea cultIvation and were
more accessIble than other thanas
Twenty-five farmers who grew chIck­
pea and 15 who did not were selected

from each thana, thus 120 farmers
were selected randomly from both
strata

Among the farmers who dId not
grow chickpea, 71 % cultIvated wheat
and the remammg 29% cultIvated
lentIl, khesan, barley, and lmseed The
chIckpea farmers also cultIvated such
other postramy-season crops as khesan,
lmseed, and barley, however, the
present study compared the perform­
ance of chIckpea to that of wheat
because a majonty of farmers who did
not grow chIckpea grew wheat

The survey data were collected by
tramed enumerators under the dIrect
supervIsIOn of researchers usmg a
pretested mterview schedule The
survey was conducted m Oct-Mar
1995/96, collecting mformatIOn about
the 1994/95 postramy season and the
subsequent nce crop

Results and diSCUSSion

Farm sIze and dIstrIbutIon

The average area owned per farm was
I 7 ha for chIckpea growers and only
o7 ha for those who dId not grow
chickpea Chickpea growers cultIvated
an average 2 6 ha whIle those who dId
not grow the crop cultIvated an average
1 8 ha (Table 4)

Cropped area and mtenslty

Farmers who grew chIckpea averaged
2 3 ha of transplanted Aman nce, whIle
those who did not grow chickpea
averaged 1 6 ha (Table 5) Aus nce was
cultIvated on much smaller areas, but
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Table 4 Average farm size and distribution pattern of sampled farmers In three
areas of the High Bannd (hd)

Own
Rented land Mortgaged land

Total
Grow cultlvated cultivated Homestead
chickpea land In Out In Out land area

Yes I 7 I I 02 26 01
No 07 1 1 004 001 1 8 01

Employment

Table 6 Distribution of postralny­
season crops on farms that grow
chickpea

The labor reqUIred for chIckpea was
less than that reqUIred for wheat -49
days ha 1 for chIckpea from land
preparatIOn through storage, whIle
wheat cultIvatIOn reqUIred 61 days ha 1

(Table 7) The hIgher labor reqUIrement
for wheat was because harvestmg,
threshmg, and stormg are more labor
mtensIve ChIckpea cultIvatIOn reqUIred
19 paIr days of anImal labor ha 1, whIle
wheat reqUIred 27 paIr days ha 1 More
alllmallabor was necessary for wheat
cultIvatIOn because the crop reqUIres
better SOlI tIlth, and more tIme was
needed to haul the larger amount of
harvested bIOmass m bullock-drawn
carts (Table 8)

Table 5 Average cropped area and
cropping intensity of farmers who do
and do not grow chickpea In the High
Barmd

Do not
Chickpea grow

Parameter growers chickpea

Postramy season
crops (ha) 1 1 06

Aus nce (ha) 07 04

Aman nce (ha) 23 1 6

Total cropped area (ha) 40 27

Total cultivated area (ha) 26 1 8

Croppmg mtenslty (%) 154 148

the croppmg mtensIty was a bIt hIgher
- 154% on the chIckpea-growmg
farms and 148% on the other farms On
average, chIckpea occupIed 47% of the
total area under all postramy-season
crops on the chIckpea-growmg farms
Among the locatIOns, chIckpea growers
m the RaJshahI dIstrIct allocated the
hIghest proportIon (55%) of theIr
cultIvated land m the postramy season
for chIckpea cultIvatIon (Table 6),
however, the total cultIvated land per
farm was lowest m thIS dIstnct
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Location

RajshahI
Nawabgonj
Naogaon

All

Area of Area Percentage
postramy under of

season chickpea area m
crops (ha) (ha) chickpea

09 05 55
13 07 50
1 1 04 36
1 1 05 47



Table 7 Average use of Inputs for chickpea, wheat, and the subsequent Aman nce
crop In the High Bannd

Postramy season crop Amannce

Parameterl Chickpea Wheat After cluckpea After wheat

Human labor (days ha I)
Owned 36 30 33 38
Hired 13 31 90 92
Total 49 61 123 130

Ammal power (parrdays ha I)
Owned 18 27 28 28
Hired 1
Total 19 27 28 28
Seed (kg ha I) 49 148 98 93
Manure (kg ha I) 259 683 561 395

FertIlIzers (kg ha I)
Urea 16 185 90 183
TSP 30 131 75 121
Murate of potash 11 64 42 61
Smgle super phosphate 2
Gypsum 2 7
Zmc oXide 026
Bonc aCid 013
Insecticide (Tk ha 1) 26 337 27
ImgatlOn (Tk ha I) 21 310 19 7

I I US$ = 42 Tk.

Table 8 Average relative cost of
cultivation of chickpea and wheat In the
three sample areas of the High Bannd
(Tk ha 1)

ChIckpea Wheat

Human labor 2112 2440
Ammal power 1413 1840
Seed 1053 1591
Manure 54 137
Fertilizers 1036 2684
InsectiCide 23
ImgatIon 22 310
Interest on operatmg capital 36 157

Total variable cost
Cash cost baSIS 2317 5825
Full cost baSIS 5231 9159

CultIvatIon of Aman nee followmg
chIckpea and wheat needed an equal
amount of ammallabor, an mdicatIon
that these two postramy-season crops left
the soIl m more or less the same condI­
tIon Transplanted Aman nee however,
reqUired more human labor when grown
on harvested wheat plots, WhICh may be
a result of greater weed InfestatIon
followmg cultIvatIon of wheat, whIch IS
generally grown WIth ImgatIon

RelatIve mput use

The average seedmg rate used by
farmers was 49 kg ha I for chIckpea
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and 148 kg ha 1 for wheat (Table 7)
Manure use dIffered not only on
chIckpea and wheat, but was also
applIed to nee at dIfferent rates follow­
mg these two crops Use of other
fertIlIzers also dIffered (Table 7) Most
farmers m Naogaon and some m
Ra]shahl applIed msectlcides to chIck­
pea, but none used them on wheat Most
farmers Imgated theIr wheat

Some aspects of crop management
and mput use on Aman nce followmg
chIckpea and wheat were Identical, as
was use of ammal labor ChIckpea
growers, however, used 42% more
manure m the subsequent Aman nce
crop than dId the wheat growers
ChIckpea growers also spent about 12
times as much on msectIcides as wheat
farmers and applIed some supplemen­
tary ImgatIOn to theIr nce crop, whIle
the wheat farmers used very lIttle
msecticide and ImgatIOn on theIr nce
crop (Table 7) Such a pattern of mput
use on the nce crop was actually due to
dIfferences m the economIC condItIOn
of the two groups of farmers Table 4
shows that the chickpea-growmg farms
had more cultivated land, and hence
were m better economIC condItIOn
ThIS enabled them to use hIgher rates
of manure, msectICIdes, and ImgatIOn
on theIr mam crop of nce than dId the
farmers who dId not grow chIckpea

But contrary to these observatIOns,
chIckpea growers used about 50% less
urea on nce sown m the harvested
chIckpea plots compared to that used
by the other farmers who grew wheat
before nce Other fertIlIzers were also
used at lower rates followmg chIckpea
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(Table 7), an mdicatIOn that the soIl
fertIlIty IS probably Improved after
chIckpea cultIvation (Gowda and Kaul
1982)

Costs andreturns ofpostramy­
season crops

The cost of wheat cultIvatIOn was about
75% hIgher than that of chIckpea
(Table 8) On average, the total vanable
cost of chIckpea was Tk 5 231 ha 1 (full
cost) and Tk 2 317 ha 1 (cash cost) (At
the tIme of thIS study, 1US$ = about 42
Tk) On the other hand, the cost of
wheat cultIvatIon was Tk 9 159 ha I

(full cost) and Tk 5 825 ha 1 (cash cost)
In chIckpea, about 40% of the total
vanable cost was for human labor and
27% for anImal labor, but for wheat,
the hIghest percentage (about 29%)
was for fertIlIzer (Table 8)

Average yIelds were 891 kg ha I for
chIckpea and 2 201 kg ha 1 for wheat
(Table 9) DespIte the lower yIeld of
chIckpea, ItS gross margm was hIgher
(28% on cash cost and 45% on full-cost
baSIS) than that of wheat because
production costs were lower and market
pnce hIgher The benefit-cost ratIO was
also hIgher for chIckpea The returns to
chIckpea productIOn were more than
double those of wheat (Table 9)

Cost and return ofAman flee

When full cost was consIdered, there
was no sIgmficant advantage m Aman
nce followmg chIckpea (Tk 13 366
ha I) and wheat (Tk 13 719 ha 1) But
when only cash costs were consIdered,



Table 9 Average relative profitability of
chickpea and wheat In the three
sample areas of the High Bannd

Parameter Cluckpea Wheat

Yield (kg ha I) 891 2201
Gross return (Tk ha I) 16615 17000

Variable cost (Tk ha I)
Cash cost basIs 2317 5825
Full cost basIs 5231 9159

Gross margm (Tk ha I)
Cash cost basIs 14298 11 175
Full cost basIs 11 384 7841

Benefit cost ratio
Cash cost basIs 717 292
Full cost basIs 3 18 1 86
Cost of gram (Tk kg I) 587 416
Return of gram (Tk kg I) 1865 772

the dIfference was remarkable The
cash cost of Aman nce followmg wheat
was 20% hIgher than that followmg
chIckpea Most notably, the fertIlIzer
cost for nce followmg wheat was more
than double that of followmg chIckpea
(Table 10)

The average yIeld of Aman nce was
4 673 kg ha 1 after chIckpea, whICh was
14% hIgher than that after wheat
Gross margm after chIckpea and
benefit-cost ratIO were also hIgher
(Table 11)

RelatIVeprofitability ofchlckpea­
Tlce and wheat-Tlce croppmg
systems

When benefit-cost rahos are consId­
ered, the wheat-nee pattern had a 20%
hIgher varIable cost than the chickpea­
nce rotahon (Table 12) The gross
margm of tlIe chickpea-nce rotatIon

Table 10 Average costs In the three
sample areas of the High Bannd for an
Aman nce crop follOWing chickpea and
wheat (Tk ha 1)

After After
Parameter chickpea wheat

Human labor 8727 7955
Ammal power 1659 1656
Power tiller 17
Seed 913 882
Manure 158 112
FertIlizers 1324 2515
InsectiCide 337 277
Irngatlon 25
Interest on operatmg
capital 212 254

Total vanable costs
Cash cost baSIS 8491 10179
Full cost baSIS 13366 13 71

Table 11 Average profitability In three
sample areas of the High Bannd for an
Aman nce crop follOWing chickpea and
wheat

After After
Parameter chickpea wheat

Yield (kg ha I) 4673 4102
Gross return (Tk ha I) 39147 34975

Variable cost (Tk ha I)
Cash cost baSIS 8731 10 179
Full cost baSIS 13812 13719

Gross margm (Tk ha I)
Cash cost baSIS 30416 24796
Full cost baSIS 25335 21256

Benefit cost ratio
Cash cost baSIS 448 344
Full cost baSIS 283 255
Cost of gram (Tk kg l

) 296 334
Return of gram (Tk kg') 838 852
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Table 12 Average relative profItabIlity Table 13 Reasons cIted by farmers for
of two croppIng patterns In the three preferring the Improved chIckpea
sample areas of the HIgh Barlnd variety Nabln for cultivation In the three

Parameter Chickpea-nce Wheat nce
sample areas of the High Barrnd

Gross return
Percentage of

(Tk ha I) 55762 51975
Reason farmers respondmg

Variable cost (Tk ha 1)
High yield 100

Cash cost baSIS 11048 16004 Late sowmg pOSSible 100

Full cost baSIS 19043 22878 High market demand 99

Gross Margm (Tk ha 1)
Attractive size 89

Cash cost baSIS 44714 35971
Attractive color 88

Full cost baSIS 36719 29097
Good taste 67

Benefit cost ratio Increase soIl fertilIty 60

Cash cost baSIS 505 325 Drought tolerant 45

Full cost baSIS 293 227 Short duration crop 44

was about 26% higher than that of
wheat-nce Chickpea farmers of the
High Bannd earned Tk 5 05 by
spendmg Tk I 00 m cash on the
chlckpea-nce croppmg pattern, while
farmers who did not grow chickpea
earned only Tk 3 25 by spendmg the
same amount of cash on the wheat-nce
rotatIOn

Farmer preferences

The Pulses Research Centre of BARl
has developed some chickpea vanetIes
that have good yIeld potentIal and are
tolerant of msect pests and dIseases
Only one of these vanetIes, Nabm, has
been adopted by farmers of the HIgh
Bannd All chickpea farmers preferred
thIS vanety for ItS hIgher YIeld, SUItabil­
Ity for late sowmg, hIgh market
demand, and attractIve SIze and color
Farmers also lIked ItS good taste,
abIlIty to Improve soIl fertIlIty short
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duratIOn, and drought tolerance (Table
13) A large maJonty offarmers (80%)
m the survey area expressed a deSIre to
grow more chIckpea dunng the next
year (Table 14)

ConclUSion

ChIckpea area mcreased more than
four tImes and productIOn more than
SIX tImes durmg the lO-year penod
1984/85 to 1995/96 The gross margm
for chIckpea was hIgher than wheat,
the predommant postramy-season crop
on farms that do not grow chIckpea
Benefit-cost ratIOs for chIckpea were
also hIgher than for wheat cultIvatIon,
and the gross margm of a chIckpea-nce
rotatIOn was about 26% higher than for
wheat-nce Farmers preferred the
Improved vanety Nabm for ItS hIgher
yIeld, SUItabIlIty for late sowmg, high
market demand, and drought tolerance
Eighty percent of farmers who grew



Table 14 Attitudes of farmer In the
three sample areas toward chickpea
cultivation In the High Barmd, 1994/95

Percentage
of fanners

Parameter respondmg

Area mcrease m the next year 80
Area decrease m the next year 1
Area unchanged m the next year 19

Causes of Increase
Easy cultivatIon 59
Low productIon cost 80
High market demand 69
More profitable than other
postramy-season crops 77
Increase soil fertllity 30
No problem for next crop 10
Others l 9

Causes of no change
Limited land 11
Need other crops 11
Cnsls of rentalland 4
Lack of IrngatIon2 14
Others3 3

1 Crop roiatlOn vanable mOIsture
2 Light lITIganon after top dressmg With urea
3 Lack of draft power mput not supphed by owner

chIckpea planned to grow more
chIckpea the next year

In lIght of thIS study, the vanetIes
developed by BAR! should be trans­
ferred to farmers fields by collabora­
tIve programs of the On-Farm Research
DIVISIOn of BAR! and the DIrectorate
of Agncultural ExtenSIOn There IS
scope for mcreasmg chIckpea cultIva-

tlOn m the HIgh Bannd The research
to develop hIgh-yIeldmg vanetIes of
chIckpea IS of utmost Importance It was
clear from the study that farmers preferred
these chIckpea vanetIes - croppmg
mtensIty mcreased, farmer profits m­
creased, and cultIvatIon of chIckpea
reduced the need for cheffilcal fertIlIzers
on the subsequent Aman nce crop
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Adoption Assessment of Short-Duration
Pigeonpea ICPL 87

Me S Bantllan1 and D Parthasarathy2

The short-duratIOn plgeonpea varIety
ICPL 87, denved from ICRISAT
(InternatIOnal Crops Research InstItute
for the SemI-And TroPICS) breedmg
matenals was released m India m 1986
ThIS paper reports on a study of
adoptIOn of ICPL 87 m central IndIa
The aims of the study were to
• determme the rate and extent of

adoptIOIJ,
• document farmer preferences and

constramts to adoptlOn, and
• survey the Impact of adoptlOn on

effiCIency, sw,tamablhty, and
poverty
ThIS paper focuses on effiCIency and

sustamablhty, and alms to determme
how the concerns of farmers about
sustamable farmmg mfluence adoptIOn
of short-duratIOn plgeonpea (SDP)

Data were collected from a formal
on-farm survey and rapId rural apprais­
als conducted m a drought-prone area
of central IndIa m 1995 The data

shows how farmers' concerns about
sustamablhty are addressed VIa appro­
pnate management - m thIS case, crop
rotatIOn WIth short-duratIOn plgeonpea
- as a process of capturmg long-term
gains

Study area

Farm-level surveys were conducted m
the plgeonpea-growmg dIStrICtS of
central IndIa cuttmg across the bounda­
nes of two semI-arId trOpICS (SAT)
research domams defined by ICRISAT
- ProductIOn Systems 7 and 8 These
productlOn systems represent
• the tropIcal, mtermedlate ramfall,

ramy-season sorghum!cotton!
pigeonpea croppmg system located
m IndIa s eastern Deccan Plateau
(ProductIOn System 7) and

• the tropIcal, low ramfall, pnmarl1y
ramfed, postramy-season sorghum!
OIlseed croppmg system located m

Banblan, M C S , and Parthasarathy, D 1998 AdoptIOn assessment of short duralion plgeonpea ICPL 87
Pages 136 152 In Assessmg Jomt research Impacts proceedmgs of an Intemalional Workshop on Jomt
Impact Assessment of NARS/ICRISAT TechnologIes for the Semi And TropICS 2-4 Dec 1996 ICRISAT
Patancheru India (BantJlan M C S and JoshI PK eds) Patancheru 502 324 Andhra Pradesh India
Internalional Crops Research Inslitute for the Semi And TropICS

ICRISAT Conference Paper No 1195

I InternatIOnal Crops Research Inslitute for the SemI And TropICS Patancheru 502 324 Andhra Pradesh
India

2 IndIan Institute of Technology Powal Mumbal 400 076 Maharashtra India
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the western Deccan Plateau (Pro­
ductIon System 8) (ICRISAT 1995)
The reglOn IS part of the Vertlsol

zone of central India The soIl type
ranges from medmm-black SOils m the
pialln. and brown soIls In hIll slopes, LO

coarse shallow SOlIs m highlands The
area IS clasSified as a scarcity zone - a
drought-prone area, mamly expenenc­
mg low to medmm ramfall Dunng
Feb-May, the area receives ramfalliess
than 50 mm monthly, whIle dunng
Jun-Sep, It receives 50-200 mm
monthly Zones that lIe on the eastern
and northern borders of the area receive
more than 200 mm monthly Dunng
Oct-Jan, the region receives only 0­
100 mm monthly, With most of the
reglOn recelvmg less than 50 mm

The area under plgeonpea m thiS
research domam was estImated at
472 300 ha m 1995, and covers II
districts m Maharashtra, and the
adjacent dlstncts of Bldar and
Gulbarga m northern Karnataka The
major ramy-season crops m these
districts mclude plgeonpea, cotton, and
hybnd sorghum, m additIon to such
mmor crops as pearl millet, sugarcane,
horticulture crops, groundnut, and
vegetables Postramy-season crops
mclude sorghum wheat and chIckpea
The regIOn covers much of the
postramy-season sorghum tract of the
SAT of India

The agroecologlcal features of the
target area - ramfall pattern, SOlI type,
and croppmg system - determme the
mche m which short-duratIOn vanetIes
are establIshed ICPL 87 was expected
to be SUItable m the drought-prone area

of western Maharashtra because It
matures early and IS more lIkely to
escape termmal drought stress Me­
dmm and shallow soIls m thiS reglOn
tend to have low water-retentlOn
CapacItIeS, so longer-duratIOn vanetIes
would not be SUItable

The survey covered a representatIve
selectlOn of Villages and blocks m eight
plgeonpea growmg dlstncts of western
Maharashtra and northern Karnataka,
and mcluded 35 Villages from which
277 farmers were randomly selected
The selectIon of the study site was
pnmarlly based on background data
obtamed from a reconnaIssance survey
of the plgeonpea growmg tracts m
ProductIOn Systems 7 and 8 Initial
field observatIOns and mtervlews With
regIOnal research and extenSIOn staff
gave mdlcatlOns that the adoptIon of
ICPL 87 occurred m the reglOns around
western Maharashtra Data on sales of
plgeonpea seed by the publIc and
pnvate sectors confirmed that adoption
was Widespread m thiS regIOn

Benefits from short-duratIOn
plgeonpea research ultimately reach
benefiClanes only when the Improved
vanety IS adopted by farmers This
conditIOn necessitates consldenng the
rate of technology adoptIOn and factors
mfluencmg or constrammg It (BantIlan
and Johansen 1995)

Results and diSCUSSion

Imtlal extension target

ICPL 87 IS of early matunty (120-130)
days), determmate, short, and semi
spreadmg It was developed through
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pedIgree selectIOn from the cross ICPL
73032 (T 21 x JA 277) made m 1973
soon after ICRISAT was establIshed In
1980, It was mcluded m the All fudia
Coordmated Pulses Improvement
Project for 5 years The vanety was
mitIally targeted for release m northern
fudta for cultiVatIOn m rotatIOn wIth
wheat, but about 1983, It was tested for
possIble release m pemnsular fudla

ICPL 87 was first mtroduced m the
VIdharbha and Marathwada regIOns m
eastern Maharashtra dunng the mtd
1980s, regIOns that constitute one of
the mam pigeonpea growmg areas m
IndIa These areas were targeted by the
LEGOFfEN (Legumes On-Farm
Testmg and Nursery) technology
transfer program - a part of the
Government of India's technology
mISSIOn on pulses Implemented m
collaboratIOn WIth ICRISAT Early
adoptIOn studIes (Kelley et al 1990)
and subsequent reconnaissance surveys
revealed that farmers m eastern
Maharashtra dId not find ICPL 87
SUItable for theIr croppmg system

The spread of mformatIOn about
SDP to the western part of the state IS
attrIbuted to further efforts by local
research and extenSIOn networks
beglnnmg about 1990 fustltutIOnal
factors played a key role m enablIng
the adoptIOn of ICPL 87 SCIentists
from Mahatma Phule Agnculture
Umverslty, whose jUnSdictIOn mcluded
western Maharashtra, first recom­
mended the vanety as SUItable for the
multlple-croppmg systems m the
Imgated tracts of the regIOn, partICU­
larly m mches where sugarcane IS
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grown on a large scale The extenSIOn
network of the Department of Agncul­
ture m western Maharashtra played a
key role m extendmg mformation on
ICPL 87 ExtenSIOn workers empha­
SIzed that
• growmg ICPL 87 m sequence WIth

wheat and chIckpea can Improve
soIl fertIlIty m areas where
sugarcane IS grown, and

• ICPL 87 can escape termmal
drought, often a major constramt for
longer-duratIOn vanetIes
fu collaboratIOn WIth LEGOFfEN,

they mtroduced ICPL 87 m theIr on­
farm tnals and demonstratIOns, and
catalyzed productIOn and multiplIcatIOn
of breeder and foundatIOn seed on a
large scale At about the same time, a
government extenSIOn program called
the NatIOnal Pulses Development
Program (NPDP), was actIvated to
proVIde funds for SubSIdIes, on-farm
(mmlktt) trIals and demonstratIOns, and
extenSIOn support WIth a speCific focus
on selected vaneties, mcludmg ICPL
87 ExtenSIOn was reported to be very
actIve m thIS regIOn compared to other
regIOns of the state

Farmer orgamzatIons faCIlItated
group deCISIOns about optIOns based on
traditIOnal practices and Improved
technology packages as mdlvldual
farmers learned and Implemented
appropnate practices for sustamable
farmmg Cooperative organIzations ­
espeCIally sugarcane cooperatIves ­
also played a catalytic role III the early
dIffUSIOn of ICPL 87 by producmg
seed (m collaboratIOn WIth the
Maharashtra State Seeds CorporatIOn)
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mamly to Improve soIl fertIlIty Moreo­
ver, the relatIvely short groWIng penod
of ICPL 87 fits exactly mto farmers'
deSIred croppmg patterns allowmg
them to adopt the vanety to sustam and
Improve the long-term produCtIVIty of
theIr SOlIs

Secondary dIstnct-level statIstIcs
mdIcate that the area under pIgeonpea
m Ahmednagar has doubled from
11 387 ha In 1985 to 23 309 ha In
1992, and from 22 011 ha to 44 839 ha
dunng the same penod In Solapur
WhIle the pIgeonpea area has been
mcreasmg across the whole of
Maharashtra, the western regIOn
achIeved the hIghest growth rate ThIS
mcrease IS mamly due to the adoptIOn
of ICPL 87 (FIgure 2) Farm-level data
also confirm that the area under
pIgeonpea has grown by as much as
51 % In many parts of western
Maharashtra espeCIally m the northern
blocks PIgeonpea areas In the
neIghbonng dIStnCtS of northern
Kamataka remaIned stable

Bldar
G--E)

1993 19941992

-

BeedAurangabad

Adoption and diffUSion

ICPL 87 was adopted on a large scale,
especIally m the northern dIstncts of
Dhule (98%), Ahmednagar (89%), and
Jalgaon (49%) (FIg 1) Farmers m
these three dIstncts are classIfied as
early adopters - they sowed short­
duratIOn pIgeonpea soon after ItS
mtroductIOn In the regIOn In 1987
They cIted ItS short-duratIon hIgh
YIeld, abJlity to Improve SOlI fertIlIty,
and hIgh market pnce as reasons for
adoptIon Farmers m some VIllages
mdIcated that pIgeonpea IS grown

dunng the mItIal penod They made
farmers aware of Its sustamabIlIty m
sugarcane-based croppmg systems, and
Its fertIlIty-enhancmg benefits to theIr
mtensIvely cultIvated fields
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FIgure 1 AdoptIOn ofICPL 87 In

eIght dlstncts of western Maharashtra
and northern Karnataka, 1990-94

FIgure 2 Plgeonpea area, percentage
adoptIOn, and estImated area ofICPL
87, western Maharashtra, 1987-1994
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A substantIal nse m the adoptIOn
level durmg the penod 1988-94 was
measured - adoptIon rates (m terms of
percentage of total pigeonpea area)
mcreased m western Maharashtra from
3% m 1988 to 35% m 1990, and to
57% m 1994 In northern Kamataka,
the adoptIOn rate rose from 0 to 16%
over the 7-year penod In number of
farmers, the rate of adoptIOn grew from
2 8% to 71 % m western Maharashtra,
and from 0 to 25% m northern
Kamataka

AdoptIOn levels vaned across
dIStnctS and blocks (FIgS 3 and 4) Out

Mumbal

% ICPL 87 In total
pigeonpea area

o > 10%

~ 10 20%
_ 20 40%

- 40 100%
• VLSsltes

of 17 blocks covered by the survey, 6
have at least 90% of theIr plgeonpea
area covered WIth ICPL 87, whIle 3
blocks regIstered an adoptIOn rate of
42-65% ICPL 87 has so dommated
the pigeonpea area m thIS regIOn that
farmers m 10 of the 35 study VIllages
reported that "there IS practIcally no
other pigeonpea vanety grown m theIr
VIllage except ICPL 87" In these 10
VIllages that are mamly located m
ProductIOn System 8, the estImated
adoptIOn level was 91-100%

HeterogeneIty of soIl type, ramfall
pattern, and ImgatIOn account for

Fzgure 3 Adopnon ofICPL 87, Maharashtra and Karna/aka, 1990
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Fzgure 4 AdoptIOn ofICPL 87, Maharashtra and Karnataka, 1994

vanatIOns m adoptIOn Furthennore,
fanners m dIfferent envIronments
manage theIr farms accordmg to the
occurrence of dIsease For example
WIlt and phytopthora bhght occur m the
vIllages located m the ProductIOn
System 7 sectIOns of Jalgaon dIstrIct
that are charactenzed by more assured
ramfall, and therefore have low
adoptIOn levels Farmers m Bhusaval
block m thIS dIStrIct find medIUm
duratIOn cultlVars more appropnate m
the deep black sOlIs that have
waterloggmg problems and where
phytopthora blIght IS endemIC Low
adoptIOn rates m Aurangabad Beed,
and Solapur dIstncts m the same belt
are mfluenced by senous WIlt mCI-

dence Fanners m Akkalkot block of
Solapur sought WIlt-resIstant vanetIes
sUItable for mtercroppmg

The extent of dIffusIOn IS also
mfluenced by mfrastructure such as
access to seed supplIers and mar­
kets The relatIvely hIgh rates of
adoptIOn m the northern dIstrIcts
(Dhule Ahmednagar, and Jalgaon)
are due espeCIally to easy access to
the urban markets of Bombay and
Pune and southern dIStrICtS of
GUJarat, where there IS hIgh demand
for pIgeonpea gram and green pods
ExtenSIOn VIa the NatIOnal Pulses
Development Program also sIgmfI­
cantly accounts for the VarIatIOn m
adoptIOn
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SustamabJllty

The benefits of growmg pigeonpea m
rotatIon WIth other crops (mtrogen
fixatIOn, Improved avallablhty of soll
phosphorus, and deep rootmg), are
WIdely known (Table 1 and Hoshikawa

1991) Studies have shown that
plgeonpea root nodules fix atmosphenc
mtrogen at a rate that reduces the
morgamc mtrogen fertlhzer reqUIred
for subsequent crops Expenmental
results show substantIal resIdual effects
from plgeonpea on succeedmg crops

Table 1 ReSidual effects of growIng plgeonpea

DuratIOn Rotation

MedIUm Sole
plgeonpea
maize

Vanety

ReSidual benefit to
followmg crop

(eqUivalent kg ha I N) Yleld/blOmass/N gam

57% mcrease m gram yield
32% mcrease m total bIOmass
compared to fallow mmze
rotatIOn

Plgeonpea ICP 16
sorghum

Plgeonpea+
malZe-
sugarcane

Sole
plgeonpea
maIZe

Plgeonpea+
gram legumes
mmze

Short Plgeonpea UPAS 120
wheat

Plgeonpea ICPL 151
wheat

Plgeonpea- ICPL 87
sorghum

43% mcrease m sugarcane
yield compared to sole maIZe
no mcrease m mmze yield
Improved soil mtrogen status3

Substantial mtrogen economy
m maize'

Substantial mtrogen economy
m mmze'

I Kumar Roo et al (1983)
2 Kumar Roo et al unpubhshed CIted In Kumar Rao (1990)
3 Yadav (1981)
4 Rathnakumar 1983 cited In Ahlawat et al (1986)
5 SIngh and Verma (1985)
6 Johansen C unpubhshed and ICRISAT (1989)
7 Kumar Rao et a1 unpublIshed cited In Kumar Rao (1990)
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(Kumar Rao 1990) MedIUm-duratIOn
and hlgh-nodulatmg plgeonpea geno­
types provIde more benefit to succeed­
mg crops m a rotatIOn than do short­
duratIOn types FIeld expenments
further suggested that whde bIOlogIcal
mtrogen fixatIOn of short-duratIOn
plgeonpea may probably be adequate
to meet the mtrogen (N) reqUIrements
of the crop grown m Alfisols,
InceptIsols, and EntIsols, It IS not
adequate m VertIsols (Kumar Rao et al
1995)

The substantIal resIdual effects of
another short-duratIOn plgeonpea
cultlvar, ICPL 151, suggest a rapId
breakdown and release of N from
decomposmg short-duratIOn plgeonpea
matenal (Johansen unpubhshed, quoted
m Kumar Rao et al 1995) The
mcreased beneficIal effects of
plgeonpea to subsequent crops WIth
hIgher plant densIty IS also noted
(WhIteman and Norton 1981) Smce
short-duratIOn plgeonpea IS usually
grown as a sole crop, plant densItIes
are hIgher than medmm- and long­
duratIOn varIetIes

Ramaknshna et al (1994) summa­
nzed on-statIon trIal results showmg
that plgeonpea proVIdes an eqUIvalent
of 30-70 kg ha I N Apart from trans­
femng fixed N to the succeedmg crop
pigeonpea cultIvatIOn also substantially
mcreases the total soIl N m pigeonpea­
based croppmg systems (Wam et al
1994) Plgeonpea can also be used as a
green manure crop (Hoshlkawa 1991)
Factors other than N also contrIbute to
the benefiCIal effects of plgeonpea on
sod fertlhty (Anhara et al 1991),

mcludmg use of Iron bound phospho­
rus (P) Plgeonpea converts sad P mto
an avadable form and thus mcreases
the amount tltat IS avadable to crops
(Ae et al 1991) After N, P IS usually
the nutnent most defiCIent m the sods of
the semI-and tropICS (Hoshlkawa 1991)

The deep-rootmg ablhty of plgeon­
pea permIts greater extractIOn of sod
water and nutrIents deeper m the sad
Deep rootmg also mcreases water
mfiltratIOn rate for subsequent crops,
helps recycle nutnents, and Improves
soIl structure Plgeonpea also contnb­
utes to mcreased SOlI mIcrobIal actIVIty
(WanI et al 1994) and breaks msect
pest and dIsease cycles (Hoshlkawa
1991) Short duratIOn vanetIes such as
ICPL 87 have these propertIes (Anhara
et al 1991), but have shallower roots
than medmm-duratIon vanetles
(Chauhan 1993)

An Important observatIon that
emerged dunng the survey IS that
farmers are aware of how ICPL 87
affects sustamablhty The formal
survey and rapId rural appraIsals
(RRA) strongly confirm that sustamed
prodUCtIVIty of the land IS an Important
factor that mfluenced the deCISIOn to
adopt ICPL 87 and modIfy crop
rotatIOns A maJonty of the farmers
from 12 VIllages where RRAs were
conducted were aware of the
• causes of declImng fertIlIty,
• consequences of mtensive cultIva­

tIOn, and
• capaCIty of legume crops to Improve

SOlI qUalIty
In SIX of the VIllages, farmers were

aware of such sod degradatIon prob-
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lems as erosIOn, waterloggmg, and sOlI

sahmty
Based on farmers' responses to the

survey, four consIderatIOns were
mvolved m the chOlce of pIgeonpea
and partIcularly ICPL 87
• a short-duratIOn vanety provIdes

scope for a second crop m the
postramy season,

• the profitabIhty of ICPL 87 com­
pared to alternattve crops,

• the mtrogen fixmg abIhty of
pIgeonpea, and

• the compattbIhty of SDP WIth the
deSIred croppmg systems
ICPL 87 IS also frequently men­

tIOned as a boundary crop used to
prevent solI eroslOn Responses to
questIOns about reasons for adoptmg

Table 2 Sample farmers' assessment
of deSirable traIts of ICPL 87, 1994

Percen
Trait Frequency! tage Rank2

Short duratIOn 133 93 100
More gram yield 128 90 096
Improves SOlI fertility 70 49 036
High market pnce 65 45 036
Better taste 19 13 009
Disease resistance 18 13 010
Less cookmg time 15 11 006
Insect resistance 5 3 003
Color 4 3 001
Drought resistance 4 3 003
Good fodder quality 2 1 001
Larger gram 1 1 001
Others 26 18

I Multiple responses were prOVIded by a random sample
of 143 farmers

2 RelatIVe Importance of traIts IS weIghted by ranks
proVIded by respondents
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ICPL 87 hIghhght the Importance of

the sustamabIhty dimenSIOn to farmers
(Table 2) The four most frequently
CIted charactenstIcs were
• short-duratIOn,
• more gram yIeld,
• Improved solI fertIhty, and
• favorable pnce

These four factors were also ac­
corded highest ranks by the maJonty of
the farmers (relattve ranks are gIven m
column 4 of Table 2) At least 90% of
the respondents CIted short-duratIOn
and gram yIeld as deSIrable tralts
mfluencmg adoptIOn Around 49% of
the respondents speCIfically mentIOned
Improved SOlI fertIhty as a reason for
adoptlOn Importance IS also gIven to
market pnce (45 %)

The Importance of ensurmg SOlI
fertIlIty m mtensive croppmg systems
was eVIdent from farmer responses to
mterview questIOns Farmers who
mtensively cultIvated sugarcane,
cotton, sunflower and hybnd sorghum
perceIved that soIl nutrIents were bemg
depleted They observed declmmg
yIelds despIte usmg more mputs
Management practIces to malntam
productIVIty levels were reported
Farmers rotated short-duratIOn
pIgeonpea WIth crops such as
sugarcane, and m some VIllages,
farmers rotated pigeonpea m all of theIr
plots m tum each year, a practIce
known locally as bher phalat

A case study undertaken m ManJoor
VIllage of Ahmednagar dIStrICt revealed
that farmers saved as much as Rs 191
ha Ion farmyard manure and Rs 1149
ha 1 on fertIhzers on average for the



Table 3 Relative costs Incurred by
sample farmers for farmyard manure
and fertilizers for postralny-season
crop In pigeonpea and non-plgeonpea
rotations, 1994

Costs for fannyard
manure (FYM) and

fertilizer for the
wheat crop eRs ha 1)1

RotatIOn FYM Fertilizer

Plgeonpea + wheat 1651 1829
Plgeonpea + wheat 1778 1588
Pearl Millet + wheat 2032 2667
Hybnd sorghum
+ wheat 1778 3048

I US$ I = Rs 30 9

subsequent wheat crop by adoptmg
pIgeonpea-based croppmg sytems
rather than pearl mI1let- or sorghum­
based croppmg systems (Table 3)

The pattern of land ownership
among farmers may also explam theIr
degree of concern for the future
productivity of theIr land Almost all
farmers (97%) owned the land they
cultIvated Half of those who dId not
own theIr land were recorded as non­
adopters Seventy percent of the land
sown to ICPL 87 IS margmal or mfenor
(Table 4) To the farmers of thiS land, It

Table 4 Land quality of plgeonpea
plots, western Maharashtra (percent­
age of area)

Pigeon
Land conditIOn pea ICPL 87 Others

Good 33 31 40
Margmal 59 64 48
Infenor 8 5 12

IS an Important resource and they have
a strong mcentIve to ensure longer-term
productIVity Concerns about
sustamabIlIty are sIgmficant where
preVIOUS farmmg practIces were
perceIved by farmers to have lowered
fertilIty and mcreased the cost of mputs
to mamtam yield levels

The mtroductIon of ICPL 87 along
WIth the mcreased avmlabIlIty of Imga­
tIon enabled farmers to sow plgeonpea
on margmal soIls Pigeonpea was a mmor
crop m thiS regIOn untIl the release of
ICPL 87 IrutIally adopters mostly
replaced other vanetIes of pIgeonpea (
85%), and the balance replaced other
crops or began growmg pIgeonpea on
prevIously fallow land Once the IrutIal
adoption took place, however, farmers
mcreased the area under pIgeonpea
mmnly by replacmg otht"r crops such as
sorghum or mIllet (21 %) or by bnngmg
fallow land under cultIvatIon (65%)
AnalYSIS of data from 1990-94 showed
that growth of plgeonpea area IS mmnly
due to mcreased adoption The area
under medIUm-duratIon vanetIes has
eIther remmned the same or mcreased
slIghtly Thus the Irutlal shIft was from
medIUm-duration pIgeonpea to short­
duratIon plgeonpea, but WIth mcreased
awareness about the role of short­
duratIOn plgeonpea m long-term
sustamabIlIty, farmers shIfted from other
crops (mmnly short duratIOn) to SDP

Sustamabillty - farmer percep­
tions vs research

Research mdIcates that compared to
medIUm and long-duratIOn pIgeonpea,
ICPL 87 fixes less rutrogen, especIally
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on VertIsols It appears that farmers
perceIve more benefits from growmg
ICPL 87, or are overestImatmg Its
resIdual value It IS probable that
farmers may be benefitmg to a much
greater extent from short-duratIOn
pIgeonpea despIte ItS lower mtrogen
fixmg abIlIty

StudIes mdICate that both yIelds of
stalk and fallen leaves and the weIght
of stems and leaves are hIgher as plant
populatIOns mcreased above 40 000
plants ha 1, the commonly recom­
mended densIty for medIUm-duratIOn
cultlvars (Rao et al 1981, Chauhan et
al 1984) As a sole crop, ICPL 87 IS
sown at hIgher denslhes Other factors
that can contnbute to mcreased
sustamabIlIty despIte the hIgher
croppmg mtensIty and mput use by the
mtroductIOn of short-duratIOn
pIgeonpea mclude
• rotatIOn of all crops, mcludmg those

mtensIvely cultIvated m dIfferent
plots every year so that natural
resources are not used unevenly,

• adoptIOn of other legumes, partIcu­
larly chIckpea and groundnut, as
well as mmor pulses that also
enhance soIl fertIlIty, and

• much hIgher use of farmyard
manure by adopters of ICPL 87
SClenhsts are concerned, however,

that adoptIOn of ICPL 87 could lead to
hIgher peshcIde applIcatIOns The hIgh
adoptIon rate m some areas could make
ICPL 87 vulnerable to pest attacks, and
thus more mtensIve use of peshcldes
may detract from attempts to mamtam
soIl fertIlIty The eVIdence suggests that
the contnbutlOn of ICPL 87 to sOII-N
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reserves may be problematIc It would
be useful to confirm thIS VIew by
measunng actual reSIdual effects of
ICPL 87 m the study regIOn

Economic benefits

WhIle the chOIce of ICPL 87 has been
motIvated by a need to sustam produc­
hVIty over the long term and the abIlIty
of the cultIvar to fit deSIred croppmg
systems, profItabIlIty from hIgher
market pnces and hIgher yIelds played
a sIgmficant role m adoptIOn

IntegratIOn of ICPL 87 mto double
croppmg systems was pOSSIble because
ItS early matunty enabled farmers to
grow postramy-season crops such as
sorghum chIckpea, and wheat, whIch
are staple foods m thIS regIOn Of the
adopters, 46% sowed a postramy­
season crop m the plgeonpea plots,
compared to only 9% for the non­
adopters Farmers aSSIgned a top rank
to the early matunty of the vanety, a
clear mdlcatIOn of ItS SUItabIlIty to fit
mto the croppmg system

When compared to the prevIOus best
avaIlable vanety, the medIUm-duratIOn
BDN 2, net farm mcome was 30%
hIgher for ICPL 87 (FIgure 5), gram
yIeld advantage was 93%, and umt cost
reductIOn was about 12% DespIte
mcreased costs for lITIgatIOn and
fertIlIzer/farmyard manure, ICPL 87
has mcreased profits at the farm
household level Increased net mcome
has been CruCIal for adoptIOn of short­
duratIOn pIgeonpea

Farmers seem to have bestowed
more care on the mtenslve cultIvatIOn
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FIgure 5 ComparatLVe Impact ofICPL 87 In Maharashtra

of ICPL 87 as a sole crop WIth the • farmers want to maIntaIn crop
emergence of plgeonpea as a cash crop, dIversIty to avert nsk and to aVOId
especIally on small farms Labor use mtenslvely cultIvatmg the same crop
actually Increased WIth adoption In contInuously, and
general, men specIalIze m land prepa- • crop dIversIficatIOn WIth slIghtly
ratIOn and Interculture, whIle female dIfferent matuntIes enables farmers
labor IS more specIalIzed In weedIng, to aVOId labor shortages dunng peak
threshIng, and harvestIng operatIOns harvestmg perIods By matunng a
When compared to BDN 2, more male few weeks after other short-duratIOn
labor was used for almost all opera- crops, ICPL 87 escapes the perIod of
tIons The female labor reqUIrement peak labor demand when labor IS
was relatively hIgher for all operatIons both scarce and expenSIve
except pesticIde spraymg and thresh- The major change In the croppIng
Ing Adopters also Incurred compara- system m the regIon over the last 10
tIvely hIgh costs for Imgatlon, fertI- years has been the declIne In area of
lIzer, and farmyard manure Thus the crops that have become less profitable
hIgher net benefits to farmers are due and WhICh farmers perceIve to deplete
to ICRISAT s breedmg effort·~s--can==d:r-.::to=-------=-so=CICTI-rfertilIty Such crops Include
adapuve research on resource manage- sugarcane, cotton sunflower and
ment by ICRISAT and NARS hybnd sorghum Crops that have

Dunng RRAs, farmers In most Increased due to theIr perceIved
VIllages expressed a preference for profitabIlIty, durauon, and/or benefiCIal
crops that have a duratIOn of less than 4 effects to the soIl, Include plgeonpea,
months for several reasons soybean, wheat, and to some extent,
• IncreasIng fragmentatIOn of land chIckpea The groWIng Importance of

holdIngs makes farmers want to postraIny-season crops (IncludIng
Increase prodUCtIVIty and produce wheat, chIckpea, and vegetables) both
more crops, for sale and consumptIOn IS a major
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Table 5 Net benefits from different crop
rotatIons In western Maharashtra,
1994

reason why farmers prefer short­
duratIOn crops

Farmers had few optIOns other than
ICPL 87 pigeonpea to use as a rotatIOn
crop that fits the short wmdow between
seasons They used to grow other short­
duratIOn crops such as hybnd sorghum
and pearl mIllet m the ramy season, but
low market pnces make them less
profitable Farmers who contmue to
cultIvate these crops do so for home
consumptIOn As the pnce of pigeonpea
has mcreased m recent years, profit­
abIlIty became a key factor 10 replacmg
sorghum or mIllet WIth pigeonpea
ICPL 87 The Importance of pnce both
for adoptIOn of ICPL 87 and the
mcrease m pigeonpea area IS reflected
10 the pnce range of pigeonpea (Rs 9­
13 kg 1 dunng 1995) compared to
mIllet and sorghum (Rs 3-5 kg 1)
Table 5 shows the hIgher net benefits
obtamed by pigeonpea-based crop
rotations compared to pearl mIllet- and
sorghum-based rotations

AnalysIs of the croppmg pattern by
the landholdmg class (FIgure 6) shows

Crops

Plgeonpea + wheat
Plgeonpea + wheat
Plgeonpea + omon
Pigeonpea +

postramy season sorghum
Soybean + wheat
Pearl millet + wheat
HybrId sorghum + wheat

1 US$ l = Rs 30 9
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Benefits (Rs ha I)'

7010
6312

26162

4267
9728

686
2540

that pigeonpea has the largest share In

the gross cropped area among small
and medIUm farms Small scale
farmers, who constItuted 22% of the
sample and who owned less than 2 ha,
adopted ICPL 87 on a large scale
(70%) ThIS group tradltlonally grows
more subSIstence crops such as sor­
ghum, pearl mIllet, wheat, and ChICk­
pea WIth the avaIlabIlIty of ICPL 87,
these farmers gamed substantIally ­
pigeonpea IS theIr major cash crop
because they receIve greater benefits
from usmg comparatively fewer mputs
on margmallands Pigeonpea has the
largest share of theIr gross cropped
area The hIgher net mcome that they
obtaIn from pigeonpea 15> of greater
sIgmficance to these small-scale
farmers, espeCially compared to other
crops such as sorghum or mIllet These
farmers generally grow pigeonpea on
margmal SOlIs where few other crops
can grow Many of them do not have
access to ImgatIOn Any sIgmficant
pOSItIve Impact of pigeonpea research
therefore IS hkelv to benefit the small­
scale farmers more Large scale
farmers who are lookmg beyond short­
term profitabIhty also perceIve that
ICPL 87 helps maIntam long-term
prodUCtIVIty of theIr SOlIs

ConclUSion

ThIS study establIshed an Important
connectIOn between farmer concerns
for sustamabilIty and adoption of
Improved technologIes Results from a
formal on-farm survey and rapId rural
appraIsals conducted ill a drought-prone



ChIckpea

Others

Vegetables

Small Farmers (=<2Ha)

Pearl millet

Groundnut

Medium Farmers (2-5Ha)

Horticulture

Large Farmers (>5Ha)

Ftgure 6 Croppmg patterns ofsmall-, medtum-, and large-scale farmers,
Maharashtra,1994

area m central IndIa, confirmed that
• farmers are well aware that mtensIve

cultIvatIon of cash crops such as
sugarcane or cotton on Imgated
tracts can reduce yIelds despIte
mcreasmg use of mputs,

• approprIate crop/vanetal adoptIOn
and management practIces are
conscIOusly followed to mamtam
long-term productIVIty for eXIstmg
and deSIred croppmg systems, and

• farmers strIve to mcrease or mam­
tam soIl fertIlIty by mcludmg

mtrogen-fixmg legumes m crop
rotatIOns, 10 thIS case short-duratIon
pIgeonpea
WIdespread adoptIOn of short­

duratIOn pIgeonpea brought profitable
farmmg m the short term - VIa
cUltIvatIOn of a second crop m the
postramy season - and farmers expect
sustamed prodUCtIVIty 10 the long run
VIa crop rotatIon to mamtam soIl
fertIlIty

Feedback from farmers obtamed
from on-farm surveys revealed a strong
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relatIOnshIp between technology
adoptlOn and theIr concerns about
sustamable farnllng WIthIn the context
of maIntaInIng a desIred croppIng
system, farmers aim to make short-term
profits and ensure long-term productIV­
Ity The survey confirmed that farmers
are forward-lookIng - they plan for
the longer-term prOdUCtiVIty of theIr
land and have conSCIOusly adopted
ICPL 87 to achIeve that goal

AdoptIOn of ICPL 87 cultIvar was
essentIally the mtroductIOn of a new
crop mto regIOns WIth a tradItIOnally
small pigeonpea area Pigeonpea area
mcreased by as much as 51 % among
the sample farmers between 1990­
94 Secondary data mdicate that the
growth rate of pigeonpea area m
western Maharashtra IS hIgher than
mother pigeonpea growmg dIStrIctS
of Maharashtra Farmers conSIdered
ICPL 87 to be a profItable optIOn to
Improve SOlI fertIlIty by rotatmg It
WIth a major cash crop m dIfferent
plots each year

Changes m the croppmg system m
the study area were a result of the
mtroductIOn of short-duratIOn
pigeonpea IntegratIOn of ICPL 87
mto the consequent double croppmg
IS the most Important change m the
croppmg system m the last 10 years
ICPL 87 found Its way to fallow
lands and In rotation WIth other
crops, and has establIshed a nIche In
central IndIa's western and eastern
Deccan plateau
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JOint Impact of
Resource Management Research: Case Studies



Measuring Returns to Investment In
Groundnut Production Technology

P K Joshi and M C S Bantllan1

Earher studIes on measunng returns to
agncultural research and technology
transfer for a WIde range of commodI­
tIes and countnes have shown hIgh
socIal payoffs, suggestIng that more
mvestments would be benefiCial (Akmo
and HayamI 1975, Lmdner and Jarrett
1978, Ruttan 1982) Most of the studIes
were confined to quantIficatIOn of
research benefits at the aggregate level,
WIth a focus on Improved vaneties
There IS scant assessment of returns to
research mvestments related to crop
and resource management, mcludmg
crop husbandry, soll-water-nutnent
management, and plant protectIOn,
even though these areas receIve a
sIgmficant proportIOn of the research
resources At ICRISAT, for example,
about 30% of research expendItures
were associated WIth the Resource
Management Program m 1991 and
1992 (ICRISAT 1993) Traxler and
Byerlee (1992) reported that crop
management research accounted for

about one-half of all mvestment m crop
research They attempted to evaluate
returns to mvestments m research on
crop and resource management, and
reported pOSItIve returns (16-23%
mternal rates of return)

Investment m resource management
contmues to grow, WIth expectatIOns to
mcrease agrIcultural productIOn,
alleVIate phySIcal constramts, use
mputs more effiCIently, and Improve
the sustamabIhty of natural resources
To JustIfy future finanCIal support for
crop and resource management re­
search, It IS ImperatIve to contmuously
morutor and evaluate Impact ThIS
study attempts to estImate research
costs and quantIfy benefits from
mvestments III crop and resource
management research and technology
transfer

The study evaluated groundnut
productIOn technology (GPT) - a Jomt
research product of the InternatIOnal
Crops Research InstItute for the Seml-

JOShi, PK, and BantJlan, Moe S 1998 Measunng returns to mvestment m groundnut production
technology Pages 155 163 In Assessmg Jomt research Impacts proceedmgs of an International Workshop
on Jomt Impact Assessment of NARS/ICRISAT Technologies for the SemI And TropICS 2-4 Dec 1996
ICRISAT Patancheru IndIa (Bantllan M C S and JoshI PK eds) Patancheru 502 324 Andhra Pradesh
IndIa International Crops Research Institute for the SemI And TropICS

ICRISAT Conference Paper No 1359

InternatIOnal Crops Research Institute for the SemI And TropICS Patancheru 502 324 Andhra Pradesh
IndIa
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And TropIcs (ICRISAT) and the IndIan
natIOnal agncultural research system
(NARS) on genetIC enhancement, crop
and resource management, and tech­
nology transfer

History of the technology

The technology was mtended to enhance
the productIon of groundnut, an Impor­
tant Ollseed crop m IndIa that contnbutes
more than 55% to overall natIOnal Ollseed
productIon In 1986, the Government of
IndIa Introduced a maSSIve program, the
OIlseed Technology MISSIOn, by allocat­
mg more resources to research and
technology transfer actIVItIes, and
offenng attractIve pnces to Ollseed
producers Among other measures,

ICRISAT was an actIve partner WIth the
MImstIy ofAgnculture and NARS m
IdentIfymg appropnate technology
optIons to mcrease groundnut productIon,
demonstratIng them dunng 1987-91 The
program was successful- the area
under groundnut expanded from 6 8
mIllIon ha In 1987/88 to 8 7 mIllIon ha m
1991/92, and productIon Increased from
5 9 mIllIon t In 1987/88 to 7 1 mIllIon t m
1991/92 ProductIon of other Ollseeds
also substantIally Increased dunng the
late 1980s

After reVIeWIng the avaIlable
research InfOrmatIOn and IdentIfyIng
constraInts to groundnut productIOn In
major prodUCIng regIOns In IndIa, a
technology package was developed at
ICRISAT - Patancheru (Table 1)

Table 1 Important components of groundnut production technology package and
local practices

Component Improved package Local practice

Land (seedbed) management Raised bed and furrow Flat

Nutrient management (ha I)
Farmyard manure 5-12 t lOt
Ammonium sulphate 100 kg DAP 100 kg
Smgle super phosphate 300-400 kg MOP 100 kg
Zmc sulphate 10-20 kg every 3 years 20 kg
Ferrous sulphate 2-3 g kg!
Gypsum 400 kg 200 kg

Seed
Vanety ICRISAT vanetles Local vanetles
Seedmg rate 125-150 kg ha! 120--125 kg ha I

Seed treatment Thlram Bavlstm® or Thlram
Dlthane M45®

Pest management Bavlstm® dlmethoate Need based
monocrotophos

Water management Furrow or spnnkler Flood

Seed drymg 60-70% pod matunty With matunty
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SInce a specific technological
package performs better In one type of
environment and poorly In another,
after charactenzIng soIl, clImate,
nutrients, water, Insect pests, and
dIseases, a umque set of technologIes
was suggested for each locatIOn
Several on-farm tnals and demonstra­
tIons were conducted In eight states ­
Andhra Pradesh, GUJarat, Karnataka,
Madhya Pradesh, Maharashtra, Onssa,
TamIl Nadu, and Uttar Pradesh

Sampling and data source

A key Issue m assessmg technology
adoptIon packages was the defimtion of
adopters, pnmanly because several
components of the package were already
known and adopted even before the
package was mtroduced Another Issue
was that farmers were free to choose and
adopt any subset of the technology
package In thIs partIcular case, raIsed­
beds and furrows was IdentIfied as a key
component of the technology

After consultIng relevant offiCIals In
each state, It was noted that the ralsed­
beds and furrows component of the
GPT was elImInated from the recom­
mendatIOns by all the state departments
of agnculture except Maharashtra
Because raIsed-beds and furrows was a
key component of the evaluatIOn,
Maharashtra was selected for the study

Maharashtra IS located m western
and central IndIa WIth about 800 000 ha
allocated to groundnut The state has
enormous potential to Increase ground­
nut yield of 736 kg ha 1, which IS
currently well below the natIOnal
average

USIng a multIstage samplIng
procedure, 355 farm households were
selected Farmers were personally
Interviewed In 1994/95, and data was
collected on
• adoption dunng the first year of

different components of GPT,
• extent of adoptIOn of dIfferent

components of GPT In the first year,
• extent of adoptIOn dunng 1991-94,
• modIficatIOn of technology compo­

nents, If any,
• labor and mput costs of productIOn,

and
• yIeld and pnces of maIn product and

by-product
InformatIOn was also compiled from

the TraInIng and VISIt section of the
Department of Agnculture, the office
of the agncultural development officer,
and several traders dealIng WIth
components of GPT

AnalySIS

The maIn objective of mvestIng In
research and technology transfer IS to
generate an economIC surplus Re­
qUIred Information Includes
• adoptIOn rate and spread of the

technology,
• research and technology transfer

costs and
• benefits accrued from the research

and technology transfer program

Estlmatmg adoption of GPT

The crop and resource management
technologies were recommended as a
package that mcluded several compo­
nents, for example, management of
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soIl, nutnents and water, Improved

agronomIc practIces, and use of hlgh­

yleldmg VarIetIes, among others The
package could usually be dlsaggregated
mto subsets and adopted mdepend­
ently Under such cIrcumstances,
several dlstmct technologICal optIOns
were avaIlable to farmers - they were
free to adopt eIther a complete package
or a subset of a package Farmers could
partIally adopt subsets of packages or
adopt a modIfied form of the recom­
mendatIOns

All components were mcluded to
assess theIr adoptIon pattern Each
sample farmer was asked whether he
practIced the raIsed-bed and furrow
method and other components of the
GPT If he had, then the farmer was
asked to recall the year when he first
adopted dIfferent components, mcludmg
how much area was allocated to each
component, and how much of each
component was applIed The same
questIons were repeated for 1992, 1993
and 1994 Usmg thIS mformatIOn, the
adoptIon path for each component of the
GPT was developed and a senes of

equatIOns were used to estImate re­

search costs and benefits from adoptIng

research recommendatIOns

Results

AdoptIon of GPT

AdoptIOn of dIfferent components of
GPT varIed among households (Table
2) About 31 % of the postramy-season
groundnut m the study area was
cultIvated WIth the raIsed-bed and
furrow method AdoptIOn of Improved
vanetles (about 84%) and smgle super
phosphate (about 70%) were qUIte
hIgh It was mterestIng to note that the
sample farmers who cultIvated ground­
nut usmg raIsed-beds and furrows
adopted ICRISAT vanetles for about
65% of theIr groundnut area Those
who dId not use raIsed-beds and
furrows sowed ICRISAT varIetIes on
less than 10% of theIr groundnut area
Gypsum and seed treatment were
becommg popular and theIr adoptIOn
reached slIghtly above 40% Use of
ferrous sulphate and sprmkler ImgatIOn
were at a very early stage of adoptIon

Table 2 Adoption of different technology components In selected dlstncts of
Maharashtra (percentage of total groundnut area)

Component 1989 1990 1991 1992 1993 1994 CeilIng (%)

Raised bed and furrow 4 10 14 26 27 31 40
Improved varieties 6 24 23 80 82 84 90
SIngle super phosphate 10 22 34 62 65 69 75
ZInC sulphate 4 5 6 8 12 14 20
Ferrous sulphate 2 2 3 3 5 6 10
Gypsum 4 10 17 35 42 42 45
Seed treatment 6 15 19 37 41 46 60
DryIng 2 2 2 4 8 9 10
Spnnkler ImgatIOn 0 02 02 3 3 4 15
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Table 3 Annual research and technol
ogy transfer costs for groundnut
production technology

Component Year Cost (US$)

Research
Salary 1974--1986 34900
OperatIOns 1974--1986 12215
Overhead 1974--1986 47115
NARS 1974--1991 9500

SalarIes of research teams, opera­
tIOnal expenses, and overhead costs
were estImated after consultIng
SCIentIsts and examlmng hlstoncal
eVIdence (Table 3) After welghtmg the
salary of each member of the research
team by tIme devoted to speCIfic
research actIVItIes, the aImual salary
component was estImated at $34 900
(all figures are U S dollars) Based on
expenence operatIOnal expenses to
conduct research were assumed to be
35% of the salary component, or
$12 215 The overhead cost was
assumed to be half of the total cost, or
$47 115 Aggregatmg these three
components, the total annual cost of
developIng the technology at ICRISAT
was $94 230 ThIS figure was allocated
to groundnut, plgeonpea, and chIckpea
based on the crop area, thus the annual
cost for research on GPT was $45 600
The aImual cost for NARS partICIpa­
tIOn m packagIng the technology was
estImated at 10% of the ICRISAT cost

The adoptIOn of dIfferent components
was largely assocIated WIth raIsed-beds
and furrows All those who adopted the
raIsed-bed and furrow method for
groundnut cultIvatIOn also adopted
other components of the GPT Im­
proved vanetIes, smgle super phos­
phate, seed treatment, and drymg were
mdependently released and adopted by
groundnut producers pnor to the
packagmg and dlssemmatmg GPT, but
the rate of adoptIOn of these compo­
nents was faster when mtegrated as a
package WIth raIsed-beds and furrows

Research and technology transfer
costs

Research to desIgn the raIsed-bed and
furrow system began m 1974 at
ICRISAT and contmued untIl 1986
NARS were also mvolved m technol­
ogy packagmg and conductmg on­
statIon and on-farm tnals Smce actual
research and technology transfer costs
were not recorded and easIly aVaIlable,
they were estImated at three levels ­
ICRISAT, NARS, and the technology
transfer system (the State Department
of Agnculture)

The research and technology transfer
actlVltles related to GPT at ICRISAT
were focused m four programs ­
Groundnut Improvement Farmmg
Systems, Resource Management, and
LEGOFIEN WhIle the first three
programs were largely credIted WIth
developmg the technology, the last dealt
WIth packagmg crop and resource
management practIces, on-farm testmg,
and large-scale demonstratIOns on
farmers fields

Technology transfer
Packagmg/on farm

trials
On farm tnals
On farm tflals
State expenses

1987
1988-1990

1991
1992-2000

24000
20000
10 000
7500
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The technology packagmg and 1tS
transfer started m 1987 through
LEGOFfEN The mltlal budget for th1S
program was met (1987 and 1988)
through ICRISAT core funds, and later
(1989-91) through a grant from the
InternatIOnal Fund for Agncultural
Development (IFAD) The program
was respons1ble for groundnut,
p1geonpea, and ch1ckpea In the first
year when d1fferent components of
technology were mtegrated, the cost of
GPT ($24 000) was computed on the
baS1S of proportIOnate area under
groundnut In subsequent years, the
total budget allocated to LEGOFTEN
was d1strlbuted accordmg to the
number of on-farm tnals conducted on
groundnut The budget of the State
Department of Agnculture for exten­
SIOn actlvlues for GPT dunng 1987-91
was also met through the LEGOFTEN
program

The expenses mcurred m technology
transfer through the State Department
of Agnculture after the LEGOFTEN
penod were calculated usmg the share
of groundnut m total cropped area m
the state On the basIs of the salary,
operatIOns, and overhead, the annual
technology transfer cost dunng the
post-LEGOFTEN penod was calcu­
lated at $7 500

Research and technology transfer
benefits

The ShIft m supply functIon as a result
of GPT was assumed to be the savmg
m umt cost of groundnut productIOn
The cost reducuon was about 37% If
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the full package (lmproved vaneties
and management practices) was
adopted, and 22% 1f only management
practices (tradluonal vanetles and
Improved management practIces) were
followed (Table 4) There was about a
100% y1eld gam lfthe total GPT
package was adopted, and about 36% If
only management pracuces were
adopted

Table 4 Cost of production and yield of
groundnut In on-farm tnals uSing
different technology options

Technology
components

Manage YIeld Cost Cost
ment Vanety (t ha I) (Rs ha I) (Rs t 1)

Improved Improved 35 6990 2003
Improved Local 2 5990 3041
Local Improved 26 6570 2566
Local Local 1 7 5570 3201

Source Adapted fonn Pawar et al (1993)

Returns to research on GPT and ItS
transfer were determmed by companng
the estImates of welfare gams to the
costs of research and technology
transfer The economIC surplus ap­
proach was adopted to quanufy the
gams due to the technology, assummg a
perfect market economy and a parallel
ShIft m supply functIOn The trajectory
of rmsed-bed and furrow was used to
represent the adoptIOn of the GPT
package It was the adopters of ralsed­
bed and furrow, who adopted a nearly
complete GPT package The net
present value, mterna1 rate of return,
and benefit-cost ratIO were estimated
assummg



• an adoptIOn ceIlmg level of GPT at
40%,

• a demand elastIcIty of groundnut at ­
05%, and

• a supply elastIcIty of 0 1%
(Radhaknshna and Ravi 1990)
The economIC surplus was com­

puted under three optIons
• full adoptIOn of GPT,
• adoptIOn of only management

practIces, and
• adoptIon of only raIsed-bed and

furrow, maIntaInmg other practIces
The Internal rate of return of GPT

was 25% If the total package was
adopted (Table 5) The net preilent
value of the research and technology
transfer program on GPT was estI­
mated to be $3 45 mIllIon The benefit­
cost ratIO was 9 37, WhICh means that
$1 Invested m developmg and dIssemI­
natIng GPT produced an average
benefit of $937 throughout the perIod

When only management practIces
(excludIng Improved varIetIes) were
adopted, the mternal rate of return was
19% The net present value wail about
$1 4 mIllIon WIth a benefit-cost ratio of
4 39 The rate of return was low
(135%) If only raIsed-beds and
furrows were compared WIth the flat
method of cultIvatIOn an mdicatIOn of
the hIgh complementarIty between
dIfferent management practIces,
espeCIally raIsed-beds and furrows
These results confirm farmers percep­
tIOns that raIsed-beds and furrows yIeld
hIgher returns If adopted along WIth
other technology components mclud­
mg Improved VarIetIes The mternal
rate of return for partIal adoptIOn was

21 % Even If the components of GPT
were only partIally adopted, the
research and technology transfer
mvestments were JustIfied SImIlar
results were obtamed by Traxler and
Byerlee (1992), who estImated an
mternal rate of return for crop and
resource management research on
wheat rangIng from 1~23% under a
varIety of assumptIons

Because all costs were estImates, a
SenSItIVIty analySIS that mcreased the
estImates by 10% and 20% showed that
the Internal rate of return IS rather
msensitIVe When the cost of research
and technology tranilfer Increased by
20%, the rate of return dropped by
about 6% when the full package of
GPT was adopted When only manage­
ment practIces were adopted, an
mcrease of 20% m costs lowered the
Internal rate of return by about 7%
There was no sigruficant declIne In the
rate of return when NARS research
costs mcreased by 20% AddItIOnal
Investments m technology transfer
would proVIde further gaInS

The dIstrIbutIOn of SOCIal welfare
between farmers and consumers
showed that producers were the
prImary benefiCIarIes of GPT because
of a shIft m the supply functIon TheIr
share of total benefitil was about 84%
ThIS calls for bongIng more area under
the Improved technology

Summary

GPT was partIally adopted by farmers
In the study area One key component,
the raIsed-bed and furrow method of
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Table 5 Costs and benefits related to technology transfer of groundnut technology
package or portions of the package ('000 US$)

Benefits

ICRISAT NARS Full Management Ralsed beds and
Year costs costs package only furrows only

1974 456 456
1975 456 456
1976 456 456
1977 456 456
1978 456 456
1979 456 456
1980 456 456
1981 456 456
1982 456 456
1983 456 456
1984 456 456
1985 456 456
1986 240 456
1987 200 456
1988 200 456
1989 200 456 16257 7615 3642
1990 100 456 46062 21575 10319
1991 750 65029 30459 14568
1992 750 1 151 56 53939 25797
1993 750 1 22833 57534 27517
1994 750 140445 65784 31463
1995 750 158057 740 33 35408
1996 750 167089 78264 37431
1997 750 1 761 21 82494 39454
1998 750 180637 84609 40466
1999 750 180637 846 09 40466
2000 750 180637 84609 40466
2001 180637 84609 40466
2002 180637 84609 40466
2003 180637 84609 40466
2004 180637 846 09 40466
2005 180637 84609 40466
IRR (%) 2526 19 15 13 50
Net present value (000' US$) 345294 138906 45345
Benefit cost ratlo 937 439 210

cultIvatIOn, was becommg popular market access WIll be necessary to
among farmers AdoptIon of Improved Improve the adoptIOn rate of other
vanetIes and use of macro- and components, especIally spnnkler
mlcronutnents was ImpreSSIVe Better ImgatlOn and use of ferrous sulphate
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The Government of IndIa has subSI­
dIzed the purchase of spnnklers, WhICh
wdl encourage fanners to adopt
sprJnkler JmgatJon

Investments m GPT and ItS exten­
SIon generated a surplus for consumers
and producers The rate of return
ranged between 21 and 35%, certamly
an mdicatIOn that mvestments m
research and technology transfer were
worthwhde There IS conSIderable
potential to mcrease these returns by
Improvmg fanner access to mputs

Acknowledgements

The authors WIsh to thank G D
Nageshwar Rao, K V Subba Rao, Ch
ViJay Kumar, and K V Anupama for
theIr aSSIstance m completmg thIS study

References

Akmo, M , and Hayaml, Y 1975
SOCIal returns to agncultural research
mvestment Amencan Journal of
Agncultural EconomICS 57(1) 1-10

ICRISAT (InternatIOnal Crops Re­
search Institute for the SemI-And
TroPICS) 1993 ICRISAT report 1992
Patancheru 502 324, Andhra Pradesh,
IndIa ICRISAT

Lmdner, R J , and Jarrett, F G 1978
Supply ShIfts and the size of research
benefits Amencan Journal of Agncul­
tural EconomICs 60(1) 4;48X='5~8"------

Pawar, C S , Amm, P W , Jam,
K C, Kumar Rao, J VD, and
SrIvastava, M P 1993 On-farm
research on groundnut, pigeonpea,
chIckpea, and transfer of technology
to semI-and tropIcal farmers m IndIa,
1987-91 Patancheru 502 324,
Andhra Pradesh, IndIa InternatIOnal
Crops Research InstItute for the
SemI-And TropICS (LImIted distn­
butIOn)

RadhakrIshna, R , and RaVl, C
1990 Food demand projectIon for
India Hyderabad, Andhra Pradesh,
IndIa Center for EconomICS and SOCIal
Studies

Ruttan, VW 1982 Agncultural
research pohcy Mmneapohs, Mmne­
sota, USA Umversity of Mmnesota
Press

Traxler, G , and Byerlee, D 1992
EconomIC returns to crop management
research m a post green revolutIOn
settmg Amencan Journal of Agncul­
tural EconomICS 74(3) 573-582

163



Dryland Groundnut Production Technology
In Indonesia

T Adlsarwanto and M Muchhsh Adl'

Dunng the last 5 years groundnut
productIOn m IndonesIa dId not meet
the growmg domestIc demand Al­
though harvested area mcreased
annually by 0 8%, yIeld dechned by
1% and productIOn showed a down­
ward trend of 0 3% As a result,
groundnut Imports mcreased from 50 t
m 1990 to 151 t m 1994 (MunawIr
1996, Nur GaybIta 1996)

Groundnut IS the second most
Important gram legume crop m Indone­
SIa, and as an 011 seed protem source, It
IS one of the country's mam cash crops
Most groundnut (70%) IS a dryland
crop, and Tuban IS one of the major
groundnut areas m East Java provmce
Although 30 000 ha are annually sown
to groundnut, produCtIVIty IS only 1 t
ha 1 Groundnut productIOn m Indone­
SIa IS charactenzed by

• stagnant prodUCtIVIty,
• httle adoptIOn of Improved technol­

ogy at the farmer level,
• a center of productIOn concentrated

on Java Island, and

• underutIhzed potentIal of groundnut
productIOn areas m Sumatra,
SulawesI, Bah, and Nusa Tenggara
(ErwIdodo and Saptana 1996)
CollaboratIve research over the last

5 years between IndoneSIa and
ICRISAT through the ASIan Gram
Legumes On-farm Research (AGLOR)
project m Tuban dIStrICt confirmed that
technologIes are avatlable to Improve
groundnut productIOn An Improved
groundnut productIOn technology
(GPT) that produced hIgher and more
stable yIelds was developed on farmers'
fields m the AGLOR project dunng
1991-95 In the dry season of 1993, for
example, GPT was tested on 25 ha WIth
partICIpatIOn by 89 farmers YIeld
mcreased by about 80% over eXIstmg
farmer practIces

Site deSCription

EnVIronment

Tuban dIStnct IS located about 100 km
north of Surabaya (capItal provmce of

Adlsarwanto, T, and Muchhsh Adl, M 1998 Dryland groundnut productIOn technology m IndoneSIa
Pages 164-171 In Assessmg Jomt research Impacts proceedmgs of an International Workshop on Jomt
Impact Assessment of NARS/ICRISAT TechnologIes for the Semi And TropiCS 2-4 Dec 1996 ICRISAT
Patancheru india (Bantllan M C S and JOshi PK eds) Patancheru 502 324 Andhra Pradesh India
Intemaoonal Crops Research Institute for the Senn And TropiCS

1 Research Insotute for Legumes and Thber Crops PO Box 66 Malang IndoneSia
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East Java), and lIes between 111°30'
and 120°35' E longItude and 6°40' and
7°18 S latItude It IS bounded by the
Java Sea III the north, Lamongan
dIStrIct m the east, Lamongan and
BOJonegoro dIStrIctS m the south, and
Rembang and Elora dIStrIcts m the
west The altItude IS 5-50 m above sea
level, WIth flat to gently slopmg
topography The clImate IS character­
Ized by an annual ramfall of 1 500 mm
(mamly Nov-Apr), and a long dry
penod m May-Oct

5011

The total cultIvated area m Tuban IS
55 707 ha, of whIch 36 770 ha IS
dryland (60%) There are four domI­
nant soIl types - red-yellow MedIter­
ranean and VertIsols (38%), alluvIal
soIls (34%), VertIsols (23%), and a
complex of red-yellow MedIterranean,
VertIsols, and Regosols (5%) SoIl

fertIlIty of the drylands vanes from
moderate to poor

Area, production, andyield

In Tuban, the potentIal area for ground­
nut IS about 10 000 ha m lowland areas,
and 50 000 ha m dryland Dunng 1985­
94, the average harvested area was
25 000 ha, WIth a productIVIty 1 t ha I

(Table 1) The largest area of groundnut
was m 1993 (30917 ha), but the hIghest
productIVIty was m 1991 (12 t ha 1)
Ramfall dIstrIbutIon accounted for
vanabIlIty of area and yIeld

Croppmgpattern

The croppmg season starts WIth an
early ramy season (Nov-Dec) and ends
around Aug-Sep Groundnut IS sown
dunng the early ramy season only for
seed multIplIcatIOn, and that seed IS
used for the mam groundnut crop sown

Table 1 Area, production, and Yield of groundnut (1985-94) East Java province
and Tuban district

East Java Tuban

Area ProductIOn Yield Area ProductIOn Yield
Year (ha) (t) (t ha 1) (ha) (t) (t ha I)

1985 132027 135251 10 18944 18452 10
1986 150242 138003 09 25852 27405 I 1
1987 133280 120198 09 21943 22862 10
1988 122704 113722 09 21717 21507 10
1989 142226 142490 10 22092 22722 10
1990 139520 147040 1 I 23953 24674 1 1
1991 136615 151683 1 I 23627 27158 I 2
1992 149075 152557 10 29759 31562 I 1
1993 156080 158958 10 30917 27639 09
1994 148318 156975 1 1 30860 27477 09
Average 141 001 141688 10 24966 25146 10
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In Mar-Apr (early dry season) (Table 2)
Seed avaIlabIlity for Mar-Apr SOWIng IS
still a problem, especially quality seed
Most seed IS bought from other farmers
whose groundnut crop has been har­
vested In the ramy season There IS no
pnvate-sector mvestment In groundnut
seed productIOn or dlstnbutIOn

Land holdings

In East Java, 62% of the farmers hold
less than 0 5 ha, and 47% hold 0 1-0 4
ha In Tuban farmers generally have
more land, particularly those who farm
dryland areas (Table 3)

Table 3 Average land holdings (ha) of
farmers," Tuban district

Table 2 Cropping patterns In Tuban
district Land type Adopter Non-adopter

06
1 I
I 7

05
10
I 5

Farmer Income

Studies by Muchhsh and Adlsarwanto
(1994) reported that groundnut contnb­
utes 65% oHarmer mcome In dryland
areas of Tuban

Farmer characteTlstlcs In Tuban

Farm size IS generally 0 2-0 5 ha, and
most farmers follow 'Tabasan,' a
pracuce whereby the crop IS usually
sold whIle stIll standmg m the field
VIllage cooperauves are hmlted and
farmer group orgaruzatlOns do not
work

Most farmers m the Tuban areas
follow traditional methods of cultIVa­
tion, which mc1ude
• shallow tillage (15-20 cm depth) by

bullock- or buffalo-drawn plows,
• sowmg on flat beds (no raised beds),
• seed IS dropped behmd the plow

WIth Irregular plant spacmg
(400000-500000 plants ha 1),

Wetland
Dryland
Total

Dommant croppmg pattern

maize + groundnut maize +
groundnut

maize groundnut
groundnut

groundnut groundnut
maize

groundnut maize

maize + cassava groundnut
+ cassava

maize groundnut + cassava

maize groundnut + cassava
+ mungbean

maize + cassava groundnut
+ cassava + mungbean

maize groundnut
groundnut - malZe
groundnut - groundnut

maize groundnut ground-
nut + maize

Karanglo

maize + groundnut ­
groundnut groundnut +
maize

maize + cassava + groundnut
- cassava + maize

Upland nce + groundnut
groundnut maize + maize

Kembang bl10 maize groundnut + malZe
groundnut

Village

Talun

Padasan

Taslkmadu

Sumurgung

Tunah
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• farmyard manure IS used for the first
crop (ramy season), and few farmers
use urea,

• a local vanety IS normally CUltI­
vated, and

• weedmg IS done only once before
the crop flowers

History of the technology

The development of GPT m Tuban
alms to enhance groundnut productIOn
to meet growmg demand and reduce
Imports Although the Indonesian
government does not have a natIOnal
program to mcrease groundnut produc­
tIOn, East Java Provmce (Karyono
1994) has a seven-pomt program to
Improve yIeld
• enhance use of Improved seed

vanetIes,
• Improve the seed productIOn agency,
• mcrease fertlhzer use
• move from tobacco to groundnut

cultivatIOn,
• Improve SOlI tillage for seedbed

preparatIOn,
• rehablhtate lITIgatIOn systems, and
• Improve the economIC status of

farmers
The Research Institute for Legumes

and Tuber Crops (RILET) has con­
ducted research on components of
groundnut productIOn technology m the
Tuban area smce 1981 The GPT
package was developed followmg
collaborative research With the Austral­
Ian Centre for InternatIOnal Agncul­
tural Research (ACIAR), Peanut

Improvement Project (1985-89), and
ICRISAT's Cereals and Legumes ASIa
Network (CLAN) and AGLOR m
1990 Development of GPT mvolved
reVIews of relevant research mforma­
tton aVailable at ICRISAT, RILET, and
other research mstltutes to address
constraints to groundnut productIOn
Identified by farmers m the Tuban area
On-farm tnals were conducted m SIX
Villages m Tuban dIstncts to evaluate
GPT m 1990/92 Because GPT per­
formed better on farmers' fields m
small plots, testmg on large areas was
suggested In the 1993 dry season,
GPT was evaluated on 25 ha With
partICIpatIOn by 89 farmers The test
mcluded these components
• local Tuban vanety (2 seeds per

pod),
• seedmg rate of 80 kg ha 1 With over

90% germmatlOn,
• deep plowmg followed by harrowmg,
• 50 kg ha 1 urea, 75 kg ha 1 tnple

superphosphate (TSP), and 50 kg
ha 1 potasSIUm chlonde (KCl)
broadcast evenly pnor to last
plowmg/harrowmg,

• seed sown m plow rows (spaced at
40 cm) WIth 10 cm between seeds,

• weeded tWICe (2 and 4 weeks after
sowmg),

• Furadan® msecticide apphed at 10
kg ha 1 pnor to sowmg to control
termItes, and

• Topsm-M fungICIde apphed tWIce at
49 and 63 days after sowmg to
control leaf dIseases (rust and late
leaf spot)
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Methodology to assess adoption

Samplmg

The technology was targeted at SIX
vIllages In Tuban chstnct In each vIllage,
cooperatIng and non-cooperatIng farmers
were IdentIfied At the first samplIng
stage, all VIllages were stratIfied Into
those WIth on-farm tnals and neighbonng
VIllages WIth non-cooperators

Data

Relevant InformatIon was collected from
105 farmers who eIther dId or dId not
adopt the technology Any farmer who
adopted one or more technology compo­
nents was defired as an adopter Farmers
were IntervIewed dunng early Apnl and
ffild-July 1996 Pnmary data collected
for the 1996 crop season Included
• SIze of land holdIng,
• croppIng pattern,
• technology adoptIOn, IncludIng

adoptIon area and components,
• yIeld and Income, and
• constraInts to adoptIOn of GPT

Results and diSCUSSion

Adoption of GPT

The survey data were analyzed to
estImate adoptIOn patterns of GPT
components

Land preparatIOn Farmers dId not
follow the recommended practIce of
deep plOWIng because In some loca­
tIOns fields are stony and the soIl
profile IS less than 20 em deep

Improved varIetIes Almost no
Improved vanetIes were adopted
because the SIze and seed color were
not preferred In the market A 1990
trIal of varIety preference showed that
three Improved vaneties (Macan,
Pelanduk, and KelIncI) achIeved qUIte
hIgh pod yIelds, but theIr pnce was 20­
25% less than the local vanety GaJah,
WhICh was released In 1950, IS stIll
accepted by farmers because the pods
have two seeds that are bnght red Two
bIg pnvate companIes have mfluenced
the groundnut market In Tuban - they
seek premIUm qualIty for export WIth
two seeds per pod

Seedmg rate The recommendatIon of
an 80 kg ha 1 seedIng rate IS based on
good qualIty seed (> 90% germInatIOn)
Farmers who adopted the technology
used the recommended rate, but others
used a hIgher rate (Table 4) Non­
adopting farmers used a hIgher seedIng
rate because they broadcast the seed and
were not sure of ItS qualIty Most
farmers who adopted the technology
followed recommended technIques

Table 4 Adoption of recommended seeding rate (kg ha 1)

Percentage above
Farmers 19941 19952 19963 Average recommendatIOn

Adopters (UnIform sowmg) 82 78 83 81 101
Non-adopters (seed broadcastmg) 100 102 92 98 123

I Two VIllages 2 Three VIllages 3 Seven VIllages
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13 20
18 22

Men AnlIl1als

Adopter 67
Non adopter 60

GPT) used more labor than other crops
for sowmg and harvestmg, and use of
female labor was 47% higher than male

Table 6 Labor allocation for groundnut
prOduction, Tuban district, 1996
(percentage of total hours)

Farmer Women

73
53
o

76
53
o

50
75
50

Urea
TSP
KCI

Nutrient management Efficient
nutrient management was one of the
objectives of GPT Farmers already
used manure and some urea before
GPT In both 1995 and 1996, farmers
applIed more urea than recommended,
but TSP was applIed at only 71 % of the
recommended rate (Table 5) None of
the farmers applIed KCI Dunng 1995
there were some avaIlabIlIty and
dlstnbutiOn problems With fertilIzer
that may have accounted for the low
rate for TSP usage

Constramts to adoptIon of GPT

-----------====--IfrnTtlpnJOnT'tltant constramt1> to adoptiOn of
Table 5 Fertilizer applications (kg ha 1)
by adopters of GPT, Tuban district, GPT were lImited capital (39%), lack
1996 of mputs (20%), and expensive mputs
------------------·---1('-l1'"17QJ.%:rl)-S~It1"nlt'cfre-uTwomenfarmers are
Ferulzer Recommendation 1995' 1996 mvolved for groundnut production,

future attempts to generate and mtrO­
duce GPT should mvolve women
farmers at the very earlIest stages

I Three vIllages

Managements of pests Seed treat­
ment With Furadan® for termite
protectiOn and Topsm-M fungiCide for
leaf spot diseases was mtroduced m
1993 but not adopted by farmers m
1996 because the mCldence of msect
pests and diseases dunng the previOUS
2 years was very low

Labor andgender

Gender concerns are Important m
regiOns where unemployment and
underemployment eXist The overall
labor reqUirement was SimIlar for both
traditiOnal practices and GPT (Table 6)
Groundnut cultivatiOn (Irrespective of

AdoptIon factors

AdoptiOn of agncultural technologies
largely depends on
• mformatIOn about the technology,
• aVaIlablhty of necessary mputs,
• profitabilIty of the technology, and
• sUitablltty of the technology

The m01>t Important reasons for
adoptmg OPT were mcreased yIeld and
better crop growth

Impact Assessment

YIeld

Pod yield declmed from 1 8 t ha 1 m
1993 to 1 4 t ha 1 m 1996 Ramfall
distrIbutIon and long-duratiOn hybnd
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maIze delayed sowmg of the subse- Table 8 Cost comparison for adopter
quent groundnut crop and caused the and non adopter farmers, Tuban, 1996

yIeld dechne m 1996 Ramfall m 1996 (US$)

was lower dunng the early stages of Item Non Adopter Adopter

crop growth but hIgher after pod Variable costs
development Average yIeld of farmers Seed 69 62
not adoptmg the recommended tech- Urea II
nology was lit ha I (Table 7) TSP 10

KCl 5

Table 7 Dry pod yield (t ha 1) In
Female labor 59 60
Male labor 27 18

surveyed Villages, Tuban district, 1996 Draft power 47 35
Village Adopter Non Adopter Total 203 202

Talun 16 1 3 Fixed costs
Tunah 1 3 1 2 Tax on land 4 4
Kembangbllo 1 6
Sumurgung 1 5 Output

Karangl0 08 Dry pods 500 609
Tasllanadu 13 13 Umtcost 185 152
Padasan 08 Umt cost reductIon 33 t l

Average 14 1 1 Netmcome 294 403
No of farmers 34 71 Benefit cost ratio 1 4 2

Farmer Income

Improved groundnut productIOn
technology WIll be adopted by farmers
If It mcreases theIr mcome New
technology reqUIres capItal to purchase
mputs such as fertIlIzer, however, lack
of credIt and mputs WIll lImIt Its
adoptIOn In thIS study only 34 farmers
(32%) applIed fertIlIzers

Vanable costs were the same
whether or not the technology was
adopted Farmers who dId not adopt
the technology needed more labor for
weedmg, whIle those who dId adopt
GPT needed cash to buy fertIlIzer
(Table 8) Ramfall dIstrIbutIOn was not
good and affected the yIeld m 1996
There was lIttle dIfference between dry
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pod yIeld (lit ha I vs 1 4 t ha 1)

because fertIlIzer was probably of lIttle
benefit due to low ramfall dunng early
crop growth Even under these CIrcum­
stances, the umt cost of productIOn
declIned by US$ 33 t 1 (Table 8)

Although there was a low rate of
adoptIOn of GPT, the DIStnct Agncul­
ture ExtenSIOn Office mdIcated ItS
mterest and WIllIngness to mc"ease
adoptIOn efforts A prIvate sector
company has shown an mterest m
developmg the technology and workmg
WIth farmers for ItS adoptIon DUrIng
mtervIews, espeCIally m Tunah VIllage,
farmers SaId that the 'Tabasan' system
puts them III a good pOSItIOn to bargam
for hIgher pnces because a better crop
IS expected



Conclusions

Three conclusIOns were reached as a
result of thiS study
• The adoptIOn of GPT IS slgmficantly

mfluenced by farmers' management
decIsIOns, especially profits and
their ablhty to purchase mputs

• InformatIOn on the Improved
technology IS not easIly aVailable to
farmers, and mteractIOns between
SCientists, extenSIOn agents, the
pnvate sector, and farmers needs to
be strengthened

• The extent and pattern of adoptIOn
vaned between Villages due to
environmental conditIOns, land­
holdmg status, and gender roles for
household budget deCISIOns
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Identifying Indicators of Gender-Related Impacts
of Improved Agricultural Technologies

R D Kolh1 and M C S Bantllan2

Gender IS mcreasmgly recogmzed as
an Important SOCiOeconomIC vanable m
shapmg and desIgnmg Improved
agncultural technologIes Gender also
plays a vItal role m tracmg welfare
gams denved from technology adop­
non It has remamed unclear, however,
how gender-related Impacts are
Idennfied and what mdIcators can be
used to measure them ThIS paper
draws from a systematIc analysIs of
gender-targeted case studIes to explore
development of key gender-related
mdIcators These mdIcators can
provIde dlrecnons to measure the
effects and benefits of Improved
agncultural technologIes and IdentIfy
SItuatiOns where gender IS lIkely to be a
constramt to technology

Methodology

On-farm survey results of gender­
targeted case studIes were used to

Idennfy and analyze key mdIcators of
gender-related Impacts of Improved
agncultural technologIes SpecIfic
WIth' and 'wIthout' technology

SItuatIons were studIed m the context
of a package of a groundnut productiOn
technology (GPT) mtroduced to
farmers m the late 1980s The package
was mtroduced through the Legumes
On-farm Technology EvaluatiOn
Network (LEGOFfEN) m the state of
Maharashtra m western IndIa

ThIS analysIs followed the dynamICS
that emerged wIthm and among farm
households after technology mterven­
non Selected hypotheses mvolvmg
gender-related consequences of
technology adoptiOn were venfied
Based on two VIllage-level studIes,
eVIdence IS presented to clanfy and to
raIse questIOns about gender roles,
access, and benefits implIcatIOns for
future technology development are
dIscussed

Kolh, R D, and Bantdan, M C S 1998 Identlfymg mdlcators of gender related Impacts of Improved
agncultural teclmologles Pages 172 181 In Assessmg Jomt research Impacts proceedmgs of an lnterna
tlonal Workshop on Jomt Impact Assessment of NARS/ICRISAT Teclmologles for the Semi And TropiCS
2-4 Dec 1996 ICRISAT Patanchern India (BantI1an M C S and Joshi PK eds) Patancheru 502 324
Andhra Pradesh India international Crops Research Institute for the Semi And TropiCS

ICRISAT Journal Article No 2234

I Agnculture Man Ecology PO Box 7836 J P Nagar Bangalore 560 078 India
2 internatIOnal Crops Research Institute for the Semi And TropiCS Patancheru 502 324 Andhra Pradesh

India
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Case studies

Two surveys specIfically targeted for
gender analysIs were used m thIS study
They were desIgned to compare 'wIth'
and 'wIthout' technology sItuatIOns and
analyze changes In Intrahousehold
relatIOnshIps as a result of adoptIOn of
Improved technology optIOns

The surveys were carned out In
pnme groundnut-growmg areas of
Maharashtra where Improved GPT was
mtroduced In the late 1980s Technol­
ogy IntroductIOn was Implemented
through the internatIOnal Crops
Research instItute for the SemI-And
TropIcs/natIOnal agncultural research
system (ICRISAT/NARS) collaboratIve
program LEGOFfEN Under thIS
IrutIatIve, technology optIOns advo­
cated for groundnut productIOn In­
cluded varlOU~ components covenng
Improved varIeties and an improved
package of practIces The comprehen­
SIve package Included technology
optIOns and recommendatIOns about
• land preparatIOn,
• rate for manure and fertIhzers,
• seedIng rate,
• seed treatment,
• plant spacIng,
• weed control,
• msect pest and dIsease control
• ImgatIOn, and
• harvestIng

A major recommendatIon for land
preparatIOn was shapmg the land after
tIllage mto a raised-bed system In
partIcular, the raised-bed system was
recommended for growmg crops WIth
spnnkler IrngatIon Improved vaneties
were recommended under the program,

mcludmg cultivars developed at
ICRISAT that were eIther released or
lIkely to be Identified for release for
cultIvatIOn m indIa Detailed explana­
tIOns and JustIficatIOns were offered for
each recommended technology optIOn
(Amm et al 1987)

Two VIllages WIthIn Nanded
dIstnct m Maharashtra, Umra and
KaranJi were Sites for the surveys
conducted dunng 1992-94 Umra
represented the 'wIth' technology
SItuation where the GPT package was
successfully adopted by groundnut­
producmg households KaranJI repre­
sented the 'WIthout' technology
SItuatIOn, where GPT technology
dIffUSIOn had not occurred These two
VIllages were carefully selected after
conSiderIng theIr homogenous SOCIal
structure, agrochmatIc envIronment,
and croppmg patterns (Table 1)

A representative sample of 26 farm
households was randomly chosen from
each Village These two samples were
drawn from farm households that eIther
owned or hIred land for cultIvatIOn An
addItIOnal sample was drawn from the
populatIOn of agncultural wage
laborers from the two VIllages to
analyze employment patterns that may
have changed as a result of technology
adoptIon

Gender-related Impacts

Labor allocations and activity
patterns

Men and women cooperated In certaIn
aspects of groundnut productIOn, for
example, transportatIOn of manure In
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Table 1 Profile of two study Villages, Maharashtra, 1991/92

Charactenstlc

Farm households

Agricultural labor households

Other households

Total households

Farm households growmg groundnut

Farm households growmg groundnut
msummer

Farm households adoptmg GPT

Farm households adoptmg GPT mcluded
msample

Agnculturallabor households mcluded
m sample

Major crops

Major mcome sources

Umra l KaranJI'

92 143

66 93

12 45

170 281
44 39

34 29

31

26

15 21
Cotton high yleldmg Cotton mgh yleldmg
sorghum groundnut sorghum groundnut
plgeonpea wheat plgeonpea nee

wheat

Crops wage labor Crops wage labor
hvestoek trade hvestoek trade

I Both Villages have deep black sOils annual ramfall of 817 mm and Imgatlon from wells

the Village of Umra and field clearung
and clod crushmg durmg land prepara­
tIOn, sowmg, and harvestmg m the
Village of KaranJI But m all other
activIties, specializatIOn IS overwhelm­
mg (Table 2) Men concentrated on
plowmg and harrowmg, soil bed
preparatIOn, applicatIOn of orgamc
manure, seed treatment, ImgatIOn,
cultivatIOn, purchasmg mputs, applymg
mlcronutnents, spraymg pestIcides,
packmg, fodder productIOn, and
marketmg Women were pnmarIly
responsIble for field cleanmg, top
dressmg WIth chemical fertilizers,
sowmg by dIbbling, hand weedmg,
harvestmg, shelling pods, and sortIng
kernels for seed
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The pattern Indicates that men
performed those actIVItIes that
reqUIred use of agncultural tools and
eqUIpment, whIle women's activItIes
were performed by hand or With the
use of small tools such as hoes or
SIckles Men performed heaVIer Jobs,
while women dId lighter Jobs that
may not even reqUIre tools (Kolli
1990, World Bank 1989) EqUipment
for the more demandIng tasks that
men do has been commercialized,
however, women's tasks are more
time consumIng and Involve bendIng,
necessItatIng the patience that
women usually have Hand sowmg
and manual shellIng of groundnuts
are examples



Table 2 Summer groundnut production activities by gender, Maharashtra, 1991/92
(percentage of households reporting participation)

Umra Karan]1

Activity Males Females Jomt Males Females Jomt

Land preparatIon
Field cleanmg 100 4 64 32
Clod crushmg 12 7 81 11 89
Plowmg 100 100
Harrowmg lOa 100
Making broadbeds and furrows 100 lOa

Manure and fertIlizer
TransportatIOn of manure 100
ApplicatIOn of manure 100 100
Chemical fertilizer (basal) 38 58 4 91 9
Chemical fertilizer (top dressmg) 4 96 IS 85

Seed
Seed treatment 100 100
Dibbling 100 90 10
Seed dnll 20 40 40

IrrigatIOn
Spnnkler/tradltlonal method) 100 96 4

CultIvatIOn
Intercultlvatlon 100
Hand weedmg 96 4 100

Plant protection
Application of gypsum 40 60
Application of mlcronutrlents 100
Spraymg pesticides 100 100

Harvestmg
Pullmg groundnut plants 92 8 60 40
StrIppmg pods from plants 100 96 4
Drymg/cleanmg pods 84 8 8 50 20 30

Transportation and marketmg
Packing and transportatIOn 96 4 100
Marketmg lOa 100
Purchasmg mputs 100
Transportauon of fodder 100 100

Fodder
Collectmg from field 100 96 4
Stackmg lOa 100

Processmg
Shellmg pods and sortmg

kernels for seed 100 100
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WhIle dIVISIon of labor was ob­
served m Umra ('WIth' technology) and
KaranJi ('Without' technology), sharper
differences and a more clearcut task
speCifiCity were noted between male and
female activIties m the latter case Umra
women reported a hIgher percentage of
partlCIpatIon m field cleanmg, fertIlIzer
applIcation, and sowmg by hand
dibblmg Basal applIcatIOn of cheIDlcal
fertIlIzers and gypsum applIcation
tended to be women's actiVities after
adoptIOn of GPT m the VIllage Gypsum
applIcation was a new actiVity created
by the technology, and women m almost
60% of the farm households m Umra
performed thIS task

Interestmg changes were noted for
harvestmg actiVities WhIle the women
m KaranJI contmued theIr tradItIOnal
responSIbIlIty m all harvestmg actiVi­
ties -uprootmg plants, strIppmg pods,
and drymg/cleanmg pods - Umra
women concentrated on the first two
tasks whIle men helped WIth pod
drymg and cleanmg actIvItIes ThIS
pattern may have evolved because of
the mcreased demand for harvesting
labor brought about by the sIgmficant
yield gams from adoptIon of GPT
(Table 3)

On the whole, Umra women
reported their excluSIve partICipatIOn m
12 of 28 actiVItIes, whIle KaranJI
women reported their exclusIve
partICIpatIOn manly 9 actIvIties GPT
gave Umra women added pnmary
responSibIlItIes for basal chemIcal
fertIlizer and gypsum applIcatIOn

Gender roles remamed more or less
the same With the mtroductIon of GPT
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Table 3 Yield of summer groundnut
crop (kg ha 1) In the study Villages,
Maharashtra, 1992/93

Village Variety Yield

Umra
(mcludmg GPT) ICGS II 1762

ICGS 21 2061
ICGS 76 1814
Mean 1878

Umra
(pnor to GPT) SB 11 667

Karan]1
(Without GPT) SB 11 922

Local vanetJes 1063
Mean 867

New actIvIties as a result of technology
adoptIOn were dIVided or aSSIgned to
gender accordmg to old pnnciples ­
heaVIer tasks for men and lighter tasks
for women As a result, gypsum
applIcatIOn, hand dIbblmg, and applIca
tIOn of chemical fertilIzers became
women's actIVItIes, while preparatIOn
of raIsed-beds and furrows and spnn­
kler imgatIon systems were aSSigned to
men Tasks tended to become concen­
trated on the baSiS of gender Only 6
actiVIties m Umra were reported as
Jomt actIVItIes, while 10 contmued to
be undertaken Jomtly m KaranJI

Important implIcatIOns emerge from
thiS analysIs First, adoptIOn of new
technologIes may enhance task spe­
CIalIzatIOn where actIVIties are per­
formed exclUSively by one gender m
order to optimize the avaIlable house­
hold labor (Koili 1990) There were
more Jomt actIVIties m KaranJI (10)
than m Umra (6), and Jomt actiVItIes



performed by Karan]1 households (such
as field cleanmg and sowmg ) were
performed exclusIvely by women m
Umra The mcreasmg tendency to
speCIalIze clearly Identified potential
changes m gender roles for targetmg
dunng technology desIgn and develop­
ment

A second Issue to emerge IS that
technology development may be
bypassmg tasks performed by women,
a concern strongly VOIced by women
farmers m Umra dunng mformal
dIscussIOns Hand dIbblmg and manual
shellIng of groundnuts were repeatedly
labeled as tedIOUS by the women, who
called for Improved technologIes and
eqUIpment deSIgned to lessen the
drudgery of these actIVIties The deSIgn
and recommendatIOns of GPT ObVI­
ously dId not take mto conSIderatIOn
thIS aspect dunng development

TIme allocatIon forgroundnut
production

The adoptIOn of recommended GPT
optIOns m Umra may have mcreased
labor reqUIrements by more than 107
hours for the entIre summer crop ­
about 65 hours more for male labor and
42 hours more for female labor (Table 4)

Female labor was In hIgher demand
than male labor after technology
mterventIOn The demand for men
mcreased sIgmficantly for transport and
applIcatIOn of manure and spraymg
The female labor demand was sIgmfi­
cantly hIgher for operatIOns such as
shellmg pods and sortIng kernels for
seed For the rest of the operatIOns,

Table 4 Use of male and female labor
In two study Villages, summer ground-
nut crop, Maharashtra, 1992/93

Umra Karan]1

Percen- Percen
Hours tage Hours tage

Labor hal of total hal oftota!

Family male 769 32 704 33
Family female 354 14 312 14
Hired male 333 14 334 15
Hired female 980 40 810 37
Total 2436 100 2160 100

there was a margInal nse In both male
and female labor that was broadly In
lIne WIth the prevIOUS activitIty pat­
terns The labor Increases may not
appear substantial, but SInce they
occurred In only one crop, the time had
to be reallocated from other actiVIties

Use ofhlTed labor

HIred labor IS an Important component
of groundnut productIOn In both Umra
and Karan]I HIred labor, espeCIally
women, Increased In Umra due to new
technology The reqUIrement for female
hIred labor was 980 hours ha I In Umra,
whIle only 810 hours In Karan]I Male
hIred labor was about the same m both
VIllages Thus the overall demand for
labor - famIly or hIred - Increased
after technology InterventIOn (Table 5)

A rapId rural survey of a sample of
households m Umra showed that
women laborers found 20% of theIr
employment In groundnut crop actIVI­
tIes WIthIn the VIllage, but In Karan]I, It
was only 13% Men had a SImIlar

177



Table 5 Employment and wages of labor households In two survey villages,
Maharashtra, 1991192

Village activity location

Umra (m the VIllage)
Groundnut crop activIties
Other crop activIties
Other activIties)

Males Females

Total Average wage Total workmg Average wage
workmg daysl (Rs day 1)2 days (Rs day I) 2

125 (2) 13 85 884 (20) 844
622 (12) 1240 3068 (68) 742

4523 (84) 10 50 373 (8) II 16

Umra (outside the village)
Groundnut crop activIties
Other crop activities
Other activIties)
Total

KaraoJI (m the VIllage)
Groundnut crop activIties
Other crop activities
Other activIties)

KaranJI (outside the village)
Groundnut crop activIties
Other crop actiVIties
Other activIties)
Total

120 (2)
5390

55 (1)
I 186 (19)
2255 (36)

6 (10)
297 (5)

2433 (39)
6232

2583

1660
1700
10 76

2500
1635
25 12

180 (4)
4505

687 (13)
4297 (80)

233 (4)

146 (3)
32 (1)

5395

1010

860
666

11 10

742
13 00

I FIgures m parentheses mdlcate~percentage of total workmg days
2 I US$ = Rs 30
3 Other labor actiVIties mclude dlggmg wells bUlldmg fences constructIon tendmg grazmg anImals road work cuttmg and

seIlIng firewood house work helpmg m a shop fishmg etc

advantage In Umra, but at a lesser level
(Table 5) Men were also paid less In
Urnra than In KaranJI

Wage laborers In Umra appreciated
GPT because they felt It brought them
more employment WithIn the Village, as
well as higher wages Thus the technol­
ogy had positive effects, but women
Said they would prefer further Improve­
ments to help mItIgate the extra burden
that the technology Imposed on them
They Said that the additIOnal labor
reqUIrements could be satIsfied WIth
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hIred labor or by divertmg theIr own
labor from other actIVItIes

Declslonmakmg for resource
allocatIons

DecislOnmakmg m the households
reflected household gender dIStInC­
tIons

One stnkmg feature was that women
did not have exclUSive declSlonmakmg
power In eIther Village (Table 6) In
63% of the sItuatIOns, men could make



exclUSIve deCISIOns m Umra, whIle
KaranJI men had thIS power for only
47% of the decIsIOns In addItIOn, men
and women m KaranJI could decIde
about theIr resource allocatIOn m
consultatIOn wIth each other m 53% of
the sItuatIOns, but Umra women and
men could do that for up to 36% of the
decIsIons Technology mfluence was
seen m the exclUSIve deCiSIons made by
men m Umra related to specIal chemI­
cals, manure, pestIcIdes, sprmkler sets,
tools, and Implements The hIghest
percentage (73%) of Jomt deCISlOns
was reported for credIt, WhICh was
conSIdered an Important resource for
technology adoptIOn m Umra In
contrast, 100% of deCISIons about
credIt were made Jomtly m KaranJI
ThIS suggests that as technology
created a greater need for market­
related actIVItIes, men could gam
control by VIrtue of theIr tradItIOnal

roles Technology thus contrIbuted to
remforcmg stereotyped gender roles
and reduced the control of women over
resource allocatIOns

Declslonmalang fordlstTlbutlon of _
DeneTlts

Ideally, adoptIon of new technology
should help farm households Increase
theIr benefit::. From an eqUIty pomt of
VIew households would be better off If
the household benefits and neIther
gender IS worse off informatIon about
who makes deCISIOns on how dIfferent
products of the crop should be used
proVIded an mdIcatIOn about who
benefited from dIfferent products

It appears that gender roles were
reversed between Umra and KaranJI
due to new technology In contrast to
what was observed for resource
allocatIOns, women m Umra could

Table 6 Male and female deCISions on resources reqUired for groundnut produc-
tIon In two survey VIllages, Maharashtra, 1992/93 (percentage of the number of
households reporting use of resource)

Umra Karan]1

ExclUSive ExclUSive Jomt ExclUSive ExclUSive Jomt
Resources reqUired male female deCISIons male female deCISIOns

Cash 50 50 77 23
CredIt 27 73 100
Seed 45 55 42 58
Manure 75 25 27 73
SpeCIal chemicals

(gypsum/mlcronutnents) 86 14
PestICides 76 4 20 73 27
Spnnkler sets 53 47
Tools and Implements 81 19 50 50
Percentage total by gender 633 04 363 47 53
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not only make exclusIve declSlons
(45% mam product, 30% by-prod­
ucts), but also could decIde Jomtly
wIth men on several other Items On
the other hand, KaranJI women could
make exclusIVe declSlons up to 27%
of the time for mam products and
none for the by-products Women's
decIsIOns centered around Items used
for consumptIOn and fuel, and to a
lesser level, they could even decIde
about pods to be saved for seed ThIS
dIrectly related to theIr IntenSIve
shellmg work pnor to sowmg, hence
thIS decisIOnmakmg power

HIgher yIelds resultmg from new
technology allowed the households
In Umra to dIverSIfy uses of products
from the groundnut crop Women
gamed control over those products
that were retamed for household use
Although thIS was a gam for Umra
women compared to KaranjI women,
more than 82% of the product was
~et aSIde for sale m the market
Consldenng the quantities mvolved
due to hIgher YIelds, men m fact
retamed control of a conSIderable
portIOn of crop Smce marketable
quantitIes were controlled by men,
there was a strong posslblhty that
men deCIded how much should be set
aSIde for marketmg

Technology development has
strenthened conventIonal gender
responslblhtles A~ technology mter­
ventIons transform tradItIOnal farmmg
systems, exammatIOn of household
dynamICS WIll become more cruCIal
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UserperceptIons ofgender roles

GPT was mtroduced as a package that
mcluded hIgh-yIeldmg vanetles and
recommendanons for crop management
pracnces Farmer expenence WIth such
a comprehensIve package and ItS
evaluatIOn WIll yIeld valuable mforma­
tion about ItS usefulness, as well as
constraInts that hmder adoptIon
Addmg a gender perspective to the
evaluatIOn wIll add an Important
perspectIve as SCIentIsts contmue to
develop refine, and dIffuse new
technologIes

When dIfferent components of GPT
were evaluated by both men and
women they agreed about certam traIts
of the technology, but perceptIOns that
were gender-specIfic revealed the
cntena that gUIded theIr opmIOns

Men's concerns centered around
Issues related to economK vIabIhty of
the package such as kernel YIeld,
shelhng percentage percentage of
hollow pods, cost of cultIvatIon, etc
Women, however, were more con­
cerned WIth the speCIfics of theIr tasks,
mcludmg feasIblhtv and drudgery, and
hence theIr evaluatIOn mcluded such
aspects as shellmg ease of weedmg,
weak stems, employment prospects
tedIOusness, hazards, etc

ConclUSions

ThIS analySIS clearly mdlcated who
performed wh<lt tasks after technology
adoptIOn, mformatIOn that should be
conSIdered as technology IS developed
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Adoption of Vertlsol Technology In the
Semi-AndTropics

P K Joshl1, M C 5 Bantllan1, A Ramaknshna1, V K Chopde1,
and P 5 5 RaJu2

One of the sIgmficant research contrIbu­
tions of the international Crops Research
institute for the SemI-And TroPICS
(ICRISAT) IS the development of crop
and resource management technology to
allevIate productIon constraInts and
Improve sustamabilIty of natural re­
sources In Verusol areas An Integrated
package of technology options became
known as Vertisol technology, and was
tested on farmers fields In
illlcrowatersheds In the early 1980s

The on-farm trIals demonstrated
substantIal Increases In productIVIty and
profitabIlIty SInce SIzable research
resources were allocated to develop thIS
technology, ItS ex-post evaluatIOn In
terms of enhancIng agncultural produc­
tIon, ImproVIng resource use
effiCIenCIes, and conservIng natural
resources presents an opportunIty to
JustIfy past fundIng of Vertisol research
management

Dryland agnculture In the semI-and
tropICS (SAT) faces two major con­
straInts - stress from Inadequate water
and nutrIents, and degradatIOn of
natural resources - If It IS to be a
sustamable enterpnse Dryland areas
need specIal attentIOn to Increase
produCtIvIty by explOItIng
underutIlIzed resources, as well as
conservIng land and water resources
that are hIghly prone to degradatIOn
These objectIves are essentIal In
dryland regIOns because expanSIOn of
ImgatIOn IS now stagnatIng, and
farmers of the SAT who depend on
raInfall are laggIng far behInd than
those who enjoy ImgatIon faCIlItIes
RaInfed regIOns have conSiderable
potentIal to mcrease agncultural
productIOn If Improved technologies
are adopted by farmers

To alleVIate productIOn constraInts
In dryland areas, a technology package

JOShi, P K , BantIlan, M C S , Ramakrishna, A , Chopde, V K , and RaJu, P S S 1998 Adoption of VertIsol
technology m the semi and trOPICS Pages 182 196 zn Assessmg Jomt research Impacts proceedmgs of an
InternatIOnal Workshop on Jomt Impact Assessment of NARS/ICRISAT Technologies for the Semi And Trop
ICS 24 Dec 1996 ICRISAT Patancheru India (Bantllan M C S and Joshi PK eds) Patancheru 502324
Andhra Pradesh India International Crops Research Institute for the Semi And TropiCS

ICRISAT Conference Paper No 1352

I International Crops Research Institute for the Semi And TropiCS Patancheru 502 324 Andhra Pradesh
India

2 Centre for EconomIcs and SOCial StudIes Nlzamlah Observatory Complex Begumpet Hyderabad Andhra
Pradesh IndIa
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approach was adopted by a
multIdIScIplInary team of agncultural
and socIal sCIentIsts at ICRISAT m
1974 The team developed a package
that was later known as VertIsol
technology ThIS package specIfically
targeted VertIsol areas m regIOns WIth
relatIvely dependable ramfall where
land was fallow dunng the ramy season
(Flower 1994) In IndIa It IS estImated
that VertIsol technology may be
sUItable for an area of 5-12 mIlhon ha,
largely covenng the states of
Karnataka, Andhra Pradesh,
Maharashtra, Madhya Pradesh, and
GUJarat (Ryan et al 1982) Durmg the
early 1980s, ICRISAT selected a few
SItes where It was possIble to conduct
on-farm trIals and demonstrate the
potentIal benefits of the technology
over tradItIOnal practIces The on-farm
tnals of the early 1980s now proVIde an
opportumty to assess adoptIOn of the
technology after a sIgmficant penod of
tIme

The purpose of assessmg the
VertIsol technology was to
• IdentIfy the extent of adoptIOn,
• IdentIfy reasons why Improved and

tested management practices were
not bemg adopted, and

• quantIfy returns to mvestment on
VertIsol research management
A prelImmary study was undertaken

to examme adoptIOn of dIfferent
components of the VertIsol technology
and constramts to adoptIOn of those
components that were dlscontmued or
only partIally adopted by farmers The
focus was to assess what motIvates or
constrams adoptIon of Improved

practices that are expected to mcrease
productiVIty, Improve dramage, reduce
sod eroSIOn, and Improve use of
ramfall, among other benefits ThIS
prelImmary mvestIgatIOn wIll form a
base to conduct an adoptIOn and Impact
assessment of Vertisol technology m a
larger area of the SAT

Method

The study was based on three Produc­
tIOn Systems (PS) charactenzed as
• tropIcal, hIgh-ramfall, ramy- plus

postramy-season ramfed soybean!
wheat/chIckpea, confined to central
IndIa (PS 4),

• tropIcal, mtermedlate ramfall, ramy­
season sorghum/cottonl pigeonpea,
largely m the eastern Deccan
Plateau (PS 7), and

• tropIcal, low ramfall, pnmanly
ramfed, postramy-season sorghum/
Ollseeds, covenng the western
Deccan Plateau (PS 8)
These PS were among those devel­

oped by ICRISAT based on
agrochmatology, soIl, major croppmg
systems, length of growmg season, etc,
to better target research and technology
transfer Globally, 29 ProductIOn
Systems were delmeated (ICRISAT
1994)

Four locatIOns from PS 7 and one
each from PS 4 and PS 8 were selected
to help understand the dynamICS of
adoptIOn of vanous components of the
VertIsol technology (FIgure I and Table
I)
• Taddanpally and Sultanpur m

Andhra Pradesh, Kanzara m
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• Vertisols

~ Assured rainfall region

• Location of expenments

Source ICRISAT 1982

Ftgure 1 Locahon of feRfSAT on-farm expertments m the deep Verhsol,

assured-ramfall regwns of the fndtan semt-artd troptCS

Maharashtra, and Farhatabad in

Kamataka (PS 7),

• Shlfapur in Maharashtra (PS 8), and

• Begumganj in Madhya Pradesh (pS 4)

The subsequent mtroductlOn of

surface IrngatIOn m Shlrapur has
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completely changed the agncultural

sltuauon there
InformatIOn for the study was

collected through a rapId rural ap­

praisal conducted m 1995/96 WIth

dIfferent groups of farmers located in



Table 1 SOIl type and annual rarnfall rn selected vIllages

State DistrIct LocatIOn Soil type RaInfall (mm)

Andhra Pradesh
Andhra Pradesh
Karnataka
Madhya Pradesh
Maharashtra
Maharashtra

Medak
Medak
Gulbarga
RaIsen
Akola
Sholapur

Taddanpally
Sultanpur
Farhatabad
Begumganj
Kanzara
Shlrapur

Deep Vertisols
Deep Vertisols
Deep Vertisols
Deep Vertisols
MedIUm deep Vertisols
Deep Vertisols

764
764
753

1300
840
742

the SIX dIfferent locatIOns DIscussIOns
were conducted with those fanners
who particIpated m dIfferent water­
sheds to evaluate the technology durmg
the on-farm trIals m the early 1980s
They were well aware of the technol­
ogy and Its vanous components, and
theIr perc.eptIOns of the components,
adoptIOn, constramts to adoptIOn, etc
were gathered dUrIng group dIscussIOns
followmg a prepared dISCUSSIOn gUide

Vertlsol technology

Sustamable development of the SAT
has been one of ICRISAT's major
ObjectIves smce itS mceptIOn Several
research programs sought technologies
to conserve soIl and water m order to
maXimize agrIcultural productiVity on a
sustamable baSiS m a microwatershed
(A microwatershed IS an area of 3-25
ha developed to faCilitate effective
management and Improve resource use
efficIency) Research on Vertisol
technology as a package of optIOns
started at ICRISAT m 1974 with two
major expenments The arm was to
evaluate traditIOnal practices m tenns
of productiVity and soil and water
losses, and then develop and test

approaches to Improve prodUctiVity
through more effiCIent use of ram water
and mirumizmg land degradatIOn
(Vinnani et al 1989) ThIS package of
technology optIOns pnmanly targeted
• effectIve dramage of excess water

when it is not possible to capture
and store it,

• better use of ramfall by conservmg
most of It m the soil profile, and

• captunng, storIng, and usmg excess
water for imgatIOn dUrIng drought
penods
Success With these objectives opens

up the enonnous potential for double
croppmg or crop mtensIficatIOn of
VertIsols m the SAT

The technology optIOns developed
were a system of land and water
management - With moderate mputs,
bullock power, and wIthm the reach of
a small farmer m the SAT - that
effectIvely Improved dramage, reduced
soli eroSIOn, and mcreased and stabI­
lized crop prOdUCtiVIty The mam
components of the VertIsol technology
(Ryan et al 1982) for a watershed
were
• cultIvatmg ImmedIately after the

postramy season crop when the soIl
still contamed some mOIsture and
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was not too hard (summer cultIva­
tlon),

• Improvmg dramage wIth the aid of
field and commumty channels and
the use of graded broadbeds and
furrows (BBF),

• dry seedmg crops before the
monsoon rams arrIve,

• usmg improved seeds and moderate
amounts of fertIlIzers,

• Improvmg crop mIxtures and row
arrangements,

• Improvmg placement of seeds and
fertIlIzers for better crop stands, and

• Improvmg plant protectIOn, particu­
larly for legume crops
The technology components were

first tested and demonstrated on
farmers' fields m 1981182 at
Taddanpally, and later expanded to
eIght Sites m 1982/83 The on-farm
tnals were qUIte encouragmg and the
State Departments of Agnculture
mcluded the technology components m
theIr extenSIOn agenda for Wider testmg
and demonstratIOn In 1994, the

program was extended to 28 locatIOns
on more than 2 000 ha m SImIlar
climatic condItIOns m Andhra Pradesh,
Kamataka, Madhya Pradesh, and
Maharashtra (Table 2)

Adoption ofVertISOI technology

The technology components were
recommended as a package Under
such CIrcumstances, several dIstmct
technological optIOns were aVailable to
farmers They were free to adopt the
complete package, a subset or part of a
subset of components, or modIfied
forms of the recommendatIOns
(Byerlee and Polanco 1986, Ryan and
Subramanyam 1975) Farmer responses
to the technology and its components
vaned from regIOn to regIOn, and
certam components needed adjustment
to SUIt regIOnal soIl, crop, and
agrochmatic charactenstIcs In the
present study, farmer responses to
adoptIOn of mdividual components
were exammed

Table 2 Districts selected for disseminating Vertlsol technology In four Indian
states

State Districts

Andhra Pradesh AdIlabad Kanmnagar Khammam Medak Nlzamabad
Warangal

Kamataka Bellary Belgam Bldar Dharwad Gulbarga

Madhya Pradesh Bhopal Rmsen

Maharashtra Ahamadnagar Akola Amravau Aurangabad Buldhana
Dhule Jalgaon Jalna Nagpur Nanded Parbham Sangh
Satara Yeotmal Wardha

Source Vlrmam and Tandon 1984
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Area (ha)

614

277

Not available
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Summer cultivation

VertIsols are very hard when dry and
plastIc and stIcky when wet, WIth a
very narrow mOIsture range dunng
whIch tIllage takes place (Vlrmam et al
1989) Under dry condItIOns, tIllage IS
dIfficult and reqUIres extremely hIgh
levels of draft power To overcome thIS
dIfficulty, farmers WaIt for ram, but
perSIstent raIns constram tImely tIllage
and sowmg To alleVIate thIS major
constramt and effectively use the soIl
mOIsture, one Important recommenda­
tIon of the Vertlsol technology was to
plow the land ImmedIately after
harvestmg the postramy-season crop
Plowmg then IS eaSIer because the SOlI
still contams some reSIdual mOIsture

ThIS practIce was adopted by
farmers m two hIgh ramfalllocatIOns
- Kanzara m Mahara~sh...tro"a~,~ank!!Md -
BegumganJ m Madhya Pradesh They
SaId that thIS practIce
• made the soIl eaSIer to cultIvate

because It stIll contaIned some
reSIdual mOIsture,

• aVOIded soIl crackmg and clottmg,
• reduced labor and costs because

cultIVatIOn was eaSler,
• Improved conservatIOn of ram water

because more was absorbed mto the
soIl profile, and

• solved the problem of weeds dunng
the ramy season
Farmers SaId that any delay after the

harvest of postramy-season crops
allowed the soIl to harden They
perceIved that these practIces decreased
the cost of cultIvatIOn, mcreased land
prodUCtIVIty, and Improved sustam­
abIlIty of soIl and water resources

In Taddanpally and Sultanpur ill

Andhra Pradesh and Farhatabad ill

Kamataka, thIs practice was not adopted
by farmers These locatIons are stIll
dommated by a fallow regIme dunng the
raIny season followed by a postraIny­
season crop or a short-duratIon raIny­
season crop (such as black gram or green
gram) The maIn crops were grown
dunng the postraIny season, and tIllage
operatIOns began after the monsoon raIns
settled and the ~OIl had adequate mOIsture
for land preparatIon and seed germIna­
tion ObVIOusly, under such a SItuatIon
summer cultIvatIon may not be deSIrable

Shlrapur m Maharashtra now has
ImgatIOn, therefore farmers do not
depend upon raIn for tIllage

Double croppmg

In VertIsols, where raInfall IS greater
than 750 mm year 1, two crops are
feaSIble WIthout ImgatIOn The mtro­
ductIon of double croppmg on an
estImated 5-12 mIllIon ha of dryland
has the potentIal to mcrease productIOn
by explOItmg eXlstmg underutIlIzed
resources TradItIonally, only one crop
IS grown each year, WIth land remam­
mg fallow for the followmg season
Dunng on-farm testmg, several new
croppmg systems were recommended
and venfied for feaSIbIlIty and adapt­
abIlIty on farmers fields

Both sequentIal crops and mtercrops
that reqUIre both seasons to mature
were conSIdered as optIOns but there
was not enough mOIsture to germmate
a postramy-season crop There was,
however, opportumty to mcrease the
mtensIty of an mtercrop
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ImmedIately after on-farm trials
concluded, m many cases farmers
reverted to their tradItiOnal croppmg
system (one crop m a year) The mam
reason was that they preferred
postramy-season sorghum over ramy­
season sorghum Another Important
reason reported by farmers was the
hIgher nsk attached to the ramy-season
crop Despite their past decIsions, the
concept of mtercroppmg was attractIve
and would be more likely to be adopted
by the farmers If Improved vanetIes,
hIgher pnces, and better marketing
faCIlItIes were aVaIlable Important
double crops m the selected locations
are hsted m Table 3

In Taddanpally, although a sorghum!
plgeonpea mtercrop produced the best
yIelds and hIghest returns m the first
year (1981/82) of on-farm tnals, It was
not more WIdely adopted m the second
and thIrd years Farmers tended to
revert to their preVIOUS system based on
postramy-season sorghum (ICRISAT
1984) The SItuatIOn has changed
dunng the last 5 years Crops such as
black gram and green gram are emerg­
mg as Important ramy-season crops

because of their higher pnces and early
matunty (about 80 days) In addItion,
these also fit III a crop rotation WIth
postramy sorghum, which IS the mam
crop m Taddanpally, where about 30­
35% of the area IS double cropped For
the last two years, double croppmg
mcreased because the market for
blackgram and greengram was good In
some cases, cotton or sorghum was
mtercropped With plgeonpea

In Farhatabad, the most popular
mtercroppmg system IS groundnut/
plgeonpea followed by cotton!
pigeonpea In some cases, sesamum IS
cultivated after plgeonpea In a very
hmited area where ImgatIOn IS avaIl­
able, soybean-postramy season sor­
ghum was a new crop rotatIOn TradI­
tIOnally groundnut was the Important
crop dunng the ramy season ThIS was
InItIally replaced by pigeonpea, and
finally converted to a groundnut/
plgeonpea mtercrop Medmm-duratlon
plgeonpea was grown on about 50% of
the total area

In Kanzara, more than 50% of the
total cultivated area was under double
croppmg Cotton/pigeonpea was the

Table 3 Most Important traditIonal and newly adopted cropping systems In selected
locations

Location

Taddanpally
Sultanpur
Farhatabad
Begumganj
Kanzara
ShJrapur

Traditional system

Postramy sorghum
Postramy sorghum
Ramy season groundnut
Ramy-season fallow wheat
Ramy season sorghum
Postramy sorghum

Adopted system

Blackgram or greengram postramy sorghum
Blackgram or greengram pOStramy sorghum
Groundnut/pigeonpea
SoybeanJplgeonpea
CottonJplgeonpea

I

1 Surface lmgauon has been tntroduced to the VIllage
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most Important mtercrop, and m such
cases, these crops occupy both seasons
Both are long-duratIon crops, and
hence mcrease productIVIty Sorghum­
wheat and sorghum-chIckpea are the
most common sequentIal crops In
some cases, cotton-wheat and soybean­
wheat are also grown TradItIOnally,
ramy-season sorghum was the most
Important SubSIstence crop

In Begumganj, soybean was
mtercropped WIth long- or medmm­
duratIon pIgeonpea ThIS system
covered about 30% of the area m the
entIre VIllage An early adoptIOn study
wIthm the watershed (covermg 25 ha)
showed that the area under thIS system
mcreased from 12% m 1982/83 to 65%
m 1983/84 (ICRISAT 1985) In some
cases, soybean-wheat or soybean­
chIckpea were Important crop rotatIOns
to mcrease croppmg mtensIty In
Begumganj, land was tradItIOnally left
fallow durmg the ramy season

In Shrrapur prIor to mtroductIon of
canal ImgatIon, about 25% of the area was
under double croppmg If there was tImely
raInfall In the past 2 years, ImgatIon has
sIgruficantly mcreased the area under
double croppmg to about 50% TradItIon­
ally, postrmny-season sorghum was the
most Important crop grown m the VIllage

Dryseedmg

Dry seedIng before the monsoon rams
was recommended, and whIle a
majonty of the farmers appreCIated the
concept and ItS potentIal benefits few
adopted the practIce Dry seedmg was
reported to mcrease yIelds of sorghum
and cotton by about 200---300 kg ha 1

AdoptIOn of dry seedmg was not
very encouragIng at any locatIon, and
was only adopted to a lImIted extent m
Kanzara (15%) and Begumganj (2%),
mamly In cotton USIng ::.eed saved from
a prevIOUS crop FarITlers faced three
major constramts to dry seedmg

Uncertam ramfall Farmers do not
have access to relIable ramfall predIC­
tIons

RIsk of seed damage Pnces of hybnd
and hIgh-yIeldmg vanetIeS of cotton
were hIgh (Rs 600-650 kg 1) and any
delay or excess ram damaged pur­
chased seed Rats also damaged the
seed, WhICh reduced germmatIOn

Weeds Farmers faced severe weed
problems m plots that were dry seeded
Weeds and crops germmated together
WIth the onset of the monsoon rams
Weeds grew much faster than the crop,
and the cost of weed control was
hIgher than the crop value Durmg on­
farm testmg, weed management m the
ramy-season was also reported to be a
senous problem for many farmers
CultIvatIon WIth a wheeled tool carner
was only a partIal success More
research on weed management was
recommended (ICRISAT 1984)

BeSIdes these problems farmer::.
also reported that dry seedmg was
dIfficult because the soIl became very
hard after the postramy-season crop
was harvested If It was not cultIvated
ImmedIately EXIstmg Implements were
not appropnate for cultIVatIng and
SOWIng before the rams Heavy-duty
tractors may help land preparatIOn and
dry seedIng, but adoptIOn depends on
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the ramy-season crop WIth the mtro­
ductIon of black gram and green gram
dunng the raIny season, farmers felt
that It was not necessary to dry seed
because these crops do not delay the
SOWIng of the subsequent postraInY­
season sorghum

Broadbeds andfurrows

The system of broadbeds and furrows
(BBF) IS a land preparatlOn techmque
WIth beds 105-cm WIde alternatIng WIth
furrows 45-cm WIde at a gradIent of
02-0 4%, dependIng on SOlI type ThIS
component was deSIgned to Improve
surface dratnage to aVOld waterloggmg
dunng the raIny season Run-off water
can be draIned out of the watershed or
collected for supplemental ImgatlOn
Although the system provIded better
results dunng on-farm tna1s, farmers dId
not adopt It Farmers reported benefits
from BBF, Includmg reduced labor
reqUIrements for such operatIons such
as sowmg, fertIlIzer applIcatIon, and
cultIvatIOn by as much as 50%, and
Increasmg water retentIon In the soIl

DespIte the benefits of BBF reported
by farmers, they all dlscontmued the
practIce and eIther used traditlOnal
methods to dram excess water or made
furrows between rows dunng cultlVa­
tlOn These were more converuent than
BBF, pnmanly because the TroPlcultor
(an Implement specIfically deSIgned to
make BBF) was expenSIve to buy and
dIfficult to operate Farmers satd that If
BBF must be constructed every year,
the returns may not JustIfy the labor
expense unless more profitable subslst-
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ence crops or cash crops (vegetables,
Ollseeds) were grown Matntenance IS
Important and expenSIve because the
beds were mvanably damaged by
heavy rams In some other parts of
IndIa, however, farmers are adoptmg
BBF for postramy season groundnut to
Increase yIelds and save labor (JOShI
and Bantllan 1996) In areas where
tradItIonal postramy-season sorghum
was grown, farmers dId not face the
problem of excess water and
waterloggmg m the fields Under such
situatlOns, farmers felt that BBF were
not requIred MultIlocatlOnal trIals also
mdlcated that BBF may not be essen­
tIal at alllocatlOns, and that the
technology should be consIdered on a
case-by-case baSIS (ICRISAT 1983)

Improved varietIes

Improved vanetles are also an Impor­
tant component of the Vertlsol technol­
ogy and have become popular dunng
the past decade In all the VIllages,
farmers grew Improved vanetIes of
cotton such as LRA 5166, LRK 516 or
Nanded 44 One Improved vanety of
plgeonpea, ICP 8863, was grown m all
VIllages except Taddanpally AdoptlOn
of ICP 8863 was launched by the
farmers of Kanzara m 1987 and now
covers 300 000 ha, and farmer-to­
farmer seed dlstnbutIOn of thIS vanety
also began m thIS VIllage (Bantl1an and
JOShI 1996) Local chIckpea vanetles
were grown (Anrugen and Chaffa), as
well as Improved vanetIes (ICCV 2 and
ICee 37) All farmers grew Improved
vanetIes of soybean m BegumganJ



A majonty of all fanners at all
locatlons were stlll growmg local
sorghum varIetIes M 35-1 (MaldandI),
whIch was grown dunng the postramy
season, was stIll favored Farmers
generally aVOIded hybnds and hIgh
yIeldmg varIetIes for postramy-season
sorghum because pnces and qualIty
were low for both gram and fodder In
Kanzara, farmers grew hybnd sorghum
dunng the ramy season

Fertilizerapplications

Dryland agnculture tradItIOnally
receIves no mmeral fertIlIzer (Jha and
Sann 1980) DesaI et al (1995) used 9
years of data from a panel of farmers III

the SAT to show that the vast propor­
tIOn of nomrngated land dId not receIve
eIther manure or fertIlIzer Recently, It
was noted that the majonty of fanners
applIed whatever manure was aVailable
for crop productIOn, but It was not
suffiCIent to meet the crop reqUIrement
and nutnent mmmg To Improve sod
fertIlIty and overcome nutnent mmmg,
one recommendatIOn of the Vertisol
technology was to apply moderate
amounts of mmeral fertIlIzer that could
be complemented by manure

At all locatIOns, a majonty of
farmers used moderate amounts of
mmeral fertIlIzers, and theIr use IS
mcreasmg over tIme Most of the
fanners applIed fertIlIzer to sugarcane
and cotton and about 20% used
fertIlIzer on pigeonpea and less than
10% on chIckpea

In most of the cases, compOSIte
fertIlIzer (N 19 P 19 K 19) was applIed

as a basal dose, WIth urea as a top
dressmg When fertIlIzer pnces rose,
there was a margmal declme m the
consumptlon of potaSSIUm and phos­
phate fertIlIzers Iromcally, use of
manure decreased m all the VIllages as
fodder became scarce and the ammal
populatIOn declIned Cash crops such
as sugarcane and cotton were the
pnonty for manure

Placement of seed and fertilizer

Appropnate placement of seed and
fertIlIzer can substantIally mcrease
crop yIelds The tradItIOnal practIce m
dryland agrIculture was to broadcast
seed, but placement of seed and
fertIlIzer was one part of the technol­
ogy package deSIgned to mmimize
nutnent losses and make optImal use of
avaIlable mOIsture Fanners were
convmced of the benefits of sowmg m
rows and placmg fertIlIzer WIth seed
DIbblIng and use of a seed dnll became
common practIces for sowmg seed and
fertIlIzer placement All farmers used
dIbblIng and mamtamed proper row
arrangements for cotton and groundnut,
whIle a seed dnll was commonly used
to sow sorghum, wheat, pigeonpea and
chIckpea

In Begumganj, seed and fertIlIzer
were mIxed and sown usmg eIther a
dnIl or plow, whIch placed them at the
same depth Although unusual thIS
modIfied form of the technology
component mdlcated that farmers
accepted the concept of placmg seed
and fertIlIzer together
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PlantprotectIon

Use of pesticIdes was rapIdly mcreas­
mg m all vIllages except Taddanpally
For the last 5 years, pestIcIde use
almost doubled m cotton, pigeonpea
and chIckpea to control msects (par­
ticularly podborer Hehcoverpa
arnugera) In Taddanpally, farmers
dlscontmued pesticIde use because It
was meffective agamst heavy podborer
mfestatIOns

Farmers at other locations were
concerned about the mdIscnmmate use
of pestiCIdes The maJonty of farmers
sprayed cotton and pigeonpea an
average of 5 or 6 times m a season,
sometimes as often as 10 times In
Farhatabad, farmers were spendmg an
amazmg Rs 5 000 ha J to control
plgeonpea pests, whtle two decades
ago they were unaware of pestiCIdes In
the early to mId-1980s farmers started
usmg small amounts of msecticides,
but over the years theIr use has steadIly
mcreased, particularly on cotton and
plgeonpea

In Kanzara, farmers now use a power
sprayer to apply pestICIdes The control­
led droplet apphcatIOn (CDA) sprayer IS
very popular m Farhatabad because 1tS
water reqUIrement IS low (ICRISAT
1985) ConventIOnal knapsack sprayers
reqUIre much larger volumes of water,
presenting a consIderable hardshIp for
SAT farmers because they usually must
carry clean water for long distances to
theIr fields Before the mtroduction of
the CDA sprayer, farmers were usmg a
foot sprayer that reqUIred more tIme and
labor
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Future research

Several Important Issues emerged from
thIS work

DifferentIaladoptIon ofcomponents

Improved vaneties was the most
Important component of the technology
package, and was adopted first and
most WIdely ThIS component was
followed m stages by apphcatIOn of
moderate amounts of fertlhzers, use of
pestiCIdes, and proper placement of
seed and fertthzers (Table 4) SImIlar
results were reported by Foster (1988)
when assessmg early adoptlOn of
Vertlsol technology options m
BegumganJ These components were
WIdely adopted at most locatIOns, and
to some extent where double croppmg
sUlted the enVIronment, farmers
reduced the area of fallow land

Post-harvestplOWIng

Although cultlVatmg the land ImmedI­
ately after harvest of the postramy­
season crop was practIced at several
locatIOns, ItS potential benefits were not
bemg reahzed by adoptmg the concept
of dry seedmg These two components
(summer cultlVatlOn and dry seedmg)
faclhtate double croppmg m dryland
agnculture and mcrease croppmg
mtenslty There was eVIdence that
farmers were adoptmg double crop­
pmg, not as a result of summer cultlVa­
tIon and dry seedmg but rather because
short-duration crops that sell at an
attractIve pnce became avallable



Table 4 Adoption Intensity of components of Vertlsol technology

Taddan Farha Begum
Technology pally Sultanpur tabad ganJ Kanzara Shuapur

Summer cultIvatIon None None None Moderate Moderate None
Double croppmg Low Low Low HIgh HIgh Moderate
Dry seedmg None None None Low Moderate None
Broadbed and furrow None None None None None None
Improved vanetles Low Low Moderate HIgh HIgh Low
FertIlIzer applIcatIon Low Low Moderate HIgh HIgh Moderate
Seed and fertIlIzer

placement Low Low HIgh HIgh HIgh Moderate
Plant protectIOn None None HIgh HIgh Moderate Low
Use of CDA None None HIgh None None None

Constramts to dry seedmg

ConstraInts to adoptIOn of dry seedmg
need to be mItIgated before It wlll be
more WIdely adopted Among the most
Important constraInts are lack of good
raInfall predIctIons, weed growth, and
seed damage before germInatIOn
Computers that can analyze cltmatIc
InfOrmatIOn are avaIlable, but a mecha­
msm to dissemInate the mformatIOn
they generate IS mlssmg More research
on weeds m necessary Earlter studIes
(BInswanger and Shetty 1977) recom­
mended manual weedmg over chemIcal
control because unemployment was
hIgh and labor costs low Over the
years, however, wages have Increased
substantIally and employment opportu­
mnes In other areas hmIt the labor
supply Vanous other technological
optIons to control weeds may over­
come thIS constraInt Seed damage, the
thIrd major constramt, IS also a candI­
date for more research

Broadbeds and furrows

One of the most Important components
of the technology package, BBF, was
discontmued by farmers at allloca­
tIOns AbandonIng thIS component
raIses the Issue of targetIng technology
appropnately and consldenng eco­
nomIC feasIbIhty wIthm an eXlsnng
croppmg system Waterloggmg was
perceived as a major problem In the
watersheds at the target locatIOns, but
apparently It wasn't Walker et al
(1989) assessed farmers' perceptIOns
about BBF after the first year of on-farm
tnals m Taddanpally, and reported that a
maJonty of the farmers dId not observe
any problem WIth waterloggmg
Waterloggmg may be more narrowly
locatIOn-specIfic and the concept of
BBF may be recommended and mtro­
duced m areas where It poses a con­
straInt to double croppmg

To better understand the second
issue, It IS necessary to reassess the
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economIC feaSIbIlIty of crop productIOn
wIth and wIthout BBF It mIght be
adopted If the benefits are greater than
the losses due to waterloggmg

Ryan et al (1980) analyzed the
comparatIve econOmICS of BBF d11d flat
systems usmg data from watershed
expenments m deep and medIUm-deep
VertIsols The BBF system WIth a maize!
plgeonpea mtercrop was about 20% more
profitable than the flat system of the
same mtercrop Under a maiZe-chIckpea
sequentIal system, the advantage of BBF
was reduced to 10% The BBF system
was less profitable than a flat system on a
medIUm-deep VertIsol Perhaps these
results were slIghted whIle packagmg the
Vertlsol technology for the on-farm trIals

One pOSSIble reason for mcludmg thIS
component may be ItS contrIbutIon
toward Improvmg the sustamabilIty of
SOIl and water resources There are
reports that the SOIl loss m a BBF and
double-croppmg system was 1 500 kg ha
1, whIle It was 6 400 kg ha 1 III a flat and
smgle-croppmg system SImIlarly, total
rainfall loss m the BBF and double­
croppmg system was 33%, but 70% for
the flat and smgle croppmg system
(ICRISAT 1985) These hIdden benefits
may not enhance yIelds m the short term,
but certaInly have long-term ImplIcatIons
The benefits of BBF should be reas­
sessed consldenng a long-term perspec­
tIve, econOmIC feaSIbIlIty, and
sustatnabilIty Issues WIth dIfferent
mtercrops and crop sequences

Independent components

Components of the Vertlsol technology
were tested In a mlcrowatershed Each
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component can be adopted mdepend­
ently, and thus should be exammed for
both techmcal and economIC feaSIbIlIty
at dIfferent target locations dependmg
on localIzed constramts

ConclUSions

It IS time to undertake a detaIled
InvestigatIOn of the returns to mvest­
ments m Vertisol management
Sampath (1989) reported, , adop-
tIOn of ICRISAT's Improved system of
land management and crop productIon
mcreased yIelds m operatIOnal research
blocks dunng 1982/83 and over a much
larger area of 277 ha dunng 1983/84,
resultmg m theIr WIder acceptance
among farmers m Vertlso1 tracts of
Kamataka The technology mfluenced
not only the farmers mvolved WIthIn
the watershed but also those outsIde"

Assessmg the prelImmary results, It
IS clear that the Vertisol technology as a
full package was not adopted, but
dIfferent components were wldel)
adopted by dIfferent groups of farmers
at dIfferent locatIOns Among Important
components adopted by farmers were
Improved vaneties applIcatIOn of
fertIlIzers and pestIcIdes, use of CDA
spray eqUIpment, and appropnate
placement of seed and fertIlIzer
AdoptIOn patterns and Impact assess­
ments of one or more technology
optIons could Justify mvestments m
Vertisol management research TheIr
Impact may be seen m terms of more
double croppmg, mcreased agncultural
production, mcome, and re!>ource-use
efficIency, and conservatIOn of soIl and



water resources The Impact may also be
more broadly assessed m terms of
transfornung agnculture from SUbSISt­
ence to commercIal, WIth Imphcanons for
food secunty and poverty alleVIatIon
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Dry Seeding In the Vldarbha Region of Maharashtra

B 0 Bhole1, M R Alshl1, P K JOShI2, M C S Bantllan2,

and V K Chopde2

DIstrIct Cotton Sorghum Cotton Sorghum

adopted dry seedIng In cotton and
sorghum, and those who dId not adopt
thIS practIce for the two crops (Table 1)

Table 1 Number of farmers adopting
or not adopting dry seeding of cotton
and sorghum In two dIstrIcts of Maha­
rashtra, 1995/96

Croppmg pattern Cotton covered
-3-5% Of gross cropped area8:-\lv.,H'h'lt'e:f'lreB----­
farmers adopted dry seedIng, and
sorghum occupIed 21 % Where It was
not adopted cotton covered 39% of the

6
6
o
o

Non-Adopters

9
9

15
15

6
6
o
o

Adopters

Data

Buldana 9
9

Akola 15
15

ThIS study tested the hypothesIS that
dry seedIng In medIUm to deep
VertIsols where raInfall IS greater than
700 mm year l maxImIzes use of
raInfall and avaIlable soIl mOIsture,
Improves yIelds, and Increases net
returns to cotton and sorghum

The study was carned out In
Buldana and Akola dIstncts of the
Vidarbha regIOn of Maharashtra, an
area that receIves 800-850 mm of raIn
In about 47 days Cotton and sorghum
are the major crops In thIS regIOn, and
each occupIes about 30% of the gross
cropped area Other Important crops
are pIgeonpea, greengram, blackgram,
sunflower, and safflower

Data from the 1995/96 croppIng
season were gathered In a survey In
October 1996 by field aSSIstants
workmg for Dr PanJabrao Deshmuldl
Agncultural UmversIty (Knshl
Vidyapeeth), Akola Farmers were
dIVIded Into four groups - those who

Bhole, B D, A1shl, M R, JoshI, P K BantIlan, M C S, and Chopde, VK 1998 Dry seedmg 10 the
Vldarbha regIOn of Maharashtra Pages 197 201 In Assessmg Jomt research Impacts proceedmgs of an Inter
natIonaJ Workshop on Jomt Impact Assessment of NARS/ICRISAT TechnologIes for the SemI And TroPICS
24 Dec 1996 ICRISAT Patancheru IndIa (BantIlan M C S and Joshi PK eds) Patancheru 502 324
Andhra Pradesh IndIa InternatIonaJ Crops Research InstItute for the Semi And TropiCS

ICRISAT Conference Paper No 1358

1 Depamnent of Agncultural EconomICS and StatIstIcs Post Graduate Institute Dr PanJabrao DeshmulJI
Knshl Vldyapeeth Akola Maharashtra 444 104 IndIa

2 International Crops Research Institute for the SemI And TroPICS Patancheru 502 324 Andhra Pradesh
IndIa
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Table 2 Land holdings and cropping patterns of selected farmers In survey area.
1995/96, Vldarbha region, Maharashtra

Area (ha) Adopters Non adopters Total

Total land held 209 191 400
Average SIze of holdmg 35 32 33
Net sown area 199 183 382
Area occupIed by
Cotton 78 (36)1 75 (39) 153 (37)
Sorghum 47 (21) 57 (29) 104 (25)
Pigeonpea 13 (6) 12 (6) 25 (6)
Greengram and blackgram 37 (17) 8 (4) 45 (11)
Other crops 45 (20) 42 (22) 87 (21)
Gross cropped area 221 (100) 194 (100) 415 (100)
Croppmg mtenslty III 106 109

I FIgures 10 parentheses mdlcate percentage of gross cropped area

area and sorghum 29% (Table 2)
Plgeonpea was pnmarily grown with
cotton, whereas sorghum was grown as
a sale crop

Crop varieties In Buldana dIStnCt,
adopters and non-adopters sowed H 6,
H 8, LRA 5166, Nanded 44, and PKV
RaJat vaneties of cotton on about equal
areas In Akola dIstrIct, however, only
two varIetIes, AHH 468 (80%) and
AKH 4 (20%), were grown by the
adopter farmers The non-adopters
sowed AHH 468 (90%), WIth the
remammg 10% dIVIded among AKH 4,
Nanded 44, and LRA 5166 Sorghum
was dry seeded only m Buldana
dIstnct, wIth the varIety CSH 9 pre­
dommatmg WIth both adopters (83%)
and non-adopters (75%)

Impact

Cotton The use of labor, seed, and
pestIcIdes dId not dIffer among adopt-
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ers and non-adopters, but there was a
15% reductIOn m fertIlIzer use by the
adopters, and theIr cotton yIelds were
27% hIgher (Table 3)

ProductIOn costs for dry seedmg
cotton were 3% hIgher for the adopters,
but gross returns were 22% hIgher and
net returns 17% hIgher than the non­
adopters (Table 4)

Sorghum Farmers adoptmg dry
seedmg technology used hIgher levels
of almost all mputs - human male
labor (27%), bullock labor (49%),
fertIlIzer (22%), and manure They
were well rewarded for theIr efforts
WIth a gram yIeld 38% hIgher than the
non-adopters (Table 5)

Adopter farmers mcurred costs
about 20% hIgher than non-adopters,
but theIr gross returns were 38% hIgher
and they saved 17% per umt of produc­
tIOn compared to the non adopters
(Table 6)



Table 3 Use of Inputs (ha 1) by adopters for dry seeding of cotton compared to
non-adopters, 1995/96, Vldarbha region, Maharashtra

Non adopters Adopters Percentage difference
Parameter (655 ha) (664ha) (adopters over non adopters)

Human labor (days)
Male 4010 41 31
Female 9971 9627 -345
Total 13981 13758 -160
Bullock labor (days) 17 81 1976 +10 95
Machme labor (days) 1 81 123 -3204
Seed (kg) 629 599 -478
Manure (100 kg) 1801 268 +15 10

Fertlhzer (kg)
N 4042 3380 -1638
P 2794 2440 -1267
K 305 264 -13 44
Total 71 41 6084 -1480
PestICide cost (Rs) 32414 32336

Yield (kg)
Seed cotton 551 698 +267
Plgeonpea 140 138 -14

Table 4 Economics of cotton cultIVatIOn by adopters and non adopters of dry
seeding (Rs ha 1), 1995/96, Vldarbha region, Maharashtra

Non adopters Adopters Percentage difference
Parameter (655 ha) (664ha) (adopters over non adopters)

Human labor
Male I 137 1 217 +70
Female 2 181 2174 -03
Bullock labor 1526 1725 +13 0
Machmery 219 168 -233
Seed 372 373
Manure 466 565 +212
FertIlizer 1265 1 153 -89
Plant protectIOn 324 323
Other 85 82
Interest on we 424 467 +101
Total cost of cultIvatIOn 8029 8247 +27

Returns
Cotton 10688 13 558 +269
By products 1909 1802 -56
Gross return 12597 15360 +219
Netretum 4568 7 113 +557
Cost of production (Rs 100 kg 1) 1 111 923 -169
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Table 5 Use of mputs (ha 1) by adopters for dry seeding of sorghum compared to
non-adopters, 1995/96, Vldarbha region, Maharashtra

Non adopters Adopters Percentage difference
Parameter (154 ha) (11 9 ha) (adopters over non adopters)

Human labor (days)
Male 45 18 5814 +2699
Female 4727 4760
Total 9305 10574 +1364
Bullock labor (days) 883 13 16 +4904
Seed (kg) 902 928 +288
Manure (kg) 2068

FertilIzer (kg)
N 7455 9249 +2406
P 2448 2852 +1650
K 097 084 -13 40
Total 100 12185 +2185
Insecticide cost (Rs )

YIeld (kg)
Gram 1592 2203 +3837
By products 2402 3165 +3176

Table 6 Economics of sorghum cultivation by adopters and non-adopters of dry
seeding (Rs ha 1), 1995/96, Vldarbha region, Maharashtra

Non-adopters Adopters Percentage difference
Parameter (154 ha) (11 9 ha) (adopters over non adopters)

Human labor
Male 1515 1851 +222
Female 1 111 1 146 +32
Bullock labor 704 929
Machmery 621 823 +325
Seed 548 589 +75
Manure 82
FertIlizer 1 143 1347 +179
Plant protectIOn
Interest on W C 339 339 +198
Total cost of cultivatIOn 5981 7173 +199

Returns
Sorghum 5922 8259 +395
By products 1802 2373 +317
Gross return 7724 10632 +377
Netretum 1743 3459 +985
Cost of productIOn (Rs 100 kg I) 263 218 -17 1
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Technology adoption

Cotton Farmers reported that they
adopted dry seedmg because
• seed can remam 10 the soIl for a

longer perIod and unhke seed of
many other crops, It IS not affected
by ants and other msects,

• the crop matures earher than If
sowed after the monsoon rams,

• labor IS less expensIve 10 the
summer,

• scarce ram water IS used to full
advantage

• gram quahty IS Improved,

• prIces were hIgher for an early crop,
and

• yIelds were hIgher

Sorghum Farmers reported dry
seedmg of sorghum was advantageous
because
• It enabled double croppmg,

• i>owmg was not delayed by the
erratIc nature of the monsoon rams,

• yIelds were hIgher, and

• labor IS less expensIve 10 the
summer

Constraints

About 95% of the farmers who dId not
adopt dry seedmg technology were
aware of the technology, but cIted
reasons why they chose not to adopt It
• germmatIOn IS i>ubstantlally reduced

because VertIsols dry out and crack
(90% of non-adopters 10 Buldana
dIStoCt, cotton),

• sowmg IS more expensIve when
mItIallow ramfall IS followed by a
dry spell (66% of non-adopters m
Buldana dIStoCt, sorghum), and

• financIal rIsk If dry seed109 falls
(73% of non-adopters 10 Akola
dIStrICt, cotton)

Conclusions

Based on the survey data, researchers
arrIved at three malO conclUSIOns
• dry seedmg technology mcreased

yIeld and financIal return of cotton
and sorghum,

• the technology was not sUItable
where VertIsols are subject to
crackmg, and

• farmers lack the money to resow
theIr fields If germmatIOn IS poor or
falls altogether
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Towards a Formative Approach to Assessment of
Integrated Pest Management Strategies

P G COX1------

Integrated pest management (!PM) IS a
slgmficant Improvement m the man­
agement of msect pests and diseases of
crops, and an Important component of
the research programs of both nanonal
agncultural research systems (NARS)
and the Intemanonal Crops Research
institute for the Semi-And TropiCS
(ICRISAT) The progressive mcorpora­
tIOn of a SOCIOeconomic component m
research, development, and extenSIOn
(RD&E) processes leadmg to technol­
ogy development and Implementanon
IS a recent phenomenon

This paper first outlInes certam
aspects of program evaluanon and
Impact assessment m relanon to
emergmg technologies m !PM that
provide a begmnmg framework for
research m thiS area Second, some
specific problems With the greater
mtegranon of SOCIOeconomlCS and
bIOlogical work on component tech­
nologies that affect novel pest manage­
ment technologies wIll be addressed
Third, a short case study of !PM
evaluatIOn Will mdlCate some of the

Issues m an empmcal, rather than a
theorencal, fashlOn And last, some
general lessons for program evaluanon
and Impact assessment wIll be sug­
gested as these concepts begm to be
apphed to more complex tf'chnologles
These technologies are more SOCial m
nature, and the technology generatlOn
process IS based mcreasmgly on
collaboranon between different groups
of actors (both NARS and ICRISAT
farmers and sCIennsts)

Impact analySIS for program
evaluatIon

The crux of Impact analySIS IS a
companson of what did happen after
Implementmg the program With what
would have happened had the program
not been Implemented (Mohr 1992)
This companson IS the Impact of the
program What-\\<ould-have-happened
(what Mohr calls the counterfactual or
'C') IS clearly problemanc because It
cannot be observed directly The other
major component of Impact assessment

Cox, PG 1998 Towards a fonnauve approach to assessment of mtegrated pest management strategies
Pages 202 213 In Assessmg Jomt research Impacts proceedmgs of an InternaUonal Workshop on Jomt
Impact Assessment of NARS/ICRISAT Technologies for the Semi And TropiCS 2 4 Dec 1996 ICRISAT
Patancheru India (Banulan M C S and Joshi PK eds) Patancheru 502 324 Andhra Pradesh India
InternaUonal Crops Research Instttute for the Semi And TropiCS

ICRISAT Conference Paper No 1360

I Cambodia IRRI AustraIta Project (ClAP) PO Box I Phnom Penh Cambodia

202



IS the actual state of the world after a
program has been Implemented CR')
The sImplest quantIfier of program
effectIveness IS R - C ThIS may be
expressed as the dIfference of means, a
dIfference of proportIOns, or a regres­
SIOn coefficIent However, m general, a
standard IS needed to mterpret whether
an Impact IS substantIal or weak The
planned Impact of the program pro­
VIdes one standard ThIS defines the
effectIveness ratIO as

R-C
Effectlveness=-­

p-C
where

P = planned state of the world on the
outeome of mterest

ThIS has addItIOnal problems
because It IS dIfficult to get program
personnel to do the plannmg needed to
speCIfy P, and It IS dIfficult to estImate
the counterfactual ahead of tIme

An alternatIve to the planned state of
the world as a quantIfier IS the extent of
the problem (the counterfactual) The
adequacy ratIo IS defined as

R
Adequacy =1-­

C
Thus adequacy quantIfies effectIve­

ness by conceptualIzmg It as the
proportIOn of the problem elImmated
by the program It IS dIrectly applIcable
only when complete elImmatIon IS
relevant For thIS to make sense, the
counterfactual must be seen as an
undeSIrable condItIOn Thus measures
of Rand C may need to be redefined m
terms of a gap, for example, a yIeld gap
or pestICIde levels to be reduced

Scoven (1972) dIVIded evaluatIOns
mto the formatIve and the summatIve
The latter are studIes that yIeld mfor­
matIOn only on SImple Impacts In
contrast to summatIve evaluatIOns,
formatIve evaluatIOns help to gIve
gUIdance to Improve, or 'form' the
program Itself by provIdmg peoodIc
summatIve feedback and by answerIng
the questIOn why' Recent work at
ICRISAT has concentrated on
summatlVe evaluatIOns to estImate the
hIStoocal Impact of preVIOUS InnovatIOns
(for example, BantIlan and JOShI 1996)

A program can have multIple
Impacts Mohr (1992) IdentIfies five
functIOns connected WIth the effectIve­
ness of a multIple-outcome program

• findmg WhICh outcome dImensIOns
are affected,

• llmmng the analysIs to some
Impacts, and not others,

• assessmg the Impact on each
outcome,

• common-scalzng to put dIfferent
measures of Impact together so that
the effectIveness of the whole may
be appraIsed, and

• welghtzng to aSSIgn relatIve Impor­
tance to dIfferent Impact scores

Mohr dIscusses, and largely dIS­
mIsses, cost-benefit analySIS (CBA) as
one way to approach thIS Issue In
CBA, lIttle attentIon IS paId to findmg
and IImltmg although care IS taken to
admomsh agaInst double countmg The
functIon of assessmg Impact IS central
to CBA The concept of economIC
surplus IS frequently used Mohr
WrItes
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The heart and soul of benefit-cost
analysIs bes m the creative applIcation
of economIC theory to pertment,
retnevable, eXIstmg data for the
purpose of assessmg impact by mfer­
nng what would have happened under
a varIety of condItions

Common-scalIng and weightmg
functIons are handled qUIte Simply m
CBA by usmg money Sometimes the
mcome accrumg to dIfferent groups
(for example, the rural poor or IllIterate
women) IS weighted dIfferently Impact
evaluatIon addresses these five func­
tIons m a more comprehenSIve way
thanCBA

Program evaluatIons are not used as
extensIvely as one mIght expect Mohr
notes several Issues
• the need for comprehenSIveness m

the presentatIOn of outcomes,
• the correct chOIce of the outcomes

that are to be submItted to actual
research,

• the need for qualIty m the selectIOn
and executIOn of research deSIgns,
and

• recogmtIOn that, m most cases, the
evaluatIOn should be formatIve
Guba and Lmcoln (1989) descnbe

the four generatIons of evaluatIon The
first generatIOn was concerned WIth
generatmg measurements The role of
the evaluator was techmcal and evalua­
tors were expected to know about
dIfferent evaluatIon mstruments so that
any varIable named for mveStIgatIOn
could be measured The second
generatIOn approach was charactenzed
by descnptIOns of patterns of strengths
and weaknesses WIth respect to certain
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stated objectives The role of evaluator
was that of descnber Measurement
was conSIdered to be one of several
tools that could be used m evaluatIon
In thIrd generatIon evaluation the
evaluator assumed the role of Judge
whIle retammg earlIer techmcal and
descnptIve functIOns as well All three
generations, accordmg to Guba and
Lmcoln, suffer from senous defects
• With a tendency towards

managenalIsm, the manager IS held
harmless The typIcal manager/
evaluator relatIonship is
disempowenng and unfair, dlsen­
franchlSlng, and lIkely to become a
cozy one

• The pluralIsm of values is not
accommodated If it is accepted that
SCIence IS not value-free, then
findmgs are subject to different
mterpretattons and facts are deter­
mmed llllllteractIOn WIth the value
system the evaluator bnngs to bear
Every act of evaluatIon becomes a
POlItICal act

• An overcommitment to the SCIentIfic
paradIgm of lllqUIry has led to
context-stnppmg The resource"
needed to lllstItute and mamtaIn
controls offset other uses to WhICh
the mqUIry might have been put, thus
restnctlllg the range of aVailable
mformatIOn Accordlllg to Guba and
Lmcoln, the effort to denve general
truths through context-stnppmg
(control) IS one of the reasons why
evaluations are so often found to be
Irrelevant at the local level

• An overdependence on formal
quantItatIve measurement Guba and



LIncoln note the coerCIveness of truth
(both evaluator and manager are
rendered unassailable) 11us closes
out alternative ways to thmk and
reheves the evaluators of any moral
responslblhty for theIr actlOns
Guba and Lmcoln present an

alternative approach whIch they call
fourth generatIOn evaluatIOn They
descnbe thIS as 'responSIve
constructIvIst evaluatlOn' The features
of constructlVlst methodology mclude
• truth IS a matter of consensus among

mformed and sophIsticated con­
structors, not of correspondence
wIth objective reahty,

• facts have no meanmg except withm
some value framework, hence there
cannot be an ObjectIve assessment of
any propOSItIOn,

• causes and effects do not eXIst
except by Imputation,

• phenomena can be understood only
wlthm the context m whIch they are
studIed,

• mterventIOns are not stable,
• change cannot be engmeered,
• evaluatIOn produces data m WhICh

facts and values are mextncably
hnked,

• accountabIlIty IS a charactenstlc of a
conglomerate of mutual and SImulta­
neous shapers

• evaluators are the sUbjectIVe partners
WIth stakeholders m the lIteral
creation of data

• evaluators are orchestrators of a
negotiation process that attempts to
culmmate m consensus on better
mformed and more sophIsticated
constructIOns, and

• evaluatIOn data denved from
constructiVIst mqUlry have neIther
specIal status nor legitImacy - they
represent SImply another construc­
tion to be taken mto account m the
move toward consensus
For us, It IS a key deSIgn Issue

whether a more tradItIonal economIC
CBA (for example, along the Imes
descnbed by Alston et al 1995),
conducted eIther ex-post or ex-ante
prOVIdes a suffiCIent baSIS to gUlde a
progressIvely unfoldmg research and
development process m whIch
• several groups of actors (who

contnbute dIfferent aspects to the
technology) take part,

• the technology IS contmually
changmg,

• the context m whIch the technology
IS bemg used vanes and IS con­
stantly changmg, and

• contmual feedback IS reqUlred as we
move toward a goal whIch IS also
under continual renegotIation
Cox et al (1997) dISCUSS the

mdetermmacy of the commumcatIOn
enVIronment withm WhIch such
technologIes are developed They pomt
out that sustamablhty can be recon­
structed as a process Improvement tool
and can be equated WIth a qualIty
process Impact assessment also has a
role as a process Improvement tool

Impact assessment of IPM
technologies

Agnculture IS an actIVIty that converts
rainfall (and other mputs) mto mcome
The crop IS the tool used to achIeve thIS
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transformatIOn How well It does
depends on many dIfferent constramts
such as labor supply, avaIlabilIty of
credIt and markets, demands of
competmg crops, and a large number of
bIOtIC and abIOtic factors Insect pests
and diseases are Important biotIc
constramts to crop productIOn In
recent tImes, the way of reducmg these
constramts (and thus promotmg crop
productIOn) has often been through the
use of synthetIc chemIcal pestlCldes
These contrIbute slgmficantly to the
cost of crop productIOn They also
generate other costs whIch economIsts
often descnbe as negatlVe externah­
tIes' because they affect the productIOn
and/or consumptIOn actIVItIes of people
other than those makmg speCIfic
pestIcIde apphcatlons m crop produc­
tIOn 1\vo kmds of negatIve externalIty
are aSSOCiated WIth pestIcIde use ­
environmental pollutIOn (which IS
generally held to be undeSIrable and
which SOCIety would prefer to reduce
because of concerns about pubhc
health and ecologIcal damage), and the
development of resistance to pestICides
m msect and pathogen populatIons
(whIch dlfectly affects others who use
the particular chemistnes agamst the
same pest populatIOn)

IPM poses speCial problems for
Impact assessment The standard model
of the research-extensIOn contmuum
does not apply m the same way as for
seed-based technologIes taken m
IsolatIon (e g , BantIlan and JOShI
1996) nor, for that matter, for mvest­
ments m the development of chemIcal
pestICides Some reasons for thIS
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assertIOn WIll be dIscussed, along WIth
ImplIcatIOns for how research and
extensIOn m IPM are conducted and
evaluated

Standard model

The standard model used m Impact
assessment studies at ICRISAT as­
sumes a research-extensIOn contmuum
that dlstmgUlshes baSIC, apphed, and
adaptIve stages m the research process
TImes to pass through these stages can
be aSSIgned to the research program,
whIch eventually results m a product
that emerges from the research statIOn
gate that can be multIphed and dlstnb­
uted, then adopted by farmers The
expected mcrease m yield proVides an
estImate of the value of the technology
on a umt area baSIS m any gIven year
Impact assessment surveys mdlCate
how WIdely the technology I:> used
MultlphcatlOn of these two factors
gIves an (hlstoncal) annual value of the
benefit aSSOCiated WIth the technology

A discounted cash flow analySIS,
takmg mto account both the costs of
research and development, and the
mcreasmg benefits assOCiated With the
progressive adoptIOn of the technology
wlthm a temporal map, mdlCates m a
smgle figure the value of the return on
research mvestment (net present value)
assummg a partIcular rate of discount
(usually a standard value used by local
planners) Thus, the standard model
makes certam assumptIOns about the
way research and development are
conducted, the temporal pattern of
costs and benefits, the legItImacy of



usmg estImates of averages m place of
dIstnbutIOns, and the stabIlIty (both
spatIally and temporally) of the
benefits Imputed to the technology
Few of these assumptIOns fit easIly
wIth IPM technologies

IPM technology

IPM IS a complex technology mvolvmg
several components, some may be
seed-based, but other components
(especially management strategies) are
also mcluded The problems thIS causes
for Impact assessment are associated
wIth three characterIstIcs of IPM ­
mtegratiOn, pests, and management

IntegratIon problems

IntegratIon poses several problems for
evaluatIOn The vanous technological
components that are 'mtegrated man
IPM package usually have dIfferent
hlstones - they come from different
people and orgamzatIOns and are m
different stages of development The
overall response to IPM IS a response
to all components combmed m dIffer­
ent ways, and It IS dIfficult to separate
mdlvldual treatment effects In addi­
tion, there may be synergistic effects
between components The overall
effect IS multIplIcative rather than
addItIve - only If one aspect of the
problem sItuation IS solved can a
response to other components be
demonstrated Components can be
combmed m different ways, adopted or
not adopted separately, and lllCOrpO­
rated m dIfferent ways WIth eXIstmg

practIces The technology IS flexIble
and adaptIve

Pestproblems

Pest are lIvmg organIsms that eXist m a
dynamiC relatIOnshIp With host plants
This relationshIp IS changmg contmu­
ously because of pest populatIOn
cycles, the response to prevIous
mterventIOns (for example, prevIOus
pesticide applIcatIOns), and random
fluctuatIons associated With weather
patterns Pest populatiOns evolve wIthm
the tIme frame reqUIred for Impa<.-t
assessment, for example through the
development of reSIstance to pestIcides
There are often several dIfferent pest
populatIOns avaIlable to attack a crop,
If one problem IS solved, another Will
take ItS place

Management problems

UnlIke seed-based technologIes whIch
are either adopted or not, management
technologIes can be adopted to a
greater or lesser extent They can be
changed and are lIkely to adapt very
qUickly to local and changmg circum­
stances They are thus relatIvely
unstable and addItiOnal mputs mean
that It IS difficult to attribute particular
local variatIOns to any speCific mter­
ventlon Also, much of the process of
!PM IS about substltutmg mfonnatlOn
knowledge and skIlls for phySIcal
mputs, for example estimating threshold
levels for particular pest specIes rather
than routme calendar spraymg The
development of human capItal IS
mherent m the IPM approach
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Implications

Use of a discountIng model attaches
dIfferent values to the temporal pattern
of costs and benefits Yet, compared to
seed-based technologies, the benefits
are dlstnbuted less evenly because they
depend on the seventy of pest attacks
and efficacy of the controls (both
vanable, and both with larger spatial
and temporal correlatIOns)

CumulatIve probablhty denSity
functIOns (CDF) of the net present
value can be used to capture some of
the stochastIc nature of these Interven­
tIOns, such as the annual variabIlity of
pest IncIdence In addItion, the rate of
development of other pest problems
(such as greater exposure to attack by
other pest species and the rate of
development of resistance) IS 1Odeter­
mInate

Different technological components
will typically have different nsk
profiles, some of which will be cap­
tured by companng respective CDFs It
IS Important to cover all costs ThIS
applIes partIcularly to extenSIOn costs
because the 1OtroductlOn of IPM
typically 1Ovolves a substantIal tra1010g
component and the development of
trust between dIfferent groups of
actors

It wIll be more difficult to generahze
about what constItutes the technology
because components of the 10tegrated
technology Will be adopted piecemeal
and at different rates, and adapted 10
different ways The components of the
technology Will be at different stages 10
their own development, for example,
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off-the-shelf cheffilcals and seeds,

locally-adapted changes m farmmg
practices, and progressIve substitution
of InformatIOn Inputs for phySical
10puts (use of thresholds and Identifica­
tIOn of pests, knowledge of efficaCIOUs
pest-pesticide comb1OatlOns) It WIll be
difficult to speCIfy the benefits assocI­
ated With component technologies
apart from the other technologies
progressively Implemented as part of
an ongo1Og IPM program The techno­
logy changes as the Implementation
proceeds - farmers expenment With
and modIfy recommended practices,
adopt1Og some components and not
others, and 10tegratIng the Imported
components With eXlst10g practIces

In general, there are multiple
stakeholders, all of whom can claim to
have made a contribution to the
realization of benefits TypIcally It Will
be dIfficult to attribute the benefits of
the technology to a SIngle group of key
ongmators because the players are
dIverse - NARS, 1OternatlOnal
agncultural research centers, non­
governmental orgamzatlOns, pestiCide
manufacturers and dealers, and farm­
ers IPM should be seen as a process
and an Ideology, as well as a technol­
ogy Thus the development and Imple­
mentatIOn of IPM technologies argues
for participatIOn In research and
extenSIOn, the progressive substitution
of knowledge 10puts for chemical
1Oputs, the 1OtegratIOn of technological
components at several levels, cont1Oual
learn10g and modificatIOn as both
research and extenSIOn proceed, and
Impact assessment



All thIS provIdes an argument for
much greater use of Ideas and concepts
from program evaluatIOn, both qualIta­
tIve (Guba and Lmcoln 1989, Patton
1990, Wadsworth 1991) and quantIta­
tIVe (Mohr 1992), as part of the
research process It argues for a
formatIve rather than a summatIve
approach, and perhaps for the delIberate
choIce of a constructIvIst rather than a
more tradItIOnal (pOSItlVlSt) paradIgm

Case study -IRM In Australia

Management of msectIcIde resIstance
can be approached through mtegrated
resIstance management (IRM) From
an economIC pomt of VIew, susceptI­
bIlIty m msect populatIOns to specIfic
msectIcIdal ChemIstrIes IS a common
property resource WIth open access
Property nghts are poorly defined and
lIkely to lead to over use, often referred
to as 'the tragedy of the commons'
Insect susceptIbIlIty IS analogous to aIr
and water resources and faces sImIlar
problems for effectIve management
One approach IS to tax u~e of the
resource, for example, taxmg msectI­
cIdes so that the outcome achIeved by
people makmg mdIvIdual deCISIOns
about theIr use IS closer to the SOCIal
optImum m whIch the use of uncosted
resources such as su~ceptIbIhty IS taken
mto account Another approach IS for
people to manage such resources
collectIvely so that the benefits WhICh
accrue to the group (rather than the
sum of mdIvIdual benefits) IS maxI­
mIzed The msectIcIde reSIstance
management strategy for AustralIan

summer crops attempted to do thIS
(Cox and Forrester 1992)

The IRM m eastern AustralIa to
manage Helwthzs armzgera m summer
crops (mamly cotton) was a response to
the development of reSIstance to
pyrethrOlds at Emerald m the early
1980s The IRM strategy defined three
stages based on calendar dates The use
of endosulfan® was restncted to the
early stages of cotton growth (stages 1
and 2), use of pyrethrOlds to stage 2,
neIther chemIstry was to be used m
stage 3 There were some other rules,
but these were the mam ones The
objectIve was to alternate the use of
dIfferent chemIstrIes m a concerted
way across the entIre cotton (and other
summer crop) mdustrIes m eastern
AustralIa, and to allow tIme for the
stock of susceptIbIlIty to recover before
drawmg on It agam m the followmg
year Both endosulfan® and pyrethrOlds
were seen as valuable chemIstrIes (m
terms of efficacy, speCIfiCIty, and low
human tOXICIty) that were worth
preservmg The entIre summer crop
mdustnes collaborated m Implementmg
the strategy

It IS dIfficult to assess the value of
such an mterventIOn because of ItS
large scale and one-tIme use Econo­
mIsts usually compare 'WIth and
WIthout SItuatIOns, but there was not

straIghtforward WIthout SItuatIOn for
companson Cox and Forrester trIed to
do thIS m two ways - by estImatmg
the mcreased cost of obtammg SImIlar
control usmg other avaIlable chemIS­
trIes, and by comparmg the SItuatIOn
WIth what cotton experts belIeved
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would probably have happened If
endosulfan® and pyrethrOlds were lost
to the cotton mdustrv because of the
rapId development of resIstance and If
nothmg else was done Both estImates
suggested that the mvestment m IRM
had provIded a substantIal economIC
return throughout the 1980s The IRM
m Austraha IS seen as an example of a
successful strategy for the management
of msecticide resIstance

There were many reasons for the
success of the IRM m Austraha Four
sets of contnbutmg factors can be
dIstmgmshed
• Bzologzcal factors mclude the pnor

ImplementatIOn of IPM (scoutmg,
spraymg on threshold, usmg soft
chemistnes where appropnate, not
usmg the same chemIcal agam after
a spray failure), and the aVaIlabIhty
of a cheap and effective way to
momtor reSIstance

• Hzstorzcal factors mclude the recent
memory of the collapse of the cotton
mdustry on the Ord RIver m Western
Austraha In the 1970s, and the
comparatIvely recent development
of the cotton Industry m eastern
Austraha
EconomIc factors mclude the hIgh
capItahzatIOn of the Austrahan
cotton mdustry, the overall value of
the crop and the Importance of the
cotton mdustry In Austrahan
agnculture, and the practIce of
forward-selhng cotton
Soczal factors mclude the small SIZe
of the cotton Industry (m terms of
the number of farms and farmers),
the use of consultants to adVIse on
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spray deCISIons, the frequent use of
thIrd partIes to apply msecticides
from the air the mnovatIve nature of
the mdustry (It IS well-mtegrated and
forms a coheSIve network of grow
ers gmnmg companIes, pestiCIde
dIstnbutors and RD&E profeSSIOn­
als), the wIlhngness of the mdustry
to hsten to and accept profeSSIOnal
adVIce from others, the aVaIlabIhty
of contmual momtonng mformatIOn
so people could see how reSIstance
was developmg, and the perceIved
threat from envIronmental lobbyIsts
It IS clear that the IRM strategy, as

Implemented m Austraha, was a SOCIal
technology based on the partICIpatIOn
of many actors m conformIty WIth an
agreed pattern of behaVIOr The rules of
the strategy were SImple and straight­
forward Voluntary comphance was the
key to ItS techmcal and economIC
success, whIch depended on many
factors pecuhar to the Austrahan cotton
mdustry at that time It seems unhkely
that the strategy can be transferred m
any SImple way to more complex
SItuatIOns In other croppmg systems
and m dIfferent parts of the world It
does, nevertheless, suggest valuable
lessons about the need for mdustry­
level collaboratIOn to manage InSectI­
CIde suSCeptIbIhty m an effective way,
and that thIS IS feaSIble through
voluntary means, and can be effective

Lessons for assessment of IPM
strategies

The case study outlmed m the prevIOU<;
sectIOn mcorporates several examples



of the Issues raised m a general context
m the mtroductory sectIOns of this
paper The potentIal consequences m
thiS example, perhaps even more
stnkmg than other rPM examples were
cast m the negative (mcreased costs,
collapse of the cotton mdustry If
nothmg were done) It was hypothetical
- there was no expenmental or quasl­
expenmental design, nor was this
possible because of the scale on which
the mterventlOn was mtroduced,
dictated m tum by the nature of the
problem The hypothetical conse­
quences were estimated m a faIdy
rough way based on assumptIOns about
the change m cost structure needed to
achieve adequate control m other ways,
or by analogy With roughly comparable
SituatIOns elsewhere about which lIttle
was known Thus the estimates of
economic return on mvestments were
subjective m the sense that they were
based on subjective estimates (expert
oplmon) of key coeffiCients

The economic analySIS used by Cox
and Forrester was cast wlthm a Simple
CBA framework usmg the concept of
economic surplus This proVIded coarse
estimates which set Wide lImits to the
estimated returns Several estimates,
obtained m different ways, were used
m an attempt to speCify the returns
But, m any case, the analySIS was
subjective because It was based on
assumed consequences On the other
hand, the SOCIal context of the Illter­
ventlOn was complex It IS dIfficult to
define a SImple cause-effect relatIOn­
ship that can be generalIzed to other
SituatIOns

The mterventlOn was agreed to have
been a success and to have been
achieved In a cost-effective manner
But numerous factors contnbuted to ItS
success III vanous ways The attempted
formal evaluation was formative - It
occurred before the end of the Interven­
tIOn and contnbuted toward Its contmua­
tIon It was a polItical act used to
endorse a particular set of values about
the way pest problems should be
managed m order to match the aspIra­
tions of a Wider commumty

The tIme scale was about 10 years
The IRM had mamtaIned Insect
susceptibIlity to pyrethrOlds and
endosulfan® for contInued use about
thiS time At the end of thiS penod, new
chemlstnes were startmg to become
avaIlable SustaInabIllty for 10 years
might appear modest by some stand­
ards, but thiS may be the sort of time
scale needed for other kInds of rPM
InterventIOn The resistance levels and
the nature of the response changed
WIthIn that time scale The susceptibIl­
Ity was progressively used up, and by
that time other optIOns had emerged
and the SituatIOn was very different
from that at the start of the planmng
penod

Although 100% achievement of the
program objective (If thiS IS stated
Simply m terms of maIntaInIng the
susceptibIlIty) IS theoretically pOSSIble,
III practice partul achievement IS lIkely
to be the norm In thIS case, there was
no standard by whIch to gauge the
normal level of success The Illterven­

tlOn can be construed as actIOn research
-It was not known at the start
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whether the arrangements would work
or not

The case study emphasizes the
Importance of contmual feedback to
the participants, m this case feedback
about the current levels of resistance
obtamed through momtonng resist­
ance levels These were not formally
converted mto monetary values,
although farmers could do thiS
mformally by notmg the number of
pyrethrOld and endosulfano sprays
that they could use before a spray
fmlure curtaIled their contmued use
m a particular season ThiS feedback
was formative m that It contnbuted
to the contmued adherence to the
technology Indeed, the technology
was modified (for example by
shortemng the stage 2 wmdow)
partly m response to thiS feedback
The IRM strategy had speCifiC
objectives - to contam the develop­
ment of resistance m a target msect
population to speCifiC categones of
chemicals The success (or other­
WIse) of the project could thus be
assessed dIrectly agamst these pre­
speCIfIed cntena

The technology was techmcally
SImple, but still reqUIred sIgmfIcant
negOtiatIOn of meamngs - about
reSIstance, ItS ImpltcatIOns, what can
be done about It, and how to go
about domg It SOCIal mobIltzatIOn
was cntlcal for the success of the
technology EvaluatIOn was part of
thIS formative process, remforcmg
certam courses of actIOn rather than
others
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ConclUSion

IPM poses certam challenges for
program evaluation and Impact assess­
ment compared to relatively Simple
techmcal Interventions such as those
associated With seed-based technolo­
gies FormatIve evaluatIOn (continual,
With a view to modificatIOn of future
behaViors) Will be an Important part of
developIng novel technologICal compo­
nents, as WIll IncorporatIng these mto
Integrated patterns of behaVior tatlored
to the reqUIrements of partIcular
SItuations Although detaIled costmg of
certaIn components IS part of thiS, an
appreCIatIOn of the goals and aspIratIOns
of dIfferent groups of actors, and of the
constraInts WithIn which they operate,
reqUIres a Wider perspective The need
to negotiate progreSSIve learnIng and
novel configuratIOns argues for a ncher
Interpretative framework, IncludIng the
use of expenmental deSign and program
evaluation Impact assessment m thIS
sense IS an actIve research tool for
guIdIng collaboratIve actIOn In the
development and ImplementatIOn of
novel strategIes for IPM It IS not
somethIng done at the end when the
actIOn IS all over and the problem has
been solved
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Use of ICRISAT/NARS Pearl Millet Germplasm

Me 5 Bantllanl, K N Rail, and K V Subba Rao1

The fundamental approach to genetIc
enhancement research at the Interna­
tIOnal Crops Research InstItute for the
SemI-And TropICS (ICRISAT) IS to
develop parental matenals - male­
stenle hnes, segregatIng matenals, and
Improved reSIstance sources - to
facl1Itate the breedIng programs of
natIonal agncultural research systems
(NARS) and the pnvate seed sector
WIth an ultImate mm to Improve
productIOn worldwIde, ICRISAT has
freely made ItS germplasm and breed­
Ing matenals avaIlable to both develop­
Ing and developed country NARS The
NARS evaluate these materIals from
ICRISAT, select promlSlng hnes for
dIrect use and/or Incorporate them Into
breedIng programs to develop Im­
proved varIetIes Many of these have
been successfully released and adopted
by farmers

From an InstItutIOnal POInt of VIew,
It IS Important for ICRISAT to assess
the value of Improved germplasm and

parental hnes to NARS and the pnvate
seed sector SystematIc documentatIOn
and analysIs of the use of ICRISAT­
bred Improved germplasm IS reqUIred
WIth the cooperatIOn of ItS collabora­
tors - NARS and the prIvate seed
sector - ICRISAT can better under­
stand the role of ItS Improved
germplasm In vanetIal development
worldWIde, It WIll also learn about theIr
constrmnts and hmItatIOns

Tracking germplasm utilisation

A three-pronged approach (FIg 1) was
employed to track usage of pearl mIllet
parental hnes and varIetIes by the
NARS

• Requests for breeder seed and
dIstrIbutIon data were traced from
the sources (ICRISAT and NARS)
through the seed sector channels
(both pnvate and pubhc) to farmers
(Approach 1)

Bantllan, Me S , RaJ, K N , and Subba Rao, K V 1998 Use of ICRISAT/NARS pearl mIllet germplasm
Pages 217 223 In Assessmg Jomt research Impacts proceedmgs of an InternatIOnal Workshop on Jomt
Impact Assessment of NARS/ICRISAT Technologies for the Semi And TropiCS 2 4 Dec 1996 ICRISAT
Patancheru India (BanlIlan M C S and Joshi PK eds) Patancheru 502 324 Andhra Pradesh India
InternatIOnal Crops Research Institute for the SemI And TropiCS

ICRISAT Conference Paper No 1361

I tuternatIOnal Crops Research InstItute for the SemI And TropIcs Patancheru 502 324 Andhra Pradesh
IndIa
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Approach 1

Data on distribution of
breeder seed from

ICRISAT

Approach 2

Records and survey
data from private and

public seed companies

PubliC/Private
Seed Compames

• production
• marketed

carry over
• dlstnbutlon

sites % Area

Approach 3

Reconnaissance
Surveys

By variety

Farm level
Adopllon

Ftgure 1 Three approaches to track the adoptIOn and tmpact of Investments In

research and development

• Pnvate and publIc seed companies
may be surveyed to obtam mforma­
tlon on the extent of utllIzatlOn and
value of ICRISAT-bred open­
polhnated and parental lmes m terms
of seed production, multlphcatlon,
and dlstnbutlon (Approach 2)

• On-farm surveys may be undertaken
to determme the extent of adoptlon
and Impact of Improved cultlvars m
farmers' fields (Approach 3)

Results

This paper reports data generated
through thiS three-pronged approach
Under the first approach, records of
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breeder seed dispatch registers available
at ICRISAT were used to document the
dlstnbutlOn of released cultlvars (open­
pollmated vanetles and hybnd parents)
from the ICRISAT breedmg program to
NARS seed multiplIcatIOn agencies
(publIc or pnvate) For example, Table 1
lIsts the volume of pearl millet breeder
seed of hybnd parents and open-
pollmated vanetles dlstnbuted by
ICRISAT to publIc and pnvate seed
multlplIcatlon agencies m India dunng
the penod 1991-95 This supply has
been substantial, With trends showmg an
mcreasmg number of requests It is
noted that the volume of seeds de­
manded from the agencies normally



Table 1 Supply of pearl millet breeder seed from ICRISAT to seed multiplication agencies In 'ndia, 1991-1995

Number of
Seed supplIed In kgs agencIes per year

1991 1992 1993 1994 1995
MaxI- MInI

Genotype PublIc Pnvate Publtc Pnvate Publtc Pnvate Publtc Pnvate Publtc Pnvate Total mum mum

HybrId parents
81A 126 104 125 234 116 108 96 133 19 25 1086 63 91
81B 63 47 57 116 55 55 42 55 7 1 498 63 31
ICMP 451 95 29 37 86 47 53 52 56 43 78 576 52 27
834A 0 I 0 2 0 2 0 3 0 0 8 I 0
834B 0 I 0 I 0 1 0 2 0 0 5 I 0
ICMP 501 0 I 0 I 0 3 0 I 0 0 6 I 0
841A 61 112 76 81 59 73 51 73 78 144 808 48 35
84IB 30 65 37 40 27 38 26 36 49 66 414 46 35
ICMP 423 2 40 3 II 0 9 0 2 0 0 67 18 0
842A - - - - - 14 21 52 110 45 242 22 7
842B - - - - - 7 II 24 17 21 80 22 7
843A 25 56 31 62 10 26 48 82 47 54 441 42 22
843B 14 30 15 31 6 8 22 42 20 29 217 42 22
ICMA88004 - - - - 13 43 13 29 20 24 142 24 17
ICMB 88004 - - - - 5 24 7 14 10 12 72 24 17
ICMR 356 - - - - 5 24 7 17 60 10 123 22 7
Subtotal 416 486 381 665 343 488 396 621 480 509 4785

Open-pollmated culbvars
WCC75 48 20 45 39 84 62 89 65 7 2 461 38 41
ICMS 7703 6 2 15 2 4 12 4 3 4 7 59 6 2
ICTP 8023 63 141 47 154 67 176 45 94 24 37 848 60 211
ICMV 155 22 35 56 71 27 47 53 59 25 24 419 38 12
Raj 171 - - - - - - 15 55 30 17 117 5 4

N ICMV 221 15 51 95 120 116 88 485 29 23...... - - - -

'" Subtotal 139 198 163 266 197 348 301 396 206 175 2389
Total 555 684 544 931 540 836 697 1017 686 684 7174



detenmnes the volume of seeds supplIed
The figures mTable 1reflect the rela­
tIvely higher proportIon that IS supplIed
to the pnvate sector, both for ICRISAT­
developed hybnd parents as well as
ICRISAT-bred open pollmated vanetIes
Among hybnd parents, 81A, 81B, 841A,
841B, 843A, and 843B are the most
frequently requested, and therefore
supplIed to research agencIes, both
pubhc and pnvate The small amounts of
hybnd parents 834A and 834B that was

supplied dunng 1991-95 were received
by the pnvate sector The volume of
841A and 843A supplIed m the recent
years have been mcreasmg, replacmg
81 A and 81 B whIch dommated earher
It IS noted that the volume reqUired of,
the latter matenals remamed high, but
the responsIbIhty for productIOn and
supply of breeder seed of 81 A and 81B
was turned over to pubhc sector seed
corporatIOns m IndIa m 1995

Table 2 hsts the specIfic hnes m the

Table 2 Pearl millet hybrid parents and open-pollinated vanetles supplied as
breeder seed from ICRISAT In India

LIne/cultlvar

Seed parent (AlB Ime)
81A1B

841AlB

842A1B

843A1B

ICMAIB 88004

Remarks

Female parent of ICRISAT bred hybnd ICMH 451 released In 1986
Harayana Agncultural Umverslty-bred hybnds HHB 50 released In
1986 and HHB 60 released In 1988

Female parent of Inchan Agncultural Research Instltute bred hybnds
Pusa 23 released In 1987 and Pusa 322 released In 1993 ICRISAT
bred hybnd ICMH 423 released In 1987

Female parent of Harayana Agncultural Umverslty bred hybnd
HHB 68 released In 1993

Female parent of Harayana Agncultural Umverslty bred hybnd
HHB 67 released In 1990

Female parent of ICRISAT bred hybnd released In 1993

Pollen parent (R-lme)
ICMP 423 Male parent of ICRISAT bred hybnd ICMH 423
ICMP 451 Male parent ofICRISATbred hybnd 451
ICMR 356 Male parent of ICRISAT bred hybnd 356

Open pollmated vanety
WC C75 ICRISAT-bred vanety released In 1982
ICMS 7703 ICRISAT bred vanety released In 1985
ICTP 8203 ICRISAT bred vanety released In 1988
ICMV 155 ICRISAT bred vanety released In 1991
ICMV 221 ICRISATbred vanety released In 1993

Source RaJ K N and Hash C T 1995 Handout on breeder seed ofpearl millet dlstnbuted by ICRISAT to seed producmg
agencIes mindia. Presented at Study PrograJn on Methodology for AdoptIon and Impact EvaluatlOn 25 Oct 7 Nov 1995 ICRISAT
Patancheru indIa. Patancheru 502 324 Andhrn Pradesh, indIa. IntematlOnai Crops Research institute for the Semi And TrOPICS

(LImIted dlstnbutlOn )
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fact that the responsIbilIty for productIon
and supply of two popular OPVs, ICTP
8203 and WC-C75, have been largely
turned over to publIc sector seed corpora­
tIons ICRISAT mamtaIned responSIbIlity
for newly released cultIvars like ICMV
155, and ICMV 221

The second approach produced VItal
mformatIOn about the role of ICRISAT
parental lInes m breedIng programs and
the seed sector A survey of pnvate
seed companIes gave mterestIng
InfOrmatIOn on the extent of utIlIsatIOn
and value of ICRISAT-bred open
pollInated and parental lInes In terms of
seed productIOn, multIplIcatIOn, and
distrIbutIOn Out of 49 pnvate seed
companIes m IndIa who responded to
the mailed-m questIOnnaIreS, 37 were
Involved In pearl mIllet productIOn 34
companIes reported USIng ICRISAT­
developed breedIng lInes while 3
companIes reported not receiVIng
ICRISAT breedmg matenals at all

A summary of the sources of
breedmg matenals reported by the
respondents, along WIth the level of
Importance, IS presented m Table 3
The three mam sources were reported
ICRISAT, own collectIOn, and ICAR!
SAD The utIlIsatIOn of ICRISAT
breedmg matenals m the companies'
research programs IS shown to be
extensive 71 % reported usage of
matenals by selectIOns from ICRISAT
matenals, 65% as parents m crossmg,
59% use matenals directly as parents
of hybnds, and 24% use them dIrectly
as varIetIes The lIst of vanetles and
hybnds produced by the compames
dunng the penod 1989-94 revealed the
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breeder seed productIOn program at
ICRISAT FIgure 2 shows the seed
volume of ICRISAT parental lInes
distrIbuted startIng 1990 whIch was
maIntamed dunng the subsequent
years It IS observed that the supply of
open-pollInated varIetIes (OPV)
consistently rose up to 1994 The declme
noted startmg 1995 IS explaIned by the

Figure 2 Parentallmes and open­
pollmated vanetles ofpearl millet
distributed to pubilc and pnvate seed
agencies m IndJa, 1990-95

Source RaI K N and Hash, C T 1995
Handout on breeder seed of pearl nullet
dlstnbuted by ICRISAT to seed-produl,­
mg agencies m IndIa Presented at Study
Program on Methodology for AdoptIon
and Impact EvaluatIon, 25 Oct-7 Nov
1995, ICRISAT, Patancheru, IndIa
Patancheru 502 324, Andhra Pradesh,
IndIa InternatIonal Crops Research
InstItute for the SemI-And TropiCS
(LImIted dlstnbutIOn )
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Table 3 Sources of breeding matenal of pearl millet and level of Importance
(frequency)

Preference

Source

ICRISAT
Own collectIon
ICAR/SAD
Parent Co IJomt venture
ForeIgn company
Other company

Very Important

28
17
12
3
1
o

Some Importance

6
12
10
6
5

10

Not Important

1
6

13
26
29
25

Note 2 firms dId not respond to thIs questIon

dommance of ICTP 8203, BK 560,
ICMH 179, HHB 67 from the publIc
sector and a senes from Mahendra,
PROAGRO, and PIOneer Seed Compa­
mes from the pnvate sector m IndIa

On-farm surveys were used to
determme the extent of adoptIOn of
Improved cultIvars m farmers' fields
FIgure 3 Illustrates an aggregate pIcture
WhIch hIghlIghts two phases showmg
the changmg share of ICRISAT, NARS
and the pnvate sector among the
cultIvars adopted m farmers' fields
Phase 1, before 1991, represents the
phase where ICRISAT and the publIc
sector shares dommated the market
Phase 2 (after 1991) represents the
penod where the pnvate seed sector
has grown and flounshed

In tOtalIty, the results put together
hIghlIghts the role ICRISAT has played
m 1) provIdmg final products to farmers
through the NARS, and 2) supplymg
parental matenals to the seed sector
WhICh now (m IndIa and other countnes)
has the capabIlIty of delIvenng the seeds
to farmers ThIs speCIfic result shows that
the partnershIp by ICRISAT, NARS and
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FIgure 3 Adoptton ofpearl mIllet
Vartet,es from ICRISAT, publtc and
prtvate sector germplasm In

Maharashtra,lndta

the pnvate seed sector achIeved Jomt
Impact The collaboratIOn IS of many
dImenSIOns, mcludmg a huge payoff to
strong partnershIp among mternatIOnal,
natIonal and pnvate sector research
commumtIes, effectIve use of the global
gene pool, and applIcatIOn of cuttIng­
edge SCIence usmg molecular markers for
gams m breedmg efficIency, towards



the control of downy mIldew epIdemIcs
ThIS pearl mIllet-downy mIldew story
provIdes a strIkmg IllustratIon of how an
mtematlOnal research mvestment can

trIgger subsequent waves of mvestment
by the natIOnal publIc and pnvate
sectors, creatmg a local research base to
underpm further progress
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Use of ICRISAT Intermediate Products by the
ProAgro Seed Company

P Verma and RSehgal1

ProAgro IS a leadIng seed company In
IndIa dedIcated to servIng IndIan
farmers by producIng and marketIng
seed of genetIcally Improved hlgh­
yIeldIng vanetIes and hybnds The
company was regIstered In 1977 as a
research and technology company and
started workIng on major field crops
The company IS engaged In breedIng,
productIon, and marketIng of hybnd
seed of maIze, sorghum, sorghum
sudan grass, pearl mIllet, forage mIllet,
sunflower, cotton, mustard, nce,
tomato, eggplant, okra, chllhs, cab
bage, cauhflower, watermelon, cucum­
ber, ndge gourd, bItter gourd, capSI­
cum, among others ProAgro IS also
workIng on apphed bIOtechnology
research and IS ready to commercIalIze
ItS transgeruc hybnds In mustard and
vegetables In IndIa

ProAgro's strengths

ProAgro has a strong research pro­
gram, WIth over 50 SCIentists and 15
research statlOns across India Some of

the strengths of the research program
mclude
• Management commItment to

research - ProAgro's chairman,
Sun Sehgal, IS an undIsputed leader
In the global seed Industry and IS
hImself a renowned SCIentIst

• Strong research and development
Infrastructure that mcludes sCIentific
manpower, nch germplasm re­
sources and excellent laboratory
and field faclhtIes Each crop
program has at least three SCIentIsts
two breedIng statIons, and eIght
testIng locatIOns across the country

• InternatIOnal lInks - both techmcal
and commerclal- WIth publIc
InstItutIOns (InternatIOnal Crops
Research InstItute for the SemI-And
TropICS, Centro InternaclOnal de
MeJoramlento de Malz y Tngo,
InternatIOnal RIce Research InstI­
tute ASIan Vegetable Research and
Development Center, natIOnal
agncultural research servIces, and
umversltles), as well as WIth corpo­
rate partners

Verma, P, and Sehgal, R 1998 Use of ICRISAT mtennedIate products by the ProAgro Seed Company
Pages 224-227 In Assessmg Jomt research Impacts proceedmgs of an InternatIOnal Workshop on Jomt
Impact Assessment of NARSfICRISAT Technologies for the SemI And TropiCS 2 4 Dec 1996 ICRISAT
Patancheru IndIa (BantIlan M C S and JoshI PK eds) Patancheru 502 324 Andhra Pradesh India
InternatIOnal Crops Research Institute for the SemI And TropICS

FIeld Crops DIVISIOn ProAgro Seed Company Ltd 8 I 39 Toh Chowkl Hyderabad 500 008 Andhra
Pradesh IndIa
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• Strong InteractIon WIth the IndIan
CouncIl of Agncultural Research
(lCAR), IndIan umversItIes, etc
and actIve partIcIpatIOn In ICAR
sponsored-workshops, meetIngs,
and semmars

• Global access to technology from
several pubhc and pnvate InstItu­
tIons

• CommItment to new technologIes,
especIally In the areas of apphed
bIOtechnology and lllformatIOn
technology ProAgro IS workIng to
commerclaltze transgemcs In
mustard, tomato, cabbage, cauh­
flower, and eggplant, and have
begun research on marker-assIsted
selectwn to supplement tradItIonal
plant breedmg research

Direct benefits to ProAgro from
ICRISAT

ProAgro s sorghum and pearl mIllet
research programs have benefited
tremendously from ICRISAT research
projects related to these two crops The
most dIrect benefit IS, of course, easy
access to Improved germplasm
Nonetheless, ProAgro has benefited
from more than Just ICRISAT
germplasm (Table l)

Germplasm, especIally the segregat­
lllg matenal receIved from ICRISAT, IS
a very valuable resource In our research
programs ICRISAT works wIth a
broader perspectIve because Its man­
date areas extends to dIfferent regIOns
m the world It also collects and
mamtams a large number of germplasm
acceSSIOns m ItS gene bank from all

Table 1 Benefits to ProAgro from Its
association With ICRISAT

Pearl mIllet
1989 188 breedmg lInes

1990 11 gennplasm hnes
167 breedmg lInes

1991 15 gennplasm lInes

1992 30 gennplasm lInes
163 breedmg lInes

1993 85 gennplasm hnes
43 breedmg lInes

1994 132 gennplasm hnes
146 breedmg lInes

1995 8 gennplasm lInes

Total 988

Sorghum
1990 97 hIgh tlllenng acceSSIOns

18 mbred lInes

1992 32 mbred hnes
36 segregatmg lines

1993 68 mbred hnes

1994 42 gennplasm lines
2 gram mold resistant hnes

1995 43 gennplasm hnes

Total 338

CooperatIve testmg
1991/92 Seed producers hybnd tnals

m sorghum and pearl millet

• Participation m sorghum and pearl millet
field days

Cooperative field screenmg of pearl mIllet
for downy mildew resistance at Gurgaon

• Access to mfonnatlon - hbrarv services
SATCRIS services ICRISAT publicatIOns
and dlSLUSSIOns With SCientists

• Cooperation m applIcation of bIOtechnology
tools for crop improvement - marker
aSSisted selectIOn for accelerated breedmg
management of resistance to downy mildew
m pearl mIllet, and manpower trammg
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over the world We therefore have easy
access to thIS valuable germplasm and
elIte matenal from other parts of the
world, WhICh would not otherwIse be
possIble for a company lIke ours WIth
lImIted resources

Downy mIldew screenmg techmques
developed at ICRISAT are bemg used
by ProAgro to screen our breedmg
matenal ProAgro IS actIvely collabo­
ratmg wIth ICRISAT m ItS downy
mIldew reSIstance program ICRISAT
IS utIlIzmg the SIck plot developed on
ProAgro's research statIon at Gurgaon
to screen ItS elIte nursery matenal for
downy mIldew reSIstance

ICRISAT took the mItIatIve to
conduct and coordmate cooperatIve
testmg of publIc- and pnvate-bred
hybnds of pearl mIllet and sorghum at
dIfferent locatIons m IndIa ThIS
proVIded an unbIased evaluatIon of our
elIte hybnds m companson to those of
the competItIOn ProAgro contnbuted
to these trIals for 2 years (1991 and
1992) Later these tnals were dlscon­
tmued by ICRISAT The company feels
that such trIals are hIghly useful and
should be started agam

ProAgro also partIcIpated m
ICRISAT s multIlocatIOnal testmg of
two parentallme tnals of pearl mIllet
dunng 1993 and 1994 These tnals
were also VISIted by ICRISAT SCIen­
tIStS Regular feedback was proVIded to
ICRISAT about these tnals

ProAgro IS also workmg very
closely WIth ICRISAT to develop a
marker-assIsted selectIOn protocol to be
used m ItS dIsease reSIstance breedmg
program One of ProAgro's employees
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receIved trammg at ICRISAT to
famIlIanze hImself WIth the techmques
mvolved Increased cooperatIon
between ICRISAT and the pnvate
sector for such actIVItIes WIll be of
tremendous benefit to the IndIan seed
mdustry

We have also used ICRISAT's
SemI-And TropIcal Crops Research
InformatIOn SerVIce (SATCRIS) to
obtam InfOrmatIOn about the ongomg
research work on these two crops
ThIS serVIce IS very useful to keep us
abreast of new research work and
update our knowledge about sorghum
and pearl mIllet research We have
also receIved photocopIes of artIcles
from the ICRISAT lIbrary based on
our requests after gOIng through
SATCRIS InfOrmatIOn We have also
used the lIterature search program at
the ICRISAT lIbrary ICRISAT's
books, brochures, and bulletInS on
sorghum and pearl mIllet have been
of Immense help to our research
workers

ICRISAT has proVIded Important
mputs to our sorghum and mIllet
research programs, and has mdIrectly
contnbuted to the growth of ProAgro
(Table 2)

Table 2 Percentage Increase In
quantity of seed sold by ProAgro over
the prevIous year

Crop 1993 1994 1995 1996

Pearl mIllet 17 35 18 15

Sorghum 63 141 37 40

Sudan grass 5 5 18 20



Conclusion

The lInk between ProAgro and
ICRISAT has been of tremendous
benefit, especIally because we have the
commItment and sCIentIfic and techno-

logIcal capabIlIty to make use of
ICRISAT technologIes to benefit the
IndIan farmer We are commItted to
further strengthemng these lInks and
look forward to further cooperatIOn m
areas of mutual mterest
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Use of ICRISAT Genetic Matenals by the
Maharashtra Hybrid Seeds Co

S C Sawel, P S Kharche2 and P N TupekarS

Seeds carry genetIc Improvements In
crops, and therefore a contInUOUS
supply of genetIcally supenor vanetles
and hybnds IS cntICal to the agncul­
tural development of any country For
over 30 years, the goal of Maharashtra
Hybnd Seeds Company (MAHYCO),
has been to meet the IncreaSIng food,
oIl, and fiber reqUIrements of IndIa by
provIdmg the IndIan farmer wIth hIgh­
qualIty seed of Improved hybnds The
majorIty of hybnds marketed by
MAHYCO are products of company
research Current research efforts
mvolve more than 30 crop speCIes, of
WhICh the InternatIOnal Crops Research
InstItute for the SemI-And TroPICS
(ICRISAT) has been a valuable supplIer
of germplasm for pearl mIllet (baJra),
sorghum (jowar), and pIgeonpea (tur)

ICRISAT IS a valuable partner WIth
natIOnal and regIOnal agrIcultural
research programs through mterna-

tIOnal trammg and other enablmg
extensIOn actIVItIes There IS a growmg
concern about conservatIOn of bIOlOgIcal
dIverSIty, the sustamable use of Its
components, and faIr and eqUItable
shanng of the benefits denved from
these resources EmphaSIS on shared
genetIC resources has been fundamental
to ICRISAT's mandate, WIth a recogm­
tIOn that enhanced agrIcultural produc
tIvIty m the developIng world cannot
be sustamed WIthOUt both avaIlabIlIty
and contInUOUS access to crop genetIc
resources ICRISAT has played a
cntIcal role m supplyIng Improved
germplasm and technologIes to IndIan
natIOnal SCIentIsts, prIvate sector
mdustnes, and ultImately fanners

MAHYCO has benefited from use
of ICRISAT germplasm m ItS research
efforts to develop supenor hybnds of
pearl mIllet, sorghum, and pIgeonpea In
IndIa Broad-based germplasm for each

Sawe S C , Kharche, P S , and Thpekar, P N 1998 Use of ICRISAT genetIc matenals by the Maharashtra
hybnd seeds co Pages 228 230 In Assessmg Jomt research Impacts proceedmgs of an International
Workshop on Jomt Impact Assessment of NARS/ICRISAT Technologies for the Semi And TropiCS 2 4 Dec
1996 ICRISAT Patancheru India (BantIlan M C S and Joshi PK eds) Patancheru 502 324 Andhra
Pradesh India internatIOnal Crops Research InstItlite for the Semi And TropiCS

I Pearl mIllet breedmg Maharashtra Hybnd Seeds Co Ltd JaIna Research Centre Post Box 52 Jalna
Maharashtra 431 203 India

2 Plgeonpea breedmg Maharashtra Hybnd Seeds Co Ltd Jalna Research Centre Post Box 52 Jalna
Maharashtra 431 203 India

3 Sorghum breedmg Maharashtra Hybnd Seeds Co Ltd Jalna Research Centre Post Box 52 Jalna
Maharashtra 431 203 india
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of these crops has been used In breed­
Ing programs atmed at development of
new Inbred parents leadIng to hybnds
The greatest Impact of ICRISAT
germplasm has been In MAHYCO's
pearl mIllet program The era of pearl
mIllet hybnds In IndIa began In 1962
wIth the IntroductIOn of cytoplasmIc
male-stenle (CMS) Ime TIft 23A,
developed at the Umversity of GeorgIa
Expenment StatIOn m TIfton, GeorgIa
FIve hybnds based on thIS CMS source
were released m IndIa dunng the
1970s, however, because male stenhty
was based on TIft 23A, outbreaks of
downy mIldew were of concern

Because TIft 23A denvatIves were
susceptIble to downy mIldew, a
program to dIversIfy the germplasm
base of male stenhty m pearl mIllet
began at MAHYCO In 1973, the
Serere lOLA and 10LB stocks were
obtamed from ICRISAT, WhICh
eventually gave nse to 13 new male­
stenle hnes all of which were based on
Al cytoplasm One of these lInes, MS
2, was used as a parent of hybnd MHB
110, WhICh became a benchmark for
agronomIC prodUCtIVIty of pearl mIllet
hybnds m IndIa Improvement of the
pearl mIllet male-stenle germplasm
base IS an ongomg goal of MAHYCO
research WIth mputs from other
ICRISAT matenals, mcludmg MS 81A
MS 863A MS 841A, MS 88006A, MS
842A, MS 91777A, MS 843A, and
varIOUS selectIOns from ICRISAT s
pearl mIllet B-Ime nursery

Efforts are contmuIng to develop a
broadened germplasm base through
mcorporatIOn of ICRISAT matenals

contammg male-stenle A4 and As
cytoplasm Development of MAHYCO's
fertlhty restorer lInes has also been
enhanced by use of ICRISAT germ­
plasm, and matenals from varIOUS
IndIan, Afncan, and U S sources
ICRISAT pearl mIllet germplasm
sources that have been useful In
development of supenor restorer hnes
mclude bold-seeded early compOSIte,
Nigenan composite, Barmer populatIOn
1994, Improved world compOSIte, early
Rajasthan populatIOn 1091, dwarf
compOSite, western Rajasthan popula­
tIOn 1988, Ex Bornu short compOSIte,
and early composite

These and other matenals have been
valuable contnbutors of genes that
control dwarf stature, early flowenng,
glossy leaves, white seed color, fodder
tratts, and other morphologIcal features
Important for adaptatIOn to local Indian
conditIOns

In pigeonpea, ICRISAT matenals
have been used to develop new male­
stenle sources and lines With resist­
ance to Insects and pathogens The
germplasm MS Prabhat has been used
m development of male-stenle par­
ents Populations Iep 8863, ICP
83024 ICP 2376, and ICPL 87119
have been useful as sources of wIlt
reSIstance ICPL 83024 and ICP 7035
have been used as sources of Insect
reSIstance or tolerance to AtyloslQ
scarabOledles AtyloslQ sencea
AtyloslQ alblcans, and AtyloslQ
playtlcarpa

In sorghum, ICRISAT matenals
have been evaluated for their utility
In controllmg the msect pests, mIdge,
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stem borer, and shoot fly, and vanous
pathogens, mcludmg the parasItIc
weed Strzga Forty male-stenle lInes
and 75 genotypes confernng varymg
levels of msect reslstance have been
evaluated for theIr utIlIty m breedmg
new parental lmes

To summanze, ICRISAT
germplasm research and development
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has been useful m assIstmg both
publIc and pnvate breedmg efforts
wlthm IndIa For MAHYCO, the
Impact of ICRISAT germplasm has
been partIcularly strong m the pearl
mIllet research program aImed at
development of Improved parental
hnes and hybnds based on CMS
systems



Evaluating Hybrid Technology for Plgeonpea

5 K D F F NlranJan\ M C 5 Bantllan2, P K JOShI2, and K B Saxena2

PIgeonpea (CaJanus caJan [L ]
MIllspaugh) IS an Important pulse crop
grown maInly In trOPICal areas, espe­
cIally south ASIa, eastern Afnca, the
Canbbean regiOn, and south and
central Amenca Also known as
redgram In south ASIa, about 90% of
world pIgeonpea productIOn IS grown
In IndIa (Nene and Shel1a 1990), where
It IS cultIvated on 14% of the land area
and provides 20% of the natIOnal pulse
crop PIgeonpea vanetIes dIffer In
terms of theIr yIeld advantages and urut
cost reductIOn, but the dIscovery of
genetic male-stenhty (GMS) at
ICRISAT In 1974 offered eXCItIng new
potentIal for plant breeders (Saxena et
al 1996) UltImately ICRISAT devel­
oped the world's first hybnd pigeonpea
In 1991

ThIS paper examInes the use of
hybnd pigeonpea technology by
natiOnal agncultural research systems
(NARS) and seed compames The
study also Investigates present GMS

technology and ItS further development
toward pigeonpea hybnds based on
cytoplasmIc male-stenhty (CMS)

There are four maIn users of hybnd
pigeonpea technology - farmers/seed
growers, NARS, publIc seed compames,
and pnvate seed companIes In thIS
study, all four users were assessed to
• examIne the use of GMS pigeonpea

hybnds by NARS and seed compa­
mes In theIr breedmg programs,

• assess the role of ICRISAT s GMS
lInes In theIr hybnd pigeonpea
breedIng program, and

• Identify constraInts faced by NARS,
seed compames, and seed growers In
adoptIng the hybnd pigeonpea
technology

Hybrid technology for pigeonpea

In the process of searchmg for new
avenues m pigeonpea breedIng, there
were several Important ml1estones In
1974, a WIde search was undertaken at

NlranJan, S K DFF, BantIlan, M C S, JOShI, PK, and Saxena, K B 1998 EvaluatIng hybnd technol
ogy for plgeonpea Pages 231 240 m AsseSSIng JOInt research Impacts proceedmgs of an InternatIOnal
Workshop on Jomt Impact Assessment of NARS/ICRISAT TechnologIes for the SemI And TropICS 2 4 Dec
1996 ICRISAT Patancheru IndIa (Bantllan M C S and JoshI PK eds) Patancheru 502 324 Andhra
Pradesh India InternatIOnal Crops Research Institute for the SemI ArId TrOPICS

ICRISAT Conference Paper No 1354

I Sn Lanka Council for AgrIcultural Research Pohcy WIJerama Mawatha Colombo 7 SrI Lanka
2 International Crops Research Institute for the SemI And TropICS Patancheru 502 324 Andhra Pradesh

IndIa

231



ICRISAT to Identify genetIc male­
stenhty among 7 216 germplasm hnes
and 124 F4 denvatIves of crosses
between C caJan and Its wIld relatIves
In 1977, mne genetic male-stenle
based hybnds were tested at ICRISAT­
Patancheru, of WhICh two performed
better than the others wIth 33% and
24% heteroSIs over the best vanetal
control (ICRISAT 1990, Saxena et al
1996) Dunng 1978, studIes IndIcated
that male stenlIty In plgeonpea IS
controlled by a sIngle recessIve gene
msI' and the anthers are translucent
(Reddy et al 1978) In 1981, another
source of male stenlIty controlled by a
non-allelIc sIngle receSSIve gene mS2
was IdentIfied In AustralIa, which has
brown arrowhead-shaped anthers
(Saxena et al 1983)

In 1988 a study was undertaken by
ICRISAT and TamIl Nadu Agncultural
Umverslty (TNAU) to determIne the
cost of producIng hybnd plgeonpea
seed (Murugarajendran et al 1990) In
1989, a speCial project was launched
by the Indtan CouncIl of Agncultural
Research (lCAR) at mne centers In
India to strengthen research and
development of plgeonpea hybnds
(Saxena et al 1996) These mne
centers are the IndIan Institute of
Pulses Research (IIPR), Kanpur,
Punjab Agncultura1 Umverslty (PAU),
Ludhlana, Haryana Agncultural
Umverslty (HAU), Hlsar, Indian
Agncu1tural Research Institute (lARI),
New Delhi, GUjarat Agncultural
Umverslty (GAU), S K Nagar,
Panjabrao Knshl Vldyapeeth (PKV),
Akola, TamIl Nadu Agncultural
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Umversity (TNAU), COlmbatore,
Narendra Dev Umverslty of Agncul­
ture and Technology (NDUAT),
Fatzabad, and Rajasthan Agncultural
Umverslty (RAU), DholI In additIOn,
other centers such as Banaras HIndu
Umverslty (BHU), Varanasl, Umverslty
of Agncultural SCiences (UAS),
Bangalore, Bhabha AtomiC Research
Centre (BARC), Trombay, Interna­
tIOnal Crops Research Institute for the
SemI And TropiCS (ICRISAT),
Patancheru and Maharashtra Hybnd
Seed Company (MAHYCO), Jalna
collaborated as voluntary centers
(Snvastava and Asthana 1993 ICAR
1996)

FlTst three hybflds

In 1991, ICPH 8, the world s first
commercial hybnd plgeonpea, devel­
oped by ICRISAT, was released by the
IndIan seed release committee (Saxena
et al 1996) This was a breakthrough III

plant breedIng SCientists at TNAU
released another hybnd CoH 1 III 1994
(Rathnaswamy et al 1994) In the same
year a third plgeonpea hybnd PPH 4,
was developed and released by PAU III

Ludhlana for cultivatIOn III Punjab and
the northern belts III India (Verma and
SIdhu 1993 ICAR 1996)

All three GMS plgeonpea hybnds
were short-duratIOn, high yieldIng, and
drought tolerant WIth vigorous growth
and Wide adaptatIOn to different
agroclImatlc conditions They all have
the same weakness, however, of a high
labor reqUirement for seed productIOn
At ICRISAT, the male-stenle gene was



transferred mto the diverse genetic Table 2 Research lag for development

background of different matunty of ICPH 8

groups A nud to late disease-resistant Penod Activity Years
male-stenle lme ms ICP 3783 was used

1974-77 BasIc research 4
to develop disease-resistant medmm-
and late-matunng hybnds Hybnds 1977-83 On statIOn adaptive

have a demonstrated 20-30% yield research/applied research 6

advantage m farmers fields 1984-89 On-farm adaptive
research/applied research 6

Research on ICPH 8 1991 Release of hybnd ICPR 8 2

The total R&D time from searchmg for 1991 Seed multiplicatIOn and
genetic male stenhty to seed produc- technology transfer 4
tIon and technology exchange for Total
hybnd plgeonpea ICPH 8 was about 22 research lag 22
years (Tables 1 and 2) Pnvate and

Table 1 Steps In the research process leading to the release of pigeonpea hybrid
ICPH 8

Year

1974

1977

1977
onwards

1984-89

1989

1990

1991

Research step

An extensive search was made at ICRISAT for male stenhty among
7216 germplasm hnes and 124 F4 denvatlves of crosses between
C caJan and ItS wIld relatives (Saxena et al 1996)

Nme genetic male-stenle based hybnds were tested at ICRISAT, of
which two were found to perform well With 32% and 24% heteroSIs
over the best vanetal control (ICRISAT 1990)

Expenmental hybnds that exhibited high heteroSIs were subsequently
tested m multIlocatlOnal tnals for stablhty and adaptabilIty to
dIfferent enVIronments (Saxena et al 1996)

MultIlocatlOnal testmg under ICAR's collaborative tnals and
ICRISAT's 41 on-farm tnals found 40-50% supenor to control
cultivars UPAS 120 and Manak (ICRISAT 1990)

- Testea. III mmikit tnals at 12 locatIOns m the Central Zone (Saxena et
al 1996)

SubmiSSIOn of proposal to release to central sub-commIttee on crops
standards, nOtificatIOn, and release of varIeties (ICRISAT 1990)

ICPH 8 released as the first hybnd III Central Zone of IndIa
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publIc seed compames have been
producmg hybnd seed smce 1992

CytoplasmIc male-steTlllty

Commercial hybnd plgeonpea seed
producers usmg the GMS technology
faced several problems, mcludmg
timely removal of about 50% of fertIle
flowenng plants, mamtenance of male­
stenle lmes m a heterozygous state, and
additIOnal costs of labor, land, and
supervision (Verma and Sidhu 1993) To
overcome these problems, researchers at
all the cooperatIng mstltutlons are
attemptIng to develop cytoplasmIc male­
stenlIty through mutagenesIs and Wide
hybndlzatIon In mutagenesIs, gamma
radiatIOn and mutagemc chemicals are
used, whIle Wide hybndlzatlOn uses
wIld plgeonpea species (Kumar et al
1995, Saxena et al 1996)

The first consultatIve group meetmg
on CMS m plgeonpea was held at
lCRISAT m 1994, and several major
pnonty Issues for future research were
Identified (Saxena 1996)
• charactenzatlOn of avaIlable CMS

sources usmg cytological studies,

DNA marker studies, and field
testmg,

• IdentificatIOn of new cytoplasmiC
sources,

• studies on stabilIty of CMS and
sensItiVity to temperature,

• use of diverse pollmators to Identify
new mamtamers and restorers,

• studies on the extent of pod settIng
through open pollmatlOn m Isola­
tIon,

• use of plgeonpea denvatIves from
Wide hybndlzatIon mvolvmg wIld
cytoplasm to mvestlgate use m a
CMS system, and

• preparatIOn of a protocol for Isola­
tIOn of CMS m plgeonpea through
wIld hybndlzatlOn mutagenesIs, and
other methods
Research activities to develop a

CMS system are m progress at most
of the research mstItutes (lCAR
1996) Results at lCRlSAT con­
firmed that around 99% of male
stenlIty IS always obtamed through
CMS research 10 five progemes at
lCRlSAT Crosses With 2-33 lme
appeared most promlsmg (Table 3)
(Saxena 1996)

Table 3 Developments m CMS breedmg at ICRISAT

Progeny Total plants Stenle plants Percentage of stenles

2 33 x 85010 15 19 18 95
2 33 x 85010 109 6 6 100
2 33 x 85010 62 16 16 100
233 x 8501O(OP) Bulk 32 32 100
Total 73 72 98

Source Saxena 1996
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Research methods

ThIs study drew on dIverse sources of
data - selected sCIentIsts from NARS,
prIvate and pubhc seed compames, and
seed growers Pnmary data were
gathered through personal IntervIeWS
WIth SCIentIsts, officers m pubhc and
prIvate seed comparues, and seed
growers An open-ended questIOnnaIre
faclhtated data collectIOn Secondary
data were gathered through reports,
pubhcatIOns, newsletters etc, avaIlable
m all the research mstItutIons, and seed
companIes

Results and diSCUSSion

SCIentIsts from NARS, seed companIes
(pnvate and pubhc), and seed growers
had varyIng perceptIons of the hybnd
plgeonpea program

Seed compames

The NatIOnal Seed CorporatIOn trIed to
produce hybnd plgeonpea In the early
1990s, but stopped due to techmcal
dIfficultIes

MAHYCO has developed four
plgeonpea hybnds - MTH 22, MTH
23, MTH 9507, and MTH 9343, and In
addItIOn, two expenmental hybnds,
METH 104 and METH 115 were
IdentIfied Dunng the penod 1990-95
they produced 16 t of seed and sold
95 t at the rate ofRs 100 kg I

SuraJ Seed Company purchased 10
kg of a GMS hne and 5 kg of a
pollmator lme from the Central State
Farm, RaIchur, Karnataka m 1993/94
TheIr expenments were conducted m

Yavatmal dlstnct, Maharashtra dunng
1993/94, but the company dlscontmued
work for the next two years because the
program faIled In 1996, they obtaIned
parental hnes from ICRISAT -2 kg of
ms Prabath DT (GMS hne) and 1 kg of
the polhnator hne ICPL 161 Tnals
were conducted at Nandyal, Andhra
Pradesh

Nationalagriculturalresearch
systems

Department of Agriculture, Andhra
Pradesh The bIggest problem farmers
face In thIS area IS that pure seed IS
seldom aVaIlable Farmers are reported
wlllmg to pay even hIgher prIces for
authentIC hybnd seed

PanJabrao Krlshl Vldyapeeth Long­
duratIOn plgeonpea IS usually mter­
cropped usmg a relatIvely low seedmg
rate (about 6 kg ha I), whIch farmers
can afford to buy All of the GMS
hybnd plgeonpeas thus far mature early
and are mtended for sole croppmg at a
seedmg rate of 40 kg ha 1 The average
farmer can not afford the cost of thIS
hybnd seed when facmg an uncertaIn
profit margm A plgeonpea crop IS
hIghly susceptIble to pod borer dam­
age, therefore yIeld IS more uncertaIn
than WIth other semI-arId crops A yield
advantage of 30% m plgeonpea hybnds
over vanetles IS not very encouragmg
for farmers

At Akola dunng 1996, 25 farmers
were gIven parental matenals of hybnd
plgeonpea for seed productIOn ThIs
was an opportumty for them to com­
pare theIr own vanetIes to the hybnd
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GUJarat AgrIcultural Umverslty
GAU obtamed parent matenals of
ICPH 8 from ICRISAT for hybnd seed
productIon and produced some hybnd
seeds But III 1996 they were not
grOWlllg ICPH 8 because
• farmers III GUJarat prefer relatIvely

large seeds, about 109 per 100 seed,
whl1e the 100 seed mass of ICPH 8
IS about 7 g, and

• Farmers prefer whIte seeds, but
ICPH 8 is red

Banaras Hmdu Umversity The
normal practIce m thIS northeastern
plam zone IS to grow long-duratiOn
pigeonpea (245 days) as an llltercrop
Bahar IS the predommant variety grown
m thIS zone BasIc research on hybnd
pigeonpea technology through GMS
was started III 1989 ICRISAT male­
stenle lIne ICP 383 was used for
prodUClllg expenmental hybnds The
male-stenle lllle for produClllg expen­
mental hybnds was ms 3783 Based on
multl1ocatiOnal tnals beglllnmg m
1991, hybnds VPH 1145, VPH 1164,
and VPH 1184 were IdentIfied as
promIsmg and showed 30-40%
supenonty over Bahar These hybnds
had to be entered m ICAR's coordI­
nated tnals that reqUIred large quantI­
tIes of seed A fundmg shortage and
lack of Isolated land for seed produc­
tiOn prevented production of the
necessary bulk seed

The malll contnbutiOn from Banaras
Hmdu Umversity to hybnd pigeonpea
technology was the development of a
long-duratIOn GMS, HUA 7, WhICh is
brown, bold-seeded, and reSIstant to
stenlIty mosaIc disease BaSiC research
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was undertaken dunng 1989-95, dnd
bulk seed was produced m 1996/97 at
GAU, Sardar Knshi Nagar ThiS seed is
now aVaIlable

BaSiC research was started m 1989
on CMS through Wide hybndization
usmg wl1d speCies of pigeonpea In the
process of CMS development, male­
stenle plants were isolated m progemes
denved from Wide hybndizatiOn, but
when tested, were genetically male
stenle The development of CMS
through mutagenesis reqUired a large
land area, hence no such work was
imtiated because there was not enough
area at the research statIOn

Cost of hybTld seed productIon

PrImary mformatIon Cost of produc­
tIOn data on hybnd pigeonpea were
collected from a progreSSIve farmer
(Viswambhar Anna Kale) m Wahegaon
Village, Jalna, Maharashtra m October
1996 The farmer owned 5 6 ha of
operatiOnal land on which nme crops
were cultIvated Hybnd pigeonpea
(MTH 9507) was sown m 0 4 ha m
1996 usmg parental matenals from
MAHYCO Marketmg of the hybnd
seeds was not a problem because
MAHYCO had already arranged to
purchase the crop The company also
proVided adVice to the farmer

Based on the farmer's data, labor
and costs were calculated
• Rogumg, spraymg, and fertilIzer

apphcatiOn were the mam labor­
demandmg operatiOns Of the total
labor reqUirement (m days), 58%
was for rogumg, 17% was for



spraymg (Endosulfan®), II % was
for fertIlIzer applIcatIOn, and the
balance (14%) was for other opera­
tions

• Of the total vanable costs, 55% was
spent on fertIlIzer (diammomum
phosphate and farmyard manure),
20% on a pestIcIde (Endosulfan®),
13% was for labor, and the remam­
mg (12%) was on othe~ mputs

Secondary mformatlOn Several
studIes have mdicated the cost of
hybnd seed productIOn m dIfferent
years These studIes are based on three
hybnds that were released by leAR
(Table 4)

Constraints to use ofhybrid
technology

Several constramts to the adoption of
hybnd technology were reported

Rogumg fertIle female plants About
50% of the female plants have to be
rogued out at flowermg to mamtam
genetIC punty of the hybnd seed
Farmers usually do not hke to rogue
out the flowermg plants because they
thmk they lose money, they do not
realIse that rogumg mamtams the
punty of hybnd seed

HIgh seedmg rate Usually long­
duratIon pigeonpea IS mtercropped WIth a
fast-growmg crop In that SItuatIon, the
seedmg rate for pIgeonpea IS relatIvely
low, about 6 kg ha 1 But when hybnd
pIgeonpea IS grown as a sole crop, the
seed reqUIrement IS about 30 kg ha
1,wmch the average farmer cannot afford

Shortage of parental seed Because
productIOn of parental matenals (male
stenle and polhnator ) IS stIlI mamly
WIth SCIentists, It WIll reqUIre some
tIme before seed companIes routmely
produce hybnd pIgeonpea seed

Heavy damage from pod borer Most
of the current GMS lInes are suscep­
tible to pod borer damage, thus farmers
must use heavy doses of pestiCIdes for
control, an added cost of productIOn

Knowledge of seed productIon
Farmers lack knowledge about seed
productIOn, mcludmg use of several
pollmator hnes at the same tIme to
produce hybnd seed

Knowledge about mput use As a new
crop m non-tradItional areas, farmers
apply too much pestiCIde and fertIlIzer,
WhICh m tum mcreases the cost of
productIOn

Table 4 Cost of hybrid seed production based on the literature

Year Hybnd Cost (Rs kg ') Source

1978/79 ICPH8 154 Saxena et al 1996 ICRISAT 1979
1979/80 ICPH8 200 Saxena et al 1996 ICRISAT 1979
1988 ICPH 8 625 MurugaraJendran et al 1990
1990 ms 3783 x ICP 11231 625 Snvastava and Asthana 1993
1992 PPH4 1380 Snvastava and Asthana 1993
1994 CoH 1 2835 Rathnaswamy et al 1994
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Low pnce to hybrid seed growers
Growers do not lIke to sell theIr product
at the rate set by the seed comparues,
therefore there IS always a confhct
between grower and seed comparues

Problems m grow-out test for genetIc
PUrity Seed companIes reqUIre 90% or
hIgher genetIc punty from growers,
and most of the tIme the seed lots do
not reach thiS level Farmers must then
sell their seed for a lower pnce, and
hence will not contract to grow hybnd
seed agam

Scarce labor for rogumg Rogumg
female plants IS a labor-mtensive
operatIOn Dunng the peak rogumg
penod, most laborers are engaged m
other crop cultIvatIOn operatIOns from
which they earn a consIderable amount
of money It IS very dIfficult to find
laborers at the peak rogumg penod

CompetItIon from other crops Cereal
crops have a hIgher profit margm than
plgeonpea hybnds

Impact of ICRISAT hybfld
plgeonpea technology on NARS

The hybnd plgeonpea program was
mitIated by a group of sCIentists at
ICRISAT There was no NARS re­
search program at the time, and both
baSIC and apphed research results were
dissemmated to the Indian NARS
(Table 5) In thIS manner, ICRISAT
played an Important role m the devel­
opment and Improvement of research
capabIlIties m the Indian NARS for
hybnd pigeonpea technology Further,
ICRISAT acted as a catalyst by creat­
mg an awareness among admimstra
tors, researchers and farmers about
hybnd pigeonpea technology ThIS
collaboratIOn paved the way for ICAR
to begm research on hybnd pigeonpea

In additIOn to baSIC and apphed
research, seed productIon technology
was also dissemmated to NARS and
seed compames through trammg
seSSIOns, consultatIOns, group meet­
mgs, field VISItS and demonstratIOns

Table 5 Parental matenals and theIr sources for plgeonpea hybnds

Source of Source of
Hybnd Parents female parent male parent

ICPH 8 ms Prabhat DT x ICPL 161 ICRISAT ICRISAT
PPH4 ms Prabhat DT x AL 688 NDT ICRISAT PAU
CoH I ms T 21 x ICPL 87109 ICRISAT ICRISAT
MTH22 ms T 21 x PL 173 ICRISAT MAHYCO
MTH23 msT21 xPL653 ICRISAT MAHYCO
MTH 9507 ms Prabhat DT x PL 927 ICRISAT MAHYCO
MTH 9343 ms BDN I xPL043 UnfinIshed ms lines MAHYCO

supplied by ICRISAT
METH 104 ms BDN I x PL 104 UnfinIshed ms lines MAHYCO

supplied by ICRISAT
METH lIS ms 3a 275 x PL lIS UnfinIshed ms lines MAHYCO

supplied by ICRISAT
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Table 6 Latest developments III eMS
research

BaSIC research on CMS hybnd
pigeonpea technology was started m
1990 and IS lIkely to be completed by
1999 (10 years) Smce GMS technol­
ogy has already been completed, It
proVIdes a solId platform for replace­
ment by CMS technology Seed
productIOn technology IS SImIlar, and
one could replace the other wIth the
added benefit of the elImmatlOn of
rogumg Reduced costs of seed produc­
tIOn would boost adoptIOn at the farmer
level (Table 6)

ApplIcatIOn of three broad recommen­
datIOns would mcrease the adoptIon of
hybnd plgeonpea
• farmer educatIOn about hybnd

technology IS Important so that
multIple and perenOlal productIOn
systems of hybnd plgeonpea can be
followed,

• mcentIves should be gIven to seed
compaOles to adopt hybnd technol­
ogy, WIth benefits extended to seed
growers by paymg hIgher pnces for
theIr hybnd seeds, and

• male stenle hybnd technology
should be mtroduced to seed
growers so that most constramts
could be overcome

FertIle
TYpe ofhybnd plants (%)

GMS 50
CMS 0
New ICRISAT Imes

Recommendations

Stenle
plants (%)

50
100
986
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Screening Techniques to Identify Resistance
to Downy Mildew of Pearl Millet

and Sorghum Midge

S D Smgh and K V Han Prasad1

Host plant resistance IS the most
economical method to control msect
pests and diseases, and the technIque
most fnendly to the environment One
prereqUIsite to producmg dl~ease- and
msect-reslstant cultlVars IS the avail­
abIlity of effective and relIable field
and greenhouse screenIng technIques
These technIques allow IdentificatIOn
of resistance sources and enable their
transfer mto agronomically elIte
backgrounds to produce h1gh-Yleldmg
cultlvars At ICRISAT m India
screenIng technIques have been
developed for two highly devastatmg
bIOtiC constramts - downy m1ldew
(Sclerospora gwmmlcola [Sacc ]
Schroet ) m pearl mIllet, and m1dge
(StenodlploSIS sorghlcola [CoqUlllette ])
m sorghum This paper descnbes
the research process for these
technIques

Pearl millet downy mildew

Downy mIldew IS the most widespread
and destructIve disease of pearl mIllet 10

India and western Afnca The disease IS a
major constramt 10 attammg the y1eld
potentIal of smgle cross F I hybnds The
disease IS systemic and plants that are
mfected early either tail to produce
earheads or produce malformed earheads,
resultmg 10 total yield loss In the past,
the disease occurred ~everal times m
epldermc forms m India and severely
affected food grain productIOn and food
secunty of raInfed farmers With the
advent of downy mIldew resistant
cultlvars, the disease ha~ been controlled

Mamtenance andproduction of
Inoculum

The avaIlabilIty of Viable moculum 10

suffiCient quantIty IS the key reqUIrement

Smgh, S D, and Barl Prasad, K V 1998 Screenmg techniques to Identify resistance to downy mildew of
pearl millet and sorghum midge Pages 241 253 In Assessmg Jomt research Impacts proceedmgs of an Inter
natJonal Workshop on Jomt Impact Assessment of j"ARS/ICRISAT Technologies for the Semi And TropiCS
2 4 Dec 1996 ICRISAT Patancheru India (Bantllan M C S and Joshi PK eds) Patancheru 502 324
Andhra Pradesh India InternatJonaI Crops Research Institute for the Semi And TropiCS

ICRISAT Conference Paper No 1353

International Crops Research Institute for the SemI And TropiCS Patancheru 502 324 Andhra Pradesh
India
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for successful operatIOn of a disease
resistance screenmg techmque The
downy mIldew pathogen IS an obIlgate
parasite and the sporangia that are used
as moculum are short-lived and
therefore mamtamed on livmg host
plants At ICRISAT, the pathogen IS
mamtamed throughout the year on
genotypes NHB 3 and 7042(S) m a
field heavIly mfested With oospores
(sexual spores of the pathogen) Five to
10 rows, each about 20-m long, are
sown at monthly mtervals dependmg
on the need for moculum A high level
of relauve humidity (RR) IS necessary
for disease development and IS devel­
oped by weekly furrow Imgauon
Smce suffiCient oospore moculum is
present m the solI, artifiCial moculatlOn
IS not necessary Disease-free plants
and old diseased plants are cut back at
20-day mtervals to promote the
development of new tlliers that are
generally diseased At matunty, the
crop IS plowed mto the soIl This
operatlOn ensures that a suffiCient
number of oospores remam m the solI
to mfect each successive crop

At ICRISAT the mean mmlmum and
maximum temperatures (and their
ranges) are BOC (9-22°C) and 26°C
(19-43°C) Over thiS Wide range of
temperatures, S grammzcola survlVes
and could be SimIlarly mamtamed m
many other mIllet-growmg locauons m
the world throughout the year

On bnght sunny days, systemlCally
mfected leaves are collected from the
field and their old downy growth IS
removed With a wet cotton swab or
camel-hmr brush The leaves are cut
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mto small pieces and placed m humid­
ity chambers prepared by lmmg the
mtenor of petn dish hds or plastic
boxes (46 x 30 x 10 cm) With a double
layer of blottmg paper

For sporulation by the pathogen to
occur at 20°C and >95% RH, the
chambers are placed m an mcubator for
6-6 5 h The mcubator IS programmed
to mamtam a temperture of 5-6°C after
thiS penod At thiS temperature
sporangia remam mtact (they neither
collapse nor germmate) and can be
kept for at least 12 h Sporangia
produced on the leaves are washed off
m cold water (5-6°C) mto a beaker
With a camel-hmr brush or a wet cotton
swab The concentration of sporangia IS
adjusted usmg a hemacytometer to 1 x
106 sporangia mL I

Leaves parasluzed by a myco­
parasite (Fusarzum longzpes Wollenw
and Remkmg) that feeds on the
mycelium of S gramznlcola, or
collected from plants grown m msuffi­
Cient hght (cloudy weather) do not
sporulate well To produce sporanglal
moculum under such condluons,
diseased pearl millet plants are grown
m pots m a greenhouse to mlmmlze the
chances of mfectlOn The potted plants
are exposed to light m an mcubator at
25-30°C and ~ 70% RH for about 16 h
or overnight The followmg day, the
leaves are detached and used to
produce sporangia as descnbed above

Healthy seedlmgs are needed for a
good expresslOn of disease reactIOn It
IS adVisable to test the SOlI or pottmg
mixture for seedhng estabhshment
pnor to screenmg because solI fertlhty



levels vary among locatIOns Pearl
mIllet seedlmgs do not establIsh well m
SOlIs wIth the hIgh electrIcal conductIv­
Ity that develops WIth the exceSSIve use
of fa.-myaid ma.luie HIgh SOlI feILIhty
IS not needed m greenhouse screemng
because seedlmgs are only needed for
15-20 days At ICRISAT, a pottmg
nuxture (Alfisol, sand, and farmyard
manure m a 2 1 1 ratIo) WIth a small
amount of dlammomum phosphate
(DAP) at 1 g kg I SOtlIS used

Laboratoryscreemng techmque

Laboratory screemng techmques are
needed for preCIse pathologICal studIes
(for example, host-pathogen mterac­
tions), for mass screenmg of
germplasm and breedmg matenal, and
for detectmg escapes from field
screemngs For the results to be
relIable, It IS essentIal that a techmque
IS SImple, repeatable, allows mocula­
tion m a natural fashIOn (WIthout
human mterference), does not overem­
phaSIze the host or the pathogen, and
exposes every plant to an equal amount
of moculum both by volume and spore
number It IS also Important to mocu­
late seedlmgs at the same growth stage
To achIeve umform emergence and
growth of seedlmgs, pots are filled WIth
the pottmg mIxture, leavmg the top 5
cm empty Seeds are sown on the
surface of the pottmg mIxture and then
covered WIth a 2-cm layer of pottmg
ffilxture The pots are Imgated daily
and kept m the greenhouse until
moculation

Potted seedlIngs at the coleoptI1e to

one-leaf stage, or even later, are
moculated WIth a sporanglal suspen­
SIon usmg a pneumatic sprayer m a
chamber maintained at 20°C and >95%
RH hlOculated seedlIngs are covered
WIth a mOlst polythene sheet and
retamed under these condItIOns for 12­
16 h The pots are then transferred to
greenhouse benches (25-30°C) for
dIsease development

ThIS techmque allows moculatIOn m
a natural manner, at the deSIred stage of
crop development, and WIth an appro­
pnate moculum concentratIOn The
techmque does not favor eIther the host
or the pathogen ThIS IS the most
appropnate and economIcal method for
mass moculatIOn of breedmg matenal
because It allows screenmg m a very
small space (30-40 seedlmgs per 10­
cm-dlameter pot) and m a short time
(about 20 days from sowmg to evalua­
tion) (Smgh et al 1993) There has
been a good correlatIOn between field
results and thIS type of greenhouse
screemng We screen about 10 000-
15 000 breedmg matenals each year at
ICRISAT m IndIa, mcludmg matenals
from IndIan NARS Followmg the
routme use of thIS techmque for mass
screenmg at ICRISAT, there has been a
substantial mcrease m the levels of
downy mtldew reSIstance m breedmg
matenals, and consIderable decrease m
the demand for screemng m field
dIsease nursenes, resultmg m a sub­
stantial savmg m runnmg the field
nursery The techmque IS bemg used at
the ICRISAT Sahehan Center m NIger
and also at the Central And Zone
Research Institute at Jodhpur m IndIa
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Seedlmg age at moculatIon and
moculum concentratIon greatly mflu­
ence disease reactlOn - the younger
the seedlmgs, the greater IS their
susceptlblhty to downy ml1dew Certam
genotypes show mcreased levels of
susceptibillty If moculated at an early
seedlIng stage There are, however,
genotypes that mamtam theIr level of
resIstance IrrespectIve of age at mocu­
latlOn and/or moculum concentratIon
(Table 1)

Table 1 Percentage incidence of
downy mildew In pearl millet after spray
inoculation with sporangia of
Sclerospora gramm/cola at different
stages of growth In ICRISAT green-
house, 1991

Age of seedlings (hr)
after sowmg

Genotype l 24 48 72 96 120

700651 85 48 19 14 11
P74 66 47 17 23 25
P 310 17 53 20 12 7 3
P 1449 17 17 3 4 2
7042 (DMR) 6 5 4 4 4

Susceptible checks
7042 (S) 83 98 90 91 90
HB 3 92 99 92 94 93

1 Mean of two repellllons each wIth two rephcalJons In
each rephcatlon a treatment was repeated m 5 pots
each wllh 25-30 seedlmgs

Disease record

Under optImum condItIons (90-95%
RH, 20-25°C), symptoms develop
wlthm 5-8 days of moculatIOn Symp­
toms are seen as a dlstmct chlorosIs of
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mfected leaves The fungus m the
chlorotIc areas of the leaves produces
maSSIve sporulatlOn (sporangia) The
presence of thiS downy growth IS the
sure symptom of the dIsease SometImes
It IS necessary to look for the downy
growth because sIml1ar, but not Identi­
cal, symptoms are also produced by
mtrogen deficIency or viral mfectIon To
aVOId any such confuSIon, mfected
leaves should be kept m a hUmIdIty
chamber at l8-22°C for 8-10 h to allow
sporulatIon to occur Almost all mfected
leaves/seedlmgs wl1l sporulate under
these COnditIOns, prOVided they have
been exposed to suffiCient light pnor to
their humid mcubatIon However, plants
whose growth IS stunted may still not
spolUlate Such plants generally show
very poor asexual sporulatIon Al­
though, the symptoms appear wlthm
8 days, records are usually taken 15-20
days after moculatIon to allow expres­
SIOn of slow symptoms m some of the
mfected plants

Field screenmg techmque

Screerung under field conditIOns IS
necessary to Identify reSIstance that
remams effectIve m the field An Ideal
field screemng techruque should
proVide umform dIstnbutIOn of mocu­
lum, allow natural moculatIOn when
the crop IS at a susceptIble stage,
mmImlze escapes and use both types
of mocula (oospores and sporangIa),
while allowmg breedmg actIvIties to be
conducted m the same field Whl1e
these features are Important for the
repeatabilIty of results, It IS equally



Important that the techmque should be
cheap and sImple The Plfector-row
techmque, developed at ICRISAT and
subsequently modIfied (Smgh et al
1993) meets all these cntena It IS
advIsable to use the same field each
year to allow a buIld-up of oospore
moculum m the sOlI (as m the sIck
plot) ThIS techmque has three baSIC
components

Infector rows These rows are the
moculum donors contammg a mIxture
of 2-3 susceptIble genotypes They are
sown at every fifth or nmth row at least
3 weeks pnor to the test matenal At
the coleoptIle to two-leaf stage, they
are spray-moculated WIth a VIable
sporanglal suspensIOn (l06 sporangia
mL I) dunng the late evenmg after

____----"Irr~Ig".a""tI"'on Frequent furrow lITigatIOns
are gIVen dunng the first 15 days to
promote hIgh humIdIty to encourage
the development of a hIgh frequency of
mfected plants dunng early growth
stages

Test rows These rows are matenals to
be tested They are sown 2-3 weeks
after mfector rows m the mtervenmg
rows after the mfector rows have
developed 50-60% dIsease

IndIcator rows These are the rows of
known susceptible genotypes, sown
WIth the test matenals at regular
mtervals (after every 10-20 entnes)
They mdlcate the levels of dIsease
pressure m the nursery

ThIS field-screenmg techmque
developed m 1981 has smce been
modIfied conSIderably There are three
major Improvements

• InoculatIOn of mfector rows usmg
mfected potted plants (a maSSIve
operatIOn mvolvmg huge amounts of
money, time, and labor) was re­
placed by dIrect-spray moculatIOn
WIth sporangIa

• ProVISIOn of humIdIty usmg a perfo­
spray system was replaced by
freqeunt furrow lITigatIOn dunng the
first 15-20 days after sowmg,
followed by normal lITigatIOn ThIS
change not only saves the money
needed to buy, mstall, operate, and
mamtam the perfo-set, as well as ItS
removal and remstallatIOn for each
cultural operatIOn, but also reduces
much of the weed problem How­
ever, the furrow lITigatIOn method
can not be used on sandy soIls

• Markmg dIseased plants WIth
colored bamboo pegs was replaced
by removmg mfected plant,> at the
first count However, some type of
markmg may be necessary If there IS
a need to dlstmgUIsh reSIstant and
susceptIble test rows ThIS techmque
IS used tWIce a year at ICRISAT and
dunng the ramy season by NARS,
both m IndIa and m several Afncan
countnes

Scormg methods Matenal m the field
dIsease nursery IS scored tWIce, at the
seedlmg and soft dough stages Seed­
hng stage evaluatIOn IS very cntlcal,
and ItS actual tImmg WIll depend on the
appearance of the dI~ease and on
envIronmental condItIons If the
dIsease appears wlthm a week and
there are contmuous rams WIth an
overcast sky, early-mfected seedlmgs
dIe and dIsappear, eIther as a result of
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heavy ram or dunng cultural opera­
nons Under such conditions, the first
mCldence record should be made 10­
15 days after sowmg Infected plants
should be removed, otherwise they Will
die and disappear before the soft dough
stage record This might lead to an
underestimation of the susceptlblhty
level of the test matenals

The soft dough stage record IS taken
either as a measure of mCldence or ItS
seventy An mCldence record IS
suffiCient to assess resistance of any
matenal However, a seventy record IS
an Important way of esttmatmg the
disease Yield-loss relatIOnship The
seventy record IS taken on a 1-5 ratmg
scale where 1 = no disease symptoms,
2 = disease only on the nodal tillers, 3
= less than 50% of the basal tIllers of a
plant mfected, 4 = more than 50% of
the basal tIllers of a plant mfected, and

5 = no producnve pamc1e produced
(Table 2)

Identification of resistance
sources

Usmg the above screenmg techmques,
a large number of resistance sources
have been Identified (Table 3), and
these are bemg used m breedmg
programs (Smgh et al 1997) Many
resistant cultlvars have been produced
that are bemg extenSively grown by
farmers (Table 4)

Sorghum midge

Sorghum midge (S sorghzcola) IS
probably the most damagmg and
Widely dlstnbuted of all sorghum pests
It occurs m all sorghum-growmg
regIOns m Afnca the Amencas, ASia,

Table 2 Scoring pearl millet for downy mildew at the soft dough stage

Number of plants With

downy mildew reactIOn
rated on a 1-5 scale of seventyl

InCidence Seventy
Genotype 2 3 4 5 (percentage) (percentage?

I 30 17 2 0 0 39 II
2 31 6 10 15 4 53 33
3 6 41 16 0 0 91 29
4 5 4 17 37 7 93 63
5 53 0 0 0 0 0 0
6 0 0 0 0 60 100 100

1 Seventy IS rated on a 1-5 scale where I =no dIsease symptoms 2 =disease only on the nodal tIllers 3 =less than 50%
of the basal tIllers of a plant mfected 4 =more than 50% of the basal tIllers of a plant mfected and 5 =no productIve
panIcle produced

yo 1)+Y(2 1)+Y(3 1)+Y(4-l)+Y(5 I)

2 DIsease seventy (percentage mfeclJon mdex) = x 100
Nx4

where Y = the number of plants In each dIsease category (seventy rating) and N = the total number of plants m the
genotype that IS bemg tested
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Table 3 Total accessions of Penn/setum spp , their distribution In downy mildew
categories, and minimum and maximum incidence values recorded In field dIsease
nurseries or In greenhouses, 1976-94, at ICRISAT, Patancheru, India

AcceSSIOns
Downy mildew score'

Mmlmum MaXimum
AcceSSIOn tested 0 1-5 6-10 >10 Incidence? Incldence3

Normal flowenng4 2800 1090 742 324 644 0 100
Photopenod SenSltlve5 1030 50 301 307 372 0 90
Genetic stocks5 237 48 56 29 104 0 100
Dwarfs5 70 3 4 6 57 0 98
Sweet stalks5 50 0 2 I 47 5 79
Intermediate weedy forms5 50 0 0 6 44 6 91
Wild relatlves5 534 239 13 37 265 0 95

1 Mean of two repellllons each wIth two rephcallons
2 MlOlmum downy mIldew IOcldence
3 MaxImum downy mJldew IOcldence
4 Tested 10 field downy mJldew nursery
5 Tested under greenhouse condmons

AustralIa, and Europe Damage IS
caused by the larvae, WhICh feed on the
ovary InsIde the glumes ThIS results m
chaffy (empty) florets, and the panIcles
present a blasted appearance Egg
laymg occurs m the mornmg when the
female lays 75-100 eggs m florets at
anthesis Eggs hatch m 2-3 days
Larvae are orange-red and feed on the
developmg gram mSIde the glumes
Larval development IS completed m 9­
12 days, and pupatIOn occurs beneath
the glumes The pupal penod lasts for
3-4 days, after WhICh the pupa wng­
gles ItS way to the tIp of glumes, and
the adult emerges from the pupal case
leavmg the charactenstic whIte pupal
skm attached to the glumes Larvae
may also diapause mSIde the glumes,
and the diapause may last for I to
several years

Screenmg techmques

The major dIfficulties m IdentIfymg
stable sources of resIstance to sorghum
mIdge mclude
• VariatIOn m the flowenng of sor­

ghum cultIvars m relatIOn to mIdge
mCldence,

• day-to-day vanatIOn m mIdge
populatIOns,

• competItIOn wIth other msects such
as head bugs,

• paraSItIzatIon and predatIOn by
natural enemIes, and

• senSItIVIty of mIdge flIes to tempera­
ture and RH

A large proportIOn of lInes se­
lected as less susceptIble under
natural COnditIOnS mcludes early and
late escapes Because of these
problems, genotypes rated as resIst-
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Table 4 Commercial vanetles, hybnds, and male stenle lines In which downy
mildew resistance sources were used or their resistance was tested/developed
uSing the field and/or greenhouse screemng techmques at ICRISAT and/or NARS
locations In India and Afnca

Year of Country of
Name Type of matenal Pedigree release release

WC C75 Vanety 7 full sib progellles ofWC 1982 India
ICMV2 Vanety IBV 8001 1975 Senegal
ICMV3 Vanety lEV 8004 1985 Senegal
ICMV 7703 Variety 7 mbred hnes 1985 India
ICMV5 Variety ITMV 8001 1985 Niger
ICMV6 Variety ITMV 8002 1985 Niger
ICMH 451 F

I
hybnd 81A x ICMP 451 1986 India

ICMH 501 Flhybnd 83A x ICMP 501 1986 India
ICMH 423 F

I
hybnd 841A x ICMP 423 1986 India

Pusa 23 F
I

hybnd 841A x D23 1986 India
ICMA81 Male stenle 23D2A 1986 India
ICMB 81 Mamtamer 23D2A 1986 India
ICMA4 Male stenle 834A 1986 India
ICMB 4 Mamtamer 834B 1986 India
ICMA 841 Male stenle 5141 A 1986 India
ICMB 841 Mamtamer 5141 B 1986 India
ICTP 8203 Vanety 5 S2 progellles of selected 1988 India

from a landrace from Togo
Ok.ashana I Vanety ICMV 88908 1989 NarmbIa
PCB 138 Vanety ICTP 8203 selectIOn 1989 India
Kaufela Vanety ICMV 82132 1989 Zambia
IKMV 8261 Variety ICMV 84400 1989 Burk.1na Faso
ICMV 155 Variety 1991 India
Pusa 322 F

I
hybnd 841A x PPM 1301 1993 India

ICMH 356 F
I

hybnd 88004A x ICMR356 1993 India

ant under natural mfestatIOn often
become susceptIble 10 the followmg
seasons, or at other locatIOns The
followmg technIques have been
standardIzed to screen for reSIstance
to sorghum mIdge (Sharma et al
1992) There are several technIques
to screen for mIdge reSIstance,
however, at ICRISAT 10 IndIa, only
the head cage technIque IS be109 used
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FIeld screenmg (multlcholce
condItIons)

Sowmg date For successful screenmg
of test materIal for mIdge reSIstance
under natural condItIons, It IS Important
to determme the perIods of mroomum
mIdge denSIty through fortnIghtly
sowmgs of a susceptIble cultIvar
Sowmg dates should be adjusted so
that the most susceptIble stage of the



crop (flowenng) comcldes WIth
greatest msect densIty At ICRISAT,
maXImum mIdge densIty and damage
have been observed m the crop sown
dunng the 3rd week of July The peak
m mIdge densIty occurs dunng Octo­
ber A second but smaller peak has
been observed dunng March m the
postramy season, for WhICh the optI­
mum plantmg date IS mId-December
In the Dharwad regIOn m Karnataka
state m IndIa, the peak m mIdge
numbers occurs dunng October The
optImum tIme for sowmg test matenals
IS 20 Jul-5 Aug

Augmentation of midge density
MIdge populatIOns can be augmented
through mfester rows and sorghum
panIcles contammg dlapausmg mIdge
larvae
• Sow mfester rows of CSH I and

CSH 5 (1 I mIxture) 20 days before
the test matenal AlternatIvely, early
flowenng (40-45 days) hnes (IS
802, IS 13249, and IS 24439) can be
sown along WIth the test matenal to
aVOId problems m field manage­
ment

• Sow four mfester rows after every
16 rows of the test cultIvars

• Spread mldge-mfested sorghum
panIcles contammg dmpausmg
larvae at the flag leaf stage of the
mfester rows MOIsten the pamcles
for 10-15 days to stimulate the
termmatIOn of larval dlapause for
pupatIOn and adult emergence
Adults emergmg from dlapausmg
larvae serve as a starter mfestatIOn m
mfester rows to supplement the
natural populatIOn The mIdge

populatIOn multIphes for one to two
generatIOns on the mfester rows
before mfestmg the test matenal A
combmatIOn of mfester rows and
spreadmg sorghum pamcles contam­
mg dlapausmg larvae mcreases
mIdge damage 3-5 tImes Infester
rows alone also mcrease midge
damage

Spnnkler IrrIgation HIgh relatIve
humIdIty IS Important for mIdge
actIVIty, adult emergence, and subse­
quent damage Overhead sprmkler
lITIgatIOn should be used to mcrease
RH m the mldge-screemng tnals
durmg the postramy season or penods
of low RH daIly (15 00-16 00) from
pamcle emergence to the gram-fillmg
stage of the crop MIdge damage
mcreases sIgmficantly wIth the use of
sprmkler lITIgatIOn Use of spnnkler
lITIgatIOn over the crop canopy be­
tween 15 00 and 1600 does not affect
OVIposItIOn because the peak mIdge
abundance and OVIposItIOn occurs
between 07 30 to 10 00 SelectIve use
of msectlcldes to control Calocorzs
angustatus, (head bug) and Tetrastlchus
dlploSldlS (paraSIte) are the two major
bIOtIC factors lImltmg mIdge abundance
m trIals of screenmg for mIdge reSIS­
tance Head bugs damage the sorghum
pamcles from emergence to hard­
dough stage and compete for food WIth
sorghum mIdge Also, adult head bugs
prey on OVlposItmg mIdges at flower­
mg At some locatIOns T dlploSldlS IS
an effiCIent parasIte of sorghum mIdge

Sprays of less persIstent and contact
msectIcldes such as carbaryl and
malathIOn wIll control head bugs at
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complete-antheSlS to mIlk stages The
mIdge larvae feedmg mSIde the glumes
are not affected by the contact msectI­
cides ParasItIsm by T dzploszdzs IS also
reduced 1n pan'cles sprayed at the
complete-anthesis to mIlk stage

SplIt sowmg Sow the test matenal
tWIce WIth a l5-day mterval to mIm­
mlze the chances of escape from mIdge
damage m early- and late-flowermg
hnes ThIS method of sowmg mcreases
the effICIency of selectIOn for mIdge
resIstance

Plant denSity Plant populatIOn affects
the msect density/umt area, and m
some cases, mfluences the mCldence
and survIval rate of msects The level
of mIdge damage has been observed to
be hIgher at a lower sowmg denSIty

Under field condItions, mIdge
damage and efficIency of screenmg for
mIdge resIstance can be substantIally
mcreased by usmg a combmatIOn of
timely sowmg, spreadmg mldge­
damaged sorghum panIcles contammg
dIapausmg larvae 10 the mfester rows,
spItt sowmgs, and selectIve use of
contact msectlcldes to control head
bugs and mIdge parasItes These
techmques are useful 10 the mitIal
large-scale screenmg of germplasm and
breedmg matenals for reSIstance to
sorghum midge

Headcage techmque (no-chOice
techmque) Cagmg mIdge flIes WIth
sorghum pamcles IS an Important
method of aVOIdmg escape and allows
screenmg for mIdge reSIstance under
umform msect pressure A head cage
techmque developed and standardIzed
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at ICRISAT consIsts of a cylmdncal
WIre frame made of I 5-mm dIameter
galvamzed Iron WIre The loop attached
to the top nng rests around the tIp of
the panIcle, and the extenSIOns of the
vertIcal bars at the lower rmg are tied
around the peduncle WIth a pIece of
galvanlsed Iron WIre or electrIC wmng
chps These prevent the cage from
shppmg when dIsturbed by wmd or
other factors The screenmg IS done as
follows

• Select sorghum pamcles at the 25­
50% anthesis stage Remove florets
WIth dned anthers at the top and
Immature ones at bottom of the
pamcle WIth SCIssors so that only the
florets at anthesis 10 the mIddle of
the panIcle are exposed to the mIdge
flIes

• Place the wIre-framed cage around
the sorghum pamcle and cover It
WIth a muslm or any SImIlar thm
blue cloth bag (20 cm 10 diameter,
30-cm long) The top of the cloth
bag should have an extenSIOn (5-cm
m dIameter, lO-cm long) through
whIch to mtroduce the mIdges

• Collect 20 adult female mIdges 10 a
plastIC bottle (200 mL) aspIrator
between 08 00 and 11 00 from
flowenng sorghum panIcles (only
female mIdges VISIt the flowenng
sorghum pamcles and these are
collected for mfestatIOn)

• Release 40 mIdges mto each cage
and tIe up the openmg Repeat the
operatIOn the next day Infest 5-10
pamcles of each genotype, depend
109 upon the stage of matenal and
resources aVailable



• Examme the cages 5-7 days after
mfestatlOn and remove any other
msects such as head bugs, head
caterpillars, and predatory spiders

• Remove the cages 15 days after
mfestatlOn and evaluate midge
damage as descnbed below
Florets With mIdge larvae and

midge-damaged chaffy florets are
greatest m pamcles mfested WIth 40
midges for 2 consecutIve days There
IS some vanatlOn m mIdge damage
over seasons because of temperature,
ramfall, and RH that mfluence both
OVIpoSItIon and damage Midge
damage decreases as the tIme of
collectlOn and release advances from
08 30 to 14 30 (Table 5) Other factors
that account for decrease m mIdge
damage over tIme are natural death of

adults (midges die after 4-24 h),
reduced fecundity, and oVlposltlOn
because of mcreasmg temperatures and
decreasmg RH Pamcles mfefoted at the
top- and at half-anthesls stages gener­
ally suffer greater damage than those
mfested at the pre- and complete­
anthesls stages Sorghum mIdge
behavlOr IS mfluenced by dIfferent
colors MaXimum midge damage has
been recorded m panicles covered With
blue and black bags (Table 6) Blue
bags are used to cover the cages
because black bags may cause very
high temperatures mSlde the cage
dunng the hot and dry season m the
semI-arId trOPiCS

The headcage techmque IS qUIte
sImple, easy to operate, and can be
used on a fairly large scale to confirm

Table 5 Effect of collection time and infestation on percentage of florets with
midge larvae and chaffy florets

Growmg season and number Growmg season and number
of florets With midge larvae of Chdffy florets

Time of
(percentage)1 (percentageY

Sample collecllon 1980/81 p2 1982 R3 1982/83 p3 1980/81 p3 1982 R3 1982/83 p3

I 0830 II 0 (3 4) 478 (437) 816(646) 398 (39 1) 670 (55 2) 878 (697)
2 1030 80 (3 0) 362(369) 440(415) 342(357) 584(499) 532(469)
3 1230 70 (2 8) 372 (37 4) 10 0 (18 0) 298 (329) 740 (59 8) 276 (31 7)
4 1430 08 (1 3) 174(239) 74 (15 4) 21 8 (27 6) 66 4 (55 2) 39 4 (38 9)
SEM4 (±O 28) (±289) (±1 67) (±232) (±367) (±1 14)
LSD5 (085) (89) (5 14) (7 16) Not (351)

slgmficant
CV6 (2374) (1821) (10 69) (1538) (1493) (545)

l R = ramy season P = postramy season
2 First number IS theoflgmal value Number m parentheses IS the transfonned value ( --r;;+T ) which generally reduces

the heterogeneity of the sample
3 Fust number IS the oflgmal value Number m parentheses IS the transfonned (arc sme) value ( .J%" )wluch generally

reduces the heterogeneity of the sample
4 SEM = standard error of the mean
5 LSD = least slgntficant difference (P<O 05) for comparmg trealment means of transfonned values
6 CV = coeffiCient of variance (%)
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I Figures In parentheses are arc SlOe values
2 LSD = least slgmficant difference
3 Degrees of freedom

Flgures followed by the same letter In a column were not
slgmficanlly different at P<O 05

Table 6 Effect of mushn bag color on
midge damage In headcage test In
sorghum CSH 1, ICRISAT, Patancheru,
India, 1989

the resistance of field-selected
cultIvars Although changmg weather
condItIOns mfluence mIdge actIvIty and
can affect mIdge damage under the
headcage, It IS a thorough test for the
IdentIficatIOn of genetIc resIstance Test
matenal should be screened under the
headcage and over several testmg
envIronments to IdentIfy hnes wIth
stable resIstance

Damage evaluatIon for resIstance
screenmg Feedmg by the mIdge larvae
on a developmg gram mSIde the glumes
leads to stenle or chaffy spIkelets
Chaffiness due to natural stenhty and
extenSIve gram damage by suckmg
msects also look SImIlar to mIdge
damage However, the midge-mfested
panIcles have either small whIte pupal
cases hangmg to the tIp of spikelets or
small paraSIte eXIt holes m the glumes

Two methods are suggested for damage
evaluatIOn
• Chaffy spIkelets ThI~ IS the most

appropnate cntenon by whIch to
evaluate sorghum hnes for mIdge
reSIstance Tag five panIcles m each
genotype at half-anthesis Record
mIdge mCIdence m the florets 15
days after flowenng as follows
- Collect five pnmary branches

each from the top, mIddle, and
bottom portIOns of the panIcle

- Bulk the samples from all the five
tagged panIcles from a genotype

- Remove secondary branches from
the pnmary branches and mIX the
sample thoroughly

- PIck up the secondary branches at
random and count the number of
chaffy spIkelets m a sample of
500 spIkelets

- Squeeze the chaffy splkelets
between the thumb and first
finger WIth forceps Record the
number of spikelets producmg a
red ooze (thIS mdicates mldge­
damaged florets)

- Express the data as the percent­
age of chaffy or mIdge-damaged
spIkelets MIdge-damaged chaffy
splkelets can also be recorded at
harvest by adoptmg the procedure
descnbed above

• VIsual damage ratmg At crop
matunty, mIdge damage IS evaluated
on a 1-9 scale, where 1 = <10%, 2 =
11-20%,3 = 21-30%, 4 = 31-40%,
5 = 41-50%,6 = 51-60%, 7 =61­
70%,8 = 71-80%, and 9 = >80%
mIdge-damaged spikelets

77 (61 4)c
76 (60 I)bc
66 (547)ab
61 (51 6)a
63 (527)a
63
16

MIdge damage (percentage)1

Black
Blue
Wlute
Red
Yellow
LSIY
Df3

Bag color
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Assessing the Impact of CLAN

eLL Gowda, A Ramaknshna, M C S Bantllan,
and K V Subba Rao1

Networks help Improve mteractIOn
among sCIentIsts m natIOnal research
programs, and between natIOnal
research programs and mternatIOnal
agncultural research mstItutIOns These
networks enhance the effectIveness of
collaboratIve research They facIlItate
organIZatIOn of regIOnal meetmgs,
surveys, mOnItonng tours, workshops,
and technIcal workmg groups to help
IdentIfy research needs and opportunI­
tIes, and assess comparatIve advantages
m specIfic research areas

The Cereals and Legumes ASIa
Network (CLAN) IS a collaboratIve
research and technology exchange
network It was formed by mergmg the
former ASIan Gram Legumes Network
(AGLN) and the ASIan component of
the CooperatIve Cereals Research
Network (CCRN) AGLN was estab­
lIshed m 1986 to faCIlItate technology
exchange m chIckpea, plgeonpea, and
groundnut m ASIa, whIle CCRN began
m 1988 and operated globally for the

exchange of genetIC matenal and
mformatIOn The SCIentIsts and re­
search admmlstrators m the member
countnes however, wanted a smgle
network for collaboratIve research and
technology exchange actIVItIes for both
cereals (sorghum and mIllers) and
legumes (chIckpea, plgeonpea, and
groundnut) To meet thIS demand,
CLAN was formally launched m Apnl
1992 The internatIOnal Crops Re­
search instItute for the SemI-And
TropICS (lCRISAT) proVIdes the
coordmatIOn umt, and the techmcal and
backup support for ICRISAT mandate
crops - sorghum, pearl mIllet, ChICk­
pea, plgeonpea, and groundnut, and
theIr natural resource management

CLAN actIvItIes are currently
concentrated m Bangladesh, Chma,
Iran, indIa, indonesIa, Myanmar,
Nepal, PakIstan, PhilIppmes, Sn
Lanka, ThaIland, and VIetnam CLAN
works closely WIth SCIentIsts m the
natIOnal programs and ICRISAT as

Gowda, C L L, Ramakrishna, A, BantJlan, M C S, and Subba Rao, K V [998 Assessmg the Impact of
CLAN Pages 254 268 In Assessmg Jomt research Impacts proceedmgs of an InternatIonal Workshop on
Jomt Impact Assessment of NARS/ICRISAT Technologies for the Semi And TropiCS 2 4 Dec 1996
ICRISAT Patancheru IndIa (BantIlan M C S and Joshi P K eds) Patancheru 502 324 Andhra Pradesh
India InternatIonal Crops Research InstItute for the Semi And TropiCS

ICRISAT Conference Paper No 1350

InternatIOnal Crops Research InstItute for the Semi And TropiCS Patancheru 502 324 Andhra Pradesh
India
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equal partners m plannmg, conduct­
mg, momtormg, and evaluatmg
approved collaborative research
endeavors The specIfIc objectives of
CLAN are to

• strengthen hnks and enhance the
exchange of germplasm, breedmg
matenal, mformatIOn, and technol
ogy options among members

• facIlItate collaborative research
among the members to address
and solve high pnonty productIOn
constramts, glvmg attentIOn to
poverty and eqUIty Issues accord
mg to the needs and pnontIes of
member countnes,

• help Improve the research and
extenSIOn capabIlities of member
countnes through human resource
development,

• enhance coordmatIOn of regIOnal
research on sorghum, pearl millet,
chickpea, plgeonpea, and ground­
nut, and

• contnbute to the development of
stable and sustamable productIOn
systems through a responsive
research capabilIty m member
countnes

CLAN (and the former AGLN) has
operated m member countnes for the
past 10 years, and an assessment of
the value of the network and feed­
back from members was conSidered
essential The objective of thiS
mltIatlve was to assess the value,
usefulness, and Impact of the col­
laborative research activIties under­
taken by CLAN m the member
countnes

Methodology

The assessment was designed to
evaluate the benefits of the collabora­
tive research and technology exchange
undertaken m member countnes by
AGLN/CLAN dunng the last decade
A benchmark survey was conducted m
1989 to collect basIc and descnptIve
mformatIOn about the partlclpatmg
natlonal agncultural research systems
(NARS) The second was a detaIled
survey undertaken m 1993 to assess the
response and feedback from CLAN
country coordmators about the useful­
ness of network activities A follow-up
survey m 1995 obtamed feedback from
country coordmators on the value of
CLAN to member countries, and
measured changes m yield levels due to
technology generatIOn, expected
adoptlon cellmg levels, and adoption of
Improved technologies

A questIOnnaIre, deSigned to elICit
mformatIOn about how CLAN helped
to faclhtate collaborative research m
the ASIa regIOn, was developed and
sent to all country coordmators
Responses were documented on the
followmg qualItative and quantitative
aspects of the network's contnbutIOns

QualItative mformatlOn The extent of
mvolvement by network member
countries and contributIOns from the
network were solICited for each of the
followmg activities
• germplasm and breedmg matenals,
• traIling and human resource

development activities
• mformatlOn exchange and related

actiVitIes
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o Slgmftcant • Very slgmficant

FIgure 1 Slgmficance ofgermplasm
and breedmg matenals exchanged
through CLAN as rated by country
coordmators

Qualitative measures

Exchange ofgermplasm and
breeding materials

Exchange of germplasm was rated as
very sIgmficant and exchange of
breedIng matenal as sIgmficant by
most countrIes for groundnut and
sorghum, the Important crops m many
countnes (FIg 1) Use of germplasm
and breedmg matenals has been
mlmmal for pearl mIllet, chIckpea, and
plgeonpea because these crops are not
grown m some Southeast ASIan
countnes

CLAN contrIbutIon to NARS
FIgure 2 presents the dIfferent dImen­
SIons of CLAN contrIbutIOns and

80 100

Cl Some

6040

123 LIttle

Percentage of responses

20o

o Veryhttle

Preliminary results and analysIs

Responses were receIVed from all
11 member countnes partICIpatIng
In the network Respondents pro­
vIded valuable qualItatIve Informa­
tIOn, but the responses on quantIta­
tIve data were Incomplete Many
country coordInators expressed
dIffICUlty In completIng the questIOn­
naIre because It reqUired data that
were not readIly avaIlable ThIS
report analyzes and Interprets the
avaIlable InfOrmatIOn

• network support to natIOnal
research programs,

• IncreaSIng lInks and contacts
among sCIentIsts, and

• coOrdInatIOn of regIOnal research
on legumes In ASIa

QuantItatIve mformatIon ThIS part
of the questIOnnaIre collected data
on
• volume of germplasm and breed­

mg matenal receIved and number
of vanetIes released,

• technology adoptIOn by farmers
(rate of adoptIOn and expected
ceIlIng level of technology adop­
tIOn),

• measures taken to spread or
dISSemInate the technologIes, and

• research costs Incurred by the
natIOnal program for each crop

FInally, the country coordmators
were asked to proVIde comments on
the value of CLAN, and suggestIons
for future actIVItIes
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m the future (FIg 2) SuggestIons were
solICIted from country coordmators on
specIfic needs and reqUIrements to
organIze trammg programs, both m­
country and specIal regIOnal courses

InformatIon exchange and related
activIties VISItS of NARS SCIentIsts to
ICRISAT were assessed as average to
very sIgmficant The mteractIOn among
SCIentIsts and mformatIon exchange m
most countrIes IS reported to be
satIsfactory (FIg 2) SImIlarly, study
tours and meetmgs were rated as
sIgmficant to very sIgmficant by many
Exchange of lIterature was rated
excellent by all countrIes Although
some countrIes have benefitted by co­
pubhshmg (m local languages),
reqUIred mput by the network has not
been receIved by many other country
programs (FIg 3)

o 20 40 60 80 100
Percentage of responses

~ Very little ~ Little

Il&I Significant • Very significant

o Nil

[QI Some

In-country training ~iii~~i~~
Support to

research programs

Training at ICRISAT~II;
Information exchange

Increasing contacts

Coordination of

regional research ~~~~~

FIgure 2 CLAN contnbutwns to
NARS as rated by country coordtna­
tors

FIgure 3 Usefulness of tnformatwn
exchange actlvlhes as rated by re­
sponses from CLAN country coordI­
nators

4 6 8 10 12

responses from NARS through the
country coordmators These mclude
trammg and human resource develop­
ment, mformatIOn exchange, network
support to natIonal research programs,
mcreasmg contacts among SCIentIsts,
and coordmatIOn of regIOnal research
mAsia

Trammg and human resource
development About 78% of the
country coordmators reported that
sIgmficant to very sIgmficant trammg
actIVItIes were provIded to NARS
sCIentIsts at ICRISAT WhIle about
50% of the country coordmators
mdicated that sIgmficant m-country
trammg actIvItIes were conducted,
some countrIes reported a need to
organIze m-country trammg actIVItIes

Literature!
Information

MeetingS'!!

SCientists VISit ~
to ICRISAT ~~~~~

MOnitOring and k
Study tours 1-""-''"''""'''''"'-'"

D Nil E2l Very liltle

~ Some 188) Slgmflcant

~Llltle

II Very slgmflcant
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~Llttle

• Very Significant

4 6

I:ZI Very little

§Sl Significant

o 2

ONII

ISaSome

ICRISAT ~ill~ill~sCientists ~

Ftgure 5 CLAN's role m mcreasmg
contacts among SCtenttsts m member
countnes, as rated by responses from
country coordmators

Othercountry ~~~~§~~~II;IsCientists ~

Within country
sCientists

Experimentation ~~~~~~~mg~

Network support to NARS About
50% of the country coordmators
reported they receIved sIgmficant
support for orgamzmg natlOnal meet­
mgs, whIle the others mentlOned that
support was less than deSIred (FIg 4)
Support to expenmentatlOn ranged
from httle to slgmficant levels, whde
the assessment of support for supphes
and eqmpment vaned Support pro­
vIded by ICRISAT sCIentists was
conSIdered adequate by 80% of
natlOnal programs Some of these
Issues need to be dIscussed WIth
mdlvldual country coordmators to
assess and Improve the sItuatlOn

ICRISAT Specialists ~~8~~§~~

National meetings D~~~~~I~m~

Supplies and ~~~~J~~~~~
eqUipment L

o 2 4 6 8 10 12

D Nil E3 Very little ISlLittie

About 90% reported that the network
helped develop and mcrease lInks
between NARS and ICRISAT
SCIentIsts Increased contacts WIth
sCIentIsts from other countnes was
found to be adequate only by 70% of
the countnes

[21 Some BS Slgnlllcant • Very Significant

Ftgure 4 Stgmficance ofCLAN
support to NARS as rated by re­
sponses from country coordmators

Increasmg contacts among sCIentIsts
Almost all natlOnal programs felt that
mcreased contacts among SCIentIsts
wlthm the country has been greatly
facIhtated by the network (FIg 5)

CoordmatIon of regIOnal research
In ASIa Network support to reglOnal
meetmgs and workmg groups was
reported to be atiequate to very
sIgmficant by more than 70% of the
member countnes ASSIstance to
study tours and to estabhsh lmks
WIth other mstltutlOns was found to
be good to very sIgmficant only by
30% of NARS, and needs to be
Improved m the future (FIg 6)

258
I

f
{



40

a

100

80

20

rn
~ 60

'"Q)
a;
a:

8 10 12

EJ Little

• Very significant

64

E2I Very little
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FIgure 6 Assessment ofCLAN's role
m coordmation ofregIOnal research
on legumes, as rated by responses
from country coordmators

Quantitative measures

Releases of cultlVars usmg
ICRISATmateflals

ICRISAT supplIed germplasm and
breedmg matenals for 167 cultivars
that have been released by 11 member
countnes (FIg 7 and Table 1) Tables
2-6 gIVe detaIls of cultIvars released m
each crop by dIfferent countnes
Overall, these tables and FIgure 7 show
the volume of cultIvars released, and
thus mdiCate the value to the agncul­
ture of mdividual countnes

ReductIon m R&D lag due to
CLAN

The reductIOn m tIme for development
of technologIes (vanety, agronomIc

India Oth South ASian Chma
Countnes and S E ASia

II Groundnut ~ Pigeonpea 11II Chickpea

~ Sorghum g;j Pearl millet

FIgure 7 Number ofreleases m AsUl
ofICRISATINARS cultlvars usmg
feRISAT germplasm

management, etc) due to CLAN
ranged between 3 6 and 6 years (Table
7) The average reductIOn m lag was 5
years across crops and countnes
CLAN member countrIes were able to
reduce the time for research to develop
a vanety or technology, and NARS
SCIentists were able to delIver technol­
ogy to farmers earher thus savmg the
scarce research resources of NARS

We have not receIved complete data
from the country coordmators for the
followmg
• present area under Improved

cuitivars or practices,
• crop area m the recommendatIOn

domam, present area covered, and
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Table 1 Release of plant materials In ASia by CLAN member countries uSing
germplasm conserved In ICRIBAT genebank

Country Sorghum Pearl millet Chickpea Plgeonpea Groundnut Total

India 16 39 10 15 23 103
Myanmar 4 0 5 1 4 14
Chma 7 0 4 0 0 11
PakIstan 2 2 4 0 3 II
Nepal 0 0 4 2 2 8
Bangladesh 0 0 7 0 0 7
PhllIppmes 2 0 0 2 1 5
Sn Lanka 0 0 0 3 2 5
Thailand 1 0 0 0 0 1
Indonesia 0 0 0 1 0 1
Vietnam 0 0 0 0 1 1
Total 32 41 34 24 36 167

expected maxImum adoptlOn,
• yIeld gam (both on-statlOn and on­

farm) due to Improved vanetIes and!
or practices,

• ImplICIt umt cost reductlOn due to
Improved technology,

• welfare gams due to adoptlOn of
Improved technology and dIstnbu­
tlOn of welfare gams, and

• perception of benefits
Many country coordmators mdI­

cated that they do not have access to
such mformatlOn or the mformatlOn IS
not aVailable m the country We are
now planmng some Jomt studIes to
elICIt such mformatlOn and to gather
data to assess the Impact of Improved
technologieS

Value of CLAN and suggestions
for Improvement

CLAN member countnes have ben­
efited from network actIVIties m the
reglOn, although the degree of benefit
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to mdividual countnes vanes (Table
8) The greatest benefit has been m
development and release of cultIvars
and Improved management practIces
The research process was accelerated
by reducmg the average R&D time
lag by 5 years, thus reducmg research
costs and makmg technology avaIl­
able to farmers sooner The network
helped to mcrease contacts and
mformatlOn among SCIentists both
withm and among countnes Devel­
opment and trammg of NARS
sCIentists and general Improvements
m the R&D mfrastructure were also
mdicated as benefIts from the net
work Many country coordmators
also apprecIated the usefulness of
research collaboratIOn through
workmg groups that has led to
coordmatlOn of reglOnal research
There are, however, a few more areas
that need to be addressed to enhance
the network's usefulness to member
countnes (Table 9)



Table 2 Sorghum releases by CLAN member countries uSing germplasm con·
served In ICRISAT genebank

Year of
Country Releases ICRISAT name Release name release

Chma 7 A 3681 Yuan 198 1982
A 3872 Yuan 128 1982
A 3895 Yuan 1505 1982
A 6072 Yuan 154 1982

Llao4 1988
Llaoza 4 1995
Llao 5 1996

India 16 E 1966 NTJ 2 (IS 30468) 1980
ICSV 112 CSV 13 1982
ICSV 1 CSV 11 (SPV 351) 1984
ICSH 153 CSH 11 1986
ICSV 145 SAR 1 1988
SPH 468 CSH 14 1993
ICSV 745 DSV3 1993

JKSH 22 1993
PJH55 1993
PJH58 1993
PKH 400 1993

Tr"C''t T 1 (\"'7 Tt"'~'T 1 (V"'7 100'1
l\"...~V 171 .1 ......~ v .17/ 1.77..J

PSH 8340 1993
JKSH 27 1993
JKSH 45 1994
MLSH36 1994

Myanmar 4 M 36248 Yezm 2 (Schwe phyu 2) 1984
M 36335 Yezm 3 (Schwe phyu 3) 1984
M 90906 Yezm 1(Schwe phyu 1) 1984
M 36172 Yezm 4 (Schwe phyu 4) 1984

Paklstan 2 ICSV 107 PARC SS 1 1991
IRAT408 PARC SS2 1991

Phllippmes 2 IES SOT 1 (PSB Sg 93-02) 1993
IES Sor 4 (PSB Sg 94-02) 1994

Thailand Suphan Bun 1 1993

261



Table 3 Pearl millet releases m India and Pakistan usmg germplasm conserved In

ICRISAT genebank

Year of
Country Releases ICRISAT name Release name release

India 39 ICMV 1 MHBI10 1981
WCC75 1982
HB45 1984
X5 1984

ICMV4 ICMS 7703 (MP 15) 1985
HC4 1985

ICMH 451 ICMH 451 (MH 179) 1986
ICMH501 ICMH 501 (MH 180) 1986

MH 182 1986
Pusa 23 (MH 169) 1987

ICTP 8203 ICTP 8203 (MP 124) (PCB 138) 1988
ICMH 423 ICMH 423 (MH 423) 1988

HHB50 1988
HHB60 1988

RCB IC 9 Raj 171 1990
HHB67 1990
VBH4 1990

ICMV 155 ICMV 155 (MP 55) (ICMV 84400) 1991
GHB 181 1990
GHB 235 1990
RHB58 1990
MLBH 104 1991
RHB30 1991
Eknath 301 1991
ICMH 356 1993

ICMH 88088 ICMH 312 (PooJa) 19932

ICMV 88904 ICMV 221 1993
PCB 141 1993
Pusa 322 1993
HHB68 1993
Pusa 444 1994

CZP IC 923 19953

RCB IC 91 II 1996
GICH 91834 JBH 1 19963

C2 IC 923 1996
MLBH267 1995
HHB94 1995
Pusa 325 1995

PakIstan 2 Pusa 44 1995
Ugandl PARC MS 1 1991
ICMS 7704 PARC MS2 1991

1 DIffused to farmers In 1993 possIble release In 1996
2 Not offiCIally released but privately marlceted
3 NotIfications pendmg
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Table 4 Chickpea releases by CLAN member countries usmg germplasm con-
served In ICRISAT genebank

Year of
Country Releases ICRISAT name Release name release

Bangladesh 7 ICCV 81248 Nabm 1987
(ICCL 83228) ICCV 10 Banchhola 2 1993
ICCL 83105 Banchhola 3 1993
ICC 4998 Bma Sola 2 1994
ICCL 85222 Banchola 4 1995
RBH-228(a) Banchola 5 1995
ICCL 83149 Banchola 6 1995

Chma 4 ILC 202 ILC 202 1988
ILC 411 ILC 411 1988

Chickpea 4 1991
Chickpea 18 1991

India 10 ICCV 1 ICCC 4 1983
JG 62 x F496 RSG44 1984
L550 x L2 GNG 149 1985
F 378 x F 404 Anupam 1988
ICCL 80074 ICCC 37 (Krantl) 1989
ICCL 82001 ICCV 2 (Sweta) 1989
ICCV6 ICCV6 1990
ICCV 10 Bharatl 1992
ICCV 88202 19941

ICCC 42 19951

Myanmar 5 Sel from (K 850 x F378) Schwe Kyhemon 1986
ICC 552 Yezm 1 1986
ICCC 42 ICCV 42 1994
ICCV 82001 ICCV2 1994
ICCV 4958 ICCV 4958 1993

Nepal 4 ICCC4 Sita 1987
JG74 Radha 1988
ICCV6 Kosheh 1991
ICCL 82108 Kahka 1991

Pakistan 4 FLIP 81-293C Noor91 1992
FLIP 83-48C Rlzkl 1992
Sel from (L 550 x F 496) DG92 1993
FLIP 84-92C Douyet

I Not offiCIally released but adopted by farmers
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Table 5 Pigeonpea releases by CLAN member countries uSing germplasm
conserved In ICRISAT genebank

Year of
Country Releases ICRISAT name Release name release

India 15 ICPV 1 ICP 8863 (Maron) 1986
ICPL 87 Pragatl 1986
ICPL 151 Jagnn 1987
ICPL 332 Abhaya 1989
ICPH 82008 ICPH8 1991
(prabhat x HY3C) x Vamban 1 1992

(T21 x ICP 102)
ICP x 78120 WB x WB WB BIrSa Arhar 1 1992
ICPL 87119 Asha 1993
IPH 732 HybndCoH 1 1994
PPH4 PPH4 1994
ICPL 84031 Durga 1995
ICPL 85063 1996
ICPL 85010 ICPL 85010 1996
AKG46 Akola 1990'
ICPL 87091 1990'

IndoneSia 1 Megha 1987
Myanmar 1 ICPL 87 ICPL 87 1990
Nepal 2 ICP 11384 Bageswarl 1990

ICP 6997 Rampurrhar 1991
PhllIppmes 2 ICPL 85015 1991

ICPL 295 1990'
Sn Lanka 3 ICPL 84045 1990'

ICPL 87 1990'
ICPL 02 1990'

1 Not offiCIally released but made available to farmers from 1990

264



Table 6 Groundnut releases by CLAN member countries usmg germplasm con-
served m ICRISAT genebank

Year of
Country Releases ICRISAT name Release name release

India 23 ICGS 1 Sprmg Groundnut 84 1984
Konkan Gaurav 1984

ICG 2974 Robut 33 1 1985
ICGV 87123 ICGS 11 1986
TMV7xFSB 72 VRll 1986

ALR 1 1987
ICGV 87128 ICGS 44 1988
ICGV 87141 ICGS 76 1989
ICGV 87121 ICGS 5 1989

Glmar 1 1989
RG 141 1989

ICGV 87119 ICGS 1 1990
ICGV 87187 ICGS 37 1990
ICGV 87160 Smpadetha 5 (lCG[FDRS] 10) 1990
ICGV 86950 ICGV 86590 1991
ICG 86011 ALR2 1994
ICGV 86143 BSR 1 1994
ICGV 86325 ICGV 86325 1994
ICGV 86011 AlG2 1994
ICGS 87157 - 1

ICGS 21 ICGS 21 - 1

ICGV 86564 ICGS 49 - 1

ICG (FDRS) F ICG (FRDS) 4 - 1

Myanmar 4 JL24 Smpadetha 2 1982
Robut 33 1 Smpadetha 3 1984
ICGV 87160 Smpadetha 5 1993
ICGV 87160 Yezm5 1993

Nepal 2 _2 B4 1980
_2 Janak 1989

Pakistan 3 (lCGS 44 + ICGS 37) BARD 699 1989
ICGV 4989 BARD 479 1993
ICGS(E) 56 ICGV 86015 (BARD 92) 1994

PhllIppmes JL 24 UPL Pn 10 1992

Snlanka 2 ICGV 86564 Walawe 1994
ICGV 87123 ICGS 11 1994

Vietnam ICGS (E) 56 HL 25 - 1

I Not offiCIally released but adopted by fanners 2 Not ICRISAT releases

'265



Table 7 Reduction In R&D lag due to participation In CLAN

Crop

Sorghum

ChIckpea

Pigeonpea

Groundnut

Mean R&D lag

Number of varietIes ReductIOn 10 lag due to CLAN
Countries (technology) (years)

Myanmar 5 36
PhdIppmes

Bangladesh 9 55
Myanmar

Myanmar 5 6
Sri Lanka

Myanmar II 5
PhIhppmes
Sn Lanka
VIetnam

5

Table 8 Value of CLAN to individual countries

CLAN actIVIty Country

Gennplasm and Bangladesh
breedmg matenal

IndIa

Nepal

PakIstan

PhIhppmes

Thailand

Network to NARS IndonesIa

Myanmar

Nepal

PakIstan

Value to country R&D

Flow of chIckpea gennplasm and breedmg hnes

Greatly benefited IndIan SCIentIsts by provldmg relevant
gennplasm

Assistance 10 collection of mdigenous gennplasm In
mandated crops

Supply of breedmg material was a great help to natIOnal
groundnut chIckpea sorghum and pearl millet programs

Mechamsm for contmuous proVISIOn of gennplasm
matenalslImproved vanetles

Useful source of germplasm ICRISAT germplasm
mcreasmgly used In many breedmg programs

Increased mtenslty of research on crops neglected by
natIOnal program groundnut plgeonpea and sorghum

UpgradIng research activities Improved crop productIon
systems

Strengthenmg breedmg program on gram legumes and
Ollseeds lab faClhtIes for SOlI testmg especially
mlcronutnents

PrOVided reasonable support to natIOnal program activItIes

Contmued
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Table 8 Contmued

CLAN activity Country

Plullppmes

Vietnam

Increasmg llnkage India
and contacts
among sCientists

Value to country R&D

Enhanced development of R&D program on groundnut
plgeonpea and chickpea contributed to Improved
production and expansion of groundnut plgeonpea and
chickpea

Slgmficantly contnbuted to Improved groundnut
productIOn m Vietnam

Exposure to mternatlonal working system opportunities
to VISit ICRISAT

IndoneSia

Tralmngand
human respurce
development
activIties

Information
exchange and
related activIties

Nepal

Phlllppmes

Nepal

Pakistan

Phlhppmes

Thailand

Myanmar

Phlhppmes

Research partnership m groundnut serves as model for
research extension hnk

VISit of sCientists to ICRISAT

Involvement m the mamstream of mternatlonal R&D
developments enhanced mteractlon With other NARS

SpeCial tralmng at ICRISAT for manpower development
of sCientists and technicians

PrOVided reasonable support to tram sCientists

Trammg/fellowshlp programs to upgrade skills

ICRISAT IS a huge knowledge center

Update agriculture research hterature

Upgrade teChniCal mformatlon/pubhcatlon skills
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Table 9 Suggestions to Increase the value of CLAN

CLAN activity Country

Gennplasm and India
breedmg matenal

Myanmar

SnLanka

Increasmg lmkage Bangladesh
and contacts among
sCientists

India

Sn Lanka

ThaIland

InfonnatIon Bangladesh
exchange and
related actiVItIes

Myanmar

Trammg and Myanmar
human resource
development
act1vltles

Phthppmes

Network support Bangladesh
to natIonal
research programs

India

Pakistan

CoordmatlOn of ThaIland
regIOnal research
on legumes m ASia
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Act10n plan to mcrease value to NARS R&D

EmphaSIS on flow of gennplasm and sources of resistance

ASSist m exchange of gennplasm

Exchange of advanced generatIon breedmg matenals
among member countoes

Workmg group meetmgs to strengthen research linkages
mvolve working sCientists m CLAN actlvltles/semmars

More opportunities for mteractIon With mternatIonal
sCientIsts meetmgs conferences field tops

Exchange of sClentlsts/mfonnat1on among countries

Working groups to to solve common problems faced m
crop productIOn and to faclhtate exchange of technical
mfonnatIon/breedmg matenals/gennplasm progress
meetmgs every I 2 years to actIvate mterest of researchers

Regular CIrculatIOn of publIcatIOns on legume and cereal
research

Establish database and mfonnatlOn exhange system With
member countries

ASSignment of ICRISAT reSident sCientIst Will Improve
research and technology transfer assist m exchange of
expertise m-country trammg for research and extensIOn
workers
Trammg on new technologies !PM seed technology seed
storage processmg and use of CLAN crops

ContInuatIOn of support for groundnut and plgeonpea

JOintly structured programs to address Issues relevant to
Indian context

PrOVide more funds training and exchange VISitS

Closer interactIOn m collaboratIve research



Conclusion
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Workshop SynthesIs

Me S Bantllan1

thiS workshop was orgamzed to enable
Research EvaluatIOn and Impact
Assessment (REIA) team members
from vanous dlsclplmes wlthm
ICRISAT and different natIOnal
agncultural research systems (NARS)
to report on results of studies docu­
mentmg the Jomt Impact of our re­
search partnership m the semi-and

------.t~roplcs(SAT) The workshop also
aimed to() provide a forum for peer
review of the vanous studies and to set
pnontles for future work on the REIA
agenda

To give some hlstoncal perspective,
3 years ago we mltIated a senes of
actIvItIes that began with an awareness
workshop on Impact assessment thiS
was followed a year later by an mtema­
tIonal conference on research evalua­
tIOn methodologies It was dunng this
conference that we drew our workplan
to mtegrate research evaluatIOn efforts
of ICRISAT and the natIOnal programs
and other mtematIOnal agncultural

research centers (IARCs) Implementa­
tIOn of the Jomt Impact assessments
was pursued more extensively With the
begmnmg of a global project on
research evaluatIOn and Impact assess­
ment m 1995 at ICRISAT A senes of
trammg workshops and on-the-Job
trammg/field work were conducted
both m ASIa and Afnca The present
workshop, after almost two years of
project ImplementatIOn, serves as a
venue to share the results of completed
assessments, as well as progress With
ongomg work for an audience With
multldlsclplmary backgrounds from the
bIOlogical and SOCial sCiences We
mVlted a panel of experts on economic
evaluation to serve as peer reViewers,
and they proVided constructIve cntl­
clsms and suggestIOns for the directIOn
of our future work

ICRISAT s Duector Gener<ll, J G
Ryan msplred us dunng the openmg
seSSIOn With hiS message that our
purSUIt of a JOInt approach to the

BantIlan, M C S 1998 Workshop syntheSIS Pages 271 276 In Assessmg Jomt research Impacts proceed
mgs of an Internal10nal Workshop on Jomt Impact Assessment of NARS/ICRISAT TechnologIes for the
SemI And TroPICS 24 Dec 1996 ICRISAT Patancheru IndIa (BanlIlan M C S and JoshI PK eds)
Patancheru 502 324 Andhra Pradesh IndIa International Crops Research Institute for the SemI And
TropICS

ICRISAT Conference Paper No 1349

international Crops Research Institute for the SemI And TropiCS Patancheru 502 324 Andhra Pradesh
IndIa
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assessment of research Impact IS
crucIal for the contInuIng vIabIlIty of
the IARCs and the global agncultural
R&D system The first seSSIOn of the
workshop gave an overvIew of avaIl­
able NARS/ICRISAT technologIes for
the SAT that represent the populatlOn
of technologIes from whIch we se­
lected a sample for ex-post assess­
ments It also Included a dIscussIOn of
research evaluatIOn methodology based
on the pnncIple of economIC surplus,
and measurements of other dImenSIOns
of research Impacts The theoretIcal
underpmnIng for research evaluatlOn
uses the research-adoptIOn-Impact
framework, where research mvestments
result In research products that may
take the form of new knowledge,
InfOrmatIOn, or technologIes that WIll
ultImately contnbute to Improvmg crop
prOdUCtIVIty and farm profitabIlIty by
the adoptIOn of mnovatIOns m farmers
fields

That adoptIOn IS a condItIOn of
Impact was noted As IntroductIOn of
new technologIes may result In eIther
success (adoptIOn and benefits to target
clIentele) or faIlure (non-adoptIon due
to lImItatIOns of the technology or
factor<; constraInIng adoptIon), method­
ologIes InvolVIng rapId rural appraIsal
and focus group surveys were covered
Three broad tOpICS were dIscussed ­
pnmary and secondary sources of data
that support the mInImum data set for
research evaluatIOn, development of a
samplIng scheme that WIll ensure we
collect InformatIon from a sample that
IS representatIve of the target enVIron­
ment, and survey Instruments of the
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vanous modules essentIal In the
generatIOn of the mInImUm data set In
the target and dIffuSIOn zones

The effiCIency dImenSIOn of Impact
served as a startmg POInt In most
analyses Other dImenSIOns of Impact
Include food secunty, gender eqUIty,
sustaInabllIty, human nutntIOn, em­
ployment, and spIllover effects The
IntegratIOn of some of these dImen­
SIOns In the research evaluatIOn theo
retIcal framework IS In progress

The pre<;entatIOn of case studIes In
the three workshop seSSIOns featured
research Impact case studIes m four
areas - genetIc enhancement research
In cereals (pearl mIllet and sorghum)
and legumes (chIckpea, pIgeonpea, and
groundnut) resource management
optIOns (groundnut productlOn techno­
logy and VertIsol technology) Interme­
dIate products of research (germplasm,
screenmg technIques for reSIstance
breedIng, models), and Impact of
networks

The economIC evaluatIOn of genetIc
enhancement research Involved
assessment of Single cultlvar and
generatIOns of cultIvars ProductIVIty
gams and reductIOns In the UnIt cost of
productIOn as a result of Improved
varIetIes and hybnds were featured In

the assessment of the Impact of
Improved cultIvars of chIckpea,
plgeonpea, sorghum, and pearl mIllet
StudIes In drought-prone regIOns of
Afnca and IndIa demonstrated the food
secunty dImenSIOn of research Impact,
including sorghum S 35 In Chad and
Cameroon, and Improved pearl mIllet
vaneties In Mall, IndIa, and ZImbabwe



The sIgmficant yIeld gam of short­
duratIOn culuvars dunng years of
drought was presented as one measure
of gams m food secunty ContnbutIOns
to sustamabIhty of natural resources
was tackled m the assessment of short­
duratIon pigeonpea and III the study of
the sustamabIhty consequences of land,
nutnents, and water management In
VertIsols and watershed technology

IndIcators of gender-related Impacts
Idenufied from case studIes In two
states of central IndIa were used In
analyZIng the effects of adoptIOn of
VarIOUS groundnut technology optIOns
The IntegratIOn of a gender varIable In
the research evaluatIOn framf"work was
also dIscussed

The presentatIOn related to the
Impact assessment of IntermedIate
products of research (for example,
screenmg techmques) was confined to
a background techmcal paper reflectmg
the process mvolved m thIS research
phase The workplan to assess the
Impact of screemng techmques and the
survey mstrument was presented

A peer reVIew and dIScussIon fol­
lowed each paper presentauon The last
seSSIOn of the workshop was a formal
presentatIOn by each team of peer
reVIewers, feedback, and suggestIons
ThIS peer reVIew served as a basIS for the
dIScussIons on pnonues for the future
research agenda on Impact assessment

Peer revIew comments

The summary of the peer reVIews IS
presented as three Issues - concepts
methods, and estimates

Concepts

DIrect and mdlrect lDlpacts On one
hand, aspects of dIrect Impact take the
form of effects that can be measured
dIrectly as a consequence of the
technology change or technology
adopuon Examples are measures of
effiCIency, poverty, and eqUlty (for
example, Gmi rauo), Improved human
nutrItIOn, employment effects, and
sustamabIhty On the other hand,
examples of mdirect Impact are the
release of area to other mcome­
generatIng crops due to Improved
productIVIty of staple crops, the
enhanced opportumty cost of lands that
are released for other uses WIth m­
creases In crop YIeld, and the mdirect
IndustrIal hnks that may result m
Improved mcome and employment
opportumties for other crops

Impacts on the poor PartICIpants
asked If sorghum and mIllet are sull
the poor man scrap m India? PolIcy
mtervenuons favormg other cereal
grams such as nee and wheat may have
created a SItuatIOn where sorghum and
mIllet are no longer the poor man s
staple food, thus research III these two
crops may no longer benefit the poor
sector A senes of questIOns were
raIsed, mcludmg 'Where are the poor
m IndIa?', 'What crops are they
rmsmg?', and 'What crops (staple
foods) are they eatmg?' One observa­
tIOn noted that whIle research on coarse
cereals may sIgmficantly benefit
Afnca there IS a need to reassess these
questIOns m the IndIan context
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General eqUIlibrIUm framework
The concept of general eqUlhbnum was
suggested to emphasIze that agncul­
tural research technology mnovatIOns
can affect the consumptIOn, productIOn,
and labor supply of both men and
women Two case studIes were noted to
show that adoptlon of better technology
optIOns IS a Jomt declSlon of both male
and female members of the household
IntegratIOn of a gender vanable m the
research evaluatIon framework should
then take mto account thIS type of
household declSlon process, partIcu­
larly relatmg to labor supply and
production decislons

Methods

EconomIc surplus prmclple Impact
measures underpmned by the pnnciple
of economIC surplus are net present
value of research benefits, dIstnbutIOn
of benefits among sectors or target
cllentele, mternal rate of return of
research mvestments, and benefit-cost
ratIO

AddItIOnal measures Suggested
addItional measures are based on
macro- and mIcro-level analyses For
macro-level analysIs, a peer reVIewer
noted the usefulness of total-factor
productIvIty and sources of growth as
mdicators of R&D Impact In thIS
context, productIVIty effects are studIed
analytlcally through aggregate produc­
tIOn and cost functIOns meta-produc­
tIOn denSIty functIOn, and the mput­
output market mterface withm a
general eqUlhbnum framework Mtcro-
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level analySIS consIders such aspects as
mput savmg, consumer preferences for
feedback to plant breeders (cookmg
qUalIty, shape, color, stem thIckness),
and mclusIOn of post-harvest related
technologIes (storage, keepmg quahty)

EstImates

Demand-supply Issues Consumer
preferences have moved away from
co.arse cereal grams as a result of
pollcy mterventIOns such as pnce
SubsIdIes m nce and wheat Related
Issues are competItIOn WIth other crops
and value added VIa alternatIve uses

Supply elastICIty estImates The
studIes generally used publIshed
elastICIty estlmates and recent updates
A sensivity analySIS usmg a range of
reasonable elastICIty values was
reported One suggestIOn was to
consIder sole crop and mtercrop
dIfferences m elastICItIes notmg that
elaStlCIty for sole/commercial crops
tends to be hIgher

Research lag Considenng that
agncultural research to enhance crop
productIVIty m nsky enVIronments such
as the SAT IS more dIfficult than
research m more favorable enVIron­
ments, one peer reVIewer suggested the
classIficatIon of research by ItS mnate
dIfficulty and target envIronment In
other words, research lag depends on
the types of constramts and dIfficulty
of achIevmg a research breakthrough

Research costs PartICIpants ques­
tIoned how far they should go m



estImatmg research costs This IS
especially relevant for research that IS
based on a stock of knowledge deve­
loped much earher, mcludmg
germplasm evaluatIOn and chemical
femhzers Studies should ensure
careful documentation of the research
process m order to properly determme
the start of mvestments m a speCific
research effort

Genetic resources research

Returns to genetic resources research
denve from the added value of mfor­
matIon on germplasm matenals that are
collected, charactenzed, evaluated, and
conserved for dlstnbutlOn Value added
may be measured as cost savmgs due to
reductIOn m the research lag A careful
costmg of these activities IS reqUIred m
research evaluatIon so that we can
properly attnbute the benefits denved
from the final product

Genetic enhancement research

Several observatIOns about genetIC
enhancement research were offered,
mcludmg
• What are the effects of pnces on

adoptIon? Pnces that vary across
regIOns serve as an mcentIve for
productIOn and therefore serve as an
mcentIve for adoptIon It was
suggested that pnces should be
conSIdered as a determmmg VarIable
m adoptIOn

• There should be a zonal baSIS for
estabhshmg research targets

• ConSIderatIOn of alternatIve uses for

sorghum m economIC evaluatIOn of
sorghum research was suggested
Important opportumtIes for sorghum
research featured m the dIScussIons
mcluded lack of an effectIve seed
sector system, gram mold or lack of
good gram quahty, sorghum bIotech­
nology, dual purpose sorghum, and
Strlga

• The hIghhght from the pIgeonpea
research Impact assessment was the
confirmatIon of hIgh adoptIon m
target zones The next challenge IS
how to accelerate adoptIOn mother
zones

• EstImated NARS research costs
seems hIgh, so there IS a need to
check sources of data

• The reductIon m costs due to
farmyard manure reqUIres mforma­
tIon on the reSIdual effects m
subsequent years

• The reports on chIckpea raIsed
questIOns on the samplmg proce­
dure The sample SIzes were too
small for an economIC evaluatIon m
Nepal and Bangladesh

Resource management research

EvaluatIOn of groundnut productIon
technology featured gender-related
Issues, mcludmg the balance of
mcreased employment and drudgery In
partIcular, whIle mcreased employment
brmgs hIgher household mcome,
women may suffer drudgery gIven all
household and non-household tasks

An Issue that was raIsed for conSId­
eratIOn, partIcularly m Afnca was soIl
fertIlIty management m terms of crop
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resIdues and benefits of legumes m the
croppmg system

RevIews noted several addIllonal
factors to be consIdered when evaluat­
mg the Impact of VertIsol technology
• benchmarks,
• posIhve and negatIve Impacts on the

resource base and assocIated costs,
• short- and long-term gams,
• transactIon costs,
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• mSllt1ltIOnal changes, and
• people's partICIpatIOn

Conclusion

I would lIke to take thIS opportumty to
thank all our peer reVIewers and the
partIcIpants for your actIve partIcIpa­
hon throughout the workshop Thank
you



Closing Remarks

Y L Nene1

There IS dll anecoote wm'''ckh--JI'-,c'''o'''uT;ld~te''ll',-~We can t chum that thIs is ICRISAT's
perhaps because I will be retmng m a impact alone And therefore, I was
few days I did not choose economiCS delIghted to see the theme of thIS
as a field of study because when I particular workshop
studIed economICS m the twelfth grade, I see from the peer reVIew that thIS
I had dIfficulty m memonzmg the law was the spmt m which the dIscussIOns
of dlminIshmg returns And I memo- took place I did sense a lIttle bIt
nzed It so well then that even today If dIfficulty m understandmg the Impact
you want I can repeat it But then that of germplasm and enhanced
was the end of my mterest m econo- germplasm, and I had an uncomfort-
miCS I wIsh I had a teacher lIke able feelmg that we are confusmg
CynthIa, who speaks so well, explams issues, that we are measunng Impact of
so well You mIght have had an econo- the matenals and technologIes, and not
mIst, CynthIa, If you had been my measunng Impacts of the work of
teacher Thank you mdeed breeders and genetIc resources SClen-

I would lIke to make a few remarks tIsts or pathologIsts And that's where I
very qUickly When I saw the program, I find a lIttle bIt of emotIOn commg m
was very happy WIth the tItle itself, that Let me remmd breeders that often they
It IS a Jomt Impact assessment of NARS remmd me of the books wntten by
and ICRISAT IfquestIOns were asked many authors, and they are the edItors
about ICRISAT's Impact, I have always The edItors get theIr names m all the
SaId m such meetmgs there IS very lIttle book lIstmgs, but mSIde the book are
that we can claIm as our Impact, as an the authors of the chapters who have
mstitutIonalimpact, it is always a Jomt contnbuted to that book That does not
Impact, always m cooperatIon With reduce the contnbutIon of the breeder
NARS or Similar partners that impact m puttmg thmgs together, but it should
can be measured, assessed and claImed not also be claImed completely as the

Nene, Y L 1998 Closmg remarks Pages 277 278 In Assessmg Jomt research Impacts proceedmgs of an
International Workshop on Jomt Impact Assessment of NARS/ICRISAT TechnologIes for the Semi And
TropICS 24 Dec 1996 ICRISAT Patancheru IndIa (Bantilan M C S and JoshI PK eds) Patancheru
502 324 Andhra Pradesh India International Crops Research InstltlJte for the SemI And TropICS

ICRISAT Conference Paper No 1351

ASIan Agn HIstory FoundatIOn 47 ICRISAT Colony I Bngadler Sayeed Road Secunderabad 500 009
Andhra Pradesh IndIa
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breeders' work because so many people
have contnbuted

And I thmk If we remember thIS, then
there WIll not be such emotIon ansmg as
to whether the Impact IS due to
gennplasm or enhanced gennplasm, and
I hope the dIscIplmes I mentIoned do
not mmd my saymg so I also got a
feelIng from the presentatIOns that
Cynthta has too much on her plate So
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many thmgs were suggested, and I am
sure you WIll have to IdentIfy a few that
you can manage Maybe I am wrong,
but that's the ImpreSSIOn I got from the
four presentatIons and the last External
Program and Management ReVIew
(EPMR) that also told us to IdentIfy a
few examples where we can demon­
strate measurable Impact Those are my
bnef comments fnends
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About ICRISAT

The semI-and tropICS (SAT) encompasses parts of 48 developlOg countnes lOcludlOg
most of IndIa, parts of southeast ASIa, a swathe across sub-Saharan Afnca, much of

southern and eastern Afnca, and parts of Latm Amenca Many of these countnes are

among the poorest mthe world Approxlmately one-slxth of the world's populahon
hves In the SAT, whIch IS typIfied by unpredictable weather, lImIted and erratIc
ramfall, and nutnent-poor SOlIs

ICRISAT's mandate crops are sorghum, pearl mIllet, finger mIllet, chIckpea,
pIgeonpea, and groundnut, these SIX crops are vItal to hfe for the ever-lOcreaslOg
populatIOns of the semI-and trOpICS ICRISAT's mISSIon IS to conduct research
WhICh can lead to enhanced sustalOable productIOn of these crops and to Improved
management of the lImIted natural resources of the SAT ICRISAT commumcates
mformatIOn on technologIes as they are developed through workshops, networks,
tralOlOg, hbrary servIces, and pubhshlOg

ICRISAT was establIshed 10 1972 It IS one of 16 nonprofit, research and trmmng
centers funded through the ConsultatIve Group on InternatIOnal Agncultural
Research (CGIAR) The CGIAR IS an mformal aSSOCIatIOn of approxImately 50
publIc and pnvate sector donors, It IS co-sponsored by the Food and Agnculture
OrganIzatIOn of the UOlted NatIons (FAa), the UOlted NatIOns Development
Programme (UNDP), the UOlted NatIOns EnVIronment Programme (UNEP), and the
World Bank
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