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Tracking the impact of wilt rehbtant medium duration pigeonpca~ in the scmktrid tropics of 
India 

by 

ivl.C.S. Bantilan and P.K . .Jo~hi 

Sociocconontk~ and Policy Division 
International Crops Re~can:h In~titule lor the Scm1·arid Twpics (IC'RlSAT), Hydcrabad, India 

ABSTRACT 

The paper present~ result~ from tutcking the ~pread and impact of a cultivar, the wilt resistant 
medium duration ptgconpea ICP t;R63 ( Maruthi ). 111 the highly variable semi-arid tropics 
environment of India. It calculates the welfare ga.ins from rcl'carch where the target environment 
is characterized by vanous adoption rcg1mc~. An.t.fysi!\ is enhanced hy the usc of two categories 
of adoption. Complementary informatiOn from variou:-, source!} ~- including seed sector sales, 
estimates by subject matter ~prciallst~ from !he Department of Agriculture and Extension 
network, farm level rcconnabancc and formal ~urvcys ~·~ are used to form a composite picture 
of adoptiOn and impact. The rc~ult~ :-.how that, 6 years after release. the wilt re!')istant variety has 
covered almost 604/~:· of the wilt cndemK areas wh<:re the material was released. Rates of adoption 
vary depending on acccs~ to improved \arictic' through t.hc seed .sector and on formal release by 
the states. The returns to investment in pigconpca wilt resi~·;tant research arc substantial. 
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Trucking the unpal't of wilt resistant mcdtum duratinn pigconpcas in the semi-arid tropics of 
India 

hy 

ivl.C.S. Bantilan and P.K. Joshi 

International Crops Rc~carch Institute ror the Scn11·and ·rropH:s (ICRISA T), Hyderabad, India 

Fusarium wilt caused by Fusarium udtmT Butler 1:-. one or the mo~t wtd.:spread and destructive 
diseases of pigeon pea [ C(uww.\ n9<111 \ L.) !vl illsp. J in Asia and Afnca. An international survey 
of pigeonpea disease~ co\·cring A~ia, AfriL·a and the Americas. C(lJTictl out from 1975 to 1980, 
revealed that the disease was prc\'alcnt in almo~t all tht.~ pigconpcn-grovling areas. Monitoring 
surveys in eleven maJor producmg 'tatcs of Imha indicated high incidence in the states of 
Maharn~htra (22.6lf~ ), Bthar ( 1 ~LV!i) and l 1Uar Pradesh ( 15.40F) ( Kannaiyan et al. 1984). The 
same series of ~urvcys extended in Africa found that \Vilt was the only major dbease of 
pigeon pea in Malawi, Tar1lania and Kenya. Pathology research results suggested that wilt-affected 
areas of pigeonpeal-0 suffer a 50 percent y1cld reduction. (J.G. Ryan, 1981 ). Production losses from 
wilt on pigeon pea~ in 1977-78 were c~timatcd to reach 97.000 ton~ in Jndin and I 4,000 tons in 
Kenya, Malawi and TanzrmHt. The economic value of production losses due to this disease was 
reported to be $US 3b.4 million annually m India nnd $US 5.2 million annually in the three 
eastern African countrie~. 

The findings of the survey were an important basis by ICRlSAT in setting a high research 
priority for Fusarium wilt of pigconpea. Investigations were primarily aimed ut identifying 
resistant lines, multilocmion screening of pigconpea for fusarium wilt resistance and developing 
resistant cultivars. It was viewed that resistant cultivars will offer farmers a cost~e!Tcctive method 
for controlling the disease. Cultural practices, such as crop rotation and mixed- or inter-cropping, 
were also noted to help reduce the incidence of the disease. 

The paper presents results from tracking the spread and impact of a cultivar, the wilt resistant 
medium duration pigeonpcn ICP 8863 (Mm·uthi), in the highly variable semi-ari.:t tropics 
environment of India. 
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I. Background 

Availability ol stable and brnad-bnt-~cd rcsiMancc source is c:-.scntinl for breeding resistant 
cuhivnrs. At the time \Vhcn the mt.crnationnl ~urvey of pigeon pea diseases was completed, sources 
of resistance to wilt have been idcnuticd at 1CR1SAT Center. Of more than ll 000 entries 
.screened tn the wtlt~si\:'k plot:-. at 1CRIS!\T Center. 33 showed rc!'li:-,tancc to wilt (Nene and 
Kannaiyan. 19R2). Seed:-. of thl'M .. n:..,I~tanl lmc~ were maintained and made available upon 
rcqucfit by lC'RlSAT. At about the .... amc lime. a few lines and cultivars tolerant or resistant w 
wilt have :ll.so been reported at IJlh~;"r rc'>carch ~tation~ in lmlla including PUSA, Kanpur and 
Badnapur (Swarninalhan ct al, 1979). 

ICP 8863 wa:-. developed h) .... ckctton from ICP 76'26 (P-15-3-3), a landmce from r,llrthcrn India. 
The original colkctmn wa~ so\\n in a wt!H.tl'k plot al TCRISAT Center. Patancheru, during the 
1977178 cropping season. Seed~ colkctcd from the resistant planb were resown in the wilt-sick 
pint for fmthcr puritkath>n Hcn~.:cforth, the variety wa~ tc!'lted in \\ llt-sick plots at 13 locations 
111 India (ICRISAT Plant Z"vlatcrial Dc~cnption no. 44. 1993). 

Multilocatmn ~crcenmg of ptgcnnpc<.l tor hharium wtlt was carried om m India during the period 
1978 to 1983 to idcnlify gcnoty:-'C" wtth hroad-ba~ctl re~ist.Lmcc. The collaborative c.ffort called 
the lC AR/ICRISAT Umfonn Trial for Ptgcoupca \Vilt Rci\istancc ( IIUTP\VR) was among several 
institutions indudmg ICRISA~I (Patnnchcru. Andhra Pntdc\h), Marathwada Agricultural 
University (l3adnapur. ~vlahara!-~htra }. RaJcndra AgnculturaJ L'mvcr~ity ( Dholi. Bihar), Agricultural 
Research Station, Umvcrstly of Agncultural Sciences (Gulbarga. Khrnntakn}, C.S. Azad 
University of Agriculture and Technology ( Kanpur. Ullar Prade1-.h), J.N. Kri~hi Visv.·a Vidyalaya 
(Jabulpurt Madhya Pradesh), Pulse~ ami Oibccd~ Research Stauon (Bcrhampore, 'Vest Bengal), 
Agricultural College <Ranchi. Bihar) and Divi~Ion of Mycology and Plant Pathology (lARI, New 
Delhi). The trial \Vas coordmatcd by IC'RISAT and carried out by the pathologists of the Indian 
Council of Agricultural Research (I(' AR) and IC'RISAT. 

Sixty one pigconpea germplasm and breeding lines were evaluated at 15 wilt-endemic locations. 
Genotypes showing less than 20% wilted plants in all seasons of testing at a particular location 
were considered to be resistant. Fifty-one of these genotypes were those that have been found 
wilt-resistant in wiiH)ick plots a1 ICRISA T Center; ten genotypes were contributed by 
Mnrathwadu Agl'icultural University. Most of the gcnotypc,s tested included germplasm accessions 
obtained from the Genctk Resources Unit of ICRISAT. All have non-determinate flowering 
pattern and are either medium or long durnt.ion types. All, except lCP 91.68 - which is from 
Kenya, originated from India. 
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The significant tindmg~ nf the muJulm;atlml tnal nrc a~ follows: 

a) five pigconpca litH.:-:-.llCP 4769. SS63,l) 168, 10958. 11299) and two cultivars (C 11 
and BDN I) were found to b(: rcs,tMunt to wilt across a wide range of locations and 
~cason\ mdtcatmg ~table and broal.lwbascd rc~tstance; 

hl the mululos:altnn ~tTccmng work ha' for the tirst time helped to identify wilt­
res•~tanL tnlc·hrccdtn,e hnc~ and t:ult1var~ that. hold their resbtancc across wilt­
cnJenw.:. locatum~ and m:n,..,~ tmw: 

1. the gcnotypc' lt!->tcd in a) ahnvc \.vcre subhcqucntly included as long-term 
rc~tstant ciK"i..'ks in llt.!TP\VR and were found resistant in the subsequent 
year~; 

11. few cultl\ar~ ~w:h a~ Cll (lCP 7118), BDN 1 tiCP 7182). NP\VR 15 (lCP 
X859 1 ~md K\\'R 1. h!\tcd ear her a~ tolcrant/resJ~tant at. some locations in 
lndm tSwanutJ.tth.m ct ;.tl, 1970) \vcre found to segregate for \Vih resistance 
when C\ .. duatcJ m wilt-~tck plot~ in ICRISAT Center~ 

itt. ICP XX6~ war., found lO have durublc re~istance to \vill, having held its 
rc~t~tancc \lll~c 1977. Thl'i particular line abo has ::.hown good yield 
pntcnllal. 

By the time multtlot:ation lnab ,.,·ere underway 111 the cnrly 80':-. for checking stability of 
rc~istancc to fusarium wilt, farmer~ in northcm Karnataka, particularly in Gulbarga and Bldar 
area, started to detect gn)\vmg tncitlcm:c of wilt. Sub!-ltnntial production loss due to the disease 
prodd<'d farmer~ to seck fnr wilt resistant materials from the Agricultural Research Station in 
Gulbnrgc:t Scientists from this st.atinn hCarched for wilt-rcsbwnt lines from lCRISAT, the main 
source or dbca~c rc~istant lmc~ for ptgconpca. 

The first set of multllocation tnals which have been underway at thnt time showed advrtnce 
results which indicated the strong potenual of lCP 8863. It is the only available pigeon pea variety 
that combines a high level of resistance to wilt and a high degree of purity with brond-bascd 
resistance. lt is marginally earlier maturing than the popular medium~duration cultivars which 
were grown in penin!)u)ar India. Its yield udvant.uge in will .. siek plots in multllocational trials was 
so uppnrent that it was l)elected by the scientists from Karnntnku. On-:;tution nnd on-farm adnpt.ive 
trials for ICP 8863 were conducted in cnrncst nt the Agriculturnl Research Station, University of 
Agricultural Sciences, Gulbarga, Knrnnt<tkn~ Scverallnrge scale demonstrations were subsequently 
conducted through the university and front. line demonstrations on farmers 1 fields. The release 
or ICP 8863 was facilitated by scientists and research mnnngcrs in tho NARS and the Department 
of Agriculture to provide solution to growing production losses due to fusarium wilt in Gulbarga. 
ICP 8863 was released in the stale of Kamatnkn in 1986 under the name. Maruthi. 
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2. ll.c..'icarch g,•aluation Franwwork and Discussion of P:u·amctc1· Estimates 

2.1 l?r:ltncworl\ 

A ~~~implc nnn~trm.icd gom.b" research cvalunlion framework bused on the cc<,'momic surplus 
model b ehoM:n to cstinHttc wemul' gain~ from r<:~eardt Adoption regimes were defined to 
rcilcct a) :t favorabl1..~ cnv1rnmm:.·nt With a good seed sector !-~up port nnd extension network; and 
b) n constrained adoptton environment \vhcrc ~ccd availability is an important bottleneck. The 
existence or different adoptton rcgtmc~ make" H neccs~ary to estimate the impncls in these 
regions separately. 

2.2 ncscm·ch lag 

The de:,criptmn of the n:scan..:h prot..:c'l~ ftw fu!-!nnum wilt rcscurch in section I indicates that the 
released variety ICP 886~ b a product nf joint R&D efforts by ICRISAT nnd the Indian NARS. 
Firstly. the origu1u.i coUectinn of th1.., rmHcrial \Hl~ n selection from P-15~3~3 obtained from 
Bndnapur, ivlaharashtra. It \Va~ Identified und kept as part of the gt:rmplasm lines of ICR.lSAT. 
Further purification wa~ undcrtuken and mulu-locatmn ~crccning wus undertaken under the 
lCARfiCRiSAT Uniform Trtal for Pigconpcu \Yilt Resistance {liUTP\VR), a cooperation bct\vcen 
lCRISAT and several msf.ilutions tn the NARS. Its rclcn~e wa~ facilitated by scientists in 
Karnmaka to addres~ the incrcasmg incidence nf wih in the region. A totnl <.)f 9 yenrs of applied 
nnd udaplive rc~eurch with !CRlSAT/NARS jomt effott involved selection, multi-locution 
screening and further punfication before the cultivar was rcleused in 1986. Four years are further 
added to t.he research lug lo constdcr seed multiplication nnd front-line demonstrations by 
Karnataku NARS from 1986 t,o 1989. From the point of view of scientists m the Gulhnrgn 
Agricultural Research Statton who inttinted the release of the cult:ivar, the ready availability from 
ICR !SAT of the matt'!fial essentially shortened their R&,D lng by 50% {personul communication, 
1994). This cstimmc was given in the context. of their experience with lCP 8863. 
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2.3 Adoption 

2.3.1 Tt·acking the spt~cml of' ICP 8863 

After qlmosl t\Vt} decades since the resenrch stnrtcd on fusntium wilt - from ptdblem 
ldentH1cmion m Pl't:Xluct devclopmt~m and cJisscm.inutiou, it is of prime interest to detetmine the 
cxn:mt t'lf uUHzutiou and impact (lf the JWmlut:t in iL'\ tmget regions. 

A systc.rnnt.ic tnu::king approach WU!:! devt~lopcd u::. the pigeonpc.u crop is generally grown in the 
highly variable semi ... nl'id tropics cnvinmrnent where udoption muy be expected Lo be non ... 
tmiforrn. Complement•try inf'orm.ntinn from h.cvcm.l sources nre pieced together lo form o 
composite picture of the spread t>f ICl' 8863. They include seed sector 5nles, nren cstimtttes by 
subject mauor specinlists appcmltcd hy t.hc Dcpm·tmcnt of Agnculture nnd Extension network, 
furm level rccon.rutisancc nnd formal sm·veys. 

TMgct nrcas for ndt)plion study arc tdcnlificd from analysis of nvnilablc distl'ict level dntn: trends 
in urea, production nnd yield. growth rntes withm and across time and regions. Table .I contains 
basic infonnntion inctudi.ng productiQn und hcctamgc m the wilt ende,rnic nre~'s covered by the 
st\Jdy. Northern Kurnatnkn, ctmsidm'Cd the pige<:mpea gtunary of lndin~ covers about. 301,000 
hc,ctarcs of pigconpca with production k~vclh of J 18,000 metric tons. The totnl. nrc(t plnntcd to 
pigccmpea. in the border districts of f\ndhra Prnde!-~h und Muhnrashtra is 226;000 hectnres with 
production levels of 66.000 metric ton~. In Mahantshtrn, the total urcn covered is 700,000 
hectares with pmductirm level~ uf about 493,000 metric tons. AH above figures nrc bl:lsed on 
1988.-1990 avcrnges. The grnnd wtal is about 1.27 million hectares und 677 ~000 metric tons. This 
represents an increase Ii·om 1.012 rnillion hectare!'. nnd 567,000 metric tons based on 1985-87 
uverngcs. 

District level dntn derived from the lntenmtionni Survey of Pigeonpea Disc~1ses further provided 
benchmark informntion indicating the prevalence of H.tsarium wilt in the regions •. Maps ctnssifying 
districts where pigconpea is an hnportant crop and where wilt is endemic arc shown in Figures 
l und 2. 

2.3.2 Complcrncnhtry SOUI~CC..'i or udoption d;t(:l 

Seed production nnd distribution datn from both public und pdvnto. seed compnnies orf~r useful 
guide in directing us where cultivars were accepted U!ld utilized. As soon us lCP 8863 was 
rclcuscd, seeds were 1nadc rwaihlblc in l986. The Kttrnntakll Stntc Sc.eds CorpotatioJl (KSSC) 
supports 14.7% of nnnual tot:ll dcmnnd for ICP 8863 seeds (KSSC, ptwsonal cottlmunicntion). 
This is based on the norm that fanners ~•smlJJy purchas(} nnd tcphlce the seeds one~ hr three 
years. Seeds produced by I<SSC arc anoc!Hecl to w•rious districts m1d blocks according to 
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demand~ Seed procurc.mcnt pric.c by the compuny is Rs 13.75/kg and .czcttified seeds nre sold ut 
Rs t 6/kg. (I 993 ·94 prices). 

Eighty flve percent of seed dcmnnd rclic.s t1n muHiplictHi<m nnd distribution of seeds through 
farmers who have lcnmcd the seed production technology and who hiWc found il profitublc. 

KSSC reports the snlo <>f Marmhi seeds to huvc .incrcuscd significnntly from 49 t in 1990 to 140 
r in 1994. l\tlnruthi's share in l<Ssc·s total sale of ull pigct:mpea varieitc.s incrcnscd from 32% 
in 1990 to 471}b in 1994. lt now coven. the large pigconpcu tructs of scvcmt districts in 
Ktu·nutakn, including, Onlluwga. Bidru·, 13ijnpur and Raichur. l3nsed <1r.1 the thtta given in the Tuble 
2 (nnd Figure 3)~ n conscrvutive cstimat.e or the aron grown to this variety in these districts (using 
fanners' nverugc seed nu.e nf l 0 kg ha 1} is approximately 95 238 lm. 

Another important source of adoption cbHa nmy be accessed through raconnaiz.,ance surveys. 
Discussions with NARS scL·ntists, extension personnel, as weU 'ts s~tbjecl matter specialists and 
villngc assistants of the Dcparuncnt of Agriculture oftentimes reveal invaluable directions for 
ground·truthing adoption levels. For example, reports by subject matter specialists of the various 
Principal Agriculture OfDccs of the Ministry of Agriculture in swtc of Kornotztka indicate that 
nbout. 116 120 ha aren was s<:>wn under tvlaruthi in the eight mttjor pigconpeu .. growing districts 
of Karnatakn. Pigure 4 provi.dcs a comparison of the dnta obtained from subject J.nnttc.r specialists 
and those obtnincd from on .. farm survey:-.. 

2.3.3 Tc.chnology adoption und impact sm~vcys 

District level secondary dula on area. .. production nnd yield arc impQrtnnt basis in the choice of 
survey locations. The proport.kln of gross cropped nn:m und growth rates in urea nnd yield nrc nlso 
useful in gulding district~ block nnd vHlng:e selection. 

Block (tnluka, rnundnl) level dnta may be obtaineo from the Department of Agdcullurc offices 
estnbl.ished in each district. VHlt,ge !cvcl dnta are obtnined fl·om Assistant D.ircctors. of ench 
block. A brief summary of till! sampling scheme used for this study is as follows: lhe top t\Vo 
pigeonpc·n pl'Oduci.ng districts in top producing blocks arc selected for u random selection of 
snmple villages. A random st1mplc of 10 farmers is selected from a samp.ling frnme drawn of 
pigeon pea gro\ving fanners in the vi II age. 

Survey modules were developed to itlclude the following aspcct.s for inquiry; b~sic farmholding 
infotrnation, lnnd use/cropping systen1, ndoptionr input/output infotmntlon~ nnd post,-hnrvest 
information and seed utilization. 



2.4 Cost Stru(!turc 

Table 3 contuin.s a (.'OM nnaty~,is for pigconpt•a ICP 8863 lmscd un the c,ost dota genctntcd frt)Hl 
the (.ln .. fiu~tn stwveys. h containf' input Wit~ nnd rnclc>r prices rot• lCP 8863 mld the bast cultivnr 
used by fnrm<:rs befhre lCP 8863 wm~ uvaHnhle. Output information arc nJso presented. 

2 5 Rt!stuu·ch Cost 

Rescnrch cost~ on \Vllt rc~istunt rcM:!nrch m JCfUSl\T ~tnd the C(lHnbomUng instittltions in the 
NARS nrc cstunatcd based on the )'(lady budget presented in Tnble 4 (ntb). 

Histoiical n!cot>ds of budgets dtsaggrcg;,ncd by rc.search proj<!cls 1-!nnduct.<~d during tho early ycnrs 
of lCRlSAT arc very dJITicull to rctrtevc. if ut all these ure twnihlhle .in the archives of ils 
Finuncc l)ivision of lCRlSAT. Thus. for the put•t:~osc~ of thi5 study, actunl expenditures for 
Fusnrium will research wa~ ,~~tum.tted wrth the guidance of scientists wh(> \vcre nc.t.unlly members 
of the lCRlSAT Fusanum wih rescnn.:h temn dun.t1g the period of its h:nplemenm.tlon und 
ndmhlistnu.ive oftlccrs m churgc of budget The breakdown nf re.senrch cost. we,rc mnde on t.he 
husi~ t)f sahu·res ,,r the l'C~cnrch tearn members and pr<)portiun.s of scientists, time allocated to 
Fusnritnn wtlt rcscan,·h. Opcrat.mg cost were e~timatcd bnsed Qll total ! .cgumes l')nthology 
program operating co~t npp<wti.ont.~d among thre.c mnj()r research activities li.e Pigeonpcn 
Fusnrium \VUt, Pigeon pea Stcrihty ~4o~aic und Chickpea \Vilt Complex) ilnple tnentcd by the 
program at the time. Similnr impmntions \vere made lor the Nt\RS counterpart funds. Two 
budget scenarios nrc u::;ctL The .lower budget ,lic.enario is prc!:lented to show the vuriations in {he 
recall that was mndc; this abo affo.ds nn opportunity to simulntc the effect of marginal budget 
reductions on the ncl bencf1t cstinlatel--. 

3. Results and Discussiun 

3~1 Adnption •. md Impact surveys 

The objective of this exercise is to connrm the Jargc--scnlc adoption of ICP 8863 mnong farmers 
in the wilt-endemic ar·cas of Karnntnkn; Maharnshtra and Andht'U Pradesh and to obtain on ... farm 
information on the impnct of ICP 8863 vl~-a-vis the variety that was used by f1mners bafon~ the 
improved vnriety was rclcuscd. 

Qn .. farm surveys covering three ndopti<:m rughncs were conduc(ed. The first. coveted the wilt 
endemic region::; of llOflhcrn Knrnat.nkn. including the distdcts or OtJlbaq~a? Bld~lt't nnd pnrts of 
Bijupur and Raichur. Th.is area tuprescnts a fovornblc ndoption cnvirotmlcnt where thp, stttte seed 
m~cncy strongly supports seed producticm of released nnd rcconlmcnded v~~rlctics. This nren is 
nlso chuructel'iz.cd by u good extcnsioll network from the Sta(c Ministry of Agrlcuhurc. 
The second set of on~farm Sl)rv.cys explored the boundmy districts. ofst;Hcs botdcdtl~ northern 
K:arnntnka. This includes 6 bounda1.:" districts of the swtc of Andhr:t Pradesh and Z districts of 



8 

southc.rn part of Nlahnrnshtrn. This urcn wns Cclvcred to nnswc1' questions regarding .the sprcud 
or V:trictics ncross states where the seed is not rclcuscd but where access to reliable sources or 
seeds is possible. lntl~rtlCliCHl with local ngdauH.urnl off1cinls nnd seed dealers nnd fnrmcrs in 
Knrnatakn State ncar the norrthotn borders led us to infortnntion rcg~trding the lncrcnsing demand 
of lCP 8863, more popularly known a:s ··~·faruthi'\ in the neighboring districts of the stnte~ of 
1\ndhru Pradesh und tvlnh~n·ushtm. 

The third set of on--fnrm surveyh included villages in wilt endemic areas t)f t.hc mi\iOt' pige.onpea 
producing sttttc of Mnhnrushtrn. ll th noted that .ICP 8863 ih not rclcnscd in this state nnd this 
prevents the swte seed corpc.wntion from undertaking seed production and muHipHcntion. Since 
information uboul ICP 8863 's durn hie rc~mtancc to wilt ha~ reached fanners in the aren, its 
dcm;tnd hns been growing Cl-lpCt'inBy in 1hc wilt endemic nrcas of the eastern pnrt of the stale. 
Presently, fnrmcrs es~cntiuUy depend on a number or progn~ssive seed producing fanners who 
hnve however experienced lilnitcd acccs~ hl seed~ from the neighbt>ring state or Km·m1tokn. As 
demand grew in l'C,ccnt yctm~. 'iced dculcr!'l in the urea !'l<.mght nnd were nble to obHtin limited 
cetlified seeds from the Kunmtaka Stntc S(1cds Corporat.ion. One agency .. Mnhcsh Seeds,. bcgtttl 
ICP 8863 seed production 111 1990 .tnd dain1s w be ublc to supply only nbout . .01% of total 
demand in the district~ of Yeotmal. Akola and Anwaruti; seeds of Mnruthi nrc sold to fnrmcrs 
ut H rate double the existing tnarkct price. 

The results of the three set~ of stu·vcys are ~ummarized in Table 5. lnformntion on the nttcs of 
adoption und ceiling kwcl or adoption over 7 )1cnrs, nflcr the release in 1986 is presented. 
Important obfiervutions arc noted. I:;-ir!lt. the rutc of udoption of ICP 8863 picked up in Kurnntnka~ 
gr·owing from 5lJf in 1987 to sse;( in 1991. peaking at nlmost 60% in 1992~ 1993. ll is e·xpcctcd 
thnt the ceiling level of ndoplion will hold m these values, tnking into nccount information that 
the formal sct~d sector hus the capability of meeting 15% of the total .seed demand of lCP 8863. 
Much <>f the demand will continue to be met by a more constrained distribution of seeds tunong 
farmers und infornml seed clwnncb. 

Second, the adoption trends obtained from the districts bordering northern Kurnatakn ~trc 
intercScting. \Vhile wilt is expc.ricnccd every ycur by farmers in this areu and losses ranging from 
I 0% to 30% yield reduction hnvc been reported, it took almost two years of lag before adoption 
of the first wilt rc&istant variety took place. As Oow of information about the durable resistance 
to wilt of "Maruthitf reached flH·mcrs, adopticm picked up fnst nnd nccess to certified seeds wns 
possible from the neighb()ring district of Gulbarga which is the main !>Ced production center in 
the stutc of Karnntuka. P1·escntly, "Mnruthi" is very popular among farmers in these adjoining 
districts of Andhrn Pradrsh although the vuricty is not released in this stntc. On-farm survey 
results reveal that adoption lH\S reached 100% in certnin villages ncar the district center. 

Third, a constrained adoption sccrHtrio is cleurly demonstrated by the on..,farm survey results 
conducted in eastern Mahnrm;htru. Farmers in this aren report that wilt has bccu ll yearly 
occurcnce; wilt incidence has been recorded to be as high as 68.8% in some districts (I<Atmr!iynn 
ct. al,, 1984; Ncnc et.tll., 1989). However; farmers do not hrwe rendy access to tbe wilt rc${$~nnt 
Vj. · :!ly through the formal seed ~ector. As expluincd eadiet't the Maharasbtra State S!.!t;ds 
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Corporation is tumble to sell nivlannhi .. in ivlulmrushtra as it is not tclcased in this stnte a.nd 
fanners me severely constrnined hy the limitt'd inf'nnnul seed chntmuls that have slowly evolved. 
The survey rcsult.s I'Ctlect the consequences: a two years adoption tag is observed wHh a slow rnte 
of adoption reaching lc&::i than 1 S% after 7 ycnrs. It is '~xpccted thnL fnrmcr·towfnrmcr seed 
distribution will remain u mnjor ~oun:c for widcsprcnd adoption of the variety in this importl}nt 
pigeon pen producing nrc a of Maharu~htra wllc.s~ n.~lcnst~ of this wilt resistant vnticly is fnciHUtted 
in this state. 

3~2 Assessment of' bcncllts from technology ndopti01 l 

This section present~ quantitaltvc indkators showing tht~ )Cttcfit!l from the usc of wilt resistant 
variety ICP 886.l RcstdH; urc analyzed to draw impottru t lessons for research und extension 
policy and future rcscnrch priorities. 

Tabtcs 6 and 7 contains dmn summari~cd from prcv10us section.: representing basic information 
needed in conducting a benefit asscsstncnt. Net present value of tlw stream of benef1ts from the 
research effort on fusurium wilt is obwincd with con~idcrn.tion of the following information: 

a, production lcvcb in the target areu: the wilt endemic region; 
b. cost Ml'tlcturcs bn~cd on on~fnrm survey 
c. varying extent of adoption in di!Ierent udnplion regimes; adoption rates and 

ceiling level of adoption differentiated by region muy nl.so he relnt.cd to the ex.tont. 
of dibcasc incidence; 

d, possible input price variation across regions; 
c. research cost~ 

The internal rate of return of the t·cscarch investment is nlso presented. 

The base case analysis takes puramctcr estimates based on on-fnrm survey results where 
input/output and cost information is obtained for production of witt rcsistanl pigconpea variety 
ICP 8863 und a wilt susceptible local variety used hy farmers in the study areas. 

Estimates or yield gain of ICP 8863 over the best cultivnr obtained from the on-furm surveys is 
considerable. The percentage gain is 50% for the grain output, 45% for the fodder by .. product and 
27% for stalk. 

The cost ~malysis in Table 3 bused on data observed on farm indicates a unit cost reduction of 
3820 Rupees (US$123) per ton with the usc of the improved variety ICP 8863. This is equivalent 
loa percentage unit cost reduction of 42%. The cost structures obtained from the on .. fm:m surveys 
indicate that the major differences in input usc nrc in seed rntc and fertilizer application. Farmers 
using the local variety arc observed to usc higher seed rate fot two rcnsons; the seed of the 
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improved vnricty has a price premium and losbcs due to wilt hnvc to be compcnsMcd for. The 
same farmers tend to use more fnrm yard manure. 

The utilization of the wilt resistance variety has proved to expand pmduction lcveJs due to yield 
gains which translate to reduction in the farmers' cost structure. 

Given the research cost prc~cntcd in T•tblc ·4 (tt,h). the base price of Rupees 5468 (US$177) per 
ton, n discount rate of 8% and a ~upply cla\tlcity of 0.2 and demand elasticity of 0.5, the net 
present vntm1 of benefit~ front fu~arium wilt rcscnrch is npproximntely US$75 million. This 
represents an internal rate or return of 73%. These l'Chllllh represent the benefits accruing to all 
the regions covered in the study. The net pre~cnt value of benefits accruing to Lhe primary target 
urea of northern Knnataka alone i~ US$23.6 million. 

The following list summanzc~ t.he bt..~nclits perceived by fanners from the usc of the wilt 
resistant ICP 8863, based on on-farm "'Urvcys: 

---------·--·---·-

Ef11cicncy 

l. Disca!-.c rcsuauncc (wilt) 
2. Earlier duration ( 160 days) 
3. Suitability for kharif us well a5 rabi crops 
4. Suitability for sole us well as intercrop 
5. Efficiency in input usc 

i. goot.l rc.sponse to irrigation 
ii. plant height idcnl for plnnt protection operations 

Follow-up monitoring in the regions covered by the study provide further info,.mution on the 
impact of wilt rcsi!:ilant ICP 8863 (e.g. T.N. Ruju, Tour report on multilocution pigconpca disease 
nurseries, 1993 Dec). \Vilt incidence in the farmers' fields were found to be low in Gulbarga area 
and farmers primarily attribute this improvement to the widesprcnd cultivation of will resistant 
variety Muruthi (lCP 8863) in the area. 

A major observalion in this study is the existence of various adoption regimes due to the varying 
seed sector support and extension conditions. The potential benefit of lifting the above adoption 
constraints, e.g. via facilitation of release of improved varieties, is signH1cunt, estimated to be in 
the order of US$116 million. 
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Table 1 a. Pigeon pea area ('000 ha) in three adoption regions: (a) N. Kama taka; (b) Border districts of Andhra Pradesh 
and Maharashtra; and (c) Maharashtra and Madhya Pradesh, 1980-90. 
-------------------------------------- --------- -------- -------- --------- --------- ---------- ---------- --------- --------- ---------- -------- -------

Years 

State 
--------- ------- -------- --------- --------- ---------- --------- ------- ---------- --------- --- Average 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1988-199 

N. Kamataka 198.0 218.1 140.7 232.1 240.3 243.6 259.2 279.6 298.1 302.0 302.4 301 
Borderdistof AP+Mah 168.5 171.3 167.3 172.2 170.8 170.9 166.2 185.1 213.1 231.3 232.9 226 
Mah+MP (WO Osmanabad) 500.2 505.7 522.2 537.2 572.2 577.1 576.0 579.3 657.8 699.4 743.6 700 

Total 866.8 895.0 830.2 941.6 983.3 991.6 1001.3 1044.0 1168.9 1232.7 1278.9 

Table 1 b. Pigeonpea production ('OOJ t) in three adoption regions: (a} N. Kamataka; (b) Border districts of Andhra Pradesh 
and Maharashtra; and (c) Maharashtra and Madhya Pradesh, 1980-90. 

Years 

1227 

-------- ------ -----~--- -------- ---------- -------- ------ --------- --------- --------- ----- Average 
State 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1988-199 

N. Kamataka 55.2 112.0 67.4 88.4 127.3 123.6 110.3 141.4 111.1 127.2 115.5 118 
Border dist of AP+Mah 46.7 60.3 52.7 76.0 70.8 57.9 33.2 75.8 49.3 100.9 47.3 66 
Mah+MP 0/VO Osmanabad) 285.6 342.5 349.2 381.9 391.6 393.3 333.7 431.3 528.5 587.3 363.1 493 
-----------.-----------·---------- -------- -------- ------- -------- ------- ---------- --·---- -------·-- --------- -------- ______ _,___ ------------
Total 387.5 514.8 469.2 546.3 589.7 574.8 477.1 648.4 688.9 815.4 525.9 6TI 



Table 2. 

Pigeonpea seed sales by Karnataka State Seeds Corporation. - j:-·----1. _j ______ ··---- -1-------. . ---·-··-· -- --t-
Year 

_, __ .. ,, __ , ....... ~----·· 
1988 198~ 1990 1991 1992 1993 1994 

Variety 

ICPL87 3.4 11.7 17.6 10 

HY3C 14.3 18.5 25.2 11 12.4 2.1 20 

GS1 53.4 52.6 46.9 32.6 21 30 

TTB7 13.9 9.9 38.4 35.8 36 40 

PT221 23.9 30.7 21.3 51.9 28.1 21.6 60 
-

MARUTHl 12.6 16.2 49 98.8 82.5 79.4 140 



COST ANALYSIS FOR ICP 8863 RllSGARC'II 

T•thlc ~ Co~t Annlysi$ of Rcscnrch lmpm:t!. lor ICI' 886~ (MAR UTili) ml'roduction System 7, India. 

·---~ --- ----~-~ ............... ,.. , ........ ~<-> -~-- .... , ...... , ..... .. , .. ,~-- .-, _,_._...,..,,. .. ..........._ .... ...,.._,_ . 

1\csl Cult war Used ICf> 8863 (1\tnmtlu) 
Outpui1Cost llct'tlrc ICP 8863 
Item Umt Uml 

\lull Pncc Qmmtlly Cust Price Qunnmy rost 
STATE:KARNATAI\.A <H~l (R~>) (Its) {Its) 

------·-- -~-...------- ·----
COST INrORMATION per hectare per )'tar 

VAlUABLE COSTS 

Male L.1bor 
. Lnnd Ptcp;tration Day~> 2000 700 1•1000 ltOO 160.00 
. FYM applicnuon DIW!o 2000 :! 41 4940 O.M 12.80 
.Planting Da)•~, :moo 11\~ !'5.50 1.25 37.50 
. Weeding Day:; 201Xl (ll\2 1().40 
. Fcrtih1.cr l>ayr; 1000 041 R 20 
. lntcrculture D:tys :w.oo 40(1 SOlXl 5.40 108.00 
. Irrigation Days 20()() I 24 2·UO 3.00 60.00 
. Sptnying Da)'S Z5(X) b<Xl 15000 7.00 175.00 
. Hnf\'C$ting Days 250() .'i 35 11175 7.00 175.0() 
. Threshing Days 25.\XJ 6 IS 154 so 3.82 95.50 

Fcm:tlc L1bor 
. l ... 'lnd Prcpamuon Day~ 1100 600 7200 !tOO 96.00 
. FYM npphcauon D;l)'S 12 ()() 121) :WAS 0.55 6.60 
Planting Days !:'50 2()(} 27 00 335 45.23 
Wccdmg Day., 13~\0 17.00 22Q50 17.40 23490 

. Fertihz.cr Days 12 ()() I 44 1721\ 2.71 3252 

. lntcrcullurc Days 

. lrrigatton Dnys 
• Spraymg Dnys 
. Bnrvcsting Days u.sn .\ 29 44 42 1.10 14.85 
. Thrcshmg Days 13 50 IDO 16605 11.25 151.88 

Bullock Lnbt1r 
L1!ld Prcp:mtuon Days 5000 6()() 100 (X) 6.00 300.00 

. FYM apphcntion Dnys 5000 .'\00 15000 0.46 23.00 
Plnnhng Days 65.00 I 65 107 25 1.18 76.70 

. Ferttlizcr Day~ 

. lntcrcuhurc Day!> so:x> 2 00 1()000 4.00 200.00 

.Sprnymg Days 5000 0.46 23.00 

. flnrvestmg Days 6000 

. Threshing Days 6000 082 4920 1.14 68.40 

Seeds Kg1i. l~UXl 12J5 185 25 18.00 9.50 171.00 
Fnnn Ynnl Manure Qtl. 1500 52 (l9 79015 8.23 123.45 

Fcrtili7.cr 
. Urea Kgs 2 70 36.36 98.17 
. DAl, Kgs 650 70.00 455.00 53.06 344.89 
.SSP Kgs 3.00 3.43 10.29 
. 2(};20:0 Kg,-. 540 30.87 166.70 
. 15:15:15 Kg~ 5.20 20.58 107.02 

Chcmic.'ll.~ (N~>ticidc) Lts. 240.00 1.65 396.00 1.70 408.00 

Equipment 
. Lnnd (>rcparalion Days 800.00 0.07 56.00 
. lrrig:uion Days 16.00 1.03 16.48 2.15 34.40 

Misccllnncous 203.24 175.49 

TOTAL VARlAllLECOSTS 4268.06 3685.26 



Tahlc 3. Co.~t Analysis ofRcsc:~rch Impacts fmiCI) $86'\ (MAIUJTIII) ml'roducltO•I Systcm7.1ndiu. 

--.. -· ------ ------ ·····--·"- ·---· ----- ----- --- ----
Output/Cost 
Item 

STATE. KARNATAKA 

FIXED COSTS 
. Owned lnnd . tax 
. Land n!ot 

Umt 

. Dcprcchttion & Interest. <m Cnpnnl 
Totnl Pi:~cd Costs 

TOTAL COST 

Output per ht.~ctarc per year 
.Grain 
• l3y·product 
. Stalk 
Total value of output 

Pcn:entngc Change 
.Omin 
. By-rroduct 
.Stalk 

UNIT COST ASSESSMENT 

Unit Variable cost 
Unit Fixed Cost 
llnit Total Cost 

UNIT COST REDUCrtON 

Kgs 
Qtl 
Qd 
ih 

Rs/lon 
Rs/ton 
l~s/ton 

Unit Variable Cost Rctluctum Rslton 
Unit Fixed Cost Reduction Rs/ton 
Unit Total Cost Reduction R.'>ll<>n 
Percentage Unit Cost Reducuon 

linn 

Best Cuhivnr Usc(} 
llcforc ICP n86J 

Pncc Qunutlly Cu~t 
(Rs) (l{s) 

S47 
12000 
20 ()() 

70000 
s 

l.'i 

(!{),()(} 

1200(Xl 
sw no 

:.unooo 

t1\JS OC1 

~829 
(•00 
1()(1 

4729 

6097.23 
2llS714 
90$4 37 

ICP !!8b3 fMnnHhi) 

Umt 
Price Qu:unily Cost 
(Its) (R~) 

4.97 109CJJ,I 
120 7.2S 
20 19 

60.00 
1200.()() 
810.00 

2070.00 

5755.26 

5465.06 
g7o.oo 
380.00 

6715.0617 

680.72 
42.73 
45.00 
2(l,67 

3351.42 
1882.49 
5233.91 

2745.81 
to74..(w 
'3820.<17 

42.19 



Table 4a. Breakdown of rcscnrch cost for fusarium wilt research in lCRISAT und the 
NARS. 

---------------------------Year ICRISAT 

1975~76 

1977 s 5.070 

1978-80 
1981-83 
1984-85 
1986-89 

$42,250 
$42,250 

Bnsis:Rcscnrch Team Ivlcmher 
for Fusarium \Yilt 
Rcscnrch 

1 Principal Scientist 
I National Scicnt.ist 
l Research Associate 
1 Field Assistant 
3 Regular \Vork Force 

Operating Expenses 

Total ICRISAT 

NARS On-staticm trinls 

NARS 

$ 845 Selection from landrace 
$ 845 Original collection sown in wilt .. sick plot at 

ICRISAT 
$ 845 Further purification 
$ 845 rvtulli-Jocation screening for Fusarium wilt resistance 
$1267.5 On-station and on-farm adaptive trials 
$2535 Seed muhiplicalion and extension after release 

Full Cost 

$80,000 
s 8,000 
$ 2,400 
$ 1,200 
$ 1,250 

Proportion 
of tin1c in 
Project 

18% 
100% 
100% 
100% 
100% 

Budget 
Allocation 

$14400 
$ 8000 
$2400 
$ 1200 
$ 1250 

$15,000 

$42,250 

On- farm demonstrations 
$ 845.00 
$1267.50 
$2535.00 Seed Multiplication/Extension 



Tnblc 4b. Breakdown of research eost for ru::mrium wilt rc~;earch in ICRISAT and the NARS 
(low rnngc funding scenario). 

Ycur ICRlSAT 

1975-76 
1977 $ 3,309 

1978-80 
1981·83 
1984-85 
1986-89 

$33,091 
$33,091 

Basis:Rcscarch Team Member 
for Fusarium \Vilt 
Rcscnrch 

I Principal Scientist 
I National Scientist 
1 Research Associate 
1 Field Assistant 
3 Regular Work Force 

Operating Expenses 

Totnl lCRISA T 

NARS 

$ 662 Selection from landrace 
$ 662 Original collection sown in wilt-sick plot nt 

lCRISAT 
S, 662 Further purU1cntion 
$ 662 Multi .. Jocation screening for Fusadum wilt resistance· 
$ 993 On-station and on .. furm adaptive trials 
$ J 985 Seed multi plicnt ion nnd ex.tcn~ion after release 

Full Cost 

$80,000 
$ 8,000 
$2,400 
$ ),200 
$ 1,250 

Proportion 
of time in 
Project 

9% 
75% 
100% 
100% 
100% 

Budget 
Allocation 

$7241 
$6000 
$2400 
$ 1200 
$ 1250 

$15,000 

$33,091 

NARS On·station trials 
On-farm demonstrations 

$ 662.00 
$ 993~00 
$1985.46 Seed Multipliculion/Extcnsion 



Table 5 Adoption of ICP 8863 (Maruti) pigeonpea in Karnataka, 
Maharashtra and Andhra Pradesh. 

-
Karnataka Bt·rders 

Year Karnataka -
Rangareddy Osmanabad 

(Andhra Pradesh) (Maharashtra) 

1987 4.81 0.00 0.00 

1988 8.82 0.00 12.85 

1989 8.57 3.48 24.29 

1990 17.97 10.16 18.57 

1991 55.09 34.27 36.62 

1992 59.43 48.90 40.59 

1993 58.94 51.77 58.71 

Maharashtra 

0.00 

o.oo 
2.20 

2.02 

3.99 

13.15 

17.71 



J;CONOM£CASSESSME..."-:TOFWILTRESISTA~T MEDIUMDURATION 
PIGEONPEi:\SJCP BSOJ .. JNTHESE?-.th\RlD TROPICS: OFh~DtA 

C()llab<lr:uingJnstirutions ! 

lntem::~tiop:l} Crqps In.,_~tituteforthe Semi·llrld Tropics: 
l:;dian Council for .Agrieultur:ll Re..<earcn 

T:ll)lesof.ftlfc~o:t: 

OAT B:~ckground Data 
COST Cost Analysis 
BCA Sunultll) O:ua for Benefit Assessment 
BCB Det::ulofBc:nefits and Research Costs 
SUM SullUll3t)' ofResults 

Table 6. Bad:ground lnfonn:nton. Wtlt Eru.te:mie Regions in Centr.U :md Penmsult~r India (tCRlSAT lAC Production System 7} 

-- --- ---~ -------~all. borders 

YclU' TotdAre:l 
('000~) 

Tot:U Price Total 
Pf(-dueuon tRupct:·s I Production 
t•oc-oMet lonJ Metrle To fOI.."'IMet Ton) 

--- --- - -·- --- ----·- ---· -- -------
1910 
1911 
1972 
1973 
1914 
1915 
1976 
1917 
1978 
l91!f 
1980 
Ki&l 
19$2 
f983 
t9S4 
1985 
1986 
1987 
l9U 
t9a9 
l99G 

732.48 
64919 

64Q$1l 
758.724 
746;9SJ 
19513~ 
751 SH 
769196 
807412 
19'}303 

866.16 
8-9!WS 
&3017 
94155 
9$32& 
W1S6 

tOOL31 
lOMOO 
116&9$ 

tllZ:6'9l 
fZiS.9!9 

1421 
so4a 
1016 

50.125 
son 

13! OlS 
18395 

116845 
lti7l5 

13735 
5525 

tl200 
67 3& 
8842 

14134 
12;357 
110.30 

Ur114l8 l4l40 
UlU 

!2124:5 
1154605 

!20935 
4605 
6450 
5350 

4S8 
296."!5 
23 545 
4~ 315 

•HOS 
54.62 

3.7545 
1&05 
519 

S73SS 
46.65$ 
60305 

5269 
16tH 

70795 
S1.9a 
3:\15 
iS15 
4925 

JOQ,905 
47.295 

5171667 

--- ---- ---- --· --- ---- ---- ---- -----
Sources : fl!di~ Agricu1Jur.d Sutisucs. 

Agrituft::ra!Shuatlon ifi India 

~ 

Mah,andMP 
Price Total 
{Rupees/ Produttion 
MctrieTo roooMet Tonl 

4332..24 
632816 
587122 

237.43 
223J>2 

192453 
!S1.:1S5 

3l(t37 
321503 
216.611 
259-fu/ 
297 t69 
310516 
1S.S57 
342.47 
349.16 
38LSS 
39161 
393.2S 
333.68 
43125 
52K54 
SS721 

363.148 

Price 
tRupces/ 
Metric Ton) 

5150.l 
431157 60198 

5316.4 



Table 7. 
Suntrnary Data for Benefit Assessment 

Base Level of production 
Yield Change due to desease 
Base Price Level 
Supply Elasticity 
Demand Elasticity 

Benefit Assessment 
Discount Rate 
IRR Guess 

lnterrnecuate [)ata: 
Total Unit Cost Reduction 
Slope of Supply Curve 
Slope of Demand Curve 
Exchange Rate 

120935 ~1etric Tonnes 
42.73 percent 
5468 Rslton 

0.2 
05 

0.08 
o~os 

3820.466 Rs/ton 
4.423015 
11.05754 

30.9 



Table 8. An3lysis For ICP 8863(Maruthi) Re!'earch. K:unataka 

----- ------------
Year Net~enefits Research Costs (SUS) Research Gains (SUS) 

(SUS) Tot31 ICRISAT I CARl Other Total Adoption Annual Gains to Gainsro 
Institutions Level Gains Consumers (%) Producers (%) 

--·--- ---------------
Present Value 74~994.509 181782 171.075 10.707 23.743.395 6.783,827 16,959.568 

Total 371451319 278428 251.125 20,703 105.023.14 30,006,612 75,016,531 

1975 {54 51 845 0 845 
1976 (845) 845 0 845 0 
1977 (5,070) 5,010 4.225 845 0 
1978 (43,095) 43,095 42,.250 845 0 
1979 (4!,;095) 43.095 42.250 845 0 
1980 (43,Ct95) 43,095 42.250 845 0 0 
1981 {43.Sl8i 43.5t8 42,250 1.268 0 0 
1982 (43.518) 43.518 42,250 1.268 0 0 0 
1983 {43.518} 43..518 42.250 1.268 0 0 0 
1984 (1,26S} 1.268 0 1.26& 0 0 0 
1985 {1,168) l.26S 0 1.268 
1986 782,391 2.535 0 2535 784,926 0.05 15.698.527 224.265 28.57 560.662 71.43 
1987 l.•Ht\332 2.535 0 2535 1.412.867 009 15.698..527 403,676 28.57 1,009,191 71.43 
1988 2.109.339 2.535 0 2535 1.412,867 0.09 15.698.527 403.676 28.57 1,009;191 71.43 
1989 4,630.689 2.5:;5 0 !535 2.&25.73.5 0.18 15,698.$27 807,353 28.57 2,018,382 71.43 
1990 13.:!66,132 0 8,634.190 055 15,695.527 2.466,9Ll 28.57 6.161.278 71.43 
1:991 19.848,563 0 9.262.131 059 15.698.527 2,646.323 28.57 6,615,808 71.43 
1992 22.769,1:98 0 9.262,131 059 15.698.527 2.646.323 28.57 6,615,808 71.43 
1993 26.109.982 0 9,419.116 0.6 15.698.527 2.691.176 28.57 6,727.940 71.43 
1994 33.t96.494 0 9.419.ll6 0.6 15,698..527 2,69I.J76 28.57 6.127.940 71.43 
1995 37.5"'..0.836 0 9.419.116 0.6 15.698.527 2.691.176 28.57 6.727.940 71.43 
1996 39.438.623 0 8.634.190 055 15.698.527 2.466,911 28.57 6.167.278 71.43 
1997 30,806.733 0 6.279,411 04 I 5,698.5:!7 1.79-1:,117 28.57 4.485.293 71.43 
lWS :!3.105.049 0 4.709.;~58 03 1:5.698.527 1.345.588 1851 3.363.970 71.43 
1999 23,l05,0·W 0 4,709.558 03 15.698.527 1.345.588 28.57 3.363.970 71.43 
:!000 23.10~.049 0 4,709.558 0.3 15.698.527 1.345,588 28.57 3.363.970 71.43 
1001 23.105,049 0 4,709.558 0.3 15.698.527 1.345.588 28.57 3.363,970 71.43 
1002 23:,105.049 0 4,709.558 0.3 15,698.527 1.345,588 28.57 3.363.970 71.43 
2003 23.lOS .. 049 0 4,709.558 03 15.695.527 t.34s.ssa 28.57 3.363.970 7143 
2004 23.105.()49 0 4.709.558 03 15.698.527 1.345.588 2&.57 3.363.970 71.43 
20.:>5 23.105.049 0 4,709.558 0.3 15.69&.527 1.345,588 28.57 3.363.970 71.43 

----- --- ---· ------ ----
IRR; 0.715885 



Table a. An:llysis Mah :1nd MP 

-----
Year Research Gains (SUS) 

Tot:ll Adoption Annual Gains to Gains. to 
Levd Gains Consume (%) Producer {%) 

-----
Present Value 42.498.221 12.142.349 30.355.872 

Total 224,865.761 64.247,360 160,618.401 

1915 
1916 0 
1977 I) 

1978 i) 

1979 0 
1980 0 0 
1981 0 0 
1982 0 0 0 
L983 0 0 0 
1984 0 0 0 
1985 
l9S6 0 0 54.054.270 0 0 
1987 0 0 54.054.270 0 0 
l988 1.081.085 0.02 54.054,2']0 30&.SS2 2S5i 772,204 71.43 
1989 l.OSl.085 002 54.054.270 30K,BS2 2857 772,204 71A3 
1990 2,\62.171 0.04 54.054.270 617.763 28.57 1,544,408 71.43 
1991 7.027,055 013 54.054.270 2.007.730 2857 5.019.325 7143 
1992 9.729.769 018 54.054.270 2.7i9.934 2857 6,949,835 1143 
i993 13.513.561 0.15 54.054,270 3,561.019 2S 57 9.652.541) 7143 
1994 20,000.080 0.37 54.054.270 5.714.308 !857 14,285,'171 71.43 
1995 24.324.421 0.45 54.054,270 6.949.8.35 2857 17,374.537 71-H 
1996 27.027.135 0.5 54.054.270 7.71:!.039 2357 19.305.096 71.43 
1997 :!1.62!,708 04 54.054.270 6.1n.63t :!;z; 57 15,444.077 71.43 
1998 16.216.281 0.3 54.054.Z70 4,633.:223 28.57 11.5&3.058 7143 
1999 16.216.:!Sl 0.3 54.054.27{> 4,633.223 2857 11.583,05& 71.43 
2000 16.,2.16.2.81 OJ 54.054.27{.. 4,633.223 2&.57 11.583.058 71.43 
2001 16.216.281 03 54.054270 4,633.223 !8.57 ! 1.583.058 71.43 
2002 16.216.281 0.3 54.054.270 4.633.223 28.57 11.583.058 71.43 
2C-J3 16.216281 03 54.054.270 4.633.1~ 2SS7 I 1.583.058 7IA3 
2004 16.216.281 0.3 54.054.270 4.633.123 2857 11.583.058 71.43 
2005 16.216.281 03 54.054.270 4.633.223 2857 11.583,058 il43 

----- --- --------



Table 8. Analysis AP and Mah borders 

-----
Year Research Gains(SUS) 

Total Adoption Annual Gains to Gains to 
Level Gains Consume {%) Producer (%) 

-----
Present Value 8.934,675 ~52,764 6,381.911 

Total 41.840.842 11.954,526 29.886.316 

1915 
1976 0 
1'977 0 
1978 0 
1979 0 
1980 0 0 
1981 0 0 
1982 0 0 0 
1983 0 0 0 
1984 0 0 0 
1985 
1986 0 0 7.164.035 0 0 
1987 0 0 7.264,035 0 0 
1988 217.921 0.03 7.164.035 62.263 2857 155.658 7143 
1989 726.404 0.1 7.26-l.035 207.5~ 28.57 518.860 71A3 
1990 2A69.m 0.34 7.264.035 705,649 28.57 1.764.123 7143 
1991 3.559.317 049- 1.264.035 1.016.965 28 57 2.542.412 71.43 
1992 3,7i7..29S 0.52 7,264.035 1.079.~8 28.57 2.698,070 71.43 
1993 3.777.298 0.52 7.26-t035 1.079.228 2857 2.698.070 7L43 
1994 3.777.298 052 7.264.035 1.079.228 28.57 2.698.070 if 43 
1995 3.777.298 052 7.264.035 1.079.228 28.57 2.698.070 71.43 
1996 3.7i7.298 0.51 7.264.035 1.079228 2857 2.698.070 71.43 
1997 2..905.61.! 04 7.26-t.035 830,175 :!857 2.075.439 71.43 
1998 2.179.:11 03 7.264.035 622.632 18.57 1.556.579 71.43 
1999 2.119.211 03 7.264.035 622.632 28.57 1.556.579 11 43 
.2000 2.179.211 03 7.l64.035 612.632 2857 1.556.579 71.43 
:!001 2.179.211 03 7.264.035 622.632 28 57 1.556.579 71.43 
2002 2.179.2rt 0.3 7.!64.035 622.632 28 57 1.556.579 7143 
2003. 2.179.211 03 7,264,035 622.632 28 57 1.556.579 71A3 
2004 2.179,211 01 7.264.035 622.632 28 57 1.556.579 71.43 
2005 2.li9.2i I 03 7.264.035 622,632 .2857 1.556.579 71.43 

-----



Table 8. Analysis For ICP 8863 (M3f\.lthl) Research. Knrnntakn 

----- --- ---------- ---- --------
Year Net Benefits Research Costs {SUS) Re1•earch Gains (SUS) 

(SUS) Totnl ICRISAT ICARJ Other Total Adoption Annual Gains to Gains to 
Institutions Level Gains Consumers (%) Producers (%) 

----- ------ ------- ---
Present Value 23.561,613 181782. 171,075 10.707 23,743.395 6,783.827 16,959,568 

Total 104744716 278428 257,725 20.703 I 05.023.144 30,006.612 75,016.531 

1975 (845) 845 0 845 
1976 (845} 845 0 845 0 
1977 (~.070) 5.070 4,225 845 0 
1978 {43.()95} 43,095 42,2.50 845 0 
1979 (43.095} 43,(.'95 42.250 845 0 
1980 (43,095) 43.095 42.250 845 0 0 
1981 (43.518) 43-·HS 42.250 1.268 0 0 
1982 (43.518) 43.518 42.250 1.268 0 0 0 
1983 {43.518) 43.518 42,150 1..268 0 0 0 
1984 0.268) 1.268 0 1.268 0 0 0 
!985 {1.:!68) 1.26& 0 1.268 
1986 78!.391 2.535 0 2535 784,926 0.05 15.698.527 224.265 28.57 560,662 71.43 
1987 1.410.332 2.535 0 2535 1.412.867 OU<J 15.698.527 403.6i6 28.57 1.009.191 71.43 
1988 1.410.332 2.535 0 2535 1.412.867 009 15.698.527 403.676 28.57 1.009.191 71.43 
!989 2.823.200 2.535 0 :!.5.35 2.815.735 018 15.698.527 807.353 28.57 2.018.382 71.43 
1990 8.634.l90 0 8.614.190 055 15,698..527 2,466.911 28.57 6.167.278 71.43 
1991 9.262.131 0 9.262.DI 059 15.698..527 2.646.323 28 57 6.615.808 71.43 
1992 9.262J:q 0 9.262,131 05'.; 15,698.527 2.646.323 28.57 6,615,808 71.43 
1993 9A19.116 0 9.419.116 06 15.698,527 2.691,176 2857 6.727,940 71.43 
1994 9.419.116 0 9AI9.116 06 15.698.527 2.691.176 28.57 6.727.940 71.43 
!995 9.419.116 0 9.419.116 06 15,698.527 2.691.176 28 57 6.727.940 71.43 
1996 8.63.!.190 0 8.634.190 055 15,698.527 2.466.911 28.57 6.167.278 71.43 
.t9""""" 6~79.411 0 6.279All 04 15.698.527 1.794,\17 28.57 4,485,293 71.43 
l .!,709558 0 4.709.5:'\8 03 15 698.527 1.345,588 :8.57 3.363,970 71.43 

"" 4.709.558 () 4.709.558 03 15.698.527 1.345.58& 28.57 3.363,970 71.43 
4,709553 0 4,709.558 03 15.69&.527 1.345,588 28 57 3.363.970 71.43 

iv'\JI 4.70'1558 0 4.104.558 03 15.698.527 1.345.588 28.57 3.363.970 71.43 
::t.r'.: 4.709.558 0 4.71)'}.558 03 15.698.527 1.345.588 28.57 3.363,970 71.43 
21JJ3 4.709.558 0 4,709.55K 03 15.698.527 1.345.588 28.57 3,363.970 71.43 
:!004 :709558 0 4.709.558 03 15.698.527 1.345.588 28.57 3.363,970 71.43 
2005 4.709.558 0 4.709.558 03 15.698.527 1.345.588 28.57 3.363,970 71.43 

------ - --- -- _,_ ----- ---~ ·-~-- ------· ---·- --------
IRR= 0637656 



Table 6. Analysis For ICP 8863 (Maruthi) Research. Kama taka 

----- ------------ ---
Year Net Benefits Research Costs (SUS) Research Gains (SUS) 

(SUS) Total ICRISAT !CAR! Other Total Adoption Annual Gains to Gains to 
Institutions Level Gains Consumers (%} Producers (%) 

----- ----------------
Present Value 116,303,100 181782 171,075 10.707 23,743,395 6,783,827 16,959,568 

Total 514964174 278428 257,725 20,703 105,023,144 30,006,612 75,016,531 

1975 {845} 845 0 845 
1976 (845} 845 0 845 0 
1sn (5.070) 5,070 4.225 845 0 
1978 (43,095) 43.095 42.250 845 0 
1979 (43,095) 43,095 42,250 845 0 
1980 ?43,095} 43.095 42,250 845 0 0 
1981 43.518) 43,518 42.250 1.268 0 0 
1982 (43.518} 43,518 42.250 1,268 0 0 0 
1983 (43.518} 43,518 42,250 1,268 0 0 0 
1984 (1.268~ 1.268 0 1.268 0 0 0 
1985 (1,268 1.268 0 1.268 
1986 3,848.307 2,535 0 2535 784,926 0.05 15.698,527 224.265 28.57 560,662 71.43 
1987 6.928.980 2.535 0 2535 1,412,867 0.09 15,698,527 403,676 28.57 1,009,191 71.43 
1988 6.928.980 2,535 0 2535 1.412.867 0.09 15,698.527 403,676 28.57 1,009,191 71.43 
1989 13.860.495 2.535 0 2535 2.825,735 0.18 15,698,527 807,353 28.57 2,018,382 71.43 
1990 42.359,257 0 8,634,190 0.55 15,698,527 2,466,911 28.57 6,167,278 71.43 
1991 45,439.930 0 9.262,131 0.59 15,698.527 2,646,323 28.57 6,615,808 71.43 
1992 45.439,930 0 9.262,131 0.59 15,698,527 2.646,323 28.57 6.615,808 71.43 
1993 46.210.099 0 9.419,116 06 15.698,527 2,691,176 28.57 6,727,940 71.43 
1994 46.210,099 0 9.419,116 06 15,698.527 2,691,176 28.57 6,727,940 71.43 
190...3 46.210,09:9 0 9.419,116 0.6 15.698.527 2,691,176 28.57 6,727.940 71.43 
1396 42.359.257 0 8,634,190 0.55 15,698,527 2.466,911 28.57 6,167,278 71.43 
1997 30,806.733 0 6.279.411 OA 15,698.527 1.794,117 28.57 4.485,293 71.43 
1998 23,105.049 0 4.709.558 0.3 15,698.527 1,345,588 28.57 3,363,970 71.43 
1999 23.105049 0 4,709,558 03 15.698,527 1.345,588 28.57 3,363.970 71.43 
2000 23,105049 0 4,709.558 03 15,698,527 1,345,588 28.57 3,363,970 71.43 
2001 23.105.049 0 4.709.558 O.J 15,698.527 1,345,588 28.57 3,363,970 71.43 
20C2 23.105.049 0 4.709.558 03 15.698.527 1,345,588 28.57 3,363,970 71.43 
2003 2.3,105.049 0 4.709,558 03 15,698.527 1.345,588 28.57 3,363,970 71.43 
2004 23.105,049 0 4.709,558 03 15,698.527 1.345.588 28.57 3,363,970 71.43 
2005 23,105.{)49 0 4.709,558 0.3 15.698.527 1,345.568 28.57 3.363,970 71.43 

--· -·-- --·- - - -- ~-•r _____ •·-----·-- _______ ,... ___ ----- --.-~' --·-...,...-~~- -·--·----- ---- -----

IRR= 0.913165 

... 



Table 8. Analysis AP and Mah borders 

--------- ---
Year Research Gains {SUS) 

Total Adoption Annual Gains to Gains to 
Level Gains Consum (%) Producer (%) 

-----
Present Value 10,986,563 3,139.018 7,847,545 

Total 48.596,395 13,884,684 34,711,711 

1975 
1976 0 
19n 0 
1978 0 
1979 0 
1980 0 0 
1981 0 0 
1982 0 0 0 
1983 0 0 0 
1984 0 0 0 
1985 
1986 363,202 0.05 7,264.035 1ro.n2 259.430 
1987 653,763 0.09 7.264.035 186,789 466,974 
1988 653,763 0.09 7,264,035 186,789 28.57 466,974 71.43 
1989 1,307.526 0.18 7,264.035 373,579 28-57 933,947 71.43 
1990 3.995.219 0.55 7.264.035 1,141,491 28.57 2.853.728 71.43 
1991 4.285.781 059 7,264.035 1.224,509 2857 3.061.272 7143 
1992 4,285,781 0.59 7.264,035 1,224,509 2857 3,061,272 71.43 
1993 4,358,421 06 7.264035 1,245,263 2657 3,113,158 71.43 
1994 4,358.421 06 7.264.035 1245,263 2857 3.113,158 71.43 
1995 4.358,421 06 7,264,035 1,245.263 2857 3.113,158 71.43 
1995 3.995,219 055 7.264035 1,141.491 28.57 2.853.728 71.43 
1997 2,91".;5,614 04 7.264.035 830.175 2857 2,075,439 7143 
1998 2,179.211 0.3 7,264.035 622.632 2857 1.556.579 71.43 
1999 2.179.211 0.3 7.264.035 622,632 2857 1,556.579 7143 
2000 2,179,211 03 7.264,035 622.6.32 2857 1,556,579 7143 
2001 2,179211 03 7,264,035 622.632 28.57 1,556,579 71.43 
2002 2.179.211 0.3 7.264.035 622.632 28.57 1.556.579 71.43 
2003 2.179.211 0.3 7,264.035 622.632 28.57 1.556,579 7143 
2004 2.179.211 0.3 7,264,035 622.632 2857 1,556,579 71.43 
2005 2,179,211 0.3 7.264.035 622.632 2857 1,556,579 71.43 

-- -------- ------- ----- - .... _,.._, __ ----- --- --- -



Table 8. Analysis Mahand MP 

--------
Year Research Gains (SUS) 

Total Adoption Annual Gains to Gains to 
Level Gains Consum (%) Producer {~o) 

----- -------
PresentValue 81.754.924 23,358,550 56,396,374 

Total 361,623,063 103,320,875 258,302,188 

1975 
1976 0 
1977 0 
1978 0 
1979 0 
1980 0 0 
1981 0 0 
1962 0 0 0 
1983 0 0 0 
1984 0 0 0 
1985 
1986 2,702,713 0.05 54,tl54.270 m.204 1,930,510 
1987 4,864,684 0.09 54,054,270 1,389,967 3.474,917 
1988 4,664,884 ('1.09 54,054,270 1,389,967 26.57 3.474,917 7143 
1989 9.729,769 0,8 54.054.270 2,n9.934 28.57 6,949,8-~ 71.43 
1990 29.729.648 0.55 54.054.270 8,494.242 28.57 21.235,606 7143 
1991 31,892.019 059 54,054,270 9.112,005 28.57 22.780,014 71.43 
1992 31.892.019 0.59 54,054,270 9.112.005 2857 22.780,014 7143 
1993 32.432.562 06 54.054,270 9.266.446 2857 23.166,116 71.43 
19:'~ 32,4'32.562 06 54.054.270 9.266.446 28.57 23.166,116 7143 
1995 32.432.562 06 54.054.270 9,266.446 2857 23,166.116 7143 
1996 29]29.848 0.55 54,054.270 8.494.242 2857 21.235,606 71..:3 
1997 21.621.708 04 54,054,270 6,1n,631 2857 15,444,077 7143 
1998 16.216,281 0.3 54054270 4,633.223 2857 11..583,056 7143 
1999 16.216281 03 :H.054.270 4,633.223 2857 11,583.058 71.43 
2000 16.216281 03 54,054,270 4,633,223 2857 11.583,058 7143 
2001 16.216.281 03 54,054,270 4,633,223 28.57 11,583,056 71.43 
2002 t6.216.281 03 5-1,o=.A.270 4,633,223 2857 11,583,058 71.43 
2003 i6.2l6.,281 0.3 54,0$4,270 4,633.223 2B57 11,583,058 71.43 
2004 16,216.281 03 54,054.270 4,633,223 28.57 11.583,058 7143 
2005 16,216,281 03 54,054.270 4,633.223 28.57 11.583.058 71.43 

·---.-.-·- ---~' ~----- ~--·---- -----~- ---.. -------- __ _.,._ -·--- ___ v ___ 
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Figure 3.: 

Pig~nnp~a s~ed;:;Clle$ by Karnataka State seeds &11r,poration, t988'•94. 
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Ad(;>ption of JOP 8863 {Mmoti) by SMS and Survey data inJ3idar 
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