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Tracking the impact of wilt resistant medium duration pigeonpeas in the semi-arid tropics of
India

by
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Internaticnal Crops Research Institute for the Senu-arid Tropics (ICRISAT), Hyderabad, India

ABSTRACT

The paper presents results from tracking the spread and tmpact of a cultivar, the wilt resistant
medium duration pigeonpea [CP 8863 (Maruthi), in the highly variable semi-arid tropics
environment of India. It caleulates the welfare gains from research where the target environment
is characterized by various adoption regimes. Analysis is enhanced by the usc of two categorics
of adoption. Complementary information from various sources - including seed sector sales,
estimates by subject matter specialists from the Department of Agriculture and Extension
network, farm level reconnaisance and formal surveys - are used to form a composite picture
of adoption and impact. The results show that, 6 years alter release, the wilt resistant variety has
covered almost 60% of the wilt endemic areas where the material was refeased. Rates of adoption
vary depending on access to improved varieties through the seed sector and on formal release by
the states. The returns to investment in pigconpea wilt resistant research are substantial.
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Fusarium wilt caused by Fusarium wdun Butler s one of the most widespread and destructive
diseases of pigeonpea [Cajanus cagan (1) Milisp.] in Asia and Africa. An international survey
of pigconpea diseases covering Asin, Africa and the Americas, carried out from 1975 to 1980,
revealed that the discase was prevalent in almost all the pigeonpea-growing arcas. Monitoring
surveys in cleven mayor producing states of India indicated high incidence in the states of
Maharashtra (22.6%), Bihar (18.3%) and Ultar Pradesh (15.4%) (Kannaiyan et al, 1984). The
same series of surveys extended in Africa found that wilt was the only major disease of
pigeonpea in Malawi, Tanzania and Kenya. Pathology research results suggested that wilt-affected
arcas of pigeonpeas suffer a 50 pereent yield reduction. (J.G. Ryan, 1981). Production losses from
wilt on pigeonpeas in 1977-78 were estimated to reach 97,000 tons in India and 14,000 tons in
Kenya, Malawi and Tanzania. The cconomic value of production losses due to this discase was
reported to be SUS 36.4 million annually in India and $US 5.2 million annually in the three
castern African countrics.

The findings of the survey were an important basis by JCRISAT in setting a high research
priority for Fusarium wilt of pigeonpea. Investigations were primarily aimed at identifying
resistant lines, multilocation screening of pigeonpea for fusarium wilt resistance and developing
resistant cultivars. It was viewed that resistant cultivars will offer farmers a cost-effective method
for controlling the discasc. Cultural practices, such as crop rotation and mixed- or inter-cropping,
were also noted to help reduce the incidence of the discase.

The paper presents results from tracking the spread and impact of a cultivar, the wilt resistant
medium  duration pigeonpea ICP 8863 (Maruthi), in the highly variable semi-arid tropics
environment of India.



1. Background

Availability of stable and broad-based resistance source is essential for breeding resistant
cultivars. At the time when the international survey of pigeconpea diseases was completed, sources
of resistance to wilt have been identified at ICRISAT Center.  Of more than 11 000 entries
serecned n the wiltesick plots at ICRISAT Center, 33 showed resistance to wilt (Nene and
Kannaiyan, 1982). Sceds of these resistant hines were maintained and made available upon
request by ICRISAT. At about the same time. a few hnes and cultivars tolerant or resistant o
wilt have also been reported at other research stations in Inaia including PUSA, Kanpur and
Badnapur (Swaminathan ¢t al, 1979),

ICP 8863 was developed by selection from ICP 7626 (P-15-3-3), a landrace from northern India.
The original collection was sown in a wilt-sick plot at TCRISAT Center, Patancheru, during the
1977/78 cropping scason. Sceds collected from the resistant plants were resown in the wilt-sick
plot for further purification. Henceforth, the variety was tested in wilt-sick plots at 13 locations
i India (ICRISAT Pluant Material Deseription no. 44, 1993),

Multilocation screening of pigeonpea for fusarium wilt was carried out in India during the period
1978 to 1983 1o identfy genotyres with broad-based resistance. The collaborative effort called
the ICAR/ICRISAT Uniform Trial for Prgconpea Wilt Resistance (ITUTPWR) was among several
institutions  including  ICRISAT (Patancheru, Andhra Pradesh), Marathwada  Agricultural
University (Badnapur, Maharashuras, Rajendra Agricultural University (Dholi, Bihar), Agricultural
Research Station, Umiversity of Agricultural Sciences (Gulbarga, Karnataka), C.S. Azad
University of Agriculture and Technology (Kanpur, Uttar Pradesh), J.N. Krishi Viswa Vidyalaya
{(Jabalpur, Madhya Pradesh), Pulses and Oilsceds Research Stauon (Berhampore, West Bengal),
Agricultural College (Ranchi, Bihar) and Division of Mycology and Plant Pathology (IARI, New
Delhi). The trial was coordinated by ICRISAT and carried out by the pathologists of the Indian
Council of Agricultural Rescarch (ICAR) and ICRISAT.

Sixty one pigeonpea germplasm and breeding lines were cvaluated at 15 wilt-endemic locations.
Genotypes showing less than 20% wilted plants in all scasons 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 wilt-sick plots at ICRISAT Center; ten genotypes were contributed by
Marathwada Agricultural University. Most of the genotypes tested included germplasm accessions
obtained from the Genetic Resources Unit of ICRISAT. All have non-determinate flowering
pattern and are ecither medium or long duration types. All, except ICP 9168 - which is from
Kenya, originated from India.




The significant findings of the mululocation tal are as follows:

) five pigconpea lines (ICP 4769, 8863, 91068, 10958, 11299) and two cultivars (C11
and BDN1) were found 1o be resistant to wilt across a wide range of locations and
seasons indicaung stable and broad-based resistance;

)} the multdocatton screemng work has for the first time helped to identify wilt-
resistant true-breeding lines and cultivars that hold their resistance across wilt-
Cﬂdelﬂiﬁ. Jocations and across ume:

. the genotypes histed in @) above were subsequently included as long-term
resistant checks in HUTPWR and were lound resistant in the subsequent
yoars,

1. few cultivars such as CH (ICP 7118), BDN 1 (ICP 7182), NPWR 15 (ICP
88591 and KWR 1. hsted earlier as tolerantresistant at some locations in
Indha (Swanunathan et al, 1970) were found to segregate for wilt resistance
when evaluated i wilt-sick plots in ICRISAT Center;

i, ICP 8863 was found to have durable resistance to will, having held its
resistance siee 1977, Thus partieular line also has shown good yield
potentral.

By the time multdocation tnais were underway 1 the carly 80's for checking stability of
resistance to fusarium wilt, farmers in northern Karnataka, particularly in Gulbarga and Bidar
areq, started to detect growing incidence of wilt, Substantial production loss due to the diseasce
prodded farmers to seek for wilt resistant materials from the Agricultural Research Station in
Gulbarga. Scientists from this station searched for wilt-resistant lines from ICRISAT, the main
source of disease resistant hines for pigeonpea.

The first set of mululocation trials which have been underway at that time showed advance
results which indicated the strong potenual of ICP §863. It is the only available pigeonpea variety
that combines a high level of resistance to wilt and a high degree of purity with broad-based
resistance. It is marginally earlier maturing than the popular medium-duration cultivars which
were grown in peninsular India. Its yield advantage in wilt-sick plots in multilocational trials was
s0 apparent that it was sclected by the scientists from Karnataka. On-station and on-farm adaptive
trials for ICP 8863 were conducted in carnest at the Agricultural Rescarch Station, University of
Agricultural Sciences, Gulbarga, Karnatuka, Several large scale demonstrations were subsequently
conducted through the university and front line demonstrations on farmers® fields. The release
of ICP 8863 was facilitated by scientists and research managers in the NARS and the Department
of Agriculture to provide solution to growing production losses due to fusarium wilt in Gulbarga.
ICP 8863 was rcleased in the state of Karnataka in 1986 under the name Maruthi.




2. Research Evaluation Framework and Discussion of Parameter Estimates
2.1 Framework

A "simple non-traded goods” research evaluation framework based on the economic surplus
model is chosen to ostimate welfare gains from research, Adoption regimes were defined to
reflect a) a favorable environment with a goud seed sector support and extension network; and
b) a constrained adopuion eavironment where seed availability is an important bottleneck. The
existence of different adoption regimes makes 1t neeessary to estimate the impacts in these
regions separately.

2.2 Rescarch lag

The deseription of the rescarch process for fusartum wilt research in section 1 indicates that the
released variety ICP 8863 is a product of joint R&D efforts by ICRISAT and the Indian NARS.
Firstly, the onginal coliection ot this material was a selection from P-15-3-3 obtained from
Badnapur, Maharashtra. It was wlentified and kept as part of the germplasm lines of ICRISAT.
Further purification was undertaken and multi-locaton screening was undertaken under the
ICAR/ICRISAT Umform Tral for Pigeonpea Wilt Resistance (ITUTPWRY), a cooperation between
JICRISAT and several stitutions m the NARS. s release was facilitated by scientists in
Karnataka to address the increastng incidence of wilt in the region. A total of 9 years of applicd
and adaptive research with ICRISAT/NARS jomt effort involved selection, multi-location
screening and further punification before the cultivar was released in 1986. Four years are further
added to the research lag to consider seed multiplication and front-line demonstrations by
Karnataka NARS from 1986 to 1989. From the point of view of scientists at the Gulbarga
Agricultural Research Station who initiated the release of the cultivar, the ready availability from
ICRISAT of the material essentially shortened their R&D lag by 50% (personal communication,
1994). This estimate was given in the context of their experience with ICP 8863,




23 Adoption
231 Tracking the spread of ICP 8863

After almost two decades since the research started on fusarium wilt - from problem
identification to product develapment and dissemination, it is of prime interest to determine the
extent of utilization and smpact of the product in its target regions.

A systematic tracking approach was developed as the pigeonpen crop is generally grown in the
highly varinble senvi-arid tropics environment where adoption may be expected to be non-
uniform.  Complementary mformation from several sources are pieced together to form a
composite picture of the spread of 1CP 8863, They include seed sector sales, area estimates by
subject matter specialists appointed by the Department of Agniculture and Extension network,
fann level reconnaisance and formal surveys.

Target areas for adoption study are wdentified from analysis of available district level data: trends
in area, praduction and yield, growth rates within and across time and regions. Table | contains
basic information including production and hectarage in the wilt endermic areas covered by the
study. Northern Karnataka, considered the pigeonpea granary of India, covers about 301,000
heetares of pigeonpea with production levels of 118,000 metric tons. The total area planted to
pigeonpea in the border districts of Andhra Pradesh and Maharashtra is 226,000 heetares with
production levels of 66,000 metric tons. In Maharashtra, the total area covered is 700,000
hectares with production levels of about 493,000 metric tons. Al above figures are based on
1988-1990 averages. The grand total is about 1.27 million hectares and 677,000 metric tops. This
represents an increase from 1.012 million hectares and 567,000 metric tons based on 1985-87
averages.

District level data derived from the International Survey of Pigeonpea Diseases further provided
benchmark information indicating the prevalence of fusarium wilt in the regions. Maps classifying
districts where pigeonpea is an tmportant erop and where wilt is endemic are shown in Figures
I and 2.

232  Complementary sources of adoption data

Seed pmﬂucuon and distribution data from both public and private seed companies offer useful
guide in dirccting us where cultivars were accepted and utilized. As soon as ICP 8863 was
released, sceds were made available in 1986, The Karnataka State Sceds Corporation (KSSC)
supports 14.7% of annual total demand for ICP 8863 sceds (KSSC, personal cmnmumcdtnon).
This is based on the norm that farmers usually purchase and replace the seeds once in three
years, Sceds produced by KSSC are allocated to various districts and blocks according to
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demand. Seed procurement price by the company is Rs 13.75/kg and certified seeds are sold at
Rs 16/kg. (1993-94 prices).

Eighty five percent of seed demand relies on multiplication and distribution of seeds through
farmers who have Jearned the seed production technology and who have found it profitable.

KSSC reports the sale of Maruthi sceds to have increased significantly from 49 t in 1990 1o 140
tin 1994, Marothi’s share in KSSC's total sale of all pigeonpea varicites increased from 32%
in 1990 to 47% in 1994, It now covers the large pigeonpea tracts of several distriets in
Karoataka, including, Gulbarga, Bidar, Bijapur and Raichur, Based on the data given in the Table
2 {and Figure 3), a conservative estimate of the area grown to this variety in these districts (using
farmers’ average seed rate of 10 kg ha') is approximately 95 238 ha.

Another important source of adoption dita may be accessed through reconnaisance surveys.
Discussions with NARS sci>ntists, extension personnel, as well as subject matter specijalists and
village assistants of the Department of Agriculture oftentimes reveal invalvable dircctions for
ground-truthing adoption levels. For example, reports by subject matter specialists of the various
Principal Agriculture Offices of the Ministry of Agriculture in state of Karnataka indicate that
about 116 120 ha area was sown under Maruthi in the eight major pigeonpea-growing districts
of Karnataka. Figure 4 provides a comparison of the data obtained from subject matter specialists
and those obtained from on-farm surveys.

2.3.3 Technology adoption and impact surveys

District level sccondary data on area, production and yield are important basis in the choice of
survey locations. The proportion of gross cropped area and growth rates in area and yield are also
useful in guiding district, block and village selection.

Block (taluka, mandal) level data may be obtainea from the Department of Agriculture offices
established in each district. Village level data are obtained from Assistant Directors of cach
block. A brief summary of the sampling scheme used for this study is as follows: the top two
pigeonpea producing districts in top producing bloeks are selected for a random selection of
sumple villages. A random sample of 10 farmers is selected from a sampling frame drawn of
pigeonpea growing farmers in the village,

Survey modules were developed to include the following aspects for inquiry: basic farmholding
information, land use/cropping system, adoption, input/output information, and post-harvest
information and seed utilization,




24 Cost Structure

Table 3 contains a cost analysis for pigeonpea ICP 8863 based on the cost data generated from
the on-farm surveys. It contains iuput use and factor prices for ICP 8863 and the best cultivar
used by farmers before 1CP 8863 was available. Quiput information are alse presented,

25  Research Cost

Research costs on wilt resistant yesearch m JCRISAT and the collaborating institwtions in the
NARS are estimated based on the yearly budget presented in Table 4 (a,b).

Historical records of budgets disaggregated by research projects conducted during the early years
of ICRISAT are very difficult to retrieve, il ot all these are available in the archives of its
Finance Division of ICRISAT. Thus, for the purposes of this study, actual expenditures for
Fusarium wilt research was estimated with the guidance of scientists who were actually members
of the ICRISAT Fusarium wilt research team durmg the period of its implementation and
administrative officers in charge of budget. The breakdown of research cost were made an the
basis of salartes of the research team members and proportions of scientists’ time allocated to
Fusarium wilt research, Operating cost were estimated based on total Legumes Pathology
program operating cost apportioned among three major research activities (e Pigeonpea
Eusarium Wilt, Pigeonpea Stenlity Mosaic and Chickpea Wilt Complex) implemented by the
program at the time. Similer imputations were made for the NARS counterpurt funds. Two
budget scenarios are used. The Jower budget scenario is presented to show the variations in the
recall that was made; this also affords an opportunity to simulate the effect of marginal budget
reductions on the net benefit estimates,

KX Results and Discussion
3.1 Adoption and Impaet surveys

The objective of this excrcise is to confirm the Jarge-seale adoption of ICP 8863 among farmers
in the wilt-endemic arcas of Karnataka, Maharashira and Andhra Pradesh and to obtain on-farm
information on the impact of T1CP 8863 vis-a-vis the variety that was used by farmers before the
improved variety was released.

On-farm surveys covering three adoption regimes were conducted. The first covered the wilt
endemic regions of nocthern Karnataka, including the districts of Gulbarga, Bidar, and parts of
Bijapur and Raichur. This area represents a favorable adoption environment where the state seed
agencey strongly supports sced production of released and recommended varieties, This area is
also characterized by 4 good extension network {rom the Stale Ministry of Agriculture,

The second set of on-farm surveys explored the boundary districts of states bordering northern
Karnataka. This includes 6 boundary districts of the state of Andhra Pradesh and 2 districts of
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southern part of Maharashtra, This area was covered to answer questions regurding the spread
of varieties neross states where the seed is not released but where access 1o reliable sources of
sceds is possible. Interaction with local agriewltural officials and seed dealers and farmers in
Karnataka State near the norrthern borders led us to information regarding the increasing demand
of 1CP 8863, more popularly known as "Maruthi®, in the ncighboring districts of the states of
Andbra Pradesh and Mabarashira.

The third set of on-farm surveys included villages in wilt endemic arcas of the major pigeonpea
producing state of Maharashtra. It 1s noted that ICP 8863 is not released in this state and thig
prevents the state seed corporation from umlertaking seed production and multiplication. Since
information about ICP 8863's durable resstance to wilt has reached farmiers in the area, its
demand has been growing especially in the wilt endemic areas of the eastern part of the state.
Presently, farmers essentially depend on a number of progressive seed producing farmers who
have however experienced limited access to seeds from the neighboring state of Karnataka. As
demand grew in recent years, sced dealers in the area sought and were able o obtain limited
certifiad seeds from the Karnataka State Seeds Corporation, One agency - Mahesh Seeds - began
ICP 8863 sced production in 1990 and claims to be able to supply only about .01% of total
demand in the districts of Yeotnal, Akola and Amvarati; seeds of Maruthi are sold to farmers
at a rate double the existing market price.

The results of the three sets of surveys are summarized in Table 3. Information on the rates of
adoption and ceiling level of adoption over 7 years after the mlcasc in 1986 is presented.
Important observations are noted. First, the rate of adoption of ICP 8863 picked up in Karnataka,
growing from 5% in 1987 o 55% in 1991, peaking at almost 60% in 1992-1993. It is expected
that the ceiling level of adoption will hold at these values, taking into account information that
the formal seed sector has the capability of meeting 15% of the total seed demand of ICP 8863,
Much of the demand will continue to be met by a more constrained distribution of sceds among
farmers and informal sced channels,

Second, the adoption trends obtained from the districts bordering northern Karnataka are
interesting. While wilt is experienced every year by farmers in this area and losses ranging from
10% to 30% yicld reduction have been reported, it took almost two years of lag before adoption
of the first wilt resistant variety took place. As flow of information about the durable resistance
to wilt of "Maruthi" reached farmers, adoption picked up fast and nccess to certified seeds was
possible from the neighboring district of Gulbarnga which is the main seed produclxon center in
the stute of Karnataka. Presently, "Maruthi” is very papular among farmers in these adjoining
distriets of Andhra Pradesh although the variety is not released in this state. On-farm survey
results reveal that adoption has reached 100% in certain villages near the district center.

Third, a constrained adoption scenario is clcurly demonstrated by the on-farm survey results
conducted in eastern Maharaghtra. Farmers in this area report that wilt has been a yearly
occurence; wilt incidence has been recorded to he as high as 68.8% in some districts (Kannaiyan
cl. al,, 1984; Nene et.al,, 1989). However, farmers do not have ready access to the wilt resistant
va 2ty through the formal seed sector, As explained earlier, the Maharashtra State Seeds
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Corporation is unable to sell "Maruthi" in Maharashtva as it is not released in this stale and
farmers are severely constrained by the limited informal sced channels that have slowly evolved.
The survey results reflect the consequences: # lwo years adoption lag is observed with a slow rate
of adoption reaching less than 18% after 7 years. It js expected that farmer-to-farmer seed
distribution will remain a major source for widespread adoption of the variety in this important
pigeonpea producing area of Maharashtra unless release of this will resistant variety is facilitated
in this state.

3.2 Assessment of benelits from technology adoption

This section presents quantitative indicators showing the senefits from the use of wilt resistant
variely ICP 8863, Results are analyzed to draw importar t lessons for rescarch and extension
policy and future rescarch prioritics.

Tables 6 and 7 contains duta summarized {rom previous section. representing basic information
needed in conducting a benefit assessment. Net present value of the stream of benefits from the
research effort on fusarium wilt is oblained with consideration of the following information:

a, production levels in the target area: the wilt endemic region;
b. cost structures based on on-farm survey
c. varying extent of adoption i different adoption regimes; adoption rates and

ceiling level of adoption differentiated by region may also be related to the extent
of disease incidence;

d. possible input price variation across regions;
¢ research cost;

The internal rate of return of the rescarch investiment is also prescnted.

The base case analysis takes puramcter estimates based on on-farm survey results where
input/output and cost information is obtained for production of wilt resistant pigeonpea variety
ICP 8863 and a wilt susceptible local variety used by farmers in the study areas.

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

The cost analysis in Table 3 based on data observed on farm indicates a unit cost reduction of
3820 Rupees (US$123) per ton with the use of the improved variety ICP 8863, This is equivalent
lo a percentage unit cost reduction of 42%. The cost structures obtained from the on-farm surveys
indicate that the major differences in input use are in seed rate and fertilizer application, Farmers
using the local variety arc observed to use higher seed rate for two reasons; the sced of the
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improved variety has a price premium and losses due to wilt have to be compensated for. The
same farmers tend to use more farm yard manure.

The wtilization of the wilt resistance variety has proved to expand production levels due to yield
gains which translate Lo reduction in the farmers’ cost structure.

Given the rescarch cost presented in Table 4 (a,b), the base price of Rupees 5468 (US$177) per
ton, a discount rate of 8% and a supply elasticity of 0.2 and demand clasticity of 0.5, the net
present vajue of benefits from fusarium wilt research is approximately US$75 million. This
represents an internal rate of return of 73%. These results represent the benefits accruing to all
the regions covered in the study. The net present value of benefits aceruing to the primary target
area of northern Kanataka alone is US$23.0 million.

The following list summarizes the benefits pereeived by farmers from the use of the wilt
resistunt ICP 8863, based on on-farm surveys:

Efficiency

1, Disease resistance (wilt)

2. Earlier duration (160 days)

3. Suitability Tor kharif as well as rabi crops

Suitability for sole os well as intercrop
Efficiency in input use

wn L

i good respanse to irrigation
ii. plant height ideal for plant protection operations

Follow-up monitoring in the regions covered by the study provide further information on the
impact of wilt resistant ICP 8863 (c.g. T.N. Raju, Tour report on multilocation pigeonpea discase
nurserics, 1993 Dec). Wilt incidence in the farmers’ ficlds were found to be low in Gulbarga arca
and farmers primarily attribute this improvement to the widespread cultivation of wilt resistant
variety Maruthi (1CP 8863) in the arca.

A major observation in this study is the existence of various adoption regimes duc 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 varicties, is significant, estimated to be in
the order of US$116 million.
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Table 1a. Pigeonpea area (‘000 hay) in three adoption regions: (a) N. Kamataka; (b) Border districts of Andhra Pradesh
and Maharashtra; and (c) Maharashtra and Madhya Pradesh, 1980-90.

Years
e Average
State 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1988-199
N. Kamataka 198.0 218.1 1407 2321 2403 2436 2592 2796 298.1 3020 3024 301
Border dist of AP+Mah 168.5 1713 1673 1722 1708 1709 166.2 1851 213.1 2313 2329 226

Mah+MP (WO Osmanabad) 500.2 5057 5222 5372 5722 5771 5760 5793 6578 6994 7436 700

Total 866.8 8950 8302 9416 9833 991.6 1001.3 1044.0 1168.9 12327 1278.9 1227

Table 1b. Pigeonpea production ('00J 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
- Average
State 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1988-199
N. Kamataka 552 1120 674 884 1273 1236 1103 1414 1111 1272 1155 118
Border dist of AP+Mah 467 603 527 760 708 579 332 758 493 1009 473 66
Mah+MP (WO Osmanabad) 285.6 3425 3482 3819 3916 3933 3337 4313 5285 5873 363.1 493

Total 3875 5148 4692 5463 5897 5748 477.1 6484 6889 8154 5259 677




Table 2.

Pigeonpea seed sales by Karnataka State Seeds Corporation.

Year

1988 1989| 1990 1991 1992 1993 1994
Variety
ICPLB7 34 117 17.6 10
HY3C 14.3 18.5 25.2 1 124 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
MARUTHI 12.6 16.2 49 98.8 825 79.4 140




COST ANALYSIS FOR ICP §863 RESEARCH

Tabde 3 Cost Analysis of Research lmpacts for 1CP 8863 (MARUTHI) sn Production System 7, India.

Best Cultivar Used HCP 8863 (Maruthy)

Output/Cost Betore 1ICP §863
Iteny Ut Uit

Ll Price Quantily  Cost Price Quantty  Cost
STATE : KARNATAKA (Rs) (Rs) (Rs) (Its)

Prop—

COST INFORMATION per hectare per year

VARIABLE COSTS
Male Labor
. Land Preparation Days 2000 700 MK 8.0 160.00
- FYM application Days 2000 24 49.40 0.64 12,80
. Planting Days 3000 1 8§ 55.50 1.25 37.50
. Weeding Days 2000 082 16.40 . -
. Fentilzer Days 2000 04l 8§20 - -
. Interenlture Days 2000 4.00 5000 5.40 108.00
- Arrigation Days 2000 124 2480 300 60.00
. Spraying Days 2500 60 15000 7.00 17500
. Harvesting Days 2545 535 13375 7.00 175.00
. Threshing Days 25.00 618 15450 3.82 95.50
Female Labor
. Land Preparation Days 1200 H (X 200 8,00 96.00
. FY'M apphicanon Days 12400 129 1948 0.55 6.60
. Planting Days 13.50 200 2700 335 45.23
. Weeding Days 1350 1700 22950 17.40 234.90
. Fentilizer Days 1200 144 17.28 7t 32.52
. Intereulture Days . . . - .
. Irrigation Days -
. Spraying Days - . - - .
. Harvesting Days 13.50 329 44 42 110 {4.85
. Threshung Days 1350 1230 16605 1125 151.88
Butlock Labor
Land Preparation Days 5000 600 30000 6.00 300.00
. FYM apphication Days 5000 I 1500 0.46 23.00
Planting Days 65.00 tes 10725 118 76.70
. Ferulizer Days - - - - -
. Intereuliure Days 0.0 100 10000 4.00 200.00
. Spraying Days 5000 . - 0.46 23.0
. Harvesting Days 6000 . . - =
. Threshing Days 60 0 082 49.20 L4 68.40
Seeds Kgs. 15.00 1235 18525 18.00 9.50 17100
Farm Yard Manure Qi 1500 5269 79035 8.23 123.45
Featilizer
. Urea Kgs 270 - - 36.36 98,17
.bap Kgs 6.50 7000 45500 53.00 344,89
.SSP Kgs 300 . . 343 10,29
L 20:2000 Rgs 5.40 . - 30.87 166.70
L 15:15:45 Kgs 5.20 2058 107.02 - -
Chemicals (pesticide) Lis. 240.00 165 396.00 1.70 408.00
Equipment
. Land Preparation Days R00.00 - - .07 56.00
. Irrigation Days 16.00 1.03 16.48 2.15 34.40
Miscellaneous 203.24 17549
TOTAL VARIABLE COSTS 4208.06 3685.26



Table 3. Cost Analysis of Rescarch tinpacts for 1CP 8863 (MARUTHI s Production System 7, tiudia.

[P—,

Best Cultivar Used 1CP 8863 (Maruthi)
Chitput/Cost Before 1CP §863
tem Vit Uniy
Umit Pace  Quantity  Cost Price Quantity  Cost
STATE : KARNATAKA (Rs) {Rs) (Its) (Rs)
FINED COSTS.
. Owned land . tax 60.00 60.00
. Land rem 1 200.00 1200.00
. Depreciation & interest on Capital R0 00 §10.00
Total Fixed Costs 270 00 2070.00
TOTAL COST 06338 06 5755.20
Output per hectare per year
. Grain Kgs 547 T00.00 1829 4.97 109961 546506
. By-product Qu 12000 5 GO0 120 7.25 87000
. Statk Qi 2000 15 00 il 19 380.00
Total valuc of output Rs 4729 6715.0617
Perceptage Change 680.72
. Grain 42,73
. By-product 45.00
. Statk 26,67
UNIT COST ASSESSMENT
Unit Variable cost Rs/ton 6097.23 3351.42
Unit Fixed Cost Rsfion 295714 1882.49
Unit Total Cost Rsfton 9054 37 5233.91
UNIT COST REDUCTION
Unit Variable Cost Reduction Rs/ton 2745.81
Unit Fixed Cost Reduction Re/ton 1074.66
Unit Total Cost Reduction Rsfton 3820.47
Percentage Unit Cost Reduction 42.19




Table 4a. Breakdown of rescarch cost for fusarium wilt research in ICRISAT and the

NARS.
Year ICRISAT NARS
1975-76 - $ 845 Selection from landrace
1977 $5.070 $ 845 Original collection sown in  wiltsick plot at
ICRISAT

1978-80 $42,250 $ 845 Further purification
1981-83 $42,250 3 845 Multi-location screening for Fusarium wilt resistance
1984-85 - $1267.5 On-station und on-farm adaptive trials
1986-89 $2535 Seed multiplication and extension after releasc
Basis:Research Team Member Full Cost Proportion  Budget

for Fusarium Wilt of time in Allocation

Research Project

1 Principal Scientist $80,000 18% $14400

I National Scientist $ 8,000 100% $ 8000

1 Research Associate $ 2,400 100% $ 2400

I Field Assistant $ 1,200 100% $ 1200

3 Regular Work Force $ 1,250 100% $ 1250

Operating Expenses $15,000

Total ICRISAT $42,250

NARS On-station trials $ 845.00

On-farm demonstrations $1267.50

Seed Multiplication/Extension $2535.00



Table 4b, Breakdown of rescarch cost for fusarium wilt research in ICRISAT and the NARS
(low range funding scenario).

Yeur ICRISAT NARS
1975-76 - $ 662 Sclection from landrace
1977 $ 3,309 $ 662 Original collection sown in wilt-sick plot at
ICRISAT

1978-80 $33,091 $ 662 Further purification
1981-83 $33,001 $ 662 Multi-location screening for Fusarium wilt resistance -
1984-85 - $993 On-station and on-farm adaptive trials
1986-89 $1985 Sced multiplication and extension after release
Basis:Research Team Member Full Cost Proportion  Budget

for Fusarium Wilt of time in Allacation

Research Project

I Principal Scientist $80,000 9% $ 7241

1 National Scientist $ 8,000 75% $ 6000

1 Research Associate $ 2,400 100% $ 2400

1 Field Assistant $ 1,200 100% $ 1200

3 Regular Work Force $ 1,250 100% $ 1250

Operating Expenses $15,000

Total ICRISAT $33,04

NARS On-station trials $ 662.00

On-farm demonstrations $ 993.00

Seed Multiplication/Extension $1985.46




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

Karnataka Bcrders
Year Karnataka - Maharashtra
Rangareddy Osmanabad
- (Andhra Pradesh) | (Maharashtra)

1987 4.81 0,00 0.00 0.00
1988 8.82 0.00 12.85 0.00

( 1989 8.57 3.48 24.‘29 2.20
1990 17.97 10.16 18.57 _ 2.02
1991 55.09 34.27 ‘ 36.62 3.99
1992 59.43 48.90 40.59 13.15
1993 58.94 51.77 58.71 17.71




‘ECONQMICASSESSME&I? OFWILT RESISTANT MEDIUM -DURATION
PIGEONPEAS ICP 8863IN THESEMI-ARID TROPICS OF INDIA

Collaborating Institutions ©

ntemational Crops Institute forihe Semi-arid Tropics
{=dian Council for Agricultural Research

Tables of Information s
DAT Background Data
COST  Cost Analysis
BCA Summary Dara for Benefit Assessment
BCB Detail of Benefits and Research Costs.
SUM Summary of Results

Fable 6. Background Information. Wilt Endemie Regions tx Centeal and Peninsular India (ICRISAT IAC Production System 7)

Kaursataka AP and Mah. barders Mah. and MP
Year Total Area Total Price Tatal Price Total Price
{000 hay Production {Rupees ¢ Production {Rupees/ Production tRupees/
G Met Tor Metzric To €000 Met Ton} Metrie To {*000 Met Ton} Metric Ton)
1970 F3348 521 458 237.43
224 ] 49 19 5048 39675 22162
372 540373 676 23545 182453
1973 158728 500323 42375 281.385
W THH.9E3 3013 43 31037
1935 795733 131613 %62 Eryiliz]
1936 751 871 38.398 37.545 216617
1977 769 196 116845 3805 259057
1578 807412 113715 519 297.169
1975 3 303 13735 57 353 120576
1986 86676 5§25 46.655 28557
1981 89505 11200 601.303 34247
1982 83017 £7 138 5269 349.16
1983 941 55 BEA2 Th 01 38188
1984 98328 12734 0 WS 391 61
1955 91,56 12357 5192 343.28
1986 1001 31 1030 4608 33is 433234 333.68 5150.1
19587 14400 1071418 Ri40 120933 6450 573 5371667 632876 43125 431187 60198
1988 116895 b1l 11 5350 4825 587122 528.54 §316.4
1989 1232692 127248 100.505 58727
1950 1278924 115 4605 47.29% 363 148

Sources : Indian Agricultural Statisues.
Agricultural Situation in India




Table 7.
Summary Data for Benefit Assessment

Base Level of preduction
Yield Change due to desease
Base Price Level
Supply Elasticity

Demand Elasticity

Benefit Assessment
Discount Rate
IRR Guess

Intermediate Data:

Total Unit Cost Reduction
Slope of Supply Curve
Slepe of Demand Curve
Exchange Rate

120935
4273
5468
0.2

0.5

0.08
0.08

3820.466
4.423015
11.05754

309

Metric Tonnes

percent
Rs/ton

Rs/ton



Table 8. Analysis For ICP8863 (Maruthi) Research. Kamataka

Year Net Benefits Research Costs {SUS) Research Gains (SUS)
(Sus) Total ICRISAT ICAR/ Other Total Adoption Annual Gains to Gainsto
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 257,725 20,703 105,023,144 30,006,612 75,016,531
1973 {845) 8435 0 84S
1976 {845} 845 0 845 Q
1977 {5,070) 5070 4225 845 0
1978 (43,095) 43,095 42,230 845 0
1979 (43.095) 43,095 42250 845 0
1980 43,0959 43095 42,250 845 0 0
1981 {23,518 43,518 42,250 1.268 0 (¢}
1982 (43.518) 43,518 42,250 1.268 0 ] [¢}
1983 {43.518) 43,518 42,250 1.268 0 4] 4]
1984 (1,268) 1,268 0 1268 0 4] [+]
1985 {1,268) 1,268 [ 1,268
1986 782,391 2535 [¢] 2535 784,926 0.05  15.698.527 224265 28.57 560,662 7143
1987 1,410,332 2.535 [¢] 2535 1.412.867 009  15.698.527 403,676 28.57 1,009,191 71.43
1988  2,708.339 2.535 0 2535 1,412,867 009 15698527 403,676 28.57 1,000,161 7143
1980 4630689 2,835 0 2535 2,825,735 0.18 15,698,527 807,353 28.57 2,018,382 7143
1990 13,366,132 0 8,634,190 055 15,608,527 2466911  28.57 6,167,278 71.43
1991 19,848,563 [s} 9.262,131 059 15698527 2,646,323 28.57 6,615,808 7143
1992 22,769,198 [i] 9,262,131 0359 15,698,527 2646323 28.57 6,615,808 71.43
1993 26,700,982 0 2,415,116 0.6 15698527 2,691,176 2857 6,727,940 7143
1994 33.196,444 0 9.416,116 06 15698527 2691176 28.57 6.727.940 71.43
1995 37,520.836 0 9.419,116 06 15,698,527 2691176 28,57 6,727.940 7143
1996 39.438,623 0 8.634,190 055 15698527 2466911 28.57 6.167.278 L4
1997 30,806,733 a 6.279,411 04 15608527 1794117 28.57 4485293 7143
1998 23,105,049 ¢ 4,709,058 03 15698.527 1,345,588 28.57 3,363.970 71.43
1999 23.105.04% <] 4,709.558 03 15.698.527 1,345,588  28.57 3.363.970 71.43
2000 23008040 1] 4,709,558 03 15,698,527 1,345,588 28.57 3.363.970 7143
2001 23,105,049 0 4,709.558 03 15698527 1,345,588 28.57 3,363970 TLA3
2002 23,105.049 0 4.709.558 03 15,698,527 1,345,588 28.57 3.363.970 71.43
2003 23105049 0 4,709,558 03 15698527 1345588 28.57 3.363.970 7143
2004 23,105,049 [+ 4.709,558 03 15698527 1,.345.588 28.57 3,363,970 7143
2005 23,105,049 o 4,709,558 0.3 15698527 1,345,588  28.57 3.363.970 71.43

IRR= 0.725885




Table 8. Analysis MahandMP

Year Research Gains (SUS) .
Total Adoption Annual Gains to Gains to
Level Gains Consume (%) Producer %)
Present Vialue 42,498,221 12,142,349 30,355.872
Total 224,865,761 64,247,360 160,618,401
1975
1976 1]
1977 n
1978 ]
1979 0
1980 g 0
1981 0 [¢]
1982 [ 4] 0
1983 0 0 0
1984 4] 0 0
1985
1985 0 0 54054270 0 ¢}
1987 I¢] & 34054270 [ [
1988 1,081,085 002  54,054.270 308,882 28 57 T72204 7143
1989 1.081,085 002 54,054,270 308,882 28.57 772,204 7143
1950 2,162,171 0.04 54.05827C 617,763 28.57 1,544,408 71.43
1994 7,027,055 013 54034270  2,007.730 28.57 5.019.325 7143
1992 972979 018 54054270 2779934 85T 6,949.835 7143
1993 13,513.567 025 54084270 3861019 2857 9,652,548 7143
1994 20,600,080 037 354054270 5.714,308 2837 14285 TN 71.43
1995 234323421 G4 54,054,270 6,949,835 2857 17,374,587 7143
1996 27,027,135 G5 54054270 7722039 2857 19.305,096 71.43
1997 21621708 04 530354270 6.177.631 2857 15344077 7143
1998 16,216,281 03 54054270 4633223 2857 11,582,058 7143
1996  16,216.281 03 54054,27¢ 4633223 28.57  11.583,058 7143
2000 16,216.281 03 5305427 4633223 2857 11.583,058 7143
2001 16.216.281 03 354054270 4,633.223 28.57 11,583,058 7143
2002 16215281 03 54053270 4633223 28.57 11,583,058 7143
2003 16216381 03 54054270 46331223 2857 11,583,058 71.43
2004 1621628 03 54054270 4633223 28.57 11.583,058 71.43
2005 16216281 0.3 54,054,270 4.633.223 2857 11,583,058 7143




Table 8. Analysis APand Mah borders

Year Research Gains (SUS)

Total Adoption  Annual Gains to Gains to
Level Gains Consume (%) Producer (%)
Present Value 8,934,675 2332764 6,381,911
Totat 41,840,842 11,954,526 29,866,316
1975
1976 4]
1977 4]
197 0
1979 0
1980 4] o
1981 Q (]
1982 ] 0 ]
1983 4] ¢ Q
1984 o a (¢}
1985
1986 4] 0 7.264.035 0 0
1987 Q 0 7,264,035 4} o
1988 217.921 003 7.264.035 62.263 2857 155,658 7143
1989 726,404 0.1 7,264,035 207.544 28.57 518.860 71.43

1990 2469772 .34 7.264.035 705,649 28.57 1,764,123 7143
1991 3.559.377 045 7264035 1,016,965 2857 2542412 7143
1992 3,777,298 052 7,264.035 1,079,228 18.57 2.698.070 71.43
1993 3,777,298 052 7.264.038 1.079.228 2857 2.698.070 7143
1994 3,772,208 052 7264035 1.079.228 2857 2,698,070 7143
1995 3.777.298 052 7263.035 1.079.228 28.57 2.698.070 7143
1996  3.777.298 G52 1.264.035 1.079.228 2857 2.698.070 71.43

1997 2905614 123 7.263.035 830175 28.57 2.075.439 7143
1998 2,179,211 a3 7.264,035 622,632 28.57 1,556,579 71.43
1999 2.179.211 03 7,262,035 622,632 28.57 1,556,579 7143
2000 2,179.21 el 7.264.035 622,632 2857 1.556.579 7143
001 2.179.211 a3 7.262.035 622,632 857 1.556.579 71.43
2002 2179.211 03 7.263035 622.632 2857 1.556.579 7143
2003 2179211 03 7,264,035 622,632 2857 1.556.579 71.43

2004 2179211 03 7.264.035 622632 2857 1,556,579 71.43
2005 21792101 03 7.263.035 622,632 2857 1,556,579 7143




Table 8. Analysis For ICP 8863 (Maruthi) Research,

Kamataka

Year Net Benefits Research Costs (SUS) Research Gains (SUS)
(SUS) Total ICRISAT ICAR/ Other Total Adoption Asnnual 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 20,703 105,023,144 30,006,612 75,016,531

1975 (845) 845 0 845

1976 (845) 845 0 845 0

1977 (5.070) 5070 4,225 845 4}

1978 (43.095) 43,095 42,250 845 0

1979 (43.095) 43,095  42.250 835 0

1980 (43,095) 43.095 42250 843 Q 4]

1981 (43.518) 43518 42,250 1,268 0 4]

1982 (43,518) 43518 42,250 1,268 4] 0 0

1983 (43,318) 43,518 42250 1.268 4] 0 0

1984 11.268) 1.268 0 1,268 0 (] 0

1985 1.268) 1,268 ] 1,268

1986 782,391 2335 [¢] 2533 784,926 005 15698527 224265 28.57 560,662 7143
1987 1410332 23535 0 2535 1.412,867 009 15698527 403,676 28.57 1,003,191 71.43
1988 1.410.332 2,535 0 2535 1,412,867 000 15698527 403,676  28.57 1,009,191 71.43
1980 2.823,200 2335 (] 2535 2,825,735 018 15,698,527 807353 28.57 2,018,382 7143
1990 8.634.1%0 G 8,634,190 055 15698527 2,466,911 28.57 6.167,278 71.43
1951 9,262,131 0 9.262.131 059 15,698,527 2,646,323 28 57 6,615,808 71.43
1992 9262131 0 9.262,131 059  15698.527 2,646,323 2857 6,615,808 7143
1993 9.419.116 [ 9.419.116 06 15698527 2,691,176 2857 6.721.940 71.43
1994 9.419.116 0 9.419.116 06 15698527 2691176 2857 6,727,940 71.43
1995 9.519.116 o 9.419.116 06 135,698,527 2.691.176 2857 6.727.940 71.43
1996 8,634,190 o] 8.634,190 055 15,698,527 2466911 28.57 6.167.278 71.43
SO0 6279511 (i 6279411 04 15,698,527 1,794,117 2857 4,485,293 7143
i 4,709,558 0 4,709 558 03 15.698,527 1.345,588 2857 3.363.970 71.43
e 4,709.558 [§} 4,709,558 03 15698527 1.345388 2857 3363970 71.43
. 4,709 558 g 4,709.558 03 15098527 1.345,588 2857 3.363.970 7143
L0 4.704,558 ¢} 4,709,558 03 15,698,527 1,345,588 2857 3,363.970 71.43
A5 4.7049.558 0 4.709.558 03 15698527 1.345,588 2857 3,363,970 71.43
2003 4.709.558 0 4,709,558 03 15098527 1345588 28.57 3,363,970 7143
2004 1709558 0 4,709,558 03 15698527 1,345,588  28.57 3.363.970 71.43
2005 3,709,538 ] 4.709.558 03 15698527 1.345,588 28.57 3,363,970 71.43

IRR= 0637636




Table 8. Analysis For ICP 8863 (Maruthi) Research. Kamataka

Year Net Benefits Research Costs (SUS} Research Gains (SUS)
(SUS) Total ICRISAT ICAR/ Other Total Adoption Annual Gainsto Gainsto
Insfitutions 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} 845 845 0
1877 (5,070} 5,070 4225 845 Q
1878 (43,095% 43,095 42250 B45 0
1979 (43,095 43095 42250 845 0
1980 ?3&095) 43095 42,250 845 [ [
1981 43.518) 43518 42250 1,268 0 0
1882 (43,518) 43518 42250 1,268 0 0 0
1883 (43.518) 43518 42250 1,268 0 0 0
1984 (1.258; 1.268 0 1.268 0 0 0
1985 (1,268 1.268 ¢ 1,268
1886 3,848,307 2,535 [} 2535 784,926 005 15698,527 224285 28.57 560,662 7143
1987  6.928.980 2,535 0 2535 1,412,867 0.09 15,638,527 403,676 2857 1,009,191 7143
1988  6.828.980 2535 0 2535 1412867 C.09 15698527 403,676 2857 1,009,191 7143
1989 13.860.495 2,535 0 2535 2,825,735 0.18 15,698,527 807,353 28.57 2,018,382 7143
1990 42,359,257 0 8,634,190 055 15,698,527 2466911 28.57 6,167,278 7143
1891 45439930 0 9,262,131 0.59 15,698,527 2,646,323 2857 6,615,808 71.43
1992 45,438,930 0 9,262,131 059 16,698,527 2.646,323 2857 6,615,808 7143
1983 46.210.099 0 9.419,116 06 15688,527 2,691,176 28.57 6,727,940 71.43
1884 48,210,089 0 9.419.116 06 15,698.527 2,691,176 28,57 6,727,940 7143
1885 46.210.0%8 1] 9.419,116 0.6 15698527 2,691,176 2857 6,727,840 7143
1396 42359257 0 8.634,190 0.55 15698527 2466911 2857 6,167,278 7143
1887 30,806,733 0 6.279.411 0.4 158698527 1,794,117 2857 4,485,293 7143
1988 23105048 0 4,709,558 0.3 15698527 1345588 28.57 3,363,970 71.43
1893 23105048 0 4,709,558 03 15698,527 1345588 2857 3,363.970 7143
2000 23103048 [¢] 4,709,558 03 15,698,527 1,345,588 28.57 3,363,870 7143
2001 23105048 Le] 4,709,558 03 15698527 1,345,588 28.57 3,363,970 71.43
2002 23105049 0 4,709,558 03 15698527 1,345,588 2B8.57 3,363,970 71.43
2003 23,105048 0 4,709,558 03 15698527 1345588 28.57 3,363,970 7143
2004 23105042 o] 4709558 03 15698527 1345588 2857 3,363,970 7143
2005 23,105.049 ¢} 4,709,558 03 15.698.527 1,345,588 28,57 3.363,970 7143

IRR= 0913165



Table 8. Analysis AP anx Mah borders

Year Research Gains (SUS)
Total Adoption Annual Gains fo Galns to
Level Gains Consum (%) Producer (%)
Present Value 10,986,563 3,139.018 7,847,545
Totat 48,596,395 13,884,684 34,711,741
1975
1976 0
1977 o
1978 0
1979 0
1980 0 0
1981 1] 0
1982 0 0 0
1983 ] [} 0
1984 0 4] 0
1985
1985 363,202 0.05 7,284,035 103,772 259,430
1987 653,763 003  7.264,035 186,789 466,974
1988 653,763 008  7.264,035 186,769 2857 466,974 71.43
1989 1,307.528 018 7,264,035 373578 2857 933,947 7143
1990  3.995219 0.55 7.264035 1,141,491 2857 2853728 7143
19 4,285,781 Q5% 7264035 1,224,508 2857 3081272 7143
1992 4,285,781 059 7264035 1,224,509 2857 3,061,272 7143
1893 4,358,421 06 7264035 1245283 2857 3,113,158 7143
1954 4358421 06 7.264.035 1245263 2857  3.113,158 7143
1985 4358421 06 7264035 1245263 2857 3,113,158 7143
1996 3995219 055 7.264 035 1,141,491 2857 2853728 7143
1997 2,905,614 04 7.264,035 830,175 2857 2,075,439 7143
1938 2,179,211 3 7264035 522,632 2857 1.556.579 7143
1993 2.179.211 03 7.264.035 622,632 2857 1,566,579 7143
2000  2179.211 a3 7,264,035 622,632 2857 1,556,579 7143
2001 2,179.211 03 7,264,035 622,632 2857 1,556,579 7143
2002 2179211 03  7.264.035 622,632 2857 1556578 7143
2003 2.178.211 03  7.264.035 622,632 2857 1,556,579 7143
2004 2,179,211 03 7,264,035 622,632 2857 1,556,579 7143
2005 2178211 03 7264035 622,632 2857 1,556,578 7143




Table 8. Analysis Mahand P

Year Research Gains (SUS) )
Total Adoption  Annual Gains to Gains o
Level Gains Consum  {%) Producer  {3%)
Present Value 81,754,924 23,358,550 58,395,374
Total 361,623,063 103,320,875 258,302,188
1975
1976 0
1977 (4]
1978 [
1972 0
1980 0 0
1981 4] 0
1982 ] [+ 0
1983 0 0 0
1984 ¢} 0 o
1985
1986 2,702,713 0.05 54,054,270 772,204 1,930,510
1987 4,884,884 003 54054270 1,389,867 3474817
1988 4,864,884 003 54054270 1,389,967 2857 3474917 7143
1889  §729,769 018 54054270 2779934 2857 6949835 7143
1980 29.728.848 055 54054270 BA484.242 2857 21,235,606 7143
1881 31892019 058 54054270 9.112,005 2857 22,780,014 7143
1992 31,892,019 059 54054270 9,112,008 2857 22,780,014 7143
1993 32432562 06 54054270 6,266,448 2857 23.66,118 7143
1984 32432562 06 54054270 9266446 2857 23.166,116 7143
1985 32432562 06 BI054270 9266448 2857 23166116 7143
1998 20728848 055 54054270 8493242 2857 21235605 7143
1997 21621708 04 54054270  6,177.631 2857 15444077 7143
1988  16.215.281 03 54054270 4,633223 2857 11,583,058 7143
1993 16.216.281 03 S4.054270 4,633223 2857 11,583,058 7143
2000 18,216.281 03 34054270 4533223 2857 11.583,058 7143
2001 18215281 03 54054270 533223 2857 11,583,058 7143
2002 16216281 03 54054270 4,633223 2857 11,583,058 7143
2003 16,216,281 03 54084270 4633223 2857 11,583,058 7143
2004 16216281 03 54054270 4633223 2857 11,583,058 7143
2005 16216281 03 BA0BAZ70 4633223 28.57 11,683,058 7143
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Figure 3.

P?iigeonpeai~seeﬂ?‘-'8'3|‘eSe‘fbvz Karnataka State Seeds Corparation; 1988-94.
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Adoption of ICP 8863 (Maruli) by SMS and Survey data in Bidar
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Adoption of ICP 8863 (Maruli) by SMS and Survey data in Guibarga
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