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Abstract

Pursuit of a joint approach to the assessment of research impact 1s critical for the continuing viability of
national and international research within the global agricultural R&D system This workshop on Joint
Impact Assessment of NARS/ICRISAT Technologies for the Semi-Arid Tropics was organized to achieve
three objectives a) to report results of case studies on adoption and impact undertaken jointly by teams from
ICRISAT and the national programs b) to provide a forum for peer review and c) identify through working
group sessions key issues and prionty areas for ICRISAT/NARS research agenda on impact assessment

The workshop was attended by ICRISAT scientists from all disciplines by representattves from private
and public sector research nstitutions the seed sector and other mternational research orgamizations These
proceedmgs include the presentation of case studies featuring research impact in four areas — genetic en-
hancement research resource management options intermediate products of research and impact of net-
works That adoption 1s a condition of impact was noted The efficiency dimension of impact served as a
starting point 1n most analyses Other dimensions of impact include food security gender equity sustamability
human nutrition employment and spillover effects The integration of these dimensions in the research
evaluation process was discussed Peer review was an important feature of this workshop 1t served as a basis
for the discussions on prrorities for the future research agenda on impact assessment

Résume

L'evaluation conjointe de l''impact de la recherche compte rendu d'un atelier international 24 déc 1996
ICRISAT Patancheru Inde La suivie d une approche conjomte pour I’evaluation de 1 impact de la recher-
che est cruciale pour la viabilite continue de la recherche nationale et internationale au sein du systeme
mondial de recherche et de developpement agricole L atelier sur 1 Evaluation conjointe de 1 impact des
technologies SNRA/ICRISAT pour les régions tropicales semi arides a ete organise en vue de realiser trois
objectifs principaux a) faire un compte rendu des resultats des etudes de cas sur 1 adoption et 1 impact
entreprises conjomntement par les equipes de 1 ICRISAT et des programmes nationaux, b) servir de forum
pour la revue par les specialistes (peer review) et ¢) identifier a travers des sessions de groupes de travail
les themes cles ains1 que les domanes de priorite pour le programme de recherche des Systemes nationaux de
recherche agricole (SNRAYICRISAT sur | evaluation de 1 impact

L atelier a reum les chercheurs de 1 ICRISAT provenant de toutes les disciplines de travail ainsi que les
representants des institutions de recherche relevant des secteurs public et prive les representants du secteur
de semences et d autres organismes de recherche mternationaux Ces comptes rendus comportent la presentation
des etudes de cas traitant de 1 impact de la recherche dans quatre domaines — la recherche sur I amelioration
genetique les possibilites de gestion des ressources les produits intermediaires de la recherche et 1 impact
des reseaux La reunion a note que 1 adoption est une condition de 1 impact La dimension de ’efficacite a
servi de point de depart pour la plupart des analyses Les autres dimensions de 1 impact comprennent la
securite ahmentaire 1’equite de genres la durabilite, la nutnition humame 1 emplor et les retombees secondaires
L mtegration de ces dimensions dans le processus d evaluation de la recherche a fait1 objet de discussion La
revue par les specialistes etait une characteristique mmportante de cet ateher elle a servi de base pour les
discussions sur les priorites pour le programme de recherche future sur 1 evaluation de 1 impact

The ICRISAT research activities were partially supported by the Asian Development Bank,
the Austrahan Centre for International Agricultural Research, the Commission of the
European Commumties, and the United Nations Development Programme
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Welcome Address

J G Ryan'

Ladies and gentlemen, 1t 1s a profes-
sional and personal pleasure to wel-
come all of you to this important
workshop I know that bestdes col-
leagues from India, we also have
representatives from Indonesia, Nepal,
Bangladesh, Sr1 Lanka and Afnica I
hope I haven t missed any country or
regional representation as I welcome
visitors to ICRISAT And to my
colleagues at ICRISAT, I also offer a
particular welcome I think 1t’s highly
appropriate that this workshop focuses
on jomt immpacts of agricultural re-
search by national agricultural research
systems (NARS) and ICRISAT

As most of you know, 1t 1s not easy
to differentiate among the various
actors 1n agricultural research 1n terms
of attributing 1mpact to particular
mputs The Consultative Group on
International Agricultural Research
(CGIAR) and I believe 1in the NARS,
and there has been considerable effort
1n recent years to act in more collabora-
tive partnerships as we pursue our
agendas I beheve this particular

approach of collaboration and partner-
ship 1s going to be an even more
important feature of the relationships
between ICRISAT and other interna-
tional centers and NARS m the future
And by national agricultural systems,
we should be talking of not only the
natronal publicly-funded research
mstitutions such those here 1n India,
but also umversities, the private sector,
government orgamzations, and farm
associations After all, 1t 1s the farmers
who are the ultimate focus of what we
are all about —if we don’t satisfy their
expectations and needs, then both
publicly and privately funded R&D
activities 1n agriculture have no use
Let me 1llustrate the emphasis that
will be given by ICRISAT and the
other international centers to collabora-
tive relationships mn the future At the
recent International Centers Week 1n
Washington, two days were devoted to
a global forum on agricultural research
and that forum was led by the NARS
and regional organizations such as
APAARI (Asia-Pactfic Association of
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Agricultural Research Institutions),
ASARECA (Association for Strength-
enmg Agricultural Research i Eastern
and Central Africa), SACCAR (South-
ern Africa Centre for Cooperation mn
Agricultural Research), and WCASRN
(West and Central African Sorghum
Research Network)

That forum was an extremely
important renewal of the CGIAR
system to illustrate the sense of
partnership with NARS that will be a
hallmark of future relationships The
other major reason why this meeting 1s

appropriate concerns the total resources
devoted to agricultural R&D 1n the
developing world The international
centers research represents only about
4%, so the other 96% comes from other
actors 1n the agricultural R&D spec-
trum And that includes public sector
funding as well as private and volun-
tary funding of agricultural R&D

So I believe for these types of
reasons that it 1s not appropriate for us
n the international centers to be talking
about our impacts separately from jont
impacts with our NARS partners I
believe that all of us n the global
agricultural research system are facing
a support environment that 1s being
subjected to many dynamics, such as
the debates over ntellectual property
rights and constrained resources for
agricultural research, particularly in the
public sector, and competition 1n the
private sector It 1s also a challenge to
harness research resources in pursuit of
private sector objectives that comple-
ment objectives of public sector
mstitutions

One of the major purposes of jomt
impact assessment 1s to measure and
document, and I stress document, joint
development of what we might call
mtermediate scientific output The
quality and quantity of these 1s often an
important ingredient to acknowledge
the scientific contributions of a group
of scientists working 1n an mstitution
or a number of mstituttons Thus
mtermediate outputs are necessary, but
obviously not sufficient in most
mstances to justify continued financial
support to the agricultural research
agendas of other public or private
sector mstitutions

We should also use opportunities
such as this workshop to look at how
we can more accurately assess and
document joint tmpact in terms of
socloeconomic parameters that contrib-
ute to economic progress The one that
1s most common 1s benefit-cost assess-
ment, and here 1s where the 1ssue arises
of deciding who has actually contrib-
uted and for how long Most of the
benefit-cost studies that pertain to
agricultural research — either indi-
vidual projects, an mstitution, a
program, or an entire national effort —
show extremely high internal rates of
return to the investment Critics
conclude that costs are being underesti-
mated and benefits overestimated
Those who respond would say this 1s
an 1ndication of underinvestment 1n
agricultural research because we still
have a great opportunity for further
mvestment to get very high rates of
return The truth may hie somewhere 1n
between



Another element of measuring and
documenting the socioeconomic impact
of public sector nstitutions such as
ICRISAT 1s what share of benefits
from joint activities 1s attributed to the
core research Also important 1s the
gender perspective mn those benefit
streams Have women 1n particular
been partictpating in the gains from the
enhanced income streams generated
from agricultural research and develop-
ment activities?

A fourth 1ssue 1s the implications of
research activities in terms of enhanc-
ing the environment or natural resource
base on which most agricultural
endeavors depend Many methodologi-
cal challenges still remain In the past,
there wasn t much emphasis on natural
resource management research as 1s
currently the case There may be
methodological difficulties 1n deciding
who 1s responsible for generating
natural resource management research,
how much 1s indigenous knowledge,
and how much 1s modern science
There are many methodological
questions that surround the natural
resource management agenda

Measuring the joint impact of
agricultural R&D 1s very important to
Justify future mvestments m agricul-
tural research and development
Stakeholders want to know what has
been accomplished 1n the past, and

what are the prospects for future
soclroeconomic improvements Ac-
countabuility 1s alive and well in
agricultural R&D, and this provides
another reason why we need, as we say
in India, pukka 1mpact assessments, not
kucha And that 1s why I am delighted
that we have some key reviewers in this
room who can contribute to the
refinement of 1mpact assessments
undertaken thus far

We need to be looking at joint
measures of impact so we can set
future priorities 1n a more mformed
way Impact studies should not be used
solely to look at a final rate of return,
but also to understand the process to
guide future endeavors and provide
more explicit justification for future
support

The more we expose our impact
studies, the better job we will do at ex-
ante priority setting As this cycle
continues, planning and methodology
will improve, and we will do a better job
of informung our stakeholders of the
R&D agenda These joint exercises are
also important to reach an agreement
among NARS, international centers, and
other actors for a future complementary
agenda

I am confident this workshop will be
successful, and I very much look
forward to the outcome of this continu-
Ing process



Workshop Overview

M C S Bantilan'

Good morning everyone, and welcome
to this workshop on “Jomt Impact
Assessment of NARS/ICRISAT
Technologies for the Semi-And
Tropies ™ It 1s now almost two years
smce we embarked on an mitiative to
document the 1mpacts of agricultural
research This 1s indeed a reunion,
because most of you were with us 1n
1993 when we held a small meeting on
agricultural research impact awareness
and appreciation That 1993 meeting
was followed by a workshop on
methodology, where we presented a
wide range of technologies developed
through ICRISAT/NARS partnerships,
and we discussed approaches to
mtegration of research evaluation
efforts of ICRISAT, NARS (national
agricultural research systems), and
other international research centers
Our sernies of joint case studies
began 1n 1995 and 1996 We sustained
the mtiative within the national
programs by training, and on-the-job
and field experience among our own

and NARS staff 1n Asia (1995) and
Africa (1996) Since then, these study
programs have been a regular feature of
what has evolved as a global impact
team

The first objective of this workshop
15 to present results and progress of
adoption and impact studies undertaken
jointly by teams from ICRISAT and the
national programs Second, this
workshop provides a forum where peer
reviewers have been invited to give
critiques and constructive suggestions
that will help improve or refine the
adoption and 1mpact analysis Iam
thankful to the eminent scientists who
have joined us for the next three days
to share their expert opinions and
perspectives And lastly, the most
important activity of this workshop
will be the working group discussions
Following the review of papers, you
will have additional opportunities to
suggest directions for the future joint
research agenda on mmpact assess-
ment
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To give you an overview of our
workshop, let me provide a day-by-day
outline After the opening remarks and
msprrational talk by Dr Ryan this
mormng, will be an overview of
present technologies 1n the SAT and a
summary of case studies that are
underway This session will present
effects of adoption of cereals and
legumes genetic enhancement tech-
nologies and consequent impact

Three themes will be covered on day
2 — the impact of resource manage-
ment technologies, use of ICRISAT
intermediate products by NARS and
the seed sector, and the impact of
networking An important session at
the end of this day will be a forum for
peer review where mvited reviewers
will critique the papers presented
during the first two days During this
session, experts will present their
opimons on the methods and analysis
m the case studies, and provide sugges-
tions to enhance the analysis

All participants will be mvolved 1n
working group sessions on day 3 Four
working groups are planned The
sessions will provide a venue for more
extensive discussion of various aspects
of the studies — impact studies of
genetic enhancement research, impact
studies of resource management
research, 1mpact of intermediate
products — crop management and
screening techniques, and use and
value of germplasm and parental
materials These working groups will
address key 1ssues on impact assess-
ment 1 each of these areas and
develop a workplan that incorporates
suggestions from the peer reviewers
Highlights of the working group
discusstons and a workshop synthesis
report will be presented in the con-
cluding session

I look forward to your active
participation, and thank each of you for
the valuable contributions that I know
you will make during this workshop
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Sorghum S 35 In Chad —

Adoption and Benefits

A Yapl', G Dehala?, K Ngawara?, and | Abdallah?

A sound policy on science and technol
0gy 18 necessary to resolve most
development problems, and thus soon
after independence, the government of
the Republic of Chad set up a national
commuttee for scientific and techmcal
research under the Ministry of Plan-
ning and Development The objective
of the committee was to coordmate all
research activities led by different
mstitutions n the country, including
the Agronomic Research Center, which
later became the Center for Agricui-
tural Research and Technology
(CART) Agnicultural research devel-
oped with major internal and external
funding, which led to perfecting certain
technologies, mcluding the sorghum
variety S 35

Considering the not msubstantial
funds already granted for agricultural
research, as well as the bleak possibili-
ties for future financial assistance, it 18
essential to evaluate the mmpact of past

mvestments so that research objectives
and activities can be orgamized for
greater efficiency
This study 1s a combined effort of
ICRISAT and CART to evaluate the
impact of research and extension of
sorghum S 35 1 the semi-arid regions
of Chad The two main objectives are
+» to determine the performance and
acceptability of S 35 under farm-
level conditions based on adoption
rates and farmer perceptions 1n
different regions where the technol-
ogy 1s applicable, and
* to evaluate the economic impact that
the adoption (and the accompanying
cultivation techmques) had on the
welfare of peasants and consumers
Other indicators of impact affecting
food security, rural poverty, and
problems for lasting development will
also be discussed based on data
collected 1n major sorghum growing
regions
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Study regions

Chad 1s one of the largest African
countries, with an area of 1 284 000
km? and a population of 6 3 million
The cultivable surface area 1s 20
milhion ha, of which only 5% 1s
currently exploited Agriculture and
anmmal breeding represent 43% of the
gross national product (GNP) and
support 90% of the population (Chad
Ministere du Plan et de 1a Cooperation
1993) Sorghum, pearl millet, and
maize are the staple cereals of the
Chadian diet (Table 1)

Table 1 Cereal consumption in Chad
(kg capita ' year')

Pearl
Zone millet Sorghum Maize Rice
Sahelian 60 60 30 07
Sudanian 40 90 20 30
Country
average 50 70 20 10

Source Chad Mimstere de | Agriculture 1996

All three cereals are cultivated
(although 1n varying proportions)
throughout the country, with the
exception of the extreme north, which
1s too arid The three study zones ~—
Guera, Mayo-Kebbi, and Chari
Baguirmu (Fig 1) — were chosen
because they are located in the
Sahehan and the Sahelian-Sudamian
zones, where chimate affects yield and
consequently necessitates short-cycle
crop varieties such as S 35 Further-
more, these three zones are target and
distribution zones for S 35 i Chad

12

Guera

Sorghum remains the most cultivated
crop 1n this hilly region The chimate 1s
of the Sahelian type with an annual
rainfall of 400-700 mm and a rainy
season that can last five months (May-
Sep) The dry season is generally Oct-
Apr, with a temperature of 42 °C in
April The soil and sub-soil are clay
and sandy-clay, permeable, and poor
organic matter, but favorable to the
cultivation of cereals such as sorghum
and pear]l millet In the mountainous
zones (which are unfortunately numer
ous), the soil has been largely washed
away by erosion Indiscriminate
exploitation of the environment and
overgrazing aggravate soil degradation
Off-season cultivation 1s also
possible 1n this region Ferralitic soils
can be found in certain areas The
vegetation of Guera 1s characterized by
a sparse grassy and woody savannah
There are a number of natural water
sources and zones that can be flooded
thus permitting the cultivation of
berbere (flood sorghum), which along
with S 35, are the only white-grained
sorghums 1n the region White sorghum
(300 CFA coro ') 1s more costly in the
local market than red sorghum (175
CFA coro ') local varieties The ‘coro’
1s a unut of measure used for cereal
transactions 1 Chad, about 2 5 kg The
CFA 1s the currency used m most of
French-speaking Africa, and 1s pegged
to the French franc at 1 ff = 100 CFA
The French franc usually trades at
between 5 and 6 to the U S dollar
Over an area of 59 950 km?2, Guera
has a population of 306 653 (43 959
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urban and 219 884 rural), with 42 8§10
who are resident nomads (Chad
Ministere du Plan et de 1a Cooperation
1993) Guera’s population 1s 55%
women The most widespread crops are
sorghum, pearl nullet, groundnut, and
berbere Cowpea, sesame, potatoes,
cassava, and vegetables are also
cultivated

Mayo-Kebbi

Mayo-Kebbi 1s situated 1in southwest
Chad on the Cameroon border, has an
area of 30 105 km? and a population of
799 543 (94 001 urban and 705 542
rural) Women are 52% of the popula-
tion Mayo-Kebbu 1s only 240 km
(starting from Bongor) from the
capital, N’djamena, but in the rainy
season, the larger part of Mayo-Kebb1
becomes maccessible, which 1s a
drawback for integration into the
national economy

Opening up this region is thus
imperative mn order to develop natural
resources 1mprove services for the
population, and provide a better
infrastructure for commercialization of
agriculture

The average annual temperature 1s
23°C i Mayo-Kebbi, with daily
variations of 20°C n the dry season
(Oct-Apr) and 9°C n the rainy season
(May Sep) The average rainfall vanes
from 1 100 mm 1n the south to 800 mm
in the north In the last few years, a
rainfall deficit of 20% has been noted

Mayo-Kebbi 1s divided into drained
zones 1 the southwest and inundation
zones m the Logone basin, with a

14

variation 1n altitude from 340 m in the
south to 310 m 1n the north Erosion 1s
a serious problem

Charr-Baguirimi

The Chari1-Baguirmi region 1s charac-
terized by both Sahelan and Sudaman-
Sahehan climates, differentiated mainly
by rainfall — 400-600 mm 1n the
Sahelian zone, and 600-800 mm 1n the
Sudanian-Sahelian zone The climate
mncludes a humid season (mid-Jun to
mid-Oct), as well as a dry season with
a cool period (mid-Oct to mid-Feb) and
a hot period (mid-Feb to mud-Jun) Two
major rivers, the Logone and the Char,
cross the region, and their waters
collect 1n the northern part of
N’djamena in Lake Chad Charn-
Baguirmi covers an area of 83 000 km?
The soils of the region are particularly
varied

In 1993, the population of Chari-
Baguirmi was estimated to be
1 251 906, which 1s a density of about
15 mhabitants km 2 (Chad Minstere
du Plan et de la Cooperation 1993)
The urban population 1s estimated to be
605 212 of whom 88% live in the
capital, N djamena

Sorghum S 35 In Chad

After the civil war of 197981, the
country needed to reconstruct 1ts
genetic resources and stabilize seed
production Research efforts were first
aimed at extrapolating results from
agronomic research in neighboring
countries (Cameroon, Nigenia Niger,
etc ) with similar agroclimatic condi-



tions, and also with national and
mternational agronomic research
orgamizations such as ICRISAT
SAFGRAD (Semi-And Food Grain
Research and Development), and IITA
{(International Institute of Tropical
Agriculture) It 18 1n this capactty that S
35 was mtroduced in 1986 at the Gassi
research station 1n Chad from the
Institut de Recherche Agronomique
(IRA)-Maroua research station m
Cameroon Base matenials of S 35 was
bred at ICRISAT in India (Rao 1983)
and itroduced at Maroua in 1981 from
the Samaru research station in Nigerna,
hence 1ts prefix ‘S’ Table 2 summa-
nizes the stages of research and exten-
ston of S 35 technology in Chad

The variety was earlier officially
released n rural areas n the far north
of Cameroon, chiefly due to 1ts high
yield, especially 1n a dry year, and also
due to 1ts resistance to Striga, diseases,
and msect pests In 1983 a year that
proved to be drier than usual in the far
north of Cameroon, S 35 was superior to
all expernimental varieties i 10 of the 13
research zones where annual rainfall
was lowest (300-800 mm) In 1984, a

Table 2 Research and extension
periods for S 35 sorghum in Chad

Re- Re Exten- Exten
Institu- search search sion s1on
tion began ended began ended
Gasst
Statton 1986 1989 1990 1995
AICF - - 1989 1991
ONDR - - 1989 Ongoing

year that was even drier, research
conducted m rural areas by SAFGRAD
at 93 sites in Cameroon, showed that S
35 was even more effective than local
and other tested varieties, with an 85%
edge 1n gran yield (S 35 had an average
yield of 1330 kg ha! compared to 720
kg ha! for the local vanety) (Kamuanga
and Fobasso 1994)

Soon after 1ts introduction 1n Chad 1n
1986, adaptive research was conducted

on S 35 with tests at local research
stations and in rural areas Most of the
research activity at the Dougui center
(which does not have an wrrigation
network) was shifted to the Gass: Seed
Center so that the Dougwi center would

Table 3 Characteristics of S 35

Character Description

Pedigree M 91019 6-1 1-2

Type Dura

Photoperiodism Non sensitive

Panicle Sem: compact

Grain color Ivory white

Plant height 17-21m

Mean panicle length 24cm

1000 seed mass 2530 g

Mean grain yield 2 8 tha' without
potential on station mineral fertilizer

45 tha’ with

Vegetative duration
(heading)

Semi maturity duration

Drought tolerance

Foliar disease tolerance

Striga tolerance

Gram mold tolerance

Recommended
cropping area

muneral fertilizer
60 days

95 110 days

Very good

Good

Very good

Mediocre

With 300 800 mm
ramnfall

Source Discussions with staff

Source IRA 1993 Centre Semencier de Gasst 1989
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serve as a stte for S 35 technology tests
(Table 3)

Research at the station

S 35 was evaluated 1n a series of tests
at the station i Dougui between 1986
and 1989 (Table 2) The aim of these
tests was to compare yield and
behavior of S 35 to local varieties and
others already 1n the seed production
project at Gass1 Tests conducted at the
Dougut station i 1988 showed the
supertor gram yield of S 35 (Table 4)
In fact, the yield of S 35 surpassed that
of Samboul by 731 kg ha' (39%)
Zergay was the best local variety

(2 463 kg ha ') compared to Samboul
(1 870 kg ha'), but Zergay 1s sensitive
to smut whereas Samboul has the
advantage of bemng resistant to this
disease and harmful insects

When compared to mtroduced
varieties (E 38-3 and ICSU 1002N),
S 35 produces a higher yield and 1s also
resistant to diseases and msect pests
E 38-3 produced a commendable yield
but 1s sensitive to long smut Despite its
good grain yield during tests, E 38-3
was progressively withdrawn due to 1its
sensitivity to long smut The varety
ICSU 1002N 1s susceptible to stem
borer Long smut and stem borer are two
enenues of sorghum in the semi-and
region of Chad

Adaptive research on S 35 also
targeted local regions during 1988/1989
i Guera, Mayo-Kebbi, and Chari-
Baguirmi (Table 5) In Guera,
S 35 fared well compared to other
varieties, but in Chari-Baguirmt S 35
was nferior to other varieties The yield
of S 35 i Guera did not surpass that of
the best local vanety (Akoulmout)

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

50%  S50% Physiological

Disease/insect Stem Grain

heading mature  maturity  Drought suscep height Stem Grain  yield
Variety (d) (d) (d) resistance  tibility (cm) taste color (kgha!')
Zergay (local) 66 86 101 Reststant Smut 185 Sweet Red 2 463
E383 76 98 106 Resistant Smut 230 Sweet Cream 1816
S35 76 96 106 Resistant  Resistant 235 Sweet Cream 2 602
White
Nadj dadja 88 111 126 Susceptible Resistant 310 Not White 1298
sweet
Red
Nadj dadja 88 i11 126 Susceptible Resistant 310 Not Red 1 400
sweet
Samboul 74 96 106 Resistant  Resistant 320 Not White 1870
sweet
ICSU 1002N 82 106 111 Resistant  Stem borer 245 Sweet White 1966

Source Progress Report 1988/89 Seed Project Gasst
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Table 5 Yield comparison of multi-
locational trials, 1988/89 (Data for
Mayo-Kebbi are not available )

Yield (kghat)

Sorghum
variety Guera Chari-Baguirmu Mean
S$35 1416 830 1123
E383 1411 1 408 1 409
White

Nadj dadja 686 534 610
Red

Nad) dadja 610 1036 823
Akoulmout 1851 846 1015

Source Progress Report 1988/89 Seed Project Gassi

Farm-level research

Tests on S 35 at the farm level started
in 1989, chiefly in Guera, which was
the site most favorable to this variety
Most tests were conducted at Mongo
and Mangalme by officials of AICF, a
French non-governmental organization
(NGO) ‘Mim doses’ of 250 g and 500
g of seed were distributed under a
supervision scheme that followed a
calendar of pre-arranged visits In
1994, for example, with 12 workers in
the Guera prefecture, ONDR (Office
national de developpement rural),
could tramn a mmimum of 1 200
farmers distributed 1n 120 villages

The distribution method adopted by
AICF 1s stmilar to that of ONDR, but
apart from training farmers AICF also
mcreased the amount of seed distrib-
uted to farmers 1n targeted villages

It 1s interesting to note that all the
farmers who were trained sowed at a
later date (end-Jun to early-Jul)
compared to the usual sowing pertod of

local varnieties (generally, end-May to
early-Jun) (Table 6) As a short-
duration variety, the later sowing
period 1s recommended for S 35 to
reduce bird damage and avoid grain
mold when the rains have not stopped
at harvest time AICF workers have
also msisted on the importance of
seedling density (about 100 g 0 01 ha!)
and immediate harvest at maturity
When the field 1s sown i Jun-Jul at the
recommended seedling density, weeded
properly, and harvested promptly at the
begmmng of October, the farmer has a
good possibility of getting an average
yield of 1 200 kg ha', even if less than
30% of the field 1s sown i rows (Table
6) According to surveys by AICF
workers, more than 70% of the trained
farmers favor introduction of S 35 1n
the Guera region

Study methodology

A study to determine adoption levels
and benefits from use of sorghum S 35
in different areas of Chad was con-
ducted

Primary data collection

Agnicultural statistics were reviewed to
identify areas with a high production of
ramnfed sorghum where improved
varieties were distributed This approach
targeted potential adoption zones for S
35 Workers from ONDR and AICF
made reconnaissance visits in the areas
to determine homogeneity and select
representative sub-prefectures Mongo
and Bitkine (in Guera), Bongor (in
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Table 6 On-farm trials of S 35 carried out by AICF, Arenga {Guera), 1988/89

No of
farmers Row Feld Production (kg) Mean
and mim1  Sowing sowing  Emergence cleanliess Harvest g yield
Village doses date (%) (%) (%) date Total Mean (kg ha')
Arenga 5 27 and Yes 40  Verygood 80 Clean 80 2o0rl12 561 112 1771
28 Jun No 60 Good 20 Durty 20 Nov
Mankous sine 2 26 Jun Yes 50 Good 100 Clean 100 11 and 219 109 1588
3 Jul No 50 14 Nov
Male 3 26Junand No 100 Bad 100 Clean 50 26 Oct and 53 18 983
3 Jul Dity 50 4 Nov
Doyo 11 2 29 Junand Yes 100  Very good 50 Clean 50 25 Octand 105 53 1050
4 Jul Bad 50 Dty 50 3 Nov
Total Bitkine 12 26 Jun Yes 42  Verygood 42 Clean 73 25 O0ct 937 78 1348
4 Jul No 58  Good 25 Dity 27 14 Nov
Bad 33
Niergu: 6 1029 Jun  No 100  Good 83 Clean 33 26 Sep 123 21 1 060
Bad 17 Dirty 67 15 Nov
Total Guera 18 10 Jun Yes 28  Very good 28 Clean 64 26 Sep 1 060 59 1204
4 Jul No 72  Good 22 Duty 38 15Nov
Bad 50 @

Source AICF Extension Work Progress Report Aranga, Bitkine Guera




Mayo-Kebb1) and Mandelia (under the
rural sub-prefecture of N djamena) were
selected, with 28 villages 1n 17 districts
chosen n the 4 sub-prefectures These
villages and districts were chosen to be
representative of each of the study
zones A total of 152 farmers partici-
pated 1n the study, with about 6 farmers
chosen randomly from each village

A formal questionnaire was used to
ask farmers after harvest in 1994/95
about production systems, their opmion
of § 35, and post-harvest conditions

S 35 1s also grown 1n the regions of
Salamat, Moyen Char1, western and
eastern Logone, Tandjle, Quaddai, and
Biltine, but not as widely because this
15 a higher rainfall area Nevertheless,
with a view to covering all production
zones, an informal inquiry was carned
out by farm extension workers residing
m these regions Based on the opinions
of regional extension experts, the
adoption of S 35 1n these secondary
regions was estimated to be 3-6%

Economiuc surplus approach was the
analytical method used 1 this study to
calculate the economic 1mpact of
research and distribution of S 35 i Chad
This method 1s based on the 1dea that the
usage of a new technology can poten-
tially change the structure of production
costs and market prices and thus
umprove conditions for farmers as well as
consumers (Akino and Hayami 1975,
Bantilan 1996, Masters et al 1995)

Adoption of the new technology
increased production efficiency so that
despite the additional expenses of
adopting a new technology, production
gains offset the additional expenses

In Chad, like most other Sahelian
countries, cereals such as sorghum are
produced by thousands of small
farmers for both home consumption
and urban markets, and thus the
distinction between producers and
consumers 1s often blurred

Adoption study

Surveys 1n rural areas collected
information on the adoption rate of S
35, reasons for adoption, and con-
straints to adoption

Adoption rate

The adoption rate (%) 1n each of the
three study regions was calculated by
dividing the area growing S 35 by the
total area under rainfed sorghum 1n the
sample area (Table 7) The adoption rate
18 clearly higher in Guera than the two
other regions because Guera 1s the zone
most suited to cultivation of S 35, and
most S 35 grown at Gassi between 1987
and 1989 was distributed 1n the Guera
zone Table & presents production and

Table 7 Adoption rate (%) of S 35 in
regions under study in Chad, 1990-95

Mayo  Chan Average of
Year Guera Kebbr Baguirmu three regions
1990 17 7 0 7
1991 22 8 0 8
1992 23 10 14 14
1993 28 17 21 20
1994 32 22 22 24
1995 38 27 24 27

Source Formal on farm survey ICRISAT/DRTA 1994/95
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Table 8 Distribution of mini-doses of S
35 at Gassi, 1987-95

Year Seed (t)
1987 05!
1988 06!
1989 09
1990 14
1991 40
1992 40
1993 472
1994 58
1995 632

1 Multplication and distnibution of S 35 was barely
documented n the first few years (1987-89) because
seeds were not sold but rather distributed to seed
growing farmers through extension agents for large
scale multiplication The 1987-89 quantities are
estimated based on informal discussions with authorities
at the Gass1 Research Station and ONDR staff

2 The quantity of S 35 seed reported for 1995 1s an
estimate based on sales of 4 300 kg by the end of May

Source Progress report on seed sale (mim doses) at Gassi
Research Station

distribution of S 35 between 1987 and
1995

Adoption of S 35 mn Mayo-Kebbt
was much lower than in Guera, and 1n
Chari-Baguirm, adoption only began
m 1992 The lower adoption rates can
be explained by a preference 1n these
two regions for the local red sorghum
(dpgar) rather than white sorghum
such as S 35 Also, the climate 1s more
favorable to cultivation of other crops
and seed of S 35 1s not as easily
available

During the past few years, however,
significant rates of adoption have been
noted in the Mayo-Kebb1 and Char-
Baguirmi regions The increasing
importance of S 35 1n regions previ-
ously considered secondary for this
variety 1s perhaps an indication that
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dietary habuts of the population are
changing

Reasons for adopting S 35

Farmers had a number of reasons for
adopting S 35 The three most common
were early maturity, high yield, and
good taste (Table 9)

Early maturity The fact that early
maturity 1s more important to farmers
m Guera than 1n the other two regtons
1s a confirmation that drought 1s a more
serious problem 1n that region Early
maturity 1s also important 1n Mayo-
Kebb1 (73%) and Chari-Baguirmm
(75%), an indication that drought 1s
also spreading to these regions
Contrary to common belief, however,
early maturity 1s not always associated
with drought resistance

High yield The percentage of farmers
citing high yield as an important factor
1n all three study zones confirms the
importance of this criterion indepen-
dent of agroclimatic zones

Good taste This 1s an important criterion
for adoption m Guera because dietary
habits 1n this region tend toward white
sorghum, 1n fact, there 1s a price differ-
ence between the two types of sorghum
m Chad, especially in Guera Itis
surprising that such a high percentage of
farmers adopted S 35 for its taste m the
other two regions (53% m Mayo-Kebb1
and 38% in Chari-Baguirmu), especially
1n the latter where red sorghum 1s
preferred Perhaps dietary habuts are
adapting to the new environmental
conditions 1 which farmers live



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

Guera Mayo Kebbt Chari-Baguirmi  Across 3 regions
Reason for adoption (62)! (55) ) (125)
Grain whiteness 31 20 0 24
Short duration 81 73 75 77
High yield 52 62 50 66
Taste 63 53 38 58
Sweet stalk 11 26 13 17
Good threshability 5 0 0 2
Drought resistance 48 7 0 27
High sale price 42 0 1 22
Insect pest resistance 3 2 0 2
Good storability 8 4 0 6
Other uses 0 2 0 1
Dough consistency 6 0 0 3
Non lodging 3 0 0 2
Large grain size 5 20 0 11
Germination 2 0 0 1
Good seed viability 2 0 0 1
Floury 2 2 0 2

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

Less important reasons for adoption
cited by the farmers include drought
resistance, a higher sales price, and the
‘sweetness’ of the sorghum stalk

Constraints to adoption of S 35

Constraints mentioned by farmers
included bird damage, land degrada-
tion, seed availability, and seed cost
(Table 10)

Benefils

We evaluated the data to learn impor-
tant lessons about setting research
policies and priorities, and future
extension activities In order to evaluate

the impact of S 35, the following
mformation was collected

+ production level of sorghum 1n a
base year (1989) for each of the
three regions,

» production costs and mput use of S
35 and the best local variety,

+ adoption rates m the different study
regions during the years of nvesti-
gation,

« research and extension costs, and

« yield increase and additional costs
for growing S 35

Growing S 35 requires a higher
mitial investment by farmers Soil
preparation 18 more expensive because
deep plowing followed by ridging 1s
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Table 10 Frequency (%) of constraints cited by farmers as reasons for not adopt

ing S 35
Guera Mayo Kebb: Char1 Baguirm:  Across 3 regions

Constraint ) {a7n 2) (26)
Lack of seed 13 18 0 15
High cost of seed 13 12 0 11
Land degradation 13 24 0 19
Bird damage 62 24 100 41
Insect pest damage 13 6 0 8
Laborious work 13 0 0 4
Growth duration (too short) 13 0 0 4
Stem (too sweet) 13 0 0 4
Susceptibility to Striga 0 12 0 7
Short height 0 6 0 4
Sowing date (not controlled) 0 13 0 4
Lack of tme 0 6 0 4
Susceptibility to smut 0 0 0 0

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

recommended Harvesting 1s also more
expensive because S 35 1s so much
more productive (51%) than the local
variety, but there 1s an efficiency to the
additional harvest — 1t only requires
9% more work This efficiency 1s
because S 35 1s less than half the height
of the local variety (200 cm vs 440
cm), thus the panicle can be cut
without having to first cut the stalk, and
planting 1n rows facilitates moving
through the fields during harvest
Farmers have the additional expense of
protecting their fields because S 35 1s
susceptible to bird damage

With a yield increase of 51% in the
three regions over three years com-
pared to the best local variety, the
production cost was reduced by about
US$ 38 t' Thus reduction (US$ t 1)
varied by region depending on the
yield increase — 46 i Guera, 16 n
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Mayo-Kebbi, and 36 i Chan
Baguirmi Soil preparation required
less time 1n Guera than n the other two
areas because there 1s less vegetation,
hence the reduction in production costs
1s greatest Planting S 35 has enabled
farmers to reduce their unit cost of
production and increased their effi-
cliency

The higher productivity of S 35 has
thus improved family food secunty and
even provided a surplus for marketing,
especially in Guera, where farmers said
that a high market price was one reason
for adopting this vaniety Furthermore,
mproved cultivation techniques intro-
duced with the variety reduced the trade
deficit caused by import of cereals

The mvestment 1n S 35 for research
and extension 1s Justified because
» growing this vaniety has improved

food security,



« 1mproved cultivation techniques
mtroduced with the variety have
mcreased efficiency and decreased
production costs, and

» yielded a net economic surplus of
US$ 15 million and an internal rate
of return of 95%

Imphcations for agricultural
research priorities

Primary information collected from
farmers remains an 1mportant means to
determune priorities for future research
The following research topics are based
on problems farmers 1dentified as they
adopted S 35 technology

Date of sowing

While citing “loss caused by bird
menace” as a factor preventing the
adoption of S 35, farmers said they are
still confused about sowing dates Bird
damage 1s a consequence of early
maturty, thus adaptive research to
determine the optimal sowing date for
S 35 m the three zones 1s a research
priority

Fertihzer and post-harvest

Farmers 1dentified ‘degeneration of
soil” as a problem for adoption of S 35,
and suggested that researchers study
fertility management technigues
Raising farmer mcorme 1s a prerequi-
site to mnvesting 1n fertility manage-
ment Considering the low income
levels of farmers and their reluctance to

mvest In nutrient management, research
on simple fertilization techniques using
locally available raw materials 1s
necessary Composting, use of organic
material such as crop residues, niro-
duction of legammous plantsma
rotation, and application of mineral
fertihzers are all research prionties

Likewise post-harvest technologies
aimed at increasing demand for
sorghum, development of new uses,
and improved marketing networks are
essential and should recetve attention
when planning future sorghum research
activaties m Chad

Seed sector

Farmers said that lack of seeds’ and
“high cost of seeds’ were major
constraints to adoption of S 35
Tackling this problem 1s a pnonty

Research on seeds at the Gassi
research station — the most important
center for multiplication and distribu-
tion of improved varieties in the
country — now simply mvolves
packaging high quality breeder’s seed
mnto mini-doses This activity should be
expanded on a large scale by farmers
with the help of government and NGO
extension workers Farmers are advised
to use new, improved varieties of seeds
every three years but when they grow
and sow their own seeds over tume
tnese seeds lose their parity and
productivity 1s lower Research on an
mtegrated system to multiply and
distribute high quality seeds 1s a
priority
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Fundamental questions

The successful introduction of S 35 1n
Chad demonstrates that 1t 1s worthwhile
for African NARS and regional
research networks to cooperate,
communicate research data, and
exchange genetic materials It 1s
important that newly developed
agricultural technologies be made
available to farmers as quickly as
possible The consequences of the
eventual refusal by farmers of an
unsuccessful technology seem less
serious than the costs that are mcurred
by along delay between perfecting a
technology and 1t’s adoption

When considering research and
extension programs, the government
needs to create a system that produces
quality seeds 1n the required quantities
and at the lowest cost

Development of such a seed system
should mvolve competition from the
private sector, with the government
creating an appropriate environment
While waiting for such a system to
develop 1n Chad, 1t 1s important to
reinforce the efficiency of the Gassi
Seed Project, which 1s currently bemng
funded by FAO (Food and Agniculture
Orgamzation) While continued
funding by FAO is extremely impor-
tant, 1t 1s also unrealistic to thank 1t wall
continue indefinitely, and thus identify-
ing other funding sources 1s essential
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Impact of Sorghum S 35
in Extreme North Cameroon

C Ndjomaha', A Yapi2, and A Adamou’

In extreme north Cameroon, agricul-
tural researchers aim to create tech-
nologies that can
» 1ncrease production,
» 1mprove productivity,
 contribute to social well-being, and
» mmprove food security

To attain this objective, researchers
at IAR (Institute for Agronomic
Research) obtain financial and techni-
cal support from the government of
Cameroon, foreign donors such as
USAID (U S Agency for International
Development) and FAC (Fund for Aid
and Cooperation), and from interna-
tional agricultural research organiza-
tions such as the International Institute
of Tropical Agriculture (ITTA), Interna-
tional Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), and
Center for International Cooperation n
Agronomic Research and Development
(CIRAD) As part of the R&D process,
1t 1s essential that after a period of time,
stakeholders understand the impact of
their mmvestments through an evalua-

tton Such an evaluation estabhishes the
rate of adoption of a crop variety,
documents the different factors affect-
ing adoption, and provides feedback to
refine future research efforts

Because impact studies are of such
importance to researchers, donors, and
the government, ICRISAT imitiated a
collaborative study with the national
program 1n Cameroon to evaluate the
mmpact of the S 35 variety of sorghum
mn the extreme north of the country

Extreme north Cameroon

Cameroon 18 a central African country
with an area of 475 440 km? and an
estimated population of 12 658 439
(Central Intelligence Agency 1992)
Extreme north Cameroon covers about
7 4% of the country and 1its estimated
population 1s 2 154 067 people (RGPH
1987) (Fig 1) It 1s a Sudaman-
Sahelien region with an annual ramnfall
of 500-900 mm and temperatures that
vary from 24°C to 40°C In the prov-

Ndjomaha, C, Yapy, A., and Adamoun, A 1998 Impact of sorghum S 35 m extreme North Cameroon
Pages 26 37 in Assessing joint research impacts proceedings of an International Workshop on Joint Impact
Assessment of NARS/ICRISAT Technologies for the Sem:1 Arnid Tropics 2 4 Dec 1996 ICRISAT
Patancheru India (Bantilan M CS and Josti PK eds) Patancheru 502 324 Andhra Pradesh India
International Crops Research Institute for the Sem1 And Tropics

ICRISAT Conference Paper No 1345

1 Institute for Agronomic Research Agricultural Research Center Marona Cameroon
2 International Unton of Forestry Research Organizations — Special Programme for Developing Countries Food
and Agriculture Organization of the United Nations (Regional Office for Africa) Box 1628 Accra Ghana
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Figure 1 Extreme North region of
Cameroon

inces, agriculture mainly involves
cultivation of cotton, cereals, (sorghum,
millet, rice, and maize) pulses
(groundnuts and cowpea), maraichers
(onions, lettuce, and carrots), and
frurts Pastoral activities include cattle,
calves, poultry, and pig breeding
Annual sorghum production 1s
estimated at 400 519t (284 785 t
rainfed and 115 734 t grown 1n the off
season (SNAR 1995) (Table 1)
According to a survey carried out by
the Testing and Liaison Uit (TLU)
Maroua 1in 1990/91, annual consump-
tion of sorghum per rural family 1s
1 000-2 500 kg Sorghum 1s consumed
etther as a porridge or as beer The

Table 1 Area and produchion of
sorghum in Cameroon

Year Area (ha) Production (t)
1983 179 425 109 322
1984 273629 163 926
1985 259 264 248 247
1986 319 560 396 997
1987 277 336 281543
1988 302 890 366 150
1989 232902 224 308
1990 283 553 194 981
1991 281 925 252 643
1992 296 569 316 927

Source SNAR 1995

residue from the local breweries 1s
widely used in pig breeding This
survey also showed that consumption
of sorghum 1s much higher than other
foods such as millet, groundnut,
cowpea, rice and maize In addition to
its role 1n feeding humans and pigs,
sorghum stalks are widely used 1n hut
construction and fed to cattle during
the dry season

Considening the importance of
sorghum m this region, agricultural
research began 1n 1964 to develop
technologies to increase and stabilize
production The estimated average
production of sorghum and mullet n
north Cameroon 1s 700~780 kg ha !, but
according to researchers, output of
2 500-4 000 kg ha ' can be achieved 1n
the zone with ramfall of 600-800 mm
(IRAT 1971)

Attaiming stable and high production
1s strongly limited by uncertain cli-
matic conditions For example, annual
rainfall varies from 500-1 000 mm and
1s not temporally or geographically
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umform The cultivation pertod during
which 1t rams 1s Jun—Oct, but since
rams are irregular and not predictable,
farmers often face a difficult sowing
season 1 June and floods and erosion
m August (Figs 2 and 3) In 1982, the
Agricultural Research Center m
Maroua began work to select and
mprove sorghum varieties that were
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Figure 3 Monthly rainfall - The
Mora region (1970-80)

28

o early maturing (80-95 days) in the
semi-arid zone with 300-900 mm of
rain,

+ stable and high yielding

» tolerant to drought stress and Striga,

« resistant to diseases and msect pests,
and

+ compatible with farmer and con-

sumer preferences (Dang: et al
1990)

S 35 1n Cameroon

The S 35 variety was selected by the
Agncuitural Research Center of
Maroua 1n 1983 based on a collection
obtained m 1981 from N G P Rao, the
sorghum breeder at the Samaru re-
search station in Nigeria Favorable
characteristics were 1dentified at
Maroua, and during 1983-85
multilocational tnals were used to
establish recommended areas for the
new variety Simultaneously, experi-
ments n rural areas were carried out by
the TLU 1n collaboration with
SODECOTON (Organization for the
Development of Cotton) In 1984 1t
was tested in 88 farmers’ fields and the
vield was practically double that of the
local variety

This spectacular performance of
S 35 n a year when rainfall was less
than 500 mm led the heads of research
and development to propose 1ts use n
1986 It was retested i 1985 with
particular emphasis on cultivation
techniques that could improve or
stabilize yield In the off-season of
1985, more than 20 t of S 35 was
produced to launch the extension



program in 1986 The zone where S 35
18 recommended has an average rainfall
of 300-800 mm S 35 has a hugher
yield than the most widely grown local
variety in the study area, Djigari, and 1s
more resistant to drought and Striga,
but Dpigan seems to be more resistant
to gram mold and appears to be hardier
when grown on marginal soils

Research on S 35 was mainly carried
m north-central Cameroon (Fig 4)
Mountainous zones were not consid-
ered because the average rainfall
exceeds 800 mm and humidity 1s quite
high The northern zone of the province
was abandoned even though ramnfall
was adequate for S 35 (500-600 mm)
because the area lacked the necessary
infrastructure Extension of this variety
was done n north-central Cameroon
with participation of the seed project
and SODECOTON

—Z

B w
Figure 4 Area of research and release
of S 35 in the Extréme-Nord (Far
North) region of Cameroon

tes mch d ke S ke 1/2000 000

Study area

The area where the impact of S 35 was
studied, after imtroduction i 1986, 1s
popularly called the cotton belt of
north-central Cameroon (Fig 4) It
was divided 1nto three zones Mayo
Sava, Mayo Danay, and Diamare
(Table 2 and Fig 5) These zones have
notable differences that could influ-
ence adoption of a variety

Table 2 Estimated area of the three
study zones in north central

Cameroon
Mayo Mayo
Sava Diamare Danay
Total area (km?) 3408 7418 6 897
Potential area for
rainfed sorghum 2215 4822 3829

Source BEDI 1988

Sc e 172000 000

m Mayo Sa a Dam &

Figure 5 Areas of study of S 35 impact
in the Extréme-Nord (Far North)
region of Cameroon
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» Annual rainfall 1s relatively lower in
Mayo Sava compared to the two
other zones (Table 3)

« Farmers 1n Mayo Sava (which 1s
closer to the Nigerian border) have
the opportunity to buy fertihzer at
relatively lower prices than in the
zone 1tself

+ Activities under the agricultural
extension program were first
launched n the Mayo Sava zone mn
1989 The Dramare and Mayo Danay
zones began m 1991 and 1993

» Cotton 1s not cultivated m a part of
Mayo Danay and therefore cannot
benefit from the services of
SODECOTON

Table 3 Annual rainfall in the three
study regions of north-central
Cameroon (mm)

Mayo Mayo
Year Sava Diamare Danay
1986 582 876 860
1987 526 588 716
1988 783 846 902
1989 635 813 756
1990 604 736 650
1991 773 785 840
1992 709 797 782
1993 697 768 773
1994 884 1046 928
1995 686 941 909
Average 688 820 812

Source DPA 1986-95

Many varieties of rainfed sorghum
are cultivated mn north-central
Cameroon, which can be classified into
three groups (Russell 1991)

» Vaneties with an average growing

period (100-130 days) are 3-4 m

high with compact panicles Grain
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color varies from red to whute,

including Dpigari (red pericarp),

Tchergue (yellow pericarp),

Boulbassir1, Walagamari, and

Gueling (white pericarp) Dpgari 1s

the most widely used i the zone

and 15 often the local variety 1n pre-
extension experiments

» Varieties with a short growing
period (85-100 days) such as

Damougar and Makalar also have a

red pericarp These varieties are

often considered by farmers as types
of Dugan
» Varieties with a long growing period

(>130 days) are presently on the

verge of disappearing m the north-

central areas because annual ramnfall

18 lower These varieties are Yolobri

and Mbainn Ramnfed sorghum can be

cultivated as a sole crop, rotated
with cotton, or as an intercrop with
cowpea (Mayo Tsanga), groundnut

(Mayo Tsanga), or pearl millet

(Mayo Danay) Sorghum 1s grown

as a sole crop on over 70% of the

land (Kamuanga 1991)

The use of organic waste and
fertilizers on ranfed sorghum 1s quite
common 1n north-central Cameroon
According to a study carried out 1n
1991 by TLU/Maroua, only small
quantities of fertilizers are used
because farmers cannot afford more

Methodology
Data collection

Data were collected from field studies
and supplemented by secondary data
obtained from village heads, officers of



SODECOTON, agricultural organiza-
trons, and NGOs

Sampling A team traveled through the
three research zones 1n July 1995 to
explain study objectives to district
agricultural officers and solicit their
support Two villages were chosen at
random from each district, and one
officer from each village was selected
and tramed to conduct the study
Thirty-four villages were selected 8 1n
Mayo Sava, 14 in Diamare, and 12 1n
Mayo Danay In every village, a survey
guided by the traditional chiefs was
carried out to classify land used for
cotton cultivation i 1995 From this
survey, the team of researchers first
sampled 20 farmers before moving to
the larger survey of 571 farmers 136
from Mayo Sava 250 from Diamare,
and 185 from Mayo Danay Farmers
were classified by cultivated area
because SODECOTON recommends a
yearly rotation of cotton-sorghum to
farmers, hence a large producer of
cotton 1s also considered a large pro-
ducer of rainfed sorghum In addition
cotton cultivation 1s an indicator of
revenue because 1t 1s the most profitable
cash crop in the study area The village
samples were supposed to mnclude a
range of sorghum growers and revenue
levels

Tramng Data collectors were tramed
m August 1995 using a questionnaire
previously prepared and pretested
Modules of the questionnaire were
designed to gather data about farmer
characteristics, production, area under
rainfed sorghum, reasons for adoption

and non-adoption, market price, etc
(Bantilan 1996) The research team kept
m frequent contact with the study
villages to ensure smooth data collec-
tion, which occurred Sep—-Nov 1995

Problems Certain areas are not
accessible from July—Sep because the
roads are impassable, so they were not
covered 1n the sample In addition, the
sample size 1n some villages was
reduced because some farmers had
moved, were travelmg, or had died
Finally, one village in the Diamare
zone was dropped from the sample due
to difficulties faced by the surveyor in
completing data collection After
meeting with local agriculture officials,
1t was thought that changes in the
sample would not significantly influence
results of the study

Method to determine adoption and
mmpact

Adoption rate The adoption rate for
S 35 was calculated as a percentage of
the total area on which rainfed sor-
ghum 1s grown For each of the three
zones under study, a ratio of adoption
was estimated from the sample and a
calculation was made from 1986 (the
first year of adoption) to 2015 Thurty
years was selected as the period during
which S 35 could generate benefits
before becoming obsolete or before
being replaced by an improved technol-
ogy (Table 4)

Economc surplus approach The
main objective of this method 1s to
estimate the additional benefit that S 35
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Table 4 Observed and projected
adoption of sorghum S 35 in the three
study regions as a percentage of total
area planted to sorghum

Mayo Mayo
Sava Diamare Danay
Year (n=48)' (n=137) (n=119)
1986 106 65 04
1987 154 75 04
1988 203 60 58
1989 301 42 16
1990 360 36 148
1991 359 45 93
1992 391 53 96
1993 471 66 159
1994 465 98 177
1995 49 4 136 121
1996 519 159 130
1997 540 180 138
1998 556 198 146
1999 56 8 212 153
2000 577 223 160
2001 583 231 165
2002 588 236 170
2003 591 241 175
2004 594 243 179
2005 596 246 182
2006 597 247 185
2007 598 248 187
2008 599 249 189
2009 600 250 191
2010 600 250 192
2011 600 250 194
2012 600 250 195
2013 600 250 196
2014 600 250 200
2015 600 250 200

1 n= Number of sample households

provides to producers and consumers
This estimate 1s based on an analysis of
the changes that S 35 will bring to
supply and demand of rainfed sorghum
in the area The additional benefit thus
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determined represents the potential
contribution of the technology to the
economy (Fig 6) The economc
surplus 1s divided nto two parts —
consumer surplus and producer
surplus

The extent of the additional surplus
generated by the new technology 1s a
function of reduced per hectare
production costs

A Intial situation (before the use of new technology)

Rainfed sorghum price

A

A o}

P1

Q1 Quantiy

B Stuaton atter difusion of new technology

Rainfed sorchum price

Al Q2 Quantsy

Figure 6 Schematic representation of
econonuc surplus



Extreme north Cameroon 1s a closed
economy — sorghum sales outside the
area are negligible, thus suggesting that
1n a state of market equilibrium, supply
equals demand Inelasticity of the
supply occurs because rainfed sorghum
1s the staple diet for rural families 1n
this area, and farmers cultivate 1t
primarily to meet their nutritional
needs, thus changes in the market price
will not markedly affect quantities sold
Constraints such as limited agricultural
credit and operating funds will not
allow farmers to react favorably to a
higher market price for sorghum In
addition, consumers rank rainfed
sorghum lower when compared to
mouskwart (dry season) sorghum,
maize, Or rice

Research and extension costs These
costs include the sorghum selection
program at Maroua, pre-extension
work with Semi-Arid Food Grain
Research and Development
(SAFGRAD) and SODECOTON, seed
multiplication, and delivering seed to
farmers

Results

Adoption of S 35

Ten years after introduction, S 35 was
being grown on 50% of the rainfed
sorghum area by 85% of the farmers 1n
the Mayo Sava zone but in the
Diamare and Mayo Danay zones the
results were lower (Figs 7 and 8) Over
the 10-year-period 198695, the per
hectare difference 1n productivity
between S 35 and the local variety was

90

—a— Mayo Sava
807 e Diamars
704 —* Mayo Danay

Rate of adoption percentage farmers

"8 67 88 8 S0 91 52 93 94 95
Year

Figure 7 Rate of adoption of S 35 in

the three study zones (percentage of

Jfarmers)

432 kg 1n Mayo Sava, 89 kg 1n
Diamare, and 52 kg 1n Mayo Danay
These differences indicate a better
genetic potential for S 35 in Mayo Sava
than 1n the other two areas, probably
because rainfall 1s more congruent with
the 300-800 mm research recommen-
dation During this same period,
average ramnfall m Mayo Sava was 687

—8— Mayo Sava
*  Diamaré
40+ == Mayo Danay

- - -
| 4 Vs -
5 P -
-

Rate of adoption
(percentage sorghum area)
n
N
f

86 87 88 89 90 91 92 93 94 95
Year

Figure 8 Rate of adoption of S 35 tn
the three study zones (percentage
rainfed sorghum area)
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mm, but 819 mm 1n Diamare and 811
mm m Mayo Danay Local sorghum
varieties are usually sown in June, but
S 35 can be sown up to 15 July, thus
when June rainfall 1s weak, S 35 fares
better

Another factor influencing S 35
adoption was extension services from
PNVFA (Program national de vulgari-

sation et de formation agricoles) Mayo

Sava had their services smce 1989, but
Diamare and Mayo Danay were
covered only 1n 1992 and 1994 These
extension efforts may have contributed
to the higher adoption rate of S 35 1n
Mayo Sava

Farmers cite several reasons for
adopting S 35 — earliness, and food
and feed quality In addition, farmers
in Mayo Sava and Diamare appreci-
ate S 35 for its high productivity and
grain color In Mayo Sava, 27% of
those interviewed adopted the variety
for 1ts high market price, which was
22-40% higher than the local variety
In Diamare, the stem of S 35 1s
consumed like sugarcane, a charac-
teristic that was mentioned by nearly
20% of the farmers Reasons for non-
adoption were more numerous
(Table 5)

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

Mayo Sava Diamare Mayo Danay
Reason (n=48)! (n=137) (n=119)
Losses due to birds 375 351 76
Grain mold 375 175 50
High price of milling 271 131
Light food 229 139 59
Regermination of seed 208
Requirement of fertile sotls 167 175 185
Poor quality of beer 125
Small stalks for construction 104 51
Stalks disliked by animals 104 44
Lack of seed 83 241
Requires weeding many times 62
Requures quick harvest 62 14
Problem with threshing area 62
Inadequate labor 42 14
Loss of stalk from fields 21 87 59
Susceptible to wind 21
Date of sowing unknown 109
Varety unknown 73 151
Low return 87
Susceptible to insect attacks 66 42
High cost of seed 44

1 n=Total number of sample households
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To mutigate bird damage and grain
mold, researchers recommend late
sowing (early July) of S 35 so that
maturity will coincide with that of
early local varieties and thus distrib-
ute’ the bird damage Late sowing aims
for grain maturity at the end of the big
rains, which should reduce the inci-
dence of mold

According to the systems research
team, these general recommendations
are not sufficient, and more research 1s
necessary to determine appropriate
sowing dates 1n each agroclimatic zone
recommended for S 35 These expert-
ments are of great importance to
mitigate the two main constraints that
hinder adoption of S 35 1n north-
central Cameroon It 1s hoped that the
problem of lack of seeds highlighted
by farmers (52% in Mayo Danay and
25% 1n Diamaré) will be gradually
solved by joint seed production and
multiplication by IAR and PNVFA
that began m 1994 The officers m
charge of the distribution program
should be asked to work actively to
iform farmers who do not yet know
about the potential of S 35

Adoplers and non-adoplers

The study determined that adopters of
S 35 cultivate relatively large areas
and have more plows and draft animals
than the non-adopters They also have
more contact with extension agents
and seem to exploit new technologies
more readily

Factors such as education and age
do not seem to affect adoption but

most of the adopters belong to the
Mafa, Toupourt, and Guiziga groups
On the other hand, the Foulbe,
Moundang, and Masa cultivate smaller
amounts of S 35 This can be explained
by the wide availability of Djagarn,
which 1s a good substitute for S 35, in
the zones where the non-adopters live

Impact of S 35

Internal rate of return (IRR) and net
present worth (NPW) were used to
assess the impact of S 35 IRR and
NPW helped to judge mvestment
opportunities and estimate productivity
Use of the economic surplus method
allowed the potentral gain generated by
S 35 to be determmed 1n each zone By
expressing the gam in reduced unt
costs, the cost reduction ‘k’ 1s signifi-
cant in Mayo Sava (k = 19 8) and quite
weak m Diamare (k = 4 6) and Mayo
Danay (k= 07) The higher productiv-
ity of S 35 relative to the local varsety
explams the lower unut cost

The mmpact of S 35 1s noticeable i
Mayo Sava with an IRR of about 123%
and a NPW of more than 2 bilhion
CFA In Diamare, the IRR 1s about
36% with NPW at 140 million CFA
The 1mpact 1s lowest in Mayo Danay,
with an IRR of 11%

Comparnison of results

Kamuanga and Fobasso (1994) con-
ducted a simular study of S 35 adoption
in north-central Cameroon i 1990 In
that study 13% of farmers adopted

S 35, with 8 7% of the area covered by
rainfed sorghum In extreme north
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Cameroon, adoption rates were 12%,
14%, and 50% respectively in Mayo
Danay, Diamare, and Mayo Sava
Reasons for adoption cited by farmers
were similar 1n the two studies In
addition, S 35 improved food security
n the region — 1 1984 average
rainfall was 480 mm, but productivity
of S 35 was double that of the local
variety Food security was not meas-
ured 1n the present study, but 1t 1s hoped
that future studies will consider 1t

Conclusion

The data from this study indicate that
Mayo Sava 1s the zone best suited for
S 35 in extreme north Cameroon An
mnternal rate of return of 123% and a
net present worth of more than 2 billion
CFA were obtained Rates of adoption
n the other two zones were less than
20%, which reduces the IRR and NPW,
but 1t should be noted that many
farmers 1n these two zones did not have
access to S 35 and were not well
mformed about its advantages com-
pared to the local variety

Further research 1s necessary to
determine optimal sowing periods in
the three zones and joint seed produc-
tion by IRA Maroua and PNVFA
should be maintained to ensure an
adequate seed supply Finally, 1t 1s
necessary to conduct research on S 35
1n other parts of north Cameroon such
as Logone and Chart
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Dual-purpose Sorghum — A Case Study in India

M Asokan, M C S Bantilan, P K Joshi, M M Anders,
and S Valasayya'

The bovine population 1n the Indian
state of Andhra Pradesh declined from
21 9 mulhion to 21 1 milhion (a 3 6%
decrease) between 1983 and 1987
(Government of Andhra Pradesh 1996)
Straw and stover are important feed for
bovines, and higher fodder prices
combined with a decline 1n the area
under fodder crops forced farmers to
reduce herd size (Kelley and
Parthasarathy Rao 1994) Although the
supply of rice straw has mcreased 1n
irigated areas while sorghum fodder
production declined n rainfed areas,
farmers 1n ramnfed areas tend to prefer
feeding sorghum straw to their live-
stock (Anders and Satyanarayana
1994)

Dual-purpose sorghum varieties
were proposed by ICRISAT for this
area to meet the demand for rainfed
fodder at reasonable prices Feed
demand 1n rainfed areas has been
increasing as the availability of
traditional communal lands has
declined, and fallow periods 1n crop

rotations have become less frequent
{Anders, Mulder, and Satyanarayana
1993) Despite a negative growth rate
in amumal population, the pressure on
fodder has increased during the past
two decades (Kelley and Parthasarathy
Rao 1994)

Improved cultivars have been
adopted at a high rate 1n some areas of
India, but many other areas either had
no exposure to improved cultivars or
have rejected those that have been
made available (Anders and
Satyanarayana 1994) A method for
farmers and researchers to identify
farmers’ needs, along with constraints
o adoption-of improved cultivars, was
developed to better understand their
reasons for not adopting improved
genetic material (Anders and
Satyanarayana 1994) ICRISAT
scientists were keen to become
mvolved 1n a project that would focus
on an area with potential for growing
improved cultivars, but where they had
not been adopted by farmers

Asokan, M, Bantilan, MC S, Josht, PK , Anders, M M., and Valasayya, S 1998 Dual purpose sorghum
— acase study m India Pages 38 51 » Assessing jownt research impacts proceedings of an International
Workshop on Joimnt Impact Assessment of NARS/ICRISAT Technologies for the Sem1 And Tropics 2 4 Dec
1996 ICRISAT Patancheru India (Bantilan M CS and Josh1 PK eds) Patancheru 502 324 Andhra
Pradesh India International Crops Research Institute for the Semu Arid Tropics

ICRISAT Conference Paper No 1355

1 International Crops Research Institute for the Semn Arid Tropics Patancheru 502 324 Andhra Pradesh

India
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The Indo-Swiss Project Andhra
Pradesh (ISPA) 1s a bilateral project
that has been operating 1n the state
since 1990 ISPA made efforts to
increase and maintain the bovine
populatton and conduct research to
mtroduce appropriate fodder varieties
to meet the growmg demand One of
1ts major objectives 1s to 1mprove
feeding systems to optimize the
existing fodder resource base and
mtegrate fodder cultivation mto the
farming system Because both
ICRISAT scientists and ISPA wanted
to develop a comprehensive profile of
sorghum production 1n a mixed crop-
livestock system, a collaborative
project began 1 1991 The objectives
were to assess farmer preferences for
dual-purpose sorghum varieties by
mtroducing a wide range of genetic
materials and to identify and quantify
constraints to adoption of improved
sorghum

A methodology was jointly devel-
oped to bring together farmers,
extension personnel, and researchers
and to evaluate different cultivars 1n
farmers’ fields with the same manage-
ment practices applied to all plots
(Anders and Satyanarayana 1994)
Researchers made available a wide
range of genetic material from which
farmers could select according to their
needs The methodology also mcluded
monitoring the adoption and mpact of
the project Anders, Mulder, and
Satyanarayana (1993) evaluated
different sorghum genotypes n
farmers’ fields and found that the dual-
purpose sorghum varieties ICSV 112

and ICSV 745 were much preferred by
farmers in the Warangal district of
Andhra Pradesh
The mitial reconnaissance survey m
Bachannapet and 1ts neighboring
villages found farmers expressing the
need for good quality seed, but it was
not available nearby If the seed of a
new cultivar 1s an important compo-
nent of a technology, steps should be
taken to multiply 1t quickly to meet the
demands of interested farmers (Nene
1993) This was followed by distribu-
tion of about 1 2 t of seed of ICSV 745
and ICSV 112 and 240 kg of
pigeonpea (ICRISAT plant materials)
during the 1993 rainy season There-
fore, a study was planned i 1993 to
document the performance of ICSV
112 and ICSV 745 This paper reports
» yield and fodder advantages of
ICSV 745 and ICSV 112 sorghum
varieties over the local sorghum
under the same management
practices,
+ farmer perceptions about different
traits, and
+ early adoption and spread through
seed tracking and monitoring (ICSV
745 and ICSV 112 are not yet
officially released in this area)
Results of a follow-up survey to
confirm adoption m the following
rainy season (1994) using a sub-
sample of farmers from two villages
are also presented

Study Area

The study was conducted in
Bachannapet and the surrounding
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villages of Warangal district m Andhra
Pradesh during 1993/94 (Fig 1)
District-level secondary data from the
1970s indicate that sorghum was a
major crop 1n this region, occupying
about 35% of the gross cropped area
(GCA) Warangal district 1s endowed
with assured annual ramnfall of 1041

4l district

" Andhra/Pradesh

& Madras

mm A large proportion of the culti-
vated area 1n this region 1s character-
1zed as rainfed where sorghum 1s the
main staple food grain as well as a
fodder crop The crop has traditionally
been an important food grain and a
good source of dry fodder However,
sorghum area has drastically declined

Figure 1 Location of Warangal district in the state of Andhra Pradesh
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1n the last two decades The total area
under sorghum 1n the district signifi-
cantly declined from 191 000 ha in the
early 1970s to 32 000 ha 1n the early
1990s (Government of Andhra Pradesh
1994), and now occupies only 7% of
GCA (Table 1) Long-term trends
mtially indicated increasing produc-
tion during 196674, but fluctuations
were high during the subsequent 10
years, which could be due to high
variatton 1n the annual rainfall during
that period After 1980, the area under
sorghum started declining remarkably
in both the rainy and postrainy seasons
Rainy season sorghum declined from
66 000 ha m 1971-73 to 6 000 ha in
1991-93, while postrainy season
dropped from 125 000 ha 1n 1971-73
to 26 000 ha i 1991-93 While the
ramy season sorghum yield has
fluctuated widely but mcreased
marginally, the postrainy season yield
mcreased from 500 to 620 kg ha'!
during the 1971-73 and 1991-93
periods

Adoption of high yielding varieties
(HYV) of sorghum 1n Warangal
Dastrict 1s presented in Figure 2 Until
the late 1970s, adoption of these
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Area sown to
high yielding varieties

Sorghum area

Figure 2 Area sown to sorghum and
adoption of lugh-yielding sorghum
varieties in Warangal district

varieties was minimal The area under
HYV expanded from 20% n 1980 to
42% 1 1984, but during 1985 sud-
denly dropped to 5% However, since
1986, the area under HY'V increased to
about 21% 1n 1992 (Fertilizer Associa-
tion of India 1994) In the study
villages, however, no modem varieties
of sorghum were found during our
reconnaissance survey 1 1992

Analysis of cropping patterns 1n the
study villages showed that sorghum
maintained 1ts importance mn terms of
cultivation and consumption Survey
data collected during Nov 1993

Tabie 1 Trends in sorghum area, production, and productivity, Warangal district,

Andhra Pradesh

Ramy season Postrainy season Total
Produc Produc Produc
Time Area tion Yield Area tion Yield Area tion Yield
pertod  ('000 ha) ('000t) (kgha') ('000 ha) ('000t) (kgha'!) ('000ha) ('000t) (kgha')
1971-73 66 40 610 125 62 500 191 102 530
1981-83 61 29 470 82 44 540 143 73 510
1991-93 6 4 670 26 16 620 32 20 630
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indicated that rice 1s the most 1mpor- and sunflower (87%) cultivars was
tant crop, occupying about 23% of also high

total cropped area (TCA), and among
the rainfed crops, sorghum occupied

23% of TCA, sesamum about 20%,  1ethodology

castor 10%, and sunflower 8% (Table Bachannapet and 1ts cluster of villages
2) Adoption of HYV rice was high are located about 100 km from

(about 97%), while adoption of ICSV Hyderabad ISPA 1s actively working in
745 and ICSV 112 was also high this area to improve and maintain the
(45%), primarily due to the seed livestock population through improved
distribution that occurred 1 1993 technology for the farming systems mn
Adoption of improved cotton (74%) villages that were previously selected

Table 2 Cropping patterns of sample farmers in eight selected villages, Warangal
district, 1993/94

Rainy season Postramy season Total
Area Area Area
(percentage Percentof (percentage Percentof (percentage  Percent of
of total cropsown  of total Crop sown of total crop sown

Crop croparea) to HYV' crop area) to HYV! crop area) to HY'V!
Rice 232 971 225 969 230 970
Sorghum? 220 616 256 22 229 445
Maize 36 626 43 485 38 585
Pearl mullet 01 0 0 0 01 0
Wheat 0 0 01 0 01 0
Pigeonpea 04 199 0 0 02 199
Chickpea 0 0 17 0 04 0
Green gram 23 0 02 0 18 0
Horsegram 19 0 128 0 47 0
Cowpea 02 0 01 0 01 0
Sesamum? 26 4 0 17 0 201 0
Castor 128 554 29 539 102 553
Groundnut? 25 103 19 117 23 106
Sunflower 27 957 223 842 77 872
Safflower 01 0 15 0 04 0
Mustard 01 0 0 0 01 0
Cotton 06 741 0 0 04 741
Vegetables 06 0 08 0 07 0
Fodder sorghum 02 0 13 0 05 0
Grass 02 0 02 0 02 0
Total 100 0 48 8 1000 451 1000 478

I High yieldmg varieties 2 Includes intercrops
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One approach was to introduce suitable
fodder varieties On-farm trials to test
several ICRISAT sorghum varieties
were conducted n the villages during
1991-93 1n collaboratton with ISPA
(Anders 1994)

After 2 years of on-farm work,
Anders, Mulder, and Satyanarayana
(1993) found that two sorghum varie-
ties, ICSV 112 and ICSV 745, were
surtable for this location and favored by
farmers for higher gramn and fodder
yields, improved seed and fodder
quality, and higher profits than four
other varieties, N 1, M 35-1, ICSV
422, and SP 260 Grain and fodder
yields of ICSV 745 and ICSV 112
were much higher than other varieties
tested (Table 3) Fodder yield, however,
was lower than or equal to fodder
variety N 1, but higher than the other
varieties The performance of the dual-
purpose sorghum varieties ICSV 112
and ICSV 745 was relatively better
than the other four varieties, hence
ISPA decided to collaborate with

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

Grain Fodder

yield yield Failed
Genotype (tha') (tha') plots
ICSV 745 12 109 0
M 35-1 15 81 3
N1 0 109 1
ICSV 112 13 91 0
SP 260 08 63 1
ICSV 442 0 64 2
Mean 08 85 1

Source Anders Mulder and Satyanarayana (1993)

ICRISAT and introduce these two
varieties to their program

ICSV 112 was 1dentified by
ICRISAT after 8 years of research
(Reddy and Stenhouse 1994) It was
recommended by the National Seed
Release Commuttee as CSV 13 1n India
1n 1987 It 1s of medium height,
matures m 110-120 days, 1s suitable
for intercropping, and 1s recommended
for 1ts high and stable yield at low and
mtermediate altitudes It can be
cultivated as a rainfed crop during the
ramy season and as an urigated crop
during the postramy season

ICSV 745 sorghum was developed
by NARS using materials from
ICRISAT Research began in 1983 and
the product was 1dentified after seven
years of research (Reddy and
Stenhouse 1994) It was released 1n
India 1in 1993 for midge-prone areas
ICSV 745 matures in 100-110 days, 1s
highly resistant to sorghum midge, and
has high yield potential It 1s also less
susceptible to leaf diseases such as
ergot and downy mildew

Because availability of quality seeds
was a major constramt in the region,
ISPA and ICRISAT decided to produce
sufficient quantities of ICSV 745 and
ICSV 112 and make them available to
farmers for the rainy season of 1993
Imtially 1 2t of seed was sold to 240
farmers 1n these villages through ISPA
Each farmer paid Rs 14 for 5 kg of
ICSV 745 or ICSV 112, along with 1
kg of pigeonpea seed (an ICRISAT
variety) because most farmers were
growing pigeonpea as an Intercrop
with sorghum (At the time of this
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study, 1 US$ was worth about 30
Indian rupees [Rs ] )

Farmers were iterviewed to
determine how much land they culti-
vated, cropping patterns, adoption and
assessment of the technology, and cost
of cultivation Although ISPA reported
that 240 farmers bought seeds m this
program, we could identify only 159
farmers as adopters of ICSV 112 and
ICSV 745 It was planned to trace the
240 seed kats distributed to farmers,
but we found that about 159 farmers
bought 164 kits for themselves, 22
reported that someone might have
taken seed 1n their name, 6 were from
distant villages, and 31 reported that
they did not sow the seed durmg this
season We also took a sample of 57
farmers who did not sow ICSV 112
and ICSV 745 but instead grew local
sorghum varieties Thus data were
collected from 216 farmers 1n 8
villages About half the seed was sold
1n the two villages closest to the seed
distribution center

Scientific experts visited at different
stages, monitored crop growth during
the 1993 ramy season, and were
impressed with the crop’s perform-
ance During Nov 1993, farmers who
sowed ICRISAT varieties and those
who sowed local varieties were
mterviewed An additional survey n
February of the next year gathered data
on the pigeonpea crop, and a third
survey 1n Sep 1994 confirmed second-
year adoption of these varieties by
farmers

District-level data on area, yield,
and production were used to assess
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sorghum performance 1n the study
region Tabular analysis looked at
technology dissemination and farmer
perceptions of varietal traits Desirable
characterstics nsted by farmers were
ranked 1n order of importance A
partial budget approach was used to
evaluate performance The value of
family labor, bullock labor, and major
equipment were imputed on the basis
of market prices Adoption rates were
also esttmated from the available data

Survey results
Technology dissemination

The two dual-purpose sorghum
varieties were distributed to farmers
only during the ramy season of 1993
About 50% of the adopter respondents
learned about the improved varieties
through ISPA, 18% from other farmers,
and 32% from other sources (a friend,
veterinary hospital staff, etc ) Heads of
households usually decide which
variety to sow, and only 6% of re-
spondents reported that other farmers
mnduced them to adopt these varneties

Farmer perceptions

Among 159 adopters, 93% were
convinced about the supenonty of
these vaneties 1 terms of their per-
formance and the crop stand before
harvest Eleven farmers were not
convinced about the superiority of
these varieties in any of the traits
featured Among 57 non-adopters, only
three were unaware of these varieties,
and 89% of the non-adopters rated



these varieties superior when compared
to local materials The responses were
based on their observations of
neighboring fields Two non-adopter
farmers rated these varieties equal to
local ones, while four rated them as
mferior to the local

Table 4 presents the most preferred
grain and fodder traits of ICSV 112
and ICSV 745 All responding farmers
liked the easy threshability, an impor-
tant characteristic in view of the
declining labor supply during peak
periods, especially immediately after
harvest

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

Charactenstic Response (%)

Gram
Easy threshabulity 1000
Higher yield 585
Big ear head 48 4
White color 402
Drought resistant 245
Sweetness 170
Bold grain 163
Small grain 94
Uniformity 69
Good seed 38
Other 82

Fodder
More yield 597
Broad leaves 321
Shorter than local 296
Good stem quality 207
More palatable 16 3
Sweetness 38
Equal with local 38
Others 44

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

Product Problem

Gram Gram mold
Small grain s1ze

Fodder Shorter than local

Breaks easily
Thick stem

Farmers were concerned about
grain mold, which was brought on by
rain just before harvest Farmers also
complained about the smaller grain
size (Table 5) In terms of fodder,
farmers disliked the short plant height,
easy stem breakage while tying
bundles for fodder, and the thick stem
that 1s not easily chewed by animals
Farmers were positive about their
mutial experience with these two
varieties, and were expecting higher
mcome than with the local varieties, as
well as more fodder for their livestock

Economic evaluation

Adoption of improved varieties 1s
largely determined by their profitability
compared to existing varieties Cost
and returns data were examined to
determme the profitability of ICSV 112
and ICSV 745 The analysis looked at
sorghum grown as sole crop and as an
mtercrop with pigeonpea (Table 6)
Local varieties tended to be sown
using a higher seed rate than improved
varieties, and the seed price of the
local vaniety was higher (3 vs 2 Rs
kg ') due to the subsidy offered by the
project More farmyard manure was
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Table 6 Cost analysis of the research impacts of ICSV 112 and ICSV 745

Local varieties ICSV 745 ICSV 112

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

Sole crop
Number of farmers 25 13 18
Total variable costs! 2104 2067 2 051
Total fixed costs? 1020 1020 1020
Total costs 3124 3087 3071
Output
Sorghum gran (kg) 546 1606 733 1980 851 2255
Grain price (Rs kg') 294 27 265
Sorghum fodder (t) 27 1202 22 888 23 871
Fodder price Rs t!) 445 404 379
Gross returns 2808 2 868 3126
Unit cost assessment
Variable costs (Rs t!) 3 850 2819 2410
Fixed costs (Rs t') 1867 1391 1199
Total cost (Rs t') 5717 4210 3609
Unit cost reduction
Variable costs (Rs t') 1031 1 440
Fixed costs (Rs t!) 476 668
Total cost (Rs t!) 1507 2108
Intercrop with pigeonpea
Number of farmers 49 47 86
Total variable costs! 2253 2370 2131
Total fixed costs? 1020 1020 1020
Total costs 3273 3390 3151
Output
Sorghum gram (kg ) 421 1237 542 1464 571 1514
Grain price (Rs kg') 294 27 265
Sorghum fodder (t) 22 977 17 685 17 642
Fodder price (Rs t') 444 403 378
Pigeonpea grain (kg) 357 165 384 182 458 266
Gram price (Rs kg') 462 474 581
Pigeonpea stalk (t) 001 3 009 23 010 26
Fodder price (Rs t') 300 256 260
Gross returns 2382 2 355 2 448
Unit cost assessment
Variable costs (Rs t') 5356 4371 3730
Fixed costs (Rs t') 2 425 1 881 1785
Total cost (Rs t!) 7780 6252 5515
Unit cost reduction
Variable costs (Rs t!) 984 1626
Fixed costs (Rs t1) 544 640
Total cost (Rs t!) 1528 2266

1 Vanable costs mnclude male labor female labor bullock labor seed farmyard manure fertilizer
pesticides and cost of using equipment
2 Fixed costs mclude land taxes land rent and depreciation and imnterest on capital
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used for the local varieties, while the
improved varieties recerved more
morganic fertilizer Total labor used in
both cropping systems did not vary
significantly (about 60 days) Overall,
however, vanable mput costs did not
sigmficantly differ among the dufferent
varieties, 1 € , no extraordinary ex-
penses were involved 1n the cultivation
of ICRISAT vaneties Total variable
costs for growing ICSV 112 were
lowest 1n both the sole and ntercrop
with pigeonpea

Compared to local varieties, the
yield of ICSV 112 as a sole crop was
56% higher and the intercrop was 36%
higher Although the yield of ICSV
745 was lower than that of ICSV 112,
1t was still higher than the local
varieties —34% for the sole crop and
29% for the mtercrop The price of
ICSV 112 and ICSV 745 was lower
than the local varieties, but for the sole
crops, the total value of gram har-
vested from ICSV 112 was 40% higher
than the local varteties while ICSV
745 was 23% higher

Results were similar for the
mtercrop with pigeonpea The gross
returns from sorghum for ICSV 112
were 22% higher than the local
varieties, and ICSV 745 was 18%
higher Grain mold disease due to rains
before harvest of ICSV 112 and ICSV
745 caused severe damage to the crop
and the pigeonpea crop suffered an
msect infestation due to cloudy
weather In addition, there were no
rains for the pigeonpea crop and its
yield was poor The pigeonpea crop
grown with ICSV 112 and ICSV 745

was an ICRISAT material, and its
yield was much higher than the local
pigeonpea grown with the local
sorghum

The fodder yield of the local
varieties was much higher than the
dual-purpose varieties 1n both sole and
mtercrops, an expected result since the
local varieties are more of a fodder
type

The gross returns from ICSV 745
were only slightly better than the local
varieties for the sole crop, but slightly
lower for the mtercrop Gross returns
from ICSV 112 were 11% higher than
the local vanety n the sole crop, and
3% higher 1n the mtercrop

For the sole crop, net farm income
was higher by 13% for ICSV 745 and
52% for ICSV 112 For the intercrop
with pigeonpea, net tarm mcome from
the local varieties and ICSV 745 was
negative, but ICSV 112 yielded about
Rs 700 ha' net ncome In terms of
unit cost reduction, ICSV 112 gave
higher returns when compared to local
varieties and ICSV 745 When com-
pared to the local varieties, unit cost
reduction (Rs t!) for ICSV 112 was
Rs 2 108 for the sole crop and Rs
2 266 for the mtercrop, with ICSV 745
at about 1 507

The two dual-purpose sorghum
varieties showed significant economic
advantages, and hence they have a high
potential for adoption 1n this region

Adoption

Sample farmers 1n the eight villages
around Bachannapet sowed 44 7 ha of
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ICSV 112,26 9 ha of ICSV 745, and
45 6 ha of local varieties of sorghum
durmng the rainy season of 1993 The
distribution of areas sown to ICSV 112
and ICSV 745 1s shown 1n Table 7 The
area expected to be sown to ICSV 112
and ICSV 745 was much higher in
Bachannapet and Pochannapet, the two
main villages where ISPA operated

Information on planned use of these
varieties for the next ramny season was
also gathered from farmers In inter-
views conducted before the 1993 ramy
season harvest, farmers said they
expected to sow about 101 ha of the
two dual-purpose sorghum varieties
during the rainy season of 1994
Farmers m Alimpur, Itekalampally,
Thammadapally, and Yeddugudam
said they expected to sow about 70%
of their 1994 ramy season sorghum
area to the two ICRISAT vaneties,
while 1n other villages expected
adoption was about 95%

During the rainy season of 1994, a
follow-up survey determined that the
actual area sown to the two varieties
was much less than had been earlier
predicted (Table 7) The follow-up
survey indicated that farmer percep-
tions of ICSV 112 and ICSV 745 had
changed substantially (Tabie 8) More
than one-third of the farmers mnter-
viewed said they had switched to a
commercial crop such as sesamum
Grain mold 1s a major constramnt to the
adoption of ICSV 112 and ICSV 745,
which contributed to low market
prices
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Lessons learned and future
research

The methodology used by Anders,
Mulder and Satyanarayana (1993) in
selecting and introducing appropriate
varieties to new areas provided impor-
tant lessons for researchers who are
mvolved in on-farm research Involving
an established project staff such as
ISPA was an 1deal way to mtroduce
new technologies This participatory
method of technology generation,
evaluation, and transfer 1s an efficient
way to introduce new technologies

Some farmers benefited by selling
sorghum as seed to ISPA under the
seed buying policy of the project Other
farmers were unable to sell their seed
to the program because of the grain
mold problem, and others mixed the
two varieties after harvest There 1s,
therefore, a need to closely monitor the
harvest 1f a seed procurement program
1s built into the project plan

Most farmers did not know how to
mamtain seed purity Farmers can harvest
the crop for food and feed, but are not
sure how to harvest for seed Tramning in
seed production 1s an obvious need

Prior to the rainy season of 1994,
ISPA made available a sufficient
quantity of ICSV 112 and ICSV 745
seed to farmers, but they thought it was
too expensive Farmers were ready to
buy seed at Rs 2 50-5 00 kg !, but
during the follow-up survey, many
farmers said that they did not know
seed was available at the project center
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Table 7 Area sown to sorghum during 1993 ramny season and expected and actual adoption of ICSV 112 and ICSV 745
during 1994 ramy season

Area planted 1993 rainy season Area planted 1994 rainy season
ICSV1i2and  Areaexpected ICSV 112 and
ICSV 745 to be sown to ICSV 745
area as ICSV 112 and area as
ICSV 112 ICSV 745 Other percentage ICSV 745 ICSV 112 ICSV 745 Other percentage
(ha) (ha) (ha) of total during1994 (ha) (ha) (ha) of total
Alimpu 22 15 57 397 65
Bachannapet 107 58 107 60 6 259 22 85 103 511
Chinna Ram Cherla 43 30 39 650 109
Itekalampally 49 35 45 655 89
Nakkavanigudem 17 06 06 797 28
Pochannapet 126 98 116 659 324 68 61 156 453
Thammadapaily 27 13 51 44 4 62
Yeddugudem 55 14 36 656 717
Total 447 269 456 611 1013
Bachannapet and
Pochannapet 233 156 223 635 583 91 146 258 478




Table 8 Reasons for decline in the
area sown to ICSV 112 and ICSV 745
from 1993 rainy season to 1994 rainy
season

Responses (%)
Reason (n=115)
Shift to commercial crops 35
Low grain price 32
Poor fodder quality 16
Lost mterest due to crop failure 14
Not shown 1nterest 13
Seed not available 12
Not satisfied with performance 9
Susceptible to gramn mold 8
No drought tolerance 4
Not preferable for consumption 3

Varieties not suitable for double
cropping 2

One year 1s not long enough for
conclusive results n such an attempt to
introduce new crop varieties Monitor-
ing should continue at this focation to
document the adoption behavior of
farmers
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Research on High Yielding Pearl Millet —
Background for an Impact Study in India

M C S Bantilan, KV Subba Rao, K N Rai, and S D Singh!'

Pear] millet 1s an important coarse gramn
that 1s generally grown as a ranfed crop
on margmmal lands with few mputs and
little management It provides food for
mullions of people living n the arid and
semi-arid regions of the Indian subconti-
nent and Africa This gram has a high
feed value for poultry and 1s a good
source of energy and nitrogen n
ruminant diets Pearl mullet 1s a diploid-
tillering, protogynous, cross-pollmated
cereal that easily produces hybrid and
selfed seed (Andrews and Rajewsks
1995) This grain 1s grown as a food
crop in tropical Africa and Incha, with
most production concentrated in
Sahelian western Africa and northwest-
ern India High temperatures and a short
growing season characterize these
regions that are prone to frequent
droughts caused by low and erratic
ramfall Soils are sandy and infertile
Millets are grown on 36 nmllion ha,
producing 27 mullion t of gram More
than 90% of millet area and production

are 1n developmg countries with a food
deficit — 47% of the area 1s n Asia,
producing about 55% of the world crop
Of the Asian contribution to world
mullet production, India alone covers
83% of the area producing 71% of the
crop (about 40% of world mullet area
and production) (FAO 1995) The pearl
mullet area in India declined from more
than 13 million ha 1n 1973 to less than
11 pullion ha during 1993

As high yielding varieties (HY'V)
began to be adopted 1n the mid 1980s,
productivity steadily increased, and now
they occupy 55% of the pearl millet area
in India (Fertiliser Association of India
1993) The states of Rajasthan,
Maharashtra, Gujarat, Uttar Pradesh,
and Haryana account for around 90% of
the total area and production of pearl
mullet m India Rajasthan alone accounts
for 46% of India’s total pearl millet area,
but only 30% of 1ts total production
because ran 1s erratic and suitable HY'V
seed is often unavailable (Figs 1 and 2)

Bantilan, M C S, Subba Rao, K V, Rai, K N, and Singh, SD 1998 Research on high yielding pearl
mullet — bachground for an impact study 1n India Pages 52 61 n Assessing jownt research impacts
proceedings of an International Worhshop on Joint Impact Assessment of NARS/ICRISAT Technologies for
the Semi And Tropics 2-4 Dec 1996 ICRISAT Patancheru India (Bantilan M CS and Joshi PK eds)
Patancheru 502 324 Andhra Pradesh India International Crops Research Insutute for the Semi And

Tropics

ICRISAT Conference Paper No 1346

1 International Crops Research Institute for the Semu And Tropics Patancheru 502 324 Andhra Pradesh

India
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Figure 1 Distribution of pearl millet area in India, 1988-90
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Figure 2 Pearl nullet area as a percentage of gross cropped area in India, 1988-90
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In collaboration with researchers of
the national agricultural research system
(NARS), ICRISAT and 1ts partners
developed several open-pollinated
varieties, hybnids, and parental materials
that have been released to farmers in
India by government authorities since
1982 These research products were
developed to increase yields by alleviat-
ing primary biotic and abiotic con-
stramts NARS, including the private

_seed sector heavily depend on ICRISAT
parental materials for therr breeding
programs The significant improvements
1n the relative research strength of
NARS through the years had led
ICRISAT to focus increasingly on
strategic aspects to improve grain yield
and downy mildew resistance, and
develop mtermediate products

Among biological constraints to pearl
mullet production m Asia, downy mildew
1s the single most important Research on
both mtermediate and final products was
pursued Among mntermediate products,
for example, development of more
effective screening procedures to evaluate
a wide array of germplasm and breeding
materials from around the world has
contributed substantially to research
efficiency m NARS breeding programs m
India and Africa

ICRISAT 1n partnership with NARS
scientists worked on breeding open-
pollinated varieties and hybrids resistant
to downy mildew This effort has been
productive In 1982, an ICRISAT-bred,
open-pollmated variety (WC-C75) that
was resistant to downy mildew and
produced gram and stover yields equal
to the best available hybrid at that time

(BJ 104) was released in India Release
of this vaniety provided a timely alterna-
tive to the susceptible BJ 104, and to
low-yielding local landraces The rapid
multiplication of WC-C75 and 1its
adoption by farmers helped to prevent a
decline m pearl millet production In
1986, an ICRISAT downy mildew
resistant hybrnid, ICMH 451 (also known
as MH 179) was released It out-yielded
all other varieties and hybrnids released
earhier and its seed production was
relatively easy and profitable

The range of final products from the
pearl millet R&D program in India 1s
given 1n Table 1 The pearl millet
breeding program at ICRISAT devel-
oped varieties, hybrids, and hybrid
parents, and supplied materials to its
public and private sector partners The
availability of ICRISAT-bred parental
maternials and their use by private and
public sector pearl mullet breeders 1n
India substantially reduced the research
time lag 1n developing new hybrids
Many hybrid cultivars bred by the
Indian NARS and now under cultivation
are based on parental materials from
ICRISAT

The objective of this paper 1s to
provide an overview of research
evaluation undertaken to assess the
impact of pear]l millet research and
development It highlights surveys
conducted to determine adoption and
mmpact of pearl millet breeding re-
search 1n India To date, the surveys
have covered regions in western
Maharashtra, where 90% of pearl
millet in the state 1s grown Surveys
have also been completed for the rainy
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Table 1 Pear! millet hybrids and varieties released n India, 1965-98

Type!  Cultivar Bred at Released 1n Pedigree
H HB 1 Ludhiana 1965 Tift 23A x Bil 3B
H HB 2 Jamnagar 1966 Tift 23A % J 88
H HB 3 Jamnagar 1968 Tift 23A xJ 104
H HB 4 Kanpur (IARI) 1968 Tift 23A x K560
H HB S5 Kanpur (IARI) 1969 Tift 23A x K559
H PHB 10 (HB 6) Ludhiana 1975 Pb 111A x PIB 155
H PHB 14 (HB 7) Ludhiana 1975 Pb 111A x PIB 228
H GHB 1399 Jamnagar 1975 MS 126D,A x J-1399
H NHB 3 Delhi (IARI) 1975 5071A x J104
H NHB 4 Delhi (IARI) 1975 5071A x K560 230
H NHB 5 Delhi (JARI) 1975 5071A x K559
H CJ 104 Detlhi (IARI) 1977 5054A x J104
H BD 111 Delhi (IARI) 1977 5141A x D111
H BJ 104 (KM 1) Delhi (IARI) 1977 5141A x J104
H BK 560 (KM 2) Delhi (IARI) 1977 5141A x K560 230
H X4 (COH 2) Commbatore 1984 5141A x PT 1921
H GHB 27 Jamnagar 1981 MS 5141A x J2002
H MBH 110 Mahyco Seeds 1981 MS 2AxPL2
H CM 46 Delhi (IARI) 1981 5054A x M46
H BD 763 Delhi (IARI) 1982 5141A x D763
\% WC C75 ICRISAT 1982 7 full sibs of World
Composite cycle
1975
H GHB 32 Jamnagar 1984 MS 5141A x J1188
H PHB 47 Ludhiana 1983 Pb111A xPIB 1234
H MBH 118 Mahyco Seeds 1984 MS2A xPL 3
H X5 Coimbatore 1984 Pb111A xPT 1921
H HHB 45 Hisar 1984 5141A x H 90/4-5
v ICMS 7703 ICRISAT 1985 Synthetic variety bred
(MP 15) by crossing tnbred
lmes derived from
seven crosses
\Y% HC 4 Hisar 1985
H ICMH 451 ICRISAT 1986 81A x ICMP 451
(MH 179)
H MH 182 Pune 1986 PT 732A x PNBM
83009
H ICMH 501 ICRISAT 1986 834A x ICMP 501
(MH 180)
H GHB 30 Jamnagar 1986 MS 5054A x J2002
H MHB 130 Mahyco Seeds 1987 MS2A xPL 4
H Pusa 23 (MH 169} Delhi (JARI) 1987 841A x D23
H HHB 50 Hisar 1988 81A x H90/4-5
Conninued
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Table 1 Continued

Type! Cultvar Bred at Released 1n Pedigree
v ICTP 8203 ICRISAT 1988 3 S, progenies from a
(MP 129) sample of the early-
(PCB 138) maturing Imiadh land
race from northern
Toge
H ICMH 423 ICRISAT 1988 841A x ICMP 423
(MH 143)
H HHB 60 Hisar 1988 81A xH77/833 2
H MBH 136 Mahyco Seeds 1989 MS2A xPL6
H GHB 181 Jamnagar 1989 MS 81A x J2002
H RHB 58 (MH 320) Jaipur 1990 81A xRIB 20 K 86
H VBH 4 Vijay Seeds 1990 VBMS 1A x VBR 19
H HHB 67 (MH 338) Hisar 1990 843A xH77/833 2
\Y ICMV 155 ICRISAT 1991 59 mass-selected S,
(ICMV 84400 plants from New
MP 155) Elite Composite
Cycle 4 bulk
H RHB 30 Jaipur 1991 843A x RIB 335/74
H Eknath 301 Nath Seeds 1991 NBMS 13A x NB 37
H MLBH 104 Mahendra Seeds 1991 MS3AxI3
(MH-351) Jalna
v Raj 171 ICRISAT/Jaipur 1992 8 S, progenies of
(RCB IC9) ICRISAT
Intervarietal
Compostte cycle 5
H MH 419 Jamnagar 1992 Pb 111A x J2290
(GHB 229)
H MH 402 Rahuri 1992 RHRB 3A x RHRB
(RHRBH 8802) 138
H MH 439 Rahun 1992 RHRB 3A x RHRBL
(RHRBH 8803) 458
H MLBH 27 Mahendra Seeds 1992 MS3A %153
(MH 425)
H ICMH 312 ICRISAT 19932 81A x ICMR 312
(Pooja)
H GHB 235 Jamnagar 1993 MS 81A x J2296
\' ICMV 221 ICRISAT 1993 124 S, progemes from
(ICMYV 88904 C3 of ICRISAT
MP 221) Bold Seeded Early
Composite
Connnued
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Table 1 Continued

Type! Cultivar Bred at Released in Pedigree
\% PCB 141 Ludhiana 1993 Based on plants
selected from
ICRISAT composites
H HHB 68 (MH 306) Hisar 1993 842A xH77/833 2
H Pusa 322 (MH 322) Delht (IARI) 1993 841A x PPMI 301
H ICMH 356 ICRISAT 1993 ICMA 88004 x ICMR
(ICMH 88735 356
MH356)
H Pusa 444 (MH444) Delhi (IARI) 1994 189A x PPMI 301
H Pusa 325 Delli (IARI) 1995 490A x PPMI 303
H GHB 1833 Jamnagar 1993 MS 81A xJ 998
H GHB 316 Jamnagar 1997 MS 405A x J 2290
H GHB 229+ Jamnagar 1998 MSL A xJ 2290
Other cultivars included in national program trials of released materials
v Pusa 266 Delhi (IARI)
H X6 (UCH 11) Coimbatore PT 732A x PT 3095
\Y% CZ-1C 923 ICRISAT/Jaipur 1996+
H RHRBH 8609 Rahurt RHRB 1A x RHRBI
(Shraddha) 138
H MLBH 285 Mahendra Seeds 1997 MS 11A x MI 51
(MH 518) Jalna
H GHB 15 (MH 404) Jamnagar 1992 MS 5054A xJ 108
H AHB 251 Aurangabad 81A x AIB 16
H X7 Commbatore Pb111A xPT 1890
Other cultivars that were included in national trials of released cultivars
\" Mukta Palem
v Pusa Safed Bajra Delht (IARI)
v Mallikarjuna Palem
v PCB 15 Ludhiana
H PHB 47 Ludhiana Pb111A x PIB 1234
v RCB 2 Jaipur
RHR 1 Rahun
Commercially marketed and under tests in project trials
H MLBH 287 Mahendra 1995 MS 7A x MI 62
H MLBH 305 Mahendra 1997 MS 36A x MI 67
H MLBH 308 Mahendra 1998 MS 38A x MI 71

! H=hybnd V= variety

2 Not officially released but marketed privately
3 Only for summer season cultivation

4 Yet to be notified

Note Authors gratefully acknowledge C T Hash K V Petham and K R Chopra for their substantial contribution to factual

content of table 1
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and postramy crops of adjoining
Guyjarat The other regions covered by
the study are Tamil Nadu 1n southern
India and the states of Haryana and
Rajasthan 1n northern India

The survey sites are primarily
selected based on secondary district-
level data and reconnaissance surveys of
pear]l mullet growing districts Field
observations and mterviews with
regional research and extension staff and
the private seed sector are used to
provide directions on specific pearl
mullet target areas Thus mformation 1s
augmented by data on pearl millet seed
sales by public and private sector
agencies to confirm whether or not
adoption of improved cultivars 18
widespread i the region

A straufied multi-stage sampling
procedure was used to select a sample
of farmer respondents Once the pearl
mullet growing districts n the study area
were 1dentified, blocks were classified
mto two strata according to the intensity
of pearl mullet cultivation Block-level
data on pearl millet areas were obtamed
from the Department of Agriculture in
each 1dentified pearl millet growing
district One block was then randomly
selected from each strata providing a
representative sample of two blocks
from each district Sample villages were
randomly selected from each block and
a random sample of farmers was taken
from each selected village

A survey questionnaire with modules
on importan. aspects was developed to
obtain structured mformation on basic
farm characteristics, land use, cropping
system, adoption of pear] nullet

cultvars, farm cost structure, post-
harvest practices, and seed use

This paper features results from the
Mabharashtra survey Based on the
survey, it was observed that 21 HY Vs
and hybrids had been sown 1n
Maharashtra Data for 1990-94 (Table 2)
show that substantial changes in
adoption of pearl millet cultivars have
occurred Demand for varieties and
hybnds that dominated m the 1980s (for
example WC-C75, BK 560, and MBH
110) had dropped substantially, or these
cultivars had been replaced Decline m
adoption of BK 560 from 23% of the
pearl millet area in 1990 to 5% m 1994
1s notable Both WC-C75 and MBH 110
were replaced by improved cultivars —
from 8% 1n 1990 (when use of both had
declined substantially from earlier peak
levels) to 1% 1n 1994 (Fig 3)

The expansion of India’s seed industry
mn the late 1980s and early 1990s was
accompanued by a significant rise m
R&D mvestment and spawned a
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Figure 3 Decreasing use of older
pearl mullet cultivars in Maharashira,
1990-94
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Table 2 Adoption of improved pearl millet cultivars in Maharashtra state (percent-

age of total pearl millet area)

Cultivar 1990 1991 1992 1993 1994
ICRISAT cultivars 355 44 4 46 8 372 364
WC C75 76 47 44 05 12
ICTP 8203 26 4 371 403 355 335
ICMH 451 15 27 20 12 16
NARS public 245 210 16 8 187 141
RHRBH series 28 85 79
BK 560 226 199 138 102 51
NARS private 182 209 280 382 415
MLBH 104 51 85 139 230 228
MLBH 27 12 19 28 48 78
PA 7701 11 19 15 20 24
PA 7501 02 09 02 07 08
PO 7602 02 04 09 26 09
PO 7604 06 03
PO 7701 01
PO 7709 02 01 04
PO 7702 02 02
Paras 20 11
Paras 13 04 04 02
Nath 301 13 17 35 17 16
KPRATAP 01 04 04
Nav Bharat 02 02 04 04 01
Vyjay 4 12 11 12 14 19
MBH 110 77 42 21 06 09
Total HYV 781 862 916 941 920

Source Survey 1n Maharashtra m 1995 by staff from ICRISAT s Research Evaluation and Impact Assessment project

flourishing seed market and availability
of improved seeds to farmers mn
Maharashtra and other pearl millet
growing states The three cultivars that
dommated during the 1980s (WC-C75,
MBH 110, and BJ 104) were practically
replaced by new vaneties and hybrids
from ICRISAT, NARS, and the private
sector The mcrease in demand for ICTP
8203, MLBH 104, MLLBH 27, RHRBH
8609, and a series of hybrids from
ProAgro and Pioneer seed companies
from 1990-94 was significant (Fig 4)
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The trends clearly show the dominance
of an early-maturing, large-gramned,
downy muldew resistant, open pollinated
variety, ICTP 8203, which was developed
at ICRISAT, and the increasing impor-
tance of early-maturing private sector
hybrids — MLBH 104 and MLBH 27
(Mahendra Hybrid Co ), PA 7701 and PA
7501 (ProAgro Seed Co Ltd ) and PO
7602 (Pioneer Overseas International),
among others

Figure 4 reflects the resurgence of
public materials in Maharashtra when
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Figure 4 Increasing adoption of
improved pearl nullet cultivars in
Maharashira, 1988-94

MBH 110's downy mildew resistance
was overcome Until 1991, ICRISAT
and the public sector shares dominated
the market, while the private sector was
1n 1ts early expansion phase Analysis of
data through this period highlights the
role that ICRISAT has played in
providing final products to farmers m
collaboration with 1ts NARS and private
sector partners, as well as supplying
parental materials to its clientele — the
public and private seed sectors, which mn
turn produce final products for farmers
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Adoption of Improved Pearl Millet Cultivars
in Tamil Nadu

C Ramasamy', S Elangovan', M C S Bantilan?, and M Asokan?

Pearl mullet 1s the third most important
cereal 1n the Indian state of Tamil Nadu
after rice and sorghum It 1s grown n
236 000 ha, and its production was
estimated at 338 000 t in 1993 (FAO
1994) It1s grown i 12 of the 22
districts in the state, and 1ts outstanding
adaptation to a range of environments
1s well reported 1n the hiterature
(Bidinger et al 1982, ICRISAT 1996)
The rainfall where 1t 1s grown i Tamil
Nadu ranges from 662 mm m V O
Chidambaranar district to 1 100 mm
South Arcot Vallalar district Although
leading pearl nullet growing states in
Indha irmigate a negligible 5% of the
crop, about 15% 1s wrnigated n Tamil
Nadu

The area sown to pear]l mullet has
declined dramatically, from 451 000 ha
n 1972 to 236 000 ha 1in 1993 (Fig 1)
Subsidized rice and wheat under the
public distribution system have lowered
the demand for pearl mullet, but in
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Figure 1 Trends in area and produc-
tion of pearl nullet in Tanul Nadu,
1970-94

addition more profitable crops such as
groundnut, pulses sunflower, and
maize have also affected the crop
Despite the drop 1n area, productivity
has almost doubled (Fig 2), hence the
production of pearl mullet 1s at about
the same level as in the early 1970s
Given the competition from other crops
and the limited scope for an increase 1n
net cropped area m Tamul Nadu, 1t 15
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Figure 2 Trend in productivity of
pearl nullet in Tamil Nadu, 1970-94

likely that pearl millet area will either
remain at 1its present level or shrink
further

While the demand for pearl millet as
a food grain has diminished sharply, 1ts
use 1n poultry and other amimal feeds 1s
growing, and 1t appears that this crop
will remain important in Tamil Nadu as
an industrial raw material The situa-
tion sends clear messages to agricul-
tural planners and pearl millet research-
ers to rethink therr strategies

A significant bright spot in pearl
mullet production 1s that over the last
15 years, new cultivars have enabled
production to remain at the same level
as crop area has decreased Productiv-
1ty enhancements have also helped
pear] mullet to be more financially
competitive with other crops

Pearl millet breeding research in
Tamil Nadu dates back to the late
1930s The first variety, CO 1 was
released in 1939 (Table 1) Since then,
13 cultivars have been released by the
Tamul Nadu Agricultural Unmiversity
(TNAU) and the Agricultural College

and Research Institute, Cormbatore
The Department of Agriculture 1n the
state has released three cultivars, KM 1
(BJ 104), KM 2 (BK 560) and KM 3
Other new cultivars, both public and
private, released from other Indian
states have also made a solid impact on
pear] mullet production in Tamil Nadu

Early plant breeding research
focused on open-pollinated cultivars,
including mass selection from locally
adapted landraces Some hybridization
between landraces or between mbred
lines and landraces followed by
progeny selection also occured
(Krishnaswamy 1962) These cultivars,
however, did not make much of a
contribution to increasing yields
(Bidinger and Parthasarathy Rao
1990) The next phase of the pearl
millet breeding research employed
male sterile line 23 A to produce F
hybrids (Anand Kumar and Andrews
1980) Grain yields of the hybrids were
substantially higher than the prevailing
varieties, which led to their rapid
adoption by farmers on up to 20% of
the pearl millet area in Indta Downy
mildew epidemics, however, occurred
all over India, and collapsed the life of
many hybnids, including HB 1, HB 2
and HB 4 (Walker 1989) Conse-
quently the trend to adopt hybnids
rapidly slowed down

After the downy mildew epidemics,
pearl millet breeding programs were
reorganized to mcorporate resistance in
hybrid parents and reexamine open-
pollinated cultivars (Bidinger and
Parthasarathy Rao 1988) Breeding
research on pearl millet was signifi-
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Table 1 Pearl millet cultivars grown in Tamil Nadu

Year of Research lag
Cultivar Parents release (years)
NARS
Cco1 1939 7
Co2 1940 7
COo3 1942 7
co4 1953 7
CO5 1954 7
Coe6 1976
co7 1986 7
X1 PT 348 x PT 350 1950 9
X2 PT 411 xPT 422 1951 9
X3 PT 926/7 x PT 829/8 1953 9
X4 5141A x PT 1921 1980 9
X5 Pb 111A xPT1921 1983 7
X6 732A x PT3095 1983 7
KM 1
KM 2 1979
KM3 1977
HB 1 Tift 23A x Bil 3B 1965
HB 3 Tift 23A % J104 1968
Private sector
Eknath 101 1988
Eknath 301 302 303 1992
Pioneer 1987
Pioneer 7602 1995
Plantgene 1988
Mahyco 151 1995
Pioneer 7686 1996
PBH 1319 3738 1996
ICRISAT
WC-C75 7 full sibs of World Composite 1985 12
ICMS 7703 7 inbreds Ind x Afr Crosses 1986 11
ICMV 155 59 S, progenies of NELC 1993 6
ICTP 8203 5 S, progenies of a Togo landrace 1993 5
ICMV 221 124 S, progemes of BSEC 1995 5
Note Empty cells mndicate that data are not available
cantly strengthened by the establish- Program (AICPMIP), and state agricul-
ment of ICRISAT in 1972, activities of tural universities (SAUSs) 1n the late
the Indian Council on Agricultural 1970s and 1980s Of particular impor-

Research (ICAR) under the All India tance was the mtroduction by ICRISAT
Coordmated Pearl Millet Improvement of new materials from Africa with
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resistance to downy muldew, develop-
ment of several male sterile lines,
diversification of hybrid parents, and
new methods of breeding (using
molecular markers)

These new pearl mullet cultivars
were sown by farmers mn significant
quantities, and by the late 1980s and
early 1990s, the private sector began to
market new hybnds to challenge the
matenals that origmated from the
public sector And most recently,
biotechnology has opened new vistas to
plant breeders — hybrids with enough
heterogeneity for resistance and
enough uniformity for good agronomic
performance will be soon 1n the field
The first field evaluations of these new
hybrids began during the 1996 rainy
season (ICRISAT 1996)

Research Issues and Objectives

Tamil Nadu 1s an agriculturally pro
gressive state and 1n the forefront of
adopting improved technologies for
crop production Over the years, the
state has built a good agricultural
extension system that has helped
farmers to consistently grow improved
cultivars Hybrids such as HB 1, HB 2
and HB 3 were grown 1n the early
1970s but were later discontinued due
to downy mildew Table 1 lists other
improved cultivars grown 1n the state
Improved cultivars have been grown on
a large scale over the entire state during
the last decade, but there are 1ssues that
need detailed scrutiny
» Despite widespread growth, no
scientifically based study has

measured the adoption rate of
improved cultivars

» Adoption rates and varietal compo-
sition vary considerably across
production environments, which
may affect income distribution

* Reasons for decline m the area
under pear] millet in Tamul Nadu

» Research products from the private
sector appear to be taking over
products from public sector re-
search, both national agricultural
research systems (NARS) and
mternational agricultural research
centers (IARCs) This has implica-
tions for agricultural research
mvestment and prioritization

+ The traits of improved cultivars do
not seem to have totally met the
requirements of pearl nullet grow-
ers

This paper attempts to provide an
accurate perspective on the current
state of pearl millet production in Tamil
Nadu 1n order to foster appropriate
policies to promote 1ts production The
objectives of this study of improved
pear]l millet cultivars are to
» measure the scale of adoption and

varietal composition,

» 1dentfy the determinants of adop-
tion and quantify their influence,

» study the magnitude of time lags to
adoption,

+ determine farmer perceptions on the
constramnts that mhibit increased
adoption, and

+ assess the impact of ICRISAT pearl
muillet cultivars in Tamil Nadu
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Methodology
Data

This study uses data drawn from a
survey of pearl millet producers i 28
villages spanning 7 districts of Tamil
Nadu (Fig 3) The purpose 1s to
measure the extent of adoption and to
explain, at farm level, the reasons for
adoption of improved cultivars The
sample districts, blocks, and villages
were selected based on total pearl
millet acreage data from 1991-93
averages The surveyed sample

Karnataka

Kerala

Andhra Pradesh

included 336 cultivator households, 84
agricultural labor households, and 28
non-agricultural households The
sample distribution is uniform across
all the villages — farmers represent all
production environments covering
different rainfall regimes and soil
types under which pearl millet 1s
cultivated in Tamil Nadu Information
about household characteristics,
cropping pattern, adoption pattern,
seed source, reasons for adoption, and
cost of cultivation were collected
using a structured questionnaire

8 Duraksamypuram

Figure 3 Location of sample villages in Tamil Nadu
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(Tables 2, 3, and 4) This was sup-
ported by a detailed discussion with
leading farmers, agricultural extension
personnel, researchers, seed produc-
ers, and agricultural policymakers in
the sample area In addition, second-
ary data about area, production,
productivity, seed distribution, rain-
fall, cropping patterns, and soi1l
characteristics were obtained from the
offices of the Joint Director of Agn-
culture 1n each district

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

Non
Tenural status Adopters adopters
Owned land 393 255
Leased/mortgaged mnland 0 14 002
Sharecropped n 002 0
Leased/mortgaged out land 002 002
Sharecropped out 0 007
Current fallow land 023 003
Permanent fallow land 004 0
Total 380 245

Table 3 Educational level iIn sample
households (%)

Non
Adopters  Adopters

Educational status (235 (101
Hliterate 153 228
Up to primary school 26 4 277
Up to middle school 255 297
Up to high school 204 129
Intermediate/diploma

course 85 4
Graduation 3 3
Post graduate and above 09 0

1 Figures 1n parentheses represent number of household
heads

Table 4 Percentage of income in
sample households derwed from
different sources

Source Adopters Non Adopters
Crops 743 686
Livestock 2 084
Trade 79 157
Labor 98 107
Other 6 42
Analytical framework

Disaggregation Research attempts to
quantify the adoption of improved
cultivars often employ a single vanable
by aggregating all cultivars Realizing
the importance of disaggregating the
data, cultivars were grouped as those
developed by NARS (including ICAR
and SAUs), the private sector, and
IARC:s such as ICRISAT

Time period The analysis looked at
the adoption patterns for groups of
cultivars for the period 1989/90 to
1994/95 Adoption patterns for mndi-
vidual cultivars were also determined

Replacement of seed Adoption of a

cultivar 1s a dynamic process Seed

technology 1s an 1mportant element to

maximize yield that necessitates a

knowledgeable farmer or guidance by

others to know

< when to replace the seed,

+ where to buy seed

« where to get information about new
seed, and

+ when to replace an adopted cultivar
The present analysis embraces these

18sues
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Determinants of adoption Farmers
are economic decistonmakers Unless
they are convinced of the benefits of a
cultivar or technology, they might not
adopt 1t A combination of factors and
their interrelationships mfluence
adoption decisions by farmers Our
analytical framework attempts to
understand farmers perceptions of
factors that convinced them to sow new
cultrvars

Econometric model It 1s critical to
precisely measure the degree of nflu-
ence of vanables that determine adop-
tion Literature on adoption lists a set of
variables that influence adoption —
farm size, numbet of family labor,
proximity to market, human capatal,
capital availability, input prices, agricul-
tural information, production uncer-
tamnty, and risk (Adesina and Zinnah
1993, Shakya and Flinn 1985, Raumyar
and Goode 1996) Our study was
designed to measure the extent of
adoption of improved pearl mllet
cultivars by farmers 1n Tamul Nadu and
to identify and quantify effects of
variables on adoption Econometric
analysis provides ample scope to study
the adoption behavior of new technolo-
gies Federetal (1985) provide an
excellent review of adoption models
Limited dependent variable models
provide a good framework to study the
adoption behavior in agriculture Some
of the most appropriate models are
Probit, Logit, and Tobit The Tobit
model (Tobin 1958) 1s considered most
appropriate because 1t measures not
only the probability that a pearl millet
farmer will adopt a new variety but
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also the intensity of use of the technol-
ogy once adopted and hence was
preferred for this study The functional
form of the model 1s

Y =XB fr*=XB+pn>T
(or)
=0 fr*=XB+p<T
where

Y, 1s the probability of adopting and
the mtensity of use of improved

cultivars,

15 a non-observable latent variable,

1s a non-observed threshold level,

1s the vector of independent

variables determining adoption of

the 1™ farmer,

1s the estimated coefficient, and

1s an independently normally

distributed error term with zero

mean and constant variance o2

Mo %

= ™

This equation 1s a simultaneous and
stochastic decision model If the non-
observed latent variable 1* 1s greater
than T, the observed qualitative vari-
able Y, that ndexes adoption becomes a
continuous function of the explanatory
variables and zero otherwise In the
present case, there are farmers who
have not adopted the technology and
many farmers who have completely
adopted the technology Hence a 2-
Limit Tobit proposed by Rosset and
Nelson (1975) 1s followed The Tobit
mode! uses a maximum hikelthood
method to estimate the coefficients of
the equation The regression coeffi-
cients are asymptotically efficient,
unbiased, and normally distributed

Variables The empinical model
assumes that the dependent variable,



the area sown to improved pearl mullet
cultivars as a proportion of the total
pear] mullet area, depends on these
variables — education, non-farm
mcome, farm size, 1rmgation, market
distance, existence of private compa-
nies, and regional characteristics

The adoption behavioral model
(Leagans 1979) suggests that the
personal variable of education, the
socioeconomic variable of farm size,
and biophysical vanable of irrigation,
all in the primary farmer’s environ-
ment, would affect adoption of a
technology Non-farm income was also
hypothesized to be negatively related to
adoption because the farmer’s concen-
tration would be distracted from
agriculture Similarly, distance to
market was assumed to negatively
affect adoption Because the data
showed that NARS and the private
sector are increasing their share of the
seed market over time 1t was hypoth-
esized that the sales networks of private
companies could raise adoption and
thus these were included 1in the model
District dummies were included to
capture whether spatial changes 1n
adoption could be attributed to such
region-specific agroclimatic character-
1stics as so1l temperature ramnfall etc

The total effect of these explanatory
variables can be decomposed using the
framework suggested by McDonald
and Moffitt (1980) The two effects of a
given change n a variable are the
effects on adoption probability and
mtensity of adoption To derive

elasticities, see Adesina and Zinnah
(1993)

ey

Results

Farm size Table 2 shows the land use
pattern of the sample farmers Among
farmers growing pearl mullet, land
leasing was almost absent and almost
all cropped land was owned The
average adopter farmed 3 8 ha and the
average non-adopter farmed 2 5 ha
Farm size may exert a positive mflu-
ence on adoption of 1mproved cultivars
because farmers with larger holdings
may have a better capital base and risk-
bearing capacity However, when tested
through the Tobit model, farm size was
positively related to adoption, but 1ts
mfluence was not sigmficant Pearl
mullet 1s grown mostly as a ramnfed
crop Rainfed farms of adopters are an
average 1 3 ha larger than non-
adopters, but the size of urigated farms
was almost the same among adopters
and non-adopters

Education Education has universally
proved to be a fundamental factor for
economic and social change (Myrdal
1968) Is formal education always a
prerequusite for technology adoption?
An analysis of education defined in
terms of different levels of schooling as
related to adoption of improved
cultivars of pearl millet appears 1n
Table 3 Average level of education
between adopters and non-adopters
differs only negligibly Illiterates are
higher by one-third among non-
adopters, but this group has a larger
share of primary and muddle school
With the present level of modernization
in communications and infrastructure,

_even less-educated farmers do not lag
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behind 1n adoption of improved
cultivars An earhier study reported a
stmilar conclusion (Shakya and Flinn
1985) The Tobit analysis, however,
reveals that when measured in number
of school years, education 1s positively
and significantly related to farmers’
adoption behavior

Income Crop production offers the
largest shice of household mmcome 1n all
the households covered 1n the survey
(Table 4) While income from crop
production alone accounts for about
75% of total ncome among adopters,
non-adopters had a 70% share Avail-
ability of non-farm income through
trade may influence a lower level of
adoption Livestock as a source of
mcome mfluencing adoption 1s also
empirically testable Share of labor
earnings 1s similar across the two
groups As expected, non-farm income
was negatively related to adoption in
the model, and 1ts effect was signifi-
cant This imphed that farmers who
earn more non-farm income paid little
attention to pearl millet HY Vs

Varietal composition Improved
cultivars are developed and released by
both public and private research
systems Cultivars were categorized
nto those from ICRISAT, NARS, and
the private sector to facilitate analysis
The number of farmers who adopted
improved cultivars and the area under
different cultivars during 1994/95 are
shown n Table 5 About 25% of the
adopters grew ICRISAT cultivars on
about 23% of the pearl millet area,
while 28% of the adopters grew
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Table 5 Pearl millet cultivars grown on
sample farms, 1994/95

Number Cultivars as
of  Cultivated percentage

Cultivar farmers area (ha) of total area
ICRISAT

ICMS 7703 33 247 62
ICMV 221 13 182 46
WCC75 41 468 118
Subtotal 87 897 226
Private sector

Eknath 6 261 66
HLL 1 16 04
Mahyco 12 13 33
MBH 110 4 58 15
PBH 3 1 06 02
PG 5822 3 22 06
PG 5877 2 08 02
Pioneer 68 116 292
Plantgene 2 49 12
Subtotal 99 1711 431
NARS

Co3 1 06 015
Co7 32 199 50
KM 2 33 198 5
KM 3 3 08 02
X5 2 49 12
Subtotal 71 459 116
Local 97 902 227
Grand total 354 397 100

private-sector cultivars on 43% of the
land NARS cultivars were found
among 20% of adopters on 12% of the
pear]l mullet area Of three ICRISAT
cultivars, WC-C75 accounts for about
50% of the area sown to these cultivars,
and ICMS 7703 1s the second most
important variety Pioneer dominated
with 70% of the total area sown to
private-sector cultivars Pioneer
followed by with Eknath (6 6%) and



Mahyco (3 3%) The leading cultivars
among NARS-released cultivars are
CO 7 and KM 2

Adoption of cultivars Efforts were
made to understand the pattern of
adoption from 1989/90 to 1994/95 The
proportion of area under private-sector
cultivars mcreased from 5% m 1989 to
40% m 1994, while that sown to

ICRISAT cultivars declined from 38% 1n

1989 to 23% m 1994 (Fig 4) The total
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Figure 4 Temporal adoption pattern

of pearl mullet growers in Tamil Nadu,

1989-94

pearl millet area remained almost
constant During this period, however,
WC-C75 dommated, while ICMV 221

has become more popular in recent years

mainly n southern districts where

drought occurs more frequently The area

sown to NARS cultwvars also increased,
but 1ts proportion among other groups
has declined from 15% to 11% over the
last 3 years Of NARS cultivars, CO 7
and KM 2 are significant

ICRISAT cultivars WC-C75 was
released 1n 1982 for cultivation 1n all

mullet-growing areas i India It was
first sown 1n the sample area in 1985
by six farmers, but was then adopted
by more farmers because of 1ts high
resistance to downy mildew that had
been devastating the cultivar KM 2
(Table 6) ICMS 7703, also highly
resistant to downy mildew, was ntro-
duced 1n 1985, and the drought resis-
tant ICMV 221 made 1ts entry during
1994 withun a year of release from
ICRISAT The survey revealed that
ICRISAT cultivars were superior to
local cultivars m terms of yield and
were more responsive to nutrient
applications 1n drought situations A
rapid rural appraisal confirmed that
ICRISAT cultivars occupy half of the
pear]l millet areas of Tamil Nadu The
tough competition to ICRISAT

Table 68 Year sample households first
adopted ICRISAT cultivars

Number of

Year of farmers Area
Cultivar adoption adopting  (ha)
WC C75 1985 6 126
1986 2 09
1987 14 122
1988 5 75
1989 21 516
1990 13 223
1991 14 166
1992 21 223
1993 15 105
1994 6 47
ICMS 7703 1990 4 14
1991 9 16 4
1992 18 138
1993 9 74
1994 5 2
ICMV 221 1994 5 59
1995 7 149
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cultivars grown 1n 1rrigated and good
rainfall regions has come from
private-sector cultivars that are
higher yielding

Sources of seed and mformation
Information dissemination and good
sources of seed are critical elements for
the adoption of improved cultivars
(Table 7) The state Department of
Agriculture was a major source of both
seed and information and while other
farmers and relatives also played
sigmificant roles n the adoption of
improved cultivars, all sources of both
seed and mformation have important
complementary roles

Preference for improved cultivars
Eighteen different factors were
1dentified that influenced farmers to
adopt improved cultivars, with about

60% citing expected high productiv-
ity (Table 8) Resistance to drought
was the second most important
factor

Adoption by women Adoption of a
new agricultural technology may
mvolve some risks that could affect
household welfare The survey
mdicated that women are consulted
about technology adoption where
they perform the larger share of field
work 1n crop production

Seed replacement Pure seed 1s
critical to realize the full benefits of
a crop In the case of non-hybrids
(ICRISAT cultivars), more than 70%
of farmers sow pure seed every year,
and about 6% replace seed once in
two years Only for WC C75 does
use of pure seed extend to 7 years

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

ICRISAT cultivars Private sector cultivars
wC ICMS ICMV MA MBH PBH PG PIO-

Source C75 7703 221 HYCO 110 13 5877 NEER
Seed source
Other farmers 09
Seed shop 77 178 83 100 100 100 80 987
Department of

Agriculture 855 822 75 20 13
Other 17 83
Relatives 17 83
Coop society 43
Information source
Other farmers 145 67 16 7 333 75 50 29
Relatives 77 22 167 267 276
Department of

Agriculture 735 80 583 25 20 105
Research mstitute 09
Other 67 67 145
Seed shop 34 44 83 333 50 60 18 4
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Table 8 Reasons cited for adoption of
improved cultivars

Percentage of

households

Reason citing reason
High yield 593
Drought resistant 103
Availability of seed 88
Influence of private traders/

family members 48
Good grain size 40
Good market price 33
Short duration 18
Seed production 15
No nsect pests or diseases 11
Fewer bird problem 11
Fewer mput requirements 11
Requires less water 07
Compact earhead 04
Short height 04
Uniform maturity 04
Good taste 04
Higher fodder yield 04
Easy threshing 04

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

Longevity of cultivars Several
factors influence the number of years
that farmers may grow a cultivar —
desirable and undesirable traits, seed
supply, entry of new cultivars supply
of extension services, among others
Among the non-hybrids, KM 2 and
WC-C75 had a longer life than other
cultivars (Table 9) Hybrids had a
relatively shorter life because they
are replaced by newer ones as private
companies regularly offer better and
mmproved products

Table 9 Life of selected cultivars

Cultivar

KM 2

WC C75
ICMS 7703
CcO7

HB 3
Pioneer
PBH 13
MBH 110
Mahyco

Range (years)

T
o0
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Impact of ICRISAT cultivars

After the debacle of HB 1, HB 2, and
HB 3 hybrds in the early 1970s,
farmers 1n Tamil Nadu were skeptical
about improved varieties The confi-
dence was regamed with the entry of
WC-C75 1 1985 Subsequently, ICMS
7703 and ICMV 221 were adopted
without hesitation by farmers The
impact that ICRISAT cultivars made on
yield levels of pear] millet in Tamil
Nadu encouraged farmers to sow more
area to improved culttvars Their
downy mildew resistance and larger
grans accelerated the adoption of
improved cultivars, and the gramn size
brightened the prospect for using pearl
mullet as a raw material m poultry and
cattle feeds, thus strengthening the hink
between agriculture and industry The
drought tolerance and shorter duration
of ICMV 221 fit very nicely nto the
dryland environment of the southern
districts Another impact indicator was
the exchange of breeding techniques
between TNAU and ICRISAT Ex-
change of germplasm is another
significant activity that deserves
mention m the impact analysis
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The mdirect impact of ICRISAT
germplasm 1s murrored through the
rapid spread of private-sector hybnds
that has more than doubled pearl millet
yields m Tamul Nadu It must be
emphasized that most private-sector
hybrids might have used ICRISAT
germplasm With 75% of the pearl
muillet area sown to private-sector
hybrids 1n Tamil Nadu and 90% of
hybrid production flowing to the
mdustrial sector, ICRISAT has made a
notable contribution to pearl millet-
based economuc activities in Tamil
Nadu

Conclusions

The adoption of improved cultivars of
pear]l millet in Tamil Nadu 1s impres-
sive, with 75% of the area sown to new
cultivars Both public and private
research have played a significant role
n releasmg improved cultivars Earlier
contributions m breeding pearl millet
were made by ICRISAT and NARS
Using the parent material from
ICRISAT and NARS, the private sector
has produced a number of hybnds that
are mcreasingly adopted by more and
more farmers, mainly due to their grain
characteristics and yield gains The
state extension system 1s the major
source of information and seed for
private-sector varieties, and private
seed dealers play a critical role On
average, in one-third of pearl millet
growing households, women were
consulted mn adoption decisions

The econometric model suggested
that education, wrrigation, distance to
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market center, presence of private-
sector seed distribution, and regional
characteristics have significantly
determined the probability of adoption
and degree of adoption Hence these
variables condition adoption decisions

Farmers reported that the desirable
features of a pearl millet variety are
high yield, drought resistance, good
grain size, msect pest and disease
resistance, and short duration all of
which breeders try to incorporate mto
new cultivars Availability of seed,
presence of private dealers and quality
seed are equally important factors for
farmers Policymakers, extension
workers, and agricultural development
agencies must note these points when
devismg policies and implementation
strategies
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Impact of Sorghum and Millet Research in Mali

AYapt', A O Kergna?, S K Debrah3, A Sidibe*, and O Sanogo?

Competition for funding has led
research sponsors to ask hard questions
about the 1mpact of research they have
funded This study 1s a jomt effort of
ICRISAT, the Institute of Rural
Economy in Mal1 (IER), and the
National Program of Agricultural
Extension (PNVA) Researchers
assoctated with the study intended to

» determine adoption rates of millet
and sorghum varieties currently
grown by farmers that were pro-
duced from local research,

» document farmer opinions about
these varieties,

» determine factors associated with
extension and adoption of these
varieties,

+ estimate the return to mvestments mn
agricultural research, and

+ estimate the benefits to producers
and consumers from improved
varieties of these cereals

Millet and sorghum 1n Mali

Millet and sorghum are tmportant
foods m Malh An estimated 135 kg of
these two cereals 1s consumed annually
by each person (FAO 1994) as flour
boiled seeds, cream, and drinks
Together, mullet and sorghum provide
approximately 1 088 calories, 49% of
the total daily need per person

The area covered by millet and
sorghum 1s about 2 25 million ha,
around 80% of the total cereal area in
the country (FAO 1994) Total
production 1s about 2 5 million t,
with average yields estimated at 659
kg ha! Production increases at an
annual rate of about 2 4% as new
areas are brought under cultivation,
primarily in the Kayes, Koulikoro,
Mopti, Segou, and Sikasso regions,
which provide close to 92% of the
national production

Yapy, A, Kergna, A.O, Debrah, S K, Sidibe, A , and Sanogo, O 1998 Impact of sorghum and millet
research mm Mali Pages 76 93 in Assessing joint research impacts proceedings of an International
‘Workshop on Joint Impact Assessment of NARS/ICRISAT Technologies for the Semu And Tropics 2-4
Dec 1996 ICRISAT Patancheru India (Bantilan M CS and Joshi PK eds) Patancheru 502 324
Andhra Pradesh India International Crops Research Institute for the Sem1 And Tropics

ICRISAT Conference Paper No 1347

1 International Union of Forestry Research Organizations — Special Programme for Developing Countries Food
and Agrnicutture Organization of the United Nations (Regional Office for Africa) Box 1628 Accra Ghana.

2 Institute of Rural Economy Ecofil BP 320 Bamako Mal

3 International Fertilizer Development Center Africa BP 4483 Lome Togo

4 National Program of Agricultural Extension BP 320 Bamako Malh
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Study regions

The three regions selected for the study
are at elevations between 400 and 900
m, but each occupies a different
ecological niche (Fig 1)

Koulikoro Average annual rainfall of
877 mm makes this the most humid of
the three regions Soils are generally
ferruginous tropical soils In addition to
sorghum and mullet, maize, groundnut,

cotton, and a significant number of
marshland and fruit crops are grown

Ségou Ranfall in this area ranges
between 456 and 962 mm, with an
average of 877 mm The area 1s less
humid than Koulikoro but more humid
than Moptt Ferruginous hardpan
tropical soils are present, and hydro-
morphic mineral soils are prevalent 1n
the alluvial deposits of Bant Sorghum
and mullet are important crops in the

.
N

g 4l et
" s

Figure 1 Map of Mal: showing the three study regions

Tombouctou

Regional rainfall patterns

Mopti 400 — 600 mm
Segou 400 — 800 mm
Koulikoro 400 — 1000 mm
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region Other crops include maize, rice,
groundnut, cowpea, cotton, and
marshland varieties

Moptr With an average rainfall of 533
mm, Mopt1 1s the driest of the three
regions, with three distinct geomor-
phologies — the central Nigerian delta,
the Dogon plateau, and the Seno plain
The delta 1s a flood plam, the plateau 1s
a large gravelly horizon, and the Seno
plain 1s a strip of land with sandy
eroded formations, flat, and often with
shightly leached soil with low clay
content Rice millet, and sorghum are
the principal crops

Agricultural research and
extension in Mali

Agronomuic research has been con-
ducted i Mali for more than half a
century It began in 1925 with the
establishment of a cotton research
station at M pessoba by the colomal
administration Before independence,
agricultural policy called for cash crops
such as sugarcane rice, cotton, sisal,
and groundnut on state farms in
Samanko, Same and M’pessoba The
government took over adminustration of
agnicultural research in 1962 with the
establishment of the Institute of Rural
Economy (IER) Agricultural research
was thus redefined, with emphasis
moved to food crops livestock, and
forestry Until 1977, research was
conducted on a contract basis exclu-
sively by a number of French research
mstitutes, of which the Institute of
Tropical Agronomic Research (IRAT)
was the most important
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In 1970, the Division of Agronomic
Research (DRA) was created 1n IER,
and there has been active collaboration
with ILCA (International Livestock
Centre for Africa, now part of ILRI, the
International Livestock Research
Institute), ICRISAT (International
Crops Research Institute of the Semi-
And Tropics), SAFGRAD (Semi-Arid
Food Grain Research and Develop-
ment), and WARDA (West Africa Rice
Development Association) Bilateral
donors, including USAID, Canada, and
the Netherlands, are important funders
of agricultural research The annual
agricultural research budget 1s esti-
mated at US$ 11 mullion, of which US$
4 million was generated internally

Principal research stations for food
crops are Sotuba (sorghum and maize),
Kogoni (rice), Cinzana (muillet), Same
(cereals and groundnut), and Dire
(wheat) Varietal improvement, new
crop techniques, and management of
natural resources remain the main
objectives of agricultural research It 1s
1n this capacity that a number of mullet
and sorghum varieties were tested with
the combined effort of IER and
collaborating bodies, notably ICRISAT

Sorghum selection

The objective of the sorghum improve-

ment program 1s to select cultivars for a

higher and more stable yield by

 collecting and improving local
varieties,

» mtroducing exotic matenals,

» selecting and breeding from
populations,



+ researching the use of mutations,
and

» selecting F| hybrids
It was necessary to establish re-

search priorities 1n each agroclimatic

zone 1n the country based on rainfall

« In low rainfall areas, selection 1s
made for higher yield, earliness,
drought resistance, germination at
high temperatures, and resistance to
borers

+ In average rainfall areas, high yield,
average growing period, grain
quality, germination at high tem-
peratures, and resistance to diseases
and drought were the selection
criteria

+ In high rainfall areas, selection
criteria included high yield, matunty
after the rainy season ends, grain
quality, and resistance to foliar
diseases
Table 1 summarizes the history of

sorghum improvement under the Mali-

ICRISAT program

Millet selection

Compared to sorghum, mullet 1s
cultivated 1n areas of lower rainfall
because 1t 1s more resistant to water-
stress Two primary objectives of millet
1mprovement are to increase pI‘OdUCUV-
ity of local varieties and select for
stable yield by improved tolerance to
pests and abiotic stresses Methods to
satisfy these objectives include creation
of synthetic varieties using both local
and exotic material, selection of
synthetic dwarf varieties, selection for
larger grains, and much later, F,
hybrids

Table 1 Chronology of sorghum
improvement by the ICRISAT-Mali

program
Year Activity
1979-82

Collection of local varieties

Develop populations (local x
exotic)

Develop screening method

Test introductions

1982-86  Mass selection mn landraces
Population irprovement/line
derivation
1986 Naming of Malisor 1 to Malisor 7
1986 Pedigree breeding (Malisor x
exotic)

Population improvement
Evaluate new ntroductions
Develop head bug screening
On farm variety tests
Improve seed stocks

Source Shetty et al (1991)

It was necessary to establish re-
search priorities 1n each agroclimatic
zone 1n the country based on rainfall
+ In the Sahelian zone (low rainfall)

resistance to drought, Striga, and

insect pests are the main selection
criteria, with resistance to diseases
as a secondary criterion

* In the Sudaman-Sahehian zone
cultivars are selected first for
resistance to Strzga then to drought,
msect pests, and diseases, and
finally for response to fertilizers

* In the Sudaman-Gumean zone (high
rainfall), resistance to Striga and
response to fertilizer are the main
selection criteria, with resistance to
downy muldew a secondary crite-
rion
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Table 2 Chronology of pearl millet improvement by the ICRISAT-Mali Program

Year Breeder Acuvity

1979-82 J Scheuring Collection and evaluation of local genetic resources
Introductions from ICRISAT in India
Selection for improved harvest index

1983/84 J Scheuring Recurning selection of local varieties

O Niangado Intervarietal hybridization

Development of downy mildew screening nursery

1984-90 O Niangado Improvement of composites

Formation of synthetic varieties
Evaluation of mtroductions to the ICRISAT Sahelian Center
Evaluation of F, hybrids and topcross hybnds

Source Shetty et al (1991)

Table 2 summarizes the history of
pear] millet improvement under the
Mali-ICRISAT program

Extension in Mal

Prior to independence extension was
primarily for farmers of cash crops,
with demonstrations on selected private
farms or state-run farms Beginning in
the 1980s, the benefits of education and
farming orgamzations began to have an
effect
The evaluation of the extension
system by the Program of Structural
Adjustment of the Agricultural Sector
(PASA) during 1986-88 1dentified
msufficient organization and structure
{no calendar or personnel rules) with a
need for
+ regular tramning,
 formal technical education,
+ elimination of duplication,
+ remnforcement of research-extension
Iinks and links with credit agencies
and forest rangers,
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e harmony within existing projects
and programs,

« mproved participation by women,
and

e Dbetter links with farming orgamza-
tions

National Seed Service

The National Seed Service (SSN) 1s
officially in charge of multiplying and
distributing seed 1n Mali The demand
for improved cultivars 1s first deter-
mined so that a sigmificant quantity of
breeder seed can be produced for
multiplication in two succeeding
generations before distribution to
farmers through state-controlled
tramning centers, non-governmental
orgamzations (NGOs), and seed
growers

From 1989 to 1990, 569 t of im-
proved sorghum seed and 295 t of
improved millet seed were produced
and distributed by SSN The primary
sorghum varieties that were multiplied



were CSM 388 (42%), CSM 63-E
(32%), and Tiemarifing (20%) Multi-
plication of sorghum seed reached 1its
highest level 1n 1991 with 284 t, but
there was a considerable reduction of
both sorghum and mullet seed produc-
tion 1 1992 as SSN was reorgamzed
The primary millet varieties that were
multiplied were IBV 8001 (28%),
NKK (25%), HKP (25%), and Toronio
(21%) As with sorghum, mutiplication
of mullet reached 1ts highest production
m 1991 at 155t

The most important informal system of
seed distribution 1s farmer-to-farmer,
but the quantities distributed this way
are unclear Other sources of improved
seed varieties are collection of small
quantities by farmers during demon
strations, saving a portion of the
harvest for the next season, and NGOs

Methodology

In order to measure the impact of
research on sorghum and mullet
production and productivity, 1t 1s first
necessary to estimate the adoption rate
for improved varieties a ratio of the
area occupied by improved varieties to
total crop area

It 1s dafficult to estimate the area
cultivated with improved varieties of
sorghum and mullet in Mali for at least
three reasons
+ SSN data are limited to a few

varieties,
» seed distribution 1s often informal
and therefore not recorded, and

» 1mproved vaneties sometimes lose
their 1dentity at the farm level
Improved varieties may acquire

several names depending on the source,

or may be mixed with local varieties
and lose thewr purity To overcome
these obstacles to data collection, 1t
was necessary to work closely with
extension departments

Sampling method

A three-stage sampling procedure was
established to determine the study area,
sample villages, and sample farmers
(Table 3)

Stage one was a review of secondary
data on production, area, and consump-
tron of sorghum and mullet 1n the
different regions of Mali Primary areas
of production and consumption were
identified, along with the high ranfall
regions targeted for research on
improved varieties — Koulikoro,
Mopt1, and Segou

Stage two included reconnaissance
visits to the three regions to 1dentify
representative areas, along with
traming and research facilities In this
manner, the Banamba and the
Ouelessebougou sectors were chosen
for the Koulikoro region Bankass
Djenne and Koro for the Mopti region
and Braoel, Macina and Segou for the
Segou region

Stage three included choosing
representative villages followed by
randomly choosing units of agricultural
production (UAP) Farmer selection
was based on UAP lists supplied by
village agricultural organizers or
village chiefs

81



Table 3 Multistage sampling procedure adopted for the study of improved varieties

of sorghum and millet in Mah

Level of
analysis

Unit of
analysis

Type and source
of data

Results

Sample

Journal of collected
data FAO and
National Statistics
(DNSD)

National ~ Region

Reconnaissance visits
to selected regions

Regional  Distnict

DRA database and
discussions with
development and
extension personnel

District Reconnaissance visits
to selected districts
and discusstons with
development and

extension personnel

Village

Village Production Reconnaissance visits
unit to selected villages
and meetings with

village associations

Production
unit

Field General features
of the UAP and

their fields

Regions produc
g millet and
sorghum 1n Mal
identified

Identification of
districts represent
g the regions

Complete list of
villages in the
selected districts

Complete List of
units of produc
tion 1n the
chosen village
associations

Collection of

socioeconomic data

on UAP

Regions of Segou
Koulikoro and Mopt1
were selected

Dastricts chosen two
in Segou three 1n
Koulikoro and three
m and Mopti

Villages randomly
selected 1n Segou
Koulikoro and Mopti

Sorghum 18 13 and 12
Millet 8 19 and 16

300 and 345 UAPs
chosen at random 1n
which to collect
primary data on
sorghum and muillet

Data collection

Data collection covered 300 UAP for
sorghum and 345 UAP for millet These
production units are distributed over 43
villages Questionnaires were given to
the UAP chief or his representative The
survey was carried out by 10 surveyors
and 4 supervisors during 20 days The
difficulties encountered were mostly
related to the languages of the different
regions, particularly m Mopti, Koro, and

32

Bankass where the main language 1s
Dogon On more than one occasion i1t
was necessary to use an mterpreter
between the Bambara surveyor and the

Dogon farmer

Economuc surplus approach

The economic surplus approach
permits an objective evaluation of
impact based on return to capital

vestments



The essence of this concept 1s that
the adoption of an improved technol-
ogy leads to lower production costs and
a vertical shift in the supply curve The
total yearly profit (or social gan) from
this shift 1s measured by the total
changes 1n the producer and the
consumer surpluses

Price

Consumer surpius

Demand curve

Quantity

Figure 2 Illustration of consumer
sarpins

Consumer surplus 1s a measure of
welfare represented by the difference
between what consumers pay and what
they would be required to pay for every
marginal unit of goods up to the
amount of purchased quantities This
measure of welfare 1s the area between
the equilibrium price hine and the
demand curve (Fig 2)

Price Supply curve

Supply
price

Producer surplus

Figure 3 Illustration of producerQuanmy

surplus

Producer surplus 1s the difference
between the producer price on the
market and what they expect to receive
(on the basis of unit cost of production)
for the sale of every margmal umit of
their products up to the total quantity
sold The total welfare of the producers
1s the area defined by the equilibrium
price line and the supply curve (Fig 3)
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Frgure 4 Hlustration of the econoniic

surplus concept

The consumer and producer sur-
pluses (Fig 4) are supposed to change
following a shift in the supply curve due
to the adoption of a new technology For
consumers, the shift in the supply curve
increases the availability of consumer
goods on the market at a lower price,
while for producers, an increase n their
productivity reduces production costs

In order to measure the gains from
research by the economic surplus
method 1t 1s necessary to compare the
production and consumption situations
with and without research The simplest
model to use n this context 1s the static
umdimensional model that supposes a
parallel shift 1n the supply curve

Certain conditions should be
fulfilled for the benefits of research to
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be realized First, the research project
should effectively produce the expected
technology, and second, the technology
generated should be effectively trans-
ferred to farms The range of annual
welfare gains depends on how mn-
tensely the technology 1s used

The net gains from research there-
fore include all benefits in the time
period during which technology 1s
used, minus research and extension
costs and other costs associated with
use of the technology

Research and release costs

In order to estimate the net benefits of
research, it 1s necessary to establish

gross benefits as well as research costs
The research costs for improved
varieties of millet and sorghum 1n Mali
are esttmated based on the annual
budgets of the intervening nstitutions
(IER, ICRISAT, and PNVA) The costs
allotted by this study were estimated by
considering the share of the budget
allotted for research, improvement,
release and extension

Results and discussion
Adoption study

Characteristics of UAPs Characteris-
tics are common for both crops
(Table 4) The UAPs are large (average

Table 4 Socioeconomic characteristics of the units of agricultural production

Characternistic Mopt1 Segou Koulikoro  Mah
Average number of people 224 214 226 22
Average number of active people 108 86 67 87
Average experience (years) 172 175 209 186
Member of village association (%) 81 73 77 76
Use of chemuical fertihisers (%) 24 21 25 23
Use of organic fertilisers (%) 97 96 83 94
Possession of agricultural equipment (%) 94 98 93 96
Land (ha)

Collective dramed land 93 98 66 86
Collective lowland 11 144 02 09
Individual dramed land 25 21 20 22
Individual lowland 02 01 02 02
Fallow land 37 38 37 37
Education (percentage of sample)

Do not write or read either French or local language 74 65 56 67
Read and write French 2 1 4 2
Read and wnite the local language 13 21 31 20
Speak French 2 1 4 2
Read and write French and local language 2 1 4 2
Read write and speak French 3 3 3 3
Read write and speak French and local language 5 8 5 6

Source Formal ICRISAT/IER survey 1995/96
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of 22 people, with 9 employed) and
usually mclude several households
Unemployed people are probably
children Average duration of a UAP
chief 18 18 years, an indication of a
broad knowledge of agricultural
activittes The chief 1s responsible for
decisions about all activities on
common land An average 77% of the
UAP chiefs belong to an agricultural
orgamzation, and most are 1illiterate
Only 6% know French, but 21% know
to read and write their native language

About 96% of the farmers have
some agricultural equipment Only
23% use mineral fertilizer because of
1ts high cost, but 94% use manure
Mineral fertilizer 1s used n the Mopt1
and Koulikoro areas on crops other
than mullet and sorghum

In Mopti, the decision to adopt an
improved variety of millet or sorghum
seems to correlate with the chief’s
educational level size of the UAP, and
membership 1n a farming orgamzation
In other words, ‘educated’ farmers with
a responsibility for many people who
belong to a village-level orgamzation
are more likely to adopt a new variety
Land availability, possession of
agricultural equipment, experience
with cultivation of sorghum and mallet,
and the number of employed people 1n
the UAP do not seem to influence the
adoption decision

In Segou, four characteristics
correlate with the decision to adopt
improved varieties
» educational level of the UAP chuef,
» contact with extension officers,
» tendency of the farmer to use

muneral fertiliser, and

» land availability
Size of the UAP, number of em-
ployed people, experience, membership
1n a village-level organization, and
possession of agricultural equipment
do not seem to affect the farmer
decisions to adopt new varieties
In Koulikoro, seven charactenstics
seem to influence adoption decisions
¢ educational level of the chief,
 size of the UAP,
» membership m farming orgamza-
tion,
« contact with extension officers,
+ possession of agricultural equip-
ment,
» number of acttve people in the UAP,
and
+ land availability
Only experience and the tendency of
a farmer to use organic fertilizer do not
seem to influence the adoption of new
varnieties 1n Koulikoro
Two trends seem to be independent
of location — younger and more
educated chiefs are more likely to
adopt new variettes than older and less
educated ones These two factors may
be linked because young chiefs are
likely to be more educated

Varieties The formal survey carried
out i 645 UAP (300 for sorghum and
345 for millet) spread over 43 villages
m Mopt1 Segou, and Koulikoro
revealed a significant number of
improved varieties — 28 millet and 47
sorghum

Some of the names are quite reveal-
g For example, the variety
Monperegnon 1s certainly a sorghum
mtroduced by a priest (Monpere =
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father/priest), whereas Diakitegnon
seems to be a variety introduced in the
village by Diakute, a farmer or an
officer of the training service It would
be tempting to conclude that
Monperegnon 1s an improved vartety,
sice 1t 1s unlikely that a ‘white father’
would introduce a traditional variety
(which 1s less productive) 1n a commu-
mty that frequently suffers from a food
deficit It 1s also improbable that a
farmer would introduce another
traditional variety m his community
when the local varieties are no longer
responding to environmental changes
Drakitegnon could also be an improved
variety Farmers consider these im-
proved varieties even though their
vernacular names have nothing to do
with scientific names of varieties
developed by researchers and mtro-
duced to the farming environment
Only vareties correctly 1dentified by the
researchers and/or the releasing agents
as having been improved were consid-
ered for calculations 1n this study

With the help of PNVA officers and
rural orgamzers, the sorghum variety
known as FAO-nion was 1dentified as
CSM 388, the multiplication and seed

distribution of which was entirely
financed by FAQ It was also possible to
associate Monperegnon with the mvento-
ried sorghum varieties ICSV 1079 BF or
ICSV 1063 BF according to locality
However most of the mventoried
varieties could not be clearly identified

Adoption rates — millet There were
220 adopters 1n 345 UAPs, with an
adoption rate 1n cultivated area ranging
from 12% 1 1990 to 23% m 1995 for
all three regions By region during the
same pertod, the rates were 13-20% m
Kouhkoro, 13-29% 1n Segou, and 10—
17% 1 Mopt: (Table 5) The higher
adoption rates m Segou are explained
by the presence of SSN, several
development orgamizations and the
Cinzana research station (the country’s
principle millet research station)

The lower rates 1n Mopt1 could be
partially explained by scarce technical
services and farmers’ apparent mistrust
of the improved varieties In Koulikoro,
reduced mterest 1 mullet cultivation by
OHVN (the Niger Upper Valley
Operation, the zone s main develop-
ment service) partially explains the
lower adoption rates

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

Area sown to improved

Year Mopt1 Segou Koulikoro 3 regions millet varieties (ha)
1990 10 13 13 12 1 45 440
1991 12 14 15 13 1 62760
1992 13 15 15 14 1 43780
1993 15 18 16 16 1 44 000
1994 15 24 18 19 266 760
1995 17 29 20 23 322920
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Table 6 Adoption rate (%) and area sown to improved sorghum varieties, 1990-1995

Area sown to improved

Year Mopt1 Segou Koulikoro 3 reglons sorghum varieties ¢(ha)
1990 14 14 20 17 137530
1991 16 15 23 19 1 40 790
1992 19 15 23 20 1 64 000
1993 19 18 24 22 171600
1994 20 21 26 24 2 34 480
1995 23 29 30 29 283330

Adoption rates — sorghum There
were 213 adopters from 300 UAPs,
with an adoption rate mn cultivated area
ranging from 17 to 29% between 1990
and 1995 for all three regions During
this same period, adoption rates rose
from 20 to 30% m Koulikoro, from 14
to 29% 1 Segou, and from 14 to 23%
m Mopt1 (Table 6)

The higher rate in Koulikoro can be
explaned by the importance of sor-
ghum 1n the local diet and favorable
condrtions for sorghum cultivation
Adoption rates 1 the other two regions
are relatively important considering
that sorghum 1s a secondary crop n the
local diets

Adoption rates after the survey
period (1990-95) were projected to
cetlings of 35% for millet and 40% for
sorghum for all three regions based on
adoption constraints noted by farmers
These constraints were not predicted to
improve significantly by the year 2000
without significant policy changes n
research and extension (Figs 5 and 6)

Adopting new varieties For all the
three regions, the mam reasons for
adoption of new mullet varieties are

earliness (91%), productivity (72%),
and food quality (33%) Reasons for
adopting new sorghum varieties are the
same, but the percentages differ —
earliness (85%), productivity (67%),
and food quality (34%) These reasons
vary i order and in importance in the
three regions, perhaps due to rainfall
differences (Tables 7 and 8)

Constraints to adoption The most
significant constraints to adoption cited
by farmers for sorghum are lack of
mnformation about the existence and use
of new varieties (58%), lack of seed

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

Kouli 3
Reason Mopt1  Segou koro regions
Number of
respondents 70 104 46 220
Earliness 97 87 89 91

Productivity 53 89 74 72
Food quality 31 31 36 33
Yield stability 4 2 0 2

Striga resistance 0 2 24 9
Storage facihties 3 2 4 3
Fodder quality 4 3 0 2
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Table 8 Reasons (%) for adopting
improved millet varieties

Koulr 3
Reason Mopt1  Segou koro regions
Number of
respondants 32 25 156 213
Earliness 94 84 76 85

Productivity 50 72 79 67
Food quality 34 40 29 34

Yield stability 3 0 1 1
Striga resistance 0 4 13 6
Storage facilities 0 0 2 1
Fodder quality 3 0 2 2
Insect resistance 0 0 2 2
Commercial 0 0 1 033

(50%), and poor soil (13%) The same
reasons are cited for millet — lack of
nformation (49%), lack of seed (33%),
and poor sotl (26%) Lack of informa-
tion and seed are the most important
constraints 1n all three regions, and
poor soil 1s only a problem mn Mopt: In
Segou, there 1s a strong preference for
local varieties For sorghum
Koulikoro, the need to use fertilizer on
improved varieties, bird damage, labor
shortages, and storage are constraints
The need for fertihzer 1s the most
umportant constraint to growing
mproved pearl millet in Koulikoro

Impact indicators

Indicators of food security, production
efficiency and economic surplus
dertved from use of improved varieties

—of mullet and sorghum were used to

analyze 1mpact

Food security Data from the survey
showed that yields after adopting new

varieties rose substantially — 63% for
mullet and 51% for sorghum Millet
yields rose from 570 kg ha! with the
best local variety to 930 kg ha'! for
improved varieties Sorghum yield
increases were similar — 620 kg ha’
for the best local variety, and 940 kg
ha! for improved varieties

These yields are consistent with
those found m previous studies Shetty
et al (1991) noted that in Mah sor-
ghum yields are about 600 kg ha?,
compared to 2 000-3 000 kg ha' on
research stations, and those of millet
vary from 300 kg ha' in the Sahelian
zone to 700 kg ha ! in the zone with
most rainfall in the south, compared to
on-station yields of 1 500-2 000 kg
ha! Our on-farm yield estimates seem
congruent with these data

With production at these levels,
farmers not only feed their families, but
also have surplus grain to market
Growing improved varleties assures
food security and reduces production
risks linked to drought at the end of the
growing season Farmers are mterested
n these varieties because they produce

a consumable and marketable crop
earlier n the season

Production efficiency Using improved
varieties of millet reduced productton
costs as much as 38% (US$ 38 t1),
while the saving for sorghum was 25%
(US$ 34 t1), both compared to local
varieties The absolute production cost
per hectare was higher for improved
varieties because of additional mnputs,
but the higher productivity stll pro-
vided these economies With this
higher productivity, farmers have the
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opportunity to reduce the area sown to
sorghum and mullet and diversify their
farming to grow other crops for etther
the market or home consumption

Economic surplus Considering
research and extension costs, the net
present value of benefits from research
on mproved varieties 1s US$ 25
million for millet and US$ 16 million
for sorghum These figures represent an
mternal rate of return of 69% for
sorghum and 50% for millet The
sensitivity analysis showed that these
estimates are robust, and do not change
sigmificantly with marginal variation mn
elasticities and yield levels

Conclusions

Investments 1n vanetal research on
mullet and sorghum m Mali are benefi-
cial because yields mcreased signifi-
cantly, thus lowering unit production
costs and consumer prices Both of
these factors are important indicators of
impact

Despite the low use of agricultural
mnputs, the benefits are sigmficant In
Mali and throughout the Sahel, produc-
tion risks are high, usually from highly
variable rainfall and pests, thus farmers
are reluctant to invest in mputs beyond
what 1s absolutely necessary Highly
variable producer prices also discour-
age mvestment 1n nputs

In all three regions, farmers
reported that the major constraints to
adoption of improved varieties were
lack of information, lack of pure
seed, and poor so1l Lack of informa-
tion 1s related to the limited number
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of extension agents and the weakness
of the research-extension link Lack
of pure seed reflects the limited
capacity of SSN, inadequate coordi-
nation of the production-distribution
network, and farmers’ reluctance to
mvest 1n pure seed when production
risks are so high Expansion of
cropping 1nto marginal land as
population increases, as well as
limited investment tn 1nputs and
techniques to improve soil fertility,
all contribute to ‘poor soil’

Farmers have indicated that selec
tion criteria adopted by researchers
correspond to their needs — earliness,
high yield, and good food quality
Adoption rates have mncreased since
1985 (Matlon 1990), and quantitative
impact indicators calculated on the
basis of these adoption rates are
encouraging

Farmers continue to sow a major
portion of their fields to traditional
varieties So 1t 1S necessary continue
promoting improved varieties with new
and creative approaches so that urnut
costs decrease and production, produc-
tivity, and food security increase

Implications for research

The quantitative economic impact
mndicators produced by this study are
significant, indicating that past mnvest-
ments have been beneficial and profit-
able compared to all other alternatives
of investment 1n the public sector
dunng this pertod High net profits and
mternal rates of return, however, do not
necessarily justify continued invest-
ments in the same area



Of great importance 1s the ability to
use primary data from the study to set
priorities for future research (Bantilan
1996) The important primary data
mnclude levels and rates of adoption,
feedback from farmers on factors
affecting adoption, adoption con-
straints, and desirable characteristics
for improved varieties, and profit gains
due to use of new technologies These
data provide important msights for
researchers to constder on-farm
situations and problems

On the basis of information col-
lected on farms, this section proposes
to establish prionty areas of agronomy,
breeding and socio-economics Recom-
mendations in the domains of extension
and the seed sector will be made
subsequently

Agronomy — improved soil fertility

The formal survey found that poor soil
1s one of the principal constraints
adopting 1mproved varieties on a large
scale in Mal1 This was strongly
reported 1n all three regions thus
suggesting that future research must
consider restoration and maintenance
of soil fertility

Considering the relatively high costs
of mputs low non-farm income and
farmer reluctance to invest 1n sorghum
and mullet production research must
focus on simple fertilization techmques
that use organic raw materials that are
available on farm Research topics
should include composting, use of
organic materials, crop and fertilizer
residue, soil cultivation, bench manage-
ment using level curves, strip cropping,

integration of crop-livestock systems,
conservation of water and nutrients,
rotatton, use of legumes 1n crop
systems, and judicious applications of
mineral fertilizers

Plant breeding

Enormous progress has been made 1n
sorghum and millet breeding in Mali
Several high-yielding early maturing
varieties have good resistance to
diseases and insect pests and have
acceptable taste By citing earliness,
productivity, and food quality of new
varieties as reasons for adoption,
farmers expressed their satisfaction
with the achievements of Malian
researchers Consequently, 1t would
seem to be more profitable to direct
future research to removing adoption
constraints and more mntensive use of
mproved varieties that are already
available rather than breedig new
varieties with the same favorable
characteristics

Recent studies on food crops have
indicated that at this stage of agricul-
tural research, crop management (and
not crop genetics) 1s the principal
factor limiting cereal production m
Mal:i (Shetty et al 1991) Moreover,
studies on production systems in the
south of Mali have shown that the fight
against pests — especially Striga — 1s
much more difficult when so1l fertility
Itmats plant growth

Sociloeconomic research

Further improvement of sorghum and
millet production in Mal1 depends
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largely on the capacity of farmers to
manage soil fertihty and pests Socio-
economic research must therefore
focus on how to improve farmer
mcome to enable mvesting of mputs for
technology adoption Future research
should consider strategies to increase
demand for sorghum and mullet, new
uses for these cereals, improved
commercial channels, and reform of
pricing policies for mputs and agricul-
tural funds

Seed sector and extension

Lack of pure seed of improved varieties
limits adoption One priority should be
collaborative research to create an
mtegrated and efficient seed multiphica-
tion and distribution system Creation
of such a system must not be the sole
responsibility of SSN, but should also
include researchers, extension officers,
and the Minustry of Agriculture Roles
and responsibilities should be clearly
defined

The National Seed Service should
be an essential Iink in the seed system,
but not the entire system It should
keep accurate records of seed origin, as
well as report all multiphication and
distribution Detailed annual reporting
should record all multiplication and
growing conditions, quantities of seed
produced and distributed, distribution
locations, and the related activities of
extension officers Such detailed data
will enable researchers to follow
adoption of improved cultivars and new
technologies

Extension officers should create
technology packets (including 1m-
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proved seed), and clearly document
their activities so that any weak or non-
functioming links 1n the technology
transfer chain can be 1dentified And
the Ministry of Agriculture should
respond to research and extension
needs, including timely payment of
salaries

Farmers often cited ‘lack of infor-
mation’ as a constraint to adopting
mmproved cultivars an indication of the
current weakness 1n the collaboration
among research, extension, and
farmers For example there is no well-
defined procedure to name and distrib-
ute new varieties, so names often
change from village to village without
the knowledge of researchers or
extension officers They are even
returned to research stations for
identification, draimning manpower and
other resources, and adding confusion
for all concerned

It 1s important to establish a commut-
tee responsible for naming varieties in
the local languages of the areas where
they are intended for distribution A
system of continuous follow-up should
be established to evaluate the level of
adoption success, as well as preferences
and perceptions of farmers, rather than
halting research when extension begins
Such practices would better integrate
research and extension 1n the partner-
ship of rural development This partner-
ship 1s essential for the permanent
follow-up of varieties imntroduced on
farms so that they do not lose productiv-
1ty through seed deterioration

To summarnize the appropriate
individuals and organizations should



work to improve multiplication and
distribution of high-quality seed,
follow improved varieties where they
have been adopted as a means to
improve adoption rates, production,
and productivity, and conduct research
to restore and maintaimn soil fertility
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Chickpea in the Hot and Dry Climate of India —
Adoption and Impact of Improved Varieties

P K Joshi', M C S Bantilan’, R L Shiyani?, M Asokan’,
and S C Sethr’

Introduction

During the past few years, chickpea has
become more important as a winter
crop mn peninsular and central India
Although not traditionally a prominent
pulse crop 1n this region, during the last
decade mmproved cultivars have
enabled a production shift from the
traditional growing areas 1n the north-
west and northeast of the country A
large portion of penunsular and central
India suffers a hot and dry climate,
along with the production-limiting
constrants of wilt (Fusarum
oxysporum) and root rots (Rhizoctonia
bataticola), stunt virus[Bean (pea) leaf
roll virus], and pod borer (Helicoverpa
armigera) Development of short-
duration cultivars adapted to these
condiuons, however has led to expan-
sion of chickpea area and peninsular
and central India now contributes more

than 70% of the national production,
and has enormous potential for further
expansion

Chickpea improvement research at
the International Crops Research
Institute for the Sem Arid Tropics
(ICRISAT) aimed to alleviate major
abiotic and biotic production con-
straints under rainfed, low-mput
farming systems Researchers began to
develop short- and medium duration
dest and kabuli chickpea varieties
adapted to peninsular and central
Indian conditions with stable and high
yields and good consumer acceptance

A direct result of this research
mvestment was the development of
nine extra-short and short-duration
improved chickpea vaneties — ICCV
1, ICCV 2, ICCV 3, ICCV 5, ICCV 6,
ICCV 10, ICCC 37, ICCC 42, and
ICCV 88202 Among these, ICCV 1,
ICCV 2, ICCV 10, ICCC 37 and

Joshy, PK , Bantilan, M C S, Shayam, R L , Asokan, M, and Sethi, S C 1998 Chickpea in the hot and
dry climate of India — adoption and impact of improved varieties Pages 94-102 1n Assessing jomnt research
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ICCV 88202 were released for general
cultivation m different parts of India
Their performance 1n on-farm trials
was quite impressive and generated
great interest among farmers, as well as
the public and private seed sectors

In the past, adoption assessment of
mmproved chickpea varieties did not
attract the attention of plant breeders,
economists, and policymakers Infor-
mation that was available on seed sales
through public and private seed
companies was an indicator of
popularity of improved varieties among
farmers But information based on
these statistics 1s mncomplete because 1t
does not include the most vital infor-
mal channel — farmer-to-farmer
transfer of seed

Objectives

The objectives of this study 1n a hot
and dry climate were to
« assess adoption patterns of improved
chickpea varieties, and
+ measure returns to investment on
chickpea research
The study provides farmers re-
sponses to adoption of these varieties at
the district, state, and regional levels
This information will be useful to help
adjust research production and
marketing strategies The analysis will
also justify returns to ivestment on
chickpea research efforts at ICRISAT

Methodology

Chickpea area i peninsular and central
India covers about 4 million ha, more

Table 1 Chickpea area, production,
and yield in peninsular and central
india, 1994

Area Production  Yield

State (000ha) (000t) (kgha')
Andhra

Pradesh 168 136 808
Guyjarat 153 122 799
Karnataka 441 222 529
Madhya

Pradesh 2741 2 487 908
Maharashtra 763 469 614
Tamal Nadu 7 5 684

ofa 4273 3441 805
India 7 260 5020 855

than half of the Indian total (Table 1)
Important states are Andhra Pradesh,
Gujarat, Karnataka, southern part of
Madhya Pradesh, Maharashtra, and
Tamil Nadu This study was confined
to these states, with the exceptions of
Karnataka and Tamil Nadu Chickpea
yield 1n these states, except Madhya
Pradesh, 1s below the national average
of 855 kg ha!, but 1s on the increase
A systematic sampling scheme was
designed to choose the representative
chickpea growing areas and growers in
the selected states (Table 2) A three-
stage random sampling method was

Table 2 Sample size of the adoption
impact study (number of villages and
farmers)

State Villages Farmers
Andhra Pradesh 21 210
Gujarat 24 240
Madhya Pradesh 16 160
Maharashtra 54 540
Total 115 1150
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employed to choose the sample unit In
all, 1 150 chickpea farmers from 115
villages in 41 blocks of 20 districts in 4
states formed the study sample

Primary data were collected from
sample farmers through a formal
survey using a questionnaire that
covered general information on farm
holdings, adoption of improved
chickpea varteties, sources of seed, and
farmer preferences on variety traits
The survey was conducted in 1995/96,
and asked farmers to recall information
for the period 1992-1995

The study estimates the pattern and
spread of adoption of improved
chickpea cultivars, their rate of adop-
tron, and ceiling levels It also meas-
ures the returns to research investment
on chickpea improvement at ICRISAT

Results and discussion
Research lag

Among several varieties developed at
ICRISAT, ICCV 1,ICCV 2, ICCV 10,
and ICCC 37 were released for general
cultrvation and became popular in the
selected states ICCV 1 (also known as
ICCC 4) was released by the state
varietal committee 1n Gujarat for
cultivation 1n 1983 ICCV 2 and ICCC
37 were released in Andhra Pradesh,

and ICCV 10 was released for penimsu-
lar and central India, including
Maharashtra The time to develop these
varieties varied from 10 to 17 years
(Table 3)

Variety characteristics

The four most popular HY Vs 1 the

study area have distinct characteristics

¢ ICCV 1 1s of medium duration (110
— 140 days) with medium to large,
yellow to light brown seeds, and 1s
moderately resistant to the pod borer
(Helicoverpa armigera)

» ICCV 2 1s an extra-short duration
(85 — 90 days) kabuli type and 1s
resistant to fusarium wilt (Fusarium
oxysporum) It was released as
Shwetha in Andhra Pradesh and
Maharashtra, 1s adapted to normal
and late sowing and can escape
drought

* ICCC 37 1s a medium- to large-
seeded high-yielding vanety,
matures 1 90 — 100 days and 1s
resistant to wilt and tolerant to dry
root rot (Rhizoctonia bataticola) It
was released as Kranti for general
cultivation in Andhra Pradesh

o ICCV 10 was released as Bharati for
cultivation 1n the central and
peninsular zones of Indta It 1s a walt

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

Parameter ICCV 1 ICCV 2 ICCV 10 ICCC 37
Research process started 1973 1975 1975 1974
Research product identified for release 1982 1984 1984 1983
Research product released 1983 1989 1992 1989
Total research lag (years) 10 14 17 15
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and root rot resistant variety with
wide adaptability ICCV 101s a
medium-duration, high-yielding
varety, reported to be drought
tolerant

Adoption of improved varieties

Farmers who have full information
about improved varieties and their

potential benefits have sown them

(Table 4)

Traditional chickpea varieties still
dominate 1 all the selected states, but
they are being replaced by improved
varieties In Maharashtra, Chaffa 1s the

most popular traditional variety, and
covers about 40% of total chickpea
area, while in Andhra Pradesh,
Annigen occupies about 60% of the
area In Gujarat, Dahod Yellow 1s the
most common among chickpea grow-
ers In Madhya Pradesh, local varieties
cover less than 20% of the chickpea
area, but an improved but unreleased
variety, Russian, covers about half of
the chickpea area

In Andhra Pradesh, ICCV 2 and
ICCC 37 are replacing the ruling
Anniger1 variety, with about 30% of
chickpea farmers growing these two
immproved varieties The area under

Table 4 Adoption of improved chickpea varieties in hot and dry areas of India
1992-95 (percentage of total chickpea area)

State Variety 1992 1993 1994 1995
Andhra Pradesh ICCv 2 4 7 7 17
ICCC 37 4 6 6 9
Other improved 05 5 08 15
Anniger1 74 66 70 58
Local 17 16 15 15
Gujarat ICCV 1 21 21 25 25
(only Jamnagar district)  Dahod Yellow 79 79 75 75
Madhya Pradesh ICCV 2 na' na na 13
Ujjain na na na 21
Russian na na na 48
Local na na na 18
Maharashtra ICCV 2 25 3 6 9
ICCC 37 12 14 18 18
Other ICRISAT 0 06 1 1
varieties
Other improved 24 26 26 24
varieties
Chaffa 49 44 38 39
Other local 12 12 11 9

1 na =not available

N
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ICCV 2 and ICCC 37 increased from
less than 10% 1n 1992 to about 26% m
1995, with ICCV 2 being adopted
much faster than ICCC 37

In Maharashtra, there 1s a wide
choice of chickpea varieties Although
as many as 28 chickpea varieties are
cultivated 1n the state, ICCV 2 and
ICCC 37 occupy about 27% of the
chickpea area, and are rapidly replac-
ing the domuinant variety, Chaffa Other
improved varteties were grown on 24%
of the area Among non-ICRISAT
mmproved vareties, the area under G 12
was ncreasing, while that of G 5
dechined Both were developed at
Punjabrao Krishi Vidyapeeth (PKV),
Akola

In Gujarat, the majority of farmers
are still growing local varieties ICCV
1 15 found only mn Jamnagar district Its
area among the sample farmers 1n the
district increased from 20% 1 1992 to
25% 1n 1995 This variety was first
adopted 1n Gujarat in 1986, three years
after 1ts release, and has a miche m
irnigated areas 1 groundnut-chickpea-
based cropping systems

In Madhya Pradesh, improved
varieties cover about 34% of the chick-
pea area Two improved varieties, Ujjam
and ICCV 2, are popular with the sample
farmers Both are adopted n areas with a
more favorable moisture regime

In locking at adoption patterns, it
appears that when progressive farmers
have easy access to research nstitutes,
they tend to adopt HY Vs Examples
mclude Medak district in Andhra
Pradesh (location of ICRISAT), Akola
(location of PKV), and Parbham
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(location of Marathawada Krish
Vidyapeeth)

Drought and wilt are the major
constramnts to chickpea production 1n
most parts of peninsular India, thus
varieties that escape drought and are
wilt resistant are becoming popular
among farmers ICCV 2 escapes
drought and is an early maturing
varlety with a premiwm price over other
varieties because 1t 1s kabuli The added
advantage of this variety is that its
performance 1s relatively better than
other varieties 1n both rainfed and
irngated environments It 1s gaining
wide acceptance ICCC 37 1s walt-
resistant, of medium duration, and
high-yielding This variety 1s preferred
where chickpea yields are suboptimal
due to wilt ICCV 2 and ICCC 37 are
favored over other improved varteties
n the study areas ICCV 10 1s still in
the early adoption stage but 1s ex-
pected to replace local vaneties, and to
some extent [CCC 37 if an adequate
quantity of seed 1s available

On-farm benefits

Table 5 presents the on-farm benefits of
improved chickpea varieties over
traditional varieties in selected states of
India An attempt was also made to
examine the relationship between
adoption of improved varieties and
average productivity in Maharashtra at
the district level Using the on-farm
survey adoption estimates of 1992-94
and district level yields during same
period, as HY Vs were mcreasingly
adopted yields rose, and vice-versa



Table 5 On-farm benefits of improved chickpea varieties compared to the popular
variety (percentage change)

Indicator! Andhra Pradesh Andhra Pradesh Gujarat Madhya Pradesh
Variety ICCv 2 ICCC 37 ICCV 1 ICCV 2
Yield 108 29 67 123

Net income 440 116 143 624

Unit cost -29 -5 -32 -33
Employment =20 8 10 25
Gender 11 8 =35 65

Price premium 58 42 1 103

1 Unit cost 1s the cost of producing one umt of chickpea employment 1s the male and female labor employment for
chickpea cultivation gender 1s share of female labor 1n total employment for chuckpea cultivation

(Table 6) It 1s interesting to note that increase 1n the average yield of chick-
average yields of chickpea 1n most of pea 1n Jamnagar was substantially

the districts during the early 1980s higher and faster than other districts
(when no improved varieties were A large share of the chickpea area m
adopted), ranged between 300 and 450  Andhra Pradesh and Maharashtra 1s

kg ha! An impressive increase mn formerly fallow land, which 1s an
chickpea yields was observed 1n important benefit of improved vareties
districts where adoption of improved Use of this land mtensifies and diversi-
varieties was quite high during the fies crop production and reduces soil
early 1990s Simular results were erosion This mtrogen-fixing legumi-
obtained for Jamnagar district in nous crop fixes atmospheric nitrogen at
Gujarat where ICCV 1 was sown on arate of 80-120 kg N ha !, which 1s
about 25% of the chickpea area The available to the subsequent crop

Table 6 Effect of improved varieties on chickpea yield in Maharashtra

Adoption of Average yield Average yield Change 1n

improved varieties in early 1980 mn 1994 yield
Dastrict mn 1994 (%) (kgha!) (kgha') (%)
Osmanabad 24 430 489 14
Amravatl 27 295 756 156
Nagpur 31 233 493 111
Yavatmal 43 455 765 68
Aurangabad 49 367 586 60
Wardha 62 178 585 238
Buldhana 72 265 850 223
Parbham 77 319 505 58
Akola 83 243 838 245
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The direct and indirect benefits of
improved chickpea varieties are
attractive enough to farmers in hot and
dry climates that the area sown to
chickpea increased from less than 3
mullion ha m the early 1980s to more
than 4 million ha n 1994 It 1s expected
that 1f improved varieties continue to
be available, the area under chickpea
will expand further

Economic benefits of chickpea
research

There are several methods available to
estimate the economic benefits of
research investment In this study, the
partial equilibrium model of supply and
demand 1n a commodity market was
used Economic benefits from chickpea
immprovement research were estimated
under a perfect market for ICCV 2 and
ICCC 37 To estimate the economic
benefits of ICCV 2, a kabuli chickpea
variety, a shift in demand curve was
assumed because there was a price
premium on this variety due to 1ts
quality On the other hand, to assess
economic benefits of ICCC 37, a shift
in supply function was assumed
because 1ts adoption resulted in
reduced unit costs of production

To estimate net economic benefits,
information 1s required 1n three areas
» research costs of developing the

mproved variety,

» adoption rates and ceiling levels,
and

e savings mn unit costs of production,
or price premium 1n case of quality
changes

Research costs to develop ICCV 2
and ICCC 37 were not recorded, so
they were estimated by considering the
salary of researchers, operational
expenses, and overhead costs for
developing these varieties Information
on adoption rate, spread of adoption,
ceiling levels, unit cost savings, and
price premium were derrved from the
survey data (Table 7)

Assuming a perfect market, the
mternal rate of return (IRR) and net
present value for research on ICCV 2
and ICCC 37 were computed The
internal rate of return was 21% to
develop the extra-short duration,
drought-escaping kabuli type ICCV
2), while the IRR was 25% for the
high-yielding, wilt-resistant variety
(ICCC 37) The present value of net
benefits from research on ICCV 2 was
US$ 1 44 million and on ICCC 37 was
US$ 2 87 million (Table 8) The

Table 7 Parameters used to estimate economic benefits of chickpea research

Parameter Andhra Pradesh Gujarat Madhya Pradesh ~ Maharashtra
Base production ( 000 t) 27 48 1483 324
Price of des: type (Rs kg!) 12 10 875 i1
Price of kabul: type (Rs kg ') 19 12 18 16
Supply elasticity (%) 05 05 05 0S5
Demand elasticity (%) -13 -13 -13 -13
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Table 8 Economic benefits of the
research investment in developing
improved chickpea varieties

Criteria ICCV2 ICCC37
Internal rate of return (%) 2121 2543
Net present value

( 000 US$) 1440 2875
Benefit cost ratio 1182 1263

aggregate net present benefits of
research to develop these two varieties
for a hot and dry climate 1s estimated to
be about US$ 4 3 million — more than
10 times the entire chickpea research
budget at ICRISAT n 1997

These computed benefits are
underestimated because our analysis
was based on substitution of improved
varieties for local landrace, however,
there was a large gain from area
expanston to fallow land that 1s not
accounted for in the analysis

Conclusions

Based on the preceding analysis,
several areas merit attention

Time lag

The time lag to develop improved
chickpea varieties suited to a hot and dry
climate was long because this environ-
ment 18 not favorable to traditional
chickpea cultivation To alleviate the
formidable abiotic and biotic constraints
the long research lag was justified
Research and adoption lags assumed for
research on drought and wilt in chickpea
were underestimated in the ICRISAT’s
Medium Term Plan JCRISAT 1992) In

the absence of actual estimates, the
research lag for drought-escaping, short-
duration varieties was assumed to be 10
years, but in reality was 14 years
Simlarly, the research lag for the wilt-
resistant variety was estimated at 7 years,
but 1t took 15 years to develop ICCC 37
These figures will now be used for future
research planmng

Area and production expansion

The analysis showed that research
efforts significantly expanded the
chickpea area and production 1n a hot
and dry climate because the new
varieties were adapted to the environ-
ment There 15 still further expansion
potential Chickpea 1s gaming impor-
tance in former winter fallow areas
because the improved varieties mature
early and can escape drought Seed
companies should plan production
according to needs m the target regions

On-farm benefils

Several on-farm benefits were derved
by farmers as a result of adopting
mmproved chickpea varieties These
were related to increases 1n average
yields and net income, decline 1 unit
cost of production, enhanced employ-
ment opportunities and labor productiv-
ity positive implications on gender-
related 1ssues and a price premium due
to quality Among these benefits,
increased imncome was more pronunent

Yield increase

A sigmficant increase 1n chickpea yield
was noted 1n regions where improved
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varieties were adopted A posttive
relationship between chickpea yields
and adoption of improved varieties was
observed m Andhra Pradesh,
Maharashtra, and Gujarat

Major expansion

A silent but sigmficant contribution of
improved chickpea varieties has
occurred 1n the hot and dry climate It
was not visible like the green revolu-
tion m cereals 1n northwestern India
because chickpea area 1s less than 10%
of the gross cropped area n the
country But it should be noted that
during the early 1980s, the hot and dry
areas of India were contributing about
40% of chickpea production, 1n 1995,
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the figure approached 70%, despite the
fact that yields are still lower than the
national average
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Adoption of Improved Chickpea Varieties In
Panchmahals D:strict of Gujarat

R L Shiyant', P K Joshi?, M Asokan?, M C S Bantilan?,
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Introduction

In the Indian state of Gujarat,
Panchmabhals district ranks first in
chickpea area (29%) and production
(29%) Although chickpea area and
production mncreased dramatically
during the last decade, yield was stalled
at about 800 kg ha ! (Table 1) Expan-
sion of chickpea area to marginal lands
and slow adoption of improved varie-
ttes were the major factors responsible
for low yields, hence 1t was necessary
to ntroduce 1mproved varieties and
management techniques 1n the chick-
pea growing areas of Panchmahals

district
Krishak Bharti Cooperative

Limited (KRIBHCO) decided to
mtroduce improved technology to
enhance agricultural productivity and
mprove food security KRIBHCO 1s a
farmer cooperative actively associated

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

1970 1980 1990 1995

Parameter

Panchmahals

Area ( 000 ha) 296 202 445 437
Production (000t) 228 163 360 356
Yield (kg ha') 770 807 809 815

Gujarat

Area ( 000 ha)
Production ( 000 t)
Yield (kg hat)

529 703 1702 1529
439 538 1158 1222
530 765 680 799

Source Directorate of Agriculture (1996)

with the former British Overseas
Development Administration (ODA),
now Department for International
Development (DFID) It promotes
participatory natural resource develop-
ment in the predomiantly poor tribal
districts of western India under the
Indo-British Rainfed Farming Project
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The project began 1n 1993, and covers
15 clusters, 3 in Gujarat and 6 each in
Rajasthan and Madhya Pradesh
Vartous welfare activities are under-
taken 1n each cluster of five to seven
tribal villages

Using a participatory rural appraisal,
KRIBHCO assessed village problems
and decided that the most effective
approach to improving the livelihood of
tribal people would be to identify
improved chickpea varieties with traits
preferred by farmers, and ensure that
adequate quantities of seed were
available KRIBHCO partnered with
the International Crops Research
Institute for the Semi-Arnd Tropics
(ICRISAT) to 1dentify improved
varteties adapted to the environment
Five diverse chickpea varieties thought
likely to be adapted to the project area
were 1dentified and introduced n six
tribal villages of the KRIBHCO project
area — ICCV 1 (ICCC 4), ICCV 2,
ICCV 10, ICCC 37, and ICCV 88202

In on-farm tnals, the performance of
these varieties was compared to local
varieties Three varieties, ICCV 2, ICCV
10, and ICCV 88202, were found to be
promusing 1n the villages located m
Panchmahals district Results of a survey
conducted 1n two villages of
Panchmahals district confirmed that the
majonty of sample farmers who had first
sown these varieties m 1993/94 had
resown them (Josht and Witcombe 1996)

The purpose of this study was to
evaluate the role of the KRIBHCO
project The specific objectives are to
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* assess the role of the KRIBHCO
project in disseminating improved
chickpea varieties,

¢ study the direct and indirect on-farm
benefits of improved chickpea
varieties, and

+ 1dentify the factors that influence
adoption of improved chickpea
varieties

Sampling framework

The results of the study are based on
four villages randomly selected from
purpostvely chosen two clusters in
Limkheda block of Panchmahals
district where KRIBHCO activities
were mtroduced (Table 2) The villages
are Jahiapada and Sarjunu 1n the
northern cluster, and Mahunala and
Bor 1n the southern cluster A complete
hist of all chickpea growers in the
selected villages was obtained, and 12
farmers growing improved chickpea
varieties (adopters) were randomly
selected from each village An equal
number of farmers growing local
chickpea varieties (non adopters) was
also randomly selected from the same
villages, thus the total sample included
96 farmers who grow chickpea — 48
who had adopted improved varieties,
and 48 who cultivated local varieties
The relevant data were collected by
interviewing farmers using a pretested
questionnaire during October 1996
Information on important aspects of the
villages was also collected from
secondary and official sources



Table 2 Profiles of four villages

Parameter Jaliapada Sarjumi Mahunala Bor
Total area (ha) 502 723 309 165
Size of holding (ha) 081 097 102 095
Forest land (%) 765 692 408 189
Soils Black red Bhun sandy Red sandy Bhuri stony
stony black stony stony black
Rainfall (mm) 800 900 900 800
Crops Maize rice Maize rice Maize rice Maize rice
chickpea chickpea chickpea chickpea
pigeonpea pigeonpea
Population (No ) 1236 1045 626 834
Electrification (%) 47 47 97 127
Literacy (%)
Female 42 5 9 26
Male 44 14 42 37
Analytical framework Y=XB if1 =X B+p>T
or
Temporal changes i adoption of Y =0 i1 = X B <T
different chickpea varieties were ! o
estimated More particularly, the extent where

of adoption and on-farm benefits were
estimated to ascertain the role of
KRIBHCO n disseminating mmproved
technologies The study also attempted
to 1dentify and quantify the influence of
mndependent vanables on varetal
adoption The Tobit model (Tobin 1958)
was used because 1t measures not only
the probability that a farmer will adopt
the new technology, but also the
mtensity of use of the technology once
adopted (Adesina and Zinnah 1993)
The functional form of the model 1s

Y, 1s the probability of adopting and
the intensity of use of improved
chickpea varieties

1* 18 a non-observable latent variable,

T 18 non-observed threshold level,

X 1s the n X k matrix of the explana-
tory variables

B 1sakx 1 vector of parameters to
be estimated, and

K, 1s an independently normally
distributed error term with zero
mean and constant variance o®
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The equation 1s a simultaneous and
stochastic decision model If the non-
observed latent variable 1* 1s greater
than T, the observed qualitative vari-
able Y| that indexes adoption which
becomes a continuous function of the
explanatory variables, and zero other-
wise (1 ¢, no adoption) The maximum
likelihood method was used to estimate
the coefficients The regression coeffi-
cients are asymptotically efficient,
unbiased, and normally distributed

Variables in the empirical model

The estimated empirical model derived
from the equation was developed using
the farm and farmer-specific attributes,
together with farmer perceptions about
technology-specific charactenstics of
the improved chickpea vanieties The
model assumes that the dependent
vartable (proportion of area under
improved chickpea varieties 1n the total
chickpea area), depends on these
mdependent variables — education,
s1ze of land holding, chickpea duration
(maturity), experience of growing
chickpea, market distance, number of
parcels of land, village representation,
and yield risk The list of independent
variables along with their umits and
hypothesized nature of responses are
given n Table 3

The level of education of the farmer
1s measured as zero for illiterate, 1 for
primary educatton, 2 for high school
education, 3 for secondary education,
4 for graduate, and 5 for post-graduate
education It 1s hypothesized that
education 1s positively related to
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Table 3 Variables considered in Tobit
analysis

Variables Hypothesized sign
Education (score) +

Size of holding (ha) +—-
Chickpea duration (days) -

Farmer s experience of

growing chickpea (years) +

Market distance (km) -

Parcels of land (no ) -

Village dummues (binary) +—

Yield risk (CV%) +

adoption because education helps an
mdividual to acquire knowledge about
improved varieties

There are two schools of thought on
the relationship between farm size and
the adoption of improved technologies
One argues that the variable has a
positive influence on adoption because
large farms generate more income and
therefore provide a better capital base
and enhance the ability to take risks
(Sarop and Vashist 1994) Another
argument advocates that small farmers
use their limited resources more
efficiently and adopt new technology at
a faster rate (Allauddin and Tisdell
1988)

Farmers n this study area perceived
that early-maturing varieties would
escape drought caused by receding soil
mousture (Joshi and Witcombe 1996) It
was hypothesized, therefore, that the
duration of chickpea 1s negatively
related to adoption of 1mproved
varieties

Years of experience 1n chickpea
farming 1s expected to be related to the



ability of the farmer to obtain, process,
and use information relevant to 1ts
cultivation Therefore, a positive
relationship between this variable and
the probability of adoption of improved
varieties 1s hypothesized Adesina and
Seid1 (1995) and Adesina and Forson
(1995) also confirmed that experience
was positively related to adoption of
new technologies

Distance to product markets,
measured in kilometers, 1s one of the
most important vanables, particularly
1n thus study area where tribal farmers
do not have easy access to markets
The market distance is therefore,
hypothesized to be negatively related to
adoption

Fragmentation of land holdings
adversely affects adoption rate because
1t demands more time and resources
per unit of production The number of
parcels, therefore, has also been
included as one of the mdependent
variables 1n the empirical model and 1s
expected to be negatively related to
adoption of improved varieties

Study villages differ in many
respects such as soil type and rainfall
patterns Village dummuies have there-
fore been introduced in the model
These are measured as binary variables
to capture the influence of so1l type and
rainfall patfern on adoption decisions

Yield risk 1s measured as a coeffi-
cient of variation of the chickpea yield
mn bad, normal, and good years Higher
nisk-bearing ability of farmers 1s an
mndication of a faster rate of adoption
A positive relationship 1s hypothesized
between yield risk and the probability
of adoption of improved chickpea
varieties

Farmer characteristics

Table 4 presents characteristics of
farmers 1n the sample Chickpea 1s
grown on more than 40% of the total
cropped area during the winter
(postrainy) season by adopters of
improved varieties The corresponding
figure for non-adopters 1s 50% No
significant difference was noticed 1n

Table 4 Characteristics of farmers in the sample, Panchmahals district, Gujarat

Characteristic ICCv 2 ICCV 10 Adopters Non adopters
Size of holding (ha) 13 12 12 13
Total operated land (ha) 11 12 11 12
Chickpea area to total area (%) 42 40 42 50
Number of parcels 13 14 14 13
Chickpea growing experience (years) 28 36 31 28
Chickpearotationmsameplot =~ 35 0 2 19
(percentage of sample farmers)
Crop rotations
(percentage of sample farmers)
Maize chickpea 93 95 94 96
Rice chickpea 0 6 2 4
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the number of land parcels between
adopters and non-adopters A majority
of farmers who adopted improved
varieties (98%) do not grow chickpea
continuously on the same plot There 15
a general tendency to rotate chickpea to
different plots to enhance soil fertility
and mcrease productivity of the
subsequent rainy-season crop On the
other hand, about 19% of non-adopters
have grown chickpea continuously on
the same plot Tribal farmers generally
grow chickpea after maize, which 1s
one of the major ramy season cereal
crops 1n the study area, widely used as
food The majority of sample farmers
followed a maize-chickpea rotation, but
a few used a rice-chickpea rotation

Adoption of improved varieties

Of the adopters of improved chickpea
varieties, 60% are growing ICCV 2 and
40% are growing ICCV 10 (Table 5)
Adoption of ICCV 2 and ICCV 10 was
almost the same (20%) during 1994,
but 1n subsequent years adoption
mcreased significantly by replacing the
most popular local variety (Dahod
Yellow) The increased adoption rate
indicates that the improved chickpea
varieties were preferred by the tribal

Table 5 Extent of adoption of improved
chickpea varieties, 1994-1996, Panch-
mahals district, Gujarat (percentage of
chickpea area)

Year ICCV 2 ICCV 10  Adopters
1994 20 20 20
1995 31 45 42
1996 71 79 74
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farmers when compared to the local
variety

Rapid adoption of improved varie-
ties by the tribal farmers 18 testimony to
the role of KRIBHCO 1n disseminating
the new technology The participatory
approach of understanding farmer
needs about different varietal traits and
identifying specific varieties was
indeed responsible for wide acceptance
and adoption of new varieties 1n the
project area The new varieties are also
becoming popular outside the project
area through KRIBHCO's contact
farmers It was reported that
KRIBHCO 1s now producing commer-
cial seed to develop a mechanism to
ensure availability of quality seed of
improved varieties 1n adequate quanti-
ties at the nght ttme With such a
mechanism mstitutionalized, 1t 18
expected that the adoption rate of
immproved varieties will be much faster,
which in turn produces several direct
and indirect on-farm benefits to the
tribal community

It 15 mteresting to note that over the
3-year pertod 1994-96, farmers
increased their adoption levels During
1994, about 60% of farmers adopted
ICCV 2 and ICCV 10 on about 20% of
their total chickpea area, but two years
later, these varieties covered an area of
more than 80% (Table 6) About 50%
of the farmers sowed ICCV 2 and
ICCV 10 1n the range of 60-80% of
their chickpea area Such an impressive
adoption rate can be attributed to the
mvolvement of KRIBHCO

The rate of change in the adoption
of improved chickpea varieties during



Table 6 Percentage of sample farmers who have adopted improved chickpea
varieties, 1994-1996, Panchmahals district, Gujarat

Adoption range ICCV 2 ICCV 10 Total
(percentage of

chickpea area) 1994 1995 1996 1994 1995 1996 1994 1995 1996
<20 50 17 63 5 60 13

20-40 34 34 7 32 3 5 33 33 6
40-60 7 38 31 5 53 5 6 44 21
60-80 10 52 1 4 11 48
>80 10 47 25

last 3 years was also assessed sepa-
rately for ICCV 2 and ICCV 10 (Table
7) Chickpea growers adopted ICCV 2
at a faster rate than ICCV 10 Examin-
mng the increase mn adoption n the 50~
100% range m 1996 over 1995, he
proportion of chickpea growers was
maximum for both the varieties (45%
for ICCV 2 and 47% for ICCV 10) A
higher proportion of chickpea growers
was 1 the upper range of increase mn
1996 over 1994 for both the improved
varieties, however this proportion was
significantly higher for ICCV 10 This
could be attributed to the higher yield
of ICCV 10 and 1ts surtability to
rainfed conditions because there 1s no

urigation 1n the study area Farmers
reported that ICCV 10 1s a better
replacement for the predominant local
variety (Dahod Yellow)

Benefits of improved varieties

Although both ICCV 2 and ICCV 10
provided considerable yield gains over
the local chickpea variety, yield of
ICCV 10 (55%) was higher than ICCV
2 (34%) The higher yields reduced per
umt production costs and increased
profitability (Table 8 )

The net returns for ICCV 10 were
84% higher than local varieties, while
ICCV 2 was 68% higher Higher

Table 7 Increase in rate of adoption of improved chickpea varieties (percentage of
sample farmers), 19941996, Panchmahals district, Gujarat

ICCV 2 ICCV 10
Increase in
rate of adoption 1995 over 1996 over 1996 over 1995 over 1996 over 1996 over
(percentage) 1994 1995 1994 1994 1995 1994
<50 34 24 3 26 21
50-100 31 45 28 47 47 11
100-150 24 24 14 5 16 5
150-200 7 7 3 5 11
>200 3 52 21 11 74
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Table 8 On farm benefits of improved chickpea varieties, Panchmahals district,

Gujarat
Gross Net Unit Labor
Yield Price returns Cost mcome  cost  productivity
Varieties (kgha') (Rskg!') (Rsha') (Rsha') (Rsha') (Rst') (kgday!)
ICCvV?2 1470 12 17 875 3362 14513 2290 76
ICCV 10 1696 11 18961 3120 15841 1840 88
Dahod Yellow 1096 10 11245 2626 8619 2400 43

profitability seems to be the most
important reason for rapid adoption
rate of ICCV 10 Unut cost for ICCV
10 was lower than the local varniety (Rs
560 t") The corresponding figure for
ICCV 2 was about 5% (Rs 110 t")
Another benefit was higher labor
productivity, with ICCV 10 at 88 kg
day! ICCV 2 at 76 kg day !, and the
local variety at 43 kg day !

Generating additional marketable
surplus was another significant benefit
The marketable surplus of those who
adopted ICCV 2 was highest (61%),
followed by ICCV 10 (21%), with the
local varieties at a miserable 3% (Table
9) The marketable surplus of ICCV 2
was expected because this kabuli type
sells at a higher price and 1s not
preferred for consumption, thus

Table 9 Disposition of chickpea by
sample households, Panchmahals
district, Gujarat (percentage of total
production)

Use ICCV2 ICCV 10 Local
Home

consumption 39 79 97
Marketable

surplus 61 21 3

farmers sell the maximum quantity of
this variety in the market for a profit
and purchase the local variety for home
consumption at a lower price

The yield nisk was measured by
computing coefficient of variation
(CV) 1n chickpea yield during bad,
normal, and good years (Table 10)

Table 10 Distribution of chickpea yield risk {percentage of sample farmers),

Panchmahals district, Gujarat

CV of yield (%) Adopters Cumulative Non adopters Cumulative
<10 4 4 0 0
10-20 13 17 0 0
20-30 15 32 4 4
30-40 12 44 6 10
40-50 19 63 42 52
50-60 29 92 40 92
60-70 8 100 8 100

110



About 44% of adopters have a CV less
than 40%, whereas only 10% of the
non-adopters have this CV 1n yields It
15 evident from the table that the
farmers cultivating local varieties have
high risk under a range of chimatic
changes

Factors influencing adoption

There are several factors that determine
adoption of the new technology The
adoption process begins as farmers
experiment with the technology and
then compare 1ts results to existing
technologies While technology-
specific traits are important, a farmer’s
own characteristics, resources, and
market access also influence adoption
As discussed earlier, the Tobit model
was estimated using a maximum
likelthood approach to identify impor-

tant factors and their specific role in
influencing the adoption of improved
chickpea varieties n the tribal areas
(Table 11) The number of parcels of
land had no influence on the probabul-
ity of adoption because most of the
sample farmers have only one or two
parcels This vanable was dropped and
the estimated equation without 1t was
selected to explain the results Variables
included 1n the model explained about
88% variation 1n the adoption of
improved chickpea varieties (Table 12)
All but one of the variables had their
expected signs, with five sigmficant at
5% and 1% levels, and one each at
10% and 15% levels The size of
holding was negatively related to the
adoption There are different schools of
thought on adoption and farm size In a
study in Bangladesh, Allauddin and
Tisdell (1988) observed that while

Table 11 Maximum hkehhood of Tobit model estimates on factors affecting adop

tion of improved chickpea varieties

Asymptotic
Variable Coefficients Standard error t ratio
Constant 412 900 33030 1250
Education 2 665 3187 084
Size of holding -4729 1636 -2 89
Chickpea duration -3 821 0304 1254
Experience of growing chickpea 0421 0276 152*
Market distance 0543 1073 051
Village 1 (Jaliapada) -45 821 10 470 -4 38
Village 2 (Sarjum:) 26 415 7 488 -353
Village 3 (Mahunala) -14 564 5 687 -256
Yield Risk 0313 0181 173+
F 14 802 1557 951
Adjusted R? 8776

** Significant at 1% level  * Sigmficant at 5% level

++ Significant at 10% level

+ Sigmficant at 15% level
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Table 12 Variables used in the empirical
model

Mean  Standard

Vanable values deviation
Proportion of

adoption (%) 369 363
Education (score) 071 065
Size of holding (ha) 77 36
Chickpea duration (days) 104 148
Experience of growing

chickpea (years) 29 10
Market distance (km) 128 37
Parcels of land (no ) 13 06
Yield rnisk (%) 45 14

large farms were the early adopters of
modern varieties, small farmers
adjusted quickly and adopted as fast as
large farms Adesina and Seidi (1995)
reported that the effect of farm size on
adoption 1s unclear in the adoption
literature In the present study, 1t 18
mteresting to note that small farmers
are the early adopters of improved
varieties

Among the varietal traits, days to
maturity negatively mfluenced adop-
tion decisions Farmers percerved that
early-maturing varieties would escape
drought, as well as pod borer infesta-
tion to some extent The positive sign
of the coefficient of yield risk ihdicates
that those experiencing high risks to
their chickpea crop are more likely to
adopt new varieties

Increasing farmer experience 1s
expected to positively ifluence the
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probabuility of adoption because more
experienced farmers may have better
skills and preferential access to new
mformation or technologies through
extension services or development
projects that work 1n the villages The
empirical results of the Tobit model
indicate the positive sign of farmer
experience 1n explaining their adoption
decision

The three village dummies were
significant, indicating that soil type and
rainfall pattern influence adoption of
mproved technologies Higher nega-
tive dummy coefficients for Jaliapuda
and Mahunala villages could be
attributed mainly to different soil types
compared to Bar village, whereas some
unknown charactenistics could have
mfluenced lower adoption 1n Sarjurm
village Although market distance was
positively related to the adoption of
improved cultivation, its influence was
not significant This variable was
expected to have a strong influence on
adoption, but because KRIBHCO
ensured a market, it was not found
significant It 1s important to remember
that market prospects for improved
varieties 1S an important determinant of
adoption

Conclusions

The efforts of KRIBHCO were reward-
g m disseminating improved chick
pea varieties and influencing their
adoption rate The performance of
ICCV 10 was much better than ICCV 2
when both are compared to the domi-
nant local variety, Dahod Yellow



A significant difference m yeld, net
mncome, and labor productivity occurred
Adoption of ICCV 10 and ICCV 2
resulted m reduced umnt cost of produc-
tion There was a substantial marketable
surplus of the improved varieties ICCV
2 had a price premum 1f 1t was sold
through KRIBHCO, otherwise the tribal
farmers were exploited by middiemen
arid traders m the region To overcome
this problem, KRIBHCO 1s forming
cooperative socteties 1 the tribal villages
Thus 1mtiative will certainly help farmers
to reap the benefits of gher market
prices

Breeders' and the active extension
role of KRIBHCO 1n disseminating the
seed were highly mstrumental 1n
providing farmers with access to the
mmproved vaneties of chickpea in the
study area
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Improved Chickpea Varieties in Nepal

R K Gurung'

Chickpea 1s an important pulse crop in
Nepal Based upon official statistics of
the Minsstry of Agriculture, 1t ranks
fourth 1n area and fifth in production
among the grain legumes During the
period 1985-95, however, chickpea
area decreased at an annual rate of
1 8%, while production decreased at an
annual rate of 1 7% (Table 1) The
decline mn chickpea area was due to
various biotic, abiotic, mstitutional, and
soctoeconomic constramnts Most
important were 1nsect pests and
diseases, expanded urrigation, competi-
tive crops, and negligible world trade
Uniess the competitiveness of
chickpea improves through price and

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

Area Production Yield
Year (ha) (9] (kg)
198587 28 797 18 437 640
1988-90 28 903 16 443 569
1993-95 25010 15 191 607

Source Agricultural Statistics Division Mimistry of
Agriculture

yield advantages, production and area
will continue to dechine (Jodha and
Subba Rao 1987, ICRISAT 1995) In
order to halt this decline, chickpea
production must improve — better
agronomic practices, new varieties with
genetic resistance to pests, and grain
acceptable to consumers are needed
The National Grain Legume Im-
provement Program (NGLIP), Rampur,
1s mandated to conduct research
designed to alleviate production
constraints and increase productivity
Wilt (Fusarum oxysporum) and
botrytis gray mold (Botrytis cinerea
Pers Ex Fri) (BGM) are important
diseases of chickpea in Nepal Reddy
et al (1990) estimated about a 40%
yield loss due to BGM during the
1987/88 season Pod borer
(Helicoverpa armigera) 1s another
serious biotic constraint All these
constraints are responsible for consid-
erable yield losses that destabilize
production Chemical control measures
are known, but most are not economi-
cal (Simgh et al 1989), and many
farmers lack knowledge of chemicals

Gurung, R K. 1998 Improved chickpea varieties in Nepal Pages 114 125 n Assessing jomt research
mmpacts proceedings of an International Workshop on Joint Impact Assessment of NARS/ICRISAT
Technologies for the Sem: Arnd Tropics 2-4 Dec 1996 ICRISAT Patancheru India (Bantilan M C S and
Josht PK eds) Patancheru 502 324 Andhra Pradesh India International Crops Research Institute for the

Sem1 And Tropics

1 Regional Agricultural Research Station Parwanipur P O Box 4 Birgan; Narayami Nepal
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Lack of soi1l moisture at sowing time
m the western terai and terminal
drought tn the central and eastern terai
also lower yields Irrigation could
alleviate these constraints, but chickpea
1s rarely grown under 1rrigation In the
eastern terai, soul acidity 1s also a
problem

Since 1ts inception, NGLIP began
research projects on chickpea with
active collaboration from ICRISAT,
emphasizing development of varieties
with resistance to pest and diseases, as
well as with a high and stable yield
S1x improved varteties of chickpea
have been released for general cultiva-
tion 1n the country, of which three are
ICRISAT varieties — Sita (ICCV 1),
Kosel (ICCV 6), and Kalika (ICCV
82108) Two are local selections,
Dhanush and Trishul, and one 1s an
Indian line, Radha (JG 74) Sitais
performing well in the western terai,
whereas Kalika and Dhanush are doing
well in the central terai and Kalika in
the eastern terai

The adoption levels of these varie-
ties have yet to be confirmed This
study aims to assess the adoption
pattern of three different varieties 1n
three regions where chickpea 1s grown
mn Nepal and to investigate reasons for
adoption and non-adoption

Methodology

Study area

The study area 1s confined to the seven
tera1 districts — Banke and Bardiya m
the western region (1 500 mm annual

rainfall), Dhanusha, Mahottar1, Sarlah,
and Rauthat districts in the central
region (1 700 mm), and Sirha district in
the eastern region (1 950 mm) Almost
90% of prectpitation occurs during
Jun-Sep The soils of the terar belt of
Nepal are alluvial, and this region
mcludes more than 90% of the coun-
try’s chickpea area The monsoon rains
start earlier 1n the eastern region, but
terminate earlier in the western region
Ramnfall in Sep—~Oct mnfluences the area
sown to chickpea, while winter ramfall
affects crop growth and yield because
chickpea 1s cultivated on receding soil
molsture

Information on area, praduction, and
yield of chickpea was collected from
the Mimstry of Agriculture Seven
districts were selected Banke and
Bardiya districts i the western region
include about 36% of chickpea area
and 80% of production Smmularly
Dhanusha, Mahottar, Sarlahi, and
Rauthat districts 1n the central teras
region account for 65% of chickpea
area and 74% of production in the
region Only Sirha district was selected
1n the eastern region, and this district
accounts for 65% of area and 70% of
production 1n the region These
selected districts account for about
50% of chickpea area and 45% of
production m Nepal

Sampiing

One village from each of the seven
districts was selected based on chick-
pea area and on-farm adaptive trials
conducted for one or more seasons
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since 1992 by NGLIP and ICRISAT
through the Cereals and Legumes Asia
Network (CLAN) In each village 10~
15 chickpea farmers were randomly
selected for a total sample of 88
growers for the study Primary data
were collected from the sample farmers
through a formal survey using a
questionnaire that included general
mformation on the farm households,
adoption of improved varieties, sources
of seed, farmers’ preferences on
varietal traits, etc The data were
collected 1n 1995/96 for the period
1992-95 Besides adoption of 1m-
proved varieties, farmers were asked to
specify the crop grown before and after
chickpea, soil fertility, rotation,
intercropping, competing crops, etc , m
order to understand chickpea produc-
tion systems in the chosen villages The
study estimated the rate and pattern of
adoption of improved varieties

Sample farm households

The average operated area of the sample
farmers ranged from 1 3 ha in Bardiya to
2 9 ha in Sirha district, while the average
number of parcels per household ranged
from 2 3 in Bardiya to 10 0 in Rauthat
(Table 2) These numbers indicate that
land fragmentation 1s higher in the
central and eastern terai regions than in
the western region Cluckpea 1s not a
very important crop In central terar — the
average chickpea area in Sarlalu district
of central tera1 was about 60% of the
total operated area In Bandiya district,
however, the area under chickpea was as
high as 80%

116

Chickpea 1s generally grown as a
rainfed crop, but 1n the central terai
region, all districts except Dhanusha
have more than 40% wrrigated area
during winter season, with the smallest
area under chickpea This supports the
notion that the increase n urigated area
caused a decline m chickpea area
(Jodha and Subba Rao 1987) Among
the surveyed districts, almost 100% of
the farm households of Mahottari,
Sarlahi, and Sirha with access to
irrigation during the winter season
grow chickpea under urigation

Crop rotation

Except Bardiya district in the western
terai, the majority of farmers do not
grow chickpea continuously on the
same plot They usually rotate chickpea
to improve soil fertility and enhance
the productivity of subsequent rainy-
season crops Several reasons were
given to support the practice of rotating
chickpea —farmers of the central teras
rotate chickpea to reduce weed infesta-
fion, in the western region 1t was to
escape wilt disease, and 1n the eastern
teral it was to prevent soil acidity
because they perceive that contiuous
chickpea cultivation leads to this
problem

In the western region, about 59% of
farmers sow chickpea after maize and
41% sow 1t after rice In the eastern
teral, almost 73% of farmers grow
chickpea after rice and 21% grow
maize before chickpea, whereas 2 7%
of the farmers precede chickpea with
finger mullet and vegetable crops The
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Table 2 Chickpea production systems of sample farm households

Western terai

Central tera1

Eastern terai

Parameter Banke Bardiya Dhanush Mabhottari Sarlahi Rauthat Sirha
Average holding (ha) 23 15 24 21 22 24 32
Average operated land (ha) 22 13 23 23 24 25 29
Average number of parcels 25 23 35 42 35 100 88
Average size of parcels (ha) 09 05 06 06 07 02 03
Average chickpea area (%) 45 793 188 68 62 131 366
Irmigated winter area (%) 103 0 73 512 438 57 19
Farm household access to

winter 1rrigation (%) 286 0 30 50 545 80 83
Farm households growing chickpea

on wrrigated plots (%) 333 0 667 100 100 625 100
Chickpea grown on good quality soil (%) 667 556 100 100 636 60 100
Farmers rotating plots for chickpea

cultivation (%) 619 444 90 833 50 818 917
Crop rotations (%)
Maize chickpea
Rice chickpea 476 722 636
Finger millet chickpea 524 277 80 100 182 100 916
Rice chickpea rice 10
Maize chickpea pigeonpea 10
Rice chickpea maize 91
Vegetable chickpea mustard 90 84
Crops competing for resources Lentl Wheat Vegetables Wheat Vegetables Lentil Wheat

wheat pigeonpea Ienti mustard lentil, wheat lent1l
mustard Lentil wheat lentil pigeonpea mustard  mustard




majority of farmers 1n the western and
eastern teral perceived that wheat 1s the
most important crop that competes with
chickpea m terms of labor, time, land,
and other resources, followed by lentil,
pigeonpea, and mustard In the central
teral, lentil 1s the most important crop
that competes with chickpea for
resources, followed by vegetable crops,
wheat, and mustard

Research process

There 1s always a gap between the time
a research project designed to develop
a particular technology begins, and 1ts
adoption This gap mncludes a research
lag between the mitiation of research
and 1dentification of research output for
general recommendation, followed by a
gestation period between the genera-
tion of a technology and its adoption
by 1ts ultimate users

Thts study assessed the research lag
for improved chickpea varieties
released in Nepal Table 3 shows the
research process involved 1n the
development of three varieties in
Nepal

iccvi1

The research process to develop ICCV
1, a desi1 type, began 1n 1973/74 at
ICRISAT - Patancheru After basic
research, the germplasm was supplied
to an international chickpea coopera-
tive trial at Parwanipur i 1978/79
After ngorous on-station adaptive
research and on-farm trials i farmers’
fields, NGLIP released ICCV 1 under
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the name of Sita for general cultivation
m 1987 A research lag of 14 years was
mnvolved to develop ICCV 1 1n Nepal
This cultivar 1s predominantly basal
branchimg, of moderate height and
medium duration, and capable of
producing stable yields across the
country

IcCcveé

ICCV 6 1s semi-erect, of moderate
plant height, basal branching, and
resistant to fusarium wilt It 1s a kabuli
type with a cream-colored seed coat
The research process to develop this
variety began i 1973/74 at ICRISAT
After completion of basic research, the
germplasm was supplied to an mitial
evaluation trial at NGLIP Rampur
After on-station and on-farm trials at
various locations, 1t was released as
Koseli by NGLIP for general cultiva-
tion m 1990 A research lag of 16 years
was mvolved to develop Koseli in
Nepal

ICCV 82108

ICCV 82108 1s a medium-duration des:
type with a semi-spreading growth
habit, moderate plant height, high
yield, resistance to fusartum wilt and
BGM, and tolerance to soil acidity The
research to develop ICCV 82108 began
m 1976 at ICRISAT It was supplied as
an entry in the mternational chickpea
cooperative trial at NGLIP, Rampur, in
1985/86 After on-station adaptive
research and on-farm trials at various
locations, 1t was released under the



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

Variety/year Research process
ICCV1
1973 Single crosses made between H 208 (ICC 4954) and T 3 (ICC 4998)
Single plant selection m F, and F, generation
Bulked in the F, generation as selection number IC 7310 3-2 B BH
1978 Germplasm supplied to Agriculture Research Station (ARS) Parwanipur
Nepal as entry number 10 in International Chickpea Cooperative Trial Dest
line (ICCT DL) 1in 1978/79
1987 After rigorous on-statton adaptive and on-farm tnals at vanous locations
NGLIP Rampur released 1t as Sita for general cultivation 1n 1987
ICCV 6
1973/74 Pedigree selection from a cross of L 550 (ICCC 4973) and L2 (ICCC 4965)
Single plant selection in F, to F, generations from wilt sick plot
Bulked m F, generations as selection number ICCX 7385 15 1 1H 1P BP
1987 Supplied as entry 1n 1nitial evaluation trial to NGLIP
1990 After coordmated varietal trnals on various research stations and farmers field
trials at different locations released as Koselr in 1990 for general cuitiva
tion
ICCV 82108
1976 Multiple crosses made between F, (JG 62*WR315) ¥ F, (P 1363*PRR1)
F, generation was screened in multiple disease nfested field that had
mncidence of fusarium wilt Rhuzoctonia bataticola Rhizoctomal solam and
Fusarium Solan:
Single plant selection was followed until F; and bulked as selection number
ICCX 761470 BP 1P BP BP
1985 Supplied as entry ICCL 82108 1n the International Chickpea Cooperative
Trnal Dest Short Duration (ICCT-DS) to NGLIP
1990 After on station and on farm adaptive research NGLIP had released 1t as
Kalika for general cultivation
Dhanush
1971 Selection from local germplasm
1980 Released after evaluation on different research stations and locations through
on station and on farm research
name of Kalika in 1990 for general Adoption of improved varieties
cultivation A research lag of 14 years Adoption of improved chickpea
was 1mnvolved to develop Kalika in varieties vanes widely (Tables 4-7)
Nepal Overall, about half of the sample farm
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Table 4 Adoption of chickpea varieties
by sample farmers In selected districts
of Nepal, 1992-95 (percentage of
chickpea area)

Region and variety 1992 1993 1994 1995

Western terai
Kalika
(ICCV 82108) 05 48
Kosel1 (ICCV 6) 17 13 10 20

Sita ICCV 1) 300 363 467 370
Dhanush 04
BG 256 03 30 30

Local 678 573 492 575

Central terax
Kalika
(ICCV 82108) 18 106 152 142
Kosel1 (ICCV 6) 15 06 14 18

Sita (ICCV 1) 84 65 18
Dhanush 36 161 251 323
Local 932 641 518 498

Eastern terai

Kalika

(ICCV 82108) 18 33 35
Sita ACCV 1) 28 76
Dhanush 45 62 22
Local 100 938 878 868

households 1n 38% of the total chick-
pea area are cultivating improved
varieties of chickpea About 50% of the
farmers grow local varieties on about
62% of the area

The spread of Sita in the western
terat reached 40% of farm households
on 47% of chickpea area 1n 1994, then
dropped to about 37% At an aggregate
level, the share of improved varieties
was 42% 1n 1995 from 32% 1n 1992

In the central terai, the high-yielding
local landrace (Dhanush) accounted for
32% of the total chickpea area m 1995,
followed by Kalika at 14% of the area
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for 17% of farm households in 1995
Both the high-yielding local variety
and Kalika seem to be slowly replacing
the traditional local varieties, but the
adoption path of Kosel: seems to be
constant and that of Sita declining At
the aggregate level, their share ap-
proached 50% in 1995 from less than
7% m 1992

In the eastern terai, the traditional
local variety still dominates the
chickpea area (87%), while Sita has
been adopted by only 10% of farm
households on 8% of the area Kalika
grew to 4% of the chickpea area for
16% of farm households The local
high-yielding variety Dhanush declined
to 2% of the area for 11% of farm
households 1 1995 from 6% of the
area for 26% of farm households in
1994

Adoption factors

Many factors constrained diffusion of
varieties 1n different regions, including
biotic and abiotic factors, socioeco-
nomic constraints, and nstitutional
bottlenecks

Table 5 Aggregate adoption of chick-
pea varieties on sample farms in
Nepal, 1992-95 (percentage of chick
pea area)

Varieties 1992

Kalika
(ICCV 82108) 07 50 45 33
Koseh (ICCV 6) 13 09 09 1

1993 1994 1995

Sita (ICCV 1) 180 246 264 243
Dhanush 07 32 75 65
BG 256 02 16 18
Local 79 4 66 592 625




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

1992

Varieties 1993 1994 1995

Western terax
Kalika
(ICCV 82108) 25 64
Kosel1 (ICCV 6) 50 85 71 74

Sita (ICCV 1) 300 319 405 333
Dhanush 19
BG 256 21 48 55
Local 625 511 476 519
Central terax
Kalika
(ICCV 82108) 57 104 138 172

Koselt ICCV 6) 29 21 17 31

Sita (ICCV 1) 104 34 16
Dhanush 114 208 345 354
Local 800 563 466 422
Eastern terax

Kalika

(ICCV 82108) 118 174 158
Sita (ICCV 1) 44 105
Dhanush 177 261 105
Local 1000 706 522 632

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

1992 1993 1994 1995

Varieties

Kalika
(ICCV 82108) 35 81 98 102
Koseli (ICCV 6) 35 45 33 43

Sita (ICCV 1) 14 179 163 153
Dhanush 47 116 211 19
BG 256 09 16 22
Local 744 563 48 489

Biotic and abiotic factors

In the western terai, farmers are
cultivating chickpea on a large scale on
45-80% of the total area Among

abiotic constramts are lack of moisture
at sowmg time and ranfall during
flowering, which causes increased
infestations of pod borers Wilt and pod
borer (Helicoverpa armigera) are
major biotic constramts in chickpea
production

Western terar The preferred vanety mn
the western teral 1s Sita Its popularnity
1s mainly due to 1ts stable yield in both
normal and bad years, yellowish seed
coat, responsiveness to fertillizer, and
higher grain yield when sown early
(NGLIP 1990) Moisture recedes
rapidly because the monsoon rains are
short 1n this region The area under this
variety was highest in 1994 and
declined marginally 1n 1995, mainly
due to wilt Another mmproved variety
spreading m this region, although not
so widely, 15 Kosel1 Farmers are
cultivating Koseli on smaller plots to
jJudge 1ts performance and determine if
1t fits therr farming systems Farmers
prefer Kosel: for 1ts creamy-white seed
color and large grain size that com-
mands a higher market price Although
released as a wilt-resistant variety in
this wilt-prone western region, Kalika
has a dark brown seed coat and lower
grain yield than Sita Majority of
sample farmers 1n this region expressed
a preference for a creamy-white seed
coat and bold grams

Central terar Farmers cultivate
chickpea on a smaller scale, 6-18% of
their land, 1n this region Pod borer
(Helicoverpa armigera), BGM, and
wilt are major problems (Singh et al
1990) A majonty of farmers sow
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chickpea after harvesting rice mn the
last week of November, so they
preferred short-duration varieties that
escape terminal drought Among the
improved varieties, local selection
Dhanush was sown on a consistent area
during 1992-95, mainly due to 1ts
tolerance to BGM (Singh et al 1989)
Other reasons for 1ts preference are the
brown seed coat medium-sized grain,
and good yield when sown late Among
the ICRISAT varieties, Kalika showed
consistent adoption until 1994, and
then a marginal decline 1n 1995 Kalika
1s preferred by farmers because 1t 1s
less susceptible to pod borer and BGM,
has a higher gramn yield, dark brown
seed coat, bold grain size, and good
performance when sown late

Eastern teran In this region, farmers
cultivated chickpea on an average 36%
of their land, which 1s larger than the
central terai region Pod borer and
BGM are the major biotic constraints,
while termunal drought and soil acidity
are important abiotic constramnts (Singh
et al 1990) The local variety still
dominates the total chickpea area,
while improved varieties account for
only 14% of total chickpea area
Among the improved varieties, the area
under Kalika 1s mcreasing The
preferred traits for Kalika are high
yield, tolerance to acidic so1l, dark
brown seed, medium-bold gran (larger
than Dhanush), and good performance
when sown late However, the share of
the high-yielding local variety Dhanush
18 declining mainly due to 1ts lower
grain yield and smaller grain Preferred
traits 1 the eastern region are disease

~n
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resistance (BGM), higher grain yield,
early maturity, medium-sized grain,
and brown seed coat

Institutional factors

One of the major stumbling blocks to
adoption of improved varieties 1s the
absence of an organized seed industry
m Nepal (Singh et al 1989) The
private sector 1s not involved 1n seed
production and distribution of 1m-
proved chickpea varieties The public
sector 1nstitution responsible for seed
distribution 1s the Agriculture Input
Corporation (AIC), but 1t 1s lirmted to
cereal crops (wheat, rice, and maize)
and vegetable crops Lack of proper
seed production technology for grow-
ers of legume crops, low output, and
lack of a proper demand forecasting
system make gram legumes a low
priority for AIC (Parajuli and Sitaula
1990) Research nstitutes are the only
source of quality chickpea seed, but
their capacity (Table 8) 1s far below the
estimated demand

Using the estimated adoption rates
in the study area, about 9 t of Koseli,
41 t of Kalika, 103 t of Sita, and 84 t of
Dhanush are required 1n a year at a 60
kg ha! sowing rate for just the study
area The only means of transfer of
improved varieties seems to be through
farmer-to-farmer transactions that do
not guarantee quality seed

Lack of information about vaneties
1s another problem for diffusion of
improved varieties Only two or three
farmers from a sample population
adopt 1mproved varteties immediately
after release A large adoption lag



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

Breeder Foundation
seed seed
Variety (kg) (kg)
Dhanush 90 2130
Kalika ICCV 82108) 25 1816
Sita ICCV 1) 2130
Koselt (ICCV 6) 2763

Source National Gram Legume Research Program
(NGLIP) Rampur Regional Agriculture Resarch
Statron Parwanipur Regional Agriculture Research
Station Khajura Nepalguny National O1lseed Research
Program Nawalpur

exists Adoption of improved varieties
picked up only after on-farm demon-
strations began m a surveyed village
Successful and raprd adoption demands
strong links between researchers,
exiension agents, and farmers to
accelerate the rate of diffusion through
such on-farm adaptive research

The overall area sown to chickpea 1s
declining, except in the western terai
region It 1s difficult to predict whether
the area sown to improved varieties
will increase because the entire system
for seed production and distribution 1s
so poorly established Farmers who
cultivate crops on small plots solely for
only household use rarely seek 1m-
proved production packages that are
not :immediately available Chickpea
area will also depend on agricultural
infrastructure (such as irrigation), and
the comparative advantage (for export)
and market price for chickpea and 1ts
competing crops

Conclusions
Multiple traits preferred

In the three regions of the terai, farmer
preferences differ, but farmers are
mclined to adopt varieties with muft-
ple preferred traits appropriate to both
the environment and their socioeco-
nomic circumstances

Research lag

Adoption of improved chickpea
varieties suffered a long research lag It
took 14 years to develop ICCV 1
(Sita), 14 years for ICCV 82108
(Kahka), and 16 years for ICCV 6
(Koseli) Research strategies to reduce
this time lag must be developed

Slow diffusion

The diffusion process seems to be
slower 1n the central and eastern
regions than in the western terar A
special extension project 1n the west,
the Secondary Crop Development
Project of the Department of Agricul-
ture, has a mandate to diffuse improved
technologies of various secondary
crops, including chickpea It has played
key role in making seed available
through extension agencies and has
also started a seed production program
for important crops, including chickpea
at the farmer level

Extension participation

On-farm adaptive tnials played a
significant role i diffusion of 1m-
proved varieties 1n the surveyed
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villages But on-farm adaptive trials by
a research program alone do not
guarantee the wider adoption of
improved technologies Lack of
mformation about new varieties also
constrams adoption, so there 1s a need
for active participatton by extension
agencies 1n order to replicate such
mnovations in other areas

Seed production

The seed sector, both public and
private, 1s a major player in the diffu-
sion of improved technologies Lack of
quality seed 1s the major constraint

In the western terai, one of the
reasons for successful diffusion of
Indian vaniety BG 256 was 1ts readily
availability at a nearby border market
The public seed sector, together with
extenston agencies, should enhance
seed production, particularly in major
growing areas
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Chickpea in the High Barind of Bangladesh

MR Karm', @ M S Islam?, and A K M H Haque'

Bangladesh 1s situated on the northern
fringe of the tropics and forms the
largest delta 1n the world It stretches
from the Himalaya m the north to the
Bay of Bengal 1n the south Agnicul-
ture drives the Bangladesh economy,
contributes 36% of gross domestic
product (GDP), and accounts for
68 5% of national employment At
present, agricultural land 1s about 8 1
mullion ha, of which 7 6 million ha are
cultivated (BBS 1994) The country 1s
divided mto three major physiographic
units — hills, terraces, and floodplamns
The terraces include the Madhupur
tract, the Barmnd tract, and the Akhaura
terrace

The Barind tract covers about 5 382
km?, about 6% of the country (Hunt
1984) It 1s further divided into three
subregions — the dissected Barind
tract, the level Barmd tract, and the
northeast terrain The dissected Barind
tract, also called the High Barind,
covers about 1 002 km? of undulating
topography and terraced rice fields

This area of northwest Bangadesh 1s
semi-arid (Hunt 1984), and farmers
there generally grow a single crop of
transplanted rice

Pulses are a major and cheap source
of protein n the daily diet in Bangla-
desh, and many different ones are
grown 1n the country Pulses are also
important to soil fertility because
symbiotic root rhizobia fix atmos-
pheric mitrogen, and the plants contrib-
ute significant amounts of organic
matter to the so1l Pulses also provide
valuable fodder and feed for livestock

Climate

The High Barind has lowest and most
unreliable ranfall pattern in Bangla-
desh During the period 1982-93, there
were wide variattons over both months
and years, with a mean annual rainfall
of about 1 258 mm with a standard
deviation of £196 mm and a coeffi-
cient of vanation of 15 6% Much of
the annual rainfall 1s recerved during

Kanm, MR, Islam, Q M S, and Haque, AKM H 1998 Chickpea in the high Barind of Bangladesh
Pages 126-135 in Assessing joint research impacts proceedings of an International Workshop on Jomt
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International Crops Research Institute for the Sem Arnd Tropics

1 Agricultural Economics Division Bangladesh Agricultural Research Institute Joydebpur Gazipur
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2 Pulses Research Centre Regional Agricultural Research Station Bangladesh Agricultural Research

Institute Ishurdi Pabna Bangladesh
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the monsoon season (Jun—Sep)

The probability of rain sharply
declines during the dry months of
Nov-Mar At the end of the rainy
season 1n October, the probabulity of 75
mm rainfall 1s 48% at Rajshahi, 56% at
Nawabgon;), and 53% at Naogaon —
the three districts chosen for this study
(Manalo 1975) Soil moisture depletion
begins 1 October and at the end of
December none 1s available for crop
growth This mformation helps select
an appropriate cropping schedule
because moisture requirements vary
among crops The average monthly
temperature 1n the High Barind ranges
from 9 to 44°C, while the average
humudity 1s 78%

Area and production

In Bangladesh, most pulses are tradi-
tionally grown duning the dry winter
months (postrainy, or rabt season)
under ramnfed conditions Some of the
pulses such as blackgram, mungbean,
and pigeonpea are also grown during
the summer or kharif season The area

under summer pulses 1s, however,
small Most of the pulse crops are
concentrated tn eight districts, and
occupy an area of about 0 7 milhon ha
(Table 1)

Khesart (Lathyrus sativus) tops the
list of pulse crops 1in Bangladesh in
both area and production It grows mn a
range of climatic conditions, 1s the
hardiest pulse crop, and 1s usually
raised with mmimum or zero tillage
(relay) and management Lentil 1s the
second most important pulse crop and
1s popular among consumers It 1s the
most palatable pulse and 1s one of the
main items m the daily diet However,
the crop cannot tolerate extreme cold
or heat Chickpea 1s the third important
pulse crop and 1s one of the best
legumes for human and animal con-
sumption Besides 1ts common use as
dhal, 1t 1s also widely used 1n the
preparation of snacks, sweets, and
spiced food items It 1s drought tolerant
but highly sensitive to excess moisture

Through continuous support and
collaboration from the International
Crops Research Institute for the Semi-

Table 1 Area, production, and yield of different pulses in Bangladesh (1990/91 to

1992/93)

Area Production Yield Percentage of total
Pulse ( 000 ha) 000ty (kghat) Area Production
Khesar 242 178 738 345 347
Lentil 206 158 764 294 307
Chickpea 85 63 744 121 123
Blackgram 67 51 762 96 100
Mungbean 55 32 576 79 62
Others 46 31 686 65 61
Total 701 513
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And Tropics (ICRISAT), the Pulses
Research Centre of the Bangladesh
Agricultural Research Institute (BARI)
has developed some chickpea varieties
that have higher yield potential and are
tolerant to msect pests and diseases
BARI has released six improved
chickpea varieties since 1987 (Table 2)

Table 2 Chickpea varieties developed
and released by the Bangladesh
Agricultural Research Institute

Year Year
research of

been increasing in the High Barind
(Table 3) The area under chickpea
more than doubled from 1984/85 to
1993/94, while production more than
tripled during the same period In
1995/96, both area and production of
chickpea further increased to almost
double of those 1n 1993/94 and 1994/
95 The average chickpea yield was
648 kg ha'! in 1984/85 and increased to
1009 kg ha! by 1993/94 It 1s, how-
ever, disappointing that the yield of
chickpea has been declining since then
The reason for this 1s not yet fully

Variety' Pedigree  began release
Nabin ICCL 81248 1981 1987 Table 3 Area, production, and yield of
Barichola2 ICCL 83228 1985 1993 chickpea n the High Barind, 198496
Barichola3 ICCL 83103 1985 1993
Barichola4 ICCL 85222 1987 1995 Change since
Barichola5 RBH 228(a) 1987 1995 fgg 4/8‘5
Banicholaé ICCL 83149 1987 1995 Year Parameter Total %)
1 ICRISAT was the source of germplasm for all varieties
except Barichola 5 which 15 a local cross 1984/85 Area (ha) 1213
Production (t) 786
Yield (kg ha') 648
Chickpea in the High Barind 1991/92 Area (ha) 1225 I
Production (t) 1062 35

Chickpea 15 a suitable postrainy-season
crop to be grown 1n the High Barind on
residual soil moisture after harvesting
transplanted rice In this driest part of
the country, most chickpea varieties
grown by farmers are local, low-
yielding, and susceptible to various
diseases and insect pests Growing
postrainy-season crops on Barind soils
under rainfed conditions after harvest-
ing long-duration rice 1s generally
difficult because there 1s msufficient
soil moisture

Despute this adverse situation, the
area and production of chickpea have
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Yield (kgha'!) 867 34

1992/93  Area (ha) 1325 9
Production (t) 1293 65
Yeeld (kgha!) 976 51
1993/94  Area (ha) 2 666 120
Production (t) 2 690 242
Yeeld (kgha') 1009 56
1994/95 Area (ha) 2907 140
Production (t) 2504 219

Yeeld (kgha') 861 33

Area (ha) 5452 349
Production (t) 4621 488
Yield (kg ha') 848 31

Source BBS 1993 1994

1995/96




understood Because data are not
available from 1984/85 to 1990/91, 1t
was not possible to estimate the growth
rate of area and production of chickpea
m the High Barind This paper, there-
fore, calculates production and yield
using 1984/85 as the base year
Considering the importance of
chickpea 1n this drought-prone environ-
ment, 1t 15 necessary to understand
present cultivation practices, profitabil-
1ty, and 1mpact on the rice-based
croppmg system The specific objec-
tives of this study were to
* assess the expansion of chickpea
area 1n the High Barind,
» evaluate farmer preferences for
different varietal traits of chickpea,
» 1dentify farmer attitudes toward
chickpea cultivation, and
 quantfy the impact of chickpea
cultivation on the rice-based crop-
ping system m the High Barind

Methodology

The study was conducted using a
formal survey, but some information
was also collected from secondary
sources For the survey, three districts
in the High Barind were chosen with
following thana (political subdivision
of a district) from each district
Godagar from Rajshahi, Nawabgon)
Sadar from Nawabgonj, and Sapahar
from Naogaon They were selected
because they had a higher concentra-
tion of chickpea cultivation and were
more accessible than other thanas
Twenty-five farmers who grew chick-
pea and 15 who did not were selected

from each thana, thus 120 farmers
were selected randomly from both
strata

Among the farmers who did not
grow chickpea, 71% cultivated wheat
and the remaining 29% cultivated
lent1], khesari, barley, and linseed The
chickpea farmers also cultivated such
other postramny-season crops as khesari,
linseed, and barley, however, the
present study compared the perform-
ance of chuckpea to that of wheat
because a majority of farmers who did
not grow chickpea grew wheat

The survey data were collected by
tramned enumerators under the direct
supervision of researchers using a
pretested interview schedule The
survey was conducted 1n Oct—Mar
1995/96, collecting information about
the 1994/95 postrainy season and the
subsequent rice crop

Results and discussion
Farm size and distribution

The average area owned per farm was
1.7 ha for chickpea growers and only

0 7 ha for those who did not grow
chickpea Chickpea growers cultivated
an average 2 6 ha while those who did
not grow the crop cultivated an average
1 8 ha (Table 4)

Cropped area and intensity

Farmers who grew chickpea averaged
2 3 ha of transplanted Aman rice, while
those who did not grow chickpea
averaged 1 6 ha (Table 5) Aus rice was
cultrvated on much smaller areas, but
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Table 4 Average farm size and distribution pattern of sampled farmers in three

areas of the High Barnind (ha)

Own Total
Grow cultivated Rented land Mortgaged land cultivated Homestead
chickpea land In Out In Out land area
Yes 17 11 02 26 01
No 07 11 004 001 18 01

Table 5 Average cropped area and
cropping intensity of farmers who do
and do not grow chickpea in the High
Barind

Table 6 Distribution of postrainy-
season crops on farms that grow
chickpea

Area of Area Percentage
Do not postrainy  under of
Chickpea grow season chickpea areain
Parameter growers  chickpea Location crops (ha) (ha) chickpea
Postrainy season Rajshah 09 05 55
crops (ha) 11 06 Nawabgon) 13 07 50
Aus rice (ha) 07 04 Naogaon 11 04 36
All 11 05 47
Aman rice (ha) 23 16
Total cropped area (ha) 40 27
Total cultivated area (ha) 26 18 Employment
Cropping mtensity (%) 154 148

the cropping mtensity was a bit higher
— 154% on the chickpea-growing
farms and 148% on the other farms On
average, chickpea occupied 47% of the
total area under all postrainy-season
crops on the chickpea-growing farms
Among the locations, chickpea growers
mn the Rajshahi district allocated the
highest proportion (55%) of their
cultivated land 1n the postrainy season

The labor required for chickpea was
less than that required for wheat —49
days ha ' for chickpea from land
preparation through storage, while
wheat cultivation required 61 days ha'
(Table 7) The higher labor requirement
for wheat was because harvesting,
threshing, and stormng are more labor
mtensive Chickpea cultivation required
19 parr days of ammal labor ha !, while
wheat required 27 parr days ha'! More
ammal labor was necessary for wheat
cultivation because the crop requires
better so1l tilth, and more time was

for chickpea cultivation (Table 6),
however, the total cultivated land per
farm was lowest in this district
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needed to haul the larger amount of
harvested biomass in bullock-drawn
carts (Table 8)



Table 7 Average use of inputs for chickpea, wheat, and the subsequent Aman rice

crop in the High Barind

Postrainy season crop Aman rice

Parameter’ Chickpea Wheat After chickpea After wheat
Human labor (days ha')

Owned 36 30 33 38

Hired 13 31 90 92

Total 49 61 123 130
Animal power (pairdays ha')

Owned 18 27 28 28

Hired 1

Total 19 27 28 28

Seed (kg ha') 49 148 98 93

Manure (kg ha!) 259 683 561 395
Fertihzers (kg ha )

Urea 16 185 90 183

TSP 30 131 75 121

Murate of potash 11 64 42 61

Single super phosphate 2

Gypsum 2 7 1

Zinc oxide 026

Boric acid 013

Insecticide (Tk ha ') 26 337 27

Irmgation (Tk ha') 21 310 19 7
1 1US$=42Tk.

Table 8 Average relative cost of
cultivation of chickpea and wheat in the
three sample areas of the High Barind
(Tk ha ")

Chickpea  Wheat
Human labor 2112 2 440
Animal power 1413 1 840
Seed 1053 1591
Manure 54 137
Fertilizers 1036 2 684
Insecticide 23
Irrigation 22 310
Interest on operating capital 36 157
Total variable cost
Cash cost basis 2317 5825
Full cost basis 5231 9159

Cultvation of Aman rice following
chickpea and wheat needed an equal
amount of aumal labor, an mdication
that these two postraimmny-season crops left
the so1l m more or less the same condi-
tion Transplanted Aman rice however,
required more human labor when grown
on harvested wheat plots, which may be
a result of greater weed infestation
following cultivation of wheat, which 1s
generally grown with urigation

Relative input use

The average seeding rate used by
farmers was 49 kg ha! for chickpea
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and 148 kg ha ! for wheat (Table 7)
Manure use differed not only on
chickpea and wheat, but was also
applied to rice at different rates follow-
ing these two crops Use of other
fertilizers also daffered (Table 7) Most
farmers m Naogaon and some m
Rajshahi applied msecticides to chick-
pea, but none used them on wheat Most
farmers nrrigated their wheat

Some aspects of crop management
and mput use on Aman rice following
chickpea and wheat were 1dentical, as
was use of amimal labor Chickpea
growers, however, used 42% more
manure 1n the subsequent Amar rice
crop than did the wheat growers
Chickpea growers also spent about 12
times as much on nsecticides as wheat
farmers and apphied some supplemen-
tary 1rrigation to their rice crop, while
the wheat farmers used very little
insecticide and urrigation on their rice
crop (Table 7) Such a pattern of input
use on the rice crop was actually due to
differences 1n the economic condition
of the two groups of farmers Table 4
shows that the chickpea-growing farms
had more cultivated land, and hence
were In better economic condition
This enabled them to use higher rates
of manure, nsecticides, and irrigation
on their mam crop of rice than did the
farmers who did not grow chickpea

But contrary to these observations,
chickpea growers used about 50% less
urea on rice sown in the harvested
chickpea plots compared to that used
by the other farmers who grew wheat
before rice Other fertilizers were also
used at lower rates following chickpea
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(Table 7), an mdication that the soil
fertility 1s probably improved after
chickpea cultivation (Gowda and Kaul
1982)

Costs and returns of postrainy-
season crops

The cost of wheat cultivation was about
75% higher than that of chickpea
(Table 8) On average, the total variable
cost of chickpea was Tk 5 231 ha! (full
cost) and Tk 2 317 ha! (cash cost) (At
the time of this study, 1US$ = about 42
Tk) On the other hand, the cost of
wheat cultivation was Tk 9 159 ha'!
(full cost) and Tk 5 825 ha ! (cash cost)
In chickpea, about 40% of the total
variable cost was for human labor and
27% for amimal labor, but for wheat,
the highest percentage (about 29%)
was for fertilizer (Table 8)

Average yields were 891 kg ha'! for
chickpea and 2 201 kg ha! for wheat
(Table 9) Despite the lower yield of
chickpea, its gross margin was higher
(28% on cash cost and 45% on full-cost
basis) than that of wheat because
production costs were lower and market
price higher The benefit-cost ratio was
also higher for chickpea The returns to
chickpea production were more than
double those of wheat (Table 9)

Cost and return of Aman rice

When full cost was considered, there
was no significant advantage in Aman
rice following chickpea (Tk 13 366
ha') and wheat (Tk 13 719 ha!) But
when only cash costs were considered,



Table 9 Average relative profitability of
chickpea and wheat in the three
sample areas of the High Barind

Parameter Chickpea  Wheat
Yield (kgha') 891 2201
Gross return (Tk ha!) 16 615 17 000
Variable cost (Tk ha')

Cash cost basis 2317 5825

Full cost basis 5231 9159
Gross margm (Tk ha ')

Cash cost basis 14 298 11175

Full cost basis 11 384 7841
Benefit cost ratio

Cash cost basis 717 292

Full cost basis 318 186

Cost of gran (Tk kg ') 587 416

Return of grain (Tk kg!) 18 65 772

the difference was remarkable The
cash cost of Aman rice following wheat
was 20% higher than that following
chickpea Most notably, the fertilizer
cost for rice following wheat was more
than double that of following chickpea
(Table 10)

The average yield of Aman rice was
4 673 kg ha'! after chickpea, which was
14% higher than that after wheat
Gross margin after chuickpea and
benefit-cost ratio were also higher
(Table 11)

Relative profitabiity of chickpea-
rice and wheai-rice cropping
systems

When benefit-cost ratios are consid-
ered, the wheat-rice pattern had a 20%
higher variable cost than the chickpea-
rice rotation (Table 12) The gross

margm of the chickpea-rice rotation

Table 10 Average costs In the three
sample areas of the High Barind for an
Aman rice crop following chickpea and
wheat (Tk ha')

After After

Parameter chickpea wheat
Human labor 8727 7955
Animal power 1659 1656
Power tiller 17
Seed 913 882
Manure 158 112
Fertilizers 1324 2515
Insecticide 337 277
Irmgation 25
Interest on operating

capital 212 254
Total varnable costs

Cash cost basis 8 491 10179

Full cost basis 13 366 1371

Table 11 Average profitability in three

sample areas of the High Barind for an
Aman rice crop following chickpea and
wheat

After After
Parameter chickpea  wheat
Yield (kg ha') 4673 4102
Gross return (Tk ha') 39 147 34975
Variable cost (Tk ha?)
Cash cost basis 8731 10179
Full cost basis 13812 13719
Gross margin (Tk ha ')
Cash cost basis 30 416 24796
Full cost basis 25335 21256
Benefit cost ratio
Cash cost basis 448 344
Full cost basis 283 255
Cost of gran (Tk kg') 296 334
Return of grain (Tk kg™) 838 852
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Table 12 Average relative profitabihty
of two cropping patterns in the three
sample areas of the High Barind

Parameter Chickpea-nice Wheat rice

Gross return

(Tkha') 55762 51975
Variable cost (Tk ha')

Cash cost basis 11048 16 004

Full cost basis 19 043 22 878
Gross Margin (Tk ha?)

Cash cost basis 44714 35971

Full cost basis 36719 29 097
Benefit cost ratio

Cash cost basis 505 325

Full cost basis 293 227

Table 13 Reasons cited by farmers for
preferring the improved chickpea
vartety Nabin for cultivation in the three
sample areas of the High Barind

Percentage of

Reason farmers responding
High yield 100
Late sowing possible 100
High market demand 99
Attractive s1ze 89
Attractive color 88
Good taste 67
Increase sotl fertility 60
Drought tolerant 45
Short duration crop 44

was about 26% higher than that of
wheat-rice Chickpea farmers of the
High Barind earned Tk 5 05 by
spending Tk 1 00 1n cash on the
chickpea-rice cropping pattern, while
farmers who did not grow chickpea
earned only Tk 3 25 by spending the
same amount of cash on the wheat-rice
rotation

Farmer preferences

The Pulses Research Centre of BARI
has developed some chickpea varieties
that have good yield potential and are
tolerant of msect pests and diseases
Only one of these vaneties, Nabin, has
been adopted by farmers of the High
Barind All chickpea farmers preferred
this variety for its higher yield, suitabil-
1ty for late sowing, high market
demand, and attractive size and color
Farmers also liked 1ts good taste,
ability to improve soil fertality short
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duration, and drought tolerance (Table
13) A large majority of farmers (80%)
n the survey area expressed a desire to
grow more chickpea during the next
year (Table 14)

Conclusion

Chickpea area increased more than
four times and production more than
six times during the 10-year period
1984/85 to 1995/96 The gross margin
for chickpea was higher than wheat,
the predominant postrainy-season crop
on farms that do not grow chickpea
Benefit-cost ratios for chickpea were
also higher than for wheat cultivation,
and the gross margin of a chickpea-rice
rotation was about 26% higher than for
wheat-rice Farmers preferred the
improved variety Nabin for its higher
yield, suitability for late sowing, high
market demand, and drought tolerance
Eighty percent of farmers who grew



Table 14 Attitudes of farmer in the
three sample areas toward chickpea
cultivation 1n the High Barind, 1994/95

Percentage
of farmers

Parameter responding
Area increase 1n the next year 80
Area decrease 1n the next year 1
Area unchanged in the next year 19
Causes of increase

Easy cultivation 59

Low production cost 80

High market demand 69

More profitable than other

postrainy-season crops 77

Increase soil fertility 30

No problem for next crop 10

Others' 9
Causes of no change

Limited land 11

Need other crops 1

Crsis of rental land 4

Lack of irnigation? 14

Others? 3

1 Crop rotation vanable moisture
2 Light umgation after top dressing with urea
3 Lack of draft power mput not supphed by owner

chickpea planned to grow more
chickpea the next year

In light of this study, the vaneties
developed by BARI should be trans-
ferred to farmers fields by collabora-
tive programs of the On-Farm Research
Division of BARI and the Directorate
of Agnicultural Extension There 1s
scope for mcreasing chickpea cultiva-

tion 1n the High Barind The research
to develop high-yielding varieties of
chickpea 1s of utmost importance It was
clear from the study that farmers preferred
these chickpea varieties — cropping
mtensity mncreased, farmer profits mn-
creased, and cultivation of chickpea
reduced the need for chemucal fertilizers
on the subsequent Aman rice crop

References

BBS (Bangladesh Bureau of Statistics)
1993 Statistical yearbook of Bangla-
desh, 1992 Dhaka Mmustry of
Planning, Statistics Division

BBS (Bangladesh Bureau of Statistics)
1994 Staustical yearbook of Bangla-
desh, 1993 Dhaka Minstry of
Planming, Statistics Division

Gowda, CL L and Kaulb A K (eds)
1982 Pulses in Bangladesh Agrnicul-
tural Research Institute, Joydebpur,
Dhaka, Bangladesh Bangladesh Food
and Agncultural Organization of the
United Nations 472 pp

Hunt, JM 1984 Area development of
the Barind tract Dhaka Bangladesh
Agricultural Research Council

Manalo, E B 1975 Agro-climatic
survey of Bangladesh vol 1 Los
Bafios, Philippines International Rice
Research Institute

135



Adoption Assessment of Short-Duration
Pigeonpea ICPL 87

M C S Bantilan' and D Parthasarathy?

The short-duration pigeonpea variety
ICPL 87, derived from ICRISAT
(International Crops Research Institute
for the Semu-Arid Tropics) breeding
materials was released m India in 1986
This paper reports on a study of
adoption of ICPL 87 1n central India
The aims of the study were to
+ determme the rate and extent of
adoptioty,
+ document farmer preferences and
constraints to adoption, and
« survey the impact of adoption on
efficiency, sustamability, and
poverty
Thus paper focuses on efficiency and
sustamability, and aims to determine
how the concerns of farmers about
sustamable farming influence adoption
of short-duratton pigeonpea (SDP)
Data were collected from a formal
on-farm survey and rapid rural apprais-
als conducted 1n a drought-prone area
of central India 1n 1995 The data

shows how farmers' concerns about
sustainability are addressed via appro-
priate management — 1n this case, crop
rotation with short-duration pigeonpea
— as a process of capturing long-term
gains

Study area

Farm-level surveys were conducted 1n

the pigeonpea-growing districts of

central India cutting across the bounda-

ries of two semi-arid tropics (SAT)

research domains defined by ICRISAT

— Production Systems 7 and 8 These

production systems represent

» the tropical, mtermediate rainfall,
rainy-season sorghum/cotton/
pigeonpea cropping system located
in India s eastern Deccan Plateau
(Production System 7) and

« the tropical, low ramnfall, primarily
rainfed, postrainy-season sorghum/
oilseed cropping system located in

Bantilan, M C S, and Parthasarathy, D 1998 Adoption assessment of short duration pigeonpea ICPL 87
Pages 136 152 in Assessing joint research unpacts proceedings of an International Workshop on Jomt
Impact Assessment of NARS/ICRISAT Technologies for the Semm And Tropics 2-4 Dec 1996 ICRISAT
Patancheru India (Bantilan M CS and Joshi PK eds) Patancheru 502 324 Andhra Pradesh India
International Crops Research Institute for the Semu Arid Tropics

ICRISAT Conference Paper No 1195

1 International Crops Research Institute for the Semi Arid Tropics Patancheru 502 324 Andhra Pradesh

India

2 Indian Institute of Technology Powar Mumbai 400 076 Maharashtra India
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the western Deccan Plateau (Pro-

duction System 8) (ICRISAT 1995)

The region 1s part of the Vertisol
zone of central India The soil type
ranges from medium-black soils in the
plaims and brown soils 1n hill slopes, w
coarse shallow soils in highlands The
area 1s classified as a scarcity zone — a
drought-prone area, mainly experienc-
mg low to medwum ramnfall During
Feb—May, the arca receives ramnfall less
than 50 mm monthly, while during
Jun-Sep, 1t receives 50-200 mm
monthly Zones that lie on the eastern
and northern borders of the area receive
more than 200 mm monthly During
Oct-Jan, the region receives only O-
100 mm monthly, with most of the
region recewving less than 50 mm

The area under pigeonpea in this
research domain was estimated at
472 300 ha 1n 1995, and covers 11
districts in Maharashtra, and the
adjacent districts of Bidar and
Gulbarga 1n northern Karnataka The
major rainy-season crops 1n these
districts include pigeonpea, cotton, and
hybrid sorghum, 1n addition to such
munor crops as pearl millet, sugarcane,
horticulture crops, groundnut, and
vegetables Postramy-season crops
mclude sorghum wheat and chickpea
The region covers much of the
postramy-season sorghum tract of the
SAT of India

The agroecological features of the
target area — rainfall pattern, so1l type,
and cropping system — determine the
miche 1n which short-duration varieties
are established ICPL 87 was expected
to be suitable 1 the drought-prone area

of western Maharashtra because 1t
matures early and 1s more likely to
escape terminal drought stress Me-
dium and shallow soils 1n this region
tend to have low water-retention

—capaetites; so-Jonger-duration varieties

would not be suitable

The survey covered a representative
selection of villages and blocks in eight
pigeonpea growing districts of western
Mabharashtra and northern Karnataka,
and mcluded 35 villages from which
277 farmers were randomly selected
The selection of the study site was
primanly based on background data
obtained from a reconnaissance survey
of the pigeonpea growing tracts in
Production Systems 7 and 8 Initial
field observations and mterviews with
regional research and extension staff
gave indications that the adoption of
ICPL 87 occurred 1n the regions around
western Maharashtra Data on sales of
pigeonpea seed by the public and
private sectors confirmed that adoption
was widespread 1n this region

Benefits from short-duration
pigeonpea research ultimately reach
beneficiaries only when the improved
varlety 1s adopted by farmers This
condition necessitates considering the
rate of technology adoption and factors

influencing or constraining 1t (Bantilan
and Johansen 1995)

Results and discussion
Initial extension target

ICPL 87 1s of early maturity (120-130)
days), determinate, short, and serm
spreading It was developed through
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pedigree selection from the cross ICPL
73032 (T 21 x JA 277) made 1n 1973
soon after ICRISAT was established In
1980, 1t was included in the All India
Coordinated Pulses Improvement
Project for 5 years The variety was
mutially targeted for release in northern
India for cultivation mn rotation with
wheat, but about 1983, 1t was tested for
possible release in pemnsular India

ICPL 87 was first mtroduced 1n the
Vidharbha and Marathwada regions mn
eastern Maharashtra during the nud
1980s, regions that constitute one of
the main pigeonpea growing areas in
India These areas were targeted by the
LEGOFTEN (Legumes On-Farm
Testing and Nursery) technology
transfer program — a part of the
Government of India’s technology
mission on pulses implemented 1n
collaboration with ICRISAT Early
adoption studies (Kelley et al 1990)
and subsequent reconnaissance surveys
revealed that farmers i eastern
Maharashtra did not find ICPL 87
suitable for thetr cropping system

The spread of information about
SDP to the western part of the state 1s
attributed to further efforts by local
research and extension networks
begmning about 1990 Institutional
factors played a key role in enabling
the adoption of ICPL 87 Scientists
from Mahatma Phule Agriculture
University, whose jurisdiction included
western Maharashtra, first recom-
mended the variety as suitable for the
multiple-cropping systems in the
irigated tracts of the region, particu-
larty 1n niches where sugarcane 1s
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grown on a large scale The extension
network of the Department of Agricul-
ture 1n western Maharashtra played a
key role m extending information on
ICPL 87 Extenston workers empha-
sized that
< growing ICPL 87 m sequence with
wheat and chickpea can improve
soil fertility in areas where
sugarcane 1s grown, and
o ICPL 87 can escape terminal
drought, often a major constraint for
longer-duration vaneties
In collaboration with LEGOFTEN,
they introduced ICPL 87 1 their on-
farm tnials and demonstrations, and
catalyzed production and multiplication
of breeder and foundation seed on a
large scale At about the same time, a
government extension program called
the National Pulses Development
Program (NPDP), was activated to
provide funds for subsidies, on-farm
(minikat) trials and demonstrations, and
extension support with a specific focus
on selected varteties, including ICPL
87 Extension was reported to be very
active 1 this region compared to other
regions of the state
Farmer orgamzations facilitated
group decisions about options based on
traditional practices and improved
technology packages as individual
farmers learned and 1mplemented
appropriate practices for sustainable
farming Cooperative orgamizations —
especially sugarcane cooperatives —
also played a catalytic role 1n the early
diffusion of ICPL 87 by producing
seed (in collaboration with the
Maharashtra State Seeds Corporation)



during the mnitial period They made
farmers aware of 1ts sustainability n
sugarcane-based cropping systems, and
its fertility-enhancing benefits to their
intensively cultivated fields

Adoption and diffusion

ICPL 87 was adopted on a large scale,
especially 1n the northern districts of
Dhule (98%), Ahmednagar (89%), and
Jalgaon (49%) (Fig 1) Farmers in
these three districts are classified as
early adopters — they sowed short-
duration pigeonpea soon after 1ts
mtroduction 1n the region 1in 1987
They cited its short-duration high
yield, abjlity to improve soil fertility,
and high market price as reasons for
adoption Farmers in some villages
indicated that pigeonpea 15 grown
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Figure 1 Adoption of ICPL 87 n
eight districts of western Maharashira
and northern Karnataka, 1990-94

Beed

Aurangabad

mainly to improve soil fertility Moreo-
ver, the relatively short growing period
of ICPL 87 fits exactly into farmers’
desired cropping patterns allowing
them to adopt the variety to sustamn and
improve the long-term productivity of
their soils

Secondary district-level statistics
indicate that the area under pigeonpea
i Ahmednagar has doubled from
11 387 ha 1n 1985 to 23 309 ha in
1992, and from 22 011 ha to 44 839 ha
durning the same period 1n Solapur
While the pigeonpea area has been
increasing across the whole of
Maharashtra, the western region
achieved the highest growth rate This
increase 1s mainly due to the adoption
of ICPL 87 (Figure 2) Farm-level data
also confirm that the area under
pigeonpea has grown by as much as
51% 1n many parts of western
Maharashtra especially in the northern
blocks Pigeonpea areas in the
neighboring districts of northern
Karnataka remained stable

300 100
Pigeonpea area (000ha)

2501 80
200+ °
» ICPL 87 / adoplion " 60%
g 150 = " a £
-
100 = - Q

/7 » ICPL 87 estimated area 20

50 X
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Year

Figure 2 Pigeonpea area, percentage
adoption, and estimated area of ICPL
87, western Maharashtra, 1987-1994
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A substantial nse 1n the adoption
level during the period 1988-94 was
measured — adoption rates (in terms of
percentage of total pigeonpea area)
increased 1n western Maharashtra from
3% 1n 1988 to 35% n 1990, and to
57% m 1994 In northern Karnataka,
the adoption rate rose from 0 to 16%
over the 7-year period In number of
farmers, the rate of adoption grew from
2 8% to 71% 1n western Maharashtra,
and from 0 to 25% 1n northern
Karnataka

Adoption levels varied across
districts and blocks (Figs 3 and 4) Out

% ICPL 87 n total
pigeonpea area

1 > 10%
=3 10 20%
20 40%

Bl 40 100%
® VLSsites

of 17 blocks covered by the survey, 6
have at least 90% of their pigeonpea
area covered with ICPL 87, while 3
blocks registered an adoption rate of
42-65% ICPL 87 has so dommated
the pigeonpea area m this region that
farmers 1 10 of the 35 study villages
reported that “there 1s practically no
other pigeonpea variety grown n their
village except ICPL 87" In these 10
villages that are mamly located in
Production System 8, the estimated
adoption level was 91-100%
Heterogeneity of soil type, rainfall
pattern, and 1rrigation account for

e

/\V\\/ 0

Solapur

R

Figure 3 Adoption of ICPL 87, Maharashtra and Karnataka, 1990
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Figure 4 Adoption of ICFL 87, Maharashira and Karnataka, 1994

vanations mn adoption Furthermore,
farmers i different environments
manage their farms according to the
occurrence of disease For example
wilt and phytopthora blight occur in the
villages located in the Production
System 7 sections of Jalgaon district
that are characterized by more assured
rainfall, and therefore have low
adoption levels Farmers in Bhusaval
block 1n this district find medium
duration cultivars more appropriate in
the deep black soils that have
waterloggmmg problems and where
phytopthora blight 1s endemic Low
adoption rates mn Aurangabad Beed,
and Solapur districts i the same belt
are influenced by serious wilt mnci-

dence Farmers in Akkalkot block of
Solapur sought wilt-resistant varieties
suitable for intercropping

The extent of diffusion 1s also
influenced by infrastructure such as
access to seed suppliers and mar-
kets The relatively high rates of
adoption 1n the northern districts
(Dhule Ahmednagar, and Jalgaon)
are due especially to easy access to
the urban markets of Bombay and
Pune and southern districts of
Gujarat, where there 1s high demand
for pigeonpea gramn and green pods
Extension via the National Pulses
Development Program also signifi-
cantly accounts for the variation 1n
adoption
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Sustainability

The benefits of growing pigeonpea in
rotation with other crops (mtrogen
fixation, improved availability of soil
phosphorus, and deep rooting), are
widely known (Table 1 and Hoshikawa

1991) Studies have shown that
pigeonpea root nodules fix atmosphenc

nitrogen at a rate that reduces the
inorganic nitrogen fertilizer required
for subsequent crops Experimental
results show substantial residual effects
from pigeonpea on succeeding crops

Table 1 Residual effects of growing pigeonpea

Residual benefit to

followmg crop

Duration Rotation Variety (equivalent kg ha' N) Yield/biomass/N gain
Medium Sole 40! 57% 1ncrease 1n grain yield
pigeonpea 32% increase In total biomass
maize compared to fallow maize
rotation
Pigeonpea ICP16 302
sorghum
Pigeonpea+ 43% increase 1n sugarcane
maize- yield compared to sole maize
sugarcane no increase 1n maize yield
improved so1l nitrogen status®
Sole Substantial nitrogen economy
pigeonpea in maize*
maize
Pigeonpea + Substantial nitrogen economy
gram legumes 1n maize*
maize
Short  Pigeonpea UPAS 120 Negligible®
wheat
Pigeonpea ICPL 151 408
wheat
Pigeonpea- ICPL 87 57
sorghum

1 Kumar Rao et al (1983)

2 Kumar Rao et al unpublished cited in Kumar Rao (1990)

3 Yadav (1981)

4 Rathnakumar 1983 cited in Ahlawat et al (1986)

5 Singh and Verma (1985)

6 Johansen C unpublished and ICRISAT (1989)
7 Kumar Rao et al unpublished cited 1n Kumar Rao (1990)
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(Kumar Rao 1990) Medmum-duration
and high-nodulating pigeonpea geno-
types provide more benefit to succeed-
g crops 1n a rotation than do short-
duration types Field experiments
further suggested that while biological
nitrogen fixation of short-duration
pigeonpea may probably be adequate
to meet the mitrogen (N) requirements
of the crop grown 1n Alfisols,
Inceptisols, and Entisols, 1t 18 not
adequate n Vertisols (Kumar Rao et al
1995)

The substantial residual effects of
another short-duration pigeonpea
cultivar, ICPL 151, suggest a rapid
breakdown and release of N from
decomposing short-duration pigeonpea
material (Johansen unpublished, quoted
m Kumar Rao et al 1995) The
increased beneficial effects of
pigeonpea to subsequent crops with
higher plant density 1s also noted
(Whiteman and Norton 1981) Since
short-duration pigeonpea 1s usually
grown as a sole crop, plant densities
are higher than medum- and long-
duration varieties

Ramakrishna et al (1994) summa-
rized on-station trial results showing
that pigeonpea provides an equivalent
of 30-70 kg ha! N Apart from trans-
ferring fixed N to the succeeding crop
pigeonpea cultivation also substantially
mcreases the total soil N 1n pigeonpea-
based cropping systems (Wam et al
1994) Pigeonpea can also be used as a
green manure crop (Hoshikawa 1991)
Factors other than N also contribute to
the beneficial effects of prgeonpea on
soul fertility (Arihara et al 1991),

including use of iron bound phospho-
rus (P) Pigeonpea converts soil P into
an available form and thus increases
the amount that 1s available to crops
(Aecetal 1991) After N, P 1s usually
the nutrient most deficient in the soils of
the semi-arid tropics (Hoshikawa 1991)

The deep-rooting ability of prgeon-
pea permits greater extraction of soil
water and nutrients deeper 1n the soil
Deep rooting also ncreases water
infiltration rate for subsequent crops,
helps recycle nutrients, and improves
so1l structure Pigeonpea also contrib-
utes to mncreased soil microbial activity
(Wani et al 1994) and breaks nsect
pest and disease cycles (Hoshikawa
1991) Short duration vaneties such as
ICPL 87 have these properties (Arthara
etal 1991), but have shallower roots
than medium-duration varieties
(Chauhan 1993)

An important observation that
emerged during the survey 1s that
farmers are aware of how ICPL 87
affects sustamnability The formal
survey and rapid rural appraisals
(RRA) strongly confirm that sustained
productivity of the land 1s an important
factor that influenced the decision to
adopt ICPL 87 and modify crop
rotations A majonty of the farmers
from 12 villages where RRAs were
conducted were aware of the
« causes of dechiming fertility,

» consequences of ntensive cultiva-
tion, and

 capacity of legume crops to mmprove
soil quality

In six of the villages, farmers were
aware of such soil degradation prob-
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lems as erosion, waterlogging, and soil
salmity
Based on farmers’ responses to the
survey, four considerations were
mnvolved 1n the choice of pigeonpea
and particularly ICPL 87
e a short-duration variety provides
scope for a second crop 1n the
postramny season,
« the profitability of ICPL 87 com-
pared to alternative crops,
« the mtrogen fixing ability of
pigeonpea, and
» the compatibility of SDP with the
desired cropping systems
ICPL 87 1s also frequently men-
tioned as a boundary crop used to
prevent soil erosion Responses to
questions about reasons for adopting

Table 2 Sample farmers’ assessment
of desirable traits of ICPL 87, 1994

Percen

Trait Frequency! tage Rank?
Short duration 133 93 100
More gran yield 128 90 096
Improves soil fertility 70 49 036
High market price 65 45 036
Better taste 19 13 009
Disease resistance 18 13 010
Less cooking time 15 11 006
Insect resistance 5 3 003
Color 4 3 001
Drought resistance 4 3 003
Good fodder quality 2 1 001
Larger grain 1 1 001
Others 26 18

1 Multiple responses were provided by a random sample
of 143 farmers

2 Relative importance of traits 1s werghted by ranks
provided by respondents
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ICPL 87 highlight the importance of
the sustamnabihity dimension to farmers
(Table 2) The four most frequently
cited characteristics were

« short-duration,

¢ more gran yield,

» 1mproved soul fertility, and

+ favorable price

These four factors were also ac-
corded highest ranks by the majority of
the farmers (relative ranks are given 1n
column 4 of Table 2) At least 90% of
the respondents cited short-duration
and graim yield as desirable traits
mnfluencing adoption Around 49% of
the respondents specifically mentioned
improved soil fertility as a reason for
adoption Importance 1s also given to
market price (45%)

The 1mportance of ensuring soil
fertility 1n intensive cropping systems
was evident from farmer responses to
mterview questions Farmers who
mtensively cultivated sugarcane,
cotton, sunflower and hybrid sorghum
percewved that soil nutrients were being
depleted They observed declining
yields despite using more mputs
Management practices to mamntam
productivity levels were reported
Farmers rotated short-duration
pigeonpea with crops such as
sugarcane, and i some villages,
farmers rotated pigeonpea 1n all of their
plots 1n turn each year, a practice
known locally as bher phalat

A case study undertaken in Manjoor
village of Ahmednagar district revealed
that farmers saved as much as Rs 191
ha! on farmyard manure and Rs 1149
ha! on fertilizers on average for the



Table 3 Relative costs incurred by
sample farmers for farmyard manure
and fertihzers for postrainy-season
crop In pigeonpea and non-pigeonpea
rotations, 1994

Costs for farmyard

manure (FYM) and
fertilizer for the
wheat crop (Rs ha!)!
Rotation FYM Ferulizer
Pigeonpea + wheat 1651 1829
Pigeonpea + wheat 1778 1588
Pear]l Millet + wheat 2032 2 667
Hybrid sorghum
+ wheat 1778 3048
1 US$1=Rs309

subsequent wheat crop by adopting
pigeonpea-based cropping sytems
rather than pearl muillet- or sorghum-
based cropping systems (Table 3)

The pattern of land ownership
among farmers may also explain their
degree of concern for the future
productivity of their land Almost all
farmers (97%) owned the land they
cultivated Half of those who did not
own their land were recorded as non-
adopters Seventy percent of the land
sown to ICPL 87 1s margmal or inferior
(Table 4) To the farmers of this land, 1t

Table 4 Land quality of pigeonpea
plots, western Maharashtra {percent-
age of area)

Pigeon
Land condition pea ICPL 87 Others
Good 33 31 40
Marginal 59 64 48
Infenior 8 5 12

1s an 1mportant resource and they have
a strong incentive to ensure longer-term
productivity Concerns about
sustainability are sigmificant where
previous farming practices were
perceived by farmers to have lowered
fertility and increased the cost of mputs
to maintam yield levels

The mtroduction of ICPL 87 along
with the increased availability of 1rmga-
tion enabled farmers to sow pigeonpea
on marginal soils Pigeonpea was a mmor
crop 1 this region until the release of
ICPL 87 Imtially adopters mostly
replaced other varieties of pigeonpea (
85%), and the balance replaced other
crops or began growing pigeonpea on
previously fallow land Once the mitial
adoption took place, however, farmers
increased the area under pigeonpea
mainly by replacing other crops such as
sorghum or mullet (21%) or by bringing
fallow land under cultivation (65%)
Analysis of data from 1990-94 showed
that growth of pigeonpea area 1s mainly
due to increased adoption The area
under medium-duration varieties has
erther remained the same or increased
slightly Thus the imtial shuft was from
medium-duration pigeonpea to short-
duration pigeonpea, but with increased
awareness about the role of short-
duration pigeonpea 1n long-term
sustamability, farmers shifted from other
crops (mainly short duraticn) to SDP

Sustainability — farmer percep-
tions vs research

Research indicates that compared to
medum and long-duration pigeonpea,
ICPL 87 fixes less mitrogen, especially
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on Vertisols It appears that farmers

percerve more benefits from growing

ICPL 87, or are overestimating its

residual value It 1s probable that

farmers may be benefiting to a much
greater extent from short-duration
pigeonpea desptte 1ts lower mitrogen
fixing ability

Studies indicate that both yields of
stalk and fallen leaves and the weight
of stems and leaves are lugher as plant

populations ncreased above 40 000

plants ha !, the commonly recom-

mended density for medrum-duration
cultivars (Rao et al 1981, Chauhan et
al 1984) As a sole crop, ICPL 87 1s
sown at higher densities Other factors
that can contribute to increased
sustamability despite the higher
cropping 1ntensity and input use by the
mtroduction of short-duration
pigeonpea include

« rotation of all crops, including those
mntensively cultivated in different
plots every year so that natural
resources are not used unevenly,

» adoption of other legumes, particu-
larly chickpea and groundnut, as
well as minor pulses that also
enhance soil fertility, and

» much higher use of farmyard
manure by adopters of ICPL 87
Scientists are concerned, however,

that adoption of ICPL 87 could lead to

higher pesticide applications The high
adoption rate 1n some areas could make

ICPL 87 vulnerable to pest attacks, and

thus more mtensive use of pesticides

may detract from attempts to maintaimn
soil fertility The evidence suggests that
the contribution of ICPL 87 to so1l-N
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reserves may be problematic It would
be useful to confirm this view by
measuring actual residual effects of
ICPL 87 1 the study region

Economic benefits

While the choice of ICPL 87 has been
motivated by a need to sustain produc-
tivity over the long term and the ability
of the cultivar to fit desired cropping
systems, profitability from higher
market prices and higher yields played
a significant role 1n adoption

Integration of ICPL 87 into double
cropping systems was possible because
its early maturity enabled farmers to
grow postrainy-season crops such as
sorghum chickpea, and wheat, which
are staple foods 1n this region Of the
adopters, 46% sowed a postrainy-
season crop 1n the pigeonpea plots,
compared to only 9% for the non-
adopters Farmers assigned a top rank
to the early maturity of the variety, a
clear indication of 1ts suitability to fit
mto the cropping system

When compared to the previous best
available variety, the medium-duration
BDN 2, net farm mncome was 30%
higher for ICPL 87 (Figure 5), gram
yield advantage was 93%, and unit cost
reduction was about 12% Despite
mcreased costs for wrrigation and
fertilizer/farmyard manure, ICPL 87
has increased profits at the farm
household level Increased net income
has been crucial for adoption of short-
duration pigeonpea

Farmers seem to have bestowed
more care on the intensive cultivation
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Figure 5 Comparative impact of ICPL 87 1n Maharashtra

of ICPL 87 as a sole crop with the
emergence of pigeonpea as a cash crop,
especially on small farms Labor use
actually mcreased with adoption In
general, men specialize 1n land prepa-
ration and mterculture, while female
labor 1s more specialized 1n weeding,
threshing, and harvesting operations
When compared to BDN 2, more male
labor was used for almost all opera-
tions The female labor requirement
was relatively higher for all operations
except pesticide spraying and thresh-
ing Adopters also incurred compara-
tively high costs for irnigation, ferti-
hizer, and farmyard manure Thus the
higher net benefits to farmers are due

» farmers want to maintan crop
diversity to avert risk and to avoid
mtensively cultivating the same crop
continuously, and

 crop diversification with shightly
different maturities enables farmers
to avoid labor shortages during peak
harvesting periods By maturmg a
few weeks after other short-duration
crops, ICPL 87 escapes the period of
peak labor demand when labor 1s
both scarce and expensive
The major change m the cropping

system 1n the region over the last 10

years has been the decline 1n area of

crops that have become less profitable
and which farmers perceive to deplete

to ICRISAT s breeding efforts andto  soil fertility Such crops mclude

adaptive research on resource manage-
ment by ICRISAT and NARS
Dunng RRAs, farmers in most
villages expressed a preference for
crops that have a duration of less than 4
months for several reasons
» 1creasing fragmentation of land
holdings makes farmers want to
icrease productivity and produce
more Crops,

sugarcane, cotton sunflower and
hybnid sorghum Crops that have
increased due to their perceived
profitability, duration, and/or beneficial
effects to the soil, include pigeonpea,
soybean, wheat, and to some extent,
chickpea The growing importance of
postrammy-season crops (including
wheat, chickpea, and vegetables) both
for sale and consumption 1s a major
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reason why farmers prefer short-
duration crops

Farmers had few options other than
ICPL 87 pigeonpea to use as a rotation
crop that fits the short window between
seasons They used to grow other short-
duration crops such as hybrid sorghum
and pearl millet n the rainy season, but
low market prices make them less
profitable Farmers who continue to
cultivate these crops do so for home
consumption As the price of pigeonpea
has increased 1n recent years, profit-
ability became a key factor 1n replacing
sorghum or mullet with pigeonpea
ICPL 87 The mmportance of price both
for adoption of ICPL. 87 and the
increase 1n pigeonpea area 1s reflected
in the price range of pigeonpea (Rs 9-
13 kg ! during 1995) compared to
mullet and sorghum (Rs 3-5kg")
Table 5 shows the higher net benefits
obtamed by pigeonpea-based crop
rotations compared to pearl mullet- and
sorghum-based rotattons

Analysis of the cropping pattern by
the landholding class (Figure 6) shows

Table 5 Net benefits from different crop
rotations in western Maharashtra,
1994

Crops Benefits (Rs ha ')!
Pigeonpea + wheat 7010
Pigeonpea + wheat 6312
Pigeonpea + onion 26 162
Pigeonpea +

postrainy season sorghum 4267
Soybean + wheat 9728

Pearl mullet + wheat 686
Hybrid sorghum + wheat 2540

1 US$1=Rs309
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that pigeonpea has the largest share 1n
the gross cropped area among small
and medium farms Small scale
farmers, who constituted 22% of the
sample and who owned less than 2 ha,
adopted ICPL. 87 on a large scale
(70%) This group traditionally grows
more subsistence crops such as sor-
ghum, pearl millet, wheat, and chick-
pea With the availability of ICPL 87,
these farmers gamned substantially —
pigeonpea 1s their major cash crop
because they recerve greater benefits
from using comparatively fewer mputs
on marginal lands Pigeonpea has the
largest share of their gross cropped
area The higher net mncome that they
obtain from pigeonpea 1s of greater
significance to these small-scale
farmers, especially compared to other
crops such as sorghum or millet These
farmers generally grow pigeonpea on
marginal soils where few other crops
can grow Many of them do not have
access to rrigation Any significant
positive impact of pigeonpea research
therefore 1s likely to benefit the small-
scale farmers more Large scale
farmers who are looking beyond short-
term profitability also perceive that
ICPL 87 helps maintain long-term
productivity of their soils

Conclusion

This study established an important
connection between farmer concerns
for sustainability and adoption of
improved technologies Results from a
formal on-farm survey and rapid rural
apprasals conducted m a drought-prone



i
Chickpea
Groundnut
Wheat
Sorghum Pigeonpea
Wheat
Pearl millet {. >~
Chlckpea‘“' g g
\ Others
Cotton

Pearl millet g;
3 5 :"3%{?

Sorghum

Pigeonpea

Others

Vegetables

Small Farmers (=<2Ha)

Groundnut

Medium Farmers (2-5Ha)

Pigeonpea

Sugarcane |

Pearl millet

Horticulture

Large Farmers (>5Ha)

Figure 6 Cropping patterns of small-, medium-, and large-scale farmers,
Maharashtra, 1994

area i central India, confirmed that

farmers are well aware that intensive

cultivation of cash crops such as
sugarcane or cotton on irrigated
tracts can reduce yields despite
mcreasing use of mputs,
appropriate crop/varietal adoption
and management practices are
consciously followed to mantain
long-term productivity for existing
and desired cropping systems, and
farmers strive to increase or mamn-
tam soil fertthty by mcluding

nitrogen-fixing legumes 1n crop

rotations, in this case short-duration

pigeonpea

Widespread adoption of short-
duration pigeonpea brought profitable
farming 1n the short term — via
cultivation of a second crop in the
postrainy season — and farmers expect
sustained productivity mn the long run
via crop rotation to maintain soil
fertility

Feedback from farmers obtamed
from on-farm surveys revealed a strong
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relationship between technology
adoption and their concerns about
sustamable farming Within the context
of maintaining a desired cropping
system, farmers aim to make short-term
profits and ensure long-term productiv-
ity The survey confirmed that farmers
are forward-looking -— they plan for
the longer-term productivity of their
land and have consciously adopted
ICPL 87 to achieve that goal

Adoption of ICPL 87 cultivar was
essentially the introduction of a new
crop 1nto reglons with a traditionally
small pigeonpea area Pigeonpea area
increased by as much as 51% among
the sample farmers between 1990—
94 Secondary data indicate that the
growth rate of pigeonpea area 1n
western Maharashtra 1s higher than
1n other pigeonpea growing districts
of Maharashtra Farmers considered
ICPL 87 to be a profitable option to
improve soil fertility by rotating 1t
with a major cash crop in different
plots each year

Changes 1n the cropping system 1n
the study area were a result of the
mtroduction of short-duration
pigeonpea Integration of ICPL 87
into the consequent double cropping
1s the most important change 1n the
cropping system 1n the last 10 years
ICPL 87 found 1ts way to fallow
lands and i rotation with other
crops, and has established a niche in
central India’s western and eastern
Deccan plateau

150

References

Ae, N, Arihara, J , and Okada, K
1991 Phosphorous uptake mechamsm
of pigeonpea grown 1n Alfisols and
Vertisols Pages 91-98 in Phosphorous
nutntion of grain legumes in the semi-
arid tropics (Johansen, C, Lee, KK,
and Sahrawat, K L , eds ) Patancheru
502 324, Andhra Pradesh, India
International Crops Research Institute
for the Semui-Arid Tropics

Ahlawat , I PS, Al M, and Singh,
A 1986 Research needs and directions
on pigeonpea based cropping systems
Pages 183-209 in Proceedings of the
National Symposium on Cropping
Systems, 3-5 Apr 1985, Karnal,
Haryana (Pal, M, ed ) New Delhu,
India Central Soil Salinity Research
Institute, Indian Society of Agronomy

Arthara, J, Ae, N, and Okada, K
1991 Root development of pigeonpea
and chickpea and 1its significance n
different cropping systems Pages 183—
194 in Phosphorous nutntion of grain
legumes 1n the semi-ard tropics
(Johansen, C, Lee, KK , and
Sahrawat, K L, eds ) Patancheru 502
324, Andhra Pradesh, India Interna-
tional Crops Research Institute for the
Semi-Arnid Tropics

Bantilan, M C S, and C Johansen
1995 Research evaluation and impact
assessment of biological mtrogen
fixation Journal of Plant and Soil

174(1/2) 279-286



Chauhan, Y S, Venkataratnam, N,
and Sheldrake, A R 1984 The high
yield potential of extra-early
prgeonpeas 1n penmsular India
International Pigeonpea Newsletter 3
28-31

Chauhan, YS 1993 Pigeonpea Pages
79-91 1n Rooting patterns of tropical
crops (Salam, A M, and Wahud, PA |
eds } New Delhi, India Tata McGraw-
Hill Publishing Co

Hoshikawa, K 1991 Significance of
legume crops 1n improving the produc-
tivity and sility of the cropping system
Pages 173-182 in Phosphorous
nutrition of grain legumes in the semi-
arid tropics (Johansen, C, Lee, KK,
and Sahrawat, K L, eds ) Patancheru
502 324 Andhra Pradesh, India
International Crops Research Institute
for the Semi-Arnd Tropics

ICRISAT (International Crops Re-
search Institute for the Semi-And
Tropics) 1989 Pigeonpea Pages 100-
110 :n Annual report 1988 Patancheru
502 324, Andhra Pradesh, India
ICRISAT

ICRISAT (International Crops Re
search Institute for the Semi-Arid
Tropics) 1995 Restructuring
ICRISAT Page 19 s Annual report
1994 Patancheru 502 324, Andhra
Pradesh, India ICRISAT

Kelley, T G , Mohan Rao, Y ,
Chopde, VK, Ladole, VB, Singh, L.,
Johansen, C and Walker, TS 1990
Early acceptance of short duration
pigeonpea in selected benchmark
villages in peminsular India ICRISAT,

Resource Management Program,
Economics Group Progress Report no
99 Patancheru 502 324, Andhra
Pradesh, India International Crops
Research Institute for the Semi-Arid
Tropics (Limited distribution )

Kumar Rao, ] VDK 1990
Pigeonpea nitrogen fixation Pages
233-256 in The pigeonpea (Nene, YL ,
Hall, S D, and Sheila, VK , eds )
Wallingford, Oxon, UK CAB Interna-
tional

Kumar Rao, J VD K, Dart, PJ, and
Sastry, PVS S 1983 Residual effect
of pigeonpeas (Cajanus cazan) on yield
and nitrogen response of maize
Expenmental Agriculture 19 131-141

Kumar Rao, J VD K, Johansen, C,
and Usha Kiran, M 1995 Nitrogen
requirements at different growth stages
of short-duration pigeonpea (Cajanus
cajan L Millsp) Journal of Agronomy
and Crop Science 175 15-28

Ramakrishna, A , Gowda, CL L,
and Bhattarai, S 1994 Dechimng
yields 1n cereal cropping systems can
the introduction of legumes help arrest
the decline? Pages 91-99 in Linking
biological mitrogen fixation research in
Asia report of a meetmg of the Asia
Working Group on Biological Nitrogen
Fixation in Legumes (Rupela, O P,
Kumar Rao J VDK Wam, S P, and
Johansen C eds) Patancheru 502
324, Andhra Pradesh India Interna-
tional Crops Research Institute for the
Semi-Arid Tropics

Rao, I M , Venkataratnam, N, and
Sheldrake, A R 1981 Response to

151



row-to-row and plant-to-plant spacing
1n pigeonpea Pages 249-256 n
Proceedings of the International Work-
shop on Pigeonpeas, 15-19 Dec 1980,
ICRISAT Center India Patancheru 502
324, Andhra Pradesh, India vol 2
Patancheru 502 324, Andhra Pradesh,
India International Crops Research
Institute for the Semi-Arnd Tropics

Smngh, S B, and Verma, BS 1985
Effect of kharif legume crops on
nitrogen economy n succeeding crop
of wheat Indian Journal of Agronomy
30 397-400

Wani, S P, Rego, T G, and Kumar
Rao, J VDK 1994 Contribution of
legumes 1n cropping systems a long
term perspective Pages 84-90 in
Linking biological nitrogen fixation
research 1n Asia report of a meeting
of the Asia Working Group on Biologi-

152

cal Nitrogen Fixation in Legumes
(Rupela, O P, Kumar Rao, J VDK,
Wani, S P, and Johansen, C , eds )
Patancheru 502 324, Andhra Pradesh,
India International Crops Research
Institute for the Semi-And Tropics

Whiteman, PC , and Norton, B W
1981 Alternative uses of pigeonpea
Pages 365-382 1n Proceedings of the
International Workshop on
Pigeonpeas,15-19 Dec 1980, ICRISAT
Center, India Patancheru 502 324,
Andhra Pradesh, India vol 1
Patancheru 502 324, Andhra Pradesh,
India International Crops Research
Institute for the Semi-Arid Tropics

Yadav, RL 1981 Intercropping
pigeonpea to conserve fertilizer
nitrogen 1n maize and produce residual
effects on sugarcane Experimental
Agnculture 17 311-315




Joint Impact of
Resource Management Research: Case Studies




Measuring Returns to Investment in
Groundnut Production Technology

P K Joshi and M C S Bantilan'

Earlier studies on measuring returns to
agricultural research and technology
transfer for a wide range of commodi-
ties and countries have shown high
social payoffs, suggesting that more
mvestments would be beneficial (Akino
and Hayarmi 1975, Lindner and Jarrett
1978, Ruttan 1982) Most of the studies
were confined to quantification of
research benefits at the aggregate level,
with a focus on improved varieties
There 1s scant assessment of returns to
research investments related to crop
and resource management, including
crop husbandry, soil-water-nutrient
management, and plant protection,
even though these areas receive a
significant proportion of the research
resources At ICRISAT, for example,
about 30% of research expenditures
were associated with the Resource
Management Program mn 1991 and
1992 (ICRISAT 1993) Traxler and
Byerlee (1992) reported that crop
management research accounted for

about one-half of all investment 1n crop
research They attempted to evaluate
returns to investments 1n research on
crop and resource management, and
reported positive returns (16-23%
internal rates of return)

Investment in resource management
continues to grow, with expectations to
increase agricultural production,
alleviate physical constramnts, use
mputs more efficiently, and improve
the sustainability of natural resources
To justify future financial support for
crop and resource management re-
search, 1t 1s imperative to contmuously
monitor and evaluate impact This
study attempts to estimate research
costs and quantify benefits from
investments 1n crop and resource
management research and technology
transfer

The study evaluated groundnut
production technology (GPT) — a joint
research product of the International
Crops Research Institute for the Semi-

Joshn, PK , and Bantilan, M.C S 1998 Measuring returns to mvestment 1n groundnut production
technology Pages 155 163 in Assessing jomnt research impacts proceedings of an International Workshop
on Joint Impact Assessment of NARS/ICRISAT Technologies for the Sem1 And Tropics 2-4 Dec 1996
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India International Crops Research Institute for the Semi1 And Tropics
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India
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Arnid Tropics (ICRISAT) and the Indian
national agricultural research system
(NARS) on genetic enhancement, crop
and resource management, and tech-
nology transfer

History of the technology

The technology was mtended to enhance
the production of groundnut, an 1mpor-
tant oilseed crop n India that contributes
more than 55% to overall national oilseed
production In 1986, the Government of
India introduced a massive program, the
Onlseed Technology Mission, by allocat-
ing more resources to research and
technology transfer activities, and
offering attractive prices to oilseed
producers Among other measures,

ICRISAT was an active partner with the
Ministry of Agriculture and NARS m
identifying approprate technology
options to increase groundnut production,
demonstrating them during 1987-91 The
program was successful — the area
under groundnut expanded from 6 8
mullion ha m 1987/88 to 8 7 mullion ha n
1991/92, and production increased from
59 mullion t in 1987/88 to 7 1 muilion t in
1991/92 Production of other oilseeds
also substantially icreased during the
late 1980s

After reviewing the available
research information and 1dentifying
constraints to groundnut production n
major producing regions 1n India, a
technology package was developed at
ICRISAT - Patancheru (Table 1)

Table 1 Important components of groundnut production technology package and

local practices

Component Improved package Local practice
Land (seedbed) management Raised bed and furrow Flat
Nutrient management (ha ")
Farmyard manure 5-12t 10t
Ammonium sulphate 100 kg DAP 100 kg
Single super phosphate 300-400 kg MOP 100 kg
Zinc sulphate 10-20 kg every 3 years 20 kg
Ferrous sulphate 2-3gkg!
Gypsum 400 kg 200 kg
Seed
Variety ICRISAT varieties Local varieties
Seeding rate 125-150 kg ha! 120-125 kg ha'
Seed treatment Thiram Bavistin® or Thiram
Dithane M45®
Pest management Bavistin® dimethoate Need based
monocrotophos
Water management Furrow or sprinkler Flood
Seed drying 60-70% pod maturity With maturity
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Since a specific technological
package performs better in one type of
environment and poorly 1n another,
after characterizing soil, climate,
nutrients, water, msect pests, and
diseases, a umque set of technologies
was suggested for each location
Several on-farm trials and demonstra-
tions were conducted n eight states —
Andhra Pradesh, Gujarat, Karnataka,
Madhya Pradesh, Maharashtra, Orissa,
Tamuil Nadu, and Uttar Pradesh

Sampling and data source

A key 1ssue m assessing technology
adoption packages was the defimtion of
adopters, primarnly because several
components of the package were already
known and adopted even before the
package was mtroduced Another 1ssue
was that farmers were free to choose and
adopt any subset of the technology
package In this particular case, raised-
beds and furrows was 1dentified as a key
component of the technology

After consulting relevant officials in
each state, 1t was noted that the raised-
beds and furrows component of the
GPT was elimmated from the recom-
mendations by all the state departments
of agriculture except Maharashtra
Because raised-beds and furrows was a
key component of the evaluation,
Maharashtra was selected for the study

Maharashtra 1s located 1n western
and central India with about 800 000 ha
allocated to groundnut The state has
enormous potential to increase ground-
nut yield of 736 kg ha !, which 1s
currently well below the national
average

Using a multistage sampling
procedure, 355 farm households were
selected Farmers were personally
mterviewed 1 1994/95, and data was
collected on
 adoption during the first year of

different components of GPT,

+ extent of adoption of different
components of GPT 1 the first year,

» extent of adoption during 1991-94,

» modification of technology compo-
nents, if any,

+ labor and mput costs of production,
and

» yield and prices of main product and
by-product

Information was also compiled from
the Tramning and Visit section of the
Department of Agriculture, the office
of the agricultural development officer,
and several traders dealing with
components of GPT

Analysis

The main objective of investing 1n

research and technology transfer 1s to

generate an economic surplus Re-

quired information includes

« adoption rate and spread of the
technology,

« research and technology transfer
costs and

» benefits accrued from the research
and technology transfer program

Estimating adoption of GPT

The crop and resource management
technologies were recommended as a
package that included several compo-
nents, for example, management of
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soil, nutrients and water, improved
agronomic practices, and use of high-
yielding vanieties, among others The
package could usually be disaggregated
mto subsets and adopted independ-
ently Under such circumstances,
several distiet technological options
were available to farmers — they were
free to adopt either a complete package
or a subset of a package Farmers could
partially adopt subsets of packages or
adopt a modified form of the recom-
mendations

All components were mcluded to
assess their adoption pattern Each
sample farmer was asked whether he
practiced the raised-bed and furrow
method and other components of the
GPT If he had, then the farmer was
asked to recall the year when he first
adopted different components, including
how much area was allocated to each
component, and how much of each
component was applhied The same
questions were repeated for 1992, 1993
and 1994 Using this information, the
adoption path for each component of the
GPT was developed and a series of

equations were used to estimate re-
search costs and benefits from adopting
research recommendations

Results
Adoption of GPT

Adoption of different components of
GPT varied among households (Table
2) About 31% of the postrainy-season
groundnut 1n the study area was
cultivated with the raised-bed and
furrow method Adoption of improved
varieties (about 84%) and single super
phosphate (about 70%) were quite
high It was interesting to note that the
sample farmers who cultivated ground-
nut using raised-beds and furrows
adopted ICRISAT varieties for about
65% of their groundnut area Those
who did not use raised-beds and
furrows sowed ICRISAT varieties on
less than 10% of their groundnut area
Gypsum and seed treatment were
becoming popular and their adoption
reached shightly above 40% Use of
ferrous sulphate and sprinkler irrigation
were at a very early stage of adoption

Table 2 Adoption of different technology components in selected districts of
Maharashtra (percentage of total groundnut area)

Component 1989 1990 1991 1992 1993 1994 Ceiling (%)
Raised bed and furrow 4 10 14 26 27 31 40
Improved varieties 6 24 23 80 82 84 90
Smgle super phosphate 10 22 34 62 65 69 75
Zinc sulphate 4 5 6 8 12 14 20
Ferrous sulphate 2 2 3 3 5 6 10
Gypsum 4 10 17 35 42 42 45
Seed treatment 6 15 19 37 41 46 60
Drying 2 2 2 4 8 9 10
Sprinkler 1rrigation 0 02 02 3 3 4 15
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The adoption of different components
was largely associated with raised-beds
and furrows All those who adopted the
raised-bed and furrow method for
groundnut cultivation also adopted
other components of the GPT Im-
proved varieties, single super phos-
phate, seed treatment, and drying were
independently released and adopted by
groundnut producers prior to the
packaging and disseminating GPT, but
the rate of adoption of these compo-
nents was faster when ntegrated as a
package with raised-beds and furrows

Research and technology transfer
costs

Research to design the raised-bed and
furrow system began 1n 1974 at
ICRISAT and continued until 1986
NARS were also mvolved 1n technol-
ogy packaging and conducting on-
station and on-farm trials Since actual
research and technology transfer costs
were not recorded and easily available,
they were estimated at three levels —
ICRISAT, NARS, and the technology
transfer system (the State Department
of Agriculture)

The research and technology transfer
activities related to GPT at ICRISAT
were focused mn four programs —
Groundnut Improvement Farming
Systems, Resource Management, and
LEGOFTEN While the first three
programs were largely credited with
developing the technology, the last dealt
with packaging crop and resource
management practices, on-farm testing,
and large-scale demonstrations on
farmers fields

Salaries of research teams, opera-
tional expenses, and overhead costs
were estimated after consulting
scientists and examiung historical
evidence (Table 3) After weighting the
salary of each member of the research
team by time devoted to specific
research activities, the annual salary
component was estimated at $34 900
(all figures are U S dollars) Based on
experience operational expenses to
conduct research were assumed to be
35% of the salary component, or
$12 215 The overhead cost was
assumed to be half of the total cost, or
$47 115 Aggregating these three
components, the total annual cost of
developing the technology at ICRISAT
was $94 230 Ths figure was allocated
to groundnut, pigeonpea, and chickpea
based on the crop area, thus the annual
cost for research on GPT was $45 600
The annual cost for NARS participa-
tion 1n packaging the technology was
estimated at 10% of the ICRISAT cost

Table 3 Annual research and technol
ogy transfer costs for groundnut
production technology

Component Year Cost (US$)
Research
Salary 1974-1986 34 900
Operations 1974-1986 12 215
Overhead 19741986 47 115
NARS 1974-1991 9 500
Technology transfer
Packaging/on farm

trials 1987 24 000
On farm tnals 1988-1990 20 000
On farm trials 1991 10 000
State expenses 1992-2000 7 500
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The technology packaging and 1its
transfer started in 1987 through
LEGOFTEN The 1mutial budget for this
program was met (1987 and 1988)
through ICRISAT core funds, and later
(1989-91) through a grant from the
International Fund for Agricultural
Development (IFAD) The program
was responsible for groundnut,
pigeonpea, and chickpea In the first
year when different components of
technology were integrated, the cost of
GPT ($24 000) was computed on the
basis of proportionate area under
groundnut In subsequent years, the
total budget allocated to LEGOFTEN
was distributed according to the
number of on-farm trials conducted on
groundnut The budget of the State
Department of Agricuiture for exten-
sion activities for GPT during 1987-91
was also met through the LEGOFTEN
program

The expenses incurred 1n technology
transfer through the State Department
of Agriculture after the LEGOFTEN
period were calculated using the share
of groundnut in total cropped area in
the state On the basis of the salary,
operations, and overhead, the annual
technology transfer cost during the
post-LEGOFTEN period was calcu-
lated at $7 500

Research and technology transfer
benefits

The shift in supply function as a result
of GPT was assumed to be the saving
m unit cost of groundnut production
The cost reduction was about 37% 1f
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the full package (improved varieties
and management practices) was
adopted, and 22% 1f only management
practices (traditional varieties and
improved management practices) were
followed (Table 4) There was about a
100% yield gam if the total GPT
package was adopted, and about 36% 1f
only management practices were
adopted

Table 4 Cost of production and yield of
groundnut in on-farm trials using
different technology options

Technology

components
Manage Yeeld Cost  Cost
ment Vanety (tha') (Rsha') Rst')
Improved Improved 35 6990 2003
Improved Local 2 5990 3041
Local Improved 26 6570 2566
Local Local 17 5570 3201

Source Adapted form Pawar et al (1993)

Returns to research on GPT and 1ts
transfer were determined by comparing
the estimates of welfare gans to the
costs of research and technology
transfer The economic surplus ap-
proach was adopted to quantify the
gains due to the technology, assuming a
perfect market economy and a parallel
shift m supply function The trajectory
of raised-bed and furrow was used to
represent the adoption of the GPT
package It was the adopters of raised-
bed and furrow, who adopted a nearly
complete GPT package The net
present value, internal rate of return,
and benefit-cost ratio were estimated
assuming



+ an adoption ceiling level of GPT at
40%,
+ ademand elasticity of groundnut at -
0 5%, and
« asupply elasticity of 0 1%
(Radhakrishna and Ravi 1990)
The economic surplus was com-
puted under three options
« full adoption of GPT,
» adoption of only management
practices, and
» adoption of only raised-bed and
furrow, maintamning other practices
The 1nternal rate of return of GPT
was 25% if the total package was
adopted (Table 5) The net present
value of the research and technology
transfer program on GPT was estt-
mated to be $3 45 mullion The benefit-
cost ratio was 9 37, which means that
$1 mvested 1n developing and dissemi-
nating GPT produced an average
benefit of $9 37 throughout the period
When only management practices
(excluding improved varieties) were
adopted, the internal rate of return was
19% The net present value was about
$1 4 mullion with a benefit-cost ratio of
4 39 The rate of return was low
(13 5%) 1f only raised-beds and
furrows were compared with the flat
method of cultivation an indication of
the high complementarity between
different management practices,
especially raised-beds and furrows
These results confirm farmers percep-
trons that rarsed-beds and furrows yield
higher returns 1f adopted along with
other technology components clud-
g mmproved varieties The internal
rate of return for partial adoption was

21% Even if the components of GPT
were only partially adopted, the
research and technology transfer
investments were justified Similar
results were obtained by Traxler and
Byerlee (1992), who estimated an
mnternal rate of return for crop and
resource management research on
wheat ranging from 16-23% under a
variety of assumptions

Because all costs were estimates, a
sensitivity analysis that increased the
estimates by 10% and 20% showed that
the internal rate of return 1s rather
msensitive When the cost of research
and technology transfer increased by
20%, the rate of return dropped by
about 6% when the full package of
GPT was adopted When only manage-
ment practices were adopted, an
icrease of 20% 1n costs lowered the
iternal rate of return by about 7%
There was no significant decline 1n the
rate of return when NARS research
costs increased by 20% Additional
mvestments in technology transfer
would provide further gains

The distribution of social welfare
between farmers and consumers
showed that producers were the
primary beneficianes of GPT because
of a shift in the supply function Their
share of total benefits was about 84%
This calls for bringing more area under
the improved technology

Summary

GPT was partially adopted by farmers
1n the study area One key component,
the raised-bed and furrow method of

161



Table 5 Costs and benefits related to technology transfer of groundnut technology
package or portions of the package (‘000 US$)

Benefits
ICRISAT NARS Full Management Raised beds and

Year costs costs package only furrows only
1974 456 456

1975 456 456

1976 456 456

1977 456 456

1978 456 456

1979 456 456

1980 456 456

1981 456 456

1982 456 456

1983 456 456

1984 456 456

1985 456 456

1986 240 456

1987 200 456

1988 200 456

1989 200 456 162 57 76 15 36 42
1990 100 456 460 62 21575 103 19
1991 750 650 29 304 59 145 68
1992 750 115156 53939 25797
1993 750 1228 33 575 34 27517
1994 750 1 404 45 657 84 31463
1995 750 158057 740 33 35408
1996 750 167089 782 64 374 31
1997 750 176121 824 94 394 54
1998 750 1 806 37 846 09 404 66
1999 750 1 806 37 846 09 404 66
2000 750 1806 37 846 09 404 66
2001 1 806 37 846 09 404 66
2002 1 806 37 846 09 404 66
2003 1806 37 846 09 404 66
2004 1 806 37 846 09 404 66
2005 1 806 37 846 09 404 66
IRR (%) 2526 19 15 1350
Net present value (000" US$) 345294 138906 453 45
Benefit cost ratio 937 439 210

cultivation, was becoming popular
among farmers Adoption of improved
varieties and use of macro- and
micronutrients was impressive Better
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market access will be necessary to
improve the adoption rate of other
components, especially sprinkler
urigation and use of ferrous sulphate



The Government of India has subsi-
dized the purchase of sprinklers, which
will encourage farmers to adopt
sprukler arigation

Investments in GPT and 1ts exten-
ston generated a surplus for consumers
and producers The rate of return
ranged between 21 and 35%, certanly
an mdication that investments 1n
research and technology transfer were
worthwhile There 1s considerable
potential to mncrease these returns by
improving farmer access to inputs
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Dryland Groundnut Production Technology
In Indonesia

T Adisarwanto and M Muchlish Adr

During the last 5 years groundnut
production 1n Indonesia did not meet
the growmg domestic demand Al-
though harvested area increased
annually by 0 8%, yield declined by
1% and production showed a down-
ward trend of 0 3% As a result,
groundnut imports mcreased from 50 t
m 1990 to 151 t in 1994 (Munawar
1996, Nur Gaybita 1996)

Groundnut 1s the second most
important gramn legume crop m Indone-
s1a, and as an o1l seed protein source, it
1s one of the country’s main cash crops
Most groundnut (70%) 1s a dryland
crop, and Tuban 1s one of the major
groundnut areas 1n East Java province
Although 30 000 ha are annually sown
to groundnut, productivity 1s only 1t
ha! Groundnut production in Indone-
s1a 1s characterized by

» stagnant productivity,

» little adoption of improved technol-
ogy at the farmer level,

* a center of production concentrated
on Java Island, and

» underutihzed potential of groundnut
production areas in Sumatra,
Sulawesi, Bali, and Nusa Tenggara
(Erwidodo and Saptana 1996)
Collaborative research over the last

5 years between Indonesia and

ICRISAT through the Asian Gran

Legumes On-farm Research (AGLOR)

project 1n Tuban district confirmed that

technologies are available to improve
groundnut production An improved
groundnut production technology

(GPT) that produced higher and more

stable yields was developed on farmers’

fields in the AGLOR project during

1991-95 In the dry season of 1993, for

example, GPT was tested on 25 ha with

participation by 89 farmers Yield
icreased by about 80% over existing
farmer practices

Site description
Environment

Tuban district 1s located about 100 km
north of Surabaya (capital province of

Adisarwanto, T, and Muchhsh Adi, M 1998 Dryland groundnut production technology i Indonesia
Pages 164-171 in Assessing joint research mpacts proceedings of an International Workshop on Jomt
Impact Assessment of NARS/ICRISAT Technologies for the Sem: Arid Tropics 2-4 Dec 1996 ICRISAT
Patancheru India (Bantilan M CS and Josh1 PK eds) Patancheru 502 324 Andhra Pradesh India
International Crops Research Institute for the Sem1 And Tropics

1 Research Institute for Legumes and Tuber Crops PO Box 66 Malang Indonesia
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East Java), and lies between 111°30
and 120°35' E longitude and 6°40' and
7°18 S latitude It 1s bounded by the
Java-Seatnthe north, Lamongan
district n the east, Lamongan and
Bojonegoro districts m the south, and
Rembang and Blora districts n the
west The altitude 1s 5-50 m above sea
level, with flat to gently sloping
topography The climate 1s character-
1zed by an annual rainfall of 1 500 mm
(maimly Nov-Apr), and a long dry
pertod m May—Oct

Soil

The total cultivated area i Tuban 1s
55 707 ha, of which 36 770 ha 1s
dryland (60%) There are four domi-
nant soil types — red-yellow Mediter-
ranean and Vertisols (38%), alluvial
soils (34%), Vertisols (23%), and a
complex of red-yellow Mediterranean,
Vertisols, and Regosols (5%) Soil

fertility of the drylands varies from
moderate to poor

Area, production, and yield

In Tuban, the potential area for ground-
nut 18 about 10 000 ha in lowland areas,
and 50 000 ha in dryland During 1985—
94, the average harvested area was

25 000 ha, with a productivity 1 tha'
(Table 1) The largest area of groundnut
was 1n 1993 (30 917 ha), but the highest
productivity was m 1991 (1 2tha')
Rainfall distribution accounted for
variability of area and yield

Cropping pattern

The cropping season starts with an
early rainy season (Nov-Dec) and ends
around Aug-Sep Groundnut 1s sown
during the early rainy season only for
seed multiplication, and that seed 1s
used for the main groundnut crop sown

Table 1 Area, production, and yield of groundnut (1985-94) East Java province

and Tuban district
East Java Tuban
Area Production Yield Area Production Yield

Year (ha) ® (tha') (ha) (3} (tha')
1985 132027 135 251 10 18 944 18 452 10
1986 150 242 138 003 09 25852 27 405 11
1987 133 280 120 198 09 21943 22 862 10
1988 122 704 113722 09 21717 21 507 10
1989 142 226 142 490 10 22 092 22722 10
1990 139 520 147 040 11 23953 24674 11
1991 136 615 151 683 11 23627 27 158 12
1992 149 075 152 557 10 29 759 31562 11
1993 156 080 158 958 10 30917 27 639 09
1994 148 318 156 975 11 30860 27 477 09
Average 141 001 141 688 10 24 966 25 146 10

165



n Mar-Apr (early dry season) (Table 2)
Seed availability for Mar-Apr sowing 1s
still a problem, especially quahity seed
Most seed 1s bought from other farmers
whose groundnut crop has been har-
vested mn the ramy season There 1s no
private-sector mvestment i groundnut
seed production or distribution

Table 2 Cropping patierns in Tuban

Land holdings

In East Java, 62% of the farmers hold
less than 0 5 ha, and 47% hold 0 1-0 4
ha In Tuban farmers generally have
more land, particularly those who farm
dryland areas (Tabie 3)

Table 3 Average land holdings (ha) of
farmers in Tuban district

distnict Land type Adopter Non-adopter
Village Dominant cropping pattern Wetland 05 06
Dryland 10 i1

Tunah maize + groundnut - Total 15 17

groundnut  groundnut +

maize

maize + cassava + groundnut
- cassava + maize Farmer income

Upland rice + groundnut
groundnut maize + maize

Kembang bilo maize groundnut + maize
groundnut

Padasan maize + cassava groundnut
+ cassava

maize groundnut + cassava

Karanglo maize groundnut + cassava
+ mungbean
maize + cassava groundnut

+ cassava + mungbean

Tasikmadu maize groundnut
groundnut - maize

groundnut - groundnut

Talun maize groundnut ground-

nut + maize

Sumurgung maize + groundnut maize +
groundnut

maize groundnut
groundnut

groundnut groundnut
maize

groundnut maize
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Studies by Muchlish and Adisarwanto
(1994) reported that groundnut contrib-
utes 65% of farmer income 1n dryland
areas of Tuban

Farmer characteristics in Tuban

Farm size 1s generally 0 2-0 5 ha, and
most farmers follow ‘Tabasan,’ a
practice whereby the crop 1s usually
sold while st1ll standing in the field
Village cooperatives are limited and
farmer group organizations do not
work
Most farmers n the Tuban areas
follow traditional methods of cultiva-
tion, which include
 shallow tillage (15-20 cm depth) by
bullock- or buffalo-drawn plows,
« sowing on flat beds (no raised beds),
o seed 1s dropped behind the plow
with irregular plant spacing
(400 000-500 000 plants ha'!),



« farmyard manure s used for the first
crop (ramny season), and few farmers
use urea,

+ alocal variety 1s normally culti-
vated, and

» weeding 1s done only once before
the crop flowers

History of the technology

The development of GPT 1n Tuban
aims to enhance groundnut production
to meet growing demand and reduce
mmports Although the Indonesian
government does not have a national
program to increase groundnut produc-
tion, East Java Province (Karyono
1994) has a seven-porint program to
improve yield
» enhance use of improved seed
varieties,
« amprove the seed production agency,
« ncrease fertilizer use
+ move from tobacco to groundnut
cultivation,
« 1mprove soil tillage for seedbed
preparation,
« rehabilitate urigation systems, and
« 1mprove the economic status of
farmers
The Research Institute for Legumes
and Tuber Crops (RILET) has con-
ducted research on components of
groundnut production technology 1n the
Tuban area since 1981 The GPT
package was developed following
collaborative research with the Austral-
1an Centre for International Agricul-
tural Research (ACIAR), Peanut

Improvement Project (1985-89), and
ICRISAT’s Cereals and Legumes Asia
Network (CLAN) and AGLOR 1n
1990 Development of GPT mvolved
reviews of relevant research mforma-
tion available at ICRISAT, RILET, and
other research mstitutes to address
constramnts fo groundnut production
identified by farmers in the Tuban area
On-farm trials were conducted 1n six
villages 1in Tuban districts to evaluate
GPT 1n 1990/92 Because GPT per-
formed better on farmers’ fields 1n
small plots, testing on large areas was
suggested In the 1993 dry season,
GPT was evaluated on 25 ha with
participation by 89 farmers The test
included these components

 local Tuban variety (2 seeds per
pod),

» seeding rate of 80 kg ha® with over
90% germination,

» deep plowmg followed by harrowing,

» 50kgha‘urea, 75 kg ha' triple
superphosphate (TSP), and 50 kg
ha ! potassium chloride (KCl)
broadcast evenly prior to last
plowing/harrowing,

» seed sown i plow rows (spaced at
40 cm) with 10 cm between seeds,

» weeded twice (2 and 4 weeks after
sowing),

» Furadan® insectictde applied at 10
kg ha! prior to sowing to control
termiutes, and

» Topsin-M fungicide applied twice at
49 and 63 days after sowing to
control leaf diseases (rust and late
leaf spot)
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Methodology to assess adoption

Sampling

The technology was targeted at six
villages m Tuban district In each village,
cooperating and non-cooperating farmers
were 1dentified At the first sampling
stage, all villages were stratified into
those with on-farm trials and neighboring
villages with non-cooperators

Data

Relevant information was collected from

105 farmers who either did or did not

adopt the technology Any farmer who

adopted one or more technology compo-

nents was defired as an adopter Farmers

were interviewed during early Apnl and

nmud-July 1996 Primary data collected

for the 1996 crop season mcluded

» size of land holding,

* cropping pattern,

» technology adoption, mcluding
adoption area and components,

+ yield and income, and

+ constramts to adoption of GPT

Resulis and discussion
Adoption of GPT

The survey data were analyzed to
estimate adoption patterns of GPT
components

Land preparation Farmers did not
follow the recommended practice of
deep plowing because 1n some loca-
tions fields are stony and the soil
profile 1s less than 20 cm deep

Improved varieties Almost no
improved varieties were adopted
because the size and seed color were
not preferred 1n the market A 1990
trial of variety preference showed that
three improved varieties (Macan,
Pelanduk, and Kelinci) achieved quite
high pod y1elds, but their price was 20—
25% less than the local variety Gajah,
which was released m 1950, 1s still
accepted by farmers because the pods
have two seeds that are bright red Two
big private companies have influenced
the groundnut market i Tuban — they
seek premium quality for export with
two seeds per pod

Seedmng rate The recommendation of
an 80 kg ha! seeding rate 1s based on
good quality seed (> 90% germination)
Farmers who adopted the technology
used the recommended rate, but others
used a higher rate (Table 4) Non-
adopting farmers used a higher seeding
rate because they broadcast the seed and
were not sure of 1ts quality Most
farmers who adopted the technology
followed recommended techniques

Table 4 Adophion of recommended seeding rate (kg ha ')

Percentage above

Farmers 1994! 19952 1996°  Average recommendation
Adopters (uniform sowing) 82 83 81 101
Non-adopters (seed broadcasting) 100 102 92 98 123

I Twovillages 2 Three villages 3 Seven villages
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Nutrient management Efficient
nutrient management was one of the
objectives of GPT Farmers already
used manure and some urea before
GPT In both 1995 and 1996, farmers
applied more urea than recommended,
but TSP was applied at only 71% of the
recommended rate (Table 5) None of
the farmers applied KCl During 1995
there were some availability and
distribution problems with fertilizer
that may have accounted for the low
rate for TSP usage

Table 6 Labor allocation for groundnut
production, Tuban district, 1996
(percentage of total hours)

Farmer Women Men  Anmmals
Adopter 67 13 20
Non adopter 60 18 22

GPT) used more labor than other crops
for sowing and harvesting, and use of
female labor was 47% higher than male

Constraints to adoption of GPT

Table 5 Fertiizer applications (kg ha )
by adopters of GPT, Tuban district,
1996

i:emlze} Recommendation  1995! 1996
Urea 50 76 73
TSP 75 53 53
KCl1 50 0 0

1 Three villages

Managements of pests Seed treat-
ment with Furadan® for termite
protection and Topsin-M fungicide for
leaf spot diseases was mntroduced 1n
1993 but not adopted by farmers in
1996 because the mncidence of nsect
pests and diseases during the previous
2 years was very low

Labor and gender

Gender concerns are important 1n
regions where unemployment and
underemployment exist The overall
labor requirement was similar for both
traditional practices and GPT (Table 6)
Groundnut cultivation (irrespective of

Important constraints to adoption of
GPT were limited capital (39%), lack
of mputs (20%), and expensive nputs

—(17%)Smcewomen farmers are

mvolved for groundnut production,
future attempts to generate and ntro-
duce GPT should involve women
farmers at the very earliest stages

Adoption factors

Adoption of agricultural technologies
largely depends on
» mformation about the technology,
 availability of necessary inputs,
o profitability of the technology, and
» suitability of the technology

The most important reasons for
adopting GPT were increased yield and
better crop growth

Impact Assessment
Yield

Pod yield declined from 1 8 tha'm
1993 to 1 4tha'in 1996 Rainfall
distrtbution and long-duration hybrid
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maize delayed sowing of the subse-
quent groundnut crop and caused the
yield decline m 1996 Ramfall in 1996

Table 8 Cost comparison for adopter
and non adopter farmers, Tuban, 1996
(US$)

was lower during the early stages of Item Non Adopter Adopter
crop growth but higher after pod Variable costs
development Average yield of farmers  gqoq 69 62
not adopting the recommended tech- Utea 11
nology was 1 1 tha'! (Table 7) TSP 10
KCl 5
Table 7 Dry pod yield (tha') in I;Emale tabor > 60
ale labor 27 18
surveyed villages, Tuban district, 1996 Draft power 47 35
Village Adopter Non Adopter ~ Total 203 202
Talun 16 13 Fixed costs
Tunah 13 12 Tax on land 4 4
Kembangbilo 16
Sumurgung 15 Output
Karanglo 08 Dry pods 500 609
Tasikmadu 13 13 Unit cost 185 152
Padasan 08 Unit cost reduction 3¢
Average 14 11 Net income 294 403
No of farmers 34 71 Benefit cost ratio 14 2
Farmer income podyield(1 1tha'vs 1 4thal)

Improved groundnut production
technology will be adopted by farmers
if 1t increases their mcome New
technology requires capital to purchase
mputs such as fertilizer, however, lack
of credit and mputs will limut 1ts
adoption In this study only 34 farmers
(32%) applied fertilizers

Variable costs were the same
whether or not the technology was
adopted Farmers who did not adopt
the technology needed more labor for
weeding, while those who did adopt
GPT needed cash to buy fertilizer
(Table 8) Rainfall distribution was not
good and affected the yield in 1996
There was little difference between dry
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because fertilizer was probably of little
benefit due to low rainfall durning early
crop growth Even under these circum-
stances, the unit cost of production
declined by USS$ 33 t! (Table 8)

Although there was a low rate of
adoption of GPT, the District Agricul-
ture Extension Office mdicated 1ts
interest and willingness to increase
adoption efforts A private sector
company has shown an interest in
developing the technology and working
with farmers for its adoption During
mterviews, especially i Tunah village,
farmers said that the ‘Tabasan’ system
puts them in a good position to bargain
for higher prices because a better crop
1s expected



Conclusions

Three conclusions were reached as a

result of this study

» The adoption of GPT 1s significantly
mfluenced by farmers’ management
decisions, especially profits and
therr ability to purchase inputs

» Information on the improved
technology 1s not easily available to
farmers, and interactions between
scientists, extension agents, the
private sector, and farmers needs to
be strengthened

» The extent and pattern of adoption
varied between villages due to
environmental conditions, land-
holding status, and gender roles for
household budget decisions
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Identifying Indicators of Gender-Related Impacts
of Improved Agricultural Technologies

R D Kolli' and M C S Bantilan?

Gender 1s increasingly recognized as
an 1mportant socioeconomic variable mn
shaping and designing tmproved
agricultural technologies Gender also
plays a vital role 1n tracing welfare
gains derived from technology adop-
tion It has remained unclear, however,
how gender-related impacts are
identified and what indicators can be
used to measure them This paper
draws from a systematic analysis of
gender-targeted case studies to explore
development of key gender-related
mdicators These mdicators can
provide directions to measure the
effects and benefits of improved
agricultural technologies and identify
situations where gender 1s likely to be a
constraint to technology

Methodology

On-farm survey results of gender-
targeted case studies were used to

identify and analyze key indicators of
gender-related 1mpacts of improved
agricultural technologies Specific
with’ and ‘without’ technology
situations were studied 1n the context
of a package of a groundnut production
technology (GPT) mtroduced to
farmers 1n the late 1980s The package
was mtroduced through the Legumes
On-farm Technology Evaluation
Network (LEGOFTEN) 1n the state of
Mabharashtra in western India
This analysis followed the dynamics

that emerged within and among farm
households after technology mnterven-
tion Selected hypotheses mvolving
gender-related consequences of
technology adoption were verified
Based on two village-level studies,
evidence 1s presented to clanfy and to
raise questions about gender roles,
access, and benefits Implications for
future technology development are
discussed

Kolli, R D, and Bantilan, M C S 1998 Identifying indicators of gender related impacts of improved
agncultural technologies Pages 172 181 in Assessmg jomt research impacts proceedings of an Interna
tional Workshop on Jomt Impact Assessment of NARS/ICRISAT Technologies for the Sem1 And Tropics
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Andhra Pradesh India International Crops Research Institute for the Sem And Tropics

ICRISAT Journal Article No 2234
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Case studies

Two surveys specifically targeted for
gender analysis were used n this study
They were designed to compare ‘with’
and ‘without’ technology situations and
analyze changes in intrahousehold
relationships as a result of adoption of
improved technology options

The surveys were carried out 1n
prime groundnut-growing areas of
Maharashtra where improved GPT was
mtroduced m the late 1980s Technol-
ogy mtroduction was implemented
through the International Crops
Research Institute for the Serm-And
Tropics/national agricultural research
system (ICRISAT/NARS) collaborative
program LEGOFTEN Under this
mitiative, technology options advo-
cated for groundnut production m-
cluded various components covering
mmproved varieties and an 1mproved
package of practices The comprehen-
sive package included technology
options and recommendations about
+ land preparation,
« rate for manure and fertilizers,
+ seeding rate,
« seed treatment,
+ plant spacing,
» weed control,
» 1nsect pest and disease control
» 1rrigation, and
« harvesting

A major recommendation for land
preparation was shaping the land after
tillage mnto a raised-bed system In
particular, the raised-bed system was
recommended for growing crops with
sprinkler irrigation Improved varieties
were recommended under the program,

mcluding cultivars developed at
ICRISAT that were either released or
likely to be 1dentified for release for
cultivation 1n India Detailed explana-
tions and justifications were offered for
each recommended technology option
(Amin et al 1987)

Two villages within Nanded
district 1n Maharashtra, Umra and
Karanj were sites for the surveys
conducted during 1992-94 Umra
represented the ‘with’ technology
stituation where the GPT package was
successfully adopted by groundnut-
producing households Karanji repre-
sented the ‘without’ technology
situation, where GPT technology
diffusion had not occurred These two
villages were carefully selected after
considering their homogenous social
structure, agroclumatic environment,
and cropping patterns (Table 1)

A representative sample of 26 farm
households was randomly chosen from
each village These two samples were
drawn from farm households that either
owned or hired land for cultivation An
additional sample was drawn from the
population of agricultural wage
laborers from the two villages to
analyze employment patterns that may
have changed as a result of technology
adoption

Gender-related impacts

Labor allocations and activity
patterns

Men and women cooperated 1n certain
aspects of groundnut production, for
example, transportatton of manure 1n
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Table 1 Profile of two study villages, Maharashtra, 1991/92

Charactenstic Umra' Karany'
Farm households 92 143
Agnicultural labor households 66 93
Other households 12 45
Total households 170 281
Farm households growing groundnut 44 39
Farm households growing groundnut

In summer 34 29
Farm households adopting GPT 31
Farm households adopting GPT imncluded

1n sample 26
Agncultural labor households included

in sample 15 21

Major crops

Major income sources

Cotton high yielding Cotton high yielding

sorghum groundnut  sorghum groundnut

pigeonpea wheat pigeonpea rice
wheat

Crops wage labor
livestock trade

Crops wage labor
livestock trade

1 Both villages have deep black soils annual rainfall of 817 mm and imgation from wells

the village of Umra and field cleaming
and clod crushing during land prepara-
tion, sowing, and harvesting in the
village of Karanji But 1n all other
activities, specialization 1s overwhelm-
g (Table 2) Men concentrated on
plowing and harrowing, soil bed
preparation, application of organic
manure, seed treatment, urigation,
cultivation, purchasing inputs, applying
micronutrients, spraying pesticides,
packing, fodder production, and
marketing Women were primarily
responsible for field cleaning, top
dressing with chemucal fertilizers,
sowing by dibbling, hand weeding,
harvesting, shelling pods, and sorting
kernels for seed
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The pattern indicates that men
performed those activities that
required use of agricultural tools and
equipment, while women'’s activities
were performed by hand or with the
use of small tools such as hoes or
sickles Men performed heavier jobs,
while women did lighter jobs that
may not even require tools (Kolli
1990, World Bank 1989) Equpment
for the more demanding tasks that
men do has been commercialized,
however, women’s tasks are more
time consuming and mvolve bending,
necessitating the patience that
women usually have Hand sowing
and manual shelling of groundnuts
are examples



Table 2 Summer groundnut production activities by gender, Maharashtra, 1991/92
(percentage of households reporting participation)

Umra Karany
Activity Males Females Joint Males Females Joint
Land preparation
Field cleaning 100 4 64 32
Clod crushing 12 7 81 11 89
Plowing 100 100
Harrowing 100 100
Making broadbeds and furrows 100 100
Manure and fertithzer
Transportation of manure 100
Application of manure 100 100
Chemical fertilizer (basal) 38 58 4 91 9
Chemucal fertilizer (top dressing) 4 96 15 85
Seed
Seed treatment 100 100
Dibbling 100 90 10
Seed drill 20 40 40
Irrigation
Sprinkler/traditional method) 100 96 4
Cultivation
Intercultivation 100
Hand weeding 96 4 100
Plant protection
Application of gypsum 40 60
Application of micronutrients 100
Spraying pesticides 100 100
Harvesting
Pulling groundnut plants 92 8 60 40
Stripping pods from plants 100 96 4
Drying/cleaning pods 84 8 8 50 20 30
Transportation and marketing
Packing and transportation 96 4 100
Marketing 100 100
Purchasing inputs 100
Transportation of fodder 100 100
Fodder
Collecting from field 100 96 4
Stacking 100 100
Processing
Shelling pods and sorting
kernels for seed 100 100
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While division of labor was ob-
served i Umra (‘with’ technology) and
Karanp (‘without’ technology), sharper
differences and a more clearcut task
spectficity were noted between male and
female activities 1n the latter case Umra
women reported a higher percentage of
participation m field cleaning, fertilizer
application, and sowing by hand
dibbling Basal application of chemucal
fertilizers and gypsum application
tended to be women’s activities after
adoption of GPT 1n the village Gypsum
application was a new activity created
by the technology, and women 1n almost
60% of the farm households in Umra
performed this task

Interesting changes were noted for
harvesting activities While the women
i Karanyt continued their traditional
responsibility in all harvesting activi-
ties —uprooting plants, stripping pods,
and drying/cleaning pods — Umra
women concentrated on the first two
tasks while men helped with pod
drying and cleaning activities This
pattern may have evolved because of
the increased demand for harvesting
labor brought about by the significant
yield gains from adoption of GPT
(Table 3)

On the whole, Umra women
reported their exclusive participation in
12 of 28 activities, while Karanj
women reported their exclusive
participation m only 9 activities GPT
gave Umra women added primary
responsibilities for basal chemical
fertilizer and gypsum application

Gender roles rematned more or less
the same with the introduction of GPT
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Table 3 Yield of summer groundnut
crop (kg ha ) in the study villages,
Maharashtra, 1992/93

Village Variety Yield
Umra
(ncluding GPT) ICGS 11 1762
ICGS 21 2061
ICGS 76 1814
Mean 1878
Umra
(prior to GPT) SB 11 667
Karanp
(without GPT) SB 11 922
Local vanieties 1063
Mean 867

New activities as a result of technology
adoption were divided or assigned to
gender according to old principles —
heavier tasks for men and hghter tasks
for women As a result, gypsum
application, hand dibbling, and applica
tion of chemucal fertilizers became
women’s activities, while preparation
of raised-beds and furrows and sprin-
kler irmgation systems were assigned to
men Tasks tended to become concen-
trated on the basis of gender Only 6
activities mn Umra were reported as
Jomt activities, while 10 continued to
be undertaken jomntly 1in Karanj
Important implications emerge from
this analysis First, adoption of new
technologies may enhance task spe-
cialization where activities are per-
formed exclusively by one gender in
order to optimize the available house-
hold labor (Koll1 1990) There were
more jomt activities i Karany (10)
than in Umra (6), and jomt activities



performed by Karany households (such
as field cleaning and sowing ) were
performed exclusively by women n
Umra The increasmg tendency to
speciahize clearly 1dentified potential
changes 1n gender roles for targeting
during technology design and develop-
ment

A second 1ssue to emerge 1s that
technology development may be
bypassing tasks performed by women,
a concern strongly voiced by women
farmers 1n Umra during informal
discussions Hand dibbling and manual
shelling of groundnuts were repeatedly
labeled as tedious by the women, who
called for improved technologies and
equipment designed to lessen the
drudgery of these activities The design
and recommendations of GPT obvi-
ously did not take mto consideration
this aspect during development

Time allocation for groundnut
production

The adoption of recommended GPT
options m Umra may have increased
labor requirements by more than 107
hours for the entire summer crop —
about 65 hours more for male labor and
42 hours more for female labor (Table 4)
Female labor was 1n higher demand
than male labor after technology
mntervention The demand for men
mcreased significantly for transport and
application of manure and spraying
The female labor demand was sigmfi-
cantly higher for operations such as
shelling pods and sorting kernels for
seed For the rest of the operations,

Table 4 Use of male and female labor
In two study villages, summer ground-
nut crop, Maharashtra, 1992/93

Umra Karanp
Percen- Percen
Hours tage Hours tage
Labor ha! oftotal ha' of total

Family male 769 32 704 33
Family female 354 14 312 14
Hired male 333 14 334 15
Hired female 980 40 810 37
Total 2 436 100 2160 100

there was a marginal rise 1n both male
and female labor that was broadly in
line with the previous activitity pat-
terns The labor increases may not
appear substantial, but since they
occurred 1n only one crop, the time had
to be reallocated from other activities

Use of hired Iabor

Hired labor 1s an important component
of groundnut production 1n both Umra
and Karanp Hired labor, especially
women, increased 1n Umra due to new
technology The requirement for female
hired labor was 980 hours ha ' in Umra,
while only 810 hours in Karanp Male
hired labor was about the same 1n both
villages Thus the overall demand for
labor — family or hired — increased
after technology intervention (Table 5)

A rapid rural survey of a sample of
households in Umra showed that
women laborers found 20% of their
employment 1n groundnut crop activi-
ties within the village, but mn Karanj, 1t
was only 13% Men had a similar
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Table 5 Employment and wages of labor households in two survey villages,

Maharashtra, 1991/92

Males

Females

Total Average wage Total working Average wage

Village activity location working days' (Rs day')? days (Rs day')?
Umra (in the village)

Groundnut crop activities 125 (2) 13 85 884 (20) 8 44

Other crop activities 622 (12) 12 40 3 068 (68) 742

Other activities? 4523 (84) 1050 373 (®) 1116
Umra (outside the village)

Groundnut crop activities

Other crop activities

Other activities® 120 (2) 2583 180 (4) 1010

Total 5390 4505
Karanj (in the village)

Groundnut crop activities 55 (1) 16 60 687 (13) 8 60

Other crop activities 1186 (19) 17 00 4297 (80) 6 66

Other activities® 2255 (36) 1076 233 (4 1110
Karany (outside the village)

Groundnut crop activities 6 (10) 2500

Other crop activities 297 (5) 16 35 146 (3) 742

Other activities® 2 433 (39) 2512 32 (1) 1300

Total 6232 5395

I Figures in parentheses indicates, percentage of total working days

2 1US$=Rs30

3 Other labor activities include digging wells building fences construction tending grazing ammals road work cutting and

selling firewood house work helping i a shop fishing etc

advantage 1n Umra, but at a lesser level
(Table 5) Men were also paid less in
Umra than in Karany

Wage laborers in Umra appreciated
GPT because they felt 1t brought them
more employment within the village, as
well as higher wages Thus the technol-
ogy had positive effects, but women
said they would prefer further improve-
ments to help nutigate the extra burden
that the technology imposed on them
They said that the additional labor
requirements could be satisfied with
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hired labor or by diverting their own
labor from other activities

Decisionmaking for resource
allocations

Decisionmaking 1n the households
reflected household gender distinc-
tions

One striking feature was that women
did not have exclusive decisionmaking
power 1n etther village (Table 6) In
63% of the situations, men could make



exclusive decisions in Umra, while
Karany men had this power for only
47% of the decisions In addition, men
and women 1n Karanp could decide
about thewr resource allocation in
consultation with each other in 53% of
the situations, but Umra women and
men could do that for up to 36% of the
decisions Technology influence was
seen in the exclusive decisions made by
men 1 Umra related to special chemi-
cals, manure, pesticides, sprinkler sets,
tools, and implements The highest
percentage (73%) of jomt decisions
was reported for credit, which was
considered an 1mportant resource for
technology adoption in Umra In
contrast, 100% of decisions about
credit were made jomntly m Karanj
This suggests that as technology
created a greater need for market-
related activities, men could gan
control by virtue of their traditional

roles Technology thus contributed to
reinforcing stereotyped gender roles
and reduced the control of women over
resource allocations

Decisionmaking for distribution of
benefits

Ideally, adoption of new technology
should help farm households increase
their benefits From an equity pomt of
view households would be better off 1f
the household benefits and nerther
gender 1s worse off Information about
who makes decisions on how different
products of the crop should be used
provided an indication about who
benefited from different products

It appears that gender roles were
reversed between Umra and Karanj
due to new technology In contrast to
what was observed for resource
allocations, women 1 Umra could

Table 6 Male and female decisions on resources required for groundnut produc-
tion In two survey villages, Maharashtra, 1992/93 (percentage of the number of

households reporting use of resource)

Umra Karanpn
Exclusive Exclusive Jomnt  Exclusive Exclusive  Jomt

Resources required male female decistons male female decisions
Cash 50 50 77 23
Credit 27 73 100
Seed 45 55 42 58
Manure 75 25 27 73
Special chemicals

(gypsum/micronutrients) 86 14
Pesticides 76 20 73 27
Sprinkler sets 53 47
Tools and implements 81 19 50 50
Percentage total by gender 633 363 47 53

179



not only make exclusive decisions
(45% main product, 30% by-prod-
ucts), but also could decide jointly
with men on several other items On
the other hand, Karanji women could
make exclusive decisions up to 27%
of the time for maimn products and
none for the by-products Women'’s
decistons centered around 1tems used
for consumption and fuel, and to a
lesser level, they could even decide
about pods to be saved for seed This
directly related to their intensive
shelling work prior to sowing, hence
this decisionmaking power

Higher yields resulting from new
technology allowed the households
i Umra to diversify uses of products
from the groundnut crop Women
gamed control over those products
that were retained for household use
Although this was a gain for Umra
women compared to Karany1 women,
more than 82% of the product was
set aside for sale 1n the market
Considering the quantities involved
due to higher yields, men in fact
retained control of a considerable
portion of crop Since marketable
quantities were controlled by men,
there was a strong possibility that
men decided how much should be set
aside for marketing

Technology development has
strenthened conventional gender
responsibilities As technology nter-
ventions transform traditional farming
systems, examnation of household
dynamics will become more crucial
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User perceptions of gender roles

GPT was introduced as a package that
mcluded high-yielding varieties and
recommendations for crop management
practices Farmer experience with such
a comprehensive package and 1ts
evaluation will yield valuable informa-
tion about 1ts usefulness, as well as
constraints that hinder adoption
Adding a gender perspective to the
evaluation will add an important
perspective as scientists continue to
develop refine, and diffuse new
technologies

When different components of GPT
were evaluated by both men and
women they agreed about certan traits
of the technology, but perceptions that
were gender-specific revealed the
criteria that guided their opinions

Men’s concerns centered around
1ssues related to economic viability of
the package such as kernel yield,
shelling percentage percentage of
hollow pods, cost of cultivation, etc
Women, however, were more con-
cerned with the specifics of their tasks,
mcluding feasibility and drudgery, and
hence their evaluation included such
aspects as shelling ease of weeding,
weak stems, employment prospects
tediousness, hazards, etc

Conclusions

This analysis clearly mdicated who
performed what tasks after technology
adoption, mnformation that should be
constdered as technology 1s developed



Further, two categories of women
emerged — farmers and wage laborers
The workload of the former has
increased, while the employment
prospects for the latter expanded The
question of when the availability of
labor becomes a constramnt to technol-
ogy adoption needs to be examined n
the context of farms of different sizes

New activity patterns suggest that
technology intervention led to gender-
spectfic tasks along the lines of a
conventional division of labor This
raises the question whether stercotyped
gender roles are desirable to satisfy
women S strategic needs n agriculture
(Moser 1989)

Technology mtervention enhanced
the unequal power relationship be-
tween men and women, thus remnforc-
mg stereotyped responsibilites within
households Women tended to lose in
resource allocations, but marginally
gained m benefits distribution, but
there was a tendency to push women
mto the domestic sphere and me
marketing

User perspectives of the technology
were closely related to their roles and
responstbilites m labor use, resource
allocation, and benefits distribution
Evidence from this paper suggests that
male farmers understand the crop
production process, and their percep-
tions of technology and ability to
evaluate 1t are related to the level of
adoption Women farmers were equally

capable of such diagnosis, 1 fact, they
also considered occupational hazards
and not Just the financial analysis of the
male farmers

Technology development should
mcorporate the perceptions of both
male and female members of farming
communities prior to forming a
research agenda Further studies are
required in India to measure the effects
of gender mequities on the productivity
and efficiency of technology
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Adoption of Vertisol Technology in the
Semi-Arid Tropics

P KJoshi', M C S Bantilan', A Ramakrishna’, V K Chopde’,
and P S S Raju?

One of the significant research contribu-
tions of the International Crops Research
Institute for the Semi-Arnd Tropics
(ICRISAT) 1s the development of crop
and resource management technology to
alleviate production constramts and
improve sustamability of natural re-
sources 1n Vertisol areas An mtegrated
package of technology options became
known as Vertisol technology, and was
tested on farmers fields m
microwatersheds n the early 1980s

The on-farm trials demonstrated
substantial increases 1n productivity and
profitability Smce sizable research
resources were allocated to develop this
technology, its ex-post evaluation m
terms of enhancing agricultural produc-
tion, IMproving resource use
efficiencies, and conserving natural
resources presents an opportunity to
Justify past funding of Vertisol research
management

Dryland agriculture mn the semi-arid
tropics (SAT) faces two major con-
straints — stress from madequate water
and nutrients, and degradation of
natural resources — if 1t 1s to be a
sustamable enterprise Dryland areas
need special attention to increase
productivity by exploiting
underutilized resources, as well as
conserving land and water resources
that are highly prone to degradation
These objectives are essential n
dryland regions because expansion of
uTigation 1s now stagnating, and
farmers of the SAT who depend on
ramfall are lagging far behind than
those who enjoy irrigation facilities
Rainfed regions have considerable
potential to mcrease agricultural
production 1f improved technologies
are adopted by farmers

To alleviate production constraints
m dryland areas, a technology package

Joshy, PK , Bantilan, M C S , Ramakrishna, A , Chopde, VK , and Raju, PS S 1998 Adopuion of Vertisol
technology 1n the semi and tropics Pages 182 196 i Assessing joint research mmpacts proceedings of an
International Workshop on Jomnt Impact Assessment of NARS/ICRISAT Technologies for the Semi And Trop
ics 2 4 Dec 1996 ICRISAT Patancheru India (Bantilan M CS and Joshi PK eds) Patancheru 502 324
Andhra Pradesh India International Crops Research Institute for the Semt And Tropics

ICRISAT Conference Paper No 1352

1 International Crops Research Institute for the Sem1 And Tropics Patancheru 502 324 Andhra Pradesh

India

2 Centre for Economucs and Social Studies Nizamiah Observatory Complex Begumpet Hyderabad Andhra

Pradesh India
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approach was adopted by a
multidisciplmary team of agricultural
and social scientists at ICRISAT 1n
1974 The team developed a package
that was later known as Vertisol
technology This package specifically
targeted Vertisol areas in regions with
relatively dependable rainfall where
land was fallow during the rainy season
(Flower 1994) In India 1t 1s estimated
that Vertisol technology may be
suitable for an area of 5-12 mullion ha,
largely covering the states of
Karnataka, Andhra Pradesh,
Mabharashtra, Madhya Pradesh, and
Gujarat (Ryan et al 1982) During the
early 1980s, ICRISAT selected a few
sites where 1t was possible to conduct
on-farm trials and demonstrate the
potential benefits of the technology
over traditional practices The on-farm
trials of the early 1980s now provide an
opportunity to assess adoption of the
technology after a significant period of
time

The purpose of assessing the

Vertisol technology was to

+ 1dentify the extent of adoption,

» 1dentify reasons why improved and
tested management practices were
not being adopted, and

+ quanufy returns to mvestment on
Vertisol research management
A preliminary study was undertaken

to examine adoption of different

components of the Vertiso!l technology
and constraints to adoption of those
components that were discontinued or
only partially adopted by farmers The
focus was to assess what motivates or
constrains adoption of improved

practices that are expected to increase
productivity, tmprove dratnage, reduce
so1l eroston, and improve use of
rainfall, among other benefits This
preliminary mnvestigation will form a
base to conduct an adoption and impact
assessment of Vertisol technology m a
larger area of the SAT

Method

The study was based on three Produc-

tton Systems (PS) characterized as

» tropical, igh-rainfall, rainy- plus
postrainy-season rainfed soybean/
wheat/chickpea, confined to central
India (PS 4),

» tropical, intermediate rainfall, ramy-
season sorghum/cotton/ pigeonpea,
largely m the eastern Deccan
Plateau (PS 7), and

+ tropical, low rainfall, primarily
rainfed, postrainy-season sorghum/
oilseeds, covering the western
Deccan Plateau (PS 8)

These PS were among those devel-
oped by ICRISAT based on
agrochimatology, soil, major cropping
systems, length of growing season, etc,
to better target research and technology
transfer Globally, 29 Production
Systems were delineated (ICRISAT
1994)

Four locations from PS 7 and one
each from PS 4 and PS 8 were selected
to help understand the dynamics of
adoption of various components of the
Vertisol technology (Figure 1 and Table
1Y)

+ Taddanpally and Sultanpur in
Andhra Pradesh, Kanzara in
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Figure 1 Location of ICRISAT on-farm experuments in the deep Vertisol,
assured-rainfall regions of the Indian semi-arud tropics

Maharashtra, and Farhatabad m

Karnataka (PS 7),
Shurapur n Maharashtra (PS 8), and

Begumgany in Madhya Pradesh (PS 4)
The subsequent introduction of
surface 1rrgation 1n Shirapur has
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completely changed the agncultural
situation there
Information for the study was
collected through a rapid rural ap-
praisal conducted m 1995/96 with
different groups of farmers located m



Table 1 Soil type and annual rainfall in selected villages

State District Location Soil type Ranfall (mm)
Andhra Pradesh Medak Taddanpally Deep Vertisols 764
Andhra Pradesh Medak Sultanpur Deep Vertisols 764
Karnataka Gulbarga Farhatabad Deep Vertisols 753
Madhya Pradesh Raisen Begumgan; Deep Vertisols 1300
Maharashtra Akola Kanzara Medum deep Vertisols 840
Maharashtra Sholapur Shirapur Deep Vertisols 742

the six different locations Discussions
were conducted with those farmers
who participated n different water-
sheds to evaluate the technology during
the on-farm trials i the early 1980s
They were well aware of the technol-
ogy and 1ts varrous components, and
their perceptions of the components,
adoption, constraints to adoption, etc
were gathered during group discussions
following a prepared discussion guide

Vertisol technology

Sustamnable development of the SAT
has been one of ICRISAT’s major
objectives since 1ts iception Several
research programs sought technologies
to conserve soil and water 1n order to
maximize agricultural productivity on a
sustainable basis in a mucrowatershed
(A mucrowatershed 1s an area of 3-25
ha developed to facilitate effective
management and improve resource use
efficiency ) Research on Vertisol
technology as a package of options
started at ICRISAT 1n 1974 with two
major expertments The aim was to
evaluate traditional practices in terms
of productivity and soil and water
losses, and then develop and test

approaches to improve productivity
through more efficient use of rain water
and mimumizmg land degradation
(Virmani et al 1989) This package of
technology options primarily targeted
» effective drainage of excess water
when 1t 15 not possible to capture
and store 1t,
*» Dbetter use of ranfall by conserving
most of 1t 1n the so1l profile, and
+ capturing, storing, and using excess
water for irrigation during drought
periods
Success with these objectives opens
up the enormous potential for double
cropping or crop mtensification of
Vertisols in the SAT
The technology options developed
were a system of land and water
management — with moderate inputs,
bullock power, and within the reach of
a small farmer 1n the SAT — that
effectively improved dramnage, reduced
soil erosion, and increased and stabi-
lized crop productivity The main
components of the Vertisol technology
(Ryan et al 1982) for a watershed
were
« culuvating immedzately after the
postrainy season crop when the soil
still contained some moisture and
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was not too hard (summer cultiva-
tion),

» 1mproving drainage with the aid of
field and commumty channels and
the use of graded broadbeds and
furrows (BBF),

» dry seeding crops before the
MOoNSOON rains arrve,

» usmg improved seeds and moderate
amounts of fertilizers,

» 1mproving crop mixtures and row
arrangements,

« 1mproving placement of seeds and
fertihizers for better crop stands, and

+ 1mproving plant protection, particu-
larly for legume crops
The technology components were

first tested and demonstrated on

farmers’ fields in 1981/82 at

Taddanpally, and later expanded to

eight sites 1n 1982/83 The on-farm

trials were quite encouraging and the

State Departments of Agriculture

included the technology components n

their extension agenda for wider testing

and demonstration In 1994, the

program was extended to 28 locations
on more than 2 000 ha mn similar
chimatic conditions mn Andhra Pradesh,
Karnataka, Madhya Pradesh, and
Maharashtra (Table 2)

Adoption of Vertisol technology

The technology components were
recommended as a package Under
such circumstances, several distinct
technological options were available to
farmers They were free to adopt the
complete package, a subset or part of a
subset of components, or modified
forms of the recommendations
(Byerlee and Polanco 1986, Ryan and
Subramanyam 1975) Farmer responses
to the technology and 1ts components
varied from region to region, and
certain components needed adjustment
to suit regional soil, crop, and
agrochmatic characteristics In the
present study, farmer responses to
adoption of individual components
were examined

Table 2 Districts selected for disseminating Vertisol technology in four Indian

states

State Districts Area (ha)

Andhra Pradesh  Adilabad Karimnagar Khammam Medak Nizamabad 614
Warangal

Karnataka Bellary Belgam Bidar Dharwad Gulbarga 277

Madhya Pradesh  Bhopal Raisen Not avatlable

Maharashtra Ahamadnagar Akola Amravati Aurangabad Buldhana 1158

Dhule Jalgaon Jalna Nagpur Nanded Parbhani Sangh

Satara Yeotmal Wardha

Source Virman: and Tandon 1984
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Summer cultivation

Vertisols are very hard when dry and

plastic and sticky when wet, with a

very narrow moisture range during

which tillage takes place (Virmani et al

1989) Under dry conditions, tillage 1s

difficult and requires extremely high

levels of draft power To overcome this
difficulty, farmers wait for ran, but
persistent rains constrain timely tillage
and sowing To alleviate this major
constrant and effectively use the soil
moisture, one important recommenda-
tion of the Vertisol technology was to
plow the land immediately after
harvesting the postramy-season crop

Plowing then 1s easter because the so1l

still contams some residual moisture
This practice was adopted by

farmers m two high rainfall locations

— Kanzara in Maharashtra, and

Begumganj in Madhya Pradesh They

said that ths practice

= made the so1l easter to cultivate
because 1t st1ll contained some
restdual moisture,

+ avoided soil cracking and clotting,

» reduced labor and costs because
cultivation was easier,

+ 1mproved conservation of ram water
because more was absorbed nto the
so1l profile, and

+ solved the problem of weeds during
the ramny season
Farmers said that any delay after the

harvest of postrainy-season crops

allowed the so1l to harden They
perceived that these practices decreased

~_the cost of cultivation, increased land

productivity, and improved sustain-
ability of so1l and water resources

In Taddanpally and Sultanpur mn
Andhra Pradesh and Farhatabad m
Karnataka, this practice was not adopted
by farmers These locations are stili
donunated by a fallow regime during the
ramy season followed by a postramy-
season crop or a short-duration ramy-
season crop (such as black gram or green
gram) The mam crops were grown
during the postramy season, and tillage
operations began after the monsoon rams
settled and the so1l had adequate moisture
for land preparation and seed germna-
tion Obviously, under such a situation
summer cultivation may not be desirable

Shirapur in Maharashtra now has
wrngation, therefore farmers do not
depend upon rain for tillage

Double cropping

In Vertisols, where ranfall 1s greater
than 750 mm year !, two crops are
feasible without irrigation The intro-
duction of double cropping on an
estimated 5—12 million ha of dryland
has the potential to increase production
by exploiting existing underutilized
resources Traditionally, only one crop
1s grown each year, with land remain-
ing fallow for the following season
During on-farm testing, several new
cropping systems were recommended
and verified for feasitbility and adapt-
ability on farmers fields

Both sequential crops and intercrops
that require both seasons to mature
were considered as options but there
was not enough moisture to germinate
a postrainy-season crop There was,
however, opportunity to increase the
intensity of an mtercrop
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Immediately after on-farm trials
concluded, 1n many cases farmers
reverted to their traditional cropping
system (one crop 1n a year) The mamn
reason was that they preferred
postrainy-season sorghum over ramy-
season sorghum Another important
reason reported by farmers was the
higher risk attached to the rainy-season
crop Despite their past decisions, the
concept of intercropping was attractive
and would be more likely to be adopted
by the farmers if improved varieties,
higher prices, and better marketing
facilities were available Important
double crops 1n the selected locations
are histed 1n Table 3

In Taddanpally, although a sorghum/
pigeonpea intercrop produced the best
yields and highest returns 1n the first
year (1981/82) of on-farm trials, 1t was
not more widely adopted 1n the second
and third years Farmers tended to
revert to their previous system based on
postrainy-season sorghum (JCRISAT
1984) The situation has changed
during the last 5 years Crops such as
black gram and green gram are emerg-
INg as 1mportant rainy-season crops

because of their higher prices and early
maturity (about 80 days) In addition,
these also fit 1n a crop rotation with
postramy sorghum, which is the main
crop mn Taddanpally, where about 30—
35% of the area 1s double cropped For
the last two years, double cropping
increased because the market for
blackgram and greengram was good In
some cases, cotton or sorghum was
mtercropped with pigeonpea

In Farhatabad, the most popular
intercropping system is groundnut/
pigeonpea followed by cotton/
pigeonpea In some cases, sesamum 18
cultivated after pigeonpea In a very
Iimited area where 1rngation 1s avail-
able, soybean-postraimny season sor-
ghum was a new crop rotation Tradi-
tionally groundnut was the important
crop during the ramny season This was
imtially replaced by pigeonpea, and
finally converted to a groundnut/
pigeonpea ntercrop Medium-duration
plgeonpea was grown on about 50% of
the total area

In Kanzara, more than 50% of the
total cultivated area was under double
cropping Cotton/pigeonpea was the

Tabie 3 Most important traditional and newly adopted cropping systems in selected

locations

Location Traditional system Adopted system

Taddanpally Postrainy sorghum Blackgram or greengram postrainy sorghum
Sultanpur Postrainy sorghum Blackgram or greengram postrainy sorghum
Farhatabad Ramy season groundnut Groundnut/pigeonpea

Begumgan; Rany-season fallow wheat Soybean/pigeonpea

Kanzara Ramny season sorghum Cotton/pigeonpea

Shurapur Postramy sorghum —!

1 Surface 1rigation has been mtroduced i the village
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most important mtercrop, and in such
cases, these crops occupy both seasons
Both are long-duration crops, and
hence increase productivity Sorghum-
wheat and sorghum-chickpea are the
most common sequential crops In
some cases, cotton-wheat and soybean-
wheat are also grown Traditionally,
raimy-season sorghum was the most
1mportant subsistence crop

In Begumganj, soybean was
mtercropped with long- or medium-
duration pigeonpea This system
covered about 30% of the area in the
entire village An early adoption study
within the watershed (covermg 25 ha)
showed that the area under this system
mcreased from 12% 1 1982/83 to 65%
n 1983/84 (ICRISAT 1985) In some
cases, soybean-wheat or soybean-
chickpea were 1mportant crop rotations
to mcrease cropping wtensity In
Begumgany, land was traditionally left
fallow during the rainy season

In Shurapur prior to mtroduction of
canal mgation, about 25% of the area was
under double cropping if there was timely
rainfall In the past 2 years, irrigation has
significantly mcreased the area under
double cropping to about 50% Tradition-
ally, postrainy-season sorghum was the
most important crop grown 1n the village

Dry seeding

Dry seeding before the monsoon rams
was recommended, and while a
majority of the farmers appreciated the
concept and 1ts potential benefits few
adopted the practice Dry seeding was
reported to increase yields of sorghum
and cotton by about 200-300 kg ha!

Adoption of dry seeding was not
very encouraging at any location, and
was only adopted to a limited extent 1n
Kanzara (15%) and Begumgan) (2%),
manly i cotton using seed saved from
a previous crop Farmers faced three
major constraints to dry seeding

Uncertaimn ramnfall Farmers do not
have access to reliable rainfall predic-
tions

Risk of seed damage Prices of hybrid
and high-yielding varieties of cotton
were high (Rs 600-650 kg ') and any
delay or excess ramn damaged pur-
chased seed Rats also damaged the
seed, which reduced germination

Weeds Farmers faced severe weed
problems m plots that were dry seeded
Weeds and crops germinated together
with the onset of the monsoon rams
Weeds grew much faster than the crop,
and the cost of weed control was
higher than the crop value During on-
farm testing, weed management in the
ramy-season was also reported to be a
serious problem for many farmers
Cultivauon with a wheeled too) carrier
was only a partial success More
research on weed management was
recommended (ICRISAT 1984)
Besides these problems farmers
also reported that dry seeding was
difficult because the soil became very
hard after the postramy-season crop
was harvested 1f 1t was not cultivated
immediately Existing implements were
not appropriate for cultivating and
sowing before the rains Heavy-duty
tractors may help land preparation and
dry seeding, but adoption depends on
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the rainy-season crop With the intro-
duction of black gram and green gram
during the ramy season, farmers felt
that 1t was not necessary to dry seed
because these crops do not delay the
sowing of the subsequent postrainy-
season sorghum

Broadbeds and furrows

The system of broadbeds and furrows
(BBF) 1s a land preparation technique
with beds 105-cm wide alternating with
furrows 45-cm wide at a gradient of
02-0 4%, depending on so1l type This
component was designed to improve
surface drainage to avoid waterlogging
during the ramy season Run-off water
can be dramed out of the watershed or
collected for supplemental 1rrigation
Although the system provided better
results during on-farm trials, farmers did
not adopt 1t Farmers reported benefits
from BBE including reduced labor
requirements for such operations such
as sowing, fertilizer application, and
cultivation by as much as 50%, and
mereasing water retentton in the soil
Despite the benefits of BBF reported
by farmers, they all discontinued the
practice and either used traditional
methods to drain excess water or made
furrows between rows during cultiva-
tion These were more convenient than
BBF, primarily because the Tropicultor
(an 1mplement specifically designed to
make BBF) was expensive to buy and
difficult to operate Farmers said that if
BBF must be constructed every year,
the returns may not justify the labor
expense unless more profitable subsist-
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ence crops or cash crops (vegetables,
oilseeds) were grown Maintenance 18
important and expensive because the
beds were invariably damaged by
heavy rains In some other parts of
India, however, farmers are adopting
BBF for postrainy season groundnut to
mncrease yields and save labor (Josh
and Bantlan 1996) In areas where
traditional postrainy-season sorghum
was grown, farmers did not face the
problem of excess water and
waterlogging 1n the fields Under such
sitnations, farmers felt that BBF were
not required Multilocational trials also
indicated that BBF may not be essen-
tial at all locations, and that the
technology should be considered on a
case-by-case basis (ICRISAT 1983)

Improved varieties

Improved varieties are also an 1impor-
tant component of the Vertisol technol-
ogy and have become popular during
the past decade In all the villages,
farmers grew improved vanieties of
cotton such as LRA 5166, LRK 516 or
Nanded 44 One improved variety of
pigeonpea, ICP 8863, was grown 1n all
villages except Taddanpally Adoption
of ICP 8863 was launched by the
farmers of Kanzara in 1987 and now
covers 300 000 ha, and farmer-to-
farmer seed distribution of this variety
also began 1n this village (Bantilan and
Josh1 1996) Local chickpea varieties
were grown (Anniger: and Chaffa), as
well as improved varieties (ICCV 2 and
ICCC 37) All farmers grew improved
varieties of soybean i Begumgan)



A majority of all farmers at all
locations were still growing local
sorghum varieties M 35-1 (Maldandu),
which was grown during the postrammy
season, was still favored Farmers
generally avoided hybrids and high
yielding varieties for postrainy-season
sorghum because prices and quality
were low for both gram and fodder In
Kanzara, farmers grew hybnd sorghum
during the ramy season

Fertilzer apphcations

Dryland agriculture traditionally
receives no mineral fertthzer (Jha and
Sarin 1980) Desai et al (1995) used 9
years of data from a panel of farmers n
the SAT to show that the vast propor-
tion of nonirrigated land did not receive
erther manure or fertilizer Recently, 1t
was noted that the majority of farmers
applied whatever manure was available
for crop production, but 1t was not
suffictent to meet the crop requirement
and nutrient mimng To improve soil
fertility and overcome nutrient mining,
one recommendation of the Vertisol
technology was to apply moderate
amounts of mineral fertilizer that could
be complemented by manure

At all locations, a majority of
farmers used moderate amounts of
mineral fertilizers, and their use 1s
increasing over time Most of the
farmers applied fertilizer to sugarcane
and cotton and about 20% used
fertilizer on pigeonpea and less than
10% on chickpea

In most of the cases, composite
fertthzer (N 19 P 19 K 19) was applied

as a basal dose, with urea as a top
dressmg When fertilizer prices rose,
there was a marginal decline 1n the
consumption of potassium and phos-
phate fertilizers Ironically, use of
manure decreased 1n all the villages as
fodder became scarce and the animal
population declined Cash crops such
as sugarcane and cotton were the
priority for manure

Placement of seed and fertilizer

Appropriate placement of seed and
fertilizer can substantially mcrease
crop yields The traditional practice 1n
dryland agriculture was to broadcast
seed, but placement of seed and
fertilizer was one part of the technol-
ogy package designed to minimize
nutrient losses and make optimal use of
available moisture Farmers were
convinced of the benefits of sowing in
rows and placing fertilizer with seed
Dibbling and use of a seed drill became
common practices for sowing seed and
fertilizer placement All farmers used
dibbling and maintained proper row
arrangements for cotton and groundnut,
whule a seed drill was commonly used
to sow sorghum, wheat, pigeonpea and
chickpea

In Begumgan), seed and fertilizer
were mixed and sown using either a
drill or plow, which placed them at the
same depth Although unusual this
modified form of the technology
component indicated that farmers
accepted the concept of placing seed
and fertilizer together
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Plant protection

Use of pesticides was rapidly increas-
ing m all villages except Taddanpally
For the last 5 years, pesticide use
almost doubled m cotton, pigeonpea
and chickpea to control msects (par-
ticularly podborer Helicoverpa
armigera) In Taddanpally, farmers
discontinued pesticide use because 1t
was meffective agamnst heavy podborer
infestations

Farmers at other locations were
concerned about the indiscriminate use
of pesticides The majyonity of farmers
sprayed cotton and pigeonpea an
average of 5 or 6 times 1n a season,
sometimes as often as 10 times In
Farhatabad, farmers were spending an
amazmg Rs 5000 ha! to control
pigeonpea pests, while two decades
ago they were unaware of pesticides In
the early to mud-1980s farmers started
using small amounts of msecticides,
but over the years their use has steadily
mcreased, particularly on cotton and
pigeonpea

In Kanzara, farmers now use a power
sprayer to apply pesticides The control-
led droplet application (CDA) sprayer 1s
very popular in Farhatabad because its
water requurement 18 low (ICRISAT
1985) Conventional knapsack sprayers
require much larger volumes of water,
presenting a considerable hardship for
SAT farmers because they usually must
carry clean water for long distances to
their fields Before the introduction of
the CDA sprayer, farmers were using a
foot sprayer that required more time and
labor
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Future research

Several important 1ssues emerged from
this work

Differential adoption of components

Improved varieties was the most
important component of the technology
package, and was adopted first and
most widely This component was
followed 1n stages by application of
moderate amounts of fertilizers, use of
pesticides, and proper placement of
seed and fertilizers (Table 4) Similar
results were reported by Foster (1988)
when assessing early adoption of
Vertisol technology options m
Begumgan) These components were
widely adopted at most locations, and
to some extent where double cropping
suited the environment, farmers
reduced the area of fallow land

Post-harvest plowing

Although cultivating the land immedi-
ately after harvest of the postrainy-
season crop was practiced at several
locations, 1ts potential benefits were not
being realized by adopting the concept
of dry seedmg These two components
(summer cultivation and dry seeding)
facilitate double cropping n dryland
agriculture and increase cropping
mtensity There was evidence that
farmers were adopting double crop-
ping, not as a result of summer cultiva-
tion and dry seeding but rather because
short-duration crops that sell at an
attractive price became available



Table 4 Adoption intensity of components of Vertisol technology

Taddan Farha Begum

Technology pally Sultanpur  tabad ganj Kanzara Shirapur
Summer culttvation ~ None None None Moderate Moderate  None
Double cropping Low Low Low High High Moderate
Dry seeding None None None Low Moderate  None
Broadbed and furrow None None None None None None
Improved varieties Low Low Moderate High High Low
Fertilizer application  Low Low Moderate High High Moderate
Seed and fertilizer

placement Low Low High High High Moderate
Plant protection None None High High Moderate  Low
Use of CDA None None High None None None
Constraints to dry seeding Broadbeds and furrows

Constraints to adoption of dry seeding
need to be mitigated before 1t will be
more widely adopted Among the most
important constraints are lack of good
rainfall predictions, weed growth, and
seed damage before germination
Computers that can analyze climatic
information are available, but a mecha-
msm to disseminate the information
they generate 1s missing More research
on weeds m necessary Earlier studies
(Binswanger and Shetty 1977) recom-
mended manual weeding over chemical
control because unemployment was
high and labor costs low Over the
years, however, wages have increased
substantially and employment opportu-
nittes 1n other areas limut the labor
supply Various other technological
options to control weeds may over-
come this constraint Seed damage, the
third major constraint, 1s also a candi-
date for more research

One of the most important components
of the technology package, BBF, was
discontinued by farmers at all loca-
tions Abandonming this component
raises the 1ssue of targeting technology
appropriately and considering eco-
nomuc feasibility within an existing
cropping system Waterlogging was
perceived as a major problem 1n the
watersheds at the target locations, but
apparently 1t wasn’t Walker et al
(1989) assessed farmers’ perceptions

about BBF after the first year of on-farm
tr1als in Taddanpally, and reported that a
majority of the farmers did not observe
any problem with waterlogging
Waterlogging may be more narrowly
location-specific and the concept of
BBF may be recommended and mtro-
duced in areas where 1t poses a con-
straint to double cropping

To better understand the second
1ssue, it 15 necessary to reassess the
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economic feastbility of crop production
with and without BBF It might be
adopted 1f the benefits are greater than
the losses due to waterlogging

Ryan et al (1980) analyzed the
comparative economics of BBF and flat
systems usmg data from watershed
expertments in deep and medum-deep
Vertisols The BBF system with a maize/
pigeonpea intercrop was about 20% more
profitable than the flat system of the
same mtercrop Under a maize-chiekpea
sequential system, the advantage of BBF
was reduced to 10% The BBF system
was less profitable than a flat system on a
medium-deep Vertisol Perhaps these
results were shighted while packaging the
Vertisol technology for the on-farm trials

One possible reason for including this
component may be 1ts contribution
toward mmproving the sustamability of
sotl and water resources There are
reports that the soil loss n a BBF and
double-cropping system was 1 500 kg ha
1, while 1t was 6 400 kg ha ' n a flat and
single-cropping system Similarly, total
ranfall loss in the BBF and double-
cropping system was 33%, but 70% for
the flat and single cropping system
(ICRISAT 1985) These hidden benefits
may not enhance yields 1 the short term,
but certasnly have long-term implications
The benefits of BBF should be reas-
sessed considering a long-term perspec-
tive, economic feasibility, and
sustamnability 1ssues with different
mtercrops and crop sequences

Independent components

Components of the Vertisol technology
were tested in a microwatershed Each
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component can be adopted independ-
ently, and thus should be examined for
both technical and economic feasibility
at different target locations depending
on localized constramnts

Conclusions

It 1s tme to undertake a detailed
mvestigation of the returns to invest-
ments in Vertisol management
Sampath (1989) reported, * adop-
tion of ICRISAT’s improved system of
land management and crop production
increased yields in operational research
blocks during 1982/83 and over a much
larger area of 277 ha during 1983/84,
resulting 1n their wider acceptance
among farmers 1n Vertisol tracts of
Karnataka The technology influenced
not only the farmers mvolved within
the watershed but also those outside ”
Assessing the prelimmary results, 1t
1s clear that the Vertisol technology as a
full package was not adopted, but
different components were widely
adopted by different groups of farmers
at different locations Among important
components adopted by farmers were
improved varleties application of
fertilizers and pesticides, use of CDA
spray equipment, and appropriate
placement of seed and fertihzer
Adoption patterns and impact assess-
ments of one or more technology
options could justify mvestments n
Vertisol management research Their
impact may be seen 1n terms of more
double cropping, increased agricultural
production, income, and resource-use
efficiency, and conservation of soil and



water resources The impact may also be
more broadly assessed 1n terms of
transforming agriculture from subsist-
ence to commercial, with implications for
food security and poverty alleviation
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Dry Seeding in the Vidarbha Region of Maharashtra

B D Bhole', M R Alshi', P K Joshi?2, M C S Bantilan?,
and V K Chopde?

This study tested the hypothests that
dry seeding 1n medium to deep
Vertisols where ramfall 1s greater than
700 mm year' maximizes use of
rainfall and available so1l moisture,
improves yields, and increases net
returns to cotton and sorghum

The study was carried out in
Buldana and Akola districts of the
Vidarbha region of Maharashtra, an
area that recerves 800-850 mm of ramn
n about 47 days Cotton and sorghum
are the major crops n this regton, and
each occupies about 30% of the gross
cropped area Other important crops
are pigeonpea, greengram, blackgram,
sunflower, and safflower

Data from the 1995/96 cropping
season were gathered 1n a survey mn
October 1996 by field assistants
working for Dr Panjabrao Deshmukh
Agnicultural University (Krish
Vidyapeeth), Akola Farmers were
divided nto four groups — those who

adopted dry seedmg in cotton and
sorghum, and those who did not adopt
this practice for the two crops (Table 1)

Table 1 Number of farmers adopting
or not adopting dry seeding of cotton
and sorghum In two districts of Maha-
rashtra, 1995/96

Adopters Non-Adopters
District  Cotton Sorghum Cotton Sorghum
Buldana 9 6 9 6
9 6 9 6
Akola 15 0 15 0
15 0 15 0
Data

Croppmg pattern Cotton covered

35% of gross cropped area-where—————

farmers adopted dry seeding, and
sorghum occupied 21% Where 1t was
not adopted cotton covered 39% of the

Bhole, BD, Alslh, MR, Joshi, PK Bantian, MCS, and Chopde, VK 1998 Dry seeding 1n the
Vidarbha region of Maharashtra Pages 197 201 in Assessmg jomnt research 1mpacts proceedings of an Inter
national Workshop on Joint Impact Assessment of NARS/ICRISAT Technologies for the Semi And Tropics
2 4 Dec 1996 ICRISAT Patancheru India (Bantilan M CS and Joshi PK eds) Patancheru 502 324
Andhra Pradesh India International Crops Research Institute for the Sem1 And Tropics

ICRISAT Conference Paper No 1358

1 Department of Agricultural Economics and Statistics Post Graduate Institute Dr Panjabrac Deshmukh
Knsh1 Vidyapeeth Ahola Maharashtra 444 104 India
2 International Crops Research Institute for the Semi Arid Tropics Patancheru 502 324 Andhra Pradesh

India
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Table 2 Land holdings and cropping patterns of selected farmers in survey area,

1995/96, Vidarbha region, Maharashtra

Area (ha) Adopters Non adopters Total
Total land held 209 191 400
Average size of holding 35 32 33
Net sown area 199 183 382

Area occupied by

Cotton 78 (36) 75 (39 153 37
Sorghum 47 (21 57 (29) 104 (25)
Pigeonpea 13 (6) 12 (6) 25 (6)
Greengram and blackgram 37 (17) g8 4 45 (11
Other crops 45 (20) 42 (22) 87 21
Gross cropped area 221(100) 194 (100) 415 (100)
Cropping ntensity 111 106 109

1 Figures n parentheses mdicate percentage of gross cropped area.

area and sorghum 29% (Table 2)
Pigeonpea was primarily grown with
cotton, whereas sorghum was grown as
a sole crop

Crop varieties In Buldana district,
adopters and non-adopters sowed H 6,
H 8, LRA 5166, Nanded 44, and PKV
Rajat vaneties of cotton on about equal
areas In Akola district, however, only
two varieties, AHH 468 (80%) and
AKH 4 (20%), were grown by the
adopter farmers The non-adopters
sowed AHH 468 (90%), with the
remarmng 10% divided among AKH 4,
Nanded 44, and LRA 5166 Sorghum
was dry seeded only 1n Buldana
district, with the variety CSH 9 pre-
dommating with both adopters (83%)
and non-adopters (75%)

Impact

Cotton The use of labor, seed, and
pesticides did not differ among adopt-
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ers and non-adopters, but there was a
15% reduction mn fertilizer use by the
adopters, and their cotton yields were
27% higher (Table 3)

Production costs for dry seeding
cotton were 3% higher for the adopters,
but gross returns were 22% higher and
net returns 17% higher than the non-
adopters (Table 4)

Sorghum Farmers adopting dry
seeding technology used higher levels
of almost all inputs — human male
labor (27%), bullock labor (49%),
fertilizer (22%), and manure They
were well rewarded for their efforts
with a gram yield 38% higher than the
non-adopters (Table 5)

Adopter farmers icurred costs
about 20% higher than non-adopters,
but their gross returns were 38% higher
and they saved 17% per umt of produc-
tion compared to the non adopters
(Table 6)



Table 3 Use of inputs (ha ') by adopters for dry seeding of cotton compared to

non-adopters, 1995/96, Vidarbha region, Maharashtra

Non adopters Adopters Percentage difference

Parameter (65 5 ha) (66 4 ha) (adopters over non adopters)
Human labor (days)

Male 4010 4131

Female 9971 96 27 -345

Total 13981 13758 -160

Bullock labor (days) 17 81 1976 +1095

Machine labor (days) 181 123 -3204

Seed (kg) 629 599 -478

Manure (100 kg) 18 01 268 +15 10

Fertihizer (kg)

N 40 42 3380 -16 38

P 2794 24 40 -1267

K 305 264 -13 44

Total 71 41 60 84 -14 80

Pesticide cost (Rs) 324 14 323 36

Yield (kg)

Seed cotton 551 698 +267

Pigeonpea 140 138 -14

Table 4 Economics of cotton cultivation by adopters and non adopters of dry
seeding (Rs ha '), 1995/96, Vidarbha region, Maharashtra

Non adopters Adopters Percentage difference

Parameter (65 5 ha) (66 4 ha) (adopters over non adopters)
Human labor

Male 1137 1217 +70

Female 2181 2174 03

Bullock labor 1526 1725 +130

Machinery 219 168 =233

Seed 372 373

Manure 466 565 +212

Fertilizer 1265 1153 -89

Plant protection 324 323

Other 85 82

Interest on WC 424 467 +101

Total cost of cultivation 8 029 8 247 +27
Returns

Cotton 10 688 13 558 +26 9

By products 1909 1802 -56

Gross return 12597 15 360 +219

Net return 4568 7113 +557

Cost of production (Rs 100 kg ') 1111 923 -169
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Table 5 Use of inputs (ha ') by adopters for dry seeding of sorghum compared to
non-adopters, 1995/96, Vidarbha region, Maharashtra

Non adopters Adopters Percentage difference
Parameter (15 4 ha) (11 9 ha) (adopters over non adopters)
Human labor (days)
Male 45 18 58 14 +26 99
Female 4727 47 60
Total 9305 10574 +13 64
Bullock labor (days) 883 1316 +49 04
Seed (kg) 902 928 +2 88
Manure (kg) 2 068
Fertilizer (kg)
N 7455 92 49 +24 06
P 24 48 2852 +16 50
K 097 084 -13 40
Total 100 121 85 +21 85
Insecticide cost (Rs )
Yaeld (kg)
Grain 1592 2203 +38 37
By products 2 402 3165 +3176

Table 6 Economics of sorghum cultivation by adopters and non-adopters of dry
seeding (Rs ha '), 1995/96, Vidarbha region, Maharashtra

Non-adopters Adopters Percentage difference

Parameter (15 4 ha) (11 9 ha) (adopters over non adopters)
Human labor

Male 1515 1851 +222

Female 1111 1146 +32

Bullock labor 704 929

Machinery 621 823 +325

Seed 548 589 +75

Manure 82

Fertilizer 1143 1347 +179

Plant protection

Interest on WC 339 339 +198

Total cost of cultivation 5981 7173 +199
Returns

Sorghum 5922 8259 +395

By products 1802 2373 +317

Gross return 7724 10 632 +377

Net return 1743 3 459 +98 5

Cost of production (Rs 100 kg ') 263 218 -171
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Technology adoption

Cotton Farmers reported that they
adopted dry seeding because

seed can remain 1n the soil for a
longer period and unlike seed of
many other crops, 1t 1s not affected
by ants and other 1nsects,

the crop matures earlier than 1f
sowed after the monsoon rains,

labor 1s less expensive 1n the
summer,

scarce rain water 1s used to full
advantage

grain quality 1s improved,

prices were higher for an early crop,
and

yields were higher

Sorghum Farmers reported dry
seeding of sorghum was advantageous
because

1t enabled double cropping,

sowing was not delayed by the
erratic nature of the monsoon rains,

yields were higher, and

labor 15 less expensive in the
summer

Constraints

About 95% of the farmers who did not
adopt dry seeding technology were
aware of the technology, but cited
reasons why they chose not to adopt 1t

germunation 1s substantially reduced
because Vertisols dry out and crack
(90% of non-adopters 1n Buldana
district, cotton),

sowing 1s more expensive when
mmuttal low ranfall 1s followed by a
dry spell (66% of non-adopters 1n
Buldana district, sorghum), and
financial risk 1f dry seeding fails
(73% of non-adopters in Akola
district, cotton)

Conclusions

Based on the survey data, researchers
arrived at three main conclusions
+ dry seeding technology increased

yield and financial return of cotton
and sorghum,

the technology was not suitable
where Vertisols are subject to
cracking, and

farmers lack the money to resow
therr fields 1f germination 1s poor or
fails altogether
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Towards a Formative Approach to Assessment of
Integrated Pest Management Strategles

PG

Integrated pest management (IPM) 1s a
sigmficant improvement in the man-
agement of msect pests and diseases of
crops, and an important component of
the research programs of both national
agricultural research systems (NARS)
and the International Crops Research
Institute for the Semu-Arid Tropics
(ICRISAT) The progressive incorpora-
tion of a socioeconomic component m
research, development, and extension
(RD&E) processes leading to technol-
ogy development and implementation
15 a recent phenomenon

Thus paper first outlines certamn
aspects of program evaluation and
impact assessment 1n relation to
emerging technologies in IPM that
provide a beginning framework for
research m this area Second, some
specific problems with the greater
mtegration of socioeconomics and
biological work on component tech-
nologes that affect novel pest manage-
ment technologies will be addressed
Third, a short case study of IPM
evaluation will indicate some of the

~
wOX

1ssues 1n an empirical, rather than a
theoretical, fashion And last, some
general lessons for program evaluation
and impact assessment will be sug-
gested as these concepts begin to be
applied to more complex technologies
These technologies are more social mn
nature, and the technology generation
process 1s based increasingly on
collaboration between different groups
of actors (both NARS and ICRISAT
farmers and scientists)

Impact analysis for program
evaluation

The crux of impact analysis 1s a
comparison of what did happen after
implementing the program with what
would have happened had the program
not been 1mplemented (Mohr 1992)
This comparison 1s the impact of the
program What-would-have-happened
(what Mohr calls the counterfactual or
*C”) 18 clearly problematic because 1t
cannot be observed directly The other
major component of impact assessment
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1s the actual state of the world after a
program has been implemented (‘R”)
The simplest quantifier of program
effectiveness 1s R — C This may be
expressed as the difference of means, a
difference of proportions, or a regres-
sion coefficient However, in general, a
standard 15 needed to interpret whether
an 1mpact 1s substantial or weak The
planned 1mpact of the program pro-
vides one standard This defines the
effectiveness ratio as

R-C
P-C

Effectiveness =

where

P = planned state of the world on the
outeome of interest

This bas additional problems
because 1t 1s difficult to get program
personnel to do the planning needed to
specify P, and 1t 1s difficult to estimate
the counterfactual ahead of time

An alternative to the planned state of
the world as a quantifier 1s the extent of
the problem (the counterfactual) The
adequacy ratio 1s defined as

R
Adequacy =1——
quacy C

Thus adequacy quantifies effective-
ness by conceptualizing 1t as the
proportion of the problem eliminated
by the program It 1s directly applicable
only when complete elimination 1s
relevant For this to make sense, the
counterfactual must be seen as an
undesirable condition Thus measures
of R and C may need to be redefined in
terms of a gap, for example, a yield gap
or pesticide levels to be reduced

Scriven (1972) divided evaluations
mto the formative and the summative
The latter are studies that yield infor-
mation only on sumple impacts In
contrast to summative evaluations,
formative evaluations help to give
guidance to improve, or ‘form’ the
program 1itself by providing periodic
summative feedback and by answering
the question why’ Recent work at
ICRISAT has concentrated on
summative evaluations to estimate the
historical impact of previous mnovations
(for example, Bantilan and Joshi 1996)

A program can have multiple
impacts Mohr (1992) ident:fies five
functions connected with the effective-
ness of a multiple-outcome program

* finding which outcome dimensions
are affected,

* lhmufing the analysis to some
impacts, and not others,

» assessing the impact on each
outcome,

+ common-scaling to put different
measures of impact together so that
the effectiveness of the whole may
be appraised, and

» weighting to assign relative impor-
tance to different impact scores

Mohr discusses, and largely dis-
musses, cost-benefit analysis (CBA) as
one way to approach this 1ssue In
CBA, little attentron 1s paid to finding
and limiting although care 1s taken to
admonish against double counting The
function of assessing impact 1s central
to CBA The concept of economic
surplus 1s frequently used Mohr
writes
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The heart and soul of benefit-cost
analysis lies 1n the creative application
of economuic theory to pertinent,
retrievable, existing data for the
purpose of assessing impact by mfer-
nng what would have happened under
a variety of conditions

Common-scaling and weighting
functions are handled quite simply 1n
CBA by using money Sometimes the
mcome accruing to different groups

(for example, the rural poor or 1lliterate
women) 1s weighted differently Impact

evaluation addresses these five func-

tions 1n a more comprehensive way

than CBA

Program evaluations are not used as
extensively as one mught expect Mohr
notes several issues

« the need for comprehensiveness n
the presentation of outcomes,

» the correct choice of the outcomes
that are to be submutted to actual
research,

« the need for quality in the selection
and execution of research designs,
and

= recognition that, i most cases, the
evaluation should be formative
Guba and Lincoln (1989) describe

the four generations of evaluation The

first generation was concerned with
generating measurements The role of

the evaluator was technical and evalua-

tors were expected to know about

different evaluation mnstruments so that

any variable named for investigation
could be measured The second
generation approach was charactenzed
by descriptions of patterns of strengths
and weaknesses with respect to certaimn
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stated objectives The role of evaluator

was that of describer Measurement

was constdered to be one of several

tools that could be used 1n evaluation

In third generation evaluation the

evaluator assumed the role of judge

while retaming earlier technical and

descriptive functions as well All three

generations, according to Guba and

Lincoln, suffer from serious defects

+ With a tendency towards
managerialism, the manager is held
harmless The typical manager/
evaluator relationship 1s
disempowering and unfair, disen-
franchising, and likely to become a
cozy one

» The pluralism of values 1s not
accommodated If 1t 1s accepted that
science 18 not value-free, then
findings are subject to different
interpretations and facts are deter-
mined 1n mteraction with the value
system the evaluator brings to bear
Every act of evaluation becomes a
political act

* An overcommitment to the scientific
paradigm of mquiry has led to
context-stripping The resources
needed to institute and maintain
controls offset other uses to which
the inquiry might have been put, thus
restricting the range of available
information According to Guba and
Lincoln, the effort to derive general
truths through context-stripping
(control) 1s one of the reasons why
evaluations are so often found to be
wrrelevant at the local level

» An overdependence on formal
quantitative measurement Guba and



Lincoln note the coerciveness of truth
(both evaluator and manager are
rendered unassailable) This closes
out alternative ways to think and
relieves the evaluators of any moral
responstbility for their actions
Guba and Lincoln present an
alternative approach which they call
fourth generation evaluation They
describe this as ‘responsive
constructivist evaluation’ The features
of constructivist methodology include
 truth 1s a2 matter of consensus among
mformed and sophisticated con-
structors, not of correspondence
with objective reality,

« facts have no meaning except within
some value framework, hence there
cannot be an objective assessment of
any proposiion,

+ causes and effects do not exist
except by imputation,

+ phenomena can be understood only
within the context i which they are
studied,

» 1nterventions are not stable,

* change cannot be engineered,

» evaluation produces data in which
facts and values are mextricably
linked,

+ accountability 1s a characteristic of a
conglomerate of mutual and simulta-
neous shapers

= evaluators are the subjective partners
with stakeholders in the literal
creation of data

+ evaluators are orchestrators of a
negotiation process that attempts to
culminate m consensus on better
mformed and more sophisticated
constructions, and

+ evaluation data derived from
constructivist inquiry have neither
special status nor legitimacy — they
represent simply another construc-
tion to be taken into account in the
move toward consensus
For us, 1t 1s a key design 1ssue

whether a ore traditional economic

CBA (for example, along the lines

described by Alston et al 1995),

conducted either ex-post or ex-ante

provides a sufficient basis to guide a

progressively unfolding research and

development process 1n which

« several groups of actors (who
contribute different aspects to the
technology) take part,

+ the technology 1s continually
changing,

+ the context 1n which the technology
18 being used varies and 1s con-
stantly changing, and

» contmual feedback 1s required as we
move toward a goal which 1s also
under continual renegotiation
Cox et al (1997) discuss the

mdeterminacy of the communication

environment within which such
technologies are developed They point
out that sustainability can be recon-
structed as a process 1mprovement tool
and can be equated with a quality

process Impact assessment also has a

role as a process improvement tool

Impact assessment of IPM
technologies

Agriculture 1s an activity that converts
rainfall (and other mnputs) into income
The crop 1s the tool used to achieve this
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transformation How well 1t does
depends on many different constraints
such as labor supply, availability of
credit and markets, demands of
competing crops, and a large number of
biotic and abiotic factors Insect pests
and diseases are i1mportant biotic
constraits to crop production In
recent times, the way of reducing these
constraints (and thus promoting crop
production) has often been through the
use of synthetic chemical pesticides
These contribute significantly to the
cost of crop production They also
generate other costs which economuists
often describe as negative externali-
ties’ because they affect the production
and/or consumption activities of people
other than those making specific
pesticide applications mn crop produc-
tion Two kinds of negative externality
are associated with pesticide use —
environmental pollution (which 1s
generally held to be undesirable and
which society would prefer to reduce
because of concerns about public
health and ecological damage), and the
development of resistance to pesticides
1 insect and pathogen populations
(which directly affects others who use
the particular chemistries against the
same pest population)

IPM poses special problems for
mmpact assessment The standard model
of the research-extension continuum
does not apply m the same way as for
seed-based technologies taken in
1solation (e g , Bantilan and Josh
1996) nor, for that matter, for mvest-
ments 1n the development of chemical
pesticides Some reasons for this
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assertion will be discussed, along with
implications for how research and
extension i IPM are conducted and
evaluated

Standard model

The standard model used 1in impact
assessment studies at ICRISAT as-
sumes a research-extension continuum
that distinguishes basic, applied, and
adaptive stages 1n the research process
Times to pass through these stages can
be assigned to the research program,
which eventually results in a product
that emerges from the research station
gate that can be multiphied and distrib-
uted, then adopted by farmers The
expected increase 1n yield provides an
estimate of the value of the technology
on a unit area basis 1n any given year
Impact assessment surveys indicate
how widely the technology 15 used
Multiplication of these two factors
gives an (historical) annual value of the
benefit associated with the technology
A discounted cash flow analysis,
taking nto account both the costs of
research and development, and the
increasing benefits associated with the
progressive adoption of the technology
within a temporal map, indicates in a
single figure the value of the return on
research mvestment (net present value)
assuming a particular rate of discount
(usually a standard value used by local
planners) Thus, the standard mode!l
makes certain assumptions about the
way research and development are
conducted, the temporal pattern of
costs and benefits, the legiumacy of



using estimates of averages 1n place of
distributions, and the stability (both
spatially and temporally) of the
benefits imputed to the technology
Few of these assumptions fit easily
with IPM technologies

IPM technology

IPM 1s a complex technology involving
several components, some may be
seed-based, but other components
{especially management strategies) are
also mcluded The problems this causes
for impact assessment are associated
with three characteristics of IPM —
integration, pests, and management

Integration problems

Integration poses several problems for
evaluation The various technological
components that are ‘integrated 1n an
IPM package usually have different
histories — they come from different
people and orgamizations and are n
different stages of development The
overall response to IPM 1s a response
to all components combined 1n differ-
ent ways, and 1t 1s difficult to separate
mdividual treatment effects In addi-
tion, there may be synergistic effects
between components The overall
effect 1s multiplicative rather than
additive — only 1if one aspect of the
problem situation 1s solved can a
response to other components be
demonstrated Components can be
combined 1n different ways, adopted or
not adopted separately, and incorpo-
rated in different ways with existing

practices The technology 1s flexible
and adaptive

Pest problems

Pest are living organisms that exist in a
dynamic relationship with host plants
Thus relationship is changmg continu-
ously because of pest population
cycles, the response to previous
interventions (for example, previous
pesticide applications), and random
fluctuations associated with weather
patterns Pest populations evolve within
the time frame required for impact
assessment, for example through the
development of resistance to pesticides
There are often several different pest
populations available to attack a crop,
if one problem 1s solved, another will
take 1ts place

Management problems

Unlike seed-based technologies which
are either adopted or not, management
technologies can be adopted to a
greater or lesser extent They can be
changed and are likely to adapt very
quickly to local and changing circum-
stances They are thus relatively
unstable and additional mputs mean
that 1t 1s difficult to attribute particular
local variations to any specific inter-
vention Also, much of the process of
IPM is about substituting mformation
knowledge and skills for physical
mputs, for example estimating threshold
levels for particular pest species rather
than routine calendar spraying The
development of human capital 1s
inherent 1n the IPM approach
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Implications

Use of a discounting model attaches
different values to the temporal pattern
of costs and benefits Yet, compared to
seed-based technologies, the benefits
are distributed less evenly because they
depend on the seventy of pest attacks
and efficacy of the controls (both
variable, and both with larger spatial
and temporal correlations)

Cumulative probability density
functions (CDF) of the net present
value can be used to capture some of
the stochastic nature of these interven-
tions, such as the annual vanability of
pest mcidence In addition, the rate of
development of other pest problems
(such as greater exposure to attack by
other pest species and the rate of
development of resistance) 1s indeter-
minate

Dafferent technological components
will typically have different nsk
profiles, some of which will be cap-
tured by comparing respective CDFs It
1s important to cover all costs This
applies particularly to extension costs
because the introduction of IPM
typically mvolves a substantial traimng
component and the development of
trust between different groups of
actors

It will be more difficult to generalize
about what constitutes the technology
because components of the integrated
technology will be adopted piecemeal
and at different rates, and adapted in
different ways The components of the
technology will be at different stages in
their own development, for example,
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off-the-shelf chemicals and seeds,
locally-adapted changes n farming
practices, and progressive substitution
of information mputs for physical
mputs (use of thresholds and 1dentsfica-
tion of pests, knowledge of efficacious
pest-pesticide combinations) It will be
difficult to specify the benefits associ-
ated with component technologies
apart from the other technologies
progressively implemented as part of
an ongoing IPM program The techno-
logy changes as the implementation
proceeds — farmers experiment with
and modify recommended practices,
adopting some components and not
others, and integrating the mmported
components with existing practices

In general, there are multiple
stakeholders, all of whom can claim to
have made a contribution to the
realization of benefits Typically 1t will
be dafficult to attribute the benefits of
the technology to a single group of key
originators because the players are
diverse — NARS, mternational
agricultural research centers, non-
governmental organizations, pesticide
manufacturers and dealers, and farm-
ers IPM should be seen as a process
and an 1deology, as well as a technol-
ogy Thus the development and imple-
mentation of IPM technologies argues
for participation i research and
extension, the progressive substitution
of knowledge mputs for chemical
mputs, the ntegration of technological
components at several levels, contmual
learning and modification as both
research and extension proceed, and
1mpact assessment



All this provides an argument for
much greater use of 1deas and concepts
from program evaluation, both qualita-
tive (Guba and Lincoln 1989, Patton
1990, Wadsworth 1991) and quantita-
tive (Mohr 1992), as part of the
research process It argues for a
formative rather than a summative
approach, and perhaps for the deliberate
choice of a constructivist rather than a
more traditional (positivist) paradigm

Case study — IRM in Australia

Management of msecticide resistance
can be approached through integrated
resistance management (IRM) From
an economic point of view, suscepti-
bility in insect populations to specific
insecticidal chemistries 1s a common
property resource with open access
Property rights are poorly defined and
likely to lead to over use, often referred
to as ‘the tragedy of the commons’
Insect susceptibility 1s analogous to air
and water resources and faces similar
problems for effective management
One approach 1s to tax use of the
resource, for example, taxing insecti-
cides so that the outcome achieved by
people making individual decisions
about their use 1s closer to the social
optimum 1n which the use of uncosted
resources such as susceptibility 1s taken
mto account Another approach 1s for
people to manage such resources
collectively so that the benefits which
accrue to the group (rather than the
sum of indrvidual benefits) 1s maxi-
mized The msecticide resistance
management strategy for Australian

summer crops attempted to do this
(Cox and Forrester 1992)

The IRM 1n eastern Australia to
manage Heliothis armigera 1 summer
crops (mainly cotton) was a response to
the development of resistance to
pyrethroids at Emerald in the early
1980s The IRM strategy defined three
stages based on calendar dates The use
of endosulfan® was restricted to the
early stages of cotton growth (stages 1
and 2), use of pyrethroids to stage 2,
neither chemistry was to be used 1n
stage 3 There were some other rules,
but these were the main ones The
objective was to alternate the use of
different chemistries m a concerted
way across the entire cotton (and other
summer crop) mndustries i eastern
Australia, and to allow time for the
stock of susceptibility to recover before
drawing on 1t agan 1n the following
year Both endosulfan® and pyrethroids
were seen as valuable chemistries (1n
terms of efficacy, specificity, and low
human toxicity) that were worth
preserving The entire summer crop
industries collaborated m mmplementing
the strategy

It 1s difficult to assess the value of
such an intervention because of its
large scale and one-time use Econo-
musts usually compare ‘with and

without situations, but there was not

straightforward without situation for
comparison Cox and Forrester tried to
do this in two ways — by estimating
the mncreased cost of obtaining similar
control using other available chemis-
tries, and by comparing the situation
with what cotton experts believed
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would probably have happened if
endosulfan® and pyrethroids were lost
to the cotton industrv because of the
rapid development of resistance and if
nothing else was done Both estimates
suggested that the mvestment 1n IRM
had provided a substantial economic
return throughout the 1980s The IRM
1n Australia 1s seen as an example of a
successful strategy for the management
of msecticide resistance
There were many reasons for the
success of the IRM m Austraha Four
sets of contributing factors can be
distinguished
* Buological factors include the prior
implementation of IPM (scouting,
spraying on threshold, using soft
chemistries where appropriate, not
using the same chemical again after
a spray failure), and the availability
of a cheap and effective way to
monitor resistance
o Historical factors include the recent
memory of the collapse of the cotton
industry on the Ord River in Western
Australia 1n the 1970s, and the
comparatively recent development
of the cotton mdustry n eastern
Australia
Economic factors include the high
capitalization of the Australian
cotton industry, the overall value of
the crop and the importance of the
cotton mdustry 1 Australian
agriculture, and the practice of
forward-selling cotton
Socual factors include the small size
of the cotton industry (in terms of
the number of farms and farmers),
the use of consuitants to advise on
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spray decisions, the frequent use of
third parties to apply msecticides
from the air the mnovative nature of
the mdustry (1t 1s well-integrated and
forms a cohesive network of grow
ers ginmng companies, pesticide
distributors and RD&E profession-
als), the willingness of the industry
to listen to and accept professional
advice from others, the availability
of continual momitoring information
so people could see how resistance
was developing, and the perceived
threat from environmental lobbyists
It 1s clear that the IRM strategy, as
implemented 1n Australia, was a social
technology based on the participation
of many actors in conformity with an
agreed pattern of behavior The rules of
the strategy were simple and straight-
forward Voluntary compliance was the
key to 1ts technical and economic
success, which depended on many
factors peculiar to the Australian cotton
industry at that tme It seems unlikely
that the strategy can be transferred n
any simple way to more complex
situations 1n other cropping systems
and n different parts of the world It
does, nevertheless, suggest valuable
lessons about the need for industry-
level collaboration to manage msecti-
cide susceptibility n an effective way,
and that this 1s feasible through
voluntary means, and can be effective

Lessons for assessment of IPM
strategies

The case study outhned in the previous
section mcorporates several examples



of the 1ssues raised n a general context
mn the troductory sections of this
paper The potential consequences mn
this example, perhaps even more
striking than other IPM examples were
cast 1n the negative (increased costs,
collapse of the cotton mdustry 1f
nothing were done) It was hypothetical
— there was no experimental or quasi-
expertmental design, nor was this
possible because of the scale on which
the mtervention was introduced,
dictated 1n turn by the nature of the
problem The hypothetical conse-
quences were estimated in a fairly
rough way based on assumptions about
the change 1n cost structure needed to
achieve adequate control in other ways,
or by analogy with roughly comparable
situations elsewhere about which little
was hknown Thus the estumates of
€Cconomic return on mvestments were
subjective 1n the sense that they were
based on subjective estimates (expert
opmion) of key coefficients

The economic analysis used by Cox
and Forrester was cast within a simple
CBA framework using the concept of
economic surplus This provided coarse
estimates which set wide limuts to the
estimated returns Several estimates,
obtamned 1n different ways, were used
1n an attempt to specify the returns
But, in any case, the analysis was
subjective because 1t was based on
assumed consequences On the other
hand, the social context of the inter-
vention was complex It 1s difficult to
define a simple cause-effect relation-
ship that can be generalized to other
situations

The ntervention was agreed to have
been a success and to have been
achieved 1n a cost-effective manner
But numerous factors contributed to 1ts
success 1n various ways The attempted
formal evaluation was formative — 1t
occurred before the end of the interven-
tion and contributed toward its continua-
tion It was a political act used to
endorse a particular set of values about
the way pest problems should be
managed 1n order to match the aspira-
trons of a wider community

The time scale was about 10 years
The IRM had mamtamed msect
susceptibility to pyrethroids and
endosulfan® for continued use about
this time At the end of this period, new
chenustries were starting to become
available Sustammability for 10 years
might appear modest by some stand-
ards, but this may be the sort of time
scale needed for other kinds of [IPM
mtervention The resistance levels and
the nature of the response changed
within that time scale The susceptibil-
1ty was progressively used up, and by
that time other options had emerged
and the situation was very different
from that at the start of the planning
pertod

Although 100% achievement of the
program objective (if this 1s stated
simply 1n terms of mamntaming the
susceptibility) 1s theoretically possible,
1n practice partial achievement 1s likely
to be the norm In this case, there was
no standard by which to gauge the

normal level of success The mnterven-
tion can be construed as action research
— 1t was not known at the start
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whether the arrangements would work
or not

The case study emphasizes the
importance of continual feedback to
the participants, 1n this case feedback
about the current levels of resistance
obtained through momtoring resist-
ance levels These were not formally
converted into monetary values,
although farmers could do this
informally by noting the number of
pyrethroid and endosulfan® sprays
that they could use before a spray
failure curtailed their continued use
m a particular season This feedback
was formative 1n that it contributed
to the continued adherence to the
technology Indeed, the technology
was modified (for example by
shortening the stage 2 window)
partly 1n response to this feedback
The IRM strategy had specific
objectives — to contain the develop-
ment of resistance 1n a target msect
population to specific categories of
chemicals The success (or other-
wise) of the project could thus be
assessed directly against these pre-
specified criteria

The technology was technically
simple, but st1ll required significant
negotiation of meanings — about
resistance, 1ts implications, what can
be done about 1t, and how to go
about doing 1t Social mobilization
was critical for the success of the
technology Evaluation was part of
this formative process, reinforcing
certain courses of action rather than
others
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Conclusion

IPM poses certain challenges for
program evaluation and 1mpact assess-
ment compared to relatively simple
technucal interventions such as those
associated with seed-based technolo-
gies Formative evaluation (continual,
with a view to modification of future
behaviors) will be an important part of
developing novel technological compo-
nents, as will incorporating these nto
ntegrated patterns of behavior tailored
to the requirements of particular
situations Although detailed costing of
certain components 1s part of this, an
appreciation of the goals and aspirations
of different groups of actors, and of the
constraints within which they operate,
requires a wider perspective The need
to negotiate progressive learning and
novel configurations argues for a richer
interpretative framework, including the
use of expenmental design and program
evaluation Impact assessment 1n this
sense 18 an active research tool for
guiding collaborative action 1n the
development and implementation of
novel strategies for IPM It 1s not
something done at the end when the
action 1s all over and the problem has
been solved

References

Alston, J M , Norton, G W, and
Pardey, PG 1995 Science under
scarcity principles and practice for
agricultural research evaluation and
prionty setting Ithaca, New York
Cornell University Press



Bantilan, M C S, and Joshi, PK
1996 Returns to research diffusion
mvestments on wilt resistance in
pigeonpea Impact Series no 1
Patancheru 502 324, Andhra
Pradesh, India International Crops
Research Institute for the Semi-And
Tropics

Cox, PG, and Forester, N W 1992
Economics of insecticide resistance
management in Heliothis armigera
(Lepidoptera Noctuidae) in Aus-
trahia Journal of Economic Entomol-
ogy 85(5) 1539-1550

Cox, PG, MacLeod, N D, and
Shulman, A D 1997 Putting
sustainability into practice it agricul-
tural research for development Pages
33-38 in Systems for sustainability
people, orgamzations and environ-
ments (Stowell, FA , Ison,R L,
Armson, R , Holloway, J , Jackson,
S, and McRobb, S, eds ) London,

UK Plenum Press

Guba, E C, and Lincoln, YS 1989
Fourth generation evaluations
Newbury Park, California, USA
Sage

Mohr, L B 1992 Impact assessment
for program evaluation Newbury
Park, California, USA Sage

Patton, M Q 1990 Qualitative
evaluation and research methods 2nd
ed Newbury Park, California, USA
Sage

Scriven, M 1972 The methodology
of evaluation Pages 123-136 in
Evaluating action programs readings
1n soctal action and education
(Weiss, CH, ed ) Boston, Massa-
chusetts, USA Allyn and Bacon

Wadsworth, Y 1991 Everyday
evaluation on the run Melbourne,
Australia Action Research Issues
Association Inc

213



Utilization of ICRISAT Intermediate Products
by Seed Sector and NARS,
and Value of Networking

e
Previous Page Biaz&



Use of ICRISAT/NARS Pearl Millet Germplasm

M C S Bantilan', K N Rai', and KV Subba Rao'

The fundamental approach to genetic
enhancement research at the Interna-
tional Crops Research Institute for the
Semi-And Tropics (ICRISAT) 1s to
develop parental matertals — male-
sterile lines, segregating materals, and
improved resistance sources — to
facilitate the breeding programs of
national agricultural research systems
(NARS) and the private seed sector
With an ultimate aim to improve
production worldwide, ICRISAT has
freely made 1ts germplasm and breed-
ing materials available to both develop-
ing and developed country NARS The
NARS evaluate these matenials from
ICRISAT, select promising lines for
direct use and/or icorporate them into
breeding programs to develop 1m-
proved varieties Many of these have
been successfully released and adopted
by farmers

From an mstitutional point of view,
1t 1s important for ICRISAT to assess
the value of improved germplasm and

parental lines to NARS and the private
seed sector Systematic documentation
and analysis of the use of ICRISAT-
bred improved germplasm 1s required
With the cooperation of 1ts collabora-
tors — NARS and the private seed
sector — ICRISAT can better under-
stand the role of 1ts improved
germplasm m varietial development
worldwide, 1t will also learn about their
constraints and limitations

Tracking germplasm utilisation

A three-pronged approach (Fig 1) was
employed to track usage of pear] millet
parental lines and varieties by the
NARS

« Requests for breeder seed and
distribution data were traced from
the sources (ICRISAT and NARS)
through the seed sector channels
(both private and public) to farmers
(Approach 1)

Bantjlan, M C S, Rai, K N, and Subba Rao, K V 1998 Use of ICRISAT/NARS pearl millet germplasm
Pages 217 223 in Assessing joint research mpacts proceedings of an International Workshop on Jomt
Impact Assessment of NARS/ICRISAT Technologies for the Sem1 And Tropics 2 4 Dec 1996 ICRISAT
Patancheru India (Bantlan M CS and Joshi PK eds) Patancheru 502 324 Andhra Pradesh India
Intemational Crops Research Institute for the Serm And Tropics

ICRISAT Conference Paper No 1361

1 International Crops Research Institute for the Sem1 And Trm Andhra Pradesh
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Public/Pnvate Farm level
Certified Seed Seed Companies Adoption
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o

l Farmersl<->l Farmers }4—»] Farmersl

Figure 1 Three approaches to track the adoption and impact of investments in

research and development

¢ Private and public seed companies
may be surveyed to obtain informa-
tion on the extent of utilization and
value of ICRISAT-bred open-
pollinated and parental lines 1n terms
of seed production, multiplication,
and distribution (Approach 2)

¢ On-farm surveys may be undertaken
to determune the extent of adoption
and 1mpact of improved cultivars
farmers’ fields (Approach 3)

Results

This paper reports data generated
through this three-pronged approach
Under the first approach, records of
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breeder seed dispatch registers available
at ICRISAT were used to document the
distribution of released culuvars (open-
pollinated varieties and hybrid parents)
from the ICRISAT breeding program to
NARS seed multiplication agencies
(public or private) For example, Table 1
lists the volume of pearl mullet breeder
seed of hybrid parents and open-
pollinated varnieties distributed by
ICRISAT to public and private seed
multiplication agencies in India during
the period 1991-95 This supply has
been substantial, with trends showing an
increasing number of requests It 1s
noted that the volume of seeds de-
manded from the agencies normally



61¢C

Table 1 Supply of pear! millet breeder seed from ICRISAT to seed multiplication agencies in India, 1991-1995

Seed supplied mn kgs

Number of
agencies per year

1991 1992 1993 1994 1995
Maxi- M
Genotype Public Private Public Private Pubhic Private Public Pnvate Public  Private  Total mum mum
Hybrid parents
81A 126 104 125 234 116 108 96 133 19 25 1086 63 91
81B 63 47 57 116 55 55 42 55 7 1 498 63 31
ICMP 451 95 29 37 86 47 53 52 56 43 78 576 52 27
834A 0 1 0 2 0 2 0 3 0 0 8 1 0
834B 0 1 0 1 0 1 0 2 0 0 5 1 0
ICMP 501 0 1 0 1 0 3 0 1 0 0 6 1 0
B41A 61 112 76 81 59 73 51 73 78 144 808 48 35
841B 30 65 37 40 27 38 26 36 49 66 414 46 35
ICMP 423 2 40 3 11 0 9 0 2 0 0 67 18 0
842A — — — — — 14 21 52 110 45 242 22 7
842B —_— — — — — 7 11 24 17 21 80 22 7
843A 25 6 31 62 i0 26 48 82 47 54 441 42 22
843B 14 30 15 31 6 8 22 42 20 29 217 42 22
ICMA 88004 — — — — 13 43 13 29 20 24 142 24 17
ICMB 88004 — — — —_ 5 24 7 14 10 12 72 24 17
ICMR 356 — — — — 5 24 7 17 60 10 123 22 7
Subtotal 416 486 381 665 343 488 396 621 480 509 4785
Open-pollmated cultivars
WC C75 48 20 45 39 84 62 89 65 7 2 461 38 41
ICMS 7703 6 2 15 2 4 12 4 3 4 7 59 6 2
ICTP 8023 63 141 47 154 67 176 45 94 24 37 848 60 211
ICMV 155 22 35 56 71 27 47 53 59 25 24 419 38 i2
Ray 171 — — — — — — 15 55 30 17 117 5 4
ICMV 221 — — — — 15 51 95 120 116 88 485 29 23
Subtotal 139 198 163 266 197 348 301 396 206 175 2389
Total 555 684 544 931 540 836 697 1017 686 684 7174




determmes the volume of seeds supplied
The figures m Table 1 reflect the rela-
tively higher proportion that 1s supphed
to the private sector, both for ICRISAT-
developed hybrid parents as well as
ICRISAT-bred open pollinated varieties
Among hybnd parents, 81A, 81B, 841A,
841B, 843A, and 843B are the most
frequently requested, and therefore
supplied to research agencies, both
public and private The small amounts of
hybrid parents 834A and 834B that was

supplied during 1991-95 were received
by the private sector The volume of
841 A and 843A supplied 1n the recent
years have been increasing, replacing
81A and 81B which domnated earlier
1t 1s noted that the volume required of »
the latter materials remamed high, but
the responsibility for production and
supply of breeder seed of 81A and §1B
was turned over to public sector seed
corporations 1n India 1n 1995

Table 2 hists the specific lines 1n the

Table 2 Pearl millet hybrid parents and open-pollinated varieties supplied as

breeder seed from ICRISAT in India

Line/cultivar Remarks

Seed parent (A/B hine)
81A/B

Female parent of ICRISAT bred hybnd ICMH 451 released 1n 1986

Harayana Agricultural University-bred hybrids HHB 50 released n
1986 and HHB 60 released in 1988

Female parent of Indian Agricultural Research Institute bred hybrids

Pusa 23 released in 1987 and Pusa 322 released 1n 1993 ICRISAT

Female parent of Harayana Agricultural University bred hybrid

841A/B

bred hybrid ICMH 423 released in 1987
842A/B

HHB 68 released mn 1993
843A/B

Female parent of Harayana Agricultural Umversity bred hybnd

HHB 67 released 1n 1990

ICMA/B 88004

Pollen parent (R-line)
ICMP 423
ICMP 451
ICMR 356

Open pollmated varety
WC C75
ICMS 7703
ICTP 8203
ICMV 155
ICMV 221

Female parent of ICRISAT bred hybnd released in 1993

Male parent of ICRISAT bred hybrid ICMH 423
Male parent of ICRISAT bred hybrid 451
Male parent of ICRISAT bred hybnd 356

ICRISAT-bred variety released in 1982
ICRISAT bred vanety released m 1985
ICRISAT bred variety released in 1988
ICRISAT bred vanety released m 1991
ICRISAT bred vanety released in 1993

Source Rat KN and Hash CT 1995 Handout on breeder seed of pearl millet distributed by ICRISAT to seed producing
agencies 1n India. Presented at Study Program on Methodology for Adoption and Impact Evaluation 25 Oct 7 Nov 1995 ICRISAT
Patancheru India. Patancheru 502 324 Andhra Pradesh, India. Intemational Crops Research Institute for the Serm1 Arid Tropics

(Limited dastribution )
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breeder seed production program at
ICRISAT Figure 2 shows the seed
volume of ICRISAT parental lines
distributed starting 1990 which was
mamtamned during the subsequent
years It 1s observed that the supply of
open-pollinated varieties (OPV)
consistently rose up to 1994 The decline
noted starting 1995 1s explamed by the
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Figure 2 Parental lines and open-
pollinated varieties of pearl mullet
distributed to public and private seed
agencies in India, 1990-95

Source Rai KN and Hash, CT 1995
Handout on breeder seed of pearl mullet
distributed by ICRISAT to seed-produc-
mg agencies 1 India Presented at Study
Program on Methodology for Adoption
and Impact Evaluation, 25 Oct-7 Nov
1995, ICRISAT, Patancheru, India
Patancheru 502 324, Andhra Pradesh,
India International Crops Research
Institute for the Semi-And Tropics
(Limuated distribution )

fact that the responsibility for production
and supply of two popular OPVs, ICTP
8203 and WC-C75, have been largely
turmed over to public sector seed corpora-
tions JCRISAT mamtamned responsibility
for newly released cultivars like ICMV
155, and ICMV 221

The second approach produced vital
mformatton about the role of ICRISAT
parental lines in breeding programs and
the seed sector A survey of private
seed companies gave interesting
information on the extent of utilisation
and value of ICRISAT-bred open
pollinated and parental hines in terms of
seed production, multiplication, and
distribution Out of 49 private seed
companies in India who responded to
the mailed-in questionnaires, 37 were
involved 1n pearl millet production 34
companies reported using ICRISAT-
developed breeding lines while 3
companies reported not recerving
ICRISAT breeding materials at all

A summary of the sources of
breeding materials reported by the
respondents, along with the level of
mmportance, is presented in Table 3
The three main sources were reported
ICRISAT, own collection, and ICAR/
SAU The utilisation of ICRISAT
breeding materials in the companes'
research programs 1s shown to be
extensive 71% reported usage of
materials by selections from ICRISAT
maternals, 65% as parents in crossing,
59% use materials directly as parents
of hybnds, and 24% use them directly
as varieties The hist of vareties and
hybrids produced by the companies
during the period 1989-94 revealed the
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Table 3 Sources of breeding material of pearl millet and level of importance

(frequency)
Preference

Source Very important Some importance Not important
ICRISAT 28 6 1
Own collection 17 12 6
ICAR/SAU 12 10 13
Parent Co /Joint venture 3 6 26
Foreign company 1 5 29
Other company 0 10 25

Note 2 firms did not respond to this question

dominance of ICTP 8203, BK 560,
ICMH 179, HHB 67 from the public
sector and a senies from Mahendra,
PROAGRO, and Pioneer Seed Compa-
nies from the private sector in India

On-farm surveys were used to
determine the extent of adoption of
improved cultivars in farmers' fields
Figure 3 illustrates an aggregate picture
which highlights two phases showing
the changing share of ICRISAT, NARS
and the private sector among the
cultivars adopted n farmers' fields
Phase 1, before 1991, represents the
phase where ICRISAT and the public
sector shares dominated the market
Phase 2 (after 1991) represents the
period where the private seed sector
has grown and flourished

In totality, the results put together
highlights the role ICRISAT has played
in 1) providing final products to farmers
through the NARS, and 2) supplying
parental materials to the seed sector
which now (in India and other countnes)
has the capability of delivering the seeds
to farmers This specific result shows that
the partnership by ICRISAT, NARS and
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Figure 3 Adoption of pearl nullet
varieties from ICRISAT, public and
private sector germplasm in
Maharashtra, India

the private seed sector achieved joint
mmpact The collaboration 1s of many
dimensions, mcluding a huge payoff to
strong partnership among international,
national and private sector research
communnties, effective use of the global
gene pool, and application of cutting-
edge science using molecular markers for
gams i breeding efficiency, towards



the control of downy mildew epidemics trigger subsequent waves of mvestment

This pearl millet-downy mildew story by the national pubhic and private
provides a striking 1llustration of how an  sectors, creating a local research base to
mternational research investment can underpin further progress
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Use of ICRISAT Intermediate Products by the
ProAgro Seed Company

P Verma and R Sehgal’

ProAgro 1s a leading seed company in
India dedicated to serving Indian
farmers by producing and marketing
seed of genetically improved high-
yielding varieties and hybrids The
company was registered in 1977 as a
research and technology company and
started working on major field crops
The company 1s engaged 1n breeding,
production, and marketing of hybrid
seed of maize, sorghum, sorghum
sudan grass, pearl millet, forage muillet,
sunflower, cotton, mustard, rice,
tomato, eggplant, okra, chillis, cab
bage, cauliflower, watermelon, cucum-
ber, ridge gourd, bitter gourd, capsi-
cum, among others ProAgro 1s also
working on applied biotechnology
research and 1s ready to commercialize
1ts transgenic hybrids in mustard and
vegetables m India

ProAgro’s strengths

ProAgro has a strong research pro-
gram, with over 50 scientists and 15
research stations across India Some of

the strengths of the research program

mclude

° Management commitment to
research — ProAgro’s chairman,
Sur1 Sehgal, is an undisputed leader
n the global seed industry and 1s
himself a renowned scientist

» Strong research and development
mnfrastructure that includes scientific
manpower, rich germplasm re-
sources and excellent laboratory
and field facihities Each crop
program has at least three scientists
two breeding stations, and eight
testing locations across the country

¢ International links — both techmcal
and commercial — with public
mstitutions (International Crops
Research Institute for the Sermi-And
Tropics, Centro Internacional de
Mejoramiento de Maiz y Trigo,
International Rice Research Insti-
tute Asian Vegetable Research and
Development Center, national
agnicultural research services, and
umversities), as well as with corpo-
rate partners

Verma, P, and Sehgal, R 1998 Use of ICRISAT mtermediate products by the ProAgro Seed Company
Pages 224-227 in Assessing jomt research impacts proceedings of an International Workshop on Joint
Impact Assessment of NARS/ICRISAT Technologies for the Sem1 And Tropics 2 4 Dec 1996 ICRISAT
Patancheru India (Bantilan M CS and Joslu PK eds) Patancheru 502 324 Andhra Pradesh India
Intemational Crops Research Institute for the Semu And Tropics

1 Field Crops Division ProAgro Seed Company Ltd 8 1 39 Toli Chowhk1 Hyderabad 500 008 Andhra

Pradesh India
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» Strong teraction with the Indian
Council of Agricultural Research
(ICAR), Indian universities, etc
and active participation in ICAR
sponsored-workshops, meetings,
and seminars

* Global access to technology from
several public and private mstitu-
tions

+ Commitment to new technologies,
especially n the areas of apphed
biotechnology and information
technology ProAgro 1s working to
commercialize transgenics 1n
mustard, tomato, cabbage, cauli-
flower, and eggplant, and have
begun research on marker-assisted
selection to supplement traditional
plant breeding research

Direct benefits to ProAgro from
ICRISAT

ProAgro s sorghum and pearl millet
research programs have benefited
tremendously from ICRISAT research
projects related to these two crops The
most direct benefit 1s, of course, easy
access to improved germplasm
Nonetheless, ProAgro has benefited
from more than just ICRISAT
germplasm (Table 1)

Germplasm, especially the segregat-
ing matenal recerved from ICRISAT, 1s
a very valuable resource 1n our research
programs ICRISAT works with a
broader perspective because its man-
date areas extends to different regions
in the world It also collects and
maintains a large number of germplasm
accesstons In 1ts gene bank from all

Table 1 Benefits to ProAgro from its
assoctation with ICRISAT

Pearl millet

1989 188 breeding lines
1990 11 germplasm lines
167 breeding lines
1991 15 germplasm lines
1992 30 germplasm hnes
163 breeding lines
1993 85 germplasm lines
43 breeding lines
1994 132 germplasm lines
146 breeding lines
1995 8 germplasm lines
Total 988
Sorghum
1990 97 high tillering accessions
18 1nbred lines
1992 32 nbred lines
36 segregating lines
1993 68 mbred lines
1994 42 germplasm lines
2 grain mold resistant lines
1995 43 germplasm lines
Total 338

Cooperative testing
1991/92 Seed producers hybnd trials
i sorghum and pearl millet

» Participation in sorghum and pearl mullet
field days

Cooperauve field screening of pearl mullet
for downy mildew resistance at Gurgaon

¢ Access to information — library services
SATCRIS services ICRISAT publications
and discussions with scientists

« Cooperation 1n application of biotechnology
tools for crop improvement — marker
assisted selection for accelerated breeding
management of resistance to downy mildew
in pear] millet, and manpower training
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over the world We therefore have easy
access to this valuable germplasm and
elite material from other parts of the
world, which would not otherwise be
possible for a company like ours with
himited resources

Downy mildew screening techmques
developed at ICRISAT are being used
by ProAgro to screen our breeding
material ProAgro 1s actively collabo-
rating with ICRISAT 1n its downy
muldew resistance program ICRISAT
1s utilizing the sick plot developed on
ProAgro’s research station at Gurgaon
to screen 1ts elite nursery material for
downy mildew resistance

ICRISAT took the initiative to
conduct and coordinate cooperative
testing of public- and private-bred
hybrids of pearl millet and sorghum at
different locations 1n India This
provided an unbiased evaluation of our
elite hybrids 1 comparison to those of
the competition ProAgro contributed
to these trials for 2 years (1991 and
1992) Later these trials were discon-
tinued by ICRISAT The company feels
that such trials are highly useful and
should be started again

ProAgro also participated m
ICRISAT s multilocational testing of
two parental line trials of pearl millet
during 1993 and 1994 These trials
were also visited by ICRISAT scien-
tists Regular feedback was provided to
ICRISAT about these trials

ProAgro 1s also working very
closely with ICRISAT to develop a
marker-assisted selection protocol to be
used m 1ts disease resistance breeding
program One of ProAgro’s employees
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recetved traiming at ICRISAT to
familiarize himself with the techniques
mvolved Increased cooperation
between ICRISAT and the private
sector for such activities will be of
tremendous benefit to the Indian seed
industry

We have also used ICRISAT’s
Semi-Arid Tropical Crops Research
Information Service (SATCRIS) to
obtain information about the ongoing
research work on these two crops
This service 1s very useful to keep us
abreast of new research work and
update our knowledge about sorghum
and pearl millet research We have
also recerved photocopies of articles
from the ICRISAT library based on
our requests after going through
SATCRIS information We have also
used the literature search program at
the ICRISAT hbrary ICRISAT’s
books, brochures, and bulletins on
sorghum and pearl millet have been
of immense help to our research
workers

ICRISAT has provided important
mputs to our sorghum and millet
research programs, and has mdirectly
contributed to the growth of ProAgro
(Table 2)

Table 2 Percentage increase in
quantity of seed sold by ProAgro over
the previous year

Crop 1993 1994 1995 1996
Pearl millet 17 35 18 15
Sorghum 63 141 37 40
Sudan grass 5 5 18 20




Conclusion logical capability to make use of
ICRISAT technologies to benefit the

The link between ProAgro and Indian farmer We are commutted to
ICRISAT has been of tremendous further strengthening these links and
benefit, especially because we have the  look forward to further cooperation in
commutment and scientific and techno- areas of mutual interest
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Use of ICRISAT Genetic Materials by the
Maharashtra Hybrid Seeds Co

S C Sawe', P S Kharche? and P N Tupekar®

Seeds carry genetic improvements In
crops, and therefore a continuous
supply of genetically superior varieties
and hybnds 1s critical to the agricul-
tural development of any country For
over 30 years, the goal of Maharashtra
Hybrid Seeds Company (MAHYCO),
has been to meet the increasing food,
oil, and fiber requirements of India by
providing the Indian farmer with high-
quality seed of improved hybrids The
majority of hybrids marketed by
MAHYCO are products of company
research Current research efforts
involve more than 30 crop species, of
whuch the International Crops Research
Institute for the Semi-And Tropics
(ICRISAT) has been a valuable supplier
of germplasm for pear] mullet (bajra),
sorghum (Jowar), and pigeonpea (tur)
ICRISAT 15 a valuable partner with
national and regional agricultural
research programs through mterna-

tional training and other enabling
extension activities There 1s a growing
concern about conservation of biological
diversity, the sustainable use of 1ts
components, and fair and equitable
shaning of the benefits derived from
these resources Emphasis on shared
genetic resources has been fundamental
to ICRISAT’s mandate, with a recogni-
tion that enhanced agricultural produc
tivity 1n the developing world cannot
be sustained without both availability
and continuous access to crop genetic
resources ICRISAT has played a
critical role in supplymg improved
germplasm and technologies to Indian
national scientists, private sector
mdustries, and ultimately farmers
MAHYCO has benefited from use
of ICRISAT germplasm 1n 1ts research
efforts to develop superior hybrids of
pear]l millet, sorghum, and pigeonpea in
India Broad-based germplasm for each

Sawe S C, Kharche, PS, and Tupekar, PN 1998 Use of ICRISAT genetic matenals by the Maharashtra
hybrid seeds co  Pages 228 230 iz Assessing joint research impacts proceedings of an International
Worhshop on Joint Impact Assessment of NARS/ICRISAT Technologies for the Sem: And Tropics 2 4 Dec
1996 ICRISAT Patancheru India (Bantilan M CS and Joshi PK eds) Patancheru 502 324 Andbra
Pradesh India International Crops Research Institute for the Semi And Tropics

1 Pearl millet breeding Maharashtra Hybrid Seeds Co Ltd Jalna Research Centre Post Box 52 Jalna
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2 Pigeonpea breeding Maharashtra Hybnd Seeds Co Lid Jalna Research Centre Post Box 52 Jalna
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of these crops has been used in breed-
ing programs aimed at development of
new mbred parents leading to hybrids
The greatest impact of ICRISAT
germplasm has been in MAHYCO’s
pearl millet program The era of pearl
mullet hybrids 1n India began in 1962
with the mtroduction of cytoplasmic
male-sterile (CMS) line Tift 23A,
developed at the University of Georgia
Experiment Station 1n Tifton, Georgia
Five hybrids based on this CMS source
were released 1n India during the
1970s, however, because male sterility
was based on Tift 23A, outbreaks of
downy mildew were of concern

Because Tift 23A derivatives were
susceptible to downy mildew, a
program to diversify the germplasm
base of male sterility in pear]l millet
began at MAHYCO 1In 1973, the
Serere 10LA and 10LB stocks were
obtained from ICRISAT, which
eventually gave rise to 13 new male-
sterile lines all of which were based on
A cytoplasm One of these lines, MS
2, was used as a parent of hybrid MHB
110, which became a benchmark for
agronomic productivity of pearl millet
hybrids in India Improvement of the
pearl millet male-sterile germplasm
base 1s an ongoing goal of MAHYCO
research with inputs from other
ICRISAT matenals, including MS 81A
MS 863A MS 841A, MS 88006A, MS
842A, MS 91777A, MS 843A, and
various selections from ICRISAT s
pear]l millet B-line nursery

Efforts are continuing to develop a
broadened germplasm base through
incorporation of ICRISAT materals

containing male-sterile A, and A,
cytoplasm Development of MAHYCO’s
fertility restorer lines has also been
enhanced by use of ICRISAT germ-
plasm, and materials from various
Indian, African, and U S sources
ICRISAT pearl millet germplasm
sources that have been useful 1n
development of superior restorer lines
include bold-seeded early composite,
Nigenan composite, Barmer population
1994, improved world composite, early
Rajasthan population 1091, dwarf
composite, western Rajasthan popula-
tion 1988, Ex Bornu short composite,
and early composite

These and other materials have been
valuable contributors of genes that
control dwarf stature, early flowering,
glossy leaves, white seed color, fodder
traits, and other morphological features
important for adaptation to local Indian
conditions

In pigeonpea, ICRISAT materials
have been used to develop new male-
sterile sources and lines with resist-
ance to nsects and pathogens The
germplasm MS Prabhat has been used
in development of male-sterile par-
ents Populations ICP 8863, ICP
83024 ICP 2376, and ICPL 87119
have been useful as sources of wilt
resistance ICPL 83024 and ICP 7035
have been used as sources of mnsect
resistance or tolerance to Atylosia
scaraboredies Atylosia sericea
Atylosia albicans, and Atylosia
playticarpa

In sorghum, ICRISAT materials
have been evaluated for their utility
in controlling the nsect pests, midge,
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stem borer, and shoot fly, and various
pathogens, including the parasitic
weed Striga Forty male-sterile lines
and 75 genotypes conferring varying
levels of insect resistance have been
evaluated for their utility in breeding
new parental lines

To summarize, ICRISAT
germplasm research and development
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has been useful 1n assisting both
public and private breeding efforts
within India For MAHYCO, the
mmpact of ICRISAT germplasm has
been particularly strong in the pearl
nullet research program aimed at
development of improved parental
lines and hybrids based on CMS
systems



Evaluating Hybrid Technology for Pigeonpea

S KD F F Niranjan’, M C S Bantilan?, P K Joshi?, and K B Saxena?

Pigeonpea (Cajanus cajan [L ]
Millspaugh) 1s an important pulse crop
grown mainly n tropical areas, espe-
cially south Asia, eastern Africa, the
Canibbean region, and south and
central America Also known as
redgram m south Asia, about 90% of
world pigeonpea production 1s grown
m India (Nene and Sheila 1990), where
1t 1s cultivated on 14% of the land area
and provides 20% of the national pulse
crop Pigeonpea varieties differ in
terms of their yield advantages and umt
cost reduction, but the discovery of
genetic male-sterility (GMS) at
ICRISAT 1n 1974 offered exciting new
potential for plant breeders (Saxena et
al 1996) Ultimately ICRISAT devel-
oped the world’s first hybnd pigeonpea
m 1991

This paper examuines the use of
hybrid pigeonpea technology by
national agricultural research systems
(NARS) and seed companies The
study also mvestigates present GMS

technology and 1ts further development
toward pigeonpea hybrids based on
cytoplasmic male-sterility (CMS)
There are four main users of hybnid
pigeonpea technology — farmers/seed
growers, NARS, public seed companies,
and private seed companies In this
study, all four users were assessed to

« examine the use of GMS pigeonpea
hybrids by NARS and seed compa-
nies 1n their breeding programs,

» assess the role of ICRISAT s GMS
Iines 1n their hybnid pigeonpea
breeding program, and

» dentify constraints faced by NARS,
seed companues, and seed growers 1n
adopting the hybrid pigeonpea
technology

Hybrid technology for pigeonpea

In the process of searching for new
avenues 1n pigeonpea breeding, there
were several important milestones In
1974, a wide search was undertaken at

Niranjan, SK D FF, Bantilan, M C S, Joshi, PK, and Saxena, KB 1998 Evaluating hybrid technol
ogy for pigeonpea Pages 231 240 in Assessing jomnt research impacts proceedings of an International
Worhshop on Joint Impact Assessment of NARS/ICRISAT Technologies for the Semu And Tropics 2 4 Dec
1996 ICRISAT Patancheru India (Bantilan M CS and Josm PK eds) Patancheru 502 324 Andhra
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ICRISAT to 1dentify genetic male-
sterility among 7 216 germplasm lines
and 124 F, derivatives of crosses
between C cajan and 1ts wild relatives
In 1977, nine genetic male-sterile
based hybnids were tested at ICRISAT-
Patancheru, of which two performed
better than the others with 33% and
24% heterosis over the best varietal
control (ICRISAT 1990, Saxena et al
1996) During 1978, studies indicated
that male sterility 1n pigeonpea 1s
controlled by a single recessive gene
ms,, and the anthers are translucent
(Reddy et al 1978) In 1981, another
source of male sterility controlled by a
non-allelic single recessive gene ms,
was 1dentified 1n Australia, which has
brown arrowhead-shaped anthers
(Saxena et al 1983)

In 1988 a study was undertaken by
ICRISAT and Tanul Nadu Agricultural
University (TNAU) to determine the
cost of producing hybrid pigeonpea
seed (Murugarajendran et al 1990) In
1989, a special project was launched
by the Indian Council of Agricultural
Research (ICAR) at nine centers in
India to strengthen research and
development of pigeonpea hybrids
(Saxena et al 1996) These nine
centers are the Indian Institute of
Pulses Research (ITIPR), Kanpur,
Punjab Agricultural University (PAU),
Ludhiana, Haryana Agricultural
University (HAU), Hisar, Indian
Agricultural Research Institute (IARI),
New Delhi, Gujarat Agricultural
Unwversity (GAU), S K Nagar,
Panjabrao Krishi Vidyapeeth (PKV),
Akola, Tamil Nadu Agricultural
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University (TNAU), Coimbatore,
Narendra Dev University of Agricul-
ture and Technology (NDUAT),
Faizabad, and Rajasthan Agricultural
University (RAU), Dholi In addition,
other centers such as Banaras Hindu
Unaversity (BHU), Varanas:, University
of Agricultural Sciences (UAS),
Bangalore, Bhabha Atomic Research
Centre (BARC), Trombay, Interna-
tional Crops Research Institute for the
Semt And Tropics (ICRISAT),
Patancheru and Maharashtra Hybrid
Seed Company (MAHYCO), Jalna
collaborated as voluntary centers
(Srivastava and Asthana 1993 ICAR
1996)

First three hybrids

In 1991, ICPH 8, the world s first
commercial hybrid pigeonpea, devel-
oped by ICRISAT, was released by the
Indian seed release commuittee (Saxena
etal 1996) This was a breakthrough in
plant breeding Scientists at TNAU
released another hybrid CoH 1 1n 1994
(Rathnaswamy et al 1994) In the same
year a third pigeonpea hybrid PPH 4,
was developed and released by PAU 1n
Ludhiana for cultivation in Punjab and
the northern belts in India (Verma and
Sidhu 1993 ICAR 1996)

All three GMS pigeonpea hybnds
were short-duration, high yielding, and
drought tolerant with vigorous growth
and wide adaptation to different
agrochmatic conditions They all have
the same weakness, however, of a high
labor requirement for seed production
At ICRISAT, the male-sterile gene was



transferred into the diverse genetic
background of different maturity
groups A nud to late disease-resistant
male-sterile line ms ICP 3783 was used
to develop disease-resistant medium-
and late-maturing hybrids Hybnids
have a demonstrated 20-30% yield
advantage 1n farmers fields

Research on ICPH 8

The total R&D time from searching for
genetic male sterility to seed produc-
tion and technology exchange for
hybrid pigeonpea ICPH 8 was about 22
years (Tables 1 and 2) Private and

Table 2 Research lag for development
of ICPH 8

Period Activity Years
1974-77  Basic research 4
1977-83  On station adaptive
research/applied research 6
1984-89  On-farm adaptive
research/applied research 6
1991 Release of hybrid ICPH8 2
1991 Seed multiplication and
technology transfer 4
Total
research lag 22

Table 1 Steps in the research process leading to the release of pigeonpea hybrid

ICPH 8

Year Research step

1974 An extensive search was made at ICRISAT for male sterility among
7 216 germplasm lines and 124 F, dervatives of crosses between
C cajan and 1ts wild relatives (Saxena et al 1996)

1977 Nine genetic male-sterile based hybrids were tested at ICRISAT, of
which two were found to perform well with 32% and 24% heterosis
over the best varietal control (ICRISAT 1990)

1977 Experimental hybrids that exhibited high heterosis were subsequently

onwards tested 1n multilocational trials for stability and adaptability to
different environments (Saxena et al 1996)

1984-89 Multilocational testing under ICAR’s collaborative trials and
ICRISAT’s 41 on-farm trials found 40-50% superior to control
cultivars UPAS 120 and Manak (ICRISAT 1990)

1989 ~ Tested 1n mnmikat trials at 12 locations in the Central Zone (Saxena et
al 1996)

1990 Submussion of proposal to release to central sub-commuttee on crops
standards, notification, and release of varieties (ICRISAT 1990)

1991 ICPH 8 released as the first hybrid in Central Zone of India
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public seed companies have been
producing hybrid seed since 1992

Cytoplasmic male-sterility

Commercial hybrid pigeonpea seed
producers using the GMS technology
faced several problems, including
timely removal of about 50% of fertile
flowering plants, mamtenance of male-
sterile lines 1n a heterozygous state, and
additional costs of labor, land, and
superviston (Verma and Sidhu 1993) To
overcome these problems, researchers at
all the cooperating institutions are
attempting to develop cytoplasmic male-
stertlity through mutagenesis and wide
hybridization In mutagenesis, gamma
radiation and mutagenic chemicals are
used, while wide hybridization uses
wild pigeonpea species (Kumar et al
1995, Saxena et al 1996)

The first consultative group meeting
on CMS m pigeonpea was held at
ICRISAT 1n 1994, and several major
prionity 1ssues for future research were
1dentified (Saxena 1996)
 characterization of available CMS

sources usmg cytological studies,

DNA marker studies, and field
testing,

« 1dentification of new cytoplasmic
sources,

+ studies on stability of CMS and

sensitivity to temperature,

use of diverse pollinators to identify

new maintainers and restorers,

studies on the extent of pod setting
through open pollination in 1sola-
tion,

» use of pigeonpea derivatives from
wide hybridization involving wild
cytoplasm to mvestigate use mn a
CMS system, and

o preparation of a protocol for 1sola-
tron of CMS 1n pigeonpea through
wild hybridization mutagenesis, and
other methods
Research activities to develop a

CMS system are In progress at most

of the research nstitutes (ICAR

1996) Results at ICRISAT con-

firmed that around 99% of male

sterility 1s always obtained through

CMS research in five progenies at

ICRISAT Crosses with 2-33 line

appeared most promising (Table 3)

(Saxena 1996)

Table 3 Developments in CMS breeding at ICRISAT

Progeny Total plants Sterile plants Percentage of steriles
233 x 85010 15 19 18 95
2 33 x 85010 109 6 6 100
2 33 x 85010 62 16 16 100
2 33 x 85010(0OP) Bulk 32 32 100
Total 73 72 98

Source Saxena 1996
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Research methods

Thus study drew on diverse sources of
data — selected scientists from NARS,
private and public seed companies, and
seed growers Primary data were
gathered through personal interviews
with scientists, officers 1n public and
private seed companies, and seed
growers An open-ended questionnaire
facilitated data collection Secondary
data were gathered through reports,
publications, newsletters etc , available
1n all the research institutions, and seed
companies

Results and discusstion

Scientists from NARS, seed companies
(private and public), and seed growers
had varying perceptions of the hybrid
pigeonpea program

Seed companies

The National Seed Corporation tried to
produce hybrid pigeonpea 1n the early
1990s, but stopped due to technical
difficulties

MAHYCO has developed four
pigeonpea hybrids — MTH 22, MTH
23, MTH 9507, and MTH 9343, and n
addition, two experimental hybrids,
METH 104 and METH 115 were
identified During the period 1990-95
they produced 16 t of seed and sold
9 5t at the rate of Rs 100 kg

Suraj Seed Company purchased 10
kg of a GMS line and 5 kg of a
polliator line from the Central State
Farm, Raichur, Karnataka in 1993/94
Their experiments were conducted 1n

Yavatmal district, Maharashtra during
1993/94, but the company discontinued
work for the next two years because the
program failed In 1996, they obtained
parental lines from ICRISAT —2 kg of
ms Prabath DT (GMS line) and 1 kg of
the pollinator line ICPL 161 Trals
were conducted at Nandyal, Andhra
Pradesh

National agricultural research
systems

Department of Agriculture, Andhra
Pradesh The biggest problem farmers
face 1 thus area 1s that pure seed 1s
seldom available Farmers are reported
willing to pay even higher prices for
authentic hybrid seed

Panjabrao Krishh Vidyapeeth Long-
duration pigeonpea 1s usually inter-
cropped using a relatively low seeding
rate (about 6 kg ha!), which farmers
can afford to buy All of the GMS
hybrid pigeonpeas thus far mature early
and are intended for sole cropping at a
seeding rate of 40 kg ha! The average
farmer can not afford the cost of this
hybrid seed when facing an uncertain
profit margin A pigeonpea crop 18
highly susceptible to pod borer dam-
age, therefore yield 1s more uncertain
than with other semi-arid crops A yield
advantage of 30% 1n pigeonpea hybnds
over varieties 1s not very encouraging
for farmers

At Akola during 1996, 25 farmers
were given parental materials of hybrid
pigeonpea for seed production This
was an opportunity for them to com-
pare their own varieties to the hybrid
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Gujarat Agricultural Umiversity

GAU obtamed parent materials of

ICPH 8 from ICRISAT for hybrid seed

production and produced some hybrid

seeds But in 1996 they were not

growing ICPH 8 because

+ farmers in Gujarat prefer relatively
large seeds, about 10 g per 100 seed,
while the 100 seed mass of ICPH 8
15 about 7 g, and

o Farmers prefer white seeds, but
ICPH 8 1s red

Banaras Hindu Umversity The
normal practice i this northeastern
plain zone 1s to grow long-duration
pigeonpea (245 days) as an intercrop
Bahar 1s the predominant variety grown
n this zone Basic research on hybrd
pigeonpea technology through GMS
was started in 1989 ICRISAT male-
sterile lime ICP 383 was used for
producing experimental hybrids The
male-sterile line for producing exper-
mental hybrids was ms 3783 Based on
multilocational trials beginning 1n
1991, hybrids VPH 1145, VPH 1164,
and VPH 1184 were 1dentified as
promising and showed 30-40%
supenority over Bahar These hybrids
had to be entered in ICAR’s coord1-
nated trials that required large quanti-
ties of seed A funding shortage and
lack of 1solated land for seed produc-
tion prevented production of the
necessary bulk seed

The main contribution from Banaras
Hindu University to hybnd pigeonpea
technology was the development of a
long-duration GMS, HUA 7, which 1s
brown, bold-seeded, and resistant to
sterility mosaic disease Basic research

236

was undertaken during 1989-95, and
bulk seed was produced m 1996/97 at
GAU, Sardar Krish1 Nagar This seed 15
now available

Basic research was started in 1989
on CMS through wide hybridization
using wild species of pigeonpea In the
process of CMS development, male-
sterile plants were isolated 1n progenies
derved from wide hybridization, but
when tested, were genetically male
sterile The development of CMS
through mutagenesis required a large
land area, hence no such work was
mutiated because there was not enough
area at the research station

Cost of hybrid seed production

Primary mformation Cost of produc-
tion data on hybrid pigeonpea were
collected from a progressive farmer
(Viswambhar Anna Kale) 1n Wahegaon
village, Jalna, Maharashtra in October
1996 The farmer owned 5 6 ha of
operational land on which nine crops
were cultivated Hybrid pigeonpea
(MTH 9507) was sown 1n 0 4 ha in
1996 using parental materials from
MAHYCO Marketing of the hybnd
seeds was not a problem because
MAHYCO had already arranged to
purchase the crop The company also
provided advice to the farmer
Based on the farmer’s data, labor
and costs were calculated
« Roguing, spraying, and fertilizer
application were the main labor-
demanding operations Of the total
labor requirement (in days), 58%
was for roguing, 17% was for



spraymg (Endosulfan®), 11% was
for fertilizer application, and the
balance (14%) was for other opera-
tions

» Of the total variable costs, 55% was
spent on fertilizer (diammonium
phosphate and farmyard manure),
20% on a pesticide (Endosulfan®),
13% was for labor, and the remain-
mg (12%) was on othe~ mputs

Secondary mformation Several
studies have indicated the cost of
hybrid seed production n different
years These studies are based on three
hybrids that were released by ICAR
(Table 4)

Constraints to use of hybrid
technology

Several constraints to the adoption of
hybrid technology were reported

Roguing fertile female plants About
50% of the female plants have to be
rogued out at flowering to mamtam
genetic purity of the hybrid seed
Farmers usually do not like to rogue
out the flowering plants because they
think they lose money, they do not
realise that roguing mamtains the
purity of hybrid seed

High seeding rate Usually long-
duration pigeonpea 1s mtercropped with a
fast-growing crop In that situation, the
seeding rate for pigeonpea 1s relatively
low, about 6 kg ha! But when hybrid
pigeonpea 1s grown as a sole crop, the
seed requiremnent 1s about 30 kg ha

L which the average farmer cannot afford

Shortage of parental seed Because
production of parental materials (male
sterile and pollinator ) 1s still mainly
with scientists, 1t will require some
time before seed companies routinely
produce hybrid pigeonpea seed

Heavy damage from pod borer Most
of the current GMS lnes are suscep-
tible to pod borer damage, thus farmers
must use heavy doses of pesticides for
control, an added cost of production

Knowledge of seed production
Farmers lack knowledge about seed
production, mcludmg use of several
pollmmator hines at the same time to
produce hybrid seed

Knowledge about input use As a new
crop in non-traditional areas, farmers
apply too much pesticide and fertilizer,
which 1n turn increases the cost of
production

Table 4 Cost of hybrid seed production based on the literature

Year Hybnd Cost (Rs kg!) Source

1978/79 ICPH 8 154 Saxena et al 1996 ICRISAT 1979
1979/80 ICPH 8 200 Saxena et al 1996 ICRISAT 1979
1988 ICPH 8 625 Murugarajendran et al 1990

1990 ms 3783 x ICP 11231 625 Srivastava and Asthana 1993

1992 PPH 4 1380 Srivastava and Asthana 1993

1994 CoH 1 28 35 Rathnaswamy et al 1994
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Low price to hybrid seed growers
Growers do not like to sell therr product
at the rate set by the seed comparues,
therefore there is always a conflict
between grower and seed compantes

Problems m grow-out test for genetic
purity Seed companies require 90% or
higher genetic purity from growers,
and most of the time the seed lots do
not reach this level Farmers must then
sell their seed for a lower price, and
hence will not contract to grow hybrnid
seed agamn

Scarce labor for roguing Roguing
female plants 15 a labor-intensive
operation During the peak roguing
pertod, most laborers are engaged 1n
other crop cultivation operations from
which they earn a considerable amount
of money It 1s very difficult to find
laborers at the peak roguing period

Competition from other crops Cereal
crops have a higher profit margin than
pigeonpea hybrids

Impact of ICRISAT hybrid
pigeonpea technology on NARS

The hybrid pigeonpea program was
mitiated by a group of scientists at
ICRISAT There was no NARS re-
search program at the time, and both
basic and applied research results were
disseminated to the Indian NARS
(Table 5) In this manner, ICRISAT
played an important role in the devel-
opment and improvement of research
capabilities 1n the Indian NARS for
hybrid pigeonpea technology Further,
ICRISAT acted as a catalyst by creat-
Ing an awareness among administra
tors, researchers and farmers about
hybrid pigeonpea technology This
collaboration paved the way for ICAR
to begin research on hybrid pigeonpea
In addition to basic and applied
research, seed production technology
was also disseminated to NARS and
seed companies through traiming
sessions, consultations, group meet-
ings, field visits and demonstrations

Table 5 Parental materials and their sources for pigeonpea hybrids

Source of Source of
Hybnid Parents female parent male parent
ICPH 8 ms Prabhat DT x ICPL 161 ICRISAT ICRISAT
PPH 4 ms Prabhat DT x AL 688 NDT ICRISAT PAU
CoH 1 ms'T 21 x ICPL 87109 ICRISAT ICRISAT
MTH 22 ms T 21 xPL 173 ICRISAT MAHYCO
MTH 23 ms'T 21 x PL 653 ICRISAT MAHYCO
MTH 9507 ms Prabhat DT x PL 927 ICRISAT MAHYCO
MTH 9343 ms BDN 1 x PL 043 Unfinished ms lines MAHYCO
supplied by ICRISAT
METH 104 ms BDN 1 xPL 104 Unfinished ms lines MAHYCO
supplied by ICRISAT
METH 115 ms 3a275 x PL 115 Unfinished ms lines MAHYCO
supplied by ICRISAT
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Basic research on CMS hybrid
pigeonpea technology was started 1n
1990 and 1s Iikely to be completed by
1999 (10 years) Since GMS technol-
ogy has already been completed, 1t
provides a solid platform for replace-
ment by CMS technology Seed
production technology 1s stmilar, and
one could replace the other with the
added benefit of the elimmation of
roguing Reduced costs of seed produc-
tion would boost adoption at the farmer
level (Table 6)

Table 6 Latest developments in CMS
research

Fertile Stertle
Type of hybnd plants (%) plants (%)
GMS 50 50
CMS 0 100
New ICRISAT lines 98 6
Recommendations

Application of three broad recommen-
dations would increase the adoption of
hybrid pigeonpea

+ farmer education about hybrid
technology 1s important so that
multiple and perenmal production
systems of hybnd pigeonpea can be
followed,

+ 1mcentives should be given to seed
companies to adopt hybrid technol-
ogy, with benefits extended to seed
growers by paymg higher prices for
their hybrid seeds, and

« male sterile hybrid technology
should be introduced to seed
growers so that most constraints
could be overcome
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Screening Techniques to Identify Resistance
to Downy Mildew of Pearl Millet
and Sorghum Midge

S D Singh and K V Hari Prasad’

Host plant resistance 1s the most
economical method to control msect
pests and diseases, and the technique
most friendly to the environment One
prerequisite to producing disease- and
insect-resistant cultivars 1s the avail-
ability of effective and rehiable field
and greenhouse screening techniques
These techniques allow 1dentification
of resistance sources and enable their
transfer mto agronomically elite
backgrounds to produce high-yielding
cultivars At ICRISAT 1n India
screening techniques have been
developed for two highly devastating
biotic constraints — downy mildew
(Sclerospora graminicola [Sacc |
Schroet ) 1n pearl millet, and midge
(Stenodiplosis sorghicola [Coquillette ])
m sorghum This paper describes

the research process for these
techniques

Pearl millet downy mildew

Downy mildew 1s the most widespread
and destructive disease of pearl mullet in
India and western Africa The disease 1s a
major constraint in attaining the yield
potential of single cross F, hybrids The
disease 1s systemic and plants that are
mfected early either tail to produce
earheads or produce malformed earheads,
resulting 1n total yield loss In the past,
the disease occurred several times mn
epidemuc forms m India and severely
affected food grain production and food
security of rainfed farmers With the
advent of downy mildew resistant
cultivars, the disease has been controlled

Maintenance and production of
oculum

The availability of viable moculum
sufficient quantity is the key requirement

Smgh, S D, and Har Prasad, KV 1998 Screening techniques to 1dentify resistance to downy mildew of
pearl millet and sorghum midge Pages 241 253 in Assessing joint research mmpacts proceedings of an Inter
nattonal Workshop on Jomnt Impact Assessment of NARS/ICRISAT Technologies for the Sem1 And Tropics
2 4 Dec 1996 ICRISAT Patancheru India (Bantlan M CS and Josht PK eds) Patancheru 502 324
Andhra Pradesh India International Crops Research Institute for the Semu And Tropics

ICRISAT Conference Paper No 1353

1 International Crops Research Institute for the Semi And Tropics Patancheru 502 324 Andhra Pradesh

India
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for successful operation of a disease
resistance screening technique The
downy mildew pathogen 1s an obilgate
parasite and the sporangia that are used
as moculum are short-lived and
therefore maintained on living host
plants At ICRISAT, the pathogen 1s
mamtained throughout the year on
genotypes NHB 3 and 7042(S) in a
field heavily infested with oospores
(sexual spores of the pathogen) Five to
10 rows, each about 20-m long, are
sown at monthly intervals depending
on the need for moculum A high level
of relative humidity (RH) 1s necessary
for disease development and 1s devel-
oped by weekly furrow urigation
Since sufficient ocospore moculum 1s
present 1n the soil, artificial moculation
18 not necessary Disease-free plants
and old diseased plants are cut back at
20-day ntervals to promote the
development of new tillers that are
generally diseased At matunty, the
crop 1s plowed into the so1l This
operation ensures that a sufficient
number of oospores remain 1n the soil
to mfect each successive crop

At ICRISAT the mean mimimum and
maximum temperatures (and their
ranges) are 13°C (9-22°C) and 26°C
(19-43°C) Over this wide range of
temperatures, S graminicola survives
and could be similarly mamntamed m
many other millet-growing locations in
the world throughout the year

On bnight sunny days, systemically
mnfected leaves are collected from the
field and their old downy growth 1s
removed with a wet cotton swab or
camel-hair brush The leaves are cut
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mto small pieces and placed 1n humid-
ity chambers prepared by linmng the
intenor of petr: dish hids or plastic
boxes (46 x 30 x 10 cm) with a double
layer of blotting paper

For sporulation by the pathogen to
occur at 20°C and >95% RH, the
chambers are placed m an mcubator for
6-6 5 h The incubator 1s programmed
to mamtain a temperture of 5-6°C after
this period At this temperature
sporangia remain intact (they nerther
collapse nor germinate) and can be
kept for at least 12 h Sporangia
produced on the leaves are washed off
m cold water (5-6°C) mnto a beaker
with a camel-hair brush or a wet cotton
swab The concentration of sporanga 1s
adjusted using a hemacytometer to 1 x
108 sporangia mL !

Leaves parasitized by a myco-
parasite (Fusarwm longipes Wollenw
and Remking) that feeds on the
mycehum of § gramnicola, or
collected from plants grown n insuffi-
cient light (cloudy weather) do not
sporulate well To produce sporangial
moculum under such conditions,
diseased pearl millet plants are grown
1n pots 1n a greenhouse to minimize the
chances of infection The potted plants
are exposed to light 1n an incubator at
25-30°C and < 70% RH for about 16 h
or overnight The following day, the
leaves are detached and used to
produce sporangia as described above

Healthy seedlings are needed for a
good expression of disease reaction It
18 advisable to test the so1l or potting
muxture for seedling establishment
prior to screening because soil fertility



levels vary among locations Pear]
mullet seedlings do not establish well
soils with the ligh electrical conductiv-
1ty that develops with the excessive use
of farmyard manure High soil fertility
15 not needed 1n greenhouse screening
because seedlings are only needed for
15-20 days At ICRISAT, a potting
muxture (Alfisol, sand, and farmyard
manure 1 a2 1 1 ratio) with a small
amount of diammonium phosphate
(DAP) at 1 g kg ! soil 1s used

Laboralory screening technique

Laboratory screening technmiques are
needed for precise pathological studies
(for example, host-pathogen interac-
trons), for mass screening of
germplasm and breeding material, and
for detecting escapes from field
screenings For the results to be
rehable, 1t 1s essential that a technique
1s simple, repeatable, allows inocula-
tion 1 a natural fashion (without
human mterference), does not overem-
phasize the host or the pathogen, and
exposes every plant to an equal amount
of moculum both by volume and spore
number It 1s also important to mocu-
late seedlings at the same growth stage
To achieve unmiform emergence and
growth of seedlings, pots are filled with
the potting mixture, leaving the top 5
cm empty Seeds are sown on the
surface of the potting mixture and then
covered with a 2-cm layer of potting
muxture The pots are nrigated daily
and kept 1n the greenhouse until
mnoculation

Potted seedlings at the coleoptile to

one-leaf stage, or even later, are
moculated with a sporangial suspen-
10N USINg a pneumatic sprayer in a
chamber mamtained at 20°C and >95%
—RH Inoculated seedlings are covered
with a moist polythene sheet and
retained under these conditions for 12—
16 h The pots are then transferred to
greenhouse benches (25-30°C) for
disease development
This technique allows 1noculation in
a natural manner, at the desired stage of
crop development, and with an appro-
priate inoculum concentration The
techmique does not favor erther the host
or the pathogen This 1s the most
appropriate and economical method for
mass moculation of breeding material
because 1t allows screening in a very
small space (30-40 seedlings per 10-
cm-diameter pot) and 1n a short time
(about 20 days from sowing to evalua-
tion) (Singh et al 1993} There has
been a good correlation between field
results and this type of greenhouse
screening We screen about 10 000—
15 000 breeding materials each year at
ICRISAT 1n India, including materials
from Indian NARS Following the
routine use of this techmque for mass
screening at ICRISAT, there has been a
substantial increase mn the levels of
downy muldew resistance in breeding
materials, and considerable decrease 1n
the demand for screening 1n field
disease nurseries, resulting in a sub-
stantial saving in running the field
nursery The technique 1s being used at
the ICRISAT Sahelian Center 1 Niger
and also at the Central And Zone
Research Institute at Jodhpur in India
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Seedling age at inoculation and
moculum concentration greatly mnflu-
ence disease reaction — the younger
the seedlings, the greater 1s their
susceptibility to downy mildew Certain
genotypes show increased levels of
susceptibility 1f moculated at an early
secedling stage There are, however,
genotypes that mamntain their level of
resistance wrrespective of age at inocu-
lation and/or inoculum concentration
(Table 1)

Table 1 Percentage incidence of
downy mildew n pearl millet after spray
inoculation with sporangia of
Sclerospora grammicola at different
stages of growth in ICRISAT green-
house, 1991

Age of seedlings (hr)
after sowing

Genotype! 24 48 72 96 120

700651 8 48 19 14 11
P74 66 47 17 23 25
P 31017 53 20 12 7 3
P 1449 17 17 3 4 2
7042 (DMR) 6 5 4 4 4
Susceptible checks

7042 (S) 83 98 90 91 90

HB 3 92 99 92 94 93

1 Mean of two repetitions each with two replications In
each rephcation a treatment was repeated 1n 5 pots
each with 25-30 seedlings

Disease record

Under optimum conditions (90-95%
RH, 20-25°C), symptoms develop
within 5-8 days of inoculation Symp-
toms ate seen as a distinct chlorosis of
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infected leaves The fungus n the
chlorotic areas of the leaves produces
massive sporulation (sporangia) The
presence of this downy growth 1s the
sure symptom of the disease Sometimes
1t 1s necessary to look for the downy
growth because similar, but not 1denti-
cal, symptoms are also produced by
nitrogen deficiency or viral infecion To
avoid any such confusion, infected
leaves should be kept in a hurmdity
chamber at 18-22°C for 8-10 h to allow
sporulation to occur Almost all infected
leaves/seedlings will sporulate under
these conditions, provided they have
been exposed to sufficient hight prior to
theirr humid incubation However, plants
whose growth 1s stunted may still not
sporulate Such plants generally show
very poor asexual sporulation Al-
though, the symptoms appear within

8 days, records are usually taken 15-20
days after inoculation to allow expres-
sion of slow symptoms in some of the
infected plants

Freld screening technique

Screening under field conditions 1s
necessary to identify resistance that
remans effective in the field An 1deal
field screening technique should
provide uniform distribution of inocu-
lum, allow natural mmoculation when
the crop 1s at a susceptible stage,
minimize escapes and use both types
of mocula (oospores and sporangia),
while allowing breeding activities to be
conducted 1n the same field While
these features are important for the
repeatability of results, 1t 1s equally



important that the technique should be
cheap and simple The ifector-row
techmque, developed at ICRISAT and
subsequently modified (Singh et al
1993) mesets all these criteria It 1s
advisable to use the same field each
year to allow a build-up of oospore
moculum 1n the so1l (as 1n the sick
plot) This technique has three basic
components

Infector rows These rows are the
moculum donors contaming a mixture
of 2-3 susceptible genotypes They are
sown at every fifth or ninth row at least
3 weeks prior to the test material At
the coleoptile to two-leaf stage, they
are spray-inoculated with a viable
sporangial suspension (10¢ sporangia
mL ') during the late evening after

umigation Frequent furrow irmgations
are given during the first 15 days to
promote high humidity to encourage
the development of a high frequency of
infected plants during early growth
stages

Test rows These rows are materials to
be tested They are sown 2-3 weeks
after ifector rows 1n the intervening
rows after the infector rows have
developed 50-60% disease

Indicator rows These are the rows of
known susceptible genotypes, sown
with the test materials at regular
mtervals (after every 10-20 entries)
They indicate the levels of disease
pressure 1n the nursery

This field-screening technique
developed 1n 1981 has since been
modified considerably There are three
major improvements

+ Inoculation of mfector rows using
mfected potted plants (a massive
operation nvolving huge amounts of
money, time, and labor) was re-
placed by direct-spray moculation
with sporangia

+ Provision of humidity using a perfo-
spray system was replaced by
freqeunt furrow urigation during the
first 1520 days after sowing,
followed by normal wrrigation This
change not only saves the money
needed to buy, install, operate, and
maintain the perfo-set, as well as 1ts
removal and remnstallation for each
cultural operation, but also reduces
much of the weed problem How-
ever, the furrow 1rrigation method
can not be used on sandy soils

» Marking diseased plants with
colored bamboo pegs was replaced
by removing mfected plants at the
first count However, some type of
markig may be necessary 1f there 15
a need to distinguish resistant and
susceptible test rows This techmique
18 used twice a year at ICRISAT and
during the rainy season by NARS,
both 1n India and 1n several African
countries

Scormg methods Material i the field
disease nursery 1s scored twice, at the
seedling and soft dough stages Seed-
ling stage evaluation 1s very critical,
and its actual timing will depend on the
appearance of the disease and on
environmental conditions If the
disease appears within a week and
there are continuous rams with an
overcast sky, early-infected seedlings
die and disappear, either as a result of
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heavy ramn or during cultural opera-
tions Under such conditions, the first
mncidence record should be made 10—
15 days after sowing Infected plants
should be removed, otherwise they will
die and disappear before the soft dough
stage record This might lead to an
underestimation of the susceptibility
level of the test materials

The soft dough stage record 1s taken
erther as a measure of incidence or 1ts
severity An incidence record 18
sufficient to assess resistance of any
material However, a severity record 1s
an important way of estimating the
disease yield-loss relationship The
severity record 1s taken on a 1--5 rating
scale where 1 = no disease symptoms,
2 = disease only on the nodal tllers, 3
= less than 50% of the basal tillers of a
plant infected, 4 = more than 50% of
the basal tillers of a plant infected, and

5 = no productive panicle produced
(Table 2)

Identification of resistance
sources

Using the above screeming techniques,
a large number of resistance sources
have been 1dentified (Table 3), and
these are bemng used 1n breeding
programs (Singh et al 1997) Many
resistant cultivars have been produced
that are being extensively grown by
farmers (Table 4)

Sorghum midge

Sorghum mudge (S sorghicola) 1s
probably the most damaging and
widely distributed of all sorghum pests
It occurs n all sorghum-growing
regions In Africa the Americas, Asia,

Table 2 Scoring pear! millet for downy mildew at the soft dough stage

Number of plants with
downy mildew reaction
rated on a 1-5 scale of severity!

Incidence Severity
Genotype 1 2 3 4 5 (percentage) (percentage)?
1 30 17 2 0 0 39 11
2 31 6 10 15 4 53 33
3 6 41 16 0 0 91 29
4 5 4 17 37 7 93 63
5 53 0 0 0 0 0 0
6 0 0 0 0 60 100 100

1 Seventy is rated on a 1-5 scale where | = no disease symptoms 2 = disease only on the nodal tillers 3 = less than 50%
of the basal tillers of a plant mfected 4 = more than 509% of the basal tillers of a plant infected and 5 = no productive
panicle produced

Y1 D+YQ2 D+YG IHYE1D+YS D
2 Disease severity (percentage infection index) = x 100
Nx4
where Y = the number of plants in each disease category (severity rating) and N = the total number of plants in the
genotype that 1s being tested

246



Table 3 Total accessions of Pennisetum spp , their distribution in downy mildew
categories, and minimum and maximum incidence values recorded in field disease
nurseries or in greenhouses, 1976-94, at ICRISAT, Patancheru, India

Downy mildew score!

Accessions Minimum Maximum
Accession tested 0 1-5 6-10 >10 mcidence’ mcidence’
Normal flowering* 2 800 1090 742 324 644 0 100
Photoperiod sensitive® 1030 50 301 307 372 0 90
Genetic stocks® 237 48 56 29 104 0 100
Dwarfs® 70 3 4 6 57 0 98
Sweet stalks® 50 0 2 1 47 5 79
Intermediate weedy forms?® 50 0 0 6 44 6 91
Wild relatives® 534 239 13 37 265 0 95
1 Mean of two repetitions each with two rephcations
2 Mimmum downy mildew incidence
3 Maximum downy mildew incidence
4 Tested m field downy mildew nursery
5 Tested under greenhouse conditions
Australia, and Europe Damage 15 Screening techniques

caused by the larvae, which feed on the
ovary inside the glumes This results 1n The major difficulties in 1dentifying
chaffy (empty) florets, and the pamcles  stable sources of resistance to sorghum

present a blasted appearance Egg muidge nclude

laying occurs in the morning when the « varation 1n the flowering of sor-
female lays 75-100 eggs 1n florets at ghum cultivars n relation to midge
anthesis Eggs hatch i 2-3 days mncidence,

Larvae are orange-red and feed on the » day-to-day vanation m midge
developing gran inside the glumes populations,

Larval development 1s completed m 9- » competition with other insects such
12 days, and pupation occurs beneath as head bugs,

the glumes The pupal period lasts for + parasitization and predation by

3-4 days, after which the pupa wnig- natural enemies, and

gles 1ts way to the tip of glumes, and « sensitivity of midge flies to tempera-
the adult emerges from the pupal case ture and RH

leaving the characteristic white pupal A large proportion of lines se-
skin attached to the glumes Larvae lected as less susceptible under

may also diapause mside the glumes, natural conditions includes early and
and the diapause may last for 1 to late escapes Because of these
several years problems, genotypes rated as resist-
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Table 4 Commercial varieties, hybrids, and male sterile lines in which downy
mildew resistance sources were used or their resistance was tested/developed
using the field and/or greenhouse screening techniques at ICRISAT and/or NARS

locations in India and Afnica

Year of Country of

Name Type of material Pedigree release release
WwC C75 Variety 7 full sib progenies of WC 1982 India
ICMV 2 Variety IBV 8001 1975 Senegal
ICMV 3 Variety IBV 8004 1985 Senegal
ICMV 7703 Variety 7 inbred lines 1985 India
ICMV 5 Variety ITMV 8001 1985 Niger
ICMV 6 Variety ITMYV 8002 1985 Niger
ICMH 451 F, hybrid 81A x ICMP 451 1986 India
ICMH 501 F, hybnd 83A x ICMP 501 1986 India
ICMH 423 F, hybrid 841A x ICMP 423 1986 India
Pusa 23 F, hybrid 841A x D23 1986 India
ICMA 81 Male sterile 23D2A 1986 India
ICMB 81 Maintainer 23D2A 1986 India
ICMA 4 Male sterile 834A 1986 India
ICMB 4 Maintainer 834B 1986 India
ICMA. 841 Male sterile 5141 A 1986 India
ICMB 841 Maintainer 5141 B 1986 India
ICTP 8203 Vanety 5 S, progenies of selected 1988 India

from a landrace from Togo
Okashana 1 Varety ICMV 88908 1989 Namibia
PCB 138 Variety ICTP 8203 selection 1989 India
Kaufela Variety ICMV 82132 1989 Zambia
IKMV 8261 Variety ICMV 84400 1989 Burkina Faso
ICMV 155 Variety 1991 India
Pusa 322 F, hybnd 841A x PPM 1301 1993 India
ICMH 356 F, hybnd 88004A x ICMR356 1993 India

ant under natural infestation often
become susceptible 1n the following
seasons, or at other locations The
following techniques have been
standardized to screen for resistance
to sorghum midge (Sharma et al
1992) There are several techniques
to screen for midge resistance,
however, at ICRISAT 1n India, only
the head cage techmque 1s being used
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Field screening (multichoice
conditions)

Sowing date For successful screening
of test material for midge resistance
under natural conditions, 1t 1S 1mportant
to determine the periods of maximum
mudge density through fortnightly
sowings of a susceptible cultivar
Sowing dates should be adjusted so
that the most susceptible stage of the



crop (flowering) coincides with
greatest insect density At ICRISAT,
maximum nmudge density and damage
have been observed 1n the crop sown
during the 3rd week of July The peak
m mudge density occurs durmg Octo-
ber A second but smaller peak has
been observed during March 1n the
postrainy season, for which the opti-
mum planting date 15 mid-December
In the Dharwad region in Karnataka
state 1n India, the peak in midge
numbers occurs during October The
optimum time for sowing test materials
1s 20 Jul-5 Aug

Augmentation of midge density

Midge populations can be augmented

through mfester rows and sorghum

panicles contamning diapausing midge

larvae

» Sow infester rows of CSH 1 and
CSH 5 (1 1 muxture) 20 days before
the test material Alternatively, early
flowering (40-45 days) lines (IS
802, IS 13249, and IS 24439) can be
sown along with the test matenal to
avold problems 1n field manage-
ment

+ Sow four infester rows after every
16 rows of the test cultivars

+ Spread midge-infested sorghum
panicles contamning diapausing
larvae at the flag leaf stage of the
mfester rows Moisten the panicles
for 10-15 days to stimulate the
termination of larval diapause for
pupation and adult emergence
Adults emerging from diapausing
larvae serve as a starter infestation n
infester rows to supplement the
natural population The nmudge

population multiplies for one to two
generations on the infester rows
before infesting the test material A
combination of infester rows and
spreading sorghum pamicles contam-
ing diapausing larvae increases
midge damage 3-5 times Infester
rows alone also increase midge
damage

Sprinkler irrigation High relative
humidity 1s important for midge
activity, adult emergence, and subse-
quent damage Overhead sprinkler
wrrigation should be used to increase
RH in the midge-screening trials
during the postrainy season or periods
of low RH daily (15 00-16 00) from
panicle emergence to the gram-filling
stage of the crop Midge damage
increases significantly with the use of
sprinkler irrigation Use of sprinkler
wrrigation over the crop canopy be-
tween 15 00 and 16 00 does not affect
oviposition because the peak midge
abundance and oviposition occurs
between 07 30 to 10 00 Selective use
of msecticides to control Calocoris
angustatus, (head bug) and Tetrastichus
diplosidis (parasite) are the two major
biotic factors limiting midge abundance
mn trials of screening for midge resis-
tance Head bugs damage the sorghum
panicles from emergence to hard-
dough stage and compete for food with
sorghum mudge Also, adult head bugs
prey on ovipositing midges at flower-
ing At some locations T diplosidis 1s
an efficient parasite of sorghum midge
Sprays of less persistent and contact
msecticides such as carbaryl and
malathion will control head bugs at
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complete-anthesis to milk stages The
midge larvae feeding mside the glumes
are not affected by the contact insecti-
cides Parasitism by T diplosidis 1s also
reduced  pan'cles sprayed at the
complete-anthesis to milk stage

Split sowing Sow the test material
twice with a 15-day mterval to mini-
muze the chances of escape from midge
damage in early- and late-flowering
lines This method of sowing mcreases
the efficiency of selection for midge
resistance

Plant density Plant population affects
the msect density/unit area, and m
some cases, mfluences the incidence
and survival rate of insects The level
of midge damage has been observed to
be hugher at a lower sowing density

Under field conditions, midge
damage and efficiency of screening for
midge resistance can be substantially
increased by using a combination of
timely sowing, spreading midge-
damaged sorghum panicles containing
diapausing larvae 1in the ifester rows,
split sowings, and selective use of
contact insecticides to control head
bugs and midge parasites These
techniques are useful in the mitial
large-scale screening of germplasm and
breeding materials for resistance to
sorghum nudge

Headcage technique (no-choice
techmque) Caging midge flies with
sorghum panicles 1s an 1mportant
method of avoiding escape and allows
screening for midge resistance under
uniform mnsect pressure A head cage
technique developed and standardized
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at ICRISAT consists of a cylindrical
wire frame made of I 5-mm diameter
galvamized ron wire The loop attached
to the top ring rests around the tip of
the panicle, and the extensions of the
vertical bars at the lower ring are tied
around the peduncle with a piece of
galvanised iron wire or electric wiring
clips These prevent the cage from
slipping when disturbed by wind or
other factors The screening 1s done as
follows

e Select sorghum panicles at the 25—
50% anthesis stage Remove florets
with dried anthers at the top and
immature ones at bottom of the
panicle with scissors so that only the
florets at anthesis i the middle of
the panicle are exposed to the midge
flies

» Place the wire-framed cage around
the sorghum panicle and cover 1t
with a muslhin or any simular thin
blue cloth bag (20 cm 1n diameter,
30-cm long) The top of the cloth
bag should have an extension (5-cm
i diameter, 10-cm long) through
which to mtroduce the midges

« Collect 20 adult female midges in a
plastic bottle (200 mL) aspirator
between 08 00 and 11 00 from
flowering sorghum panicles (only
fernale midges visit the flowering
sorghum panicles and these are
collected for infestation)

e Release 40 midges into each cage
and tie up the opening Repeat the
operation the next day Infest 5-10
panicles of each genotype, depend
ing upon the stage of matenial and
resources available



+ Examine the cages 5-7 days after
mfestation and remove any other
msects such as head bugs, head
caterpillars, and predatory spiders

» Remove the cages 15 days after
infestation and evaluate midge
damage as described below
Florets with midge larvae and

midge-damaged chaffy florets are

greatest 1n panicles infested with 40

midges for 2 consecutive days There

1S some variation 1n midge damage
over seasons because of temperature,
rainfall, and RH that mfluence both
oviposition and damage Midge
damage decreases as the time of
collection and release advances from

08 30 to 14 30 (Table 5) Other factors

that account for decrease in midge

damage over time are natural death of

adults (mudges die after 4-24 h),
reduced fecundity, and oviposition
because of increasing temperatures and
decreasing RH Panicles mfested at the
top- and at half-anthesis stages gener-
ally suffer greater damage than those
infested at the pre- and complete-
anthesis stages Sorghum midge
behavior 1s influenced by different
colors Maximum midge damage has
been recorded in panicles covered with
blue and black bags (Table 6) Blue
bags are used to cover the cages
because black bags may cause very
high temperatures nside the cage
during the hot and dry season in the
semi-arid tropics

The headcage techmque 1s quite
simple, easy to operate, and can be
used on a fairly large scale to confirm

Table 5 Effect of collection time and infestation on percentage of fiorets with

midge larvae and chaffy florets

Growing season and number

Grow1ng season and number

of florets with midge larvae of chaffy florets
Tume of (percentage)! (percentage)!
Sample collection 1980/81 P? 1982 R® 1982/83 P 1980/81 P 1982 R* 1982/33 P?
1 0830 110(34) 478(437) B16(646) 398(391) 670(552) 878(697)
2 1030 80(30) 362(369) 440(415) 342(357) 584(499) 532(469)
3 1230 7028 372(374) 100(180) 298(329) 740 (598) 276 (317)
4 1430 08(13) 174(239) 74(154) 218(276) 664(552) 394(389)
SEM* (+0 28) (+2 89) (£167) (£232) *367) 114
LSD? (0 85) 89 (514 (7 16) Not (351
significant
Cvs (2374) (1821 (10 69) (15 3%) (1493) (5 45)

I R =ramny season P = postramy season

2 Furst number 1s theoriginal value Number in parentheses 1s the transformed value (/7 4 1 ) which generally reduces

the heterogeneity of the sample

3 First number 1s the original value Number in parentheses 1s the transformed (arc sine) value (

reduces the heterogeneity of the sample
4 SEM = standard error of the mean

%, ) which generally

5 LSD = least sigmficant difference (P<0 05) for comparing treatment means of transformed values

6 CV = coefficient of vanance (%)

251



Table 6 Effect of muslin bag color on
midge damage in headcage test in
sorghum CSH 1, ICRISAT, Patancheru,
India, 1989

Bag color Midge damage (percentage)’
Black 77 (61 4)c

Blue 76 (60 1)bc

White 66 (54 7)ab

Red 61 (51 6)a

Yellow 63 (52 Na

LSD? 63

DF? 16

1 Figures in parentheses are arc sine values
2 LSD = least sigruficant difference
3 Degrees of freedom

Figures followed by the same letter m a column were not
significantly different at P<0 05

the resistance of field-selected

cultivars Although changing weather
conditions influence midge activity and
can affect midge damage under the
headcage, 1t 1s a thorough test for the
dentification of genetic resistance Test
material should be screened under the
headcage and over several testing
environments to 1dentify lines with
stable resistance

Damage evaluation for resistance
screening Feeding by the midge larvae
on a developing gram mside the glumes
leads to sterile or chaffy spikelets
Chaffiness due to natural stertlity and
extensive grain damage by sucking
msects also look similar to midge
damage However, the midge-infested
panicles have either small white pupal
cases hanging to the tp of spikelets or
small parasite exit holes 1n the glumes
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Two methods are suggested for damage

evaluation

+ Chaffy spikelets This s the most
appropriate criterion by which to
evaluate sorghum lines for midge
resistance Tag five panicles in each
genotype at half-anthesis Record

mudge incidence 1n the florets 15

days after flowering as follows

- Collect five primary branches
each from the top, middle, and
bottom portions of the panicle

— Bulk the samples from all the five
tagged panicles from a genotype

— Remove secondary branches from
the primary branches and nmux the
sample thoroughly

— Pick up the secondary branches at
random and count the number of
chaffy spikelets in a sample of
500 spikelets

— Squeeze the chaffy spikelets
between the thumb and first
finger with forceps Record the
number of spikelets producing a
red ooze (this indicates midge-
damaged florets)

— Express the data as the percent-
age of chaffy or midge-damaged
sptkelets Midge-damaged chaffy
spikelets can also be recorded at
harvest by adopting the procedure
described above

= Visual damage rating At crop
maturity, mdge damage 1s evaluated
on a 1-9 scale, where 1 = <10%, 2 =

11-20%, 3 = 21-30%, 4 = 31-40%,

5 =41-50%, 6 = 51-60%, 7 = 61~

70%, 8 = 71-80%, and 9 = >80%

midge-damaged spikelets
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Assessing the Impact of CLAN

C L L Gowda, A Ramakrishna, M C S Bantilan,
and K V Subba Rao'

Networks help improve interaction
among scientists 1n national research
programs, and between national
research programs and international
agricultural research institutions These
networks enhance the effectiveness of
collaborative research They factlitate
orgamzation of regional meetings,
surveys, monitoring tours, workshops,
and techruical working groups to help
identify research needs and opportuni-
ties, and assess comparative advantages
in spectfic research areas

The Cereals and Legumes Asia
Network (CLAN) 1s a collaborative
research and technology exchange
network It was formed by merging the
former Asian Gram Legumes Network
(AGLN) and the Asian component of
the Cooperative Cereals Research
Network (CCRN) AGLN was estab-
lished in 1986 to facilitate technology
exchange n chickpea, pigeonpea, and
groundnut 1n Asia, while CCRN began
in 1988 and operated globally for the

exchange of genetic material and
information The scientists and re-
search adminsstrators in the member
countries however, wanted a single
network for collaborative research and
technology exchange activities for both
cereals (sorghum and mullets) and
legumes (chickpea, pigeonpea, and
groundnut) To meet this demand,
CLAN was formally launched i Apnl
1992 The International Crops Re-
search Institute for the Semi-And
Tropics (ICRISAT) provides the
coordination umnit, and the technical and
backup support for ICRISAT mandate
crops — sorghum, pearl mullet, chick-
pea, pigeonpea, and groundnut, and
their natural resource management
CLAN activities are currently
concentrated 1n Bangladesh, China,
Iran, India, Indonesia, Myanmar,
Nepal, Pakistan, Philippines, S
Lanka, Thailand, and Vietham CLAN
works closely with scientists in the
national programs and ICRISAT as

Gowda, C L L, Ramakrishna, A , Bantilan, M C S, and Subba Rao, K V 1998 Assessing the impact of
CLAN Pages 254 268 in Assessing jomt research mmpacts proceedings of an International Workshop on
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equal partners 1n planning, conduct-
ing, monitoring, and evaluating
approved collaborative research
endeavors The specific objectives of
CLAN are to

» strengthen links and enhance the
exchange of germplasm, breeding
material, information, and technol
ogy options among members

» facilitate collaborative research
among the members to address
and solve high prionty production
constraints, giving attention to
poverty and equity 1ssues accord
ing to the needs and priorities of
member countries,

* help improve the research and
extenston capabilities of member
countries through human resource
development,

» enhance coordmation of regional
research on sorghum, pearl millet,
chickpea, pigeonpea, and ground-
nut, and

» contribute to the development of
stable and sustainable production
systems through a responsive
research capability in member
countries
CLAN (and the former AGLN) has

operated in member countries for the

past 10 years, and an assessment of
the value of the network and feed-
back from members was considered
essential The objective of this
nitiative was to assess the value,
usefulness, and impact of the col-
laborative research activities under-
taken by CLAN 1n the member
countries

Methodology

The assessment was designed to
evaluate the benefits of the collabora-
trve research and technology exchange
undertaken 1n member countries by
AGLN/CLAN during the last decade
A benchmark survey was conducted n
1989 to collect basic and descriptive
mformation about the participating
national agricultural research systems
(NARS) The second was a detailed
survey undertaken in 1993 to assess the
response and feedback from CLAN
country coordinators about the useful-
ness of network activities A follow-up
survey 1n 1995 obtamned feedback from
country coordmators on the value of
CLAN to member countries, and
measured changes in yield levels due to
technology generation, expected
adoption ceiling levels, and adoption of
improved technologies

A questionnaire, designed to elicit
mformation about how CLAN helped
to facilitate collaborative research n
the Asia region, was developed and
sent to all country coordmators
Responses were documented on the
following qualitative and quantitative
aspects of the network’s contributions

Quahtative infermation The extent of

mvolvement by network member

countries and contributions from the

network were solicited for each of the

following activities

« germplasm and breeding matenals,

 tramning and human resource
development activities

« nformation exchange and related
activities
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+ network support to national
research programs,

« 1ncreasing links and contacts
among scientists, and

¢ coordmation of regional research
on legumes in Asia

Quantitative mformation This part

of the questionnaire collected data

on

« volume of germplasm and breed-
ing material received and number
of varieties released,

« technology adoption by farmers
(rate of adoption and expected
ceiling level of technology adop-
tion),

« measures taken to spread or
disseminate the technologies, and

« research costs mncurred by the
national program for each crop

Finally, the country coordinators
were asked to provide comments on
the value of CLAN, and suggestions
for future activities

Preliminary results and analysis

Responses were received from all
11 member countries participating
in the network Respondents pro-
vided valuable qualitative informa-
tion, but the responses on quantita-
ttve data were mncomplete Many
country coordinators expressed
difficulty 1n completing the question-
naire because 1t required data that
were not readily available This
report analyzes and interprets the
available information
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Qualitative measures

Exchange of germplasm and
breeding materials

Exchange of germplasm was rated as
very significant and exchange of
breeding material as sigmificant by
most countries for groundnut and
sorghum, the important crops in many
countries (Fig 1) Use of germplasm
and breeding materals has been
mummal for pearl millet, chickpea, and
pigeonpea because these crops are not
grown mn some Southeast Asian
countries

CLAN contribution to NARS
Figure 2 presents the different dimen-
sions of CLLAN contributions and

Groundnut AN

S

=
Sorghum /i\ N\

Chickpea \S N
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Figure I Significance of germplasm
and breeding materials exchanged
through CLAN as rated by country
coordinators



Training at ICRISAT
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Figure 2 CLAN contrnibutions to
NARS as rated by country coordina-
tors

responses from NARS through the
country coordmators These include
traiming and human resource develop-
ment, mformation exchange, network
support to national research programs,
mcreasing contacts among scientists,
and coordination of regional research
m Asia

Trammng and human resource
development About 78% of the
country coordinators reported that
significant to very significant trainmg
activities were provided to NARS
scientists at ICRISAT While about
50% of the country coordinators
mdicated that significant m-country
traming activities were conducted,
some countries reported a need to
organize mn-country tramning activities

m the future (Fig 2) Suggestions were
solicited from country coordinators on
specific needs and requirements to
organize training programs, both mn-
country and special regional courses

Information exchange and related
activities Visits of NARS scientists to
ICRISAT were assessed as average to
very significant The interaction among
scientists and information exchange
most countries 1s reported to be
satisfactory (Fig 2) Similarly, study
tours and meetings were rated as
significant to very significant by many
Exchange of hiterature was rated
excellent by all countries Although
some countrtes have benefitted by co-
publishing (1n local languages),
required mnput by the network has not
been received by many other country
programs (Fig 3)
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Co publications

ﬁ Little

. Very significant

Figure 3 Usefulness of information
exchange activities as rated by re-
sponses from CLAN country coordi-
nators
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Network support to NARS About
50% of the country coordinators
reported they recerved significant
support for orgamizing national meet-
ings, while the others mentioned that
support was less than desired (Fig 4)
Support to experimentation ranged
from little to sigmificant levels, while
the assessment of support for supplies
and equipment varied Support pro-
vided by ICRISAT scientists was
considered adequate by 80% of
national programs Some of these
1ssues need to be discussed with
individual country coordmators to
assess and improve the situation

XX XA X

ICRISAT Specialists

TN
SRR,
SRRIENR

Expenmentation N SRS

7N

2\

53

National meetings

L 74N PATOTETE
Supplies and M \\\ m
equipment N i\\
1 T T 1 ]
0 2 4 6 8 10 12
[ e Very little Little

X some & Significant [ | Very significant

Figure 4 Significance of CLAN
support to NARS as rated by re-
sponses from country coordinators

Increasing contacts among scientists
Almost all national programs felt that
mncreased contacts among scientists
within the country has been greatly
facilitated by the network (Fig 5)
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Figure 5 CLAN's role in increasing

contacts among scientists tn member
countries, as rated by responses from
country coordinators

About 90% reported that the network
helped develop and increase links
between NARS and ICRISAT
scientists Increased contacts with
scientists from other countries was
found to be adequate only by 70% of
the countries

Coordination of regional research
in Asia Network support to regional
meetings and working groups was
reported to be adequate to very
significant by more than 70% of the
member countries Assistance to
study tours and to establish links
with other nstitutions was found to
be good to very significant only by
30% of NARS, and needs to be
improved m the future (Fig 6)
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Figure 6 Assessment of CLAN's role
tn coordination of regional research
on legumes, as rated by responses
Jrom country coordinators

Quantitative measures

Releases of cultivars using
ICRISAT materials

ICRISAT supplied germplasm and
breeding materials for 167 cultivars
that have been released by 11 member
countries (Fig 7 and Table 1) Tables
2-6 give details of cultivars released 1n
each crop by different countries
Overall, these tables and Figure 7 show
the volume of cultivars released, and
thus mdicate the value to the agricul-
ture of individual countries

Reduction in R&D lag due to
CLAN

The reduction 1n time for development
of technologies (variety, agronomic
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80 ~
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Releases
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India China
Countries and S E Asia
Groundnut Pigeonpea Chickpea
Sorghum KE Pearl millet

Figure 7 Number of releases in Asia
of ICRISAT/NARS cultivars using
ICRISAT germplasm

management, etc ) due to CLAN
ranged between 3 6 and 6 years (Table
7) The average reduction 1n lag was 5
years across crops and countries
CLAN member countries were able to
reduce the time for research to develop
a vartety or technology, and NARS
scientists were able to delver technol-
ogy to farmers earlier thus saving the
scarce research resources of NARS
We have not received complete data
from the country coordinators for the
following
« present area under improved
cultivars or practices,
» crop area Iin the recommendation
domain, present area covered, and
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Table 1 Release of plant materials in Asia by CLAN member countries using
germplasm conserved in ICRISAT genebank

Country Sorghum Pearl millet  Chickpea  Pigeonpea  Groundnut  Total
India 16 39 10 15 23 103
Myanmar 4 0 5 1 4 14
China 7 0 4 0 0 11
Pakistan 2 2 4 0 3 11
Nepal 0 0 4 2 2 8
Bangladesh 0 0 7 0 0 7
Philippines 2 0 0 2 1 5
Sr1 Lanka 0 0 0 3 2 5
Thailand 1 0 0 0 0 1
Indonesia 0 0 0 1 0 1
Vietnam 0 0 0 0 1 1
Total 32 41 34 24 36 167

expected maximum adoption,

 yield gamn (both on-station and on-
farm) due to improved varieties and/
or practices,

« 1mplicit unit cost reduction due to
improved technology,

+ welfare gains due to adoption of
improved technology and distribu-
tion of welfare gains, and

¢ perception of benefits
Many country coordinators indi-

cated that they do not have access to

such imformation or the mformation 1s
not available in the country We are
now planning some jont studies to
elicit such information and to gather
data to assess the impact of improved
technologies

Value of CLAN and suggestions
for improvement

CLAN member countries have ben-
efited from network activities in the
region, although the degree of benefit
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to individual countnies varies (Table
8) The greatest benefit has been mn
development and release of cultivars
and improved management practices
The research process was accelerated
by reducing the average R&D time
lag by 5 years, thus reducing research
costs and making technology avail-
able to farmers sooner The network
helped to increase contacts and
information among scientists both
within and among countries Devel-
opment and training of NARS
scientists and general improvements
in the R&D infrastructure were also
indicated as benefits from the net
work Many country coordinators
also appreciated the usefulness of
research collaboration through
working groups that has led to
coordination of regional research
There are, however, a few more areas
that need to be addressed to enhance
the network’s usefulness to member
countries (Table 9)



Table 2 Sorghum releases by CLAN member countries using germplasm con-
served in ICRISAT genebank

Year of
Country Releases ICRISAT name Release name release
China 7 A 3681 Yuan 1 98 1982
A 3872 Yuan 1 28 1982

A 3895 Yuan 1 505 1982

A 6072 Yuan 1 54 1982

Liao 4 1988

Liaoza 4 1995

Liao 5 1996

India 16 E 1966 NTJ 2 (IS 30468) 1980
ICSV 112 CSv 13 1982

ICSV 1 CSV 11 (SPV 351) 1984

ICSH 153 CSH 11 1986

ICSV 145 SAR 1 1988

SPH 468 CSH 14 1993

ICSV 745 DSV 3 1993

JKSH 22 1993

PJH 55 1993

PJH 58 1993

PKH 400 1993

ICSV 197 ICSV 197 - 1993

PSH 8340 1993

JKSH 27 1993

JKSH 45 1994

MLSH 36 1994

Myanmar 4 M 36248 Yezmn 2 (Schwe phyu 2) 1984
M 36335 Yezin 3 (Schwe phyu 3) 1984

M 90906 Yezin 1(Schwe phyu 1) 1984

M 36172 Yezin 4 (Schwe phyu 4) 1984

Pakistan 2 ICSV 107 PARC SS 1 1991
IRAT 408 PARC 8§ 2 1991

Philippines 2 IES Sor 1 (PSB Sg 93-02) 1993
IES Sor 4 (PSB Sg 94-02) 1994

Thailand 1 Suphan Bun 1 1993
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Table 3 Pearl millet releases in India and Pakistan using germplasm conserved In
ICRISAT genebank

Year of
Country Releases ICRISAT name Release name release
India 39 ICMV 1 MHB 110 1981
WC C75 1982
HB 45 1984
X5 1984
ICMV 4 ICMS 7703 (MP 15) 1985
HC4 1985
ICMH 451 ICMH 451 (MH 179) 1986
ICMH 501 ICMH 501 (MH 180) 1986
MH 182 1986
Pusa 23 (MH 169) 1987
ICTP 8203 ICTP 8203 (MP 124) (PCB 138) 1988
ICMH 423 ICMH 423 (MH 423) 1988
HHB 50 1988
HHB 60 1988
RCBICY Ra 171 1990
HHB 67 1990
VBH 4 1990
ICMV 155 ICMV 155 (MP 55) (ICMV 84400) 1991
GHB 181 1990
GHB 235 1990
RHB 58 1990
MLBH 104 1991
RHB 30 1991
Eknath 301 1991
ICMH 356 1993
ICMH 88088 ICMH 312 (Pooja) 19932
ICMV 88904 ICMV 221 1993
PCB 141 1993
Pusa 322 1993
HHB 68 1993
Pusa 444 1994
CZP IC 923 19953
RCB IC 911! 1996
GICH 91834 JBH 1 1996°
C21C923 1996
MLBH 267 1995
HHB 94 1995
Pusa 325 1995
Pakistan 2 Pusa 44 1995
Ugandi PARC MS 1 1991
ICMS 7704 PARC MS 2 1991

1 Daffused to farmers in 1993 possible release m 1996
2 Not officially released but privately marketed
3 Notifications pending
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Table 4 Chickpea releases by CLAN member countries using germplasm con-
served 1n ICRISAT genebank

Year of
Country Releases ICRISAT name Release name release
Bangladesh 7 ICCV 81248 Nabin 1987
(ICCL 83228) ICCV 10 Barichhola 2 1993
ICCL 83105 Banichhola 3 1993
ICC 4998 Bina Sola 2 1994
ICCL 85222 Barichola 4 1995
RBH-228(a) Barichola 5 1995
ICCL 83149 Barichola 6 1995
China 4 ILC 202 ILC 202 1688
ILC 411 ILC 411 1988
Chickpea 4 1991
Chickpea 18 1991
India 10 ICCV 1 ICCC 4 1983
JG 62 x F496 RSG 44 1984
L550x L2 GNG 149 1985
F 378 x F 404 Anupam 1988
ICCL 80074 ICCC 37 (Krant1) 1989
ICCL 82001 ICCV 2 (Sweta) 1989
ICCV 6 ICCV 6 1990
ICCV 10 Bharat1 1992
ICCV 88202 1994!
ICCC 42 1995!
Myanmar 5 Sel from (K 850 x F378) Schwe Kyhemon 1986
ICC 552 Yezin 1 1986
ICCC 42 ICCV 42 1994
ICCV 82001 ICCV2 1994
ICCV 4958 ICCV 4958 1993
Nepal 4 ICCC 4 Sita 1987
JG74 Radha 1988
ICCV 6 Kosheli 1991
ICCL 82108 Kalika 1991
Pakistan 4 FLIP 81-293C Noor 91 1992
FLIP 83-48C Ruzks 1992
Sel from (L 550 x F 496) DG 92 1993
FLIP 84-92C Douyet

1 Not officially released but adopted by farmers
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Table 5 Pigeonpea releases by CLAN member countries using germplasm
conserved in ICRISAT genebank

Year of
Country Releases ICRISAT name Release name release
India 15 ICPV 1 ICP 8863 (Marut1) 1986
ICPL 87 Pragau 1986
ICPL 151 Jagniti 1987
ICPL 332 Abhaya 1989
ICPH 82008 ICPH 8 1991
(Prabhat x HY3C) x Vamban 1 1992
(T21 x ICP 102)
ICP x 78120 WB x WB WB  Birsa Arhar 1 1992
ICPL 87119 Asha 1993
IPH 732 Hybrid CoH 1 1994
PPH 4 PPH 4 1994
ICPL 84031 Durga 1995
ICPL 85063 1996
ICPL 85010 ICPL 85010 1996
AKG 46 Akola 1990
ICPL 87091 1990
Indonesia 1 Megha 1987
Myanmar 1 ICPL 87 ICPL 87 1990
Nepal 2 ICP 11384 Bageswart 1990
ICP 6997 Rampur rhar 1991
Philippmes 2 ICPL 85015 1991
ICPL 295 1990!
Sn Lanka 3 ICPL 84045 190!
ICPL 87 1990!
ICPL 02 1990!

1 Not officially released but made available to farmers from 1990
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Table 6 Groundnut releases by CLAN member countries using germplasm con-

served in ICRISAT genebank

Year of
Country Releases ICRISAT name Release name release
India 23 ICGS 1 Spring Groundnut 84 1984
Konkan Gaurav 1984
ICG 2974 Robut 33 1 1985
ICGV 87123 ICGS 11 1986
TMVT7xFSB72 VRI 1 1986
ALR 1 1987
ICGV 87128 ICGS 44 1988
ICGV 87141 ICGS 76 1989
ICGV 87121 ICGS 5 1989
Gumar 1 1989
RG 141 1989
ICGV 87119 ICGS 1 1990
ICGV 87187 ICGS 37 1990
ICGV 87160 Sinpadetha 5 (ICG[FDRS] 10) 1990
ICGV 86950 ICGV 86590 1991
ICG 86011 ALR 2 1994
ICGV 86143 BSR 1 1994
ICGV 86325 ICGV 86325 1994
ICGV 86011 _  AILG2? 1694
ICGS 87157 —!
ICGS 21 ICGS 21 —!
ICGV 86564 ICGS 49 —!
ICG (FDRS)F ICG (FRDS) 4 —1
Myanmar 4 JL 24 Sinpadetha 2 1982
Robut 33 1 Sinpadetha 3 1984
ICGV 87160 Sinpadetha 5 1993
ICGV 87160 Yezin 5 1993
Nepal 2 —2 B4 1980
- Janak 1989
Pakistan 3 (ICGS 44 + ICGS 37) BARD 699 1989
ICGV 4989 BARD 479 1993
ICGS(E) 56 ICGV 86015 (BARD 92) 1994
Philippines 1 JL 24 UPL Pn 10 1992
Srilanka 2 ICGV 86564 Walawe 1994
ICGV 87123 ICGS 11 1994
Vietnam 1 ICGS (E) 56 HL 25 —!

1 Not officially released but adopted by farmers 2 Not ICRISAT releases
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Table 7 Reduction in R&D lag due to participation in CLAN

Number of varieties Reduction 1n lag due to CLAN
Crop Countries (technology) (years)
Sorghum Myanmar 5 36
Philippines
Chickpea Bangladesh 9 55
Myanmar
Pigeonpea Myanmar 5 6
Sn Lanka
Groundnut Myanmar 11 5
Philippines
Sn Lanka
Vietmam
Mean R&D lag 5

Table 8 Value of CLAN to individual countries

CLAN activity Country Value to country R&D
Germplasm and Bangladesh Flow of chickpea germplasm and breeding lines
breeding material
India Greatly benefited Indian scientists by providing relevant
germplasm
Nepal Assistance 1 collection of indigenous germplasm n
mandated crops
Pakistan Supply of breeding material was a great help to national
groundnut chickpea sorghum and pearl millet programs
Philippines Mechamsm for contmuous provision of germplasm
materials/improved varieties
Thailand Useful source of germplasm ICRISAT germplasm
increasingly used in many breeding programs
Network to NARS  Indonesia Increased intensity of research on crops neglected by
national program groundnut pigeonpea and sorghum
Myanmar Upgrading research activities improved crop production
systems
Nepal Strengthening breeding program on grain legumes and
otlseeds lab facilities for soil testing especially
micronutrients
Pakistan Provided reasonable support to national program activities
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Table 8 Continued

CLAN activity Country Value to country R&D
Philippines Enhanced development of R&D program on groundnut
pigeonpea and chickpea contributed to improved
production and expanston of groundnut pigeonpea and
chickpea
Vietnam Significantly contributed to improved groundnut
production 1n Vietnam
Increasing linkage  India Exposure to mternational working system opportunities
and contacts to visit ICRISAT
among scientists
Indonesia Research partnership in groundnut serves as model for
research extension link
Nepal Visit of scientists to ICRISAT
Philippines Involvement mn the mainstream of international R&D
developments enhanced interaction with other NARS
Traning and Nepal Special training at ICRISAT for manpower development
human respurce of scientists and technicians
development
activities
Pakistan Provided reasonable support to train scientists
Philippines Tramng/fellowship programs to upgrade skills
Thailand ICRISAT 1s a huge knowledge center
Information Myanmar Update agriculture research literature
exchange and
related activities
Philippines Upgrade technical information/publication skills
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Table 9 Suggestions to increase the value of CLAN

CLAN activity Country

Actron plan to increase value to NARS R&D

Germplasm and India
breeding materal
Myanmar
Sr1 Lanka

Increasing linkage = Bangladesh
and contacts among

scientists
India
Sr1 Lanka
Thatland
Information Bangladesh
exchange and
related activities
Myanmar
Training and Myanmar
human resource
development
activities
Philippines

Network support Bangladesh
to national
research programs

India

Pakistan

Coordination of Thailand
reglonal research
on legumes 1n Asia

Emphasis on flow of germplasm and sources of resistance

Assist 1n exchange of germplasm

Exchange of advanced generation breeding materials
among member countries

Working group meetings to strengthen research linkages
mvolve working scientists in CLAN activities/seminars

More opportumties for mteraction with mternational
scientists meetings conferences field trips

Exchange of scientists/information among countries

Working groups to to solve common problems faced in
crop production and to facilitate exchange of technical
mformation/breeding materials/germplasm progress
meetings every 1 2 years to activate mterest of researchers

Regular circulation of publications on legume and cereal
research

Establish database and information exhange system with
member countries

Assignment of ICRISAT resident scientist will improve
research and technology transfer assist in exchange of
expertise 1n-country traming for research and extension
workers

Traimng on new technologies IPM seed technology seed
storage processing and use of CLAN crops

Continuation of support for groundnut and pigeonpea

Jointly structured programs to address 1ssues relevant to
Indian context

Provide more funds training and exchange visits
Closer mteraction in collaborative research
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Conclusion
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Workshop Synthesis

M C S Bantilan'

This workshop was organized to enable
Research Evaluation and Impact
Assessment (REIA) team members
from various disciplines within
ICRISAT and different national
agricultural research systems (NARS)
to report on results of studies docu-
menting the joint impact of our re-
search partnership in the semi-anid

T tropics (SAT) The workshop also

aimed to provide a forum for peer
review of the various studies and to set
prionities for future work on the REIA
agenda

To give some historical perspective,
3 years ago we 1utiated a series of
activities that began with an awareness
workshop on impact assessment This
was followed a year later by an interna-
tional conference on research evalua-
tion methodologies It was during this
conference that we drew our workplan
to integrate research evaluation efforts
of ICRISAT and the national programs
and other mternational agricultural

research centers (IARCs) Implementa-
tion of the jomnt impact assessments
was pursued more extensively with the
begmning of a global project on
research evaluation and impact assess-
ment 1 1995 at ICRISAT A series of
traming workshops and on-the-job
training/field work were conducted
both in Asia and Africa The present
workshop, after almost two years of
project implementation, serves as a
venue to share the results of completed
assessments, as well as progress with
ongomg work for an audience with
multidisciplinary backgrounds from the
biological and social sciences We
mvited a panel of experts on economic
evaluation to serve as peer reviewers,
and they provided constructive criti-
cisms and suggestions for the direction
of our future work

ICRISAT s Director General, ] G
Ryan mspired us during the opening
session with his message that our
pursuit of a joint approach to the

Bantilan, M C S 1998 Worhkshop synthesis Pages 271 276 in Assessing joint research impacts proceed
mgs of an International Workshop on Joint Impact Assessment of NARS/ICRISAT Technologies for the
Sem: And Tropics 2 4 Dec 1996 ICRISAT Patancheru India (Bantilan M CS and Joshi PK eds)
Patancheru 502 324 Andhra Pradesh India International Crops Research Institute for the Sem1 And
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assessment of research impact 18
crucial for the continuing viability of
the TARCs and the global agricultural
R&D system The first session of the
workshop gave an overview of avail-
able NARS/ICRISAT technologies for
the SAT that represent the population
of technologies from which we se-
lected a sample for ex-post assess-
ments It also mcluded a discussion of
research evaluation methodology based
on the principle of economic surplus,
and measurements of other dimensions
of research impacts The theoretical
underpinning for research evaluation
uses the research-adoption-impact
framework, where research investments
result 1 research products that may
take the form of new knowledge,
mformation, or technologies that will
ultimately contribute to improving crop
productivity and farm profitability by
the adoption of mnnovations 1n farmers
fields

That adoption 1s a condition of
impact was noted As ntroduction of
new technologies may result m either
success (adoption and benefits to target
clientele) or failure (non-adoption due
to limitations of the technology or
factors constraming adoption), method-
ologies mvolving rapid rural appraisal
and focus group surveys were covered
Three broad topics were discussed ~—
primary and secondary sources of data
that support the mimmum data set for
research evaluation, development of a
sampling scheme that will ensure we
collect mformation from a sample that
18 representative of the target environ-
ment, and survey instruments of the
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various modules essential 1n the
generation of the minimum data set in
the target and diffusion zones

The efficiency dimension of impact
served as a starting point 1n most
analyses Other dimensions of impact
include food security, gender equity,
sustamnability, human nutrition, em-
ployment, and spillover effects The
integration of some of these dimen-
sions In the research evaluation theo
retical framework 1s n progress

The presentation of case studies 1n
the three workshop sessions featured
research impact case studies in four
areas — genetic enhancement research
1n cereals (pearl millet and sorghum)
and legumes (chickpea, pigeonpea, and
groundnut) resource management
options (groundnut production techno-
logy and Vertisol technology) interme-
diate products of research (germplasm,
screenung techmiques for resistance
breeding, models), and impact of
networks

The economic evaluation of genetic
enhancement research involved
assessment of single cultivar and
generations of cultivars Productivity
gains and reductions 1n the unit cost of
production as a result of improved
varieties and hybrids were featured 1n
the assessment of the impact of
mmproved cultivars of chickpea,
pigeonpea, sorghum, and pearl millet
Studies 1n drought-prone regions of
Africa and India demonstrated the food
security dimension of research 1mpact,
including sorghum S 35 1in Chad and
Cameroon, and mmproved pearl mullet
varieties 1n Mali, India, and Zimbabwe



The sigmificant yield gan of short-
duration cultivars during years of
drought was presented as one measure
of gains 1n food security Contributions
to sustainability of natural resources
was tackled in the assessment of short-
duration pageonpea and 1n the study of
the sustainability consequences of land,
nutrients, and water management n
Vertisols and watershed technology

Indicators of gender-related impacts
identified from case studies n two
states of central India were used in
analyzing the effects of adoption of
various groundnut technology options
The mtegration of a gender variable in
the research evaluation framework was
also discussed

The presentatton related to the
mmpact assessment of intermediate
products of research (for example,
screening techniques) was confined to
a background technical paper reflecting
the process mvolved in this research
phase The workplan to assess the
mmpact of screeming techniques and the
survey mstrument was presented

A peer review and discussion fol-
lowed each paper presentation The last
session of the workshop was a formal
presentation by each team of peer
reviewers, feedback, and suggestions
Thus peer review served as a basis for the
discussions on priorities for the future
research agenda on impact assessment

Peer review comments

The summary of the peer reviews 1s
presented as three 1ssues — concepts
methods, and estimates

Concepts

Direct and indirect impacts On one
hand, aspects of direct impact take the
form of effects that can be measured
directly as a consequence of the
technology change or technology
adoption Examples are measures of
efficiency, poverty, and equity (for
example, Gini ratio), improved human
nutrition, employment effects, and
sustainability On the other hand,
examples of indirect impact are the
release of area to other income-
generating crops due to improved
productivity of staple crops, the
enhanced opportunity cost of lands that
are released for other uses with m-
creases 1n crop yeld, and the mdirect
indusinal links that may result in
improved mcome and employment
opportumties for other crops

Impacts on the poor Participants
asked if sorghum and mullet are still
the poor man s crop 1n India? Policy
interventions favoring other cereal
grans such as rice and wheat may have
created a situation where sorghum and
millet are no longer the poor man s
staple food, thus research 1n these two
crops may no longer benefit the poor
sector A series of questions were
raised, including ‘Where are the poor
1n India”’, “What crops are they
raismng?’, and ‘What crops (staple
foods) are they eating?” One observa-
tron noted that whule research on coarse
cereals may significantly benefit
Africa there is a need to reassess these
questions 1n the Indian context
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General equilibrium framework
The concept of general equilibrium was
suggested to emphasize that agricul-
tural research technology innovations
can affect the consumption, production,
and labor supply of both men and
women Two case studies were noted to
show that adoption of better technology
options 1s a joint dectston of both male
and female members of the household
Integration of a gender variable mn the
research evaluation framework should
then take mto account this type of
household decision process, particu-
larly relating to labor supply and
production decisions

Methods

Economic surplus principle Impact
measures underpmned by the principle
of economuic surplus are net present
value of research benefits, distribution
of benefits among sectors or target
clientele, internal rate of return of
research investments, and benefit-cost
ratio

Additional measures Suggested
additional measures are based on
macro- and micro-level analyses For
macro-level analysis, a peer reviewer
noted the usefulness of totai-factor
productivity and sources of growth as
mdicators of R&D impact In this
context, productivity effects are studied
analytically through aggregate produc-
tion and cost functions meta-produc-
tion density function, and the mput-
output market interface within a
general equilibrium framework Micro-
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level analysis considers such aspects as
mput saving, consumer preferences for
feedback to plant breeders (cooking
quality, shape, color, stem thickness),
and inclusion of post-harvest related
technologies (storage, keeping quality)

Estimales

Demand-supply 1ssues Consumer
preferences have moved away from
coarse cereal grans as a result of
policy interventions such as price
subsidies 1n rice and wheat Related
1ssues are competition with other crops
and value added via alternative uses

Supply elasticity estrmates The
studies generally used published
elasticity estimates and recent updates
A sensivity analysis using a range of
reasonable elasticity values was
reported One suggestion was to
consider sole crop and intercrop
differences in elasticities noting that
elasticity for sole/commercial crops
tends to be higher

Research lag Considering that
agricultural research to enhance crop
productivity n risky environments such
as the SAT 1s more difficult than
research m more favorable environ-
ments, one peer reviewer suggested the
classification of research by its mnate
difficulty and target environment In
other words, research lag depends on
the types of constraints and difficulty
of achieving a research breakthrough

Research costs Participants ques-
tioned how far they should go mn



estimating research costs This 1s
especially relevant for research that 1s
based on a stock of knowledge deve-
loped much earlier, including
germplasm evaluation and chemcal
fertilizers Studies should ensure
careful documentation of the research
process 1n order to properly determine
the start of investments 1 a specific
research effort

Genetic resources research

Returns to genetic resources research
derive from the added value of infor-
mation on germplasm materials that are
collected, characterized, evaluated, and
conserved for distribution Value added
may be measured as cost savings due to
reduction 1n the research lag A careful
costing of these activities is required n
research evaluation so that we can
properly attribute the benefits dertved
from the final product

Genetic enhancement research

Several observations about genetic

enhancement research were offered,

including

+ What are the effects of prices on
adoption? Prices that vary across
regions serve as an incentive for
production and therefore serve as an
mcentive for adoption It was
suggested that prices should be
considered as a determining variable
1n adoption

« There should be a zonal basis for
establishing research targets

+ Consideration of alternative uses for

sorghum 1n economic evaluation of
sorghum research was suggested
Important opportunities for sorghum
research featured 1n the discussions
included lack of an effective seed
sector system, gram mold or lack of
good grain quality, sorghum biotech-
nology, dual purpose sorghum, and
Striga

¢ The hughlight from the pigeonpea
research 1mpact assessment was the
confirmation of high adoption mn
target zones The next challenge 1s
how to accelerate adoption m other
zones

» Estimated NARS research costs
seems high, so there 1s a need to
check sources of data

+ The reduction 1n costs due to
farmyard manure requires informa-
tion on the residual effects in
subsequent years

» The reports on chickpea raised
questions on the sampling proce-
dure The sample sizes were too
small for an economic evaluation 1n
Nepal and Bangladesh

Resource management research

Evaluation of groundnut production
technology featured gender-related
1ssues, including the balance of
increased employment and drudgery In
particular, while increased employment
brings higher household mcome,
women may suffer drudgery given all
household and non-household tasks
An 1ssue that was raised for consid-
eration, particularly in Africa was soil
fertility management 1 terms of crop
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residues and benefits of legumes m the
cropping system
Reviews noted several additional
factors to be considered when evaluat-
ing the impact of Vertisol technology
s benchmarks,
» positive and negative impacts on the
resource base and assoctated costs,
» short- and long-term gains,
« transaction costs,
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 1nstitutional changes, and
+ people’s participation

Conclusion

I would like to take this opportunity to
thank all our peer reviewers and the
participants for your active participa-
tion throughout the workshop Thank
you



Closing Remarks

Y L Nene!
There 15 an anecaote wnich T could tell, We can t claim that thus 1s ICRISAT’s

perhaps because I will be retiring 1n a
few days I did not choose economics
as a field of study because when I
studied economics 1n the twelfth grade,
I had difficulty in memorizing the law
of dimimishing returns And I memo-
rized 1t so well then that even today 1f
you want I can repeat 1t But then that
was the end of my interest in econo-
mics I wish I had a teacher like
Cynthia, who speaks so well, explains
so well You might have had an econo-
must, Cynthia, 1if you had been my
teacher Thank you indeed

I would like to make a few remarks
very quickly When I saw the program, I
was very happy with the title itself, that
1t 15 a Joint 1mpact assessment of NARS
and ICRISAT If questions were asked
about ICRISAT’s impact, I have always
said 1n such meetings there 1s very little
that we can claim as our impact, as an
mstrtutional 1mpact, 1t 1s always a jomnt
1mpact, always i cooperation with
NARS or similar partners that impact
can be measured, assessed and claimed

impact alone And therefore, I was
delighted to see the theme of this
particular workshop

I see from the peer review that this
was the spirit in which the discussions
took place I did sense a hittle bt
difficulty in understanding the impact
of germplasm and enhanced
germplasm, and I had an uncomfort-
able feeling that we are confusing
1ssues, that we are measuring impact of
the materials and technologies, and not
measuring impacts of the work of
breeders and genetic resources scien-
tists or pathologists And that’s where I
find a little bit of emotion coming 1n
Let me remind breeders that often they
remind me of the books written by
many authors, and they are the editors
The editors get their names n all the
book Listings, but inside the book are
the authors of the chapters who have
contributed to that book That does not
reduce the contribution of the breeder
mn putting things together, but it should
not also be claimed completely as the
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International Workshop on Joint Impact Assessment of NARS/ICRISAT Technologies for the Sem: And
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breeders’ work because so many people
have contrnibuted

And I think 1f we remember this, then
there will not be such emotion ansing as
to whether the impact 1s due to
germplasm or enhanced germplasm, and
I hope the disciplines I mentioned do
not mind my saying so I also gota
feeling from the presentations that
Cynthia has too much on her plate So
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many things were suggested, and I am
sure you will have to identify a few that
you can manage Maybe I am wrong,
but that’s the impression I got from the
four presentations and the last External
Program and Management Review
(EPMR) that also told us to identify a
few examples where we can demon-
strate measurable impact Those are my
brief comments friends
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About ICRISAT

The semi-arid tropics (SAT) encompasses parts of 48 developing countries mcluding
most of India, parts of southeast Asia, a swathe across sub-Saharan Afrnica, much of

southern and eastern Aftica, and parts of Latm America Many of these countries are

among the poorest m the world Approximately one-sixth of the world’s population

lives i the SAT, which 1s typified by unpredictable weather, limited and erratic
ramnfall, and nutrient-poor soils

ICRISAT’s mandate crops are sorghum, pear] mullet, finger muillet, chickpea,
pigeonpea, and groundnut, these six crops are vital to life for the ever-increasing
populations of the semi-and tropics ICRISAT’s mussion 1s to conduct research
which can lead to enhanced sustainable production of these crops and to improved
management of the limited natural resources of the SAT ICRISAT communicates
mformation on technologies as they are developed through workshops, networks,
training, library services, and publishing

ICRISAT was established 1n 1972 It 1s one of 16 nonprofit, research and traming
centers funded through the Consultative Group on International Agricultural
Research (CGIAR) The CGIAR 1s an informal association of approximately 50
public and private sector donors, 1t 18 co-sponsored by the Food and Agriculture
Orgamzation of the Umted Nations (FAO), the United Nations Development

Programme (UNDP), the United Nations Environment Programme (UNEP), and the
World Bank
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