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IMPROVED SEEDS OF CHANGE IN
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Abstract

One of the main sources of productivity growth in dryland
agriculture in India in the 1980s and 1990s will be varietal change.
We take stock of some promising types of varietal change in four
ICRISAT mandate crops—sorghum, pearl millet, pigeonpea, and
groundnut. We discuss the role of economists in integrating informa-
tion systematically from several sources to assess researchable
problems and alternative solutions in crop improvement research in
the third section. We conclude with an evaluation of the ability of the
economist to respond to the challenge of interdisciplinary research.

Introduction
In the 1982 annual meeting of the Indian Society of Agricultural

Economics at Pantnagar, Professor Dantwala remarked that agricul-
tural economists made little, if any, contribution to the green
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revolution. When basic biological research markedly shifts yield
distributions, it is hard to see how economists can usefully add much
to ex ante analysis on resource allocation for agricultural research,
For instance, we have little basis for saying that ICRISAT has in-
vested too much or too little in nitrogen fixation research in pearl
millet. If successful, such research can radically alter the production
environment in which the crop is grown. But as research becomes
more applied, information on farmer circumstances and the produc-
tion environment becomes more relevant to agricultural research
decision-making, and economists can play a more productive role.

Because of the harsher production environment in dryland
agriculture, there is generally less scope for abrupt technical change.
If researchers ignore information on the production environment, it

is unlikely that incremental but sustained technical change will be
forthcoming,

One of the main sources of productivity growth in dryland
agriculture in India in the 1980s and 1990s will be varietal change. In
the next section, we state why we believe that improved varieties are
perhaps the most important source of increased crop productivity
and yield stability in dryland agriculture. We then take stock of some
promising types of varietal change in four ICRISAT mandate
crops-sorghum, pearl millet, pigeonpea, and groundnut. We discuss
the role of economists in integrating information systematically from
several sources to assess researchable problems and alternative solu-
tions in crop improvement research in the third section. We con-

clude with an evaluation of the ability of the economist to respond to
the challenge of interdisciplinary research.

Improved Seeds and Dryland Agriculture

When we visualise dryland agriculture, we picture low produc-
tivity per unit of land as characteristic of stagnant technical change.
While the scope for rapid, discontinuous productivity
increases—characteristic of the green revolution— is probably limited
to a few rainfall-assured, higher-production regions, agricultural
change in dryland agriculture is more dynamic than what popular
thinking suggests. But such change is so piecemeal, and the weather
so variable, that it often goes unnoticed.

} ! 221
Improved Seeds of Change in Dryland Agriculture
Relative Contribution of Seeds

Most of us have heard about government officials h.:lvingftc‘)w gz::
f the semidwar
ound godowns to prevent theft o dway at
%:ixc(:iscsarthat wcgrc the foundation of the green revolution in :)hebl:s
ipated Punjab. Or about farmers travelling hundreds of miles by
::)g:.udhiana to take back a handful of wheat seed to eastern Uttar

Pradesh.

i i i land agricul-

d for improved seed is also strong 1n dry .
t ;nl cSccdsdcmazrc usually the cutting edge of technical chang::h in
a‘;'xculm:e because they are much easier for farmers to anz;;: ax;

; dations. Se ar

i ed components and recommendatio
g;h'c"‘blfgﬁcrs can plant them on as much or as httl.c land as they
a“:tl. Tl;cy are cheap; the cost of seeds, even for hybrids, represents
v‘,nl a small percentage of out-of-pocket expenses per hect:;:;
;Ieicc their diffusion imposes few demands on the crc?sxt syst.em1982.
ented, with many farmers delinquent (Sanghi, ;
::Zn:,ﬁmssagn;. Thc:)" imply little additional effort for th? farmer and
can be more easily evaluated than other improved practices.

Examples of Varietal Change in Dryland Agriculture

igh-viclding varieties (HYVs) are not strangers to dryland
farmH:E: ty'xl;lc;lsmxﬁ India. There are §cvcral success stoncst.hzy 119;7;7391
about 70% of the finger millet (ragi) area in Karnataka., ﬁes;:-clcased
roducing state in India, was planted to improved vamcaka easet
i’;l the late 1960s (Directorate of Agriculture, Kamantl t));mt o
average more than 1 t/ha and irrigation accounts for only a

of planted area.

Adotion o wfrid soghum b bt 0ot o
; jons in Mahar a; h .
f::’?: ClGn\?]:ft‘. By 1980-81 about 50% of rainy season éor;g;\:m w:
Maharashtra and 85% of total plgz;r; n;ill:tm ysown n; ujar was
ids'. Only about of rainy scason (kharif) sor
theda:;biib ;‘/Iahaxashtra and 19% of .total pearl mxlleth:rrcaann;
g'Ght‘)lj::‘rat is irrigated (Directorates of Agriculture, Maharashtra

Guijarat).
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Adoption of improved castor cultivars in Aurepalle, one of the
sites of the ICRISAT Village-Level Studies, illustrates the impact a
small absolute increase in varietal productivity can have on farmers’
income in marginal production regions. Farmers switched from their
local castor varieties to the improved Aruna variety and the Gauch-1
hybrid from Gujarat in the late.1970s and early 1980s>. By 1981-82,
these two improved cultivars were planted on 80% of castor area in

the village and production increased by about 200 kg/ha over tradi-
tional varieties.

Such a small increase in productivity is not enough to spark the
imagination of researchers or policy-makers, but it can significantly
enhance the welfare of many poor farm households. From 1975-76
to 1979-80, net household income averaged Rs 4600 per cropping
year. Across the 20 castor-cultivating households in the sample and
valued at net harvest prices, average net crop income increased by
32% and net household income rose by 15%. Initially, lower income
households benefited relatively more because they had proportion-
ally more of their land planted to castor. These gains do not have

large multiplier effects, but they are potentially important to poor
dryland families who receive them.

The demand for pearl millet hybrids and improved pigeonpea
varieties is also strong in Aurepalle. In 1980-81 we experimentally
marketed seeds to farmers in the village at market prices. Demand

was selective; there was excess demand for some improved varieties
and no demand for others.

The Aurepalle experience is similar to the other study villages.
ICRISAT resident investigators in the study villages are annually
inundated with requests from respondent farmers to facilitate timely

delivery of improved seeds of dryland crops, reflecting the demand
for modern cultivars in SAT India.

Taking Stock of the Promise in Four ICRISAT Mandate Crops

In this section, we briefly inventory some types of expected varie-
tal change that promises to increase productivity and improve yield
stability in dryland agriculture. We focus on research being carried
out by ICRISAT, usually in collaboration with the all-India crop im-
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jects, i i : um, pearl
o in four of its mandate crops: sorgh
Ir);i?;::etfn ;ingtcgnpjca, and groundnut. Any assessment of the prospects;
for technological change is fraught with unc;rtamty tan:: cr;c;; :)0~
issi i ave not attem
mission and omission. In particular, we pted
z(o){.llect information on what national crop improvement scientists

perceive as promising.
Sorghum

erging sorghum varietal tcchnologies has to
tak:?nta:s mzzifé::l thgm ffndaxitgtal role that cropping §ca::'x;
plays in sorghum production in India. §orghum is gr(;(v;n anlg two
markedly different cropping seasons. _Ramy seas;ln (g:;s harif) co0
ghum is produced in regions wgth relatively assur 1;11 o ey
in black soils, or in red soils with rCfluc«?d moisture-holding s;;ason
that makes post-rainy season.crop;:\lsn;f,r l:;c::il:}:il I::;ti::xsnyand on
(or rabi) sorghum is grown in una e aﬁ o
ing i i der rece soil moisture, usually
lc)rlgslf 1stlogillssr clzrrllgcglo-(;ui utze kharif c:;) accounttcd f;nl'a acﬂ;oig;l §gs% a:§
: b of production (Directorate of b lics an
gzz:is?c:, ali%?)?%though the area under sorghum 1s dc(:hﬁx:gh u;
some statcé-—_most notably Karnataka, A.ndhra Pradésl.x, an Ma his
Pradesh—the proportional area planted in each cropping se
been relatively constant over the last 15 years.

Hybrid Adoption:

Hybrids first released by the All-h}dia Coordma¥::ldl Sgirf%‘tisus
Improvement Project (AICSIP) in the ‘mld-196(.)s are widely ———
in some kharif growing areas, particularly in the t at;w(/o 'l[)‘h i
sorghum-producigg states of Mahka;aasrlilftr;Ybafigs l::-,ln:dc é.s bioghe
Spaésst’i}{y 6a d::ctleglg.tort:::nﬁ;téséli 9. Fewer releases have been tar-
Z::tted for' and found a home in the rabi growing tracts.

The disparity in adoption performance between thc.two crog;l)lll):;g‘
seasons is vividly portrayed in Figure 1 for the major s;r Y
ducing districts in Maharashtra, Karnataka, Andhra rade
g/rlod; a Pradesh, Tamil Nadu, and Gujarat. Modcr'atc to h.lgh ac-
ce;tazcc of sor,ghum hybrids in the kharif growing regions in
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Maharashtra and Karnataka is "interrupted” by negligible adoption
in Ahmednagar, Poona, Sholapur, Gulbarga, and Bijapur districts
which produce a rabi crop. The data in Figure 2 graphically illustrate
the variation in adoption performance between kharif and rabi grow-
ing regions in Maharashtra and Karnataka. A quadratic specification
with cropping-season independent variables explains 88% of the in-
terdistrict variation in adoption.

For most innovations, adoption and diffusion follow an S-shaped
path over time. Data from most sorghum-producing districts in Kar-
nataka suggest that adoption and diffusion of sorghum hybrids fol-
low a similar pattern (Bhat, 1983). Because first-generation sorghum
hybrids are mature innovations—most are more than 10 years
old—the level of adoption in recent years has reached a plateau,
significantly less than 100% in most cases (Figure 3). Except for
Belgaum, we would not expect further extension efforts to result in
wider adoption of first-generation hybrids—like CSH 1, CSH 5, and
CSH 6- in most districts of Karnataka. To break these “ceiling"
levels of adoption, qualitatively different second- and third-
generation hybrids and varieties will have to be released. An intrigu-
ing question, underlying the graphs in Figure 3, is why kharif produc-
ing regions are characterised by markedly different plateau levels.
For example, the estimated value for the ceiling parameter in
Chitradurga is 70% of kharif area, while it is 35% in Mysore.

Kharif Prospects

The high yield potential of the short-statured, early maturing,
photoperiod insensitive kharif hybrids is frequently not realised in
farmers’ fields because of many biological and environmental yield
reducers’,

Insect pests include shoot fly, head bugs, midge, and stem borer;
grain mold is probably the most damaging disease and some hybrids
are particularly susceptible to the parasitic weed Striga. ICRISAT is

Per cent adoption of hybrid sorghum to total sorghum area in major

.. i . . FIG. 1. i
working with AICSIP to develop cultivars with broad-based multiple producing districts (> 50,000 ha) in Maharashtra, Karnataka, Andhra

resistance to these pest problems. Such varieties and hybrids should Pradesh, Madhya Pradesh, Tamil Nadu, and Gujarat in 1978-79.
offer more stable yields to the farmers, who have already adopted
the first-generation hybrids. They should penetrate into some
kharif cropping areas that have been bypassed by varictal change. tates for the various years.)

(Source: Season and crop reports of the Directorates of Agriculture of respective
rce:
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and Mysore from 1965-66 to 1
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Increasing productivity of sorghum grown in the rabi season rep-

resents the stiffest challenge facing sorghum researchers in the

1980s. The most common genotype planted by rabi sorghum growers

is Maldandi, an improved seclection released in 1934 from the
Sholapur research station.
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Pest problems are not as i
sever
scason. But the problems of e

moisture are illustrated with the data i
Rao, 1982a). Soil depth largely :ctc:n; Table 1 (Walker and Subba

. . es i - . .
:l;sca:gablc tl;n:l:nsturc to the plant. Numerl::::;s g&z: l(dsmg ca;;;gsty
for several reaso;:ﬂiyt biia::tnfl can significantly increase yield, b&
the planting date. ys possible for farmers to advance

rabi season as in the kharif

Pearl Millet

Pearl millet hybrids first released i
mn 1966 have be 1
:xic(l)zpi:c:lo lg f:rhmcrs than sorghum hybrids (Figure 4).c ?Tl:igrgbggz)-’
1 cw ca:k obscuro cxpeit b);]::: use of different legends in Figures
hybrids are penetrating into som;n 2;6 e Barsher mionnow that

Rajasthan, the principal state in area producing pearl millet

TABLE 1:Yields and net
farmers’ fields in Shirapur returns of post-rainy season sorghum cultivated in

o and Kalman villages in Sholapur district from 1975.76
Soil depth '

‘ Xiifsmg Net returns Number of .
Deep black ‘ el obseration
Medium black 258 30 61
Shallow black 17 zg 20 pok
Gravelly and others 133. 538 fgg =

98

Source: Walker and Subba Rao (1982a).

Co i k
mpared to sorghum, pearl millet faces fewer yield-reducers.

At present, insect pests do not

gencration hybrids (HB 1, HB 3, and HB 4) suffered fmn; severe at-

tacks of downy mildew in th i
economic losses (Kanwar, 19’75).c early. P70 which caused bigh

Maintenance research on downy mij ‘
. y mildew resistan i
:;1: ll)lreec.img f9r crgot and smut resistance should r‘::t?lltl cllnss,ra;emng
ybrids with higher levels of disease resistance, Physiolo;it::ils

re i '
search on environmental stresses may also lead to more drought

¢ . X
olerant and better emerging cultivars; however, the gestation period

e,

growing sorghum under receding soil -

the harsher environments of
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for this research is likely to be longer. The release of more improved
varieties will also provide the farmer with more options, particularly
in areas where hybrids have not made much headway.

Pigeonpea

The prospects are bright for increasing pigeonpea productivity in
India in the 1980s and 1990s. There are several potential means of
increasing productivity. First, extra early and early-maturing pigeon-
pea lines under intensive management and high plant population
have much higher yield potential than medium- and late-duration
types. In Australia, the best early-maturing pigeonpea lines have
consistently yiclded over 6 t in trials (ICRISAT, 1982). The
availability of early-maturing types has opened up possibilities of
pigeonpea-wheat cropping system in northwestern India (ICRISAT,
1982). Results from trials at ICRISAT Centre in 1982-83 show that
under intensive management it may also be possible to obtain high
yields with early-maturing types in central and peninsular India
(R.Sheldrake, personal communication). Early-maturing pigeonpea
lines represent a significant breakthrough in yield per day of crop
duration and are indicative of the technical change that heralded the
green revolution and which may markedly alter the production en-
vironment of pigeonpea in India. A high priority should be attached
to agronomic research on early-maturing pigeonpea varieties to fully
exploit this abrupt change in yield potential. Early-maturing varieties
may find a home in some of the better resource-endowed dryland
cavironments, but it is unlikely that they will improve yields in unas-
sured rainfall and unprotected conditions.

Secondly, some pigeonpea varieties released in the 1980s will
carry multiple discase resistance, particularly to wilt and sterility
mosaic. An international survey estimates that these diseases inflict
losses of U.S. $ 113 m/yr (about 915 million Indian rupees) on the
pigeonpea crop (Kannaiyan et al,, 1981). Multiple resistance also
brightens the prospects for improved cropping systems, such as
rabi-kharif-rabi perennial pigeonpea.
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Pex: cent adoption of hybrid pearl millet to total pearl millet area in
major producing districts (> 50,000 ha) in Mahara
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shtra, Karnataks,

-79 and in Gujarat
- -78. (Source: Seasons and crop reports of the Directorates of
Agriculture of respective states for the various years.)
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Thirdly, it may be possible to incorporate moderate levels of
resistance to Heliothis pod borer into some varieties (Bhatnagar et
al.,1982). Extensive field surveys suggest that Heliothis populations
destroy at least 40% of the crop in central and southcrn India in
most years (ICRISAT, 1982). Reed and Pawar (1982) have conserva-
tively estimated that the value of pigeonpea grain loss from Heliothis

pod borer damage exceeds U.S. $ 300 million (about 2580 million
Indian rupecs) annually.

In dryland agriculture, farmers intercrop pigeonpea with cereals.
Data from the ICRISAT Economics Programme study villages sug-
gest devastating losses to pigeonpea in farmers’ traditional cropping
systems. The losses are consistently so large that we often wonder
why farmers continue to plant pigeonpea. In Aurepalle, where one
row of pigeonpea is usually intercropped with four rows of sorghum
mixed with millet, farmers harvested on average 27 kg of pigeonpea
per intercropped ha in 169 ficlds from 1975-76 to 1980-81 (Walker
and Subba Rao, 1982a). In Kanzara,where one row of pigeonpea is
usually intercropped with 12 rows of cotton and two rows of sor-
ghur, pigeonpea yields averaged 36 kg per intercropped hectare in
190 fields from 1975-76 to 1980-81. In most cascs, pod borer attack
was the cause of negligible yields. Screening and' breeding for pod
borer resistance, if snccessful, has the potential to unambiguously
benefit poor farm households in dryland areas.

Groundnut

In low rainfall years, drought stress reduccs yield in kharif
dryland, groundnut-growing regions; in high rainfall years, dryland
groundnut farmers often cannot reap the benefits of adequate mois-
ture because of foliar-diseases. ICRISAT has invested considerable
resources in a broad-based programme to screen and breed for
foliar-discase resistant groundnut genotypes. The two principal dis-
eases arc.rust and leaf spots, which are persistent yield-reducers in
kharif drylnd groundnut. Severe rust attacks can result in a loss in
pod yield of over 50% and an even greater loss in haulm yield
(Subrahmanyam ard McDonald, 1983). Genotypes with good resis-
tance to rust and leaf spots have been identified (Subrahmanyam et
al., 1980). Presently, the most resistant genotypes do not have high
yield potential and further work is iequired to improve the
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agronomic. background of resistant types (Subrahmanyam et al,
1983). But genotypes with intermediate yield potential may be ac-
ceptable to groundnut farmers in marginal dryland, and in drought-

prone regions where spraying the crop with fungicide may not be
economical.

How Economists Can Help

With the wider diffusion of farming systems research
methodologies in the 1970s, there is a clearer perception of the value
of including social scientists, particularly economists, in interdiscipli-
nary agricultural research teams. Placing economists in farming sys-
tems research programmes is fairly widely accepted by most scien-
tists and research administrators, but fewer biological scientists and
research administrators see a productive role for economists in crop
improvement programmes. Perhaps the question we are most often
asked by visitors to the ICRISAT Economics Programme is: "Why
are the economists not located in the Farming Systems Research
Programme?". There are several reasons, but an important one is
that we believe that economists can contribute as much to crop im-

‘provement rescarch as they can to farming systems research.

Aside from more traditional economics research on commodity
demand and supply, economists can help integrate information from
several sources to assess more systematically researchable problems
and alternative solutions in crop improvement research (Perrin,
1976). Incorporating multiple insect and disease resistances and en-
vironmental stress tolerances in improved varieties and hybrids in-
creases the demand for supportive economics research in several
arcas. The following list, by n. means exhaustive, is indicative of how
economists can contribute to crop improvement research.

Describing the Production Environment

Perhaps thc most important service that economists can render
to sharpen within-commodity research prioritics is to provide a more
thorough understanding of the production environment and, more
importantly, how that environment is changing over time. This task
is made easier for the major cereal crops by a wealth of secondary
data in India. For dryland pulses and cilseeds, data are not as abun-
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dant and hence special-purpose surveys are needed.

Several examples from the ICRISAT manda-te crops illustr;\te Ehc
importance of attaining a sounder undcrs.tandmg of the pro uctx?:l
environment. In sorghum, insect pests, dlseasc,.and t:nvt;fonmcn.m
stresses are markedly different between the. kh.anf andfra i .crog)cng—
seasons. In kharif sorghum, the nature and incidence o cnvn;oxxd oo
tal stresses leading to production problems, such as poor sdansoils
tablishment, vary considerably across red, black, amczl ;anhiy h soii
Poor emergence and stand estabhshmc:,nt may be caused by > }i h sob
temperature, low soil moisture, or .soxl.crustmg. !(nov;mg‘ puch of
these factors is most constraining in d.xfferent so§l and rain al en
vironments would be useful for dcvel.opmg and assigning pr;.o(ri s 10
different screening techniques. Simxla.rly, the incidence ; r?h cgrs
stress is more likely at some physiological growth stages than :) rela:
depending on soil type and rainfall patterns. Information :ln lbsic ol
tive occurrence in different environ.ments woulfi be valua > o
drought-tolerance screening. Monitoring changes m.relatxvc ar; 2 ber
tween cropping seasons and shifts in area among soil types anfouow-
fall environments within cropping seasons is as important as ollow.
ing trends in the demand for sorghum as a food grain, as anu

feed, and as fodder.

The area planted to irrigated summer pearl t'nillct is inc.rezlasulxg :2
some states where hybrids are highly competitive, ?artxci;l .adr yViS-
Gujarat. Research allocation decisions on investment in hy "hzthcr

is varieti i itioned by information on wheth
a-vis varieties are partially condi : . e g

i i he production environment 15 1mprovin
the agronomic potential of t : ment is Improving
jorati tenance research on downy
or deteriorating. Payoffs from main ‘ o oy
i i t resistance also hing
resistance and screening for ergo . ( .
gganc extent on whether the production environment is becoming

wetter or dryer.

i i ch on why the ma-

um and pearl millet, adoption research a-

tur: g;;:i;ibrelcascd in the 1960s have reached ceiling lic:fcls ;:1); t(iiéfn
i i 1 ld generate some Inior

fusion across different regions cou . nf on

i -allocation decisions. Be

relevant for crop improvement resource ' jecisions. Do

‘ i frequently determined by soil, agr

cause adoption plateaus are o e Sta oo
imatic, and biological variables, results from such bs :

filgxl: a::::;a’lyses often contain implications for technological policy. For
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cxa.mplc, adoption of hybrid sorghum may be markedly less i

regiors where planting season rainfall is late and unreliable rcsull:
ing in greater Potcntial shoot fly damnage. Adoption could ’also be
dampencd in districts where rainfall during the early-October har-

vesting period is high, resulting in grai
price reductions. g 1o grain mold damage and large

F.or groundnut, distinguishing the relative impor
kharif dryland .and rabi-irrigated production enviroxl:m;:tlsc?s (l)lf:c?:
sary for fqmsmg on investment decisions with regard to foliar-
disease resistance and drought-tolerance research. A two-pronged
research strategy is'probably needed to address problems of the
more margu}al kharif drylands'and the higher production potential
irrigated-rabi tracts, where foliar disease is not a significant yield

reducer. The relative weights assi
o gned to the prongs de
farmers area-response decisions. prongs depends on

. The econon.xics of management practices can also have implica-
tions for crop improvement. A specific example is the decision on
whcth'cr to apply calcium in the form of gypsum in screening varietal
material for drought tolerance. For some varieties, the response dif-
fers substantially and differentially with and withc’)ut application of
gypsum. Information on the economics of gypsum application in
'drought-pronc groundnut-growing areas should be valuable in decid-
ing how much gypsum to use in drought-tolerance screening,

Protcf:tive spraying is usually carried out when pigeonpea is
planted in pure stands; most farmers intercrop pigeonpea with
cereals and do not spray. Therefore, intercropping is an indicator of
the qurotcf:ted environment. Trends in sole cropping vis-a-vis inter-
cropping will partially determine the profitability of pure plant-

resistance based strategies, pure : .
. ’ chemical-control stra
combinations of the two. tegies, and

Quantifying Economic Losscs from Yield Reducers

. Breeding for resistances and tolerances places a premium on
f'furly reliable crop loss assessmerts. Approaches range from inten-
sive ficld monitoring and measurement with scoring techniques
(Pinstrup-Andersen et al., 1976) to more extensive surveys ovctl:r a
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larger area (Kannaiyan et al., 1981). Because pest damage is highly
specific to locations and cropping years, crop loss estimates are sub-
ject to a wide confidence band (Davies, 1982). Loss estimates can
easily be inflated, and experimental measurement can be severely
biased (Reed, 1982). Interdisciplinary research between en-
tomologists and economists should result in more reliable assess-
ments than either discipline working separately in this difficult
research area.

Assessing Varietal Resistance and
Alternative Control Options

Besides providing information to assess crop losses and to estab-
lish economic threshold-decision rules, economists can help identify
more broadly-based pest control strategies, of which varietal resis-
tance is only a component (Reichelderfer et. al., 1983). Strategies
featuring multiple options for different environments are important
because resistances are oftcn negatively correlated with yield poten-
tial (Subrahmanyam et al., 1983). It may take many years to incor-
porate multiple resistances into suitable agronomic backgrounds.
For example, in groundnut improved varieties with high yield poten-
tial are usually susceptible to foliar diseases, while more resistant
varieties generally have lower yield potential. The expected diffusion
and impact of varieties resistant to rust and leaf spots hinges on the
economics -of chemical control in regions with varying production
potentials.

It is not easy to assess the economics of chemical control be-
cause, frequently, effective fungicides and insecticides are not sold to
farmers on a timely basis. Nor are price data freely shared by pes-
ticide manufacturers. Moreover, experimental data under farmers’
field conditions are usually lacking. Despite these difficulties,
economists will find it worth their effort to evaluate alternative con-
trol options for persistent yield-reducers, such as foliar diseases in

groundnut and Heliothis pod borer in pigeonpea.
Monitoring Varietal Testing and Release Policles

Recently, economists have taken a more active interest in multi-
locational varietal testing (Evenson et al, 1979; Binswanger and
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Barah, 1980). They have focused attention on statistically identifying
whether genotypes that are broadly adaptable across many locations
are also more stable yielders ove

r time. Other important issues in
multi-location testing include:

a. the degree to which variability across test sites reflects en-

vironmental variability across farmers’ fields;
b. the balance between public and private-
in varietal testing and release;
c. the flexibility of the release
time; and
d. the relative importance between yield and other criteria in
deciding on cultivar advancement and release.

sector participation

policy across space and over

Decisions taken on these issues can markedly affect the pace and

nature of varietal change in farmers’ fields and should not be ig-

- nored by economists. The need for flexible testing and release
policies is brought out in the following example:

"Recent surveys show that the carly maturing IR747 and TR1561,
are popular in Central Luzon in t

he dry season. Those lines were
never released because they lacked resistance to tungro virus and

there was concern that farmers would plant them in the wet
season. There was underestimation of how quickly farmers would
discover that the varieties were suited to dry-season but not to
wet-season conditions. Perhaps, there is too much worry about

protecting farmers, who all too frequently know best what is good
for them or what works in their environment.” (Herdt and Baker,
1977, p.6.)

Overly protective release policies can also have harmful side ef-
fects that are not readily foreseen. For example, farmers who are in-
novators and carly adopters reap the benefits of successful technical
change and they also bear the cost of research mistakes (Binswanger
and Ryan, 1977). If researchers and extensionists were infallible, the
income gains from early adoption and diffusion would be much

y behaved like the rest of us who oc-

Striking a balance between yield and other criteria, such as resis-
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its i ing and release policies, is not‘easily ac_hxcved.
g:lc;x?ntgrmsisri:lytez:x sicld potential ignorss in t:/arcxsltlz;l ir:::;;%l etl:z
i 1 take years or may even be techmicall .
’r;:](;rtz)otr:ttclt::lziple rZsistanccs into highly g;o:h::tlnt\:s a:%rgg‘(i:nﬁ
backgrounds. For cxamp.lc, the n;:)edc:hmanggot\;x;l a,‘;an ieiaas it as
:?&3;)1, t‘:)n thSSOY‘::s}fatmﬁ;ﬂ;“: severe foliar disease attack . l(lD.
McDonald, personal communication). Resistant gcno.tygl;::r \Z;tnd:
tential of 2.5 t ha can yield as much as 2 t/ha under sxmd o
Szns It would be interesting to study the fatc': of rcl:leasl: ofvdiseasc
with .intcrmediatc yield potential which have higher leve o bisher
and insect resistances and/or stress tolcrancc.s, compare > e
but less-resistant yielders. The advqcatcs of high yxgld pot;n d:f fusioz
well be right, but the empirical evidence on adoption an

should be assessed.
Evaluating Stability

Yield stability usually ranks high on the list of objectives of moi;t
crop breeders, particularly those working on gro.pcsl ;h:tta}a:ifi t};'n;lla:hz
i iculture. But improved yi o
O st o mati 1 d production stability for
ot automatically mean increased p

:lax?:c‘;?sz lclu' the nation. Economists can c.ontribut? ;gwtartc)llsh ?y 2(;1:1

comprehensive appraisal of several dix.nenicnonls: of 31“:11 ! .; :licy.makcr

ctive of the farmer at the microlevel, an y-maser
::il?::fgonal level. The following two examples illustrate this poin

oderate-to-high
imental evidence under protected afld moderate- :
fcrti?(tgc:ou:vincingly indicates that ﬁr.st-gt:,ncratmn hligh-y:zl‘ilggks;;l
ghum hybrids have greater yield stability than uﬂx:xmp OV e
ieties (Barah et al., 1981). These results suggest at rlx: e discase
Var‘;ﬁ insect-resistant and stress-tolerant 1m;.>r.ovcd ybr e
::rietlincs may not significantly reduce yield stability, when compa
to their first-generation counterparts.

It is an open question whether this concl}xsxonfapp::esf atrom Zsss,
-orotected and lower fertility environments, typical of many armers
Belds ; the semi-arid tropics of India. But a more f.u.ndamen al )
ﬁellds mto the basis for comparisons on yield stz}bxhty. ?lcar y, for
;zl:itzs:)rgbum that is largely solecropped on residual soil moisture,
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stability comparisons between improved and traditional cultivars are
valid and thoroughly informative. But for sorghum hybrids planted in
the kharif season, stability evaluations that use local varieties as a
yardstick do not tell the whole story. In the rainy season, local
varieties are commonly planted in intercropping systems. They often
are relatively minor components in those systems, particularly in the
black soil, cotton-growing regions of Maharashtra, where sorghum
hybrids are more widely diffused. Most hybrid sorghum is

solecropped and managed more intensively than in competing inter-
cropping systems.

When improved hybrids and local varieties are used in such dif-
fering cropping systems, risk analysis between cropping systems may
offer a more informative perspective on relative stability than com-
parisons between types of cultivars in sole cropping. Sorghum
hybrids may be notably more stable than local varieties, but returns
in solecropped hybrid sorghum may be markedly more variable than
what is obtained in competing intercropping systems. In such sys-
tems, local sorghum occupies a proportionately small area, and con-
sequently plays a minor role in conditioning revenue variability. In
Kanzara, one of the study villages, we found that switching from the
more traditional cotton-sorghum intercropping systems to

solecropped hybrid sorghum implies accepting more risk for higher
profits (Walker and Subba Rao, 1982b)",

To evaluate this tradeoff, we parametrically reduced the coeffi-
cient of variation (CV) of hybrid sorghum yield from 10 to 90% in a
portfolio analysis. We calculate that a 30% reduction in the CV of
hybrid sorghum yield (holding mean yielding constraint) would ini-
tially lead to 46% increase in hybrid sorghum area. This analysis,
based on nonexperimental cropping systems data, indicates that im-
proving yield stability in first-generation sorghum hybrids may ini-
tially lead to greater sorghum production via enhanced area supply
response even though yield levels will not have appreciably changed.

Social benefits from multiple-resistance breeding partially
depend on the extent to which gains in improved yield stability from
more pest-resistant and stress-tolerant varieties can be translated
into increased regional and national production stability. Stability
issucs are complex and it is important to first focus on simple em-
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irical question. Has the adoption and diffusion 9f HYVs m(tzlr]eztls;c}
roduction instability? Results from .seve:ra.l studlc:,s suggc;tr z; o
tability in Indian food grain production is increasing (Me 7a,78 the’
Jazell, 1982). Between 1954-55/1964-65 and 19?7-68({i 19? - e
.oefficient of variation of total cereal pro@uctmn in In. a mcnifats;on
1.0 to 5.9. Hazell (1982) has used a covariance aqalysxs to parti o
he change in variance in total ccre:al production into foutrh sourc sé
i. production variances of individual crops thhfn hc szﬁe
state; 2. covariance of production among crops In the s me
state; 3. covariances of production among states 1n thc. sax:i;fcxr'cﬁ;
4. covariances of production among different crops in dille

states.

esises that if HYVs are a sngmﬁcant source gf
profill?czu?gnhinypsto;gility, then increased produ?tx.on variances thl:;r;
states should be large contributors to explaining mcreas: 1:bom
variance of cereal production. But his results show th.at only about
18% of the increase in variance of total.cercal .productxon can b ac
counted for by changes in crop production variances. The rcrtn;am af
et oo Changcs mtht:‘n‘= c:gps whicc; zt:tfi(l):;: 4,1?12 to
i 1 ances wi 41%
tt;lc;ﬂ c:hangaﬂy n::ei;avananatc' wZeanin total cereal prodx:lclt;zn. d(llhagng:s nl;n ﬁ:}g
covariances are much more impqrtant an anmc o e

1 _Hazell concludes that the increase in instability in In

vc:?czc;:oduction between the two pcﬁogl.f: cannot be a:ltlnbiz:cg ctao
HYVs but rather to other causes. He add.xt.anally d.raivls cc;m 11:) >
tion that there is less scope for yield-stabilising varietal technolog

to decrease production instability in Indian agriculture.

recently applied Hazell’s covariance alfalysxs to d.xs-
tric:l 3:2 (ixlxgslgmataka?' He found that HYV z.xdoptmn »;/nas sélg(-1
nificantly (P<.05) and positively correlated to increases ) }){llw
covariances between districts for the same Crop. D.xffcrc:nc.eﬂs1 in v
adoption between districts were negatively a559aated wi p?s'lb e
changes in yield covariances, which played a major role in contri
in:tlg increased production variance between the two periods.

i i iffusion of HYVs could have

herefore, the introduction and dxf 1Y’ :
igxgﬁ:;nﬂy contributed to the substantial cbangc:s in interstate yield
r::ovakrianccs documented by Hazell. More statistical analysis of un-
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derlying causes is needed to understand regional and national im-
plications of breeding for yield stability®.

Filtering and Conditioning Information to Improve Linkages
Between Farming Systems and Crop Improvement Research

Although it does not fall within the domain of €conomics,
economists can help improve quality and flow of information be-
tween research scientists in crop improvement and those working on
dryland farming systems. The main objective of farming systems
research is to integrate and organise information in a coherent
fashion so that improved technological components are more
speedily generated and delivered to farmers, Many of those im-
proved components will have to come from crop improvement
programmes. There are always numerous demands from various
sources to breed for different characteristics based on felt needs.
Such demands can be highly location and year-specific. Some
demands have economic and technical potential; some have only
cconomic potential, and many will be technically infeasible and
economically unsound. Assigning of breeding priorities should be
based on revised information each year, and the economist should

ensure that such information reflects representative conditions in the
production environment.

Crop improvement scientists also place demands on farming sys-
tems researchers to develop agronomic recommendations for im-
proved varieties and hybrids. The payoff to such agronomic research

 is especially high following a breakthrough in knowledge that has led
to an abrupt shift in yield potential. For example, improving manage-
ment of high-yielding extra-carly pigeonpea lines should rank high
on the research agenda for cropping systems.

The Capacity of Ecor.omists to Respond

In his book on agricultural research policy, Ruttan (1982, pp.8-9)
makes a personal statement about his transition from the Head of
the Economics Programme at the International Rice Research In-
stitute (IRRI) to the Head of the Department of Agricultural
Economics at a land grant university in the U.S. Ruttan was hopeful
that he could apply the interdisciplinary mission-oriented research
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i oduction problems

oach followed at IRRI to find solutions to pr : :
?xflt)lrxe agriculture of the state. Ruttan expressed disappointment with
departmental research, and felt it was too compa.rtmcn.tal.lsc'd to
mfke much progress and offered few incentives for interdisciplinary

research.

With a few notable exceptions—such as Punjab Algnctultutr;;
University—Ruttan’s comments couh.i prqbably apply oics e
prospects for interdisciplinary research in agpcultural cconor: "
the Indian state agricultural universities, which are patterne ! af c:;
the U.S. land-grant model. Moreover, a heavy teac?nng load, ltl aﬁd
staff positions, collection of routine: c'laft? on c.u.ltwatlon t:osts,wen‘
burdening administrative respoysx.bxl.xtxes militate ;g;tni el
focused, problem-oriented interdisciplinary research betwe

scientists and economists.

If economists are to play a more active role in int.crdisc:lilphnj:,irly1
research in crop improvement programmt:s;n wﬁen bellﬁ;t; t();:ySllCh
i in the coordinating
have to be posted directly in . ' fs of such
i ist in the important All-India
ogrammes. Placing an economis .
g;nag:cd Crop Improvement Projects such as those con.ccr:}utxsg 5;1111:15;,
i j 1 ired. Because scientis
oilseeds, and major cereals is requir €C : y
1 i 1 vision about their crop,
elop a certain affection for and tunne a . :
:r?uld Iz)llso be advisable to have a few economists stanoncc} ou;snd.c
the crop improvement projects, to add.rcs:s resource-allocation deci-
sions among crops and other macropolicy 1ssues.

These suggestions are not new. Several schemes h;vc l;een

roposed to give shape to these suggestions, but noncD astw ac;,::

?mplemcnted. Unless action is taken soshn, Profc:ssc?rts c:r; vala's

i ibution that economis

words will also apply to the contrl omists <an ma e
i change in dryland agriculture. Along wit r

:(:i::trilsi:a]t_hey vill be observers of, and not partxcxpax}(tis in, the
development and diffusion of improved varieties and hybrids.
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Footnotes

1. Because of the Planting of second-and third-generation hybrids, these data may
overestimate the rate of adoption of peari millet hybrids.

2. For a similar experience in other red-soil villages, see Sanghi (1982).

3. Farmers prefer the grain and fodder quality of the local varicties which, accord-
ing to the village-level study data from 1975-76 to 1982-83, fetch about 20%
higher grain price and 100% higher fodder price than the hybrids. Hybrid grain
quality has improved with the recent release of CSH 9.

4. The coefficient of variation in net returns for the two competing cotton-sorghum
intercropping systems is 74% and 99% while the CV for sole<cropped hybrid
sorghum is 115% from farmers’ fields for the period 1975-76 to 1980-81. The

data were "detrended” for yield differences caused by variation in management
practices among farmers. \

5. For example, the contribution of HYVs needs to be tested in a regression
analysis where differences in HYV adoption rates, changes in interstate rainfall
covariances, changes in interstate irrigated area covariances, and other factors
are hypothesised to explain changes in interstate yield covariance.
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ELEVEN

FERTILISER USE ON INDIA’S
NONIRRIGATED AREAS:
A PERSPECTIVE

Gunvant M. Desai

Abstract

- . for

is paper elaborates three propositions: .1. Thex:c is need
sust'iihs;ledprap;id growth of fertiliser use in I:ixna,g a2t.e ;m:r::sgcx;isdo;
accelerated growth of fertiliser use on nonirmnga ; d 3.

i to step up fertiliser use on nqmrngaf;ed areas, esp
tclil:nw;‘; ::c:;ﬁls): theirlimgxploitcd potential will co_ntmu: to Ts:::fsue;
with technological improvements. The paper suggests that s‘ilon st
exploitation of this potential would require its cf)nvm'st o
farmers’ demand for fertilisers and this demand being met Dy
fertiliser supply and distribution systems.

i ts are: a. emphasis on
Specific measures the paper sugges : .
locat?:n-spccxﬁ’ c research, strengthcnmgb ofdextszféo:n Zeg'lmc;s; ggg
ive 1 two; b. adeq
effective interface between Ehg ; .
?:f)credit and fertilisers to non-irrigated areas; and c. ensuring that

resen i “Technology
. t the ISAE/ICRISAT/AICRPDA Sc:nmar on
Optilt:l: ;og Dryl:,d aAgricultnre:@ou:ntial and Challenge®, 22-24 August 1983,

ICRISAT Centre, Patancheru, AP, India.

s Professor, Centre for Management in Agriculture, Indian Institute of Manage-
ment, Ahmedabad.




	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif

