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APPENDIX 4 :Estimated farm-gate prices of inputs for and
species suitable for dryland muf;:mu puts for nd outputs from five tree

. . ] <
Description Unit Financial Economic’
Inputs
Grass sced Tonne 500 500
Labour 100 Ma# days 500 4ano
Seedlings 100 no. 25 25
Qutputs
Air dried grasses Tonne
dived 100 150
.!) As_n_qugmm Tonne 100 150
n;amyue_vms - 100 150
iii) Prosopis cineraria - 600 %00
iv) Zigyphus sp. ‘ 300 450
Green Pods from
!) Prosopis cineraria " 1000 © 1000
ii) Prosopis julifiora . 500 500
Dry seed from
i) Acacia tortilis - 6000 6000
ii) Albizzia lebbeck . 6000 6000
iii) Prosopis cincraria ) 2000 2000
Ber Fruit " 500 625
Poles from Albizzia [ ebbeck 100 no. 1000 1250
Small timber from prosopis
cineraria 100 c ft 60 75
Fuelwood Tonne 180 228
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DRY FARMING RESEARCH : ISSUES
AND APPROACHES’

N.S.Jodha™

Abstract

The major problems constraining generation of dry-farming tech-
nology arc weather variability, and low resource allocation for
rescarch. Scientists find research on drylands unattractive as they are
often, by training and incentive systems, accustomed to experimenta-
tion in stable agro-climatic environments.

This paper discusses the implications of these constraints in
terms of the research policy-makers’ expectation profile, recognition
of location specificity, developing of multioption technology, and
widening the research infrastructure. It also discusses past efforts in
dryland rescarch and some features of the present approach: (1) in-
tegration of resource and crop-centred technologies; (2) multiloca-
tional testing, (3) mechanisms for farm-level testing; and (4)
problem-focused research.

*  Paper preseated st the ISAE/ICRISAT/AICRPDA Scminar on “Technology
Options and Ecosomic Policy for Dryland Agriculture : Potential and
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expressed in this paper do 8ot necessarily represent ICRISAT's position
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The study identifies some unattended issues: (a)inadequate
analysis of the physical environment; (b)indifference to farmer cir-
cumstances; and (c)a strong bias towards crop production; it argues
that these issues are deserving of attention, if technologies are to be
evolved to suit different dryland farming situations.

Introduction

The agro-climatic constraints that operate at the farm level also
influence the whole process of technology development for dry farm-
ing. The weather-induced instability of dry farming is held to be the
primary cause for official indifference and hence poor resource al-
location to dry-farming research. This paper deals with some basic
problems constraining the gencration of dry-farming technology. For
evolving an appropriate strategy for dry-farming research we require
a better understanding of the implications of agro-climatic instability
for devclopment and transfer of technology. The paper commeants
briefly on past and current research efforts in the field, to highlight
the extent to which the research strategy incorporates the impera-
tives of agro-climatic constraints.

In order to put the following discussion ou research-related
issues in proper perspective, it will be helpful to briefly indicate the
position of dryland farming in the overall context of Indian agricul-
ture. According to table 1, the dry-farmiog areas—arid and semi-arid
tropical zones (with <500-1500 mm annual rainfall and little or low
irrigation)—account for 43% of the total geographical area of India.
About 31% of India’s rural population lives in these fegions. These
regions account for 48% of gross cropped arca and 26% of gross ir-
rigated area in India. They account for substantial area (60 to 80%)
of coarse cereals, major pulses, oilseeds, and fibre crops. These
figures would increase further if the low rainfall regions having
higher irrigation (>25% of gross cropped area) but substantial
acreage (>25% of gross cropped area) under rainfed dry crops were
to be included in the dry-farming regions.

Details under Table 1 (based on Mitra and Mukherji, 1980) also
indicate that low productivity and stagnation characterise most of the
dry-farming districts. Accordingly, 98% of lowest productivity (>Rs
600/ha) districts in India (excluding union territories) belong to the
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TABLE 1 :Detalls indicating position of dry-farming areas in Indian agriculture .

Proportion of dry farming districts
in the total (281) districts

Share of dry farming
arcas in India's:

characterised by

(%)
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3
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dry-farming zones. Similarl
y y 43% of the distri i .
level of Rs 600-1200/ha belong to the dryczo:ls;fms with productivity

sones i way ber s e Cemanc, dey g
ones are ] . zone districts a f

;j‘:::::t: :n 8[;:13 that had ne.gativc annual gr(:::l‘: nr‘ai:rriiogn‘;f :)hec

Mukhex"o 198()“1 bn(:)on during 1962-1965 to 1970-1973 (Mitra and

e j:,o 4?). ut 40% of the districts with a negative growth

plmcmp hn) b‘clong to the dry-farming zones. These details

prese a rather dismal picture of dry-farming areas. But they al
inforce the need for greater .attention to these areas, incluc{ings:

thorough development of i i
of drylond soriepencs improved technologies to facilitate growth

1. Table adapted from Jodha (1 i
abl \pte 984), includes all ari ‘semi ari
8_;2;31 cfinslncl.s (annual rainfall, <500 mm-l;il(')“inz::"ji;:i';;t?:d
- : cc:l eg;::‘s:dcr]%;g;cdfarca). In many of the disuict's irrigalio?
loes of gross cropped area. If districts with i
rigation exceeding 25% of gross cr d il do el
by dry crons e o o opped area but still dominated
/ in th i i
this table will increase subs:ami:u?f furming ascas, the figures in
. g:::s;g:fz:z :n Mitbra and Mukherji (1980). Figures in paren-
U L ’ .
terriorion, mber of districts in India (excluding union
. Agricultural productivit
. y calculated on th i i
z:nd prices of 9 major crops during 1972-73 P fbasis of prodution
. Crops covered: coarse cereals include soréh
¢ ¢ um and 1 millet;
s::sdzs :c(;l:cic pngco:pca (tur) and chickpea (Bcngar;a:mr;ll(l)?ll:
ol ; ,
sreds | groundaut; among fibre crops, only cotton is in-

3. Growth rates during 1962-65 to 1970-73.

Weather Variability as a Key Constraint

1ionT:: :ey ]:;oblcm with dry farming areas is unstable crop produc-
s a result of_ a la.ugc degree of heterogeneity in terms of soi

quantity and d}stnbuUOn of rainfall, and other natural end ot
:lc\l/:nt to a'gru.:lzll(ure. The prime factors in this unstable prmacjnts
1 ¢ high van_ablzln.(y of ag_ro-climalic factors, particularly spatial a:::
emporal variability of rainfall. Instability affects every farm-related
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ccision in these areas, be it the farmer's choice of crop or public
wolicics guiding investment in thesc areas. This tends to reduce the
raditional farming system to a survival mechanism rather than a
rowth-oriented activity, and perverts public programmes into exter-
1ally supported protection measures against instability, instead of
jcvelopment strategies based on local potential. There is one dif-
ference, however, between the attitudes of farmers and the concerns
of policy-makers: while the farmer is constantly busy negotiating the
problem of low and unstable production through a variety of adjust-
ment mechanisms (Jodha, 1978), policy-makers remain generally in-
different, only to awaken to the situation when the problem gets ag-
gravated during scrious droughts and famines (Jodha, 1979).

An important aspect of the hasty official response to instability of
dry-farming arcas is that it tends to seek solutions which are often
heavily dependent on resources imported from other areas. Such
solutions range from water for protective irrigation as a long-term
protection measure (Jodha, 1979) to relief supplies imported as an
ad hoc measure to belp drought-hit areas (Jodba, 1975). This has
scveral adverse, interrelated consequences. It tends to (1) perpetuaie
the dependence of dry-farming areas on external resources, which
are always limited; (2) project dry-farming arcas as a permapent
liability to the rest of the economy, (3) constantly disregard options
suited to make use of local potential; and (4) cause policy-makers to
assign a low priority to resource allocation for identification and har-
nessing of local potential.

The last consequence is a central problem in technology develop-
ment for dry-farming. When limitations rathcr than the potentials of
dry-farming arcas shape the judgement of policy-makers, and where
constant transfer of external resources is considered as the only
means to belp them out from crises, adcquate attention and resource
allocation to a long-gestation activity like development of dry-
farming technology is difficult. Besides its low attractiveness within
the public-resource supported activitics, dry-farming research suffers
from poor competitiveness for resources when compared to well-
endowed agricultural areas. Relatively limited chances for tech-
nological breakthroughs arc perceived in dry-farming areas. Because
of the predominance of low value crops in these areas, a lower
potential payoff to rescarch investment is expected. Dry-farming
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TABLE 3 ;Proportion of scientists deployed in Central Research ] nslimm dealing
primarily with the problems of dryland areas and other areas in India’

% Scientists deployed during

1929. 1939. 1949. 1959- 1969-
1938 1948 1958 1968 1978
Institutes with primary 0.0 0.0 5.1 164 189
focus on drylands'
Other institutes 100.0 100.0 94.9 836 81.1
Total (number) 100.0 100.0 100.0 100.0 100.0
(104) (178) (530) (1186) (3496)

1. The Table does not include details of scientists deployed by universitics and
various all-India coordinated rescarch projects, as requisite data were not
readily available. For some relevant details sce Tables 4, 5, and the text.

2. Central Arid Zone Rescarch Institute, Indian Grass Land and Fodder Research
Institute, Central Sheep and Wool Research Institute, Central Soil snd Water

Cc vation R ch and Training Institute, and National Dairy Research In-
stitute arc included in the group.

Source: ICAR 1979.

agrogomic trials were irrigated cxperiments that were of little
relevance to dry-farming arcas.

The lower priority to dry crops is also indicated by the meagre
(0.3 to 3.1%) shares of these crops in the ad hoc research schemes
supported by the Indian Council of Agricultural Rescarch (ICAR)
through agricultural produce cess funds from 1929 to 1977.

The pattern of research resource allocation to dry-farming indi-
cated by Table 2 is further supported by other data scts. Table 3
preseats the distribution of scientists deployed in central research in-
stitutes from 1929 to 1979. Up to 1948, no scientist was deployed at
any central research institute to deal primarily with the problems of
dry-farming areas. In the decade 1949-1958, they constituted 5.1% of
the rescarch manpower, though the total number of scientists
deployed at all institutes increased more than S-fold when compared
to the decade 1929-1938. From 1949-1958 1o 1969-1978 the number
of scientists engaged in central institutes increased more than 7-fold.
The increase in manpower involved in dryland-related rescarch
during this period was also very substantial though their relative
share ranged between 16-19% during the period.
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TABLE 4 ‘Distribuﬁo? of agricultural resesrch resource a)location for dry farming
and other areas/crops .

Share % of research institutes with primary focus on
Dry Rice, Cotton, Vege-

ing wheat, jute, tables
?::/l ¥ and wet  sugarcane  and Total
crops areas and tob-  fruits
acco i
29 194 100.0
No. of nsqlmh institutes/ 15.2 425 226 -
stations :
5 154 100.
No. of research workers 174 46.7 20 o5y
203 10.7 100.0
Budget allocation 181 50.9 oo
(in "000 Rs)
Crops' share in 1969-70
Gross cropped area’ 74 32 6.6
132 - -
Value of Olllp\ll‘ 221 49

j 1969.
rom Rajagopalan and Satyanarayana, )
3 %a‘l: ':::!l::;edt( innituiiom engaged in teaching besndleshr:scucz' g;i
. unilvetsitiu), institutions whose work is not spcc;'nc 1o pan(:cc: ot :m !
imatic conditions, and institutions doing rescarch on \ivest
3 m‘iﬂ details from DES, Indian Agriculture in Brief, 1969-70.
4 Based on CSO, National Accounts Statistics, 1969-70.

Table 4 presents further details of resource allocaton tof ;:s:;rj::
on dry crops and dry areas during 1969. ~ the latest yc;a_r or which
such data in usable form arc readily ‘avaﬂablc'. Rescar msrCh’ .i °
stations (excluding those engaged in lcac‘hmg and :g:[e: eh dw
agricultural universities/collcgcs) with pmnz;ry ;n:su:‘l ) for dry
farming areas and crops consmufcd abou; 15% of 1o ‘4 Chg: cural

carch institutes in India. Their share in total resear s v
l:)sout 17%, and in budget allocation about 18%.‘(1"0 .m:x;{»::scc:r:am:

ic in wetland arcas was 43% 1n  res
§hl{° of ":;;1;: r:;:::c: staff, and 1% in budget allocation. Even
the share fm tton, sugarcane, and tobacco excceded that of dry
- Shmfi?i c‘;ﬂ:as by 2 to 8% in the allocation of these rescarch
reonurce \r(::cwed in the context of their contribution to cropped
:z(;m\cl'\ci:‘ further confirmed the disproportionately low resource al-
locat'ion to dry-farming arcas/crops.
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A Positive Shift

Th?re has been a considerablc positive change in the situation
regarding rcsource allocation to dryland rescarch during the last
def:adc. Programmes initiated largely during the early 1970s have
gained momentum. Consequently, in the carly 1980s, dry-farming
research received more resources than it cver had. The All India
Coordinated Rescarch Project for Dryland Agriculture
(AICR_PDA), established in 1970 with 23 centres representing major
agro-climatic zones, bad by 1980-81 nearly 200 scientific and techni-
ca]' personnel working exclusively on the problems of dryland
agriculture. The sixth five year plan (1980-85) provided for 468
professional staff and a budget of Rs 20 million for dryland rescarch
through AICRPDA.! The All India Coordinated Research Projects
on sorghum, millets, pulses, and oilsceds (the crops largely grown in
dry-farming areas), have been provided with ncarly 1300 scientists
and a budget of Rs 85 million during the sixth plan. This represents a
three- to five-fold increase in the research resource allocation to

these crops, when compared to the situation about 15 years ago
(Mahapatra et al., 1984).

That increase in research resource allocation has resulted both
from overall increase in agricultural rescarch investment in the
country and from greater attention to dry-farming areas and crops
f9110wing widening regional inequalities induced by the green revolu-
tion in wetland arcas. In the absence of data on resource allocation
to wet crops and wet areas, it is difficult to precisely indicate the
relative shift in emphasis to dry-farming.

A significant dimension to increased attention and resource al-
location to dry-farming rescarch is that it was initiated on a large
scale by the international community. The Consultative Group on
Intcrnational Agricultural Research (CGLAR) established the Inter-
national Crops Research Institute for the Semi-Arid Tropics
(ICRISAT) in 1972 with headquarters at Patancheru (near
Hyderabad) in India. In 1982, ICRISAT had nearly 170 professional
scientists and technical staff stationed in India. Its core operations
budget was about $12.5 million. Since the geographical mandate of
ICRISAT extends to nearly 50 countries in semi-arid tropical zones,
rescarch resource allocation through ICRISAT is not confined to
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India alone. Even when the work is done in India its results are used
by other semi-arid tropical arcas. Hence, it is difficult to quantita-
tively indicate the rescarch resource availability to Indian dry-
farming areas through ICRISAT. More important dimcnsion is the
qualitative improvement in dryland rescarch with the setting up of
ICRISAT. The efforts of AICRPDA and ICRISAT arc complemen-
tary and ultimately help development of dry-farming technology.

Professional Unattractiveness to Scientists

The dependence of crop output on the weather has a strong dis-
incentive effect for scientists to engage in dry-farming research. This
may continue even after the financial and material resource alloca-
tion to dry-farming rescarch is enhanced, as it has happened since
the early 1970s. Often, agricultural scientists—both by training and
incentive system-are accustomed to experimentation in stable agro-
climatic environments. This permits use of standardised methods,
ensures stability of results, and increases the possibility of quick and
assured rewards through cxperimentation under usually high-input
conditions. The highly fluctuating agro-climatic conditions in dry-
farming areas are not conducive to such experimentation. On the
contrary, experimental results in a dry-farming environment suffer
from temporal and spatial instability to the extent of shattering an
average scientist’s confidence in his results. In fact, until recently,
many scientists engaged in dry-farming research did not do so by
choice. There werc instances where scicatists were transferred to
dry-farming rescarch as a punishment.

Data from various experiments conducted at different centres
during different years by AICRPDA may hclp illustrate the in-
stability of experimental results. Tables S and 6 present results of
experiments from some centres of AICRPDA. They were designed
to identify crops that were efficient moisturc uscrs and performed
well in drylands. Hybrid sorghum CSH 1 yiclds, according to
Table 5, varied from 1.04 to 4.18t/ha at Akola, 0.33 to 363t/ha
at Rajakot, and 0.29 to 2.16 t/ha at Udaipur during different years.
Similar differences in yields were recorded during the same years
across locations. Hybrid pearl millet (Table 6) too reflccted a similar
trend; at Jodhpur, its yicld ranged from zero to 1.86 t/ha during dif-
ferent years; at Anantpur 0.01 to 0.83 t/ha; at Rajkot 010 2.21 t/ha;
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at Hissar 0.26 to 3.53 t/ha; and at Sholapur 0 to 3.12 t/ha. Yicld fluc-

tuations across locations during the same periods were also cqually
significant,

Table 7 presents the yield rates of oilseed and pulse crops at
selected centres during different years. In some cases, pulses were
more stable than sorghum and pearl millct. By and large, the tem-

poral and spatial instability of yiclds also affected oilseeds and
pulses.

In contrast to the wide fluctuations in the expcrimental yields of
crops reflected in Tables 5, 6, and 7, the yields of rice, wheat, or
other crops cxperimented under assured water conditions were more
stable. This may be indicated by some data from experiments (i.c.,
Experiment No. 1-a-production potential and cconomics of high in-
tensity crop) conducted under the AICARP during 1978-79 to 1982-
83. Of the selected major wheat-growing areas, the widest yield gap
at one location between any two consecutive years during the period
under review was 1.63 t/ba. This gap for rice was 1.28 t/ha. Further-
more, these yield gaps were from higher yields in the succeeding
years and represented growth in yield levels rather than fluctuations
in yields. Owing to the difference in experimental designs, the results
obtained for wheat and rice may not be strictly comparable with the

results obtained for dry crops, but they do indicate the impact of as-
sured moisture on experimental results.

The disincentive effects of such instability, characterising the
results of dry-farming research, for scientists and policy-makers are
not difficult to imagine. Besides illustrating an important source of
disincentive, our discussion also highlights the strong location and
season specificity of rescarch results. This feature of dry-farming
activity-be it on the farmer's field or at research stations—will persist
as long as agro-climatic variability continues to affect farming,
Before one could tackle the problem emanating from basic con-
straints, its fuller implications should bc understood.

Implications of Key Constraints

The task of devcloping technology for dry-farming areas forces
policy-makers and scicntists to dcal with an inhospitable agro-

o

. . R ¢ years.
TABLE 7 : Experimental yields (t/ha) of cilseeds and pulse crops at different locations during different ye:

Experimental yicld (t/ha) in different years

1973-74 1974-75 1975-76 1976-77

1972-13

1971-712

Cropfloctlgoﬁ

Groundnut
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2
§8..3

1.20
217
351
1.49

1.38
133

127
1.08

150
1.62
151
3.00
054
247

149
053
202
041
0.75
0.0

052

043

1.1

00

047
-2

Anantapur
Indore
Jodhpur
Rajkot
Sholaput

Akola

143
091

1.38

087
0.46
230
0.0

283

on
158
695
1.62

162
093
090
0.0

1
075
137
063

n7?

Anantapur
Indore

Sunflower
Akola
Jodhpur
Sholapur

Castor

038

023
Qs

097
am

111
13§
1.16

Anantapur
Jodhpur

088

251

Sholapur
Akola

Pigeonpea

201

n

.,
nat

1.3
114
197

n9%

(3]

.56

Anantapur
Sholapur
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197%6-77

1975-76

042

1974-75
1.62
085
1.06

1973-74
1.3
150
0.9
1.99

081
09

Experimental yield (1/ha) in different years
1972-73

117
110

1971-2

t experiment was not conducted.

Indore
Sholapur
Hissar
Jodhpur
ry pods yield.
grain yield.

( .) ABLE 7: Exp! ntal ’i lds (',M) of OMS and W’S‘ crops at dl."em‘ lotalions dunn; diffe t
Contd. | 7: rime; @ eren years.
SOIII"CC. Tabu ted review Ol n -rain’ data of Al cent or diflfere lyea
late from reports ‘I'Ilﬂy and post-rai y scason data of A CRPDA ntres f {Teren TS.

Crop/locat"on
Groundnut
Guar (Cluster
beans)

1. Groundnut-d
2. Indicates tha
3. Castos-

Chickpea
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climatic enviornment, i.e., Jow and unstable rainfall, and its interac-
tion with spatially variable land-resource base. To enable scicntists
and policy-makers to overcome thesc disincentive cffects, we need to
clearly express the unavoidable implications of agro-climatic en-
vironment on the research strategy for dry-farming.

Need for Low Expectation Profile

Because of environmental constraints, dramatic increases in crop
yiclds—comparable to those witnessed in wheat, and to some extent
in rice-based green revolution areas—are simply not possible in the
case of dry-farming areas and crops. Despite scientific innovations
crops cannot perform beyond the limits imposed by the agro-climatic
environment, particularly moisture availability. Hence, one has to be
content with relatively less impressive but gradual improvements in

crop yields.
Recognition of Location Specificity

As the spatial and temporal heterogeneity of agro-climatic co-
vironment persists in the absence of urrigation as a homogenising
factor, the chances of a technological breakthrough which could find
wider applicability even in larger tracts within dry-farming regions
are fairly limited. Hence, one has to look for a range of location-
specific breakthroughs to suit specific situations within the dry-

farming zone.

Interpreting soil and climatology data and harmonising the
results to enable uniform comparisons would help. To date, not
much effort has becn made in this direction.

Multioption Prospective Technology

The agro-climatic environment of dry-farming offers a complex
of favourable and unfavourable crop production opportunitics that
change both spatially and temporally. Technology relevant to such
situations should have components that help in exploitation of
favourable opportunities and in maximising the scope for adjustment
during unfavourable conditions. The technology should generate a
large numbcr of options for the farmer to adopt depending upon the
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circumstances of the cropping season. Narrowly conceived prospec-
tive technologies, such as those directed towards improving grain
yields alone, cannot fulfil the total requircments of a relevant tech-
nology for dry-farming areas. Similarly, conventional criteria of tech-
nological breakthroughs based on yicld levels may prove inadequate
in these areas. The criteria of success should also include the num.
ber of total options generated by the technology to adapt to fluctua-
tions in the agro-climatic environment. Seemingly minor practices
from the viewpoint of increasing grain yields alone may be important
in influencing the total farming system. A variety of crop options,
mid scason corrections, changes in input-use intensity at critical
times, ctc, are some examples. Altcrnative uses of land involving

agro-forestry, watershed-based system of farming, etc., are other op-
tions.

Widening the Research Infrastructure

Generating technologies which offer multiple options to optimise
the returns from areas with unstable agro-climatic conditions is a
difficult task. It calls for basic changes in approach and infrastruc-
ture of the agricultural research system in dry-farming arcas. The
conventional pattern of concentrating research activity at a few
selected locations and emphasis on ‘top-down’ approach to technol-
ogy diffusion may not generate relevant technological options. Multi-
location research must be complemented by extensive on-farm ex-
perimentation at sites determined after critical assessment, based on
soil and climatic data. The latter will help make technology adoption
more relevant and capture the traditional wisdom that dryland
farmers have accumulated over generations. These changes may face
two major constraints: it would make the cost of dry-farming
rescarch higher than the level to which policy-makers are accus-
tomed; and, this approach may militate against the biases that scien-

tists now have for conceiving, developing, and refining technological
options within the confines of research farms.

As generating a worthwhile technology is difficult in the face of
the unstable environment of dry areas (compared to areas well sup-
ported with water) its costs are higher. Because of the magnitude of
the task and the difficulties encountered, dry-farming research can-
not be a low-cost option. However, this may be added that multi-
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ication tri - rimentation which add to the cost of
ld)hc:':::li:lgaisc::r:: :f:?l‘de:ro help imporve the relc?ance of tech-
n‘c?{ogy and reduce the gestation period of both generation m?f l;( a:sc
fer of technology. This may make the whole effort cosl-cdcwm;
Furthermore, dryland technology through resou{ce-cgnltrf com-
nents (¢.g. moisture conservation measures) besides helping deor
Rn‘l)':cation of suitable cropping sysltlems ctc..faﬁg :;:::ﬁ ;: s:;clcn-
i r crops. In the case o ,
L?:o:;::‘:q::atb{ﬁsed t}‘:ough irrigatit?n scheme:s. In thebl;ormc:;
unlike in the latter, the cost of stabilisation of environment con:Cd
art of the cost of research. If this component of the cost is trea
gifferemly, the overall cost of dry farming rescarch may not appear

too high.

1 ; k at research sta-
bias that researchers have for wor _
{ Toa::gacxpctc u:mental farms, they should be reoriented on the
tel:in;gmg focus of research, and incentive systems for them should
favour problem-solving field rescarch.

Dry-farming Research : Past Efforts

lected areas

-farming rescarch has been one of the most neg areas

in t:)rz::ﬁguch resources allocation. In this ;ccunndwc ‘\:‘1‘1’] :;)s

d strategy of efforts made to develoy

farm "het:chnppr?)?oc:ycs;:cse researgych efforts could be vxew;d in two

f‘mmlf:‘saxm-.s. 1 rcscar- ¢ch prior to 1970, and 2. research since 1970.

u'l'::s'e is because the approach to dry-farming rcsca.rch I;:;s?gn?:c(:fzr\::

igni itative and qualitative changes since .

:zsgmcug::;. ?::npt::tu:;’lo resgarch effort is considered as the present

approach.

Bombay Dry-farming Era

jons based on available soil
first ever effort to evolve solutions -

I(huere conditicns was iritiated through dry-farming rescarch ;;lt ‘51
;no tions by the Indian Council of Agricullural' Research (then ufc-
lfpcrial Council of Agricultural Research) in the 19630;_':::" l(\;;

i f Sholapur and By
werc drought-prone areas o ; :
lf(())::‘\:nsBombay State), Hagari (near Bellary in Madfra}.:iss:z: );
Raichur (Hyderabad State), and Rohtak (Punjab State). s
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short-lived effort and it e

nded
war cfforts of the British gove ot
1940s (Kanitkar et al., 1960)

activities unrelated to
mm;e::fwere terminated in the eat;h];
. » mu ore scientist
:;:;:e: f ‘;:levam technological options. ﬂcmri:::d fury con-
described ough multilocational work during this m?ﬁdmm
mainly dir::tggombay D"Y"F arming Practices (BDF)?“QDF ol
moisture thro to prevention of soil erosion and conservatio wut"
well 25 cro cz%h mechanical measures (e.g., contour bundin ; N
agronomic pp,m?:;sn(’:‘: m;l:ﬂu;:: :" ¢ supplemented by sui%abalz
deen ploughing. i 8 reparatory tillage, periodi
etc.;, ?::ﬁgé atl’t::‘v.-.f;,::’x:’:;mng,“cﬁm:ll'w;3 srt;;d rate, wide spag:ingp:?:::pc:l,
was stro
::::;d Stl:“es throug!, demonstration at 45 dry-far::gi!z Supponed l?y
Pt, however, failed to click for several reasons g projects. This

Fi
sid n:‘slll,ya,v:s a:yr:::ag:;z]str'nc:gy. BDF offered few new options. It
seeds. Manurial and cult(\:rpal p:: cices 1n most casen v oS

k ) ctices in most cas
nown to the farmer. Mechanical measures (wntomesb\::;;;lr ;ea:y

odical i

Odica ns(icr:g !?loughmg, etc.) unaccompanicd by new crops responsi

b9 Sonse 20%ox'a measures failed to interest the farmers. An h;:o e

o moov:“thf thetx:’ x;rctv:iling low crop yields .of 200 ;::)e:;
ginal n

measures (Randhawa and Venkntgw:irl:el%‘)’ #dopt mechanical

Sccon j
bunding, :lay; I::evvc; eﬂ::l major component of BDF, namely contour
::" i sl cva v::;:’l v:‘-tahv;s a‘:'marm-lew.-.l realities. Since con-

e ers’ property li
promis?el;; ldfa;:x;rs opposed bt'mding on zonl:;uz.hnﬁt: :r cﬁid
supportc’d o rder bunding (with little technical basis for it) :
portes o mo%d of the states, led by Maharashtra in the w:s
o targcl-orieptc?i .(Jtha, 1979). As a programme bundin poseé
prol nted district or state administration in dry ar st

uctures were tangible; it was also practised to:atsh:s vl:s:

potential it offered for misuse
f of resources. By 1973-74 ili
dwi;r; ::Jvehrveedaby so;‘l conservation (bunding) )i'n India, 'Tllfi:! rlnu;::: -
oid 2o adopledm;to reed ausnpac: on the productivity of dry-farmingma:
. . N .
production-oriented progmma;?:dl::.h:;?;;casmc raher than 2

e
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The premature stoppage of work and the absence of follow-up
research on components of potential technologies identified by BDF
also contributed to its failure.

Soil Conservation Research

While propagation or extcnsion of BDF, mainly bunding, became
a part of relief activity in scveral drought-prone areas, research on
the subject was confined mostly to ravine-affected areas covercd by
Soil Conservation Rescarch Centres started since 1954. Though
some of these centres did include dry-farming practices, their focus
was mainly on conservation aspecls. The focus of organisations like
the Central Arid Zone Research Institute cstablished during this
period (1959) was also initially on resource conservation and affores-
tation rescarch. The work of some of these centres (¢.g. at Bellary in
Karnataka) did help in understanding runoff patterns, behaviour of
soils in post-rainy period, ctc., which initiated thinking on rescarch to
match crop varieties with the resources that farmers could muster

(Anon, 1980).
Early HYVEr

The work on crop breeding and varictal improvement done car-
lier and accelerated in the early 1960s covered somec prominent
crops grown in dry-farming areas. The hybrids of sorghum, pearl
millet, maize, and improved varieties of other crops evolved did belp
some pockets within these areas. The excellent work carried out un-
der All India Coordinated Research Project on Sorghum, Pearl Mil-
let etc. was incidental to dry-farming areas. There was no integration
of crop-based research with resource-based research (done carlier),
nor was there any opportunity or mechanism to asscss the relevance
of new crop technologies with the agro-climatic variabilities of dry-
farming areas. Consequently, hybrids of sorghum aod pearl millet
released in the late 1960s did not spread beyond well-watered areas.
Their standardiscd management practices could not offer the degrec.
of flexibility that dry-farming peeded. Morcover, the heavy incidence
of disease and secd adulteration adversely atfected the adopters of
hybrids during the late 1960s. This led to a large-scale withdrawal of
farmers from HYV- programmes cven in progressive areas like
Gujarat (Jodha and Dharap, 1970).
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dry:l;::;sl ua‘ll rescarch efforts ull 1970 cither treated the problem of
ey g larcas only: partially or suggested generalised tech-
n ogies evolved essentially for well-endowed stable environments

§ a consequence technologies relevant to dry-farming wi '
available to dryland farmer till the early 1970s. § were not

Present Efforts and their Approach

) If the conservation-oriented work mostly on ravi
;s excluded, t!m renewed effort to devel);p te:l:lnl:;z:yn dk:'lrcssrr;.s
carmlfxg areas in India was initiated about 30 years after the BDI-:
c:?:r:c:lclc Alarm.ed by the consequences of the green revolution
« pletely bypassing dry-farming arcas, rescarch on dry-farmin
brf a;l:lt;‘;ilgdhk“:h effort was directed to achieve a technologicagl
e the one that ushered the green revoluti
(I:ZO. AICRPDA was initiated, and AICRPs invgglving majo:l:i()rl;ianlz
hca%s ‘\lv;:e sl{cngth.ened. In 1972, ICRISAT was established (with
Dead ‘c‘; Thex;'s in India) to serve §emi-aﬁd tropical areas all over the
fror - The focus gf these organisations was to increase and stabilise
ood production in drylands by evolving low cost technologi
match the means and needs of dryland farmers. opes fo

Looking towards the research infrastructure and i
::icoms tthat since the 1970s, most of the factors wich in;li)girtz?lc:::c:
2 n of improved flry-farmmg technologies in the past have largely
dr;tll' overcome, This is partly due to improved resource allocation to

; c-lan'nmg rescarch and increased availability of components
(including germplasm for plant breeding) for prospective tech-

nologies. The latt ’
periences. atter has been greatly helped by pooling of past ex-

Complementarity of National and International Effort

The increased emphasis on dry-farmin, i i
em| g research in 1
2:11&0:::&4 by similar emphasis at the international lcvclnzlifh‘:ha:
dmae Iishment of lCRISA’l.“. '!’hongh ICRISAT’s geographical man-
by :‘ not conﬂpeq to India, its rescarch does complement the work
by Indian organisations. .Rcady availability of germplasm and breed-
mgd matgnal to Indian scientists, the collaborative work by ICRISAT
and Indian research organisations, greater facility for professional

7—<—
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interaction, and multilocation testing arc some advantages cmanat-
ing directly from ICRISAT's rescarch activities in India.

In view of the free flow of ICRISAT research results to all
relevant areas it is difficult to estimate the extent of its benefits to
any specific mandate country. Some idea of this phenomenon can be
bad from an analysis of ICRISAT’s resource allocation in relation to
its mandate crops—ICRISAT’s mandate extends to 49 countries with
semi-arid tropical areas. India accounts for nearly 13% of the area
and more than 60% of the population of the SAT world. India's
share in the total production of these crops in the SAT regions and
share of ICRISAT's resources during 1980 (in terms of principal
scientist equivalents) allocated to these crops in India respectively
are: sorghum 34% and 35%; pearl millet 35% and 42%; chickpea
84% and 71%; pigeonpea 97% and 100%; groundaut 49% and 82%
(von Oppen and Ryan, 1985). During the same period of the total
resources allocated by ICRISAT to farming system and economics
programmes, 58% were spent in India. Thus, a substantial research
investment by ICRISAT takes place in India, partly because
ICRISAT has its headquarters in India. The resources allocated to
research at ICRISAT Centre in India have spillover effects for other
SAT regions. Through the availability of matcrial and mcthodologies
developed at ICRISAT Centre to other countries, and through
prolonged work by Centre-based scientists in other countries, con-
siderable benefits of ICRISAT resources spent at the headquarters
are transferred to other SAT countries. But that does not reduce the
benefits of ICRISAT work to dry-farming areas in India.

Climate as a Source of Growth

Climatic variability became a concern for policy makers only
during drought years. Hence, a climate characterised by droughts as
well as abundant or normal rainfall was considered only as a source
of distress. The positive aspects of climate (i.e. frequency of good
rain years) tended to be overlooked in public intervention measures
such as protective irrigation schemes or drought relicf. The rencwed
rescarch cfforts in dry-farming arcas incorporatc a strong com-
ponent of agro-climatology, ard lay greater emphasis on harncssing
the favourable opportunities offered by climate to dry-farming arcas
(Sivakumar and Virmani, 1962). Pcpending solely on local soil-

I ———
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moisture resources, as against water from distant resources, the
prospective technologies attempt to maximise benefits from normal
rain years. Crop and resource management devices are designed to
take two crops from the same land in some areas during normal
years (Ryan et al., 1982, ICRISAT, 1981). Through a variety of con-
tingency measures and mid-season corrections, the flexibility of the
farming system is increased to accommodate the impact of weather

variability, especially during low rainfall years (Krishnamoorthy et
al,, 1977),

Integration of Resource and Crop-centred Technologles

The new approach to dryfarming research takes an intcgrated
view of the farming system; the emphasis is both on land and water
Tésource management, and on crop improvement technologies
(Kanwar, 1976). Furthermore, unlike the single component of con-
tour bunding in BDF, several measures—such as broadbed and fur-
rows, graded bunds, broad-based terraces, contour cultivation, ridg-
ing on flat, vertical mulching, and varying degrees of land
smoothing—are tried to suit different soil-rainfall conditions. In situ
moisture conservation, proper drainage, runoff collection and recy-
cling of water for supplemental irrigation are tried (ICAR, 1981;
AICRPDA, 1982). To match the multiple altcrnatives for resource
conservation and management, the agro-biological
component-cultivars and varieties of diffcrent physiological charac-
teristics in large number—are also developed.? This helps in evolving
a greater range of options to suit various areas,

The range of options is further widened by a variety of combina-
tions and sequences of crops, with varying growth habits and mois-
ture requirements. Thus research on soil moisture management,

plant breeding, cropping systems, and agronomy covers all aspects of
dry-farming in dry areas (ICAR, 1981; Binswanger et al., 1980).

Multilocational Testing

In keeping with the location specificity of dry-farming, the
rescarch work is conducted simultaneously at several locations. The
locations are identified on the basis of key parameters such as soil
types, rainfall amounts and distribution, etc. AICRPDA has 23

e
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i i i India. This is supplemented by
es in various parts of fam{cd , This is s
f::l‘lrilocational testing facilities, mscll‘udmg mmn{u:irlx]:lf c(:::luc;‘izl‘lsf!
- crops like sorghum, pear , a : .
?él&g}:To:ofk? in cgllaboralion with national organisations ;n h:-
dia. and those in other SAT countries, and ha§ mullnloca;uor'xal test-
i la'I':u:ililit-,s at several places. This also belps in generating a larger
lr:lugmbcr of technological options to suit different agro-climatic con-
ditions.

Mechanisms for Farm-level Verification

i i i ilitics help in evaluation and
Multilocational experimental fgc ' an
adaptation of prospective Tt;chnﬁ:iloglxest :::?:)ss cc;l:gc.ﬁoz:::cs:w;h::
e o (b P f "'(;(c this, current

d viability at the farm levcl. 'l_'o aciii 3 .
:lil)":‘t:::x;einagnrcse:tchwalso undertakes testing of p;’ospccl-nles ;;fjba
ogi y This is done through on-farm tria

pologies on farmcrs.ﬁclds. ) one through o e e re.
number of diagnostic experiments in viliages, demonsira
i i jects attached to resear
tions, pilot development proje tae > research centes

ional research projects, lab-to-land progr . :
f:p;;‘:chg to get feedback, to be followed by amendments 111; ggc tS:crl:n
)nological recommendations (Sanghi, 1982; Ryan et al, ;
and Walker, 1982).

Special-Problem Focused Research

i i ated research on crop improvement and
rcsc?::;zestn;‘:ag:::cgnrt considerable n:,soun:cs.arc:hd(t:v.':‘)t;;:::lri ;:
blem-specific work. This may include rescarch like that o .
l)mcl dly weed that particularly affects sorghum), on dlscm'alds
“ caro)l'::lcms specific to dryland crops which depress the y::cm
sc:pire other yield-raising factors, and land- and wat;r-ma:;g; ot
tices. Work on such problems constitutes an mt?rgrwsg )
f;:;noloégr development for dry-farming areas (ICRISAT, .

i ighli salient features of the approach to dry-
H.a\’ms hlg;rcdl':gs‘:xllig ;g;o, it would be approprialc'to comment clm
e oo ents that resultcd from this effort. Since the results
are a ECth\‘;Czlnd reported in several other accompanying papers :1’
::s::?lz:umc (i.c. by Singh; Walker et al.; Mruthyunjayva; Sanghi
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and Vishnumurthy), this paper only highlights the gaps or unat-
tended issues in the present approach to dry-farming research.

Some Unattended Issues

The present research strategy to develop technology for dry-
farming areas is well integrated and has a sharper focus than earlier
approaches. A closer look at the experimental designs and priorilies,
however, indicates a number of unattended issues. These relate to
inadequate understanding and analysis of the physical and socio-

economic environment and use of such understanding in designing
ncw technologies.

Inadequate Analysis of Physical Environment

Agronomists today possess more detailed data on soils, climatic
variables, and crop characteristics. They also have greater skills and
facilities (through computers, etc.) to analyse, integrate, and effec-
tively use these data. The work in most areas has not progressed
beyond the documentation and conceptualisation stages. The results
available so far are not in the form of easily usable guidelines for
generating location-specific or weather-specific technologies.

Indifference to Farmer Circumstances

Even though the final user of prospective technologies is the
farmer, and his traditional farming practices can offer useful infor-
mation for rescarchers, an understanding of the farmers’ cir-
curastances and practices is often not fully utilised as an important
input in developing new technologies. The survival mechanism that
farmers use under an unstable farming environment may indicate
suitable elements to be integrated in technology development work.
This somehow is not appreciated as the following illustrations depict.

Strong Bias Towards Crop Production

Both crop- and resource-centred research activitics arc directed
toward improving crop production. Even when the rescarch is in the
arca of farming systems, the focus is on improving crop production.
At the farm level, crop farming and livestock farming complement
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each other and, as a consequence, the farmer finds good use for crop
byproducts. With their concern for more grain yield, crop tech-
nologists do not give enough weight to the benefits dryland farmers
derive from crop byproducts.

Traditional farming systems acquire some degree gf slabi!xty
through the farmer’s dependence on trees and busfhe§ 'whnch (gnhkc
crops) are not greatly influenced by temporal variability .of rainfail.
The integration of crops, livestock, and trees (or perennial bushes)
offers a dependable basis for survival in the context of }xnslablc crop
farming. Research can transform this survival system inlo & growth
mechanism. The present approach to lcchnology dcxfclopmcnl for
dry-farming areas is inadequate to accomplish this. Wc some wor}t
on forage, grasslands, forest, and silvi-culture has been in progress, .u
is seldom intcgated in farming systems research. Anoll_:cr clc.mcnt i
the survival mechanism which farmers have evolved is the integra-
tion of common property resources (CPRs) and private property
resources (PPRs) for sustenance of livestock and cqst-frec input sup-
plies for farming (Jodha, 1983). Current research is not sensitive to
this issue. The integration of livestock, trees, bushes, and CPRs in
prospective technological options will not only belp generate more
options, but also help in better protection and utilisation of the en-
vironment.

On Farm Research Symbolic

The new approach to dry-farming research h'as adop(c? some
mechanisms to cvaluate prospective technology in farmers’ situa-
tions. Notwithstanding the impressive research and dcw':lopmcnt
work done at some locations like Indore, both in terms of its extent
and depth, the effort is seriously inadequate. Fmthctqorc, even
when on-farm testing is undertaken, the rescarchers still tend to
favour a top-down rather than bottom-up a.pproach to technology
gencration. Potential technology is concc.uvcd, dcvclope@, and
refined (through feedback) at rescarch stations only. The myolvc-
ment of the farmer or his circumstances at the stage of conception of
relevant technological solutions to his problems is not encouraged.
Thus, some of the vital aspects of traditional farming systems lcnd_ to
be ignored while formulating an integrated »pproach to dry-farming
rescarch.
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Risk and Flexibility

Traditional farming systems are highl
; flexi -
:'cﬂcc{cd in the pumber of farming practiccsy ancclx::gura::u:‘s .
ho:ms in vogue. They range from intercropping to methods of c?t-
: arvesting (Jodha and Mascarenhas, 1985). Through these iece
armers Lry to gencrate more options within the confines im,::sc:lc“'
:gwo-dtmauc conditions. Research based on scientific knowledge ?f
A crops and resource management principles can help multi

:, ac; op:u::s forfme farmer. Notwithstanding some rcscmgb on i‘:y
of date of sowing and crop sequences etc. th ical
recommendations are often too costly, stand ed, 4 tecl_molog:cal
fer the required degree of flexibili Vo gu afd-lSﬂ.i. md’ e
and A 198%;. ¢ of flexibility to guard against risk (Rastogi

The disregard for ‘stability’ is evid
) ent fr
s‘cl;:ctmn level of cultivars and varieties, tb::; :’:hf?:wl:ztt ::ag;c
{:n ds are <:lf:en drogpcd in favour of those with high yields. In cc:
cases, the experimental results of poor rain years are col'npletcly

dropped while analysing th !
ponents of technology. € performance overtime of certain com-

Conclusion

Dry-farming research has been on
arch | ¢ of the most neglect
;):c:c;:arc:n as agro-chmeuc variability tends to ccm:.trainglrcsoe::rc;:em:lf
straimsn‘can l:n;derstandmg of the implications of agro-climatic con-
P elp evolve more appropriatc approach and strategics
o -farming researcfh: Since the early 1970s, dry-farming research
frastrubewct ::: :;r‘em ‘;rmoved to thesc implications. Owing to better in-
) resource allocation at the national i
ternational levels, as well as availabili - Vprivicd
- . ty of a greater number of tech-
:::loic:l ct:omponen(s. flry-farmmg research is today better equipped
> cg t rate technologies to suit different farming situations. The
zm: cc;veaz:o:;:h i:fceds to be further revised to make inleracti\;c and
e ormation on environment i
farmer realities while formulating rescarchil:r::c‘;:: ples as well
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Footnotes

1. Since 1985 AICRPDA has been converted into a fulfledged Central Rescarch In-
stitute for Dryland Agriculture.

2. ICRISAT has a huge coliection of germplasm of major dryland crops This in-
cludes over 20000 lines of sorghum, 14000 of pear! mullet, 12000 of chickpea,
10000 of groundnut.
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