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EX-ANTE ECONOMIC EVALUATION OF
IMPROVED VERTISOL TECHNOLOGY:
RESULTS FROM WHOIE-FARM
MODELLING’

R.D.Ghodake™

Abstract

To increase and stabilise production in drylands, ICRISAT
developed a watershed-based, soil- and water-management technol-
ogy. While the technology is superior to traditional practices, its
adoption is posing difficultics in some dryland situations.

This paper uses wholc-farm modelling to simulate cxisting farm-
ing decisions, to determine the potcntial for technology adoption,
and to cvaluate the improved technology vis-a-vis traditional technol-
ogy. It identifies existing and potcntial socio-cconomic constraints,
and méasures the potcntial impact of the improved technology on
income, output, employment, and risk. The papcr also analyvacs the
demand for credit and the rolc of risk aversion.
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The paper emphasises the need for extension and development
agencics to improve the farmers’ entrepreneurial and managerial
capabilities, expanding the supply of institutional credit, maintaining
rcal wages through an effective wage policy, and ensuring reasonable
prices for inputs and outputs.

Introduction

Unless the low productivity barrier in dryland agriculture is
broken, the increasing food needs of developing countries such as
India can no longer be met on a sustained basis. Drylands are
characterised by low and uncertain rainfall, limited potential for ir-
rigation, poor soil, and underdeveloped infrastructure, which lead to
very low and highly unstable agricultural production, At present, less
than 25% of the cultivated area in India is irrigated; even at the
highest possible level of development of water resources, 60% of the
arca will continue to depend on rainfed agriculture. This under-
scores the importance of developing rainfed agriculture. Til
recently, rainfed agriculture could hardly be improved and farmers
achieved a great deal, given their traditional technologies. Improved
technologies now offer the poteatial to considerably improve dryland

farming.

Efforts have been underway and continue at various research in-
slitutes to develop appropriate technologies that increase and
stabilise production in drylands. As a result of these earlier efforts,
the International Crops Rescarch Institute for the Semi-Arid
Tropics (JICRISAT) has developed a watershed-based, improved
soil- and water-management technology (ICRISAT, 1981). This
technology has emerged from six years of research at ICRISAT
Centre and several years of on-farm rescarch. Successful results
were achieved during the past two years in farmers’ fields in a village
representing deep Vertisol, relatively dependable rainfall regions of
semi-arid tropical India (Ryan et al., 1982). The economic analyses
carried out at various locations and at various stages of technology
development have cstablished the superiority of this technology over
the traditional practices (Ryan and Sarin, 1981, Ryan et al,, 1982,
Sarin and Ryan, 1983). Even though spontancous adoption of the
improved technology has occurred in several places, the adoption of
this technology package is posing difficulties in some dryland farm-
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ing situations. Therefore, it is important to study the feasibility of
transferring the improved technology to farmers’ fields. The poten-
tial impact on agricultural development and the probable infrastruc-
tural requircments to facilitate such a transfer also need to be as-
sessed.

In this , we evaluate the improved technology vis-a-vis ex-
isling mdnaaog: technology, with the specific objective of assessm%h if
transfer of improved technology is feasible, and go on to nden;xf% e
potential needs for infrastructural developglem. A whol e-farm
model was used initially to simulate the existing farming decisions,
and subsequently to determine the po(enml for technology adqp»
tion, The analysis permits us to identify existing a.nd potemm'l socio-
cconomic constraints and 10 measure potential impact on mco:ndg,
output, employmeat, and risk. We also analyse the demand for credit
and the role of risk aversion.

The Technology

impr technology involves better management of soil,
wat::ea:; zrgvp:l on the basg of operational-scale watersheds of 1 to
15 ha. High-yiclding varicties (HYV) of crops are sown o0n bt!:;ad-
beds, established between furrows, and treated “fnh fertiliser. Most
of the cultivation operations are carried out with an onn-d_raw:
wheeled tool carrier. The broadbeds and furrows are establishe
with a graded slope of between 0.4 and 0:6%. This enables cxicde;
runoff, generally produced during heavy rvainfall storms, to b:gu
slowly across the natural grades (usually 15 to 2%). In t.I.S wa)‘r;
rainfall infiltration may be increased and excess water removed wit
minimum erosion, stabilising soil moisture conditions.

irpr technology allows crops to be grown both in rainy
WT m well as?;st-rainy scason (rabi) on deep Vemsolsr
in regions of SAT India with assured rainfall > 750 mm. In m;ny' ol
these regions the present practice is to !teep the land _fallow uring
the rainy season and cultivate it only during the post-rainy season on
residual soil moisture.




124 Technology Options and EconomicLolicv for Dryland Agri,
Components of the improved technology arc :

1. cultivating the land immediately after the previous post-
fainy season crop, before the soil hardens;

2. improved drainage by smoothing land, installing ficld and

community drainage channcls, and using graded broadbeds

and furrows;

dry seeding crops, before the monsoon;

using improved sceds and adcquate amounts of fertiliser:

proper placement of sceds and fertiliscr; and

improved plant protection,

Naw

.Rcscarch results at ICRISAT Centre show that these technology
options have gencrated profits that average Rs 3650/ha, as against
Rs 500/ha from the traditional system (Ryan and Sarin, 1981). Thc
improved technology yiclded a return of 250% on increased operat-
ing costs and implics an increase in use of human labour by more
than 250%. On-farm research cxperiments were carried out in
1981-82 and 1982-83 in Taddanpally village, in Medak district of
Andhra Pradesh, to test the impressive performance of this technol-
ogy. The village is rcpresentative of the rainy-season fallow, deep-
Vertisol region with assured rain(all. In the first year, the cxperiment
was carried out on a small watershed of 15.4 ha involving 14 farmers
who c':hose ninc cropping systems, which included some traditional
crops’.

Economic analysis of the first year of the Taddanpally experi-
ment showed that the technology generates average gross profits of
Rs 3060/ha, compared to the Rs 1625/ha from traditional systcms,
and gives a 244% return on the added expenditure confirming the
experience at ICRISAT Centre (Ryan et al., 1982). The results were
similar during the second year of the experiment and the analysis is
rcported at this seminar (Walker et al., 1983).

This study is based on the detailed input-output data collected
for the agricultural year 1981-82 in Taddanpally on improved and
traditional systems and on other resourcc-using activitics. Data on
resources and other constraints required for the programming
model are derived from the comparable, rainy-season fallow,
Sholapur region and from irrigated paddy areas of Mahbubnagar
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region, where ICRISAT has been conducting village-level studies
since 1975 (Binswanger and Ryan, 1979).

Whole-farm Modelling

As a part of ongoing rescarch on evaluation of technology and
policy options in SAT agriculture, a whole-farm modelling approach
was developed (Ghodake and Hardaker, 1981) which, in essence, in-
corporates cconomic activities that the farmer can undcrtake to in-
crease his level of welfarc. A value for a specified objective function
is optimised in the model through mathematical programming, to
obtain lcvels of different activities that the farmer should undertake
to overcome constraints and restrictions. Thus, the approach assigns
imputed values for resourccs available to the farmer, with due
regard for their actual availability and thc demand for these
resources. Aspects such as the risk involved in options, the farmers’
attitude toward risk, and thcir subsistence needs, are also com-
sidered. Hence, the evaluation is performed within the framework of
a defined farm-houschold modcl, taking into account interrelation~
ships among all production processes through their dependence on
COMMON Fesources,

In the model it is assumcd that the farmer maximises his ex-
pected wtility, which is directly related to, and dependent on, money
income and bas a negative cxponential functional form as follows: - .

U@) =1-¢

Where Z is an unccriain moncy income prospect and is absoluté:
risk aversion cocfficicnt, generally referred to as the Pratt coefficicat:
(Pratt, 1964). When the income-generating activilies such as crop-,
ping involve risk, a quadratic programming technique can be used %
model the process and to generate an expected income-variance
fronticr. This fronticr and the utility indifference curve, derived on
the basis of the individual's risk aversion behaviour, permit deter-
mination of the optimal solution that maximises the expected utility
of the decision maker. It can be shown that maximising the expocted
utility, represented by the above functional form, is cquivalest to
maximising the following quadratic risk programming formulatioa’,
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MaxM = C’'X-aX’'QX
2
Subject to AX B
X0

Where M = certainty equivalent income (to be maximised to op-
timise the farmer's expected utility);

C = vector of activity net returns;

X = vector of levels of activities;

@ = absolute risk aversion coefficient, determining the

trade-off between expected income and variance;

Q = variance-covariance matrix of activity net rcturns;
A = matrix of input-output coefficients; and
B=

vector of levels of resources and constraints,

The above formulation assumes that net returns are normally
distributed (Anderson et al,, 1977). Walker and Subba Rao (1982)
documented that the actual distribution of net returns for most im-
proved and some traditional cropping systems in SAT India was suf-
ficiently close to normal to justify this assumption. Absolute risk
aversion coefficicnts (@’s) were derived for different farm sizes
from values of partial risk aversion coefficient (Hardaker and
Ghodake, 1984) using the distributional results obtained by
Binswanger (1980) in his large-scale study on measurement of risk
attitudes of rural bouseholds in SAT India.

The above model was initially worked out, allowing only tradi-
tional technology to obtain optimal level of resource allocation un-
der existing levels of resource and other constraints’. Some of the
basic resources and other characteristics of average farms represent-
ing different farm-size classes in Taddanpally are given in Appendix
Table 1. The potential borrowing limit from the institutional
agencies has been set at Rs 700/ha. Therefore, the optimal solution
would reflect production potential at this level of credit availability.
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Under the same level of resource and other constraints, im-
proved technology options represcoted by various cropping systems
were allowed into the model'. The programming solution then gave
the level of improved technology activitics and, consequently, the
adoption potential and the corresponding levels of cconomic
parameters, These results were used to perform a comparative
cconomic analysis of the situation-with and without the improved
technology. The two technologies were, therefore, not directly com-
pared; rather the effects of including the improved technology were
evaluated with the traditional technology as a point of reference. The
impact of some important variables-such as credit and risk
aversion-on the performance of these technologies were evaluated by
varying the parameters within their valid ranges.
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Results with and without the improved technology for various
catcgories of farms are given in Table 1. Under the existing resource
endowments and other constraints, the adoption potential for the
improved technology varies with the size of the farm. Small farms
adopt the improved technology on 90% of the land they cultivate,
, medium farms do so on 60%, ‘and large farms on 77%. This dif-

ference is from vaniation in the resource base, particularly in female

labour availability, between these farms. Shadow prices (Table 1) in-
dicate that female labour is generally a strong coastraint duriog
many of the periods on medium farms. Shadow prices are much
higher with the improved technology than with the traditional tech-
nology. This is because of relative scarcity of family female labour on
medium farms when compared to small farms, and also their more
limited access to hired female labour than large farms. Generally,
enough family female labour on small farms and adequate access 1o
hired female labour by large farms allow these two categories of
farms to practise the improved technology on a larger share of their
cultivated land. The high level of adoption of the improved technol-

ogy by small farms may partly be because there is no irrigation or

these farms.
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the constraints, their intensity, and any shilt in them from the im-
proved technology. With the traditional technology, human
labour-cspecially female~is a constraint during the second fortnight
of July mainly becausc of preparatory tillage, weeding in mung bean,
and transplanting of paddy. More constraining periods arc the
sccond and third weeks of September mainly because of land
preparation for post-rainy crops, weeding in chillics, and intercultiva-
tion and weeding in paddy. This is followed by a longer
period-beginning the sccond week of October until the third week
of November-when farmers are busy in harvesting and threshing of
paddy, sowing of post-rainy-scason crops, and weeding and intereul-
livation in alrcady emerged Post-rainy-scason crops,

The peak labour demand period observed under traditional tcch-
nology seems to require both forward and backward cxtensions with
the adoption of improved technology. The first constraining period
starts with the first week of June and continues till the end of July;
during this period important operations with the improved technol-
ogy are sowing, rcsowing and gap filling in rainy scason crops, land
preparation, weeding and fertiliser application, spraying, and thin-
ning, Transplanting of paddy is another important activity during this
period. This is followed by a peak period from the second week of
Scptember to mid-November, which is also common with the tradi-
tional technology. With the improved technology, during this period,
farmers need to perform operations such as land preparation for
post-rainy scason crops, harvesting and threshing of rainy season
such as HYV sorghum, mung bean, and maize, and sowing of post-
rainy season crops such as safflower and chickpca. Another major
activity during this period is the harvesting and threshing of paddy,
This peak period could extend till the end of December because of
intercultivation operations in post-rainy scason crops.

Irrigation secms to be a constraint only on small farms. Intcrest-
ingly, irrigation is not a constraint on medium and large farms with
other resources and constraints at their current levels. To that ex-
tent, irrigation is not fully utilised cither under the traditional tech.
nology or with the improved technology. In spite of a provision for
maximum borrowing (Rs 700/ha), credit proved to be a constraint
with the improved technology while it is sufficient with the tradi-
tional technology, except on small farms. The shadow price of the
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improved technology per unit of operated land iy the high‘cs.x on
<mall farms, followed by medium and then by luut.c farms, This indi-
cates that the improved technology cun potentially offer greater
bencfit to smaller farms,

The improved technology permits crops to be grown during the
rainy scason, thereby increasing the cffc.cmc ?upp]y of land lbroggh
land augmentation. Such augmentation is an important cgnf:d-ut»gn
that this technology makes in land-scarce cconomies such dsAlnd}aA
Land-usc intensity, which is the summation of scasonal cropping |:
tensitics over the two seasons, gocs up on these farms by 50 to 80%
(Table 2).

Iimpact on Income, Cost and Risk

With the introduction of the improved !cchnn\og?', £ross r1:1comv:
rises by 70 10 9% on these farms, nct incom.c b\ 65 to 8< ¢, and
variable costs by 70 to 110%. In terms of rclzfnvc increases in gms[f.
net, or expected incomes, small farms receive the highest benefit

from the improved technology.

When these farms are given access to improved technology. (hcrg
is a drastic reduction in relative risk (CV) that they .would ha\c.'_to
face. This in turn results in a remarkable decrease in the pm;.m‘r-
tionate risk premium that these farmers would have to pay to a\q:d
loss in income. Here, too, the improved technology demonstrales its
small-farm orientation. However, these results cannot be US('(l“lo
generalise about scale economies, b‘ccapsc these farms ;arcléxg‘;
nificantly different in terms of irngau'on and “”.\?r non- .n;‘
resources.  Nevertheless, existing farming alternatives and the
resource base they command allow small farms to benefit the most
from improved technology.

Land Allocation

Detailed allocation of land to impanapt fmpping systems m;s
1o optimise output is presented in Append.lx 'l.ablc W uhAlhe tfa;‘ lr
tional technology, local sorghum and its Ir:u:rcrops .w.mh. c‘ll :“
pigeonpea or safflower dominate lhc.l’armcrs ﬁs:‘.lds‘ with a mved
area under mung bean as a sequential crop. With the impro
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Table 2: Adoption potential for improved technology and its impact on income, cost and risk on indicated categories of farms at Taddanpaliy,
Andhra Pradesh, 1981-82.

Small Medium Large
Only With Percent Only With im- Percent Only Withim-  Percent S
tradi- impro- Increase tradi- proved  Increase tradi- proved Increase ja
Paniiculars tional ved tec- (+)or tional techno-  (+)or tional techno- (+)decr- =
techno-  hnology  decrease techno-  logy decrease techno-  logy rease (-) ,%
logy (O] logy (-) logy ES
Land vnder traditional \9
technology * (%) 100 10 90 i 53 -52 105 30 -7 g
Land under improved - %0 - - 59 - - ™ - s
technology (%) IS
Land-use intensity” (%) 109 197 80 115 17 St 124 189 52 z
Gross incomg, (Rs) w00 753 % 8274 14128 7l 19347 32270 67 5
Variable cost™ (Rs) %9 1679 110 2138 3844 8 k) §449 n )
Net income (Rs), 3291 60M 85 613% 10281 08 13440 23821 63 =z
Expected income™ (Rs) 224 2916 1202 2487 6455 160 5478 18961 100 s
Cocfficient of vania- 383 36 91 50 2 56 28 17 -39 5
tion of expecteg income (%) sJ
Risk premium ~ (%) 21 25 -89 30 16 47 15 11 27 £
K}
L The percent land allocation is computcd by using operated land as base. .
2. Land-use intensity has been obtaincd by adding scasonal cropping intcnsities over the two scasons. .
3 Variable expenditure is on items such as sceds, fertilizer, farmyard manure, pesticides. hired bullock labour. hired human latour. Tropicel: 2
tor hiring, and other inputs. =
4. Expected income is computed by subtracting variabie expenditure and value of minimum home consumption from gross income. s
S. Risk premium is the difference between expected income and certainty equivaient income. The certainty equivalent income has been es- =
timated by considering riskiness of the technology (variance) and attitude of the farmer towards risk (absolute risk aversion coclficient). 913
-~

‘Tahic 3 :Impact of improved technology on employment, borrinving, fertiliser ¢ ption, and output an different categories of farms in Taddan. E"’ '
pally, Andhra Pradesh, 1981-82, Y
Small Mcdium Large s
S
Only With Percent Only Withym- Percent Only Wihim-  Percent <
tradi- impro- Ircrease trads- proved  Iacrease tradi- proved Increase g
Particulars tional ved tec- (+)or tional techno-  {+)or tional techno- (+) decr- =
techno-  hnology decreasce techno-  logy decrease techno-  logy rease () ;’
- loj ) logy r
logy ) 8y s“
Em ent . §
Malﬁm) 6t1 769 26 1507 /2 1 IS TR 17 s
8’ (83) (60) (S8 I o g
Female (hr) 07 n? 18 1873 6 10 B 4452 1”2 S
(116) {116) N (Rl ‘ (M) N7y -
i B 158 niw 13 =
Bullock (pair hr) 119 127 -15 465 440 ,<. I t ' =
* (118) (95) (N [RAY 78y N 3
g N . Y -.,‘ hod
Tropicultor (hr) n 42 - 0 .7f.- 2 ‘ <.l I : =
Borrowing * (R<) 133 1550 1 170 2000 - v s B 2
Fertilser consumption (Rs) 37 "2 1R24 43 [EIR] 224 ML Rat NEN =
Output (kg) . . . =t
Local sorghum s8N 300 a8 1140 .10 41 280 1y 3
Paddy 0 0 ] 2400 hItl] " ST S [ =
Pulscs S0 390 [X) n 6m 2 150 021
Mawze 0 250 - 1] T [ R .
Pigeonpeca R} 00 N S0 Si¥ Ral n [N IR
HYV sorghum 0 1490 - 0 (K - o }\;:u
Fodder 1600 7300 356 410 11400 1w [EANLN AR [RA
1 Figures in parentheses are coefllicients of variation of forinightly labour use =~
2 Indicates that percentage has not been worked out because of zero denominator value, v

3 Includes borrowing from both institutional and informal sources.
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technology, the HYV sorghum and pigconpea intcrerop occupies a
major areca on small and medium farms and a substantial area on
large farms. Mung bean as a sequential crop, included by the
cooperating farmers on watershed plots to try their traditional crop-
ping patterns, occupied 21 to 33% of opcratcd land on these farms.
This shows that even the traditional cropping systems responded
well to the improved soil and water-management practices, and they
have the potential to compete with improved cropping systems such
as HYV sorghum/ pigeonpea. In contrast, maize/pigeonpea and
maize-chickpea, which were the most promising cropping systcms at
ICRISAT Centre, were sown only on 7 to 21% of operated land.
Chillies and maize-safflower did not feature in the optimal solution.

Inputs and Outputs

The impact of the improved technology on employment, borrow-
ing, fertiliser consumption, and output are shown in Table 3. The
-overall level of labour input gocs up substantially with the use of im-
proved technology on these farms, with a higher proportionate in-
crease in male labour.

As the supply of female labour is restricted during a fow critical
periods, the employment potential for women under this technology
is higher than what Table 3 indicates. Only draft powcr input
declines by 5 to 15% mainly becausc of the wheeled tool carrier,
which increases bullock labour cfficiency by a factor of 2.15 over the
traditional implements (Bansal and Srivastava, 1981). The demand
for bullock power may increase with the adoption of improved tech-
nology, which requires that additional inputs and outputs bc
transported. Values of coefficient of variation (CVs) in fortnightly
labour usc (parenthetical figures in Table 3), show a general pattern
of declinc with the improved technology on thesc farms, except for
male labour on small and large farms. The improved technology
helps not only in increasing cmployment but also in providing more
stable .employment—which is csscntial to remove any disguised
seasonal employmcent, morc prevalent in dryland agriculture~and in
providing jobs to people on a more continuous basis. There is 16 to
63% increasc in the utilisation of borrowing capacity. Fertiliscr con-
sumption goes up by about 1800% on small farms, 200% on medium
farms. and 300% on large farms. This suggests the magnitude of ad-
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Jitional fertiliser supplies required, and the potential backward
linkages with other input markcts.

Table 3 also shows quantum jumps in the output of most crops
that are dircetly or indirectly affected by the improved |c§hnology.
I'he output of local sorghum drops by about 40 to 50%%. This drop is
more than compensated by manifold increases in outputs of olbcr
crops cspecially other pulses, pigeonpea, HYV sqrghum, and maize.
Fodder production goes up by 150-350%, indicating the potentiai of
this technology to support livestock, which is an important source of
draft powcr and milk in the drylands. If one adjusts for fodder
quality differences, then the fodder valuc would rise by 32 to 143

Rate of Returns and Factor Proportions

More rclevant and directly comparable cconomic paramelers are
presented in Table 4. Rates of rcturn on variable cxp:ndxlu:c. oS-
timated for net profits with the traditional techrology are 1177 on
small farms, 25% on medium farms, and 45% on large forms; the
corresponding figures for the improved technology are 216% for
small farms, 113% for medium farms, and 129% for large t:mps
This parameter is dircctly relevant to u‘;ighi.ng ”‘f" relative
profitability of short-term cash input, which is of immediate
relevance to the adoption decision of the farmer. Rates of return on
total cost, which includes both variable and fixed costs, are su'h:ﬂtan-
tially higher with the improved technology than with the traditienal
technology—by 200% for small farms, 600%¢ for medium farms, and
300% for large farms. The technology offers attractive raics of
return on additional costs. These rates on additional variable expen-
diture arc 270% on medium farms, 290% on large farms, and 350%
on small farms. Ratcs of return on added costs are 1907 on medium
farms, 200% on large farms, and 240% on small farms. Thus, the
overall performance of the technology analysed under lAhc who].c-
farm situation supports the results obtaincd carlicr by using partial
budgeting (Ryan et al., 1982, Ryan and Sarin, 1981).

Nct revenue per unit of Jand, labour, and variable expenditure all
increase considerably to substantially on these farms. Net revenue
per unit of land, which is a scarce resource, '!ncrcascs by 73 to 94
net revenue per unit of labour, which is relatively abundant, gocs up
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3 RN N T AR £ %; net revenuc per unit of variable expenditure inc
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§ z g..‘."" E s &3 £ desirable feature of the technology: inc g
< 51 2E¢ S scarce factors.
é‘ S & o % A & 9 & H T : Eb . :nt factor proportions with
£ >S5 FE & v = g - 7 eve é'g ° E The bottom three rows in Table 4 present facto rfvl l-"j 10 labour
< o o = N , 11 an O lahon
£ ckzgd §3'§ 2 and without the improved technology. h{he "’“‘;‘ © ing a dosirable
5 Q= s . iste all these farms, showing T
= £3F : d declined consistently on a . hich
B >58 i g;fmge in the direction of morc employment per unf»l o lfnd& ‘-'d:‘ctt‘:
& £% s ’ There is a rising trend in the ratio of non-land asscts
2 238 o benefits labour. There is A rising , the wheeled tooi car-
g gES R § 10 labour use. With the improved technology, the f increased
< ottt " . . d :ts and offsets the effect of increa:
g 2875 o aiscs the non-land asscts ; . . Jand
= §’S - £ jier rais his rosults in an overall increase in the non-lan
3 ¢ PR N T IR labour input. This rusul f. But the risc is more
g B¢ RgeSgfNgNR3Sz | S E §5 8 assets/labour ratio on all these farms. rimated and
3 = sﬁ B | &2 ¢ Cus g 5 & ' ced on small farms because these are non-irrigated and.
E EERR gLEER £ pronoun n small larms be he ratio of vari-
2 T o & Ce oy land asscts. The ra
= kY t- un | Seggg therefore, have low initial level of. nonlan ed technology. again
x = 2 & sqv sacke 3 : ith the improved techrology, ag
2 i & Q9 ® 2 < & cSmo| 2 3 g =% % § able expeaditurc to labour n.sc;'\u that the improved technol-
2 €SS B & g 5058 £ istently, on thesc farms. This means
£ oELy8d 2fpow T4 consistently, ? anitalll ur ratic n favour of
& £ %?5 £ 53 ogy alters, to some extent, the capital-labo
- - 13 .
g 85,25 B35 capital®
: 1
T > SEB33
& cSeEghg Village-level Impacts
T B5=2 gEES -
H T u'C v w . ., . e . v 0D varieus
p oSz 8 =205 The villsge-level impacts of the improved “Ch"”l“?' ) ]
BEcssad . act values have been com
2 b e oo P S8 | EELEEE Ss arc shown in Tabl S. The impact values .
£ £ 2SR Bng o= | Z575258s paramelers arc show ionate cultivator houscholds in
= s8E B 2% §§ gva"z *E g3 3 23 puted by giving weights of pmporpona:l e tve farms
= zEY ~ SSEeREE illage to corresponding valucs on resj arms.
E |- = e85 Eg Taddanpally village ccrage-farm basis as well as on a
& E, 4 2 38z T?.':! = g E s ] The values are expresscd on a per average-far
5 v -] 5 2 3 - =3 c gl .E .E EE 3 per hectare basis.
s > s £ -— o o -
a cRSER & € o = $ 8L g .
] SE28 ¢ $ess8Ex i ed technology would be
& SR On an average farm of 3 ha, the improved technology would b
£ T £|E5fengfs d on 74% of its operated land, resulting in 59 increase in
Il I R adopted on 74% o : T : 746, net in-
3 ol | gESwwrp = : ; 1d increase gross income by 745, ne
£ gEC| 838,00 land-usc intensity. That would increase g X i by
= Sys|eSsgeyss “ y inpe %, and female labour input by
H _ 23 EE §§ S8t come by 71%, malc labog 131":{2’)’;0;{;‘; o 8 475 dechin in ik
= bt a ¢, ACCING y ’ .
g B3 o _S8S|[Bs5ESSe g 12%. There would be 56% decline d would be 83¢% higher for im-
£ R 5 3 g_§ 2t ) §°'5 55555 premium. The variable cash rfic_;qlre | technology: bullock labou in-
2 2 £ ESSS | g o bbia T han for traditional technology; )
£ ~58 8 2 SIS | fugS&Sey proved technology t iliscr would go up by
3 ERE § S S®mgvs/ 698 g8sc decline by 10%. The demand for fertiliser would go up by
= ] cchne . e . ¢ .
a 'E g'gn H H ] Eg § g’ E ;": §§E 25; ‘;l‘l);oﬂirmwing w)ould increase by about 40% and would still be a
-« o _g._aQPA f\p.=-“2 < . . . k_,v_
23 g H ] cTES EE B EL ié g constraint to the adoption of improved technology
o0 - - - - - -
=8 2 1353832345 888s| .
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With the improved technology, cxcept for about 45% decline in

Table 5 :Average village gy on income, cosy, he output of local sorghum, all other outputs would rise. On an
C

<Jevel Impnc(‘ of improved technolo
employment, borrowing, fertiliser consumptio

", #nd output in Taddanpally, Andhrs duction would increase by a factor
ate food product
e Dhe avcrag:, thc‘l: :ogft;:rg‘;)roducti(‘)’n would go up by a factor of 3, If one
.14, an . .. ality « ,
Only tra- With im- Increase Percent of 244 for value differences owing to type and quality of (‘\,’.t.pm‘
ftems ditional proved (+)or change accounts o i in the value of output would be hy 17877
technology  technology  decrease () then the overall increase 1n
Land under improved . 74 . otential
technology i 74 ) Demand for Credit and Repayment Pot
Land use intensity (%) n? 186 69 59 ; i borrowin
Gross income (Rs) w1z, 13778 5867 74 The shadow prices in Table 1 s_how that in spmi of b c;mngy
, (2652) (4619) (1967) Rs 700/ha, credit has been an important mnsmu.m in realis ‘a.
Variahle cost (Rs) P T Pl 8 e otent 1 benefits of improved technology. In this scction, we
Netnome R G0 go e ° e ey of sitaions redi 1o aug i myct o the
i (2016) (3454 1438 aditional technology Vis-a-vis the improves
Coefficient of variation 52 23) ( .29) .56 performance of the ":d:::_?ir;ularlv to asscss the demand for credit
?zﬁfxﬁi‘.;?uﬁwm ) 30 16 technology. Wc‘ al“cf";)%rfmvcrs to ;cpay it. We have run the model
Male labour (hr) 1314 1572 ;;; ‘;Z ‘"?d the pg“&n u:molcvcls of credit availability. One is Rs 150/ha.
(440) (527) (87) ml.h ﬁyc rier he ad hoc scale of Rs 125/ha as adopted by the
Female labour (hr) gg:) l;l;g 190 12 which is close to t édo erative Credit for the Fifth Five-Yeat Plan
? M el . Y2
Bullock labour (pair hr) 398 (357) (_f]') -10 ?;;:jgg)G{::’;’:ond lfvcl of Rs 200/ha approximates the an-lnld).af
) (134) (120) (-14) 1 . f owned land. The third lcvelo
Wheeled tool carrier (hr) 0 (g) Z: 3 average dc.bl °f, Ri‘cnizl.‘ 0/ ‘11}:.: Z\rcmgc amount of loan provided per
. 2 uiva rvarl-
otrowing () o 276 ;76) 41 lgs Zz?(::/:? :alccqrshcd in Taddanpally by the Andhra Pradcsh D“ m.n
(637) 897 260 cclar . atri credit are also in-
Fertiliser consumption (Rs) 307 1(404) 1(097) 387 ment of Agriculture.® No credit and unrestricted
(103) “71m) (368) cluded.
Outpus (Kg) . SNability :sented in Table
els of credit availability arc pres )
ol torghum :gg) (?28) (?(7»8) * Rcsuhbslal thhcsi :;\ai‘i\:xh the traditional technology, eredit up to
: - he table shows L : ions, which
Paddy 1720 1720 0 0 6. T .ults in infcasible solutions,
2 all farms results 1 . £
Pulse (580) (580) (0) Rs 300/ha 0'5.:2 insufficient to meet current expenses of the farm.
o (ﬁ’g) (g(;g) (323 1000 moans the m;\l ‘e a;'menl capacity is zero. In this situation, the
N “ o < 3 T J B N .
Maize 0 830 830) - Obviously, ;dco igté debt unless he manages 1o mect some of }f’s
Pi O (280) (280) fnrm_cr My h infc;rmal sources. With the improved tgchno!-
weonpes (gg) (‘:(2;3) (?28 960 credit needs lh;o ugf Rs 150/ha is enough to keep the farmear in busi-
HYV sorghum 0 1870 1370) ; ogy, e“n?ch}L::es xh;;\ the improved techaclogy increasces the
F o (630) (620) ness. ."ths g + to such an extent that the farmer s enabled
odder 1;28 115% 773 203 feasibility of credit use t¢ Hicher amounts of credit are, howsver,
i Viils: - ( ) (3870) (258) to repay 20 of his loan. B is technoloss
. il agc-levcllnmpacl 1s worked out by using weights of proportionate cultvator <an the full pn!cmidl benefit of this technology.
houscholds in each farm-size category, and s expressed as values on an nceded to reap

average farm of 3 ha.
Figures in parentheses are per hectare valucs.
When denominator values are zero, the % change has not been computed.
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1 — - .
credit with traditional and improved technologies in Taddanpally, Andhra Pradesh,

Table 6: Potenti
i HeAs otential demand for and repayment of institutiona
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It is clear that credit will play an important yole in adoption of
the improved technology. If institutional credit is not available, the
adoption lcvel is nil on small farms, 17% on medium farms, and 16%
on large farms. When credits amounting to Rs 1830/ha. arc ex-
tended to small farms, the adoption level goes up to 9141 medium
farms are extended credits amounting to Rs. 3130/ha the adoption
level goes up to 77%; and if large farms are extended credits
amounting to Rs 6760 /ha, 80% of them would adopt improved tech-

nology.

With the improved technology, credit needed from institutional
sources is Rs 1200/ba on small farms, Rs 940/ha on medium farms,
and Rs 980/ha on large farms. If assessed demand for creditis com
pared with the all-India average of Rs 324/ha, there scems to be a
wide gap in the availability of institutional credit. Fven the figure of
Rs 700/ha adopted by the Andhra Pradesh Department of Agricul-
ture is much below the potential credit necd.”

At comparable levels of credit, the marginal rate of net revenue
increases with the improved technology and is much higher thun that
obtained with the traditional techaology. So are shadow prices. Only
when the credit level is zero is there an infeasible snlution for small
farms. On small farms the repayment potential with the improved
technology is 20% at the credit level of Rs 150/ha, which goes up to
100% at Rs 300/ha. With the traditional technology even when un-
limited credit is available (Rs 80/ha), the repayment potential is
just 33% on small farms. For medium and large farms, both these
technologies show 100¢% repayment capacity. This suggests that the

improved technology incresses the repavment potenticl of the
farmer, which would- albeit indircctly help financial anstitutions to
mcet the credit necds of farmers.

Risk Aversion and Technology Cheice

The influcnce of risk aversion on the adoptior: of the improved
tcchnology is evaluated in this scetion. Risk aversion (absolute risk
aversion coefficicnt) varied in the range of minus one 5D (low)
plus onc SD (high) for cach farm. This range corresponds to the dis-
tributional results of risk attitude measurements (Binswanger, 1980).
Risk is mcasured in terms of the cocfficient of variation of farm in-
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-
come. The measure of income uscd here is rcturns to family-owned é
resources and includes both certain and uncertain income. The risk H - owo
premium is defincd as expected income minus certaintly cquivalent ; %% 8]]z=n -
income, and is expressed as the percentage of expected income. w® £ 2
? zES
The results show that at cach level of risk aversion, the improved ‘g
technology exhibits substantially lower level of risk (CVs) compared 3 3
to the traditional technology on all the three catcgories of farms e 131, 060w
(Table 7). With incrcasing risk aversion, risk is reduccd with both £ T g 3%RA -
these technologies, traditional technology on small farms being an ° 238 E
exception. The level of risk on small farms with the traditional tech- = &g
nology increascs, while the risk secems to decrcase with improved _%
technology. This is perhaps because these farms, in the process of 3 B
meeting their minimum subsistence nceds, do not have sufficient £ £ % ] S&8d2 eraz
choice of alternatives to reduce risk by more than the reduction in '% 3| E g.-s
income. Variation in risk aversion does not affect the adoption e |Z|FER o
potential for the improved technology. 2 £
t £
At cach level of risk aversion, the relative amount of risk ; g E 2ERR % ©°]dR
premium that these farmers would face is much lower with the im- < 38 E L
proved technology than with the traditional technology. As expected, - ggd =
the higher the level of risk aversion, the higher is the proportionate E % F
risk premium. The proportionate risk premium, however, goes up i 5 T
much higher with the traditional technology than with the improved xd 2 2
technology. This reinforces the risk-reducing characteristic of the - n E 3
improved technology, and suggests that farmers' risk aversion is not o= ‘é% % = wgx % ©%=RA
a constraint to the adoption of improved technology. -E-g % § %% g 2 )
“al|w 8 - =
Conclusion g‘; ?6
=
Results from whole-farm modelling, bascd on data from on-farm 23_ “é g ] o328 n
verification trials, show that the improved (soil- and watcr- ‘i'—? 3se|l £ A 883 ks
management) technology contributes significantly to gromth and %‘5‘ '5'§ g &
stability of production in assured-rainfall, decp-Vertisol regions of i3
dryland areas. The impressive performance of this technology, 2=
howcver, needs to be further tested on locations with varying soil %’:
and moisture conditions in these regions. Information on the poten- 3 E
tial of the improved technology will have to be obtaincd from more &% &
location-specific trials, conducted with less intensive supervision by k] 'é & I H -
scientists and technicians, 28 3 B 5 ) 2 é § 2
g3 28 z3== #oe

tevels of nsk aver-

00001129
0.0002162
0.0004141

edium

0.0002718
0.0005207
0.0007973

M

0.0007021
0.001 45

0.0003:64

rent
1. AUsolute nsk aversion coclficients corresponding 10 diffe

sion are:
Medium
High

Low
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ﬁon'l‘:fepl;?,x;;:vg nature of results, especially because of the limita
Pbeki conl:tmg m:d_cls in §|mu_lating fully the behaviour of lh;
implica’tions cor l;:m their apphcabtl_ity to larger areas. Results and
mplications loy particularly se.nsltivc to regional variation in al-
formative em g?.- cgn:::nl and production opportunities, and to changes
demand for data, pZi:;cum;l:l;ia:;ci:qcmgdis e i gils
. ! -Series an -scctional i
:;):;::::: orfe;)ar:;s!cnu]:g probable states of natucrr: ssovsf::“zm::ri,c;‘;
specirum of fa lhs. t}nce, these results should be interpreted with
Caution beause| c performance of the improved technology is based
o criozpd g year. Besides, the present models are based o
p ecisions and, therefore, do not allow dynamic adju::tn

nts in savmg, lnves““e"l, cons tion, n S Cr
me. ump , d d n Changc. fr()m lal y

N .
cvertheless, the cvaluation strongly supports the positive

aspects of this technolo
1 gy. The assessment al e Syt
;tz;cilt:&rlop;:tc institutional changes to f“?l;O,:;r:‘l’;s :;;};Il;cz;uons
dcvclopn;em e stud.y cmp'hasiscs the need for extension and";%{i
managerial c: gc;;-'e-s to improve the farmers’ entrepreneurial and
maintain real !\,:agc:sm:lsl'rofl’g;lmag utl'l? supply of institutional credi,
effecti :

reasonable prices for inputs and ov.llp(:xclls'.vc wage policy, and ensure
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Footnotes

1. Under their traditional i
1ye practice, these farm )
sorghum-<chillies-| ers grow post-rainy-
inlregrhcmp. l:!d?ochuzgdbgyn'vlm' sorghum/pigeonpea, 1 c;’co:l mr‘;‘gu“:ﬂ/wl{\n local
nolgy, -the coo 1YVs of paddy on wetlands. Under the im “a oy
maize /pigeon perating farmers grew HYV sm‘h“m/Pr‘twe tech-
traditional p.f::;nn::::‘::f?nmr.bcmﬁze-chickpu' and some ‘mg;‘t:(;:x:{
; ung bean-so
bean-sorghum-chickpea, and mung m”_cm’ﬁ:::m. mung bean-safflower, muny
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2. Markowitz (1956) wsed quadratic {ormulation 10 genesate efficient E-V frontier
while Freund (1956) used it for accounting nsk into 3 programming model.
Bond and Wonder (1980) used the risk premium as a measure of nsk attitude
and derived risk cocfficients for use in risk programming models.

3. A programming package calied MINOS (a Modular In-core Nonlinear Op-
timisation System), developed at the Systems Optimisation Laboratory, Depan-
ment of Operations Rescarch at Stanford University, (Murtagh and Saunders,
1977) and available on ICRISAT's VAX/11-780 computer, was used to salve the

problems.

4. The full programming model used had 168 activities, which broadly included
, labour hiring-in, labour transfer, buying of food and other items, milch

snimals, selling of farm output, borrowing, and consumption. There were 269
rows specifying constraints and restrictions, which included land, irtigation,
family labour, labour hiring-in, consumption of food itlems. maximum area vn-

der crops, cash availability, borruwing limit, buying of food items, and many
other tie, transfer, and accounting Testrictions. The variance-covanance matnx

of net retums for activities which involve risk was computed separately. For the
improved technology crops, cross-sectional data across plots were used; for the
traditional crops, time-serics as well as cross-sectional data were used from com-

parsble regions.

5. For some speculation on the possible direction of changes 1n important pnces
and relative factor shares, sce Ghodake and Kshirsagar (1985).

6. For discussion on institutional credit supply, see Ryan et al. (19%2), and Bhende
(1983).

7. The variation in credit nceds, across farm sizes, is rational, as a pan of credit 1s
used for consumption purposes by small {armers, while some part is used in sup-
porting complementary activities such as livestock. The whole-farm models ac-

count for such requirements.
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: { average farms representing different
ENDIX TABLE 1: Important features 0
g:pm of farms in Taddanpslly, Andhra Pradesh.

Farm size category
small medium large
Feature
Rk} 688
Opersted land (ha) (1)53 o o83
Irrigated land (ha) ’ 0 e
Net Irrigated land (%)
Male workers (No./10 ha " . )
of operated land)
Female workers (No./10 ha . . o
of operated land)
Bullocks (?inél)o ha 2 “ 50‘2).4
of ted Jan
m ctsh} (Rs‘/{am‘\) " 0 200
Borrowing limif from Institu- o
tional a;ef\du (Bs‘/:am) 1100 2300
Borrowing potential from - 1000
Informal so\u-ces5 (Rs/farm) 450 4
ﬂﬁéﬁﬁﬁr‘gﬁx 0.001345 3(3)0(0997‘4 lg.mon 1
Farms represented (%) .‘;1 " .
Cultivated land represented (%) 1

Je 10 save from the previous
{ that the farmer would be abl fro .
b m:::sar:ryear and that would be available for spending in farm produc
i 7 icultural bank, nationalised
if i - loan given by the apricu
* :ah:k,ﬁo: m;ﬂmtm mﬁmum o Rs 700/ha for dryland crops,
which is the pothtial highest, hu:::; n;eu::;oned b:.ur'chtivu. 1 frends
Demed. &ﬁ?ﬁ!"ﬁf;’lﬁ”&u version coelficients and distributional
results obtained by Binswanger (1980).
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ANALYSIS OF CONSTRAINTS IN
TRANSFER OF DRYLAND TIONAL
TECHNOLOGY: AN OPERA
RESEARCH EXPERIENCE

NK. Sanghi and T. Vishou Murthy"™

Abstract

To critically evaluate the improved tec‘hnology develto::dtzot::’
ilot development projects under farmc.rs mapagemen ditions,
b 0All India Coordinated Rescarch Project for Dryland Agncub.
t(l:\cICRl’l:lD.t\) conducted operaticnal rcscarch at B'ax(;ga:‘o‘r:, l;{:;sc :c:h
pur, Hyderabad, Indore, and Ranchi. Wc a lhnha]fo(hc igmaining
rcct.mxmendations were found 10 be unsuitable,

practices were highly profitable.

i ining practices, which showed an ac?dxtfonal
u:ndo:fu:goofommmﬁstmcng was affected by. ms;xtuuo:lae]
:ui operational constraints. These werc: ma1 :q::oce.
labour/bullocks, default in the repayment of lo‘ans. c:ii:;&c 'u?ﬁme
dures for obtaining credit, improved seed not being av c s

Preseated ISAE/ICRISA Seminar on “Technology f)pnom
. Economic .‘l’olscym'e fot/{)tyhndT‘;liEum?: Poielmial and Chalienge”, 22-24
mm 1983, ICRISAT Centre, Patanchery, A.P. India.

)v v
Senior Scientist (ll‘lﬂlﬂ‘ and Emeﬂﬁon) and Senior Scientist (ON respec
‘Wﬂy All India ledihl‘td Research Pl“iCC‘ for Dlyllﬁd Aguc\murc. Hydel!b‘d.
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