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THE TREATMENT OF PESTICIDES IN THE PRODUCTION
FUNCTION FRAMEWORK: A SKEPTICAL NOTE

K. Seeta Prabhu*

The increasing use of pesticides in world agriculture makes it pertinent
to study the factors which determine its use by the cultivators. Such a study
is particularly interesting because of the complex processes governing the
use of pesticides. The uniqueness of pesticides stems from the fact that
unlike other inputs, agricultural pesticides are used in order to protect the
potential yield from damage by pests. This yield-saving character of pesti-
cides implies that the pesticides use behaviour of cultivators may be governed
by processes that are different from those underlying the use of yield-increasing;
inputs like fertilizers, irrigation, etc.

OBJECTIVE

Several studies analysing the pesticides use behaviour of cultivatorshave
adopted the production function framework. Headley! fitted a production
function to cross-section farm data pertaining to the U.S.A. and estimated
the margiral value productivity of pesticides for the year 1963. Campbell?
following a similar approach, estimated the production function for 57 farms
growing apples in Okanagan valley in British Celumbia in 1970. The pro-
duction function framework has been used by some Indian authors for analy-
sing experimental data pertaining to pesticides. For instance, Ghodake,
Sirohi and Jha® fitted a production function to experimental data regarding
application of pesticides to cotton crop during the years 1966, 1967 and 1968
at the regional research station of the Indian Agricultural Research Institute
located at Sirsa in Haryana. Mahalle and Jha* similarly determined opti-
mum dosages of pesticides to be used on cotton, based on a production function
fitted to experimental data generated at the Nanded, Akola, Amraoti and

* Senior Research Officer, Planning and Development Unit, Department of Economics, Uni-
versity of Bombay, Vidyanagari, Bombay-98.

The paper is based on the author’s doctoral dissertation entitled ‘“‘Factors Affecting Pesticides
Use: A Study with Special Reference to Cotton”, submitted to the University of Bombay in 1983.
The author wishes to express her deep sense of gratitude to Dr. S. H. Deshpande, Professor cf Agri-
cultural Economics, Department of Economics, University of Bombay, under whose guidance
the above work was completed. She also acknowledges her thanks to Dr. P. P. Wanage for his useful
comments on an earlier version of the paper.
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PP 4. Y. P. Mahalle and Dayanatha Jha, ¢ Economics of Pesticides Use in Cotton Production,’’
Indian Journal of Agricultural Economics, Vol. XXXII, No. 1, January-March 1977, pp. 120-136.
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Achalpur research stations for three years from 1969-70 to 1971-72. The
objective of the present paper is to examine the relevance of the production
function framework employed in the above studies for the analysis of pesticides
use behaviour of cultivators. The production function framework involves
a notion of optimality of levels of use of all inputs, including pesticides. It
will be our endeavour to examine the appropriateness of the notion of optimal
levels of pesticides use derived within the production function framework
for the analysis of pesticides use behaviour of cultivators in the real world.
The present paper critically examines the relevance of the ‘optimal’ pesticides
use levels derived from the production function framework to actual pesti-
cides use behaviour of cultivators by fitting a production function through
factor analysis regression to a sample of 274 cultivators in Coimbatore district
of Tamil Nadu in the year 1976-77. The paper examines the relevance of
the production function framework and the policy conclusions derived there-
from for the analysis of pesticides use behaviour of cultivators in the rcal
world in the light of the conclusions derived from the empirical analysis.

In the following section, we discuss the concept of ‘optimum’ pesticides
use derived in the production function framework. In section III the em-
pirical analysis of the sample data is discussed. Section IV dcals with the
implications of the empirical analysis and summariscs the main tindings of
the study.

I1

THE PRODUCTION FUNCTION FRAMEWORK AND ‘OPTIMUM’
PESTICIDES USE LEVELS

The production function framework is often used to determine ‘optimal’
quantities of inputs that the cultivators use in the production process. Such
an exercise is based on the assumption that the cultivators are motivated by
the goal of profit maximization. It is also assumed that the marginal pro-
ducts of inputs are declining with an increase in input use and that they are
non-negative. The inputs are also assumed to be completely divisible and
that they are perfect subsitutes of each other. The ‘optimal’ quantities of
inputs are then determined at the point where for each pair of inputs the
ratio of marginal products equals their price ratio such that

X, _ PX, (1)
X, P X,
‘ . . dY oY
where X, and X, are two inputs with marginal products ———and
X, X,

and Px, and Px, are the unit prices of inputs X; and X, respectively.

The above equation implies that given the technical conditions of pro-
duction, input levels will be highly sensitive to change in relative prices.

The cultivators are assumed to choose ‘optimal’ quantities of inputs since
they have complete information regarding the technical relations between
inputs and output, weather conditions as well as the prices of output and
inputs that are given exogenously. These ‘optimal’ input use decisions of
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cultivators are expected to be realised due to the existence of perfect financial
capital markets which do not restrict the availability of funds to the culti-
vators.

In such a framework, the pesticides use behaviour of cultivators is ex-
plained entirely by the marginal productivity of and relative prices of pesti-
cides. The use of the production function framework implies that it is pos-
sible to define a unique optimal level of pesticides use and that the actual
pesticides use behaviour of cultivators conforms completely with the optimal
pesticides use levels. '

In the real world, the violation of the assumptions underlying the pro-
duction function framework renders this approach to the explanation of
input use behaviour of cultivators empty of empirical content. This issue
has been fairly well discussed in recent economic literature by Rudra® and
Bharadwaj.® The problem assumes special significance in the case of pesti-
cides input whose behaviour with respect to output is markedly different from
that of other inputs used in the production process. The unique ‘yield-
saving’ nature of pesticides is in contrast to the ‘yield-increasing’ nature of
other inputs. This casts serious doubts on the validity of the assumption
of substitutability among the inputs and also implies a remarkably different
behaviour of cultivators with respect to pesticides use when faced with un-
certainty regarding yield.

In the present paper we confine our comments to the above two aspects
which compel us to question the appropriateness of applying the production
function framework to the explanation of pesticides use behavicur of culti-
vators.

The assumption of continuous substitutability among inputs is tenable
only if the behaviour of various inputs used in the production process is
similar with respect to output. However, while the use of inputs like irriga-
tion, manures and chemical fertilizers leads to increased agricultural output,
the use of pesticides leads to the protection of potential yield from damage
by pests. The yield-increasing inputs used in the agricultural production
process can be substituted for each other within limits in response to changing
relative price situation. However, in view of the unique impact of the use
of pesticides on output, the substitutability of pesticides with respect to other
inputs may be very restricted. In fact, not only is the substitutability bet-
ween pesticides and other agricultural inputs limited but it has been observed
that there is a high degree of complementarity between pesticides and other
yvield-increasing inputs used in the production process. It has heen noted
in the case of the high-yielding varieties (HYVs) of crops which are grown
under conditions of assured irrigation and high doses of fertilizers that they
are highly susceptible to pests, thereby necessitating a liberal use of pesticides.
Moreover, the use of pesticides becomes more profitable as the level of output

5. Ashok Rudra: Indian Agricultural Economics: Myths and Realities, Allied Publishers Pvt.
Ltd., New Delhi, 1982,

6. Krishna Bharadwaj, ‘‘Technical Relations’ in Agriculture”, in C. H. Shah (Ed.):
Agricultural Development of India—Policy and Problems, Orient Longman, Bombay, 1979,
pp. 265-290.
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goes on rising as the potential output has to be protected from damage by
pests. The higher the level of use of yield-increasing inputs, the higher is
the potential yield and hence the higher is the required amount of pesticides
to protect the crop from damage due to pest. Thus, pesticides use is highly
complementary to the use of yield-increasing inputs like fertilizers, manures
and irrigation. It is this limited substitutability of pesticides and its high
complementarity with other inputs used in the production process that make
the condition described by equation (1) untenable. The ‘optimum’ for the
pesticides input cannot be defined with reference to the ratio between margi-
nal products and unit prices of pesticides and other inputs used in the pro-
duction process.

The presence of uncertainty in the real world further erodes the usefulness
of the concept of ‘optimum’ pesticides use derived from the production func-
tion framework. The use of the production function framewoik for the
determination of the ‘optimum’ pesticides use levels assumes that the culti-
vators possess complete information regarding the factors that affect yield,
viz., weather, the timing and intensity of pest attack, the pest damage function
as well as effectiveness of pesticides. In reality, the knowledge that the
cultivators possess regarding the above factors is far from complete. Given
the degree or risk aversion of cultivators, the production function framework
could still be used as an approximation of the true production relations if
all inputs are substitutes of each other and yield uncertainty affected the
use of all inputs in a similar way. As noted above, pesticides cannot be
substituted by other inputs completely.  In fact, there exists a high degree
of complementarity between the use of pesticides and the use of other inputs.
Furthermore, as will be explained below, the effect of yield uncertainty on
pesticides use is likely to be radically different from its effect on the use of
other inputs like fertilizers and irrigation.

Yield uncertainty could be due to incomplete information regarding
weather, timing and intensity of pest attack, pest damage function or effect-
iveness of pesticides. When faced with yield uncertainty, risk-averse cultiva-
tors would reduce their levels of use of yield-increasing inputs like fertilizers
and manures.” As pesticides use is complementary to the use of such yield-
increasing inputs, the level of use of pesticides tends to be reduced.

However, there is another and more important aspect which leads to
a rise in the level of pesticides use under conditions of yield uncertainty.
Yield uncertainty raises the variance of the yield expected by the cultivators.
As the cultivators are risk-averse, they try to maximize ‘secured’ profits® by
choosing strategies which lead to a minimum variance of expected yield.
Pesticides possess the unique characteristic of reducing damage due to pests
and thereby reduce the variance of potential yield. Hence, when faced

7. See R. N. Batra, ‘“‘Resource Allocation in a General Equilibrium Model of Production
under Uncertainty”, Fournal of Economic Theory, Vol. 8, No. 1, 1974, pp. 50-63.

8. The concept of ‘secured’ profits is used in the sense that when faced with yield uncer-
tainty, the risk-averse cultivators go in for ‘maximin’ solutions. The ‘maximin’ criterion implies
that the cultivators would seek to maximize the minimum level of profits associated with various
levels of pest attack through the use of pesticides.
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with yield uncertainty, the risk-averse cultivators tend to increase their
pesticides use levels. As Feder® argues, ‘‘a major motivation for pesticides
applications is the provision of some “insurance” against damage; that is the
existence of uncertainty in the pest-pesticide system is by itself a factor leading
to a higher and more frequent use of chemicals.”

Thus, when faced with yield uncertainty, risk-averse cultivators tend
to use higher than ‘optimal’ levels of pesticides and lower than ‘optimal’
levels of all other inputs. Hence, the marginal value product (MVP) of
pesticides is likely to be lower than the price per unit of pesticides while the
MYVPs of other inputs are likely to be higher than their respective unit prices.
This implies that the equation (1) specifying the equilibrium relative levels
of use of inputs under conditions of certainty does not hold. Moreover, the
effect of uncertainty on input use is not similar. Hence, the production
function framework cannot be used even as an approximation of the true
production relations.

II1
EMPIRICAL ANALYSIS

In order to test the appropriateness of the production function framework
based on restrictive assumptions for the analysis of pesticides use behaviour
of cultivators in the real world, we fit an empirical production function to
farm data pertaining to one district in India. The Cobb-Douglas form of
production function was chosen for the analysis as it was this form of the
production function that was used most frequently in the earlier studies.

The general form of the Cobb-Douglas production function may be
specified as follows:

Y :(30 XIBI XzBz .............. Xan (2)
where Y is the quantity of input, X,.......... X, the quantities of inputs
Vosnwnssnns on BARA B, coreimsninne B, the output elasticities of inputs.

The Cobb-Douglas production function is empxrlcally estimated by
transforming it into logarithms as follows:

Log Y= log Bo+B; log X,+4B,log X,+.... .. +Balog X, ....(3)

The data for empirical analysis pertain to 274 cultivators growing long
staple cotton, viz., Varalakshmi and MCU-5 in 38 villages of Coimbatore
district of Tamil Nadu, India, in the year 1976-77. The Coimbatore district
is a major long and extra long staple cotton growing district in India, and is
one of the seven districts in the country where the Intensive Cotton District
Programme (ICDP) is being implemented by the Government of India since

9. G. Feder, ‘“Pesticides, Information, and Pest Management under Uncertainty”, American
Fournal of Agmultuml Eamomws Vol. 61, No. 1, February 1979, p. 99.
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1971-72. The data used in the present study were collected by the Direc-
torate of Cotton Development, Ministry of Agriculture and Irrigation,
Government of India, as part of a survey conducted to assess the progress
of ICDP in the district.

The data pertaining to the 274 cultivators were grouped into twelve
categories on the basis of the variety of cotton grown by them and the size
of operational holding. This was done in order to avoid the problem of
heteroscedastic residuals in the analysis. Firstly, the cultivators were
classified according to the variety of cotton grown by them. Secondly, within
each variety the cultivators were classified as small, medium and large accord-
ing to the size of their net cultivated area. All those cultivators whose
operational holdings were less than two hectares of land were classified as
small farmers; those whose holdings were between two and four hectares of
land were called medium farmers and those cultivators holding more than
four hectares were termed large farmers.

In order to judge the appropriateness of this classification, the ‘t’ statistic
was used to test the significance of the differences in mean per hectare ex-
penditure on pesticides and per hectare value of output amongst the various
categories. The differences in the mean per hectare expenditure on pesticides
were significant across size-groups of cultivators necessitating the retention
of the size-groupwise classification of cultivators. The differences in the
mean value of output were significant across the two varieties of cotton grown.
As pesticides use was to be analysed in a production function framework, it
was necessary to retain the varietywise classification also. Thus, the
cultivators were grouped into twelve categories, viz., small, medium, large
and all cultivators of Varalakshmi; small, medium, large and all cultivators
of MCU-5; and small, medium, large and all cultivators when varietal dis-
tinctions were ignored.

The mean levels of expenditure on pesticides, and all other inputs and
the mean value of output are reported in Table I. The average per hectare
expenditure on pesticides in cotton cultivation in the Coimbatore district
was Rs. 2,100 and it constituted, on an average, 36 per cent of the total paid-
out costs of cultivators in the year 1976-77.

Though the expenditure on pesticides was substantial in each of the
twelve categories of cultivators, it was proportionately higher among the
large farmers as compared to small and medium farmers. An interesting
fact that emerged was that when inputs were arranged in order of their per-
centage shares in total expenditure on inputs, pesticides, fertilizers and hired
labour ranked first, second and third respectively in each of the twelve cate-
gories of cultivators. Thus the relative importance attached to the use of
these inputs appeared to be the same in all the categories.

In order to estimate the marginal productivity of pesticides, a Cobb-
Douglas production function was fitted to each of the twelve categories of
cultivators using the Ordinary Least Squares (OLS) method. The speci-
fication of the production function was as follows:
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Log V =log 3,483, log L4, log P+f; log N+, log F 45, log M+, log I
where V =value of output,

L =area under cotton cultivation,
P =expenditure on pesticides,

N =expenditure on hired labour,
F =expenditure on fertilizers,

M =expenditure on manures,

I =expenditure on irrigation.

The details regarding measurcment of variables are given in the Ap-
pendix.  The results of OLS estimation of the production function are pre-
sented in Table II. The estimates of marginal value products of inputs
derived from the production function along with their standard errors are
presented in Table III,

The independent variables in our analysis were highly correlated with
cach other and this led to the problem of multicollinearity in the regression.
The extent of correlation amongst the explanatory variables can be ascer-
tained from the correlation matrix pertaining to all the 274 cultivators which
is presented in Table IV. It can be observed that the expenditure on
pesticides is highly correlated with the expenditure on fertilizers, hired labour
and irrigation.

The problem of high intercorrelations among the explanatory variables,
which led to the breakdown of the OLS estimation, was overcome by using
the Principal Components method of factor analysis regression to estimate
the production function for the sample cultivators. A similar procedure was
adopted by Campbell?® and to some extent by Headley.!!

Using the Principal Components method, intercorrelated explanatory
variables were re-defined with the help of factor loadings derived from the
correlation matrix into a set of new variables called Principal Components.
In order to ensure orthogonality of the principal components, the factor
loadings were rotated using the Varimax method suggested by Kaiser.1?
Thus, six principal components corresponding to the six explanatory varia-
bles were constructed. Normally, the number of principal components
included in the regression is less than the number of independent variables.
We used a step-wise backwards regression method and eliminated all those
principal components which were not significant at 5 per cent level. The
principal components regression was then undertaken, the results of which
are presented in Table V. The marginal value products derived from the
principal components regression are presented in Table VI.

10. op. cit.

il. op, cit.

12. H., F. Kaiser, “The Varimax Ciriterion for Analytic Rotation in Factor Analysls”
Psychometrika, Vol. 23, No. 3, September 1958, pp. 187-200.



131

TREATMENT OF PESTICIDES 1IN PRODUCTION FUNCTION FRAMEWORK

‘[9A9] 3uS0 aad | 3¢ JUSIOYISID JO SULOYIUSIS $91LIPU] 4
*[9A3] 1u30 13d G JE JUDIIOYI0D JO WU LIYIUSIS $93LIPU] 4

.w«dv_daos ﬂcguu .«O umuw.n_du?u uuﬂvmvﬂm mvnoﬂuconﬁ& ﬁ_ muu-vw.ﬁ.m

* .wﬂbmu«.»hvwno :«c .uun—Eﬁﬂ muvuno:udm .ﬁu I.v..§2.
(1809-1—) (086%-0) (z9st-1) (¥665-1) (11ee-¢) (#801-6) (6586-8) (FLz=u)
«#C960-9C7  98¥8-0 86%0-0—  0900-0 9L11-0 €611-0 #%GC00-0  #485¥5-0  »9692-9 v
(8686-1—) (91£L0-0—) (2632-0) (L¥8%-1) (9290-0—) (1225-2) (¥S98-%) (¢9=u)
«»606% -8 9988-0 I$61:0—_ 9200-0—_ %319Z-0 9€9Z-0 6L00-0—  «PE0S-0.  +#5989-9 a81e]
: (L¥eL-0—) (6eLy-0—) (6L89-0—) (S6SE-0—) (¥6€0 -€) (8011 -€) (8621-L) (g=1u)
##6€H0 65 016L-0 0580-0—  £S10-0—  81L0'0—  €I60'0—  #%P063-0. #0880  xwblLT 8 WTpapy
(06%0-0)  (134¥-0) (gsss 1) (z653-1) (eL10-2)  (8z¥h-1) (9990-%) (911=1)
*%C8¥7 6% LEIL-0 $200-0 78100 $261-0 cz81-0 +CZ€Z-0 ¥TLE0  xxTLI8¥ Trews
S-NDIA Pue nuysyejeres
(zivg-1—) (98222 (cgLL-0) (%965 %) (LL16-2) (L9L1-¢) (t1g1-9) (LgI=1u)
»+9686-162  €916-0 L190°0 _ »#66¥0-0 0950-0  #x001%-0 #OPLT-0  xa60LE°0 4088 % v
(1919° 1) (9%20-1) (£910-1) (90zg 1) (c¥%0-1) (gozs-1) LLOT-E) (9g=u)
#3¥008 LS €868-0 0LE1-0—  8¥90-0 9¢G1 -0 9687 -0 610 PL6S-0  x#THSI-C o817y
(96Lg-1—) (6LZ%-2) (182-0)  (SL50-€) (SLL¥-2) (8989-2) (zz68-#) (cp=u)
*%1818-86 £0€6-0 €690-0—_  +09%0-0 1080°0. ~  %162€°0 %0102 -0 %9LEY -0 ##PBEC-G, wnIpspy
(zegg-0—)  (9061-1) (€¥£1-0) (6552-€) L2z 1) (6051-1) (86%9-2) (9¢=1u)
#8081 €% €1z8-0 8370-0—  SS30-0 6610°0  ##013S-0 9681 -0 99%%-0 #ChLG € ews
G-NON :4131rep
(r18s-1) €geL-1—) (201€-0—) (0066-3—) (9822°%) (029€+L). (L€8%-01) (Ly1=u)
#%92€8-¥ST  $£98-0 78900 €290-0—  6870-0— #48668-0—_  +41LE5-0  %a8L36-0]  #4IL10-0] v
(0€9z-0) (16€5-0—)  (L6LL-0) (£69L-0—) (62L5-0) (9410-%) .N%Na.mv (6g=u)
+#LLST 88 93560 09200 7220-0—  0811-0 6891 -0— Y9L0-0  »xSIE6-0.  xxL3BY6 a81ey
(6£68-0) (zcs0-z—) (g0z1-1—) (3960-¢—) (€085 -€) (18%%-6) (18€8-9) (8p=u)
#x010L 28 61080 5$90-0 #96L10—  9SLT-0—  a0L¥S-0—_  +x1989-0  4x86¥F-1_  x4P96G-1] wnipay
(068%-1) (8%00-1—) (089z-0—) (£15Z-1—) (L1s1-2) (8£€0-€) (£192-6) (09=u)
#2066% 57 96140 €C60 -0 WL0-0—  §S30-0—  OLSZ-0— *990€-0  4x1138:0  44CI81-6 news
- : nuysye[edeA L19me)

(o) (6) (8) () (9) (c) (€] (g) (2) (n
a N ) ) ) o9 ) ) . og B103eARMD
& Jo ssep az19

1801 9] -+ 3 80y %] + 4 801 ¥ + N Hoy 8¢ +  Bo1 3¢ + 7T 8oy 1§ + 9] Soy = £ So7

NOILONN] NOLLDNAO¥J QZLVRIISH—]] FIEV]



INDIAN JOURNAL OF AGRICULTURAL ECONOMICS

132

‘sponpoad [euiSivw PIeINS? JO $10119 PIepuwls 21edIpul sessyjuored ul sam3Brg
*SUONPAIISYO JO JOQUUNU §33¥ITPUI U

— 15210}

soxnuew jo JAW  S19211I Jo JAN

(61¢1-1) (L2056 -0) (6186-0) (c£69-0) (¢gcg-0) (1¥28-c58¢) (FLg=u)
7C68-1— 86¥%1-Q ¥TL-1 £906-0 66661 1954 -8329 uv
(£9£8%) (6881-1) (161£-1) (c9¥G-1) (o¥1L-0) (T158-9852) (gg=u)
108G -¢— 2180-0— $§28-€ 19623 L¥0-0— c$91-§759 a8rery
(g80g-£1) (£980-8) (z¥29-1) (£580-1) (€2%5-0) (6020-6861) (g6=1u)
£HeT-1— 628E-0— 1960 -1— £06€ 0 9591 89886066, WNIPIN
(z162-0) (96%9-0) (¥¥6€-1) (gL€6-€) (¥9%S-0) (L88E -$92¢) (911=u)
£%10-0 £90% -0 L891-7 7886 % 1201 -1 TLEE-68%1 rews
¢-IDI PUe ruIysyeferes
(0gc0-1) (LLLE-1) (g£86-0) (8¢19-0) (009g-0) (F1¢2-9911) (Lg1=u)
.NSEI : Sﬁ 1 €09 -0 70883 ¥906-0. ¥ - 8698 v
(€9L2-7) (L811-1) (996 -1) (916% 1 (1608-0) (¢¥12-1562) (95=u)
88L9-¢— 29¥1-1 9928-1 L6961 60¥8-0 9280 -900% ums.w

{cy9g-1) (9806 -0) (0605 -1) (COLY-2) (61g¥-0) (g626-S1L1) (=
97881 ;2 1 1L2%-0 L8867 10£0-1 888% -019% WnIpIYy
(¥L16-1) (908L-0) (v¥L0-2) (€991 -0) (9££8-0) (£%01 -Z%0T) (9g=u)
0189 -0— 78680 18120 ¥79-¢ €620-1 ¥612-0S€T ews
G-NIDI 4131
(z986-1} (C196-0) (€€9%-1) (06L1-1) (€€85-0) (£¢9€ -8061) (Lp1=1)
61%1-€ 7€69-1— SHCH-0- 9626 -6 6627 9216 -6950%] v
(6L3%0-9) (€8z1-0¢) (916L-7) (86€0-81) (§L66-0) (808%-L68€) (6g=u)
1606 - I 9580 L9417 8E06+ $145-0 $66G 85961 98rey
(02L0-¢) (¢911-2) (0€8Z-2) (¥ce1+2) (L128-0) (0+2S -081¢€) (gp==u)
8T9L 7. 66¥E -3 1866-¢— 90LE F— 61%6°C 08¥6-LTEL] warpsN
(o188-8) (1668-1) (162L-2) (6¥LL-1) (1%00-1) (819L -£8€E) (09==u)
1061 % 0¥98 - 1— LLYL -0 6082 7— 90917 199¢ 9701 ews
ISy BIEA HSEI LAY

() (9) (g) ) {g) (2 (1)
(oadna 1ad) (oadna Jad) (sodnx 1od) (99dna xad) anoqeg (9adna 12d) (e1e309y 22d) uonoo $10)eAl N
uoneduar jo JAN panyyo JAIW  soprusad jo JAIN Iapun eaze jo JAWN Jo ssepe a1

NOKLONOJ NOLLONAO¥J WO¥d UHLVKILSY SLOIN] 40 SLONAONJ FATYA TYNIDAVIN-—]]] T14v],



133

TREATMENT OF PESTICIDES IN PRODUCTION FUNCTION FRAMEWORK

0000-1 0
0€g0-0— 00001 1
CCeo -0 — EI¥C-0 0000-1 W
9¢¥0 - 0— 911L-0 1609-0 0000-1 d
9290-0 ¢80 ¥28¢ -0 8688 -0 0000-1 N
¥.80-0— ¥60L -0 18¢6 -0 0606 -0 086380 00001 d
00 -0— 19%2-0 c¢8¢-0 $3€6-0 06%6-0 10160 00001 T
9090-0— 8%.9-0 86%C-0 17880 9LL8°0 9188-0 0816-0 00001 A
$1072ARND 1Y
(6) (8) () (9) (© ) (g) @) (1)
0 1 W Ad N d I A $Iqeliea

pue ssepd 921§

SLOdN] NO TANLIANHAX] ANV LNdL1N) 40 ATV \ NTIMIFE SINFIDIAIHO)) NOLLVIZHHOD) dFAE()) o¥dA7Z—~AT A418V ],



INDIAN JOURNAL OF AGRICULTURAL ECONOMICS

134

‘19451 320 1ad | 11 1USIDYII0D UOKEIIBII JO FDULIYIUSIS SIILIPU] . 4

*[A9] 3U93 12d G J© JUSRIYS00 UOISSIIFaX Jo 0 uedyIUSIS $93L0IPU]
*SIUIIOHII00 UO1sSII1 JO INSTIEIS 3, d3edrpul sasayyuared ur somnSig
*SUOIIRAISS]O JO JOQUINU SAJLITPUT U, —ISHON

(Ls8L-82)  (€¥90-17)  (€5L8-%1) (62%9-1) (9929-2) (+¥83-92) (9508-51) (pLe=u)

I811-211 21260  #x08%1-0  +48¥1G-0 _  #2868%-0 9££0-0 #8190°0 . #48L61-0 *%6688-2 nv
(1898-¢) (6660-61)  (8080-£) (s216-1) (2068-1—) (§1£8-9) (1zg1-11) (c9=u)

16SL-CHT  91L8-0  +%LI61-0 . %#0099-0 4eG89%-0 91900 9IZI'0—  +40013-0 *%6139€ o8re]
(9g9¢-¥1) - (919L-€1)  (9t08-€1) - (2LL3-1—) (8££0-51) (09sg-2£) (zss1-9) (g6=u)

0620-%1T  80IL0  #%9¥90-0 = #x6¥E%-0  ##E8%1-0 $860-0—  #26L1I-0 ++0091 -0 *3¥99€ - WP
@wos-11)  (0858-L) (9881 -01) (+016-0) (8692-1) (c8LZ-L) (209%-8) {911=1)

961L %6 LBOL-0  #%G801-0  #»I€SH-0  #41ZE1-0 9%£0-0 #8900 #9280 -0 *%8082-€ Tews
G-NDW Pue ruysyejere)

(6££8-9) (9g0L-3) (e¥LL-0) (LLeL -z (0096-1—) (£192-9) (1855-€1) (Lg1=1)

989C-6L%  OLI60  €+GE6E-0  xabL91-0 65500 *£96%0 -0 0850°0—  #2£E6€-0 236455 nv
(16€9-8) (£6588) (g018-2) (08£9-01) (8966 +1—) (¥18¢-9) (1€52-5) (9g=u)

160196 86880 4496810,  +#80S5-0_ «29Z1-0 #250L0-0 88Y1-0—  x28981-0 +%LS96°C ~oBaey
(81€¢-2) (LOLZ %) (LeL8-21) (z128-€) (#4£2-8) {v105-21) (£950-£) (cp=u)

6L¥S-€T1  8L¥8-0 *C¥S1-0  #a¥526°0 #eS6¥1-0 #25€800 *0121+0 «#6L80-0 *2x8110-¢ wnpap
(g¥ee-€) (ZL1%-1) (6821%) (8518-0) (z060-0) (Lg1z-01) (Lggg <) (9g=1u)

£8€1-¢8 1128'0  49%9%-0 0591-0  %#$801-0 21800 28000 +20821 -0 +4S68%-C lews
G-NOW :4A1ataep

(1888-%2)  (Lg15-%1)  (0¥£9-61) (0L68-1—) (Lo16-%2) (oz16-21) (2€60-€1) (Ly1=u)

869-01S  2608-0 *«L¥80-0  »e8C8%-0  +#LL91-0 9690-0—  #x1Z¥I-0 *#1080-0 *£G863-§ N\
(186%-11)  (S198-%) (0€69-0) (0960-0) (88£9-1—) (1855-¢) (1£06-8) (6g=u)

Z811-211  TIZ6°0  #xLLI1-0  %w€29Z-0 2110 1%00-0 Y6EI-0—  #%S68S-0 *elLTG € aB1ey
(1%0-11)  (1€82-01)  (€80%-11) (6666-€—) (Gerg-11) (0062-L) (8808-6) (gp=u)

602% %9 967L-0  %x08S10 . #a0¥6%-0  #40ZFI-0 +8826E0—  «xLI1Z1-0 *#0LIE-0 *%G806-€ wnpspy
(06£0-31)  (g6€8-%) (8805 -0) (2686-1—) (9%98-2) (29%1 -%) (6¥62-11) (09=u)

196L %L FHIL-0  #x8S01-0  #%1LS1-0 9110-0 $960:0—  %5S50-0 #%88LC-0 #+60S¥ % frews
nysyerere) Aol

(o1) mv (8 () (9) (c) ¥ (¢) (2) (1)
slojeanyno

a L sg) s vy 2 ag 159) og) Jo ssep ozig

1501 9G) -+ x Bo1 %) + 4 Bor ¥g) + N Sop 8¢ +- g Boy 2¢) 1 Hoy 1¢) - 0¢) Soj=x S0 wonenbo pojewmsy

NOISSZUOTY SINANOIWO]) TVIIONI¥J :NOLLONNJ NOLLONUO¥J QALYHILSH—A FTEV],



135

TREATMENT OF PESTICIDES IN PRODUCTION FUNCTION FRAMEWORK

'stonpoad [eurSITw JO §10110 paepUEls 93ed1pur sesAPudIed uf sainSid
*SUOTIRAIIFYO JO JOQUINY SAEIIPUT , U ,— SSHON

(£890-0) (z912-0) (1z21-0) (8L€0-0) (96%0-0) (¥8¢8-62) , - (3Lg=w)
6%96- 1 6 ¥ %0967 %600 $0€1-0 66¥%-116 . 1A%
(98¢g-1) (1L01-0) (6896-0) (%082 -0) (559¢-0) (89%0-968) (6g=u)
LTL6 L L¥¥0-2 6689 £9€6-0 6069-0— 899¢-12L7 ; ofter]
(c6c1-0) (coLL-0) (z5¢1-0) (¢81€-0) (%0-0) (z618-6%C) (g6=u)
£816-% 8209-0] 43 284 890%-0— £699-0 80.9-66L1 wWnIpIA
(0ceg-0) (8987 1) (gg61-0) (5062 -0) . (68£2-0) (g¥cc-2e1) - (911=1)
0126°S 8I1I-01 - €696-1 920 $£0€-0 9610-268 Tiews
C-(IO Puv uysye[eIvA

(8¢99-1) (L16€-1) (c6L6-0) (z€g1-0) (¥851-0) (1588 -G¥L) , (Lg1=u)
9LS%-11 SZ9L-¢ $86L0 . 12%€0 L00g-0— : 16841868 nv
(¢¥8€-0) (2265 -1) (#50%-0) (6¥%0-0) (150€-0) (1%91-912) : (9z=u)
002€-§ 8601 -%] €105 -1 ¥6L%-0 7609 -0 68Ch-6LE1 _ a8y
(£096°1) (zoLs-1) (¢%91-0) _ (g181-00 . (08£0-0) (c99g-¢L) (gp=u)
60LS-¥ £686-L LST1-C £209-0 €¥9-0 8C81°L16 umIpajy
(8291 %) (5¥62-2) (c99¢-0) (0962-0) (z506-0) (6012-611) (9g==1)
£868-¢1 816 ¢ ©OFIIC-I 68070 S6¥0-0 - 399%-L121 - rewg
. G NOW L1BIEA

(69¢1-0) (8106-0) (z%81-0) (6%08-0) (6££0-0) (gLoL-6L) (L¥i=)
6£06-€ 2880-€1 76697 ¥8L6-0— 95¥6-0 $8LS 6501 v
(6669-5) (¥£06-1) (£869-2) (g6e%-0) (0996 -0) (oLLz-8g82) . (eg=w)
1669 6S1Z-6 86981 81%0-0 7056-0— SS0%- 1506 ’ 281ery
(2€19-0) (z691-1) (8¥81-0) (L¥0L +0) (1590+0) - (6000-02S) (gp=mu)
Lt -9 CH96-11 £060-C 6818-0— 99€L -0 - 6019-06LE warpapy
(98L€-0) (9818-0) (¢19¢-0) (0¥2S-0) (£6%0-0) (6£99-L691) - (09=u)
L 9§LC ¥ 0/86°€ 86810 L7€8-0— 606€ -0 , £128-880L frewg
' wysyeele) ARHeA

(z) (9) (c) ¥) ()] (@) (1
(aodna 1od) {oodna Jad) (oadn1 1ad) (9adna zad) anoqey (eadnzx Jod) (axeooy dod) uonod - SI0}2ATINO
uonesI jo JAN

SOINUEW JO JAWN S92 UIJ JO JAIN  POUYJO JAIN  sopronsad Jo JAIN  1opan eale Jo JAIN . jossep oz

NOISSTHOUAY SINEINOAIO]) TVIIONIYJ WO¥4 THLVINILS) SLOAN] 40 SLONAOUJ dNIVA ‘~<Z~O.-a«.u21.lb/ AUV ]

J



136 INDIAN JOURNAL OF AGRICULTURAL ECONOMICS

The omission of family labour in the estimation of the production func-
tion constituted a limitation of the study. The omission was due to non-
availability of data on this aspect. The exclusion of family labour has led
to an under-statement of the labour input, especially on small farms. Though
the output figures include the impact of the use of family labour, non-inclusion
of family labour as an input leads to an upward bias in the estimates of mar-
ginal value products of other inputs in OLS regression. However, this bias is
minimized in the principal components regression which is used for all further
analysis in the study. In principal components regression, the estimates of
marginal value products for the inputs are derived through factors, which
are orthogonal to each other. Hence the exclusion of family labour may be
reasonably expected to generate an upward bias in the estimates of marginal
value products pertaining to the labour input alone and to leave the
estimates pertaining to other inputs unaffected. The estimates of marginal
value product of the labour input therefore need to be interpreted as being
somewhathigher than that would prevail in the actual situation.

A perusal of Table V indicates that in general when the production
function was estimated through principal components analysis, the speci-

fication provided a statistically satisfactory fit in terms of R™ and the F

ratio for all categories of cultivators. The R was high ranging between
0.71 and 0.93 for all categories of cultivators. The output eclasticities of
inputs were generally positive and significant except for pesticides and labour
inputs in the case of some categories of sample cultivators. The negative
values of output elasticities were not significant except for hired labour input
in the case of medium Varalakshmi cotton cultivators.

A comparison of the estimates obtained through OLS regression with
principal components regression reveals that the estimates obtained through
the latter method can be considered to be more reliable in view of the lower
standard errors associated with them. We therefore take up the principal
components regression results alone for interpretation.

The estimates of marginal value productivity of inputs derived from
the principal components regression and presented in Table VI indicate that
the marginal value productivity of pesticides is less than unity in all cate-
gories of cultivators. When all the sample cultivators were grouped together,
the marginal value product (MVP) of pesticides was Re. 0.13. Probing
further, we find that there was substantial variationin the MVP of pesticides.
across the two varieties. Each rupee’s expenditure on pesticides yielded a
return of Re. 0.94 in the case of all Varalakshmi cultivators in contrast to
a return of Re. —0.30 for all MCU-5 cultivators.

The MVP of pesticides was markedly different for the three size-groups
of cultivators. It was highest for medium cultivators in Varalakshmi,
MCU-5, as well as for both varieties considered together, the value being
Re. 0.74, Re. 0.64 and Re. 0.67 respectively. The small cultivators ranked
next with the MVP of pesticides being Re. 0.39, Re. 0.05 and Re. 0.30
for Varalakshmi, MCU-5 and combined varieties respectively. Inthe case
of large farmers, the MVP of pesticides was consistently negative being Re.
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—0.95 in Varalakshmi, Re. —0.61 in MCU-5 and Re. —0.69 when both
varieties werc considered together. In general, the MVP for pesticides
was positive though less than unity for small and medium categories of
cultivators, while for the large cultivators it was negative.

v
CONCLUSIONS AND IMPLICATIONS

The empirical analysis conducted above reveals that the MVPs of pesti-
cides and hired. labour are less than unity for all categories of the sample
cultivators. If these figures are taken at their face value it would 1mply
that pesticides and hired labour use by the sample cultivators is ‘excessive.’
It may also be observed that the MVPs of fertilizers, manures and irrigation
are substantially higher than unity, implying sub-optimal levels of use of
these mputs by the cultivators.

The ‘excessive’ use of pesticides by the sample cultivators thus 1mp11es
that they are ifrational in their pesticides use behaviour. This result, how-
ever, is to. be understood in the context of the ‘optimal’ defined in the pro-
duction function framework that is based on restrictive assumptions. The
results are thus sensitive to the .definition of the ‘optimum’ derived in the
production function analysis. _

The apparent ‘irrationality’ of the sample cultivators, as reflected in their

tendency to use more than ‘optimal’ quantities of pesticides, may be ex-
plained if considerations such as complementamty of input use and uncer-
tainty, which are outside the purv1ew of the productlon function framework
of analysis, are brought into the picture. "
' The pesticides use decisions of cultwators are based on their expectatlons
regarding the timing and intensity of pest attack, the pest damage function
and the effectiveness of pesticides. The expectations of the. cultivators tend
to go wrong in the absence of perfect information regarding the above factors.
In the context of uncertainty, the pesticides use behaviour of cultivators
depends on their attitude to risk taking. Assuming that the cultivators are
in general risk-averse, the use of pesticides, which possess the unique chara-
cteristic of reducing yield uncertainty, tends to be higher. Risk aversion
on the part of cultivators, and uncertainty.regarding the intensity of pest
attack and effectiveness of pesticides explain the general ‘excessive’ use of
pesticides by the sample cultivators.

The tendency of larger cultivators to use more pesticides than the smaller
cultivators may be explained by the fact that financial capital markets are
imperfect. Under imperfect financial markets, the cultivators have differen-
tial access to financial capital depending upon their respective asset positions.
The large cultivators who have greater assets are therefore in a better position
‘to secure finance. Since pesticides are to be purchased from the market,
the cultivators with easier access to financial capital may be in a. position
to use larger quantities of pesticides to- ach1eve the goal of ‘safe’ or ‘secured’
profits.
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It is thus evident from the above analysis that pesticides use decisions
are influenced crucially by considerations of risk and uncertainty and by the
fact of complementarity among inputs. The realisation of these decisions
rests critically on the availability of finance. Given the real wcrld situation
of imperfect financial capital markets, the large farmers with higher asset
positions get firauce easily and thus realise their input use decisions to a
greater extent than the smaller farmers.

The above analysis reveals the inappropriateness of the production
function framework for the analysis of pesticides use behaviour of culti-
vators. The analysis in this framework revolves around .the concept of
‘optimum’ levels of input use which is determined at the point where the
ratio of marginal products of inputs is equal to their relative prices. The
estimation of the production function implies an assumption that inputs are
not related to each other.

It was argued earlier that the use of a yield-saving input like pesticides
is closely related to the levels of use of yield-increasing inputs. This viewpoint
is substantiated by the empirical analysis in which the expenditure on pesti-
cides was found to be highly correlated with the expenditure on fertilizers,
labour and irrigation. The ‘independence’ of inputs which is assumed in the
estimation of the production function is not an empirically tenable propo-
sition. . '

Furthermore, the presence of uncertainty in the real world vitiates the
optimum input use levels defined in the production function framework
which depends on perfect certainty. The presence -of uncerainty induces
risk-averse cultivators to use less than ‘optimal’ quantities of yield-in-
creasing inputs and more than optimal quantities of a yield-saving input
like pesticides. This is borne out by our empirical analysis wherein it was
observed that the MVP of most of the yield-increasing inputs was higher than
unity, indicating sub-optimal levels of use of such inputs, while the MVP
of pesticides was much lower than unity implying more than optimal use of
the input. ‘ '

The production function framework rests on the assumption that finan-
cial capital markets are perfect and hence the ‘optimal’ levels of use of
inputs are actually realised by the cultivators. It was argued that in the
real world, financial capital markets are seldom perfect and that in imperfect
financial capital markets the larger cultivators who have better access to
finance are able to realise their input use levels to a greater extent than the
smaller cultivators. The basic validity of this premise is demonstrated by the
fact that total per hectare expenditure on inputs was higher on the larger
farms.

Thus, it is evident that the condition of ‘optimal’ input use derived in
the production function framework is not appropriate to analyse the pesti-
cides use behaviour of cultivators in the real world. In the production
function framework, the pesticides use behaviour of cultivators is sought to
be explained solely in terms of marginal productivity, and change in relative
prices and factors such as complementarity of input use, risk-preferences of
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cultivators, expectations regarding profits, asset positions of cultivators,
availability of information, availability of finance, etc., are totally ignored.
An alternative theoretical tramework which can take accountof these factors
may be more appropriate for an analysis of pesticides use behaviour of the
cultivaters. The continued use of the inappropriate production function
framework for the analysis of pesticides use behaviour of the cultivators serves
only to blind the eyes of the policy makers to the complexities governing its
use in the real world.

APPENDIX
MEASUREMENT OF VARIABLES USED IN THE PRODUCTION FUNCTION ANALYSIS

The variabies used in the production. function analysis were value of
output, size of holding, area under cotton cultivation, labour, mlgatlon,
manures, chemical fertlhzers and pesticides.

The value of output was used as the dependent variable in the production
function analysis. The variable included value of kapas produced plus the
value of stalks. The physical production was converted into value terms
by using cotton prices that were received by each cultivator. The value of
cotton stalks as reported by the cultivators was then added to the value of
cotton produced to obtain the value of output. -

Land was measured in terms of area under cotton cultivation in un-
standardised hectares. In the case of labour, the non-availability of data
on family labour was a constraint. Hence only hired labour was used to
represent the labour input. The hired labour may be measured either in
terms of man-days employed or in terms of expenditure incurred. In order to
measure labour in terms of man-days, female labour and male labour are
usually converted to a standardised man-day, the measure for standardisation
being their respective wage rates. In the absence of data on the prevailing
wage rate for male and female labour in all the villages, this measures could
not be used. Since expenditure on hired labour was reported by individual
cultivators, this measure was used to'represent the labour input.

Irrigation input was also measured in terms of expenditure on irrigation
since data regarding number of waterings and average depth of each watering
which were necessary to measure it in physical terms were not available. The
use of expenditure on irrigation did not involve the problem of aggregating
charges on heterogenous means of irrigation like canals and wells. The only
means of irrigation prevalent among the sample cultivators was wells. The-
uniformity of the mode of irrigation used by the sample cultivators enabled
us to treat the expenditure on irrigation as a fairly good measure of the irri-
gation input. Organic manures were measured in terms of expenditure
incurred by the cultivators on this input. Chemical fertilizers were measured
in terms of expenditure incurred on them. Pesticides were measured in value
terms in order to overcome the prablem of addition of heterogenous physical
units in which they were measured. The expenditure on pesticides as re-
ported by each individual cultivator was used to represent this input.



