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- When dark clouds gather

And raindrops fall

In storms of life,

The bright promises of the Archer

Span like his bows

From cloud to cloud of the saddened heart.
(Edward A. Gloeggler)

....80 thank him without measure

For his blessings showered down
That fill our lives with pleasure

Tzll at last we are homeward bound.

(AlbertN Theel)
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CHAPTER ONE

“Farmers the world over, in dealing with costs, revenues and risks, are calculating
economic agents. Within their small allocative domain they are fine-tuning entrepreneurs,
turning so subtly that many experts fail to see how efficient they are”.

(Schultz, T. W., 1978)



INTRODUCTION

Technology has played a crucial role in increasing agricultural
production, especially foodgrain produdtion, in 'India. High
vielding varieties (HYV) of seeds were introduced in the country in
the late sixties with the view to increase food security (Kumar,
1986; Selvarajan and Ravishankar, 198986). rThe introduction of the
new seed technology was accompanied by the‘complementary inputs
like chemical 'fertilizers, pesticides, weedicides and assured
irrigation through development of irrigation infrastructure. This
technological intervention strategy brought'abéut a significant
shift in the nature of cultivation practices a$ fhe new étfategy
necessitated an input mix different from that of traditional crops.
The success of this strategy appears to depend as much on
adaptation and assimilation as on the rate of diffusion at farm
level. The adaptation bf technology may be location-specific,
whereas the assimilation of technology may depend upon the
individual farmer's absorptive capacity and wiilingness to adopt
(Andrew, 1996; Wilson, 1996). The extent of adaptation and
assimilation of agricultural technology could vary among regions
(Bhalla & Tyagi, 1989a; Bhalla and Tyagi, 1989b; Sawant and
Achutan; 1995; Kumar and Rosegrant,.1994; Sawant, 1997; Singh et
al, 1987) and among farms within regions. Accordingly, the
consequent input-mix would alsoc be different améng regions and
farms within regions. The different input mix at farm level for a
given technology may possibly result in different sub-optimal

levels of maximum possible output.



In the context of e&aluating the impact of agricultural technology
on farm output and income, the peréinent question that arises,
therefore, is regarding the response of the farming community to
thé introduction of HYV. Here, decision-making at the farm-level
assumes importance. Decisioh—making of a farmer relates to his
ability and willingness to achieve the maximum possible output with
a given set of inputs?. This phenomenon can be understood with
the help of the concept of economic efficiency in terms of its
components - technical efficiency and allocative efficiency.
Quantification of these measures at the farm level would facilitate
comparisén of production performance ac#oss'farms and enable the
identification of factors causing variaﬁions in efficiency across
farms. Moreover, the policy implications of such analyses for the
improvement of efficiencies have significant macroeconomic
significanceZ2, It is in this context that the present study on
the technical efficiency in rice production in Tamil Nadu 1is

carried out.

1.1 The Rice Economy in Tamil Nadu

Paddy 1s the most important crop in Tamil Nadu agriculture,
accounting for 3@0.9 per cent3 of the total cropped area. The
state has recordéd one of the highest levels of pr§ductivity in
India: about 2.5 tonnes per hectare4 and has maintained a

relatively steady trend in the production as well as yield.

1 Nirmala, 1992.
2 Kalirajan and Shand, 1994.

s " Source:  Season and Crop Report, 1992-93.
4 Nirmala, 1992.



Considering the fact that Tamil Nadu lies in the low-to-moderate
rainfall region (5092-103@ m.m) within India and that its soil is
deficient in organic matter, nitrogen and phosphoric acid, the

state s growth rate of paddy production is not unimpressiveb,

Althoﬁgh the state has witnessed significant increase in
productivity, especially after the mid sixties, there has been a
deciining trend in the area undér the crop sincé the eighties.
Inspite of the decline in area, production has been maintained at
relatively high levels, through yield improvement. While the

inmpressive expansion in rice production‘during the nineteen fifties
has beén attributed to the expansion in area rather than increase
in yield, the growth in output since the mid-sixties is attributed
to improved productivity (Nirmala, 1992; Selvaraj et al, 1998;
Nagaraj, 1998). The yvield and production of rice which were only
1905@ kg per hectare and 33.3 lakh tonnes in 1959-6@ respectively,
rose to the level of 1899 kg per hectare and 46.2 lakh tonnes in
197@3-71 and to 4933 kg per hectare and 115.28 lakh tqnnes in 1994-
95. This phenomenal increase in fhe productivity and production of
rice, termed as the “rice revolution’, has been made possible
through the widespread cultivation of high-ylelding varieties,
expansion of irrigation facilities, increased use of fertilizer and

higher profitability (Nirmala, 1992; Selvaraj et al, 1998)

There has been a significant increase in the coverage of area
under high-yielding varieties since the launch of the Green

Revolution Strategy in the mid sixties (Chinnappa, 1977; Farmer et

& Mahalingam, 1987



al, 1977; Harriss, 1977). It increased from seven per cent of the
area under the crop in 1966-87 to 92 per cent by 1994-958., The
use of inpﬁts per hectare has also shown significant 1ncrease since
the mid-sixties. The intensification of ihpups has, however, béen
accompanied by rising cost of production. A comparison of the cost
of’cultivation in Tamil Nadu with a number of other rice growing
states reveals that it is relatively higher in Tamil Nadu (Acharya,
1995). This is, however, not in consonance with the general
pattern which shows crops with high (land) productivity to also
have low unit cost (Acharya, . 1985). This point may be
substantiated by the ekamples of wheat in Punjab which has the
highest land productivity and lowest unit cost; cotton in
Maharashtré which is least productive and most expensive; and
sugarcane 1in Karnataka which has high prodﬁctivity and least
cost?. One important aspect that needs to be examined to gain
insight into the relatively high.cost in the face of risihg land -
productivity is the technical efficiency in input-output relations

which forms the focus of the present study.

1.2 Objectives and Scope of theVStudy:

The study makes a cross-sectional analysis of technical efficiency
in rice production,  at the farm-level, for the state of Tamil Nadu
during the agricultural year 1992-93. More specifically,  the

objectives of the study are the following:

& Source: Tamil Nadu - An Emmxmﬁc;ﬁanai&ﬂ 1995-96.
7 Acharya, 1995.



i. To estimate +the farm-specific levels of technical
efficliency in paddy production in the state for the two

main agricultural seasons namely, kharif and rabi, and

2. To examine the farm-specific factors accounting for'

inter-farm differences in technical efficiency levelé.

The study makes use of the production frontier methodolbgy inA
measuring the technical efficiency of farmers belonging to
different size classes of. land holdings. The reasons for
concentrating only on the technical efficiency‘aspect of economic
efficiency may.bevmade clear. Of the two components, measurement
| of technical efficiency assumes greaterzimportanée.in the context
of overall economic efficiency. 1In a recent study Kalirajan and
Shand (1994) demonstrated that the causality runs from technical
efficiency +to allocative efficiency. It 1implies +that an
understanding of technical efficiency would provide more insights
into the overall economic efficiency at farm level. Moreover, the
measurement of crop-specific allocative efficiency requires crop-
specific input pfices paid which tﬁe data on'costs of cultivation
does not provide. Keepling these issues in view, the present study

concentrates only on the technical efficiency aspect of economic

efficiency.

1.3 The Data Source

The analysis has been carried out by making use of farm-level data
collected by the Directorate of Economlcs and Statistics (DES),
Government of India under the Comprehensive Scheme for the study of

cost of cultivation of principal crops for the state of Tamil Nadu.



Data relating to cost of cultivation surveys under the
Comprehensive Scheme 1is collected with the help of various
agricultural universities which are called Implementing Agencies.
These‘Impiementing Agencies collect data from sample holdings in
the State of their assignment following cost accounting method.
The present design of the survey under the Comprehensive Scheme is
stratified three stage_fandom sampling with tehsil asbtheufirst
stage unit, village/cluster of villages as the second stage.unit
and aﬁ operational holding within the cluster as the third and
ultimate stage unit. Each State is divided into homogeneous agro-
climatic zones, based on cropping pattern, soil types, rainfall,
etc. The primaiy sampling' units (tehsils) are allocated +to
different zones in proportion to the total area of all the crops
covered by the study. The primary sampling units are selected in
each zone (stratum) with probability proportional to the area under
the selected crops, and with replacement. Within each tehsil, the
village/cluster is also selected following the same procedure. In
egch selected village/cluster, all the operationaI holdings are
enumerated or classified according to 5 size classes, the class
limits being fixed uniformly for all villages/clusters. These size
classes are Marginal (upto 1 hectare), Small (1 to 2 hectares),
Semi-medium (2 to 4 hectares), Medium (4 to 6 hectares).and Large
(more than 6 hectares). In each size class, two holdings are
selected by simple random sampling, without replacement. However,
if in any village/cluster, a particular size class does not contain
even two holdings, more hbldings are selected from adjacent size-

classes to make up the deficit®. The list of the zonal division

B Ram, (Undated).



and of the tehsils and villages selected under the scheme for the

State of Tamil Nadu is given in Appendix I and II.

The Comﬁrehensive Scheme contains data von inputs and output,
relating to all crops grown on the selected holdings. Each crop is
identified by its seed varieties. The analysis in this study is
based on those plots growing exclusively HYV rice. The data set
contains information pertaining to each plot within a farm as well
as the entire farm and includes both quantitative and qualitative

data®,

Each crop has been classified according to the season of
cultivation. Basically, four seasons have been taken into
consideration: Kharif, Winter, Rabi and Summer. The analysis in
the present study has been carried out for the two main rice
growing seasons in the Stéte, i.e., kharif: the first éeason which
is s&wn in June-July and harvested in October-November, and rabi:
the second season, sown in October-November and harvested in March-

April.

The present analysis is, however, subject to certain limitations
inherent in the data source used. The data set lacks plot-wise and
crop-wise information on certain crucial variables, such as,
capital expenditure, depreciation charges, interest rate, area
under irrigation and rainfall.. The methodological exercise had

thus to be carried out by using proxies in place of the above

g The detalls of the plot-wise and farm-wise data on the
different crops are given in Appendix III:

7



mentioned variables. /ChapterVIII'on the estimation procedure

details the list of the variables selected.

1.4 Chapter Outline

The present stud? is organised as follows:

Chapter 1II provides the analytical framework and methodology of the
study. Chapter III deals with the procedure adopted for the
estimation of technical efficiency and presents the results.
Chapter IV examines +the factors accounting for inter-farm
differences in technical efficiency. The last chapter provides the

main findings and conclusions of the study.



CHAPTER TWO

"At the core of Economics is the concept of efficiency.”

(Leibenstein, 1966)



TECHNICAL EFFICIENCY: CONCEPT AND MEASUREMENT

This chapter attempts to review the recent literature on efficiency
" of resource-use in the production process. The review is
undertaken at two levels: namely theoretical and empirical. At the
theoretical 1level, the conceptualisation of efficiency and the
different approaches to the measurement of technical.efficiency'is
briefly dealt with. At the empirical level, recent studies on
ieéhniqal efficieqcy in agricultural production, using production
frontier models, are reviewed to‘understdﬁd the problems involved
in the measurement of variables and the estimation of production
frontiﬁrs.

The organisation of this chapter is along the following lines.
Section I deals with the concept of efficiency. Section 1II
examines the different approaches to the measurement of technical
efficiency including a detailed explanation of the model used in
£he' present study. In Section III, a review of the recent
empirical studies +that have _employed the production frontier
methodology in the measurement of technical efficiency is provided.
The fourth section provides the analytical framework for the

present study.

2.1 Economic Efficiency: Concept and Its Dimensions

Speaking specifically in the context of agricultural producfion,
economic efficiency refers to the ability of a farmer to allocate
his resources +to the production of different agricultural
commodities in such a way that he gets maximum returns against the

minimum sacrifice. Economic efficiency comprises of both technical



efficiency and.allocative efficiency. Technical efficienqy is
defined as the capacity and willingness of an economic unit (in
this case a farmer) to produce the maximum possible output from a
given bundle of inputs and technology. It deals with the
management of the technology. Allocative efficiency, on the
otherhand, refers to the ability and willingness of an economic

unit to equate its‘ specific marginal value product with its

marginal cost. It 1s concerned with the achievement of maximum
profits from varying factor proportions. Thus while technical
inefficiency arises from excessive input usage, allocative

inefficiency results from employing inputs in the wrong
proportions. These different dimensions of efficiency may be more

clearly understood from the following illustrationt.

Consider a farm employing two factors of production to produce a
vSingle output, under conditions. of constant returns to scale.
Suppose that the efficienﬁ production function is known, that is,
the output that a perfectly efficient farmer could obtain from any
~given combination of inputs is given along with the respective
price ratios, then, technical and allocative inefficiency may be
defined relative to the production function of the efficient
farmer. The assumption of constant rgturns permits all the
information to be represented in a simple isoquant diagram (Fig.

2.1.1).

1 Farrell, 1957.
13
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In Figure 2.1.1, the isoquant S§8° fepresents the combination of the

two factors that a perfectly efficient farm might use to ﬁroducg

unit output. This isoquant sets the upper limit to the production
technology. Given the technology and input prices, efficient
operation in the sensé of cost minimisation occurs at the point Q°

on the isoquant, a point where the slope of the isocost line (AA°)

is equal to the slope of the tangent of the isoquant. A farm that
produces on +the cost minimising point 1is salid to be overall

efficient/economically efficient. In the case of a farm that is
not overall efficient, as represented by point P, the degree of
overall efficiency is defined by the ratio OR/OP. The ratioc OR/OP
shows the fraction by which costs cén be reduced if the farm P were

to operate efficiently both in the technical and allocative sense.

The distinction between technical and allocative efficiency may be

maae clear.

Point Q, in the figure represents a technically efficient farm
using the two factors in the same ratio aé P, but at the same time

ﬁsing only a fraction 0Q/OP as much of each factor. This ratio.
0Q/0P 1s taken as the measure of “technical efficiency' of the farm
P and it takes the value of unity for a perfectly efficient farm
and becomes indefinitely small as the amounts of input per unit of

output become indefinitely large.

In order to measure the extent to which a farm uses the various
factors of production in the best proportion&, in view of their
prices, which in +the current +terminology 1is referred +to as
allocative efficiency, the price line AA" is fitted in, with its

slope equal to the rétio of the prices of the two factofs. In this

12



case the optimai method of production is represehted by point Q-
‘where the cost of production will only be a fraction OR/0Q of those
at point Q. This ratio, OR/0Q is defined as the price efficiency/

allocative efficiency of point Q as well as P2.

Overall .efficiency or economic efficiency, it may be noticed,
implies a farm to be both technically and ailocatively efficient.
In otherwords it is equal to the product of technical and

allocative efficiencies, i.e.,
0Q/OP * OR/0Q = OR/OP

Of the above two mentioned components of economic efficiency, i.e.,
technical and allocative efficiency®, it ought to be pointed out
that the measurement of technical efficiency assumes greater
importance given the high probability that where technical
inefficiency exists, 1t 1is 1likely to exert an influence on
allbc_:ative efficiency, thereby rgsulting in a cumulative negative

effect on overall efficiency 4.

2 It may be noted that any point that lies on the isoquant, SS°,
represents a technically efficient farm. However, for a farm to be
allocatively/price efficient the slope of its isocost line (AA7)
should be equal to the slope of the isoquant (SS7). :

3 For more detailed and indepth conceptualisations of efficiency see
Hall (1958), Forsund and Hjalmarsson (1974) and Leibenstein (1966).

< Kalirajan and Shand, 1994. In an earlier study, Liebenstein (1966) .
had shown that the gains accruing from technical efficiency were
comparatively larger than the gains accruing from allocative
efficiency. Here, it may be pointed out that Leibenstein spoke in
terms of X-efficiency which as a concept is similar to technical
efficiency (Maddala and Fishe, 1994).

13



2.2 Approaches to Measurement of Techﬁical Efficlency:
Several measures of efficiency® have been introduced in économic
literature ranging from simple ratios to econometric modelling.
For a long time, the average productivity éf laBour was considered
a&equate as a measure of efficiency. The criticism that this
partial productivity measﬁre ignores the effect of other inputs on
efficiency led to the alternative measure of efficiency based on
all inputs, that is, the total factor producti&ity’(TFP) index. As
the TFP index is constructed using weights,‘the.measure sufférs
from the usual index number problem of fixing arbitrarily weights
-to different inputs (Farfell, 1957). Another measure of a farm’s
efficiency is its costs. However, measures based on costs reflect
only the overall efficiency of a farm; failing to separate

price/allocative and technical efficiency.

The above mentioned formulations of efficiency are termed as the
classical approach, the constraints of which led to the development
of the frontier based measurements of efficiency. Theoretically,
the concept of a production frontier is none other than the
production function which defines the maximum possible output for
any given set of inputs. Any deviation from the frontier, thus,
indicates the'exteht of a farm's inabilitf to_produce maximuam
output from its given set df inputs. vThe existence of such a gap
between the potential and actual level of production forms the
underlying principle for the measurément of technical efficiency

under the production frontier approach wherein the degree of

5 ‘Efficiency” shall henceforth refer to the concept of .techni‘cal
efficiency.

14



technical efficiency is captured by an index measuring the ratio

between actual and potential output.

More specifically, the production function of an inefficient farm,
that does not produce the maximum possible output with the given
inputs due to some slackness in production, say i, may be

represented as:
Ya = £(xa11, X112, ...Xim) exp(ui) | (2.2.1)

- where Y: and x1"s are the output and inputs of the ith farm and uz
represents the combined effects of various non-price and
socioeconomic factors which constrain the farmer from realising the
maximum possible output. When a farm operates at its potential
level, as represented by the frontier, u takes the value zero,
implying that theré are no socioeconomic constraints affecting the
farm. When the farm faces)COnstraints, u takes a value less than
zero. In this case, a measure of the technical efficiency of the

1ith farm can be defined as:

Ya Actual output

exp(u1) = g7« = “Haximam possible output (2.2.2)

The maximum possible output/production frontier, not being
observable, must be estimated. Under the broduction frontier
methodology, initiated by Farrell (1957), an efficient production
function is estimated from observations of the inputs and outputs
of a number of farms. Thus under lthis approach, technical
-efficiency is defined in relation to a given set of farms, in

respect to a given set 6f factors measured in a'specific way. A

15



distinction may be made he%e between the conventional method of
estimating the production_]function and the estimation of the
production function under thg frontier approéch. The conventional
production function assumesjthat all farms are efficient and hence
operate on the frontier. This can be statistically estimated using
the OLS regression technique and hence are average functions. The
average functions are naturally associated with mean output, for
given input levels as diffe}ent from the frontier functions which

are associated with maximalipossible output.

-There are two competing pa&adigms on how to estimaﬁe production
frontiers under the production frontier methodology. One uses
mathematical programming techniques (deterministic) while the other
employs statistical methods (stochastic)®. A brief review of the
various models under the two heads is made here to choose the
approach for the present siudy.

2.3 The Production Frontier Models:

The’Deterministic Productibn Frontier:

The deterministic frontier ﬁroduction function envisages a
deterministic 6ptimél relafionship between inputs énd output in the
sense that all variations in farm performance is attributed to
variations in farm efficiency alone. The deterministic approach

consists of parametric and non-parametric techniques.

€ A review of the various approaches under the deterministic and
stochastic heads 1s provided in Forsund et al (1980), Kalirajan &
Shand (1994) and Greene (1993). Bauer (1997) discusses the
developments in the econometric apnnxwh to the estimation of
stochastic frontiers.

{l
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Deterministic Non-Parametric ﬁrontiers:

Under the deterministic non-parametric programming technique,
developed by Farrell (1957), ghe frontier is constructed as a free
disposal convé& hull of the obéerved input-output ratios by linear
programming‘techniques. In Btherwdrds the method>consistsAof
linear segments connecting thejbest technically efficient economic
units against which the aotualioutput of each sample observation is .
measured. The frontier is, thus, supported by a subset of the
sample, with the rest of the sample points lying above it7. . The
approach is non-parametric in %he sense that i£ is not based on any
explicif model of the frohtiéfa. The advantage of this approach
is that no functional fgrm :needs to be imposed on the data.
Howevér, the approach -suffers from the disadvantage that the
frontier is computed from a supporting subset of observations from

the sample, and is therefore%particularly susceptible to extreme

observations and measurement érror (Forsund et al, 1980).

Deterministic Parametric Frontiers:

The deferministic parametric approach, C 7% pfoposed by Farrell
(1957), is based on a parametfic convex hull of the observed input-
output ratios. He suggested: that a functional form of the Cobb-
Douglas type :shouid be selected to determine the production
function under the assumption of constant returns to scale
(Farrell, 1957). Following Farrell’s suggestion, Aigner and Chu

(1968) specified a homogeneous Cobb-Douglas production frontier

7 Here, it may be noted that Farrell (1957) expressed the frontier in
terms of a cost function.

8 Forsund et al, 1982.
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i
with all observations requireq to lie on or beneath the frontier.

Their model may be written asi

Inf(x) - u r

Iny =
n f

do + Zailnxi - u, u>g@ (2.3.1)

The one-sided error term in équation 2.3.1 forces y<f(x).

The elements of the parameéer vector a=(das, ai{—..., an)” in
equation 2.3.1 are, then, eLtimated by using either the 1linear
programming or quadratic prégramming technique®. The technical
efficiency of each observatioh is computed directly.from the vector

of residuals.

The difference between parametric and non- parametric programming
is that the parametric frontier is smooth, while its non-parametric
counterpart is piecewise linear. However, as is the case with the
non-parametric approach, thé ‘estimated” frontier is supported by
a subset of the data and is therefore extremely sensitive to
outliers. 'One possibility suggested bf Aigner and Chu (1968) and
" incorporated by Timmer (1971), is to discard a few observations.
.Timmer, thus, estimated the frontier, taking care of errors that
are likely to arise in the data, in a probabilistic fashion by
constraining X per cent of the observations to fail Qutside the
frontier surface. The selection of this proportion is, however,

essentially arbitrary, lacking explicit economic or statistical

g Under the linear programming technique, the sum of the absolute
values of the residuals is minimised, subject to the constraint that
each residual be non-positive, while under the quadratic programming
technique, the sum of squared residuals is minimised, subject to the
same constraint (Forsund et al, 1982).
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justification (Aigner et al, 1977). Moreover, the estimates
obtained under this approach have no statistical properties as no
assumptions aré made about the regressors or the disturbance.
Hoﬁever, the ability to characterize the frontier technology in a
simple mathematical form and the ability to accommodate non-
constant returns to scale makes.it a better choice over -the non-

paranmetric approach (Forsund et al, 1989),.

Deterministic Statistical Frontiers:

The deterministic models are made amenable to statistical analysis
.by making assumptions concerning the distribution of the error term
that captures the extent of (in)efficiency. ‘'This was first
explicitly proposed by Afriat (1872). He proposed a two-parameter
gamma distribution for the error term and proposed that the model
be estimated by the maximum likelihood method1@. As with the
other models under the deterministic approach, this method suffers
from the drawback that it does not take into consideration the
influence of random events and statistical noise such as
measurement errors in estimating the technical efficiency of farms.
This drawback in the deterministic models 1is overcome in the
stochastic production frontier model, developed by Aigner et al

(1977) and Meusen and Van den Broeck (1977).

Stochastic Frontier Models:
In the stochastic frontier models, ineffiéiency is modelled by a

‘composed” error term, consisting of statistical noise and a one-

1 Schmidt (1976) showed that Aigner and Chu’s linear programming
procedure is maximum likelihood if “u’ is exponential, while their
quadratic programming procedure 1is maximum likelihood if ‘u” 1is
half-normal.

19



sided disturbance to allow for inefficiency. :This method,_thus,
has an advantage over the mathematiéal (or prﬁgramming) method as
it allows for statistical noise resulting from the occurrence of
events outside the fa;m's control such as pests and weather. The
mathematical programming approach; on the. otherhand, has the
advantage that no explicit functional form needs. to be imposed on
the daté.' However, in this case the results can get distérted if
the data ié contaminated with statistical noise'l. The foregoing
review suggests that the stochastic production ffontie; methodology
may be considergd as the most appropriate model for analysing
technical efficiency in agricultural production in Tamil Nadu as it
can disentangle the effects of differences in agro—climatic zones

on the estimation of technical efficiencyiZz,

2.4 Review 6f Empirical Studies:
An attempt 1is made to review briefly the recent studies on
technical efficiency in agricultural production in developing
countries in general and in India in particular. It may be noted
at the outset that the review is limited to the studies Vhich have

used the production frontier framework.

In Kalirajan & Flinn (1983), technical efficiency is estimated

using a stochastic translog production frontier for a sample of

11 - In a comparison of technical efficiency measures, obtained by
employing the different models under the frontier approvach, for a
sample of 153 central Illincis grain farmers, Neff et al (1993),
showed that the stochastic method results in much higher efficlency
measures than the deterministic method, with approximately one-half
of the farm efficiencies found by the deterministic method being
attributed to random occurrences by the stochastic method.

1z A more disageregated analysis at the zonal level is made difficult
as certain zones contain too few observations (see Table 3.3.1 in
Chapter III).
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rainfed rice farmers in Bicol, Philipines. The estimates obtained
are farm-specific. The analysis reveals wide variation in the
level of techhical efficiency across sample farms, ranging- from
@.38 to .91 with an average value of ©.58. Less than 20 per cent
of the sample participants obtained output‘that'is about Zﬂ.per
cent below the maximum output estimated through the frontier. The
study also examined the farm-specific factors (both biological and
socid economic 1in nature) to provide an explanation for thé'
variation in the levels of farm-specific technical efficiency. The
method of crop establishment, extension officials contact and
fertilizer application were identified as important factors causing

variations in the 1level of technical efficiency among sample

TH-T2ET

Huang and Bagi (1984) estimated an index of technical inefficieé&&‘E,f

farmers.

for individual farms in northwest India for 151 wheat farms in
Punjab and Haryana during the agricultural year 1969-7@ ﬁsing the
stoohaétic production ﬁrontier methodology. The average level of
technical efficiency is estimated to be at 10.56 per cent. An
examihation of the levels of efficiency across the different size
holdings revealed that there exists no significant difference in

the technical efficiency of the small and large wheat farms.®

The levels of technical efficiency in Basmati rice production in
Gujranwala district of Pakistan are estimated by Flinn and Ali
(1986) using a frontier production function. The modal level of
technical ihefficiency at farm-specific resource levels among 116
Basmati rice producers is found to be 20%. In terms of yield loss,

it is estimated to be @.4 tons per hectare. The'?etter educated
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households are found to be more technically efficient. Late
transplanting, late fertilizer application and water shortages are
shown to have contributed significantly to farm-specific technical

inefficiency.

Battese et al (1989) measured the level of technical efficiency in
raddy production for a sample of 38 farmers from Aurepalle village
in Andhra Pradesh, during the period 1975-76 to 1984-85, using the
stochastic production frontier model. The predicted efficiencies
ranged from 66 per cent to 91 per cent. The estimate of the mean
efficiency of farmers was 83 per cent. About 23.7 per cent of the
sample farmers were found to have predicted efficiencies of less
than 8 per cent, whereas 52;6 per cent of the farﬁers had predicted

efficiencies greater than 85 per cent.

Using an estimated probabilistic frontier production function, Ali
& Chaudhry (1999) measure farm efficiéncy in foqr irrigated
cropping regions of the Pakistan® Punjab for the year 1984-85. The
findings show that the gross income of the farmers can be increased
by 13% at the current levels of resource use if the production gap
between the “best practising farmers’ and ‘average farmers’ is
suitably narféwed "in all cropping regions. Moreover, no
significant difference in technical efficiency was found across the
regions. Economic efficiency was observed to be similar across.all
cropping regions except in the cotton region, which had
significantly lower economic efficiency due to higher allocative

inefficiency.
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The technical effiéiency amoﬁg rice cultivators in the rainfed
lowlands of Antique province ih the Phillipines during the first
crop season of 1984-85 is estimated in Kalirajan and Shand (18994),
using the stochastic production froﬁtier methodology. The analysis
is carried out separatély for three municipalities, Dao, Pandan and
Patnongon, 1in Antique province. The estimates revealed wide
variation in efficiency both within and across the municipalities.
The mean efficiency was found to be the highest among the Pandan
sémple farmers (77%). The Dao and Pantnongon sample farmers, on
the otherhand, showed a mean efficiency of around 49 per cent and
42 per cent respectively.. On the average, it was observed that
non-owner farmefs performed better than the owners in the Pandan

and Patnongon municipalities.

Kalirajan and Shand (1994) estimated technical efficiency in
"agricultural production for a éample of sixty farmers in Ramnad
district of Tamil Nadu during the period 1980-81. The empirical
results showed only about 65 per cent mean technical efficiency for
the rice crop, 72 per cent for the corn crop and 68 per cent for
the second rice crop, implying that the corn production technology,
on average, has been used more efficiently by the sample
participants. ‘The results showed the levels of crop-specific and
farm-specific efficiency to vary widely among the sample farmers.
Among the factors identified for explaining the wide variation of
farm-specific technical efficiency, farming experience and
extension officials visits were found to be important factofs in

the case of rice, while corn production was shown to be highly

dependent on financial availability.



The above review suggests that the stochastic ﬁroduction frontier
“framework is in&reasingly being used to examine the extent of farm-

specific technical (in)efficiency in agricultural production.

2.5 8tochastic Production Frontier Framework

This section provides an analyticél framework for analysing farm-
specific technical efficiency in rice production in Tamil.Nadu.
The stochastic production frontier framework developed by Aignér,
Lovell and Schmidt (1977) is presented here. Taking the example of
a location with n‘farms producing a homogeneous output y and using
a set of inputs xi1°s, the production possibilities can be described

as:
yvi = fi(x1, xz, ..... , xm), 1 =1, 2, ..... , n. (2.5.1)

The best practice or frontier production function is then defined

as:
yx = méxi fi(x1l, x2, ....,xm)/T (2.5.2)

where T refers to the level of technology known to the farms in the
location, the ﬁnderétanding and use of which varies from farm to
farm at any poiht of time. The frontier function thus refers to
those farms® production functions that yield maximum output from
given quantities of a set of inéuts. Consequently, any observed
levels of production should lie either on or belowlthe frontier
production function. Therefore the basic model of maximum

production can be written as:
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y = £f(x) + u , (2.5.3)

where y refers to actual output, f(x) is the transformation between
inputs x and output j, and u is a technical efficiency parameter.
The parameter u takes the value of zero or less than zero depending

on whether thé observation y lies on or below the. frontier.

The above equation is deterministic and here the value of u will
vary- among farms depending on their ‘technical efficiency’.
However, the maximum output y may véry randomly across farms or
over time for the same farm due to factors other than efficiency.
.To éllow for this reality, a random variable v is added to the
equation. It then becomes a stochastic production frontier model

in which the error term is decomposed as follows:
y = f(x) +u+v (2.5.4)

The presence of v in equation (2.5.4) means thaﬁ y 1is stochastic
and that v captures other random'faotors, such as, errors in
measurements; weather, etc. The value of v in the equation may be
either positi#e, negative or zero and it is assumed to follow a
normal distribution (that is, v ~ N(&,0%)). Once the functional
form and the distribution of the “farm-specific error term” are
specified the st&chastic frontier production function 1is +then

estimated empirically, making use of maximum 1ikelihood techniques,
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Distributional Assumptions of the One-Sided Error Term:

Four distributions of the one sided error term have been assumed in
the literature: half normal, truncated normal, exponential and
gamma. There is however no objective a priori basis for choosing
one distribution over another. 1In practice this choice is usually
made for reasons of convenience and.the'most popular choice in the
literature has been the half-normal distribqtion (Forsund et al,

1980; Battese et al, 1989; James, 1996a).

Once the distribution of the components of the error term has been
specified, the maximum possible output function is obtained through
the maximum likelihood method of estimation. This requires that
density functions for random variab1e$ u and v are given. Under

the assumption that u follows a half-normal distribution (as in the
present study) and v follows a conventional normal distribution,
.the density functions of u and v can respectively be written

as:13

1 1

fu(u) = 3]’;; x *a‘: exp (—u®/20%u) u<@ (2.5.5)
1 1

fo(v) = ==~ X ——— exp(v2/20%v) - <v< ® (2.5.8)

_ i2x Ov

where, o*u and o?v are the variances of the one-sided error term
and the random efficiency component respectively. The density
function of y (ea. 259 which is the joint density function of

(u + v) is given as:

13 Kalirajan and Shand, 1994.
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1 . .
f(y) = ————- iy exp( ~—————--z-—-~ ) [1-Fl(utv/o)(1/1-1)11 (2.5.7)
where; . v
(1) F(.) is the cumulative distribution of the standard normal

random variable,

(1i) 02 = 0%u + 0%+,
(1i1) v = 02u/0® where T lies in the interval (4,1),
and

The likelihood function corresponding to (2.5j),is given as:

1 (ut+v)z utv T ’ » )
)= x [ _ \urYy _ ATV T 5.
L(y,8)= n [ oin/2 exp( 292 YI(1-F[( 5 )( 1—7)]] (2_5 8)

where @ is the parameter to be estimated which includes the

production parameters, the elements of ¢? and 7.

The maxinum Likelihood (ML) estimators of €@ maximising the above
likelihood function are obtained by setting its first order partial
derivatives with respect to the elements of €& equai to zero, and

solving them simuitaneously14.

The Estimation of Farm—Specific Technical Efficiency:
From the model introduced by Aigner, Lovell and Schmidt (1977) and

Meusen and van den Broeck‘(1977) the average technical efficiency,
given by the mean of the distribution of ui can be easily
calculated from the variance of the one-sided error component. In

the half-normal case this would be -cuv(Z2/7). The average technical

efficiency can also be estimated by the average of €1, However, a

measure of efficiency based on the average does not enable a

14 Kalirajan and Flinn, 1983.
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comparison of the efficiency levels across observations which had

been Farrell’'s original idea in introducing production frontiers.

Jondrow, Lovell, Materov and Schmidt (1982) suggests a solution to
the problem by separating the error term (€}, in the stochaétic
frontier model, into its two components, v and u, by_considering
the expected value of u, conditional on (v-u). Their formula for

the half-normal case is given as:

§f(—ux/o%) .
E(u\€)=—pkt+ok ————————--—~ (2.5.9)
1-F(-px/o%)

where f and F represent the standard normal . density and

distribution functions, respectively and;

€=(v-u)

nk=-0%uw€/o®,

&*azoaucav/ca.

0% =0 uto?v. |

02u: 1s the variance of the one-sided error tefm, and

o?v: 1s the variance of the random error term.
The present study employs the above model in estimating the farm-

specific levels of technical efficiency among rice cultivators in

Tamil Nadu.
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CHAPTER THREE

"Efficiency scores are performance indicators, like won-lost percentages, and so they are
of considerable interest in their own right.”

(Lovell, C. A K, 1993)



TRCHNICAL EFFICIENCY IN RICE CULTIVATION IN TAMIL NADU
(1992 -83).

This éhapter examihes farm-specific technical (1n)éfficiency in
rice production in Tamil.Nadu for the year 1992-93 within the
Stochastic Production Frontier framework as outlined in Chapter II.
The analysis has been carried out, separately, for the two main
agricultural seasons of kharif and rabi to examine the seasonal
difference in the level of technical (in)éfficiency. An attempt is
also made to find out the relationships between agro-climatic zones

and the level of technical efficiency.

The chapter is divided into four sections. Section I specifies the
stochastic production frontier for .both seasons separately,
discusses the measurement of variables selected and hiéhlights some
of the distributional characteriétics of variables .under study.
Section Il reports the empirical results separately for kharif and
rabl seasons. Section IiI looks into the variation in technical
efficiency across agro-climatic  zones. The final section

summarises the major findings.

3.1 Specification of Production Frontier for Rice Farms
The first step 1in ary production function énalysis lies in the
specification of the functional form that posité a given
relationship between the inputs and output (Rudra, 1967; Fuss and
McFadden, 1978; Varagunasingh, 1993). The stochastic production
frontier for the rice production process in Tamil Nadu is assumed

to take the following non-homothetic (translog) functional form:

logY = e + ZBi1logXi + Z3Bi3(logXs rclogXyy + ui+ vi (3.1.1)



where Y represents the output, the Xis stand for the respective
inputs, ui is the technical efficiency component of the error term

(€) and vi is its random component.

A statistical teét is carried outrto test whether the‘functioﬁal
form of the production fronﬁier is non-homothetic (Translog) or
homothetic (Cobb-Douglas). The non-homothetic production frontier_
becomes Cbbb—Doﬁglas, when all the ihtefaction terms (B13°s) in
equation 3.1.1 are zero. The conventional F-test is carried out to
test the null hypothesis that all 813 = @ (Gujarati, 1995). The
computed F valueé, for both seasons, turn out ﬁo be lesser than the
tabulated value of F at.the one per cent level of significance (see
Appendix IV for details). The null hypothesis that all Bij = @ is,
therefore, accepted. Hence, the Cobb-Douglas (homothetic)
functional form fits the data better than the translog (non-
— homothetic) functional form. It is therefore decided to use the
Cobb-Douglas production frontier for the present study. The
specification of +the Cobb-Douglas production frontier 1is as

fo}lows.
Log¥i = ao + XB8i1logXi + ui + vi (3.1.2)

Specification of Variables

The variables that represent the factdrs of production and the
output are as important as the specification of the functional
form. The variables specified, in fact, should conform to the
underlying theoretical constructs. Any deviation from the
theoretical constructs is often termed as measurement errors in

variables. Thus, the problems of measurement in variables becomes
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an important issue in the applied econometric work (Rudra, 1967;

Heady and Dillon, 1969; Varadarajan, 1893}).

An attempt is made to discuss briefly the measurement of variables
under study. In the above equation (3.1.2) Y is the ocutput and Xa
refers to different inéuts; The chosen pioduction frontier assumes
five inputs namely area, labour, farm power, materials and seeds

which are discussed in detail:
Output:is HYV paddy, that is the main product, in quintals.

Area: is the net sown area(in hectares) cultivated with HYV rice.

Labour: is the‘total number of labour hours employed of family,

servant and casual labour in paddy production.

Farm Power: is the sum of the hoqrs employed of tractor power and
animal power; combined together by converting them to their value
Aequivalents (Ali & Chaudry, 1999). This variable has been taken as
a proxy for capital services. The underlying rationalel is that
the two can be substitutes to each other as revealed by the fact
that farms.which do not use tractors for cultivation have longer
. hours of animal power employed. Moreover, the fafm power is often
mixed at varying proportions between hired and owned. In some
cases, ihg farm uses either hired power or owned power. - This is

true for both tractor as well as animal power.

1 Heady and Dillon, 1969.
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As information‘reléting to the market price of employing tractor or
animal power is provided only for the hired category, the market
value of the owned machinery (tractor) or animal power in farm use
needs to be imputed for each zone. This was done in two stages:
(i) the average pef hour hire charge in the case of hired category
of tractors.and animal power is computed under the assumption that
the hire charge;does not vary much within the zones; and (ii) the
market value of owned tractors and animals in farm use are imputed
by multiplying the hours of owned tractors and aniﬁals with the

zone-wise average per hour hire charge.

Materials: is the total value of fertilizers (composed of Nitrogen,
Potassium and Phosphorus), pesticides and organic manure applied,

and

Seed: is the HYV seed measured in physical units, that is,

‘kilograms.

These variables under study are generated at farm level for the
samplebsize. The sample size for the seasons of kharif and rabi
‘are different. The sample size for kharif season is 146 farms
whereas the sample size for rabi season is 179 farms. In few
cases, the farm units are found to be same for both the seasons. An
examination of the distributional characteristics of the selected
variables would throw some light on the nature of the samples under

study.

The descriptive statistics for each of the variables under study

for both the seasons are computed (Table 3.1.1). They include
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mean, standard deviation, co-efficient of variation, minimum and

maximum values. The minimum and maximum values reveal tﬁe absolute
range within which each variable assumes its‘distribution._ The co-
efficient of variation computed for each variable, in fact, enables
us to compare the variabiliiy between the distributions of the
variables. The use of power (mechanical and animai) and seeds is
seen to vary more widely among the farms for both the seasons.
Inter-farm diffe%ences in all variables under study are gquite high
regardless of the seasons. But, it may be noted that the mean.
level of variables for the kharif season is relativély higher than
that for the rabi season which'may be an indication of relatively

higher levels of efficiency in input usage in the rabil season.

Source: Cost of Cultivation Data for Tamil Nadu (1992-93).
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_DISTRIBUTIONAL cnaaAc'rTxé;szl;'ricls 1os' SELECTED VARIABLES
Kharlf Season S 28 = farms

Variable (for Mean | Standard Co-efficient of | Minimm | Maxim
‘holding) - Deviation | Variation (%) wm
Area (hectares) 11,3174 | 1.4585 111 2.6 1,470
Labour (hours) 1734.4 | 1638.4 94 167 9771
‘Farm Power (Rs.) | 1245.9 | 1707.6 137 39.12 11010
Materials (Rs.) 2307.1 | 26251 114 92.50 13619
Seed (kes.) 114.@7 | 151.55 133 5 1360

- L Qutput (quintals) } 61.994 173 971 4 114 _12.25 ] 438.6

b Season ' = 179 ,
Variable Mean Standard | Co-efficient of | Minimm | Maximum
for holding) Deviation | Varlation (%)

Area (hectare) 1.16 1.227 106 2.05 7.87
Labour (hours) | 1622:2 | 1635.3 95 88.58 19320
Farm Power (Rs.) | 1283.7 | 1220 113 18.34 7835
Materials (Rs.) | 2237.6 | 2626.3 117 24 50 18190
Seed (kgs.) 129 24 | 152.15 149 1.2 1602

| Qutput (quintal) | 53,75 ] 61.099 | 114 2.82 372



Texting for Hulticollinearity: _

The high degree of collinearity (abéve @.7) betﬁeeh the explanatory
variables (Table 3.1.2) makes it necessary to test for the extent
of multicollinearity among the independent variables in the

production frontier model.

Table 3.1.2

CORRELATION MATRIX
Kharif Season

Variables | Area . .|Labour | Powerx

Area 1
Labour 2.93423 1

Farm @.76999 ]10@.764686
Power

Materials |0.87090 |©.88637 |@.81286 |1

Rabl Season

Variables Labour Power

Area 1
Labour ?.91597 1

Farm ?.84736 ?.84153
Power

Materials |@.89773 2.85358 2.81880 1
Seed {1 ©2.66775 0.62302 2.54082 2.58846
A - - e ——

Source: Cost of Cultivation Data for Tamil Nadu (1992-93).

As to whether multicoliinearity can pose a problem, if present, can
be determined by obtaining the condition nﬁmber (CN) of the data
matrix of the explanatory variables. This basically involves
determining the square root of the ratio of the highest to the

lowest characteristic roots of the matrix formed by premultiplying
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the data matrix (X) by its transpose (X°), ie., the moment mat;ix.

Symbolically:

CN= (Appye/ Aggn) ¥

where CN is the condition number and A min and A max are the

smallesf and the largest characteristic roots of the moment matrix.

The CN is computed for both the seasons. It is found that the CN is 12.63 for
kharif season and 18.95 for rabi season.lmQuoting Belsley k1991,‘pp.56) that
"weak dependencies are associated with condition indexes around 5 - 10, whereas
" moderate to strong relations are associated with condition indexes of 3@ - 103",
it may be safely stated that the ;&oblem of malticollinearity may not pose a

problem for the present analysis.

3.2 Empirical Results
The production frontier model for rice crop under kharif and rabi
8seasons are estimated separately. As pointed out in the earlier

section, the sample size of the study varies between the seasons.

As a prelude, it is important to keep in mind that Tamil Nadu
receives more rains during the north-east monsoon (October-

December), which is the summer season (rabi) for all other states

in IndiaZ<, This gives rise to some terminological problems of
2 Table 3.2.1
Classification of Major Seasons During the Rainfall Year 1992-93.
State South-west North-east
(Kharif) {(Rabi)
Tamil Nadu June- October-
September December B

R I S S T K TR i
Source: Season and Crop Report of Tamil Nadu (1992-93).
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dividing the agricultural year by seasons. As is well known most
parts of india receive rain during the south-west monsoon.
However, Tamil Nadu receives scanty rain during this peribd'exoept
for the Cauvery basin where farmers benefit from the sputh—wesf
monsoon in Karnataka through canal irrigation and Kanyakumari
district which receives both south-west and north—east'monSOOhs.
Given this regional specificity in the occurrence of monsoon in
Tamil Nadu, it 1is better to call, hereafter, the rabi crop
receiving the horth—east monsoon as monsooh crop and the kharif
crop as lean season crop. The rabi crop being the aétual monsoon
crop for Tamil Nadu is the dominant season for rice éuitivation in
the state. Therefore, the present study first examines the farm
efficiency in moﬁsoon crop and then moves onto the lean season

Ccrop.

Efficiency Results: Monsoon Crop

Technical (in)efficiency in rice production during the monsoon
season has been estimated using Cobb—Douglas production frontier.
To geti'a better understanding of +the extent of technical
(in)efficiéncy, both the conventional production function approacﬁ
and the production frontier approach have been employed. The
conventional production function is estimatad through ordinary
least squares (OLS), whereas the production frontier is estimated
using maximum likelihood estimates. As pointed out in the second
chapter, the conventional production function shows the response of
the ‘average farmer  in éllooating the farm resources optimally
while the production frontier reveals the response of “best farmer’

in»allocating the farm resources optimally. A comparison between
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the OLS and MLE estimates is, thus, carried out in order to capture

the extent of technical (in)efficiency within the sample farms.

The
All
one per cent level.

per cent level.

OLS results for the monsoon season are shown in Table 3.2.2.
the variables except seed are found to be significant at the
The séed variable is significant at the ten

Here, it may be pointed out that seed as an input

may not be an important explanatdry variable as all the farms under

study use the seed of High Yielding Variety.

explanatory variables,

variable followed Dby
Mechanisation (tractor)
pesticides

Anmong the other

acreage response seems to be a dominant

labdur, materials and farm power.

and application of fertilizers and

increases marginally the output whereas additional

output would generate additioﬁal emplbyment opportunities in rice

cultivation.
‘ Table 3.2.2
PRODUCTION ELASTICITIES FOR MONSOON SEASON
Constant @.044872
(2.986)
Area @.52572
(7.4004)*
Labour @.26228
(4.926)*
Farm Power @.19719
(3.262)*
. | Materials @.11036
(3.398)*
Seed @.064005
1(1.708)**
No. of Observations: | Rz = @.95
179 l
Source: Cost of Cultivation Data for Tamil Nadu
(1992-83). . '
Note: The figures 1In parenthesis are the

respective t-ratios,
* Silgnificant at the one percent level.
** Significant at the ten percent level.
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As the average farmer s response is not the same as that of the
best practice fafmer, the stochastic production frontier is
éstimated using the maximum likelihood technique. The results of
MLE are presented in Table 3.2.3. As far as the input elasticities
are concerned, there is not much difference between the estimates
of OLS and MLE. The intercept term in MLE is relatively higher
than ihe OLS estimate, implying that the frontier farmers use
relatively lesser inputs than the average farmers for obtaining a

given level of output.

Table 3.2.3

‘MLE OF PRODUCTION FRONTIER MODEL FOR MONSOON SEASON

Variable Co-efficlient
Constant ?.154
(@.397)
Area - | @.507
_ (19.048)*
Labour 2.286
(4.209)*
Farm Power 2.999
' (2.654)*
Materials 2.112
! (3.321)*
Seed ' 2.957 .
- (1.493)
Cu/Cvw 1.23
0%u/ (0%u + 0%w) | @.601
Log-Likelihood 13.141

Source: Cost of Cultivation Data for Tamil Nadu
(1882-93).
Note: The figures 1n parenthesis are the

respective t-ratios.
* Significant at the one percent level.
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From the estimates of o®u/(o%u + o?v) and ou/ov in Table 3.2.3, it
can be seen.that the technical efficiency component of the error
term dominates the source of random variation ip the model (see
Appendix. V for details). The population average technical
inefficiency is calcﬁlated from the variance of the u term, using
the equation fquZ/n3, to be @.16; implying that the “average’
farms produce output 16 per cent below the maximum output as

determined by the frontier.

In order to Judge one gnit's performance relative to another when
different factor amounts and proportions are employed, the
individual specific technical efficienc& (e-vi} has +to be
estimated. This has been calcﬁlated using equation 2.5.9 in
Chapter 2. The estimates of farm-specific ﬁechnical efficiency are
provided in Appendix VI. The freQuehcy distribution of farm-
specifie technical efficiency.reveals that sixty eight per cent of

the farmers produce output within the twenty per cent below the
maximum output as represented by the ffontier though the farm-
specific technical efficiency varies between 45 and 97.per cent

(see Table 3.2.4).

s Kalirajan and Flinn, 1983.
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Table 3.2.4

FREQUENCY DISTRIBUTION OF TECHNICAL EFFICIERCY FOR
MONSOON _SEASORN

lRange Frequency Cumulative '4I
’ Frequency
@.45 - 1 11
.50 . (@.56) (3.56)
@.50 - 2 3
@.55. (1.12) (1.868)
@.55 - 2 ) 5
2.60 (1.12) (2.79)
2.60 - 6 11
?.65 (3.35) (6.15)
.65 - 6 17
@.70 {(3.35) (9.5)
2.70 - 17 _ 34 ,
2.75 (9.50) (19.9)
2.75 - 23 |57
0.80 (12. 85) (31.84)
. @.80 - 49 ‘ 196 .
U .85 - }.(27.37). (569.22)
?.85 - 52 158
2.90 (29.95) (88.27)
.90 - 20 178
@.85 (11.17) (99.44)
2.95 - 1 179 I
1.00 (3.56) (190)
o AR
Source: Cost of Cultivation Data for Tamil Nadu
(1992-393).
Note: Figures in parenthesis are percentages.

A bivariate analysié of technical efficiency in rice cultivation by
efficiency level énd area under rice crop provides some insights
into the relationship between technical efficiency and the size of
the operated holding. As can be seen from Tablg 3.2.5, nearly two-
_thirds of the éample farms under the monsoon season are marginal
holdings cultivating paddy in plots less than one hectare. Small
holdings with area cultivated between one and two hectares account

for about/little more than one-fifth of the sample farms in the
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monsoon season while the rest of the sample is constituted by farms
cultivating paddy in plots more than two hectares. This shows that
the sample for the monsoon season represents more of the marginal

and small holdings.

Table 3.2.5

DISTRIBUTION OF FARMS IN MONSOON SEASON BY TECHNICAL
EFFICIENCY AND SIZE OF RICE PLOTS.

A Ond Ri‘ Technical Efficiency
Cron (hecotarecy | <o2.58 | 8.50 - 3.75 | > 8.75 | Row Total
<1 11 24 87 112
. (62.6)
1 -2 7 33 490
(22.3)
2 -3 12 12 14
(7.8)
> 3 ” 13 13
, ' ' (7.3)
~Column Total 1 33 145
Source: Cost of Cultivation Data for Tamil Nadu (1992-93).
Note: Figures in parenthesis are the respective
percentages.

The efficiency distribution of these farms reveals that the
relatively inefficient farms are concentrated in the catégory of
marginal holdings (see Table 3.2.5). It may be noted from the
above table tﬁat ddring the monsoon season farms have relatively
higher levels of technical efficiency as the size of the operated

holding increases.

The Empirical Results: Lean Season Crop
The OLS estimates of the production elasticities are presented in .
Table 3.2.6. "The input co-efficients of area and materials turn

out significant at five per cent level. The co-efficient of
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labour, seed and farm power turn out to be insignificant. The
insignificance of critical inputs suggests that the fectors beyonq
. the control of farmers could have adverseiy affected the
realisation of maximum possible output. Kharif season being fhe
lean season ofop'in Temil Nadu might have possibly worsened the
constraints on farme in applying timely the cfitical inputs. For
example, the marginal and small holdings cultivating paddy as lean
season crop might not have access to water, credit facilities, etc.
This kind of unfavourable condition may perhaps sometimes result in
crop failure as well. However, the medium and large holdings may
not face such constraints in the cultivation of the lean season
crop. Besides, the persistence .of surplus labour/disguised
unemployment in agriculture, particularly at the level of marginal

holdings may also éffect farm production during the lean season.

Table 3.2.86
OLS ESTIMATES: LEAN gEASON

3.7598
(4.962)*

Area @.99326
(9.13@)*

Labour -@.2939

Constant

(-1.091)
Farm Power 2.0031
(2.981)
Materials 2.1015
(1.984)**
Seed -0.0076
(-9.299)
No. of B
Observations: 146 R* = 9.94
Source: Cost of Cultivation Data for Tamil Nadu
(1992-93). '
Note: Figures in parenthesis are the respective
t-ratios.

* Significant at one per cent level,
*»* Significant at five per cent level.
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Keéping these constraints in view. the exercise has been carried

out for different size-classes of holding4. The total sample 1is

divided into three sub-samples, namely (i) marginal holdings (below

(ii) marginal and (below two

one hectare), small lholdings

hectares), and (iii) marginal, small and semi-medium holdings

(below three hectares). The seed as an input variable is dropped
at the disaggregated analysis as all farms under study use only
High-Yielding Varieties. Table 3.2.7 shows the input elasticities
| for the marginal holdings to be different from those of the small

and medium holdings.

Table 3.2.7
" OLS ESTIMATES FOR DIFFERENT SIZE-HOLDINGS: LEAN SEASON
e
Variable Total < 3 < 2 Hectares | < 1 Hectare
Sample Hectares P
Constant | 3.7295 3.32 3.22 4.471
(5.39)* (4.29)* (3.88)* (4.46)*
Area @.98642 @.939 2.9207 2.986
(11.656)* {9.68)* (8.76)* (8.18)*
Labour -0 .09458 -0 .258 -@.042 -@.246
' (-1.11) (-0.6) (-@.4) (f2.1)**
Farm @.00356 -3.009 -@.911 ?.129 '
Power (2.99) (-9.2) (-9.3) (2.17)**
Materials | @.10128 ?2.132 2.131 2.026
1 (1.98)%* (2.37)%* (2.22)** (2.37)
No.of 146 130 121 82
Cases
R2 .94 2.9 2.9 2.9
Source: Cost of Cultivation Data for Tamil Nadu (1992—93)..
Note: * Significant at one per cent. level.
w» GSignificant at five per cent level.
4 The size of a holding here is defined in relation to the area under

the paddy crop.
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The estimates in Table 3.2.7 suggests‘that the relation betwéen
inputs and output are different for marginal holdings.. For
instance, the labour and farm power inputs ére significant for the
marginal holdings. The material input which is significant for the
total . sample of farms ‘as well as small and medium farms, is
insignificant for the marginal holdings. Regardless of the size of
area under cultivation, the acréage response 1is observed to bev
significant. An interesting observation is that output elasticity
of labour is negative and significant whereas the ocutput elasticity
of farm power is pqsitive and significant for the marginal
holdings. It implies that apart from the positive response of
acreage and farm power, the withdrawal of surplus labour from farm
activity would possibly improve the technical efficiency of
marginal holdings. In case of small and large holdings, additional
output would not require additional labour and additional farm
power. Instead, it may necessitate additional fertilizers and
organic manure. It may be inferred that a part of the exblanation
for technical inefficiency among the férms, particularly marginal

holdings, lies in the presence of surplus labour in agriculture.

Coming to the maximum likelihood estimates of the production
frontier. for the lean season, it 1s seen from Table 3.2.8-that-
acreage response and fertilizer consumption (materials in use) are
positive and significant while +the 1labour co-efficient is
significant and negative for all farms, except the marginal
holdings, in the lean seaéon. The farm power consisting of animal
power and tractor power is not significant. This is true for‘the
different size-classes of holdings as well. The materials input

turns out insignificant for the marginal holdings. It 18 evident
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that the co-efficient of labour is getting weakened as the size of

area under paddy cultivation increases, implying that maximisation

of output is possible by withdrawing surplus labour from farm
- activity. The magnitude of the labour co-efficient indicates that
the small holdings have relatively more disguised unemployment.
This may be possibly due to the non-availability of non-farm
~employment opportunities during.the lean season.

Table 3.2.8

MLE _FOR DIFFERENT STZE-_HOLDINGS: LEAN SEASON

Variable Totél A < 3 < 2 <1
Sample Hectares Hectares Hectare
Constant 4.7262 4.69 4.331 5.15
(6<56)* (56.78)* (4.91)* } (3.52)*
Area 1.2561 1.06 1.914 1.976
(12.18)* (19.8)* (8.97)* (6.03)*
Labour -@.2194 -3.21 -@.174 -@.262
(-2.4)*x* (-2.1)** (~1.,7)*** (-1.62)
Farm Power -9.0019 -9.01 -9.014 2.0522
' (-9.43) (-2.3) (-2.3) (0.804)
Materials ©.13328 2.144 @.154 ?.9612
(3.65)* (3.48)* (3.51)* (2.817)
No. of 146 130 121 82
Observations '
Log- 18.@7 13.3 11.7
= e -——» promatrr e L e

Source: \ Cost

Note:

of Cultivation Data for Tamil Nadu (1992-93).

* Significant at one per cent level.
»* Significant at five per cent level.
w*xx Significant at %en per cent level.

Figures in parenthesis are the respective t-ratilos.

“The Efficiency Estimates For Entire Sample (Lean Season)

A “The efficiency results presented here pertain to the entire sample.
The MLE estimates of the parameters of the frontier production

function are reported Table 3.2.9.
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Table 3.2.9

MLE ESTIMATES OF PRODUCTION FRONTIER: LEAN SEKEASON

Variable ‘ Co-efficient
Constant 4.616
(5.464)*
Area , 1.233
. -1 (8.064)*
Labour -@3.217 I
(-2.339)=**
Farm Power 1 9.0009 - I
(0.924)
Materials . 2.132 :
(3.303)* :
Seed @.921
(2.201)
Ou/Ov 4.575 l
Cu/{(0%a + 0%v) | 3.9544
| Log-Likelihood | 18.105

Source: Cost of Cultivation Data for Tamil Nadu
(1992-93).
Note: * Significant at one per cent level.
»x Significant at five per cent level.
Figures in parenthesis are t-ratios.
The MLE estimates which reflects the response of the best practice
farms are more or less similar with the OLS estimates (Table
3.2.8). The constant term of the MLE result is relatively higher
than that of the OLS estimate. Thus, comparing production curves,
the frontier_'envelope as obtained through maximum likelihood‘
estimation, shifts upward with a shift 1in intercept of the
production function. It implies that the frontier units use

relatively lesser inputs than the average farms.
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. The variance ratio parameteréi given by o%u/(0%*+v + 0wy, takes the
value .95 which is comparatively large, given the interval within
which it lies (i.e., between @ and 1). -This value implies that
ébout 95 per cent of the difference between the observed output and
the maximum production frontier output is caused by differences in
farmers® levels of technical efficiency as opposed to the
conventional random variability. The source of random variation
can also be estimated from the ratio: ou/0v, which takes the value
of 4.568, again implying that the technical efficiency component of
the error term dominates the source of random variation in the

model (see Appendix V for details)

From the variance of the technical efficiency parameter, i.e. o%u,
the population average technicai,efficiency is calculated to be
@.23; implying that on the average there is 23 per cent technical
inefficiency in the sample. Invotherwofds, the éctual farm output
of the “average’ farmer iz 23 per cent less than the maximal output
that can be attained with the existing level of inputs. 1In terms
of technical efficiency, this would imply the farmers in the sample
to have an average technical efficiency ievel of 77 per cent.
Thus, on the. average, .there exists the scope of increasing
production further ‘tﬁrough. a 23 per cent 1lmprovement in the
technical efficiency of the “average' farmer. The frequency
distribution of farms belonging to the lean season by technical
efficiency shoﬁs that around 46 per cent of the farmers obtained
output within 20 per cent below the maximum output estimated
through the frontier (see Tab1e43.2.1®). The technical efficlency

of individual farms varies from 380 to 97 per cent.

s Kalirajan and Flinn, 1983.
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- Table 3.2.10

FREQUENCY DISTRIBUTION OF TECHNICAL EFFICIERCY
LEAN SEASON

-—

.Range v Frequency - Cumuiative ’ I
1 ‘ " | Frequency
2.3 - .35 {3 13
(2.05) (2.05)
2.356 - @.40 |2 : 5
(1.37) (3.42)
@.40 ~ @.45 @ 5
, (3.42)
2.45 - @.50 . 7
: (1.37) (4.79)
2.50 - @.55 11
(2.74) (7.53)
©.55 - .60 19 20
. (6.16) (13.70)
.60 - .65 |15 35
(13.27) (23.97)
0.65 - @3.79 {17 52
. (11.64) (35.62)
9.70 - 3.75 |11 63
(7.53) (43.15)
.75 - 2.80 |16 79
y (19, 96) (b4.11)
9.80 - .85 |17 96
(11.64) (65.75)
@.85 - ©.99 |20 116
(13.79) (79.45)
?.993 - .95 |21
(14.38)
2.95 - 1.00 |9

Source: Cost of Cultivation Data for Tamil Nadu (1982-93).
Note: Figures in parenthesis are percentages.
The bivariate analysis of technical efficiency by size of rice plot
holdings suggests that the inefficient farms are found to be
concentrated in the size class of marginal and small holdings and
the medium and large farms aie_relatively more efficient (see Table

3.2.11).
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Table 3.2.11
TECHNICAL EFFICIENCY BY SIZE OF RICE PLOT HOLDING: LEAN

SEASON :
EFFICIENCY
AREA
(in hectares) < 0.50 |10.58 - 0.75 > 8.75
<1 4 33 45
1 - 2 3 ' 13 23
l 2 -3 4 5
> 3 6 19
Column Total 7 56 183
. (4.%) (38L4)“ (566.8)

Source: Cost of Cultivation Data for Tamil Nadu (1992-93).
Note: Figures in parenthesis are percentages.

It is evident that out of 82 marginal holdings, 33 holdings fall in
the efficiency ranée of @.50 to @.75 per cent, while four holdings
have technical efficiency below .50 per cent. This points out
' that the extent of technical inefficiency is relatively more among
the marginal and small holdings where disguised unemployment is
found torbe widespread. It may be therefore argued that regardless
of the'seasons, increasing the area under the paddy crop through
the consolidation of marginal holdings may have the potentiality of
increasing actual output closer to the frontier output by enhancing
technical efficiency which further calls for the removal of surplus

labour from the operating units.

The technical inefficiency is found to be relatively more during
the lean season as compared to that of the monsoon season. It

further implies that even marginal holdings are relatively more
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efficient during the monsoon season. It also corroborates the
contention that a paft of the technical inefficiency among marginal
holdings during the lean season is accouhted for by.the presence of
disguised unemployment/surpius labour. The bivariate analysis of
technical efficiency with the size of the paddy holding suggested
that technical efficiency increases as the size of area under rice
cultivation increéses. It may be therefore argued that régardless
of the seasons, consolidatiOn of marginal holdings'mé& have the
potentiality of increasing actual output closer to the level of

frontier output through enhancing technical efficiency.

3.3 Efficiency across Agro-climatic Zones:

An attempt is made here to examine whether there 1is a marked
difference across agro-climatic zones for both the seasons. The
entire state has been divided into six zones based on cropping
pattern, soil types, rainfall, etc. The 1list on the zonal
divisions is given in Appendix'II. Table 3.3.1 shows the frequency
distribution of the farms across the different zones. The primary
sampling units (tehsils) are allocated to different zones in
proportion to the total area of all the crops covered by the Cost
bf Cultivation study. The primary sampling units are then selected
in each zone (étratum) with probability proportional to the area
under the selected cfbps, and with replacement. A one-way ANOVA
test is carried out to see whether there exists any significant

difference in the efficiency levels across the zones (Table 3.3.2):
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Table 3.3.1
FREQUENCY DISTRIBUTION OF FARMS ACROSS ZONES

Zone Monsoon Season Lean Season
I - 17 32

I1 51 ’ 28

I1I 26 ' 38

Iv : 33 A 23

v . 41 18

VI 11 ' 7

179 146

Source: Cost of Cultivation Data for Tamil Naqu (1992-93).

Table 3.3.2

VARIATION OF TECHNICAL EFFICIENCY ACROSS ZONES
e e o e e
Honsoor Season lean Season
Source D.F | Sum of Hean ¥ Ratio | Source D.F | Sum Mean | I
Squares Squares of Sum | Ratlo
Sas. | of
Sas.
Between 5 8.26 8.85 8.178 Between | 5 g.55 |a.11 |5.82
Groups . Groups '
Rithin 173 1.1 g.81 . §ithin 148 2.64 #.62 I
Groups ' Groups
Total 178 1.38 Total 145 3.19 I

Source: Cost of Cultivation Data for Tamil Nadu (1992-93).
Note: D.F stands for Degrees of Freedom.
Sgs. is the abbreviation for Squares.

Tfle calculated value of F for both the seasons being greater than
the table value of F at the one per cent level of significance, it
may be inferred that there is significant variation in the
efficiency levels acréss the zones. However, as théfsample size by -
zone is rather small, the analysis has not been extended to the

zonal level.
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3.4 Conclusion 7

The above analysis reveals the existencé of a gap between the
potential output as achieved by the best farmer, and the actual
level of output attained by the average farmer in both seasons.
The farmers are on the avefage-found to be more efficient in the
monsoon season as compared to the lean season. A comparison of
technical efficiency across the different size-classes of holdings
reveals that consolidaﬁion of marginal holdings may increase the
écope for attaining the maximum possible output through a decline
in technical inefficiency. Efficiency 1s also seen to vary
significantly across the zones. The wide #ariation in the levels
of technical efficiency at the farm level calls for a more
disaggregated analysis at the farm-level to account for the factors
influencing efficiency. This exercise is taken up in the next

chapter.
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CHAPTER FOUR

"Identification of the factors causing differences betweer best practice and individual
outputs, could help policy-makers to fornmulate appropriate programmes to reduce such

g@s- ”
(Kalirajan and Flinn, 1983)



DETERMINANTS OF INTER-FARM DIFFERENCES IN
TECHNICAL EFFICIENCY

The analysis of technical efficiency, in the preceding chaptei,
indicates the preseﬁce of wide variation in the levels of technical -
(in)efficiency across the farms for both seasons. This chapter
makes a modest attempt to identify the factors accounting for the
observed inter-farm differences in technical (in)efficiency in rice
cultivation. A number of factors, that may or may not be under the
control of the farmers,: prqvent them from realising the full
potential output. The existing studies on farm-specific technical
efficiency suggests that thére are numerous factors associated with
variations in the levels of output (Kalirajan & Flinn, 1983;
Kalirajan & Shand, 1985; Flinn & Ali, 1986; Jha &_Rhodes, 1997)
In fact the farm-specific characteristics whiéh. influence the
decision—making_ process at farm-level >mould the behaviour and

attitude of farmers towards adoption and diffusion of High-Yielding

Varieties. As Stigler (1976) puts it, ".... two farmers with
reasonable homogeneous land and equipment .... obtain substantially
different amount of corn. ...... The farmer will differ in the art

of learning things by the expected return from new knowledge - one
may be planning to leave agriculture shortly - so they ‘rationally’
devote different amounts of resources in acquiring knowledge." It
follows that inter-farm differences. in output realisation depends
not only on farm-specific endowments (constraints) but also on the
manner in whiéh the farm-specific endowments are put into use.
Against phis background, this chapter examines the impact of farm-
specific endowments'(constraints) and their allocations on the

inter-farm differences in technical (in)efficiency.



The organisation of the chapter is as follows. Section I discusses
how the farm-specific factors influence the level of technicaf
.(in)efficiency. Seétion IT introduces the basic model for the
analysis. Section III presents the regression estimates and

summarises the major findings.

4.1 Determinants of Farn—Specific Technical Efficliency:
A number of farm-specific factors have been considered in this
study to explain the inter-farm differences in technical efficiency
levels for both the seasons. They include: the total area under
irrigation, the source of irrigation, the degree of fragmentation
in the paddy lands, ihe extent of multiple cropping, the proportion
of family labour hours in the total 1aboﬁr hours employed, the
proportion of tractor power in the total farm power employed, the
status of the farmer on the basis of ownership of the holding, the
hours employed of power sprayers and finally the ownership of
tractors employed. The rationale for selecting these variables is

given below.

The area under irrigation plays an important role in the
cultivatidn of High-Yielding Varieties. The easier access of ﬁhe
large farmers to irrigation resources is initially believed to
aggravate ihe inequality between the small and large farmers (see
Kurien, C. T., 1989). It thﬁs becomes necessary to enquire as to
whether the widely irrigated farms are the ones which make use of
thelr resources efficiently. As the érea irrigated turns out to be
an important determinant of efficiéncy so also does the source of

irrigation matter. Three sources of irrigation, found to be
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dominant in the study area, have been considered in this study.

They are canal, well and tank irrigation.

Another important factor is the extent of fréémentation in the
operated holding. Going by the Neo-Malthusian theories of
population‘ gfowth and agricultural change, deferioration in
égriculture can be attributed to the negative effects of population
growth through the sub-division & fragmentation of ﬁoldings and the

effect of this on the agrarian structure and agrarian relationsv
(Nair & Das, 1991). However. in the case of Tamil Nadu, though
population growth waé incfeasing at a rapid rate and the average
size of cultivated holdings was declining, productivity has
remained unaffected (see Nair & Das, 1991). In this context, an
analysis of the relationship between efficiency and the degree of
fragmentation of holdings becomes iﬁperative. Similarly, the
extent of multiple cropping may play an important role .in
determining the extent of productivity (Mahalingham, 1987) as well
as of technical efficiency. It may so happen that farms growing
more than one crop may not be uniformly efficient in the production
of all the crops. The present study, thus, cOnsiders the
-relationship between techniéal efficiency and the extent of

multiple cropping.

Much of the heated debates on the issue of " farm-size veréus farnm
efficiency” in the‘early'sixties (see Sen, 1964a; Sen, 1964b; Rao,
1966;thusro, 1968; Rao; 1968; Lau and Yotopoulus, 1971; Sen, 1974;
Rudra & Sen, 1988) were built on the aréument that smaller farms
tend to be more efficient as they rely more on family labour which

is put- to the maximum'use, such that returns are maximised (see
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Sen, 1964a; Sen, 1964b; Rudra & Sen, 1980). However such intense
use of family 1labour, it ~haé been pointed out, can be
unremunerative (see Rao, 19665. The present study, thus, probes
into the gquestion of the nature of felationship between technical
efficiency and the proporfion of family hours in the total labour
hours employed. On the same lines, the nature of organisation,
such as'tenurial relationships, the ownership of tractors, etc.,
also matter a lot in the efficient use of resources. With regard
to tenurial relations, Hanumanfha Rao (1966) pointed out that if
there are tenurial disincentivgs resulting in lower input and
output per acre among ténahted holdings and if the proportion of
area leased in increases with size, then the decline in output per
acre with size could be explained partly by the operation of
tenurial disincentives. This hypothesis is tested here with regard
to technical efficiency in rice cultivation. A fenurial holding
here is defined as any operating unit part or whole of which has
'Been leased .in. Also, the relationship between technical

efficiency and mechanisation through use of tractors has been
considered. The proportion of tractor power in the total farm-
power employed is also included in the analysis. Finally, the
hours employed of power sprayers has been considered. Power
sprayers which are .used to spray pesticides has been taken as a
proxy for pesticide dse in the absence of information on the

latter.

4.2 The Basic Model:
Having discussed the 1likely factors affecting farm-specific
technical efficiency, the functional form with which the

relationship between farm-specific technical efficiency and the
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probable factors is empirically tested is’presented here. The

functional form chosen is the linear function, expressed asl:
i = ao + Zaisi + wi (4.2.1)
where;

G1 1s the estimated farm-specific te@hnical efficiency (reported in

Appendix VI).
w1 is a disturbance term with normal properties; and

s1 represents the farm-specific charaéteristics. The selected:

- factors are listed below:

(i) The Area Irrigated stands for the total area under irrigation.
As information pertaining to irrigation is not available for
individual crops, the total area irrigated is chosen as a proxy
under the assumption that paddy is one of the water-intensive

Crops.

(11) Fragmentation, number of plots used for paddy cultivation inv
a farm 1in the season considered is taken as the degree of
fragmentation in the land where paddy is cultivated.

(i11) Multiple Cropping stands for the loss of soil nutrients

through multiple cropping in the farm.

1 ~ Kalirajan and Flinn, 1983.
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(iv) Well, Canal and Tank are dummies representing the different
sources of irrigation. Since there are four classifications °f,
irrigation source, i.e., well'operated farms, canal»operated farms,
tank operated farms and farms depending on both well and canal,
three dﬁmmies'xepresenting well, canal and tank irrigation are
considered. The dummy on Well takes the value of one for farms
depending on ﬁell irrigation and zero otherwise. Likewise, the
dummies on Canal and Tank take the value of one for farms operating

on canal and tank irrigation respectively and zero otherwise.
(v) Owner cultivator, a dummy variable which takes the value of
one if the whole area operated is owned and zero if any portion of

the area operated is leased in.

(vi) Family hours stands for thé proportion of family hours in the

total labour hours employed.

(vii) Tractor hours show the proportion of tractor power in the

total farm power employed.

(viii) The dummy for tractors takes the value of one if the

tractor is owned and zeéro otherwise.

(ix) Power sprayers stands for the total hours employed of power

sprayers.
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4.3 The Empirical Results:
The above linear function (equation 4.2.1) 1is estimated in a
multiple regression framework using Ordinary Leasf Sqﬁares (OLS)

method.

Before going into the anal&sis of determinants it .would be
interesting to look into certain importént.characteristics which
may highlight the different behaviourial patterns with regard to
the use of certain inputs across the different size-classes of
holdings2 (see Bharadwaj, 1974). Table 4.3.1 shows the mean,
standard deviation and co-efficient of variation of three factors,
the use of which usually marks out the small farms from the large
farms. These variables are the proportion of family hours in the
total labour hours employed, the proporfioﬁ of traétor power in the
farm power used and,thé propértion.of organic manure in total

fertilizers applied.'

2 The size of the holding refers to the area under the paddy crop.
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Table 4.3.1
DISTRIBUTION OF FACTORS ACROSS SIZE-CLASSES OF HOLDINGS

‘ MONSOON SEASON
TARIABLES PRO.OF FAKILY HOURS PRO.OF TRACTOR PONER PRO.OF ORGANIC MANORK

Area Hean 5.0 A ] . c.vY Eean . c.y

' : (%) - () g (2)
¢ | Hectare 1 8.2309 ] 9.193 |3 111.21 | 8.8584 287.21
1 -2 HBectares. | 0.1345 §@.134 |99.93 18.99 #.8907 242.01
2 - 3 Hectares | 0.0905 | 6.973 | 88.98 18.37 8.1945 286.69
> I Rectares 8.0583 }@.644 }76.16 13.60 $.0233 208.58

j Total {61858 | 8077 9532 | 0.3856 | 6.378 | 96.01 J@.0671 | | 288.92 | 119 §
LEAN SEASOM _
VARIABLES | PRO.OF EAMILY HOURS PRO.OF YRACTOR EOORS PRO.OF ORGARIC MANURE
Area Yean s 10y Hean 5.0 c.Y Hean §.D c.Y
(%) (%) (2)

¢ 1 §.2683 §4.174 3 66.77 §.3558 | 8.381 | 187.44 | 6.8995 . 158.85
fectare ‘ '
1-2 #.1386 | 8.129 §92.93 g.4731 | 8.376 | 79.52 §.0991 18116 | 116.65 | 39
Hectares
2-13 g.1042 | 8.10 §5.39 g.871% | £.18 11.49 6.0381 10.95¢ ] 142.52 ]9
Hectares
)3 #.872% 10.874 | 16178 | 0.6899 | B.417 | 60.44 §.6957 | 0.151 | 157.86 | 16
Rectares -
Total #.1976 | 8.198 1§ 84.31 g.4551 ] 6.399 {81.76 §.0952 10137 ] 144.12 | 146 l .

Source: Cost of Cultivation Data for Tamil Madu (1992-93).
Note:  Pro. is the abbrievation for Proportion.
: Obs. is the abbrievation for Observations.
5.D stands for Standard Deviation.
C.V stands for Co-efficient of Tariation.
As 13 clear from Table 4.3.1, the co-efficient of variation is
quite high for all the variables, the only exception Being that of
the co-efficient of variation in the proportion of tractor power in

the total farm power employed in the category of farms cultivating

within 2-3 hectares of land, 'implying»va certain degree of

-
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uniformify in the use of tractors among the farms falliﬁg in this
category. The méan values Suggests that the pfbportion of family
labour hours in the total labour hours employed decreases as the
size of the cultivated area increases. On the otherhand a positive
relation is observed between the area cultivated and the proportion
of tractor hours in the total farm powét employed. However, the
proportion of organic manure in the potal amount of fertilizers
applied does not seem to‘vary much across the different size-
classes of the holdings. The extent of family labour and tractor
prower employed is seen to be h%gher in the lean season as compared

to the monsoon season whichﬁ may be indicative of disguised
unemployment/surplus labour in marginal holdings in the absence of
alternative employment opportunities resulting in greater
inefficiency in the use of these resources as was proved in the
"last chapter. The mechanisation of farﬁ power through the use of
tractors enabled the medium and large farms to atfain relatively

highér levels of technical efficiency.

The estimates obtained by regressing the farm-specific factors on
the farm-specific levels of technical efficiency are shown in Table

4.3.2.
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Table 4.3.2

DETERMINANTS OF TECHNICAL EFFICIENCY IN RICE CULTIVATION

IVarhﬂﬂe ‘Monsoon Lean Semyxxl
Season : I
- § Constant ?.81659 @.77986 E
(13.897)* (10.338)* o
Area Irrigated | -0.0076683 | -0.000057371 '
(in hectares) . (-1.918)%* (-2.525)
Fragmentation -2.002024530 | -@.00259845
(-2.939) (-2.950)
Multiple @.0023361 -0.0062224
Cropping (2.358) (-2.319) _
Well -@.042164 | -0.227489 .
(—2.864) (-3.596)
Canal 3. 0045640 ?.060345 .
(2.292) (1.457) o
| Tank ~| -@.0076520 | -@i044219 '
(-2.147) (-2.818)
lOwner ?.026778 -0.012149 I
Cultivator (1.291) (-2.249) :
Family Hours -2.964731 -3.0985684 -
(proportion to | (-1.566) (-1.925)
total hours)
Tractor Hours ?.960846 7.9082733
(proportion to | (3.222)* (3.218)
total hours) '
Tractor 3.937381 -0.080639
Osnership (1.274) (-1.685)**
Power Sprayers ' | @.00076188 | @.0083307
(3.315) (1.898)%*
r 2.13 2.08

Source: Cost of Cultivation Data for Tamil Nadu (1992-93).

Note:

Flgures in

parenthesis are the respective t-ratlos.

* Significant at one per cent level.
**Suadﬁkmntat uazpercwntlewﬂ.

model for both the seasons

" The value of R® in Table 4.3.2 reveals that very little of the

variation in the efficiency levels has been explained by the fitted

The analysis for the monsoon season
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shows technical efficiency to be negatiVely related to the area
irrigated. This variable turns out to be éignificant at the ten
per cent level. It impiies that during the monsoon season,
waterlogging could affect the level of technical efficiency'at farm
level, which in turn suggests that better water management
practices may perhaps increase the scope for attaining higher
levels of technical efficiency. Further, techniéal efficiency is
seen to be positively related to the proportion of tractor power in
the total farm power employed which strengthens the contention that
mechanisation of farm power 1is associated with higher levels of
efficiency in the larger holdings. All the other variables turn

out to be insignificant.

For the lean season, it is binteresting to note that of the
variables considered, the  ownership of tractor and the hours
employed of power sprayers turn out to be significant at ten per
cent level. The negative sign of the tractor co-efficient shows
technical efficiency to be declining if the tractor operated is
owned. This observation is not surprising in the sense that most
of the marginal holdings use the hired tractor power which creates
a market niche for the farm owning tractors to hire out and make
money. This is also a reflection of the fragmentation of the land
where raising and rather maintaining draugﬁt power is uneconomic.
On the otherhand, efficiency is seen to be positively related to
the hours employed of power sprayers. All the othervvariables turn
out insignificant. The insignificance of some of these variables,
‘such as the dummy on owner cultivator and the different sources of
irrigation, may be related to the nature of sample size where most

of the farms are marginal holdings which have neither excess land
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to lease out nor do they have resource endowments to lease in

during lean season.

On the whole, it may be inferred that the sample size under study,
which consists more of marginal and gmall holdings having more or
less . similar farm characteristics, regardless of the. seasons,
weékens the explanatory power of the model. At the same time, it
may also be noted that R®? can be cloéef to zero when sample size

increases.

Nevertheless, the present analysis throws,indireciiy some insigﬁts
into the facﬁors influencing the teéhnical efficiency at least
among the marginal holdings. One of the findings is that during
the monsoon season, there is a scopé for farmers to.increase the
level of technical efficiency (the level of output) through better '
water management practices. Thexsecond interesting finding is that
mechanisation of farm power may have contributed to the higher
levels of technical efficiency among the medium and large farmers
during the monsoon season. As far as the lean season is concerned,
the fragmentation in land holdings must have created a market for
.tractor power which the medium and large farmers owning tractors
take advantage of by making money from hiring out theif tractors.
It may be, therefore, concluded that fragmentation of land
holdings, manifest in many ways, constrain the farmers from

realising the maximum possible output.
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CHAPTER FIVE

..... The motivation clearly is to get the best out of our national endowments and available
agricultural technologies to improve the economics of the agricultural production systems,
looked at in its comprehensive sense, so that not only the lot of the land-holders will
improve but also the incomes of those dependent on-land, pamcularly the landless

agricultural labourers."”
(Patil, 1997)



SUMMARY AND CONCLUSIONS

The presenp study hasvbeeﬁ carried Ouﬁ-with the objective of
examining the extent of technical (in)efficiency in rice production

~in Tamil Nadu for.the vear 1992-83. Using the production frontier
methodology in the measurement of technical efficiency, the study
was carried out for the two main agricultural seasons, that is the
monsoon and lean seasons. The analysis was done at the farm-level
making use of‘the Cost of Cultivation data. The study establishes
the existence of a gap between the potential leQel of production
and the level of production éf the average farmer for both the
seasons. The study also examined the variation in the levels of
technlcal efficiency across the different size-classes of holdings
and different zones and attemp£s>to provide an explanation for the
inter-farm differences in technical efficiency through certain
farm-specific charaoteristics.. The main findings and conclusions

of the study are summarised below.

5.1 Summary of Major Findings

* The “average  technical inefficiency is estimated to be
23 per cent and 16 per cent for the lean and monsoon
seasons respectively. In otherwords, the average level
of technical efficieﬁcy is 77 per cent and 84 per cent
for the lean and monsoon‘seasons, indicating that the
average farmer can produce the maximum possible output if
he improves his technical efficiency in resource use by
23 and 16 per cent in the respective seasons. Thus, on
the average, the farmers are found to be more efficient

during the monsoon season as compared to the lean season.



Around 46 per cent of the farmers in the lean season and
68 per cent of the farmers in the monsoon séason have
efficlency levels that fall within 20 per cent| below the

maximum output as represented by the frontier|

Estimates of farm-specific technical efficiency lé§els
show a variation between 30 per centvand 87 per cent and
between 45 per cent and 87 per cent for the lean and
monsoon seasons respectively, and so does the potential
to increase farm output with the existing levels of

inputs and technology.

An ANOVA test reveals that the 1level of technical
efficiency is significantly different between the agro-
climatic Zones (classified on the basis of cropping
pattern, soil type and rainfall) implying that the inter-
farm differences in the level of.technical efficiency is
prerhaps, partly the consequence of variations in agro-

climatic zones.

A comparison across different sizes of holdings shows
that thero 1as a positive associntion belween area under
cultivation and the level of +technical efficiency.
Besides, it is noted that the marginal holdings are the

inefficient ones. This is true for both the seasons.

The analysis on the inter-farm differences in technical
efficiency revealed that very little of the variation in

efficiency is explained by the selected factors. Only
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two factors in each season turned out to be significant
in the analysis. For the monsoon season, the factors
that turned out significént were the area under
irrigation and the proportion of tractor power in the
total farm power:employed. While efficiency was seen to
be negatively rélated to the area under irrigation, a
positive relation between technical efficiency and the
proportion of tractor power in the total farm power
employed was observed. The analysis for the lean season
revealed that technical efficiency was related positively
to the number of hours of power sprayers (used for
spraying pesticides) employed and negatively with the

ownership of tractors.

The analysis brought to light certain interésting features
relating to input usage in the different size-classes of the
operational holdings. The marginal and small holdings were
found to be characterised by disguised unemployment during the
lean season, possibly due to the non-availability of alternate
employment opportunities during this seéson. The proportion
of family hours in the total labour hours employed was found,
regardlesé of * seasons, to decrease as the size of the
cultivated area increased. On the otherhand, the proportion
of tractor hours in the total farm power used was found to

increase as the size of the cultivated area increased.
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5.2 Conclusion

The analysis reveals that regardless of the seasons there is a
further scope for increasing rice production in the Stafe further
through an improvement in average efficiency 1levels. This is
_posgible through better farm management practices that would result
in the better utilisation of the existing inputs. The predominancé
of_ﬁarginal holdings in the study sample for both the seasons is
.sugéestive of the fact that the fragmentation of holdings in itself
may act as a constraint to the attainment of botential output as
farm activity becomes relatively uneconomic, cost-intensive énd
market &ependent for almost all inputs (see Ray, 199@). This point
is further strengthened by the fact that the marginal holdings are
found to be relétively inefficient during both the seasons. The
policy implication is that there is a need fof consolidation of the
marginal holdings to make them economically viable and technically
efficient through targeted intefvenfion programmes. The analysis
shows the area under irrigation to have a negative association with
technical efficiency during the monsoon season, implying thereby
that the average efficiency level in the monsoon season may be
improved further through better water managemenf practices. It may
be noted that during the monsoon season, the marginal farmers may
not collectively undertake the water management work, particularly
the maintenance of irrigation and water channels, which may result

in water logging.

Moreover, the incidence of family labour is found to be high among
the marginal holdings regardless of the seasons. This itself is
the manifestation of wide-spread prevalence of disguised

unemployment/surplus labour which acts as a constraint on technical

68



efficiency. This 1is evident in the 1lean séason when no
alternative employment opportunities are available. This
highlights the need to provide alternative employment opportunities
and educational facilities for the removal of illiteracy among the

farmers.

In sum, the existence of a gap between the mean level of production
and the potential level of production during both the seasons calls
for policy initiatives in the appropriate direction which may act
as iﬁcentives to the farmers for raising output to the potential
level. Once the potential level has been reached, an improvement
or overhauling of thé existing technology through more effective
research and investment in  agricultural technology  and

infrastructure would be desirable.
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APPENDIX II

I0BE RAME OF THE CODE RO  NAME OF THE

- DISTRICT/ OF TALUK TALUK RAME OF THE VILLAGE
DISTRICT HEAD-
QUARTER - -1 -2
1. CHERGAI-ARRA #1 EANCHEEPURAN-I AVALUR
(KARCREEPURAN-H.Q) - 82 KARCHEEPORAM-I1  THEBRERI
#3 CEERGALPATTY SENGURDRAK EORDAMARGALAM
' 84 PORNERI THADEPERUMAPAKEAN -
I1. RORTH ARCOT : :
ANBEDEAR-DISTRICT g5 CODITATHAN-1 VEPPOR
(VELLORE-B.Q)
#6 GODITATHAM-11 EARDIFPEDD
SANBUVARAYAR-DISTRICT 87 CHETIAR PURISAI
(THIRDVANRANALAI-B.Q) #8 THIRUVANNAMALAI ~ MARGALAN
#9 POLUR ARUNAGIRIMANGALAN
I1. SOUTH ARCOT 18 KALLARORICHI ARITAPERUMANDR : -
(VILLOPURAN-H.Q) 11 TITTAGUDI EILINARAGALAN PELARTRORAI
12 TIRDIVARAN NELPARRAN
13 VILLUPURAN PARCHANADRYI
“14 GIRGER-1 VALLAN
15 GINGEE-11 ALANPORDI
16 GIRGEE-111 AVALURPETTAI
17 TIRORKOILUR KARDACHIPURAN
IIT. TBARJAVOR 18 EUMBAKORAN NARDTEANALLUR TRIPPIRAJAPURAM
(TEARJAVOR-B.Q) 19 PAPARASAN SOOLAMARGALAN
20 THIRUVIDATMARUTROR RARASINGAMPETTAI SATHARCOR
21 PATTOROTTAI ERADI ‘
22 KUDAVASAL SENGALIPURAM
23 NARRARGODI REDUVAROTTAL
24 VEDARANTAM TAGATTOR
_ 25 NTLADUTHURAI CEATRAPALAPURAH THOZHUTEALARDGUDI
IV. MADURAI (MADURAI-B.Q) 26 MADURAI NORTR SAMATARALLOA }
27 ¥ELUR 8. VALLALAPATTI
28 DSILANPATTI ROVILARGOLAN
* 29 UTHANAPALATAN BOOTRIPURAM
QUAIDE MILIETH (DINDIGUL-B.Q) 36 PALANI . VIROPATCHI
' 31 DIRDIGUL ATTOR
THIROCRIRAPALLI (TRICHY-B.Q) 32 TRICHY-I NALLIANBATRD
33 TRICHY-II THIROCHERDORAI
34 KOLITHALAL THOGAMALAL
35 HOSIR1 URAKKARAI :
‘ 36 LALGUDI PUDURKDDI ESANAKEORAI
IV. PODOROTTAI(PUDUROTTAI-E.Q) 37 THIRUNATAM PORNAMARAVATHI WEST
: 38 ARANTRARGI ATIRGODI
V. RAMARATHAPURAM (RAMARATHA- 33 PARANAKDDI EAMUTBARUDI
PURAE-B.Q) '
V. [KANARAJ (VIRODEORAGAR-B.Q) 40 SRIVILLIPUTHOR  POOVARI SENEAPPANAICKRRPATTI
41 RAJAPALATAN ROVILOR CHOCKARATRANPUTHOR
42 ARUPDEOTTAI EALKORICEI



Appe£dix I1 Continued.

10NE RANE OF THE CODE N0  NAME OF THE
DISTRICY/ - OF TALUE  TALUK RAME OF THR VILLAGE
HEAD-QUARTER ‘ ¥-1 ¥-2
¥. NELLAIKATTAPOKNAR
(TEIRUNELYELI-B.Q) . 43 SAREARARKOVIL VADARRUPATTI
: 44 TERRASI KRELAPATOOR

45 ANBASANUDRAN GOPALASANUDRAN
CHIDANBARARAR (TUTICORIN-E.Q) 46 SRIVAIKONDAN VITTILAPURAM

v 47 ROVILAPATTI FALLATIRPUDUR
COINBATORE (COINBATORR-H.Q) 48 COINBATORE SOUTH  DEVARAYAPURAM
49 UDUNALPET JALLIPATTI
50 POLLACHI PRTHARAICKARUR
51 AVINASHI THEZRALUR
VI. PERITAR (ERODE-B.Q) 52 ERODE-1 PERIYASENUR
53 ERODE-11 VILARRETHI

54 SATHTANARGALAM-1  MARRINANEOMRAI
55 SATRYANANGALAM-IT VIRRANPALLI

o 56 DHARAPURAN - HOOLANDR
VI. GALEM (SALEN-8.Q) 57 OBALOR EUTTANETTOPATTI
. 58 TRIROCHERGODE DRVANARRUROCHI
V1. DHARMAPURI (DEARMAPURI-B.Q) 59 DHARMAPORI SETTIRARAI
. 68 KRISHRAGIRI EAVERIPATTRAN

Soarce: Comprebensive Scheme for Studying the Cost of Cultivation of Principal Crops in Tamil Nadu for the Year
1998-93.
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APPENDIX II1

Details of Plot-wise Information on Crops
The plot-wise data for different crops grown over the crop yeér

contains the following details:

Land: _The area of the plot given in hectares. ‘The farms are
classified into different size classes; outlinedin(hmgeﬁL
Information on the rent paid on the land, if it is leased 1n,.and
the imputed rent, in the case of land owned by the cultivator, is
given separétely in cash, kind as well as the totél value. The

land tax or cess for each plot is also given.

Energy inputs: Operation—wisé data on the number of hours of
human, animal_and machine hours‘employed is provided. The human
labour hours are further separated into family, permanent and
casual labour categories. The wages paid to casual labour, in
cash, kind and the aggregate value, for each operation is also
provided. The type of machine used, such as tractor, thresher, oil
engines and electric motors is identified. Where the machines and
animals are hired,.the hours contributed to the operation by owned
and hired sources are given separately. In the case of the hired
category of machine and animal hours, the value of the hours
employed, both in cash and kind as well as the- aggregate value, is

provided.

Material Inputs: The use of seeds, organic manure and chemical
fertilizers is given in physical as well as value units. The

quantity of chemical fertilizers is separated out into Nitrogén,-
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Phosphorus and Potassium units; the value given is the aggregate of

all three types of fertilizers.

Output: Data on the main product, by-product and the total product
(which represents the main product and by-product taken together),
is given separately for each plot, both in physical ‘and value

terms.

Irrigation: The data set alsoc contains information on the source
of irrigation and the irrigation charges. In the latter case the

information pertains only to those plots owned by the férmer.

Besides plot-wise* information, +the data set also‘ contains
information relating to the entire farm, such as the value of the
buildings, machines and other stocks, the area under irrigation,
the number and literacy levels of the family members in the farm

household, etc.
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APPENDIX IV
F-Test: Provides a general method of_testing'hypbthesis about one
or more parameters in a multiple regréssion‘model. Ih this case
the null hypothesis is that all the interaction terms (that is, Baigy

in equation 341 are equal to zero. The F-test is expressed as:

(1-R2ur)/(n-k)

where; R®ur is the explained sum of squares from the unrestricted
model and R®r that of the restricted model,-m is the number of
regressors assumed to be absent from the modgl (that is, all 8135,
n is equal to the tofal number of observatiohs and”k is the total
number of parameters specified. The results of the test on the
data éets relating to the monsoon and lean seasons are shown below:
Monsoon season: |

?.9612919 - 0.9612827/15 0 .0000092/15

F =
1 - 9.9612919/179 - 21  ©.0387081/158
= 0.0824499

Lean season:

F

©.9532899 - @.9527701/5 @.0005198/15

1 - ©9.95632899/146-21 2.0467121 /125
2.092734177

As the calculatedvvalue of F turns out lesser fhan the tabulated
value of F at the one per cent level of significance at (15, 158)
and (15,125) degrees of freedom for the monsoon and lean season
respectively, the null hypothesis thét the interaction terms equals

zrera 18 found to be valid in both the cases.
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APPENDIX V

Calculation of Population “Average  Technical Inefficliency and

Variance-Ratio Parameter:

ESTIMATES OF VARIANCE: Error Term Comggnents

Monsoon Seagpn Lean §ggsbn
0% u _|2.04 2.281
oy 2.026 2.004
g = 0%a + 0%v 2.27 @.285
o*u/0 2.60 _12.95
Cu/Ov 1.23 4.57

Source: Cost of Cultivation Dat;Lfbr Tamil Nadu (1992-93).

In the above table 02%u stands for the variance of the technical
efficiency component of the error term. The variance of the random
error component is given by o%v. The sum of the two variances,
“i.e. 02Q + 0%+, 1s denoted by o. The ratio o%uw/0 shows the
proportion of +the variation in total output from the maximum
possible output due to variation from technical (in)efficiency
alone. This ratio is known as the variance ratio parameter. The

ratio ou/ov is the ratio of the standard deviation of the technical

efficiency parameter to that of the random error component.

From the estimate of the variance of the technical efficiency
parameter the popuiation ‘average® technical inefficiency is
calculated by -oud2/n. This takes the value of ©.16 and @.23 for

the monsoon and lean seasons respectively.
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APPENDIX VI

FARM-SPECIFIC ESTIMATES OF TECHNICAL
EFFICIENCY (e-ui) ACROSS ZONES

l ZONE LEAN MONSOON
i SEASON SEASON
l 1 | 2.940097 |©.800105 |

1 | @.663695 |@.869776
I 1 | 2.997016 |©.821461
I 1 | @.871307 |@.839314

1 | 2.622546 |@.872104

1 |©2.899938 |@.756789
| 1 | 0.938586 |@.617446
l 1 | 0.999433 |o.826247

1 | @.897061 |0.618902
| 1 | @.600679 |0.708494
| 1 | @.338024 | @.61136
| 1 | o.488884 |@.724189 |
| 1 | ©@.613688 |©.787283
| 1 | 3.577682 |@.714908

1 | @.552442 |@.799254

1 | 0.49382 [o.716039 |

1 | o.54108 '} o.84705

1 | @.574431 -

1 | @.546345 _
| 1 | o.60835 -

1 | @.571199 -

1 | @.534356 .

1 | @.349879 -

1 |o.870564 | - ‘
| 1 | 2.671801 - |
| 1 | @.787393 -

I 1 | @.927954 .
1| 3.395396 -
I 1 | 2.894673 -
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Appendix VI Continued.

l ZONE _|LEAN |uonsoon |
SEASON SEASON
1 | 2.769655 - I
1 | @.787525 -
1 | @.689497 I
Mean 9.68. 2.76
S.D. @.184 2.087 I
C.V.(%) 27 11
2 | @.628966 |@.892307 I
2 |@.778515 |@.779134
2 | 064056 |0 820881 |
2 | 0.903405 |@.847811 I
2 | @.654522 |@.848064
2 | @.614138 |o.658853
2 | 2.301637 |@.742421
2 |2.627316 |.534409
2 | g.370769 | @.74107
2 | o.700286 |@.824594
2 | @.700463 |0.694127
2 | @.748089 |@.716207
2 | @.727776 | ©.748894
2 | @.816496 |@.777662
2 | o 745232 |0 soms52 |
2 o 681013 |0 760916 |
2 | @.930856 |@.658326 _|
2 | @.521666 |@.757883
2 |o.911666 |@.793175 |
2 | @.743848 |@.777569 I
2 |2.623978 | 2.87411
2 |ov.824809 | ©.96363 |
I 2 |o.814528 |@.899623 ]
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Appendix VI Continued.

ZONE

LEAN
SEASON

SEASON

| MonNsOON |

P.6827258

.883588

@.970188

2.705028

Z.666183

2.881114

@.586676

0.8836

0.760351

?.898411

2.92469

2.827884

2.848795

@.753981

©0.895569

.848975

.784373

. 779346

.886903

. 745301

.772255

.782321

.695969

.839218

.860716

.877492

. 726082

. 714096

.87P179

.633725

.881822

.882713

Sl iad@iainia |av |l e

.911923

2.7

2.76

0.151

©0.884
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Appendix VI Continued.

ZONE LEAN MoNsooN |
SEASON SEASON
3 | @.821274 |0.879288
3 |0 81008 2.83616
3 |©.915983 |0.861534
I 3 | 2.854329 |@.926884
3 |12.924679 | ©.806069
| 3 | @.867472 |©@.896641
I 3 | 2.869953 {@.729317
3 | 2.902003 |@.838659
' 3 ?.91257 |©.894899
3 | @2.868891 |@.87@186
| 3 @.63795 |@.925705
3 |2.635705 |@.855095 -
| 3 10.786044 |©.817413
3 | @.945699 |@.816735
3 | 2.958217 |@.850964
3 | @.872683 |0.844221
3 | 0.901678 |@.8022662
: 3 | @.860727 |@.900904
'3 | p.941095 |o.836847
3 | o.701689 |@.831215
3 | @.708879 |©.896449
3 @.71217 |@.826047
: 3 | 0.684081 |©.882649
) 3 | 2.642234 |3.864733
I 3 0.65849 |@.832105
I 3 | @.872458 |©.823565
I 3 | @.935154 - _==J
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Appendix VI Continued..

.
LS S S S R A S T i e S S e e e e e e

~ l ZONE | LEAN MONSOON I
SEASON SEASON
I 3 |@.967439 - |
| 3 | o.698728 -
3 | ©.679293 - |
| 3 | @.595345 -
3 |@.711807 - B
3 |o.677335 -
| 3 | o.590449 -
| 3 | o.751456 -
3 | 2.682038 - |
3 | @.679187 -
3 | @.645331 -
Mean .78 @.85
S.D. 8.12 2.043
C.V.(%) 15 5
4 | o0.64518 | 0.87507
4 | 2.780935 |o.905778
4 | @.837856 |@.778195
4 | 0.890824 |0 938922
4 | 2.865962 |@.573172
4 | @.744732 |@.906475
4 | @ 675652 |@.926614 I
4 | ¢.962947 |@.904045
4 |0.959999 |o.846934
4 | #.949264 |@.893445
4 | @.961827 |@.812438 |
4 |p.9663149 |@.891902
4 | 0. 958052 |@3.860136
s |0 849452 |@.878659 |
.I 4 | @ .828271 ﬂ.835®69==l
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Appendix VI Continued.

ZONE LEAN uonsoon
. 4 | 2.658079 2. 86873
4 | ©.944878 |©.837899
4 | 0.790071 |@.8278@2
4 | .563507 | ©.87713
' 4 | @.863124 |@.844905
l 4 | o.826318 }@.821113
4 | o9.77608 |@.584427 I
4 | @.787296 |@.7590858
| 4 - @.943739
4 - 0.88246
4 - @.818237
4 - 2.892666 |
| 4 - 2.82296
4 - . |®.781843
-| 4 - 'lo.834445
- 4 - ?.808553 .
I ' 4 - 3.781692
I 4 - 9.783308
Mean 2.83 84 I
S.D. 2.116 2.082
C.V.(%) 14 |
5 |©.898359 |@.805836
5 |3.897952 |@.657499 |
| 5 108.910127 |@.790713
l 5 | 0.880437 |@.743461
5 | 2.846449 |@.862974
I 5 |©.823858 |@.877356
- 5 | ©.824216 |@.819579
L==f 5 ?.81646 | ©.81351
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Appendix VI Continued.

ZONE : LEAN

MONSOON

.783548

P.772749

.7560132

2.839354

B.757336

.835706

@.918399

.861994

9.72826

2
%)
9.781247
2
)
%)

.581243

.878@395

. @.79678

.902618

@.765501

.910206

2.907883

.912481

2.6653

.899271

. 9902492

.908438

.843269

. 902894

.8819186

.885847

. 896906

. 860101

827176

. 792497

871042

.814191

ST AT KT LT R T ROV ST ES T I TV LS EO T DO I RO DS LV LS T RN

.847137

0.89@563

3.863518

3.908639

2.887438

2.861737

oo o o O o [on O on (O {or JOon o O O [or o O [on jOn o0 O o jon [ o0 jon ot [Oon
1

©.831521

83

{



Appendix VI Continued.’

L

ZONE LEAN MONSOON

5 - 2.807801

5 - 3.862316

5 - @.892537

5 - ?.821952

Mean @.81 @.85

s.p. | o.086 2.058

C.V. (%)} 11 i 7

6 | 2.958993 |@.626366

'I 6 | ©.917863 |@.734693

6 |©.813181 |©.887685

| 6 | ©.865648 |@.746685

6 |©.893211 |@.865218

6 | @.816855 |@.698967

6 |@.854225 |@.511789

6 - ?-. 635076

| 6 - @.845965

l, 6 - @.459005

6 - ?.827812

Mean @.87 @.71

S.D. @.0953 3.143

C.V.(%) ___ 6 20
Source: Cost of Cultivation Data for Tamil Nadu

(1992-93).
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