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CHAPTER ONE 

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

(Schul~ T. W.,1978) 



IRTRODOCTIOR 

Technology has played a crucial role in increasing agricultural 

production, especially foodgrain production, in Irtdia. High 

yielding varieties (HYV) of seeds were introduced in the country in 

the late sixties with the view to increase food security (Kumar, 

1996; Selvarajan and Ravishankar, 1996). The 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 broughi about a significant 

shift in the nature of cultivation practices as the new strategy 

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 of technology may be location-specific. 

whereas the assimilation of technology may depend upon the 

individual farmer's absorptive capacity and willingness 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; Sa want and 

Achutan, 1995; Kumar and Rosegrant, 1994; Sawant. 1997; Singh et 

al, 1997) and among farms within regions. Accordingly, the 

consequent input-mix would also be different among 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 evaluating the impact of agricultural technology 

on farm output and income, the pertinent question that arises, 

therefore, is regarding the response of the farming community to 

the introduction of HYV. Here, decision-making at the farm-level 

a~sumes importance. Decision-making of a farmer relates to his 

ability and willingness to achieve the maximum possible output with 

a given set of inputsl. 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 

comparison of production performance across farms and enable the 

identification of factors causing variations in efficiency across 

farms. Moreover, the policy implications of such analyses for the 

improvement of ef.ficiencies have significant macroeconomic 

significance2. It is in this context that the present study on 

the technical efficiency in rice production in Tamil Nadu is 

carried out. 

1.1 The B~ce Kconomy in Tamil Nadu 

Paddy is the most important crop in Tamil Nadu agriculture, 

accounting for 30. 9 per cents of the total cropped area. The 

state has recorded one of the highest levels of productivity in 

India: about 2.5 tonnes per hectare4 and has maintained a 

relatively steady trend in the production as well as yield. 

1 Nlrmala, 1992. 

2 Kalirajan and Shand, 1994. 

s Source: · Season and Crop Report, 1992-93. 

4 Nlnnala, 1992. 
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Considering the fact that Tamil Nadu lies in the low-to-moderate 

rainfall region (500-1000 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 unimpressive5 • 

Although the state has witnessed significant ·increase in 

productivity, especially after the mid sixties, there has been a 

declining trend in the area und•r the crop since the eighties. 

Inspite of the decline in area, production has been maintained at 

relatively high levels, through yield improvement. While the 

impressive expansion in rice production during the nineteen fifties 

has been 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 yield and production of rice which were only 

1050 kg per hectare and 33.3 lakh tonnes in 1959-60 respectively, 

rose to the level of 1899 kg per hectare and 46.2 lakh tonnes in 

1970-71 and to 4933 kg per hectare and 115.28 lakh tonnes in 1994-

95. This phenomenal increase in the productivity and production of 

rice, termed as the ·rice revolution', has been made possible 

through the widespread cultivation of high-yielding 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 

5 Hahalingam, 1987 
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al, 1977; Harriss, 1977). It increased from seven per cent of the 

area under the crop in 1966-67 to 92 per cent by 1994-958. The 

use of inputs per hectare has also shown significant increase since 

the mid-sixties. The intensification of inputs has, however, been 

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, _ 1995). This point may be 

substantiated by the examples of wheat in Punjab which has the 

highest land productivity and lowest unit cost; cotton in 

Maharashtra which is least productive and most expensive; and 

sugarcane in Karnataka which has high productivity and least 

cost7. One important aspect that .needs to be examined to gain 

insight into the relatively high cost in the face of rising land 

productivity is the technical efficiency in input-output relations 

which forms the focus of the present study. 

1.2 ObJectives and Scope of the Study: 

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: 

s Source: Tami.l Nadu - An Economic Appraisal 1995-96. 

7 Acha.lya, 1995. 
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1. To estimate the farm-specific levels of technical 

efficiency in paddy production in the etate 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 levels. 

The study makes use of the production frontier methodology in 

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 be made clear. Of the two components, measurement 

of technical efficiency assumes greater importance in the context 

of overall economic efficiency. In a recent study Kalirajan and 

Shand (1994) demonstrated that the causality runs from technical 

efficiency to allocative efficiency. It implies 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 prices paid which the data on costs of cultivation 

does not provide. Keeping 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 Economics 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. 

5 



Data relating to cost of cultivation surveys under the 

Comprehensive Scheme is collected with the help of various 

agricultural universities which are called Implementing Agencies. 

These Implementing 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' random sampling with tehsil as the first 

stage unit, village/cluster of villages as the second stage unit 

and an 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 primary sampling units (tehsils) are allocated to 

different zones in proportion to the total area of all the crops 

covered by ~he 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 

each selected village/cluster, all the operational 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 holdings are selected from adjacent size-

classes to make up the deficitS. The list of the zonal division 

e Ram, (Undated). 
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and of the tehsils and villages selected under the scheme .for the 

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

The Comprehensive Scheme contains data on 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 

datas. 

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 State, i.e., kharif: the first season which 

is sown 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 

e The details of the plot-wise and fann-wise data on the 
different crops are given in Appendix III. 
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mentioned variables. Chapter III on the estimation procedure 

details the list of the variables selected. 

1.4 Chapter Outline 

The present study is organised as follows: 

Chapter II 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. 
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CHAPTER TWO 

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

(Leibenstein, 1966) 



TKCBRICAL KFFICIKRCY: CORCKPT ARD MKASURKMKRT 

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 empiricB:l. At the 

theoretical level, 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 

technical efficiency in agricultural production, using production 

frontier models, are reviewed to understand the problems involved 

in the measurement of variables and the estimation of production 

frontiers. 

The organisation of this chapter is along the foll6wing lines. 

Section I deals with the concept of efficiency. Section II 

examines the different approaches to the measurement of technical 

efficiency including a detailed explanation of the model used in 

the· 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 production, 

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 efficiency 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. Allocati ve efficiency J on the 

otherhandJ refer~ to the ability and willingness of an. economic 

unit to equate its specific marginal value product with its 

marginal cost. It is concerned with the achievement of maximum 

profits from varying factor proportions. Thus while technical 

inefficiency arises from excessive input usageJ allocative 

inefficiency results from employing inputs in the wrong 

proportions. These different dimensions of efficiency may be more 

clearly understood from the following illustration1. 

Consider a farm employing two factors of production to produce a 

single output, under conditions. of constant returns to scale. 

Suppose that the efficient production function is known, that isJ 

the output that a perfectly efficient farmer could obtain from any 

given combination of inputs is given along with the respective 

price ratiosJ then, technical and allocative inefficiency may be 

defined relative to the production function of the efficient 

farmer. The assumption of constant returns permits all the 

information to be represented in a simple isoquant diagram (Fig. 

2.1.1). 

1 Farrell, 1957. 
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In Figure 2.1.1, the isoquant SS' represents the combination of the 

two factors that a perfectly efficient farm might use to produce 

unit output. 

technology. 

This isoquant sets the upper limit to the production 

Given the technology and input prices, efficient 

operation in the sense 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 is said 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 ratio OR/OP 

shows the fraction by which costs can 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 

made clear. 

Point Q, in the figure represents a technically efficient farm 

using the two factors in the same ratio as P, but at the same time 

using only a fraction OQ/OP as much of each factor. This ratio. 

OQ/OP is 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 proportions, in view of their 

prices, which in the current terminology is referred to as 

allocative efficiency, the price line AA~ is fitted in, with its 

slope equal to the ratio of the prices of the two factors. In this 

12 



case the optimal method of production is represented by point Q' 

where the cost of production will only be a fraction OR/OQ of those 

at point Q. This ratio, OR/OQ 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 allocatively efficient. 

In otherwords it is equal to the product of technical and 

allocative efficiencies, i.e., 

OQ/OP * OR/OQ = OR/OP 

Of the above two mentioned components of economic efficiency, i.e., 

technical and allocative efficiency3 , it ought to be pointed out 

that the measurement of technical efficiency assumes greater 

importance given the high probability that where technical 

inefficiency exists, it is likely to exert an influence on 

allocative efficiency, thereby resulting in a cumulative negative 

effect on overall efficiency 4 

2 It mzy be noted that aJzy' 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 (AIJ') 
should be equal to the slope of the isoquant (SS'). 

3 For more detailed and indepth conceptualisations of efficiency see 
Hall (1959), Forsund and Hjalmarsson (1974) and Leibenstein (1966). 

4 Kalirajan and Shand, 1994. In an earlier study, Liebenstein (1966) 
had shown that the gains aoo.ruing from technical efficiency rvere 
conrparati vely larger than the gains acc:ruing from allocati ve 
efficiency. Here, it mzy be pointed out that Leibensteln spoke in 
tenns of X-efficlency which as a concept is similar to technical 
efficiency (Haddala and Fishe, 1994). 
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2.2 Approaches to Measurement of Technical Efficiency: 

Several measures of efficiencys have been introduced in economic 

literature ranging from simple ratios to econometric modelling. 

For a long time, the average productivity of labour was considered 

adequate as a measure of efficiency. The criticism that this 

partial productivity measure ignores the effect of othei inputs on 

efficiency led to the alternative measure of efficiency based on 

all inputs, that is, the total factor productivity (TFP) index. As 

the TFP index is constructed using weights, 'the measure suffers 

from the usual index number problem of fixing arbitrarily weights 

to different inputs (Farrell, 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 extent of a farm's inability to produce maximum 

output from its given set of inputs. The existence of such a gap 

between the potential and actual level of production forms the 

underlying principle for the measurement of technical efficiency 

under the production frontier approach wherein the degree of 

IS 'Efficiency· shall henceforth :refer to the concept . of technical 
efficiency. 
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technical efficiency is captured by an index measuring the ratio 

bet~een actual and potential output. 

More specifically, the production function of an inefficient farm, 

that does not produce the maximum possible output ~ith the given 

inputs due to some slackness in production, say 1, may be 

represented as: 

Y~ = f(x~1. x~2 •... X~m) exp(u~) (2.2.1) 

where Y~ and x~·s are the output and inputs of the ith farm and u~ 

represents the combined effects of various non-price and 

socioeconomic factors ~hich 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 there 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 

ith farm can be defined as: 

exp(u~) = Actual output 
-Maiimum-possibie-output (2.2.2) 

The maximum possible output/production frontier, not being 

observable, must be estimated. Under the production 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 this approach, technical 

efficiency is defined in relation to a given set of farms, in 

respect to a given set of factors measured in a specific ~ay. A 
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distinction may be made here between the conventional method of 
r 

estimating the production function and the estimation of the 
i 

production function under the frontier approach. The conventional 
I 
I 

production function assumes that all farms are efficient and hence 

operate on the frontier. This can be statistically estimated using 
I 

the OLS regression technique and hence are average functions. The 
i 

average functions are natutally associated with mean output, for 

given input levels as diffe~ent from the frontier functions which 

are associated with maximal possible output. 

There are two competing pa!radigms on how to estimate production 

frontiers under the production frontier methodology. One uses 

mathematical programming techniques (deterministic) while the other 

employs statistical methods (stochastic)S. A brief review of the 

various models under the :two heads is made here to choose the 
I 

approach for the present study. 

2.3 The Production Frontier Models: 

The Deterministic Production Frontier: 

The deterministic frontier production function envisages a 

deterministic optimal relationship between inputs and output in the 

sense that all variationi in farm performance is attributed to 

variations in farm efficiency alone. The deterministic approach 

consists of parametric and non-parametric techniques. 

6 A .review of the various approaches under the detenninistic and 
stxx:hastic heads is provided in Forsund et al (198e), Kalirajan & 
Shand (1994) and: Greene (1993). Bauer (19912J) discusses the 
developnents ln the econometric approach to the estlmatlon of 
stxx:hastic frontiers. 
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Deterministic Non-Parametric Frontiers: 

Under .the deterministic nonfparametric programming technique, 

developed by Farrell (1957), the frontier is constru6ted as a free 
I 

disposal convex hull of the observed input-output ratios by linear 

programming techniques. In 1otherwords the method consists of 
I • 

linear segments connecting theibest technically efficient economic 

units against which the actualioutput of each sample observation is 

measured. The frontier is, 

sample, with the rest of the 

approach is non-parametric in 

~hus, supported by a subset of the 
I 

sample points lying above i~7. The 
I 
the sense that it is not based on any 

explicit model of the fronti~re. The advantage of this approach 

is that no functional form . needs to be imposed on the data. 

However, the approach suffers from the disadvantage that the 

frontier is comp~ted from a supporting subset of observations from 

the sample, and is therefore!particularly susceptible to extreme 

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

Deterministic Parametric Frontiers: 

The deterministic parametric approach, C._:_~) proposed by Farrell 

(1957), is based on a parametric convex hull of the observed input-

output ratios. He suggested'that a functional form of the Cobb-

Douglas type should be selected to determine· the production 

function under the assumption of constant returns to scale 

(Farrell, 195]\). 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 
tenn.s of a cost function. 

a Forsund et a1, 19Be. 
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with all observations required to lie on or beneath the frontier. 
i 

Their model may be written as': 

lny = lnf(x) - u ! 

n = ao + ~a~lnx~ - u, 
i=l ' 

(2.3.1) 
= 

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

The elements of the parameter vector a= ( ao , 
= 

a1., ... ' an)' in 
I 

equation 2.3.1 are, then, estimated by using either the linear 
I 

programming or quadratic prdgramming techniques. The technical 

efficiency of each observation 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, th~ 'estimated' frontier is supported by 

a subset of the data and is therefore extremely sensitive to 

outliers. One possibility suggested by 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 fall outside the 

frontier surface. The selection of this proportion is, however, 

essentially arbitrary, lacking explicit economic or statistical 

9 Under the linear progranrning technique, the sum of the absolute 
values of the residuals is minimised, subject to the constraint that 
each residual be non.:,.positlve, while under the quadratic programn.ing 
technique, the sum of squared residuals is minimised, subject to the 
Same constraint ( Forsund et a1, 1980). 
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justification (Aigner et al, 1977). Moreover, the estimates 

obtained under this approach have no statistical properties as no 

assumptions are made about the regressors or the disturbance. 

However, the ability to characterize the frontier t~chnology in a 

simple mathematical form and the ability to accommodate non-

constant returns to scale makes it a better choice over.the non-

parametric approach (Forsund et al, 1980), 

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 (1972). He proposed a two-parameter 

gamma distribution for the error term and proposed that the model 

be estimated by the maximum likelihood method1121. 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 is 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, inefficiency is modelled by a 

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

1121 Schmidt (1976) showed that Aigner and Chu 's linear progranming 
procedure is maxilT1.1JTJ likelihood if 'u · is e;q;;onential, while their 
quadratic p.rograrrmi.ng procedure is maxilT1.1JTJ likelihood if 'u • is 
half-normal . 
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sided disturbance to allow for inefficiency. This method, thus, 

has an advantage over the mathematical (or programming) method as 

it allows for statistical noise resulting from the occurrence of 

events outside the farm'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 data. However, in this case the results can get distorted if 

the data is contaminated with statistical noise11. The foregoing 

review suggests that the stochastic production frontier methodology 

may be considered 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 efficiency12. 

2.4 Review of Empirical Studies: 

An attempt is 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 which have 

used the production frontier framework. 

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

using a stochastic translog production frontier for a sample of 

H In a COIJ1Pltrison of technical efficiency measures, obtained by 
employing the different rrxxlels under the frontier approach, for a 
saJT¥Ple of 153 central Illinois grain farmers, Neff et al (1993), 
showed that the stochastic method results in !TJ.1ch higher efficiency 
measures than the detenninistic method, with approximately one-half 
of the farm efficiencies found by the detenninistic method being 
attributed to random occurrences by the stxx::hastic method. 

12 A /TXJ.re disaggJ:-egated analysis at the zonal level is made difficult 
as ce1:·tain 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 

a~e farm-specific. The analysis reveals wide variation in the 

level of technical efficiency across sample farms, ranging· from 

0.38 to 0.91 with an average value of 0.50. Less than 20 per cent 

of the sample participants obtained output that is about 20 per 

cent below the maximum output estimated through the frontier. The 

study also examined the farm-specific factors (both biological and 

socio economic in nature) to provide an explanation for the 

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 level of technical efficiency among sample 

7JI-'J0'67 c., 
~!it JJf 

farmers. 

Huang and Bagi (1984) estimated an index of technical inefficie~~ 
for individual farms in northwest India for 151 wheat farms in 

Punjab and Haryana during the agricultural year 1969-70 using the 

stochastic production frontier methodology. The average level of 

technical efficiency is estimated to be at 10. 56 per cent. An 

examination of the levels of efficienc~ 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 inefficiency at farm-specific resource levels among 115 

Basmati rice producers is found to be 20%. In terms of yield loss, 

it is estimated to be 0.4 tons per 
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household~ 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 

paddy 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 p~r cent of the 

sample farmers were found to have predicted efficiencies of less 

than 8 per cent, whereas 52.6 per cent of the farmers had predicted 

efficiencies greater than 85 per cent. 

Using an estimated probabilistic frontier production function, Ali 

& Chaudhry (1990) measure farm efficiency in four 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 narrowed iri 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 efficiency among rice cultivators in the rainfed 

lowlands of Antique province in the Phillipines during the first 

crop season of 1984-85 is estimated in Kalirajan and Shand (1994), 

using the stochastic production frontier methodology. The analysis 

is carried out separately for three municipalities, Dao, Pandan and 

Patnongon, in 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 

sample 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 farmers performed better than the owners in the Pandan 

and Patnongon municipalities. 

Kalirajan and Shand (1994) estimated technical efficiency in 

·agricultural production for a sample 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 factors in 

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

dependent on financial availability. 

23 



The above review suggests that the stochastic product~on frontier 

framework is increasingly being used to examine the extent of farm­

specific technical (in )efficiency in a'gricul tural production. 

2.5 Stochastic Production Frontier Framework 

This section provides an analytical framework for analysing farm­

specific technical efficiency in rice production in Tamil Nad~. 

The stochastic production frontier framework developed by Aigner, 

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 x~·s, the production possibilities can be described 

as: 

yi = fi(xl. x2 •.....• xm). i = 1, 2, ..... , n. (2.5.1) 

The best practice or frontier production function is then defined 

as: 

Y* =maxi fi(xl, x2, ....• xm)/T (2.5.2) 

where T refers to the level of technology known to the farms in the 

location, the understanding and use of which varies from farm to 

farm at any point of time. The frontier function thus refers to 

those farms· production functions that yield maximum output from 

given quantities of a set of inputs. Consequently, any observed 

levels .of production should lie either on or below the 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 y, and u is a technical efficiency parameter. 

The parameter u takes the value of zero or less than zer·o depending 

on whether the 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 vary randomly across farms or 

over time for the same farm due to factors other than efficiency. 

To allow 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 that y ·is stochastic 

and that v captures other random factors, such as, errors in 

measurements, weather, etc. The value of v in the equation may be 

either positive, negative or zero and it is assumed to follow a 

normal distribution (that is, v ~N(B,a2 )). Once the functional 

form and the distribution of the 'farm-specific error term' are 

specified the stochastic frontier production function is then 

estimated empirically, making use of maximum likelihood 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. In practice this choice is usually 

made for reasons of convenience and the most popular choice in the 

literature has been the half-normal distribution (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 variables 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: l.3 

fu(u) 
1 1 = * exp ( -U2 /2aZu) u~0 (2.5.5) 

..f'Sx au 

fv(v) 
1 1 = * exp(v2 /2aZv) -m ~v~ m (2.5.6) 

..f2x av 

where, ~2 u and ~2 v are the variances of the one-sided error term 

and the random efficiency component respectively. The density 

function of y ( eq. 2 $JI) which is the joint density function of 

(u + v) is given as: 

~.s Kalirajan and Shand, 1994. 

26 



f(y) = 
where; 

1 
-------- exp( 

,O.f7C./2 

(u + v) 2 

------------2<f! 
) [1-F[(u+v/o)(T/1-T)]] (2.5.7) 

(i) F(.) is the cumulative distribution of the standard normal 

random variable, 

(iii) T = o2 u/a2 where T lies .in the interval (0,1), 

and 

The likelihood function corresponding to (2.57) is given as: 

1 (u+v) 2 u+v T 
L{y,8)= 7C. [------ exp{- -------)[{1-F[(----)(----)]] 

a.fx/2 2<f! a 1-T 
(2.5.8) 

where 8 is the parameter to be estimated which includes the 

production parameters, the elements of a 2 and r. 

The maximum likelihood (ML) estimators of 8 maximising the above 

likelihood function are obtained by setting its first order partial 

derivatives with respect to the elements of 8 equal to zero, and 

solving them simultaneously14. 

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 u1 can be easily 

calculated from the variance of the one-sided error component. In 

the half-normal case this would be-au~(2/~). The average technical 

efficiency can also be estimated by the average of E1. However, a 

measure of efficiency based on the average does not enable a 

~4 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 (E), in the stochastic 

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: 

E(u\E)=~*+a* ----------- (2.5.9) 

where f and F represent the standard normal . density and 

distribution functions, respectively and; 

E=(v-u) 

(j2 • 
U• 

,.,.2 • 
v V• 

is the variance of the one-sided e~ror term, and 

is 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. lila! won-lost percentages. and so they are 
of considerable Interest In their own right." 

(Lovell, C. A K, 1993) 



TRCDNICAL RFFICIRNCY IN RICK CULTIVATION IN TAMIL RADO 
(1992 -93). 

This chapter examines farm-specific technical (ln)efficiency 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 technica,l (in) efficiency. 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 
r 

stochastic production frontier . for both seasons separately, 

discusses the measurement of variables selected and highlights some 

of the distributional characteristics of variables .under study. 

Section II reports the empirical results separately for kharif and 

rabi .seasons. Section III look.s 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 Bar•s 

The first step in any production function analysis lies in the 

specification of the functional form that posits 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: 

(3.1.1) 



where y represents the output, the x~s stand for the respective 

inputs, u~ is the technical efficiency component of the error term 

(E) and v~ is its random component. 

A statistical test is carried out to test whether the functional 

form of the production frontier is non-homothetic (Translog) or 

homothetic (Cobb-Douglas). The non-homothetic production frontier 

becomes Cobb-Douglas, when all the interaction terms (S~j's) in 

equation 3.1.1 are zero. The conventional F-test is carried out to 

test the null hypothesis that all SiJ = 0 (Gujarati, 1995). The 

computed F values, for both seasons, turn out to 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 S~J = 0 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 pro_duction frontier for the present study. The 

specification of the Cobb-Douglas production frontier is as 

follows. 
' 

LogYi = ao + IB~logX~ + u~ + v~ (3.1.2) 

Specification of Variables 

The variables that represent the factors 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, 1993). 

An attempt is made to discuss briefly the measurement of variables 

under study. In the above equation (3.1.2) Y is the output and x~ 

refers to different inputs. The chosen production 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 hours employed of tractor power and 

animal power; combined together by converting them to their value 

equivalents (Ali & Chaudry, 1990). This variable has been taken as 

a proxy for capital services. The underlying rationale1 is that 

the two can be substitutes to each other as revealed by the fact 

th~t farms which do riot use tractors for cultivation have longer 

hours of animal power employed. Moreover, the farm power is often 

mixed at varying proportions between hired and owned. In some 

cases, the farm uses either hired power or owned power. 

true for both tractor as well as animal power. 

1 Heady and Dillon, 1969. 
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As information relating 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 per 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 animals 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 

sample size. 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 the 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 variability between the distributions of the 

variables. The use of power (mechanical and animal) and seeds is 

seen to vary more widely among the farms for both the seasons. 

Inter-farm differences in all variables under study are quite high 

regardless of the seasons. But, it may be noted that the mean 

level of variables for. the kharif season is relatively higher than 

that for the rabi season which may be an indication of relatively 

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

Table 3.1.1 
DISTRIBUTIONAL CBARACTIRISTICS OF SKLKCTKD VARIABLKS 

Khar:lf ... ~1 ... Si9!A - 1.4R FA't'TIA 

Variable (for Mean ~-~ Co-efficient of M:ln:lma Maxim 
'hold.iru!) VariA.t.:icn l%) um 

Area (hectares l 1 3174 1.4585 111 0.Ql6 7 470 

Labwr (hours) 1734.4 1638.4 94 167 9771 

'lfano Power lRs.) 1245 9 1707.6 137 39.12 11010 
Materials ( Rs. ) 2307.1 2625.1 114 92 50 13610 

Seed (lMs ) 114.07 151.55 133 5 1360 
I (auintals) 61.994 70.971 114 2.25 438.6 

Rabi,.. ~ of I ,,..,, ... = 179 

Variable Mean Standard Co-efficit~lof Min:lma MmrimDD 
(for hold.irut) Deviation Variation % 

Azea (hectare) 1.16 1.227 106 0.05 7.87 

Labour (hours) 1622~2 1535.3 95 88.58 10320 

Fano PaRer ( Rs. ) 1083.7 122121 113 18~34 7835 
........ -1Aht (Rs ) 2237.6 2625.3 117 24 WJ 1819121 

Seed < kR:s . ) 109.04 152.15 140 1.2 1602 
c-. L 

· L ( auintal) 53 75 61.099 114 0.82 372 

Sou.ree: Cost o:f CUltivation Data for Tamil Nadu (1992-93). 
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TQa~lng for Hult1coll1near1ty: 

The high degree of collinearity (above 0.7) between 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 

Va.,riables Area ·,l .. Labour Po we~ Mater 
~ 

Seed 

Area 1 

Labour 0.93423 1 

Farm 0.76999 0.76466 1 
Power 

Materials 0.87090 0.88637 0.81286 1 

Seed 0.80757 0.70477 0.58850 0.68959 1 

Rabi Season 

Variables Area Labour Power Mater Seed 

Area 1 

Labour 0.91597 1 

Farm 0.84736 0.84153 1 
Power 

Materials 0.89773 0.85358 0.81880 1 

Seed 0.66775 0.62302 0.54082 0.58846 1. 

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

As to whether multicollinearity can pose a problem, if present, can 

be determined by obtaining the condition number (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 matrix. 

Symbolically: 

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

smallest and the largest characteristic roots of the moment matrix. 

The CN is co~ted for both the seasons. It is found that the CN is 12. 63 for 

kharif season and 10.95 for rabi season. Qloting Balsley (1991, pp.56) that 

"weak dependencies are associated with condition inde.Xes around 5 - 10, whereas 

nx:xierate to strong relations are associated with condition indexes of 30 - 100" , 

it may be safely . stated that the problem of rrul ticollineari ty may not pose a 

problem for the present analysis. 

3.2 Empirical Results 

The production frontier model for rice crop under kharif and rabi 

.seasons 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 India2. This gives rise to some terminological problems of 

2 Table 3.2.1 
CJ.assiflcatl.cn of IJajor fkascns llir.J.ng the Ba.J..nfall Year 1992-93. 

State Scuth-west North-east Winter s.--r 
(Kharif) (Rabi) 

Tamil HaW Jtme- October- Janu8ry- March-
September December February May 

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 period except 

for the Cauvery basin where farmers benefit from the south-west 

monsoon in Karnataka through canal irrigation and Kanyakumari 

district which receives both south-west and north-east ·monsoons. 

Given this regional specificity in the occurrence of monsoon in 

Tamil Nadu, it is better to call, hereafter, the rabi crop 

receiving the north-east monsoon as monsoon crop and the kharif 

crop as lean season crop. The rabi crop being the actual monsoon 

crop for Tamil Nadu is the dominant season for rice cultivation in 

the state. Therefore, the present study first examines the farm 

efficiency in monsoon crop and then moves onto the lean season 

crop. 

Efficiency Results: Monsoon Crop 

Technical (in) efficiency in rice production during the monsoon 

season has been estimated using Cobb-Douglas production frontier. 

To get a better understanding of the extent of technical 

(in)efficiency, both the conventional production function approach 

and the production frontier approach have been employed. The 

conventional production function 115 estlmo Led 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 allocating 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 OLS results for the monsoon season are shown in Table 3.2.2. 

All the variables except seed are found to be significant at the 

one per cent level. The seed variable is significant at the ten 

per cent level. Here, it may be pointed out that seed as an input 

may not be an important explanatory variahle as all the farms under 

study use the seed of High Yielding Variety. Among the other 

explanatory variables, acreage response seems to be a dominant 

variable followed by labour, materials and farm power. 

Mechanisation (tractor) and application of fertilizers and 

pesticides increases marginally the output whereas additional 

output would generate additional employment opportunities in rice 

cultivation. 

Table 3.2.2 
PRODUCTION KLASTICITIKS FOB MONSOON SKASOR 

Variable Co-ef"fit!ient 

Constant ~-0~14812 0. 86 

Area ~.5257~ 
7.404 * 

Labour ~.26228 
4.026)* 

Farm Poller ~.1071:~ 
3.262 * 

Materials 0.11036 
(3.398)* 

Seed ?.064~~5 
1.708 ** 

No. of·Observations: jiz - 0.95 -
179 

Source: 

Note: 

Cost of Cultivation Data for Tamil Nadu 
( 1992-93). 
The figures in parenthesis are the 
respective t-ratios. 
* Significant 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 farmer, the stochastic production frontier is 

estimated 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 ~stimates 

of OLS and MLE. The intercept term in MLE is relatively higher 

than the 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 

MLK OF PRODUCTION FBONTIKB MODKL FOR UONSOOH SKASOH 

Variable Co-efficient 

Constant 0.154 
(0.397) 

Area 0.507 
(10.048)* 

Labour 0.286 
(4.209)* 

Farm Power 0.099 
(2.654)* 

Materials 0.112 
(3.321)* 

Seed 0.057 . 
( 1. 493) 

Uu./Uv 1. 23 

UZu./ (UZ u. + cf!v) 0.601 

Log-Likelihood 13.141 

Source: 

Note: 

Cost of Cultivation Data for Tamil Nadu 
(1992-93). 
The figures in parenthesis are the 
respective t-ratios. 
*Significant at the one percent level. 
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From the estimates of o2 u/(02 U + o2 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 in th~ model (see 

Appendix- V for details). The population average technical 

inefficiency is calculated from the variance of the u term, using 

the equation -ou..f2/1t3, to be 0. 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 unit's performance relative to another when 

different factor amounts and proportions are employed, the 

individual specific technical efficiency (e-u~) has to be 

estimated. This has been calculated using equation 2. 5. 9 in 

Chapter 2. The estimates of farm-specific technical efficiency are 

provided in Appendix VI. The frequency distribution of farm­

specific 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 frontier 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 

FBKQUKMCY DISTRIBUTION OF TKCHHICAL KFFICIKHCY FOB 
MOHSOOH SKASOH 

Range Frequency Cumulative 
Frequency 

0.45 - 1 1 
0.50 (0.56) (0.56) 

0.50 - 2 3 
0.55- (1.12) ( 1. 68) 

0.55 - 2 5 
0.60 ( 1. 12) (2.79) 

0.60 - 6 11 
0.65 (3.35) (6.15) 

0.66 - 6 17 
0.70 (3.35) (9.5) 

0.70 - 17 34 
0.75 (9.50) (19.0) 

0.75 - 23 57 
0.80 (12.85) (31.84) 

0.80 - 49 106 
__ \ '<.- 0 .. 85, _( 27. 37 j', (59.22) \ 

0.85 -
0.90 

0.90 -
0.95 

0.95 -
1.00 

Source: 

Note: 

52 158 
(29.05) (88.27) 

20 178 
(11.17) (99.44) 

1 179 
(0.56) (100) 

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

A bivariate analysis of technical efficiency in rice cultivation by 

efficiency level and 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 Table 3.2.5, nearly two-

thirds of the sample 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 whil~ 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 . 

Technical EfficiencY 
Area Under Rice 
CroD (hectares) < 0.50 "-50 - 0.75 > 0.75 Roll Total 

< 1 1 24 87 112 
(62.6) 

1 - 2 7 33 40 
(22.3} 

2 - 3 2 12 14 
{7.8} 

> 3 13 13 
(7.3) 

Column Total 1 33 145 179 
(0.6) (18. 4) (81) (100) 

Source: 
Note: 

Cost of Cultivation Data for Tamil Nadu (1992-93). 
Figures in parenthesis are the respective 
percentages. 

The efficiency distribution of these farms reveals that the 

relatively inefficient farms are concentrated in the category of 

marginal holdings (see Table 3. 2. 5). It may be noted from the 

above tnblo that during the mon~oon season farme 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 in~uts suggests that the factors beyond 

. the control of farmers could have adversely affected the 

realisation of maximum possible output. Kharif season being the 

lean season crop in Tamil Nadu might have possibly worsened the 

constraints on farms in applying timely the critical inputs. For 

example, the marginal and small holdings cultivating paddy as lean 

season crop might not have access to water, credit facili,ties, 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 ~ultivation of the lean season 

crop. Besides, the persistence .of surplus labour/disguised 

unemployment in agriculture, particularly at the level of marginal 

holdings may also affect farm production during the lean season. 

Table 3.2.6 
OLS ESTIMATES: LKAN SEASON 

Variable Co-effir-lent 

Constant 3.7598 
(4. 962)* 

Area ~.9932~ 
9.130 * 

Labour -0.0939 
( -1. 091) 

Farm fower 0.0031 
(0.081) 

Materials 0.1015 
(1.984)** 

Seed -0.0076 
(-0.099) 

No. of 
Observations: 146 

j.lz = 0.94 

Source: 

Note: 

Cost of Cultivation Data for Tamil Nadu 
( 1992-93). 
Figures in parenthesis are the respective 
t-ratios. · 
* Significant at one per cent level. 
** Significant at five per cent level. 
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Keeping these constraints in view, the exercise has been carried 

out for different size-classes of holding 4 . The total sample is 

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

one hectare), (ii) marginal and small holdings (below two 

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 DIFFIRIHT SIZI-BOLDIHGS: LEAH SEASON 

Variable 

Constant 

Area 

Labour 

Farm 
Power 

Materials 

No.of 
Cases 

ii2 

Source: 
Note: 

4 

Total < 3 < 2 Hectares < 1 Hectare 
Sample Hectares 

3.7295 3.32 3.22 4.471 
(5.39)* (4.29)* (3.88)* (4.46)* 

0.98642 0.939 0.9207 0.986 
(11.656)* (9.66)* (8.76)* (8.18)* 

-0.09458 -0.058 -0.042 -0.246 
(-1.11) . (-0.6) (-0.4) (-2.1)** 

0.00356 -0.009 -0.011 0.129 
(0.09) (-0.2) (-0.3) (2.17)** 

0.10128 0.132 0.131 0.026 
(1.99)** (2.37)** (2.22)** (0.37) 

146 130 121 82 

0.94 0.9 0.9 0.9 

Cost of Cultivation Data for Tamil Nadu (1992-93). 
* Significant at one per cent level. 
** Significant at five per cent level. 

.; 

The size of a holding here is defined in relation to the area under 
the paddy c.rop. 
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The estimates in Table 3.2.7 suggests that the relation between 

inputs and output are different for marginal holdings. For 

instance, the labour and farm power inputs are 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 acreage response is observed to be 

significant. An interesting observation is that output elasticity 

of labour is negative and significant whereas the output elasticity 

of farm power is positive 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 explanation 

for technical inefficiency among the farms, 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 is seen from Table 3.2.8 that 

acreage response and fertilizer consumption (materials in use) are 

positive and significant while the labour co-efficient is 

significant and negative for all farms, except the marginal 

holdings, in the lean season. 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 is 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 SIZE-HOLDINGS: LEAN SEASON 

Variable Total < 3 < 2 < 1 
Sample Hectares Hectares Hectare 

Constant 4.7262 4.69 4.331 5.15 
(6.56)* (5.78)* (4.91)* (3.52)* 

Area 1.0561 1.06 1.014 1.076 
(12.18)* (10.8)* (8.97)* (6.03)* 

Labour -0.2194 -0.21 -0.174 -0.262 
(-2.4)** (-2.1)** (-1.7)*** (-1.62) 

Farm Power -0.0010 -0.01 -0.014 0.0522 
(-0.03) (-0.3) (-0.3) (0.804) 

Materials 0.13328 0.144 0.154 0.0612 
(3.65)* (3.48)* (3.51)* (0.817) 

No. of 146 130 121" 82 
Observations 

Log- 18.07 13.3 11.7 6.8 
Likelihood 

Source: 
Note: 

Cost of Cultivation Data for Tamil Nadu (1992-93). 
Figures in parenthesis are the respective t-ratios. 
* Significant at one per cent level. 
"'* Significant at five per cent Jevel. 
***Significant at ben per cent· level. 

·~be Efflclenc~ Estimates For Entire Sample (Lean Season) 

,_\ ':.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. 

45 



Table 3.2.9 

MLK ESTIMATES OF PRODUCTION FROHTIKR: LKAH SKASOH 

Variable Co-efficient 

Constant 4.616 
(5.464)* 

Area 1.033 
(8.064)* 

Labour -0.217 
(-2.339)** 

Farm Power 0.0009 -
(0.024) 

Materials 0.132 
(3.303)* 

Seed 0.021 
(0.201) 

CJu/CJv 4.575 

~u/(UZu + UZv) 0.9544 

Log-Likelihood 18.105 

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

Note: * Significant at one per cent level. 
**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 

3.2.6). 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 in 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 parameter5~ given by G2 u/(a2 v + G2 u>, takes the 

value 0:95 which is comparatively large, given the interval within 

which it lies (i.e., between 0 and 1). This value implies that 

about 95 per cent of the difference between the observed output and 

the maximum production frontier output is caused by differenc'es 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: au/Gv, which takes the value 

of 4.58, 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. G2 u, 

the population average technical, efficiency is.calculated to be 

0.23; implying that on the average there is 23 per cent technical 

inefficiency in the sample. In otherwords, the actual farm output 

of the 'average' farmer is 23 per cent less than the maximal output 

that can be attained with the existing level of inputs. In terms 

of technical efficiency, this would imply the farmers in the sample 

to have an average technical efficiency level of 77 per cent. 

Thus, on the average, there exists the scope of increasing 

production further ·through a 23 per cent improvement in the 

technical efficiency of the average farmer. The frequency 

distribution of farms belonging to the lean season by technical 

efficiency shows that around 46 per cent of the farmers obtained 

output within 20 per cent below the maxlmum output estimated 

through the frontier (see Table 3.2.10). The technical efficiency 

of individual farms varies from 30 to 97 per cent. 

Kalirajan and Flinn, 1983~ 
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Table 3.2.10 
I'RRQURHCY DISTRIBUTION OF TRCBHICAL RFFICIRHCY 

LRAN SRASOH 

I Range 
requency 

I Frequency .I Cumulative I 
F 

0.30 - 0.35 3 3 
(2.05) (2.05) 

0.35 - 0.40 2 5 
( 1. 37) (3.42) 

0.40 - 0.45 0 5 
(3.42) 

0.45 - 0.50 2 7 
( 1. 37) (4.79) 

0.50 - 0.55 4 11 
{2.74) (7.53) 

0.55 - 0.60 9 20 
(6.16) (13. 70) 

0.60 - 0.65 15 35 
(10.27) (23.97) 

0.65 - 0.70 17 52 
(11.64) (35.62) 

0.70- 0. 75 11 63 
(7.53) (43.15) 

0. 75 - 0.80 16 79 
(10. 96) (54.11) ·' 

0.80 - 0.85 17 96 
(11.64) (65.75) 

0.85 - 0.90 20 116 
(13.70) {79.45) 

0.90 - 0.95 21 137 
(14.38) (93.84) 

0.95 - 1.00 9 146 
(6.16) (100) 

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

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 are relatively more efficient {see Table 

3.2.11). 
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Table 3.2.11 

TKCBRICAL KIFICIKRCY BY SIZK OJ RICK PLOT BOLDING: LKAR 
SKASON 

EFFICIENCY 
AREA 

- 9.75 > 9.75 Row (in hectares) < 9.59 9.59 
Total 

< 1 4 33 45 82 
(56.2) 

1 - 2 3 13 23 39 
(26.7) 

2 - 3 4 5 9 
(6.2) 

> 3 6 10 16 
(11.0) 

Column Total 7 56 83 146 
(4.8) (38.4) (56.8) (100) 

Source: 
Note: 

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

It is evident that out of 82 marginal holdings, 33 holdings fall in 

the efficiency range of 0.50 to 0.75 per cent, while four holdings 

have technical efficiency below 0.50 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 to be 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 part of the technical inefficiency among marginal 

holdings during the lean season is accounted for by the presence of 

disguised unemployment/surplus 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 increases. It may be therefore argued that regardless 

of the seasons, consolidation of marginal holdings may have the 

potentiality of increasing actual output closer to the level of 

frontier output through enhancing technical efficiency. 

3_3 Kfficiency across Agro-climatic Zones: 

An attempt is made here to examine whether there is 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 list 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 

of Cultivation study. The primary sampling units are then selected 

in each zone (stratum) with probability proportional to the area 

under the selected crops, and with replacement. A one-way ANOVA 

test is ca~ried 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 
FRKQUKHCY DISTRIBUTION OF FARMS ACROSS ZONKS 

Zone Monsoon Season Lean Season 

I 17 32 

II 51 28 

III 26 38 

IV 33 23 

v 41 18 

VI 11 1 

Total 179 146 

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

Table 3.3.2 
VARIATION OF TECHNICAL KFFICIKHCY ACROSS ZONKS 

lonsoot Seasoa 

San:oe 

Be beet 
Groups 

lithil 
Groups 

total 

Source: 
Note: 

Lean Seascn 

D.F ~of Bean r latio Source D.F SUm Mean 
&Jlares Squares of SUm 

Sqs. of 
Sqs. 

5 8.26 8.85 8.178 iletveea 5 8.55 8.11 
Groups 

173 1.11 8.81 lithia ue 2.6( 8.82 
Groups 

178 1.38 Total 1(5 3.19 

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

r 
Ratio 

5.82 

The 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 across the zones. However, as the· sample size by ' 

zone is rather small, the analysis has not been extended to the 

zonal level. 
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3.4 Conc1usion 

The above analysis reveals the existence 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 average found to be more efficient in the 

monsoon season as co~pared to the lean season. A comparison of 

technical efficiency across the different size-classes of holdings 

reveals that consolidation of marginal holdings may increase the 

scope for attaining the maximum possible output through a decline 

in technical inefficiency. Efficiency is also seen to vary 

significantly across the zones. 

of technical efficiency at the 

The wide variation in the levels 

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 between best practice and Individual 
outputs, could help policy-makers to formulate appropriate programmes to reduce such 
gaps., 

(Kalirajan and Flinn, 1983) 



DETERMINANTS OF INT~R-FARH DIFFERENCES IN 
TECHNICAL EFFICIENCY 

The analysis of technical efficiency, in the preceding chapter, 

indicates the presence 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, prevent them from realising the full 

potential output. The existing studies on farm-specific technical 

~ efficiency suggests that there 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 which 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 which the farm-specific endowments are put into use. 

Against this background, this chapter examines the impact of farm­

specific endowments (constraints) and their allocations on the 

inter-farm differ~nces in technical (in)efficiency. 



The organisation of the chapter is as follows. Section I discusses 

how the farm-specific factors influence the level of technical 

(in) efficiency. Section I I introduces the basic model for the 

analysis. Section III presents the regression estimates and 

summarises the major findings. 

4.1 Determinants of Farm-Specific Technical Efficiency: 

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, the extent of multiple cropping, the proportion 

of family labour hours in the total labour hours employed, the 

proportion of tractor power in the total farm power e~ployed, 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 

cultivation of High-Yielding Varieties. The easier access of the 

large farmers to irrigation resources is initially believed to 

aggravate the inequality between the small and large farmers (see 

Kurien, C. T., 1980). It thus becomes necessary to enquire as to 

whether the widely irrigated farms are the ones which make use of 

their resources efficiently. As the area irrigated turns out'to be 

an important determinant of efficiency 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 fragmentation in the 

operated holding. Going by the Neo-Ma! thus ian theories of 

population growth and agricultural change, deterioration in 

agriculture can be attributed to the negative effects of population 

growth through the sub-division & fragmentation of holdings and the 

effect of this on the agrarian structure and agrarian relations 

(Nair & Das, 1991). However, in the case of Tamil Nadu, though 

population growth was increasing at a rapid rate and the average 

size of cultivated hoidings 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 imperative. 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 technical efficiency and the extent of 

multiple cropping. 

Much of the heated debates on the issue of " farm-size versus farm 

efficiency" in the early sixties (see Sen, 1964a; Sen, 1964b; Rao, 

1966; Khusro, 1968; Rao; 1968; Lau and Yotopoulus, 1971; Sen, 19.74; 

Rudra & Sen, 1980) were built on the argument 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 labour, it has been pointed out, can be 

unremunerative (see Rao, 1966). The present study, thus, probes 

into the question of the nature of relationship between technical 

efficiency and the proportion 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, Hanumantha Rao (1966) pointed out that if 

there are tenurial disincentives resulting in lower input and 

output per acre among tenanted 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 t~nurial 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 use in the absence of information on the 

latter. 

4.2 The Basic Model: 

Having discussed the likely 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 as 1 : 

u = ao + ~a~s~ + w~ (4.2.1) 

where; 

u~ is the estimated farm-specific technical efficiency (reported in 

Appendix VI). 

Wi is a disturbance term with norm~! properties; and 

Si represents the farm-specific characteristics. 

factors are listed below: 

The selected · 

(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. 

(ii) Fragmentation, number of plots used for paddy·cultivation in 

a farm in the season considered is taken as the degree of 

fragmentation in the land where paddy is cultivated. 

(iii) 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 of 

irrigation source, i.e., well operated farms, canal o~erated farms, 

tank operated farms and farms depending on both well and canal, 

three dummies representing well, canal and tank irrigation are 

considered. The dummy on Well takes the value of one .for farms 

depending on well 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 the 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 zero otherwise~ 

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

sprayers. 
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4.3 The Kapirical Results: 

The above linear function (equation 4. 2.1) is estimated in a 

multiple regression framework using Ordinary Least Squares (OLS) 

method. 

Before going into the analysis of determinants it . would be 

interesting to look into certain important 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 proportion of tractor power in the 

farm power used and the proportion of organic manure in total 

fertilizers applied. 

2 The slze of the hold.J.ng refers to the area tmder the paddy crop. 
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Table 4.3.1 

DISTRIBUTION OF FACTORS ACROSS SIZE-CLASSES OF HOLDINGS 

~SRASOO 

YARIABLIS PIO.Of f&IILJ lOUIS PIO.Of TIACTOI POIII 

&rea Beat S.D C.Y Beat S.D C.Y 
(S) (S) 

< l Hectare 8.2389 8.193 83 8.3344 8.372 111.21 

1 - 2 lectares . 8.1345 8.134 99.93 8.4483 8.354 78.99 

2 - 3 lectares 8.8985 8.873 88.99 8.4927 8.347 78.37 

> 3 lectares 8.8583 ·0.0u 76.16 8.5185 8.382 73.68 

Total 8.1858 8.177 95.32 0.3856 8.378 96.81 

Llll SI&SOI 
URI&BLIS PRO.Of f&IILJ BODIS PRO.Of TRACTOR BOORS 

Area Ben S.D C.f Beu S.D 
(I) 

( l 8.2683 8.114 66.71 0.3558 8.381 
Hectare 

1 - 2 8.1386 8.129 92.93 8.4131 9.376 
Hectares 

2 - 3 8.1842 0.18 95.39 8.8719 8.10 
Hectares 

> 3 8.8729 8.874 181.18 8.6899 8.417 
lectares 

Total 8.1976 0.198 84.31 0.4551 8.399 

Source: Cost of Cultivation Data for Ta•ll Nadu (1992-93}. 
Note: Pro. ls the !bbrievatlon for Proportion. 

Obs. ls the abbrleratlon lor Obserratlons. 
S.D stands for Standard Derlatlon. 
C.V stands for Co-efficient of ·Variation. 

C.f 
(I) 

187.44 

79.52 

11.49 

68.44 

87.76 

PRO.Of ORG&IIC I&IURI 10. 
Of 
OBS 

Beat S.D C.Y 
(S) 

8.8594 8.11 287.21 112 

8.8987 8.185 242.81 48 

8.1845 8.284 286.68 14 

8.8233 8.837 208.58 13 

8.8671 8.128 281U2 179 

PRO.Of OIGAIIC IAIDII 10. or 
OBS. 

Ben S.D C.Y 
(S) 

8.8995 8.15 158.85 82 

8.8991 8.116 116.65 39 

8.8381 9.954 142.52 9 

8.8957 0.151 157.86 16 

8.0952 8.137 144.12 146 

As is 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 a certain degree of 

... 
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uniformity in the use of tractors among the farms falling in this 

category. The mean values suggests that the proportion 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 power employed. However, the 

proportion of organic manure in the total 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 

power employed is seen to be higher in the lean season as compared .. . 
to the monsoon season which 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 farm power through the use of 

tractors enabled the medium and large farms to attain relatively 

higher 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 

I Varlable I. &nsocn I Lean Seasal I 
Season 

Coostant 0.81659 0.77986 
(13.897)* (10.338)* 

Area Irrigated -0.0076683 -0.020057371 
(in hectares) (-1.916)** (-0.525) 

Fragmentation -0.~24530 -,0.~59845 

(-0.039) (-0.050) 

tblt.iple 0.0023361 -0.0062224 
Cropping (0.356) (-0.319) 

Nell -0.042164 -0.027489 
(-0.864) (-0.596) 

Canal 0.0045640 0.060345. 
' (0.092) (1. 457) 

Tank ·~ -0.12076520 -0!044019 
(-0.147) (-0.818) 

ORner 0.026778 -0.012149 
Chlt.ivator ( 1.091) (-0.249) 

Family Hoors -0.064731 -0.085684 
(proportion to ( -1.566) ( -1.025) 
total hours) 

Tractor Hoors 0.060846 0.0082733 
(proportion to (3.222)* (0.218) 
total hours) 

Tractor 0.037381 -0.080639 
OAnership (1.274) (-1.685)** 

Power Sprayers 0.~6188 0.0083307 
(0.315) (1.896)** 

-
R"' 0.13 0.08 

Source: COst of QJltivation Data for Tamil Nadu (1992-93) . 
. ·Note: Figures 1n parenthesis are the respective t-ratios. 

* Significant at one per cent level. 
- Significant at ten per cent level. 

The value of R2 in Table 4.3.2 reveals that very little of the 

variation in the efficiency levels has been explained by the fitted 

model for both the s~asons. 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 significant at the ten 

per cent level. It impl:l.es t.hat dur.:l ns the moneoon 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, technical 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 is associated with higher levels of 

efficiency in the larger holdings. 

out to be insignificant. 

All the other variables turn 

For the lean season, it is interesting 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 ~arm owning tractors to hire out and make 

money. This is alsQ a reflection of the fragmentation of the land 

where raising and rather maintaining draught power is uneconomic. 

On the otherhand, efficiency is seen to be positively related to 

the hours employed of power sprayers. All the other variables 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 small holdings having more or 

less .. similar farm characteristics, regardless of the seasons, 

weakens the explanatory power of the model. At the same time, it 

may also be noted that R2 can be closer to zero when sample size 

increases. 

Nevertheless, the present analysis throws. indirectly some insights 

into the factors influencing the technical efficiency at least 

among the marginal holdings. One of the findings is that during 

the monsoon season, there is a scope for farmers to increase the 

level of technical efficiency (the level of output) through better 

water management practices. The second 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 their 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 endoYrments 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, particularly the landless 
agricultural labourers." 

(Patil, 1997) 



SUMMARY AND CONCLUSIONS 

The present study has been carried out with the objective of 

examining the extent of t~chnical (in)efficiency in rice production 

in Tamil Nadu for the year 1992-93. Using the productioh 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 level of production 

and the level of production of the average farmer for both the 

seasons. The study also examined the variation in the levels of 

technical efficiency across the different size-classes of holdings 

and different zones· and atte~pts to provide an explanation for the 

inter-farm differences. in technical efficiency through certain 

farm-specific characteristics. The main findings and conclusions 

of the study are summarised below. 

5.1 Sum•ary 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 efficiency 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 eason and 

68 per cent of the farmers in the monsoon s 

efficiency levels that fall within 20 per cent' below the 

maximum output as represented by the frontier~ 

* Estimates of farm-specific technical efficiency levels 

show a variation between 30 per cent and 97 per cent and 

between 45 per cent and 97 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 level. 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 

perhaps, partly the consequence of variations in agro­

climatic zones. 

* A comparison across different sizes of holdings shows 

th~t thoro i~ d po~itivo a~~oointion LeLweer1 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 significant were the area under 

irrigation and the proportion of tractor power in the 

total farm powe~employed. While efficiency was seen to 

be negatively related to the area under irrigati6n, 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 inter~sting 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 season. The proportion 

of family hours in the total labour hours employed was found, 

regardless 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 State further 

through an improvement in average efficiency levels. This is 

possible through better farm management practices that would result 

in the better utilisation of the existing inputs. The predominance 

of marginal holdings in the study sample for both the seasons is 

suggestive of the fact that the fragmentation of holdings in itself 

may act as a constraint to the attainment of potential output as 

farm acti, vi ty becomes relatively uneconomic, cost-intensive and 

market dependent for almost all inputs (see Ray, 199~). This point 

is further strengthened by the fact that the marginal holdings are 

found to be relatively inefficient during both the seasons. The 

policy implication is that there is a need for consolidation of the 

marginal holdings to make them economically viable and technically 

efficient through targeted intervention 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 management 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 
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efficiency. This is evident in the lean season 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 potent1al level of production during both the seasons calls 

for policy initiatives in the appropriate direction which may act 

as incentives to the farmers for raisirig output to the potential 

level. Once the potential level has been reached, an improvement 

or overhauling of the existing technology through mo~e· effective 

research and investment in agricultural technology and 

infrastructure would be desirable. 
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APPENDIX II 

Ll£1 OJ SILICTID DISTIICTS, TALUIS AID YILLAGIS 

ZOBI MABI Of THI 
-DISTRICT/ 

DISTRICT BIAD­
QUARTIR 

I. CHING AI- AMKA 
(IAMCHIIPURAB-B.Q) 

II. BORTH ARCOT 
ABBIDIAR-DISTRICT 
(YILLORI-H.Q) 

SABBUYARAYAR-DISTRICT 
(THIRUVAIMABALAI-B.Q) 

II. SOUTH ARCOT 
(YILLOPDRAB-B.Q) 

III. THAMJAYUR 
(THAMJAVUR-H.Q) 

IV. BADURA! (!ADURAI-B.Q) 

QUAIDI BILIITH (DIMDIGUL-H.Q) 

THIRUCBIRAPALLI (TBICHY-H.Q) 

If. PODUIOTTAI(PUDUIOTTAI-H.Q) 

·Y. RABAMATHAPORAB {RABAKATBA-
. PUB!ft-H.Q) 

V. IABARAJ (YIRDDHUMAGAR-B. Q) 

CODI 10 KABI or TDI 
or TALUI TALUK RAMI Of THI YILLAGI 

Y-1 Y-2 

81 IAKCBIIPORAB-1 
82 KANCBIIPORAH-11 
83 CDIHGALPATTO 
84 POBBIRI 

85 CDDIYATDAB-I 

86 GODIYATDAB-11 
87 CHIJYAR 
98 THIROVABKABALAI 
89 POLOR 

A VALOR 
.TDIBBIRI 
SIBGDBDRAB 
THADIPIRUBAPAKKAH 

YIPPOR 

IABDIPPIDD 
PDRISU 
BUGALAK 
AROBAGIRIKABGALAK 

18 IALLAKORICDI ARIYAPIRDKAKUR 
11 TITTAGDDI IILIBAMAGALAK 
12 TIMDIYABAB BILPAKKAK 
13 YILLDPORAB PABCHAKADIVI 
14 GIBGII-1 YALLAM 
15 GINGII-11 ALAKPOBDI 
16 GIKGII-111 AVALORPITTAI 
17 TIRDIIOILDR KABDACDIPORAH 
18 IOKBAKOMAH KAROTDABALLOR 
19 PAPAMASAK SOOLA!ANGALAK 
28 THIRUYIDAIKARUTDUR BARASIBGAKPITTAI 
21 PATTDIOTTAI IBADI 
22 IDDAVASAL SIMGALIPORU 
23 BABKARGODI BIDDYAIOTTAI 
24 YIDARABYAB TAGATTUR 
25 BYLADOTBDRAI CHATRAPALAPDRAK 
26 !ADORAl BORTH SAMAYAKALLUR 
27 BELOR A. VALLALAPATTI 
28 OSILABPATTI IOVILAKGOLAM 
29 OTBAMAPALAYAB BOOTDIPDRAM 
38 PALUI VIROPATCHI 
31 DIBDIGDL ATTDR 
32 TRICHY-1 KALLIAMBATDD 
33 TRICBY-11 TBIRDCBKBDORAI 
34 IDLITBALAI TDOGAMALAI 
35 KDSIRI ORAKKARAI 
36 LALGODI PDDDKKODI 
31 THIROKAYAK PORKAMARAVATBI WIST 
38 ARAHTBABGI AYIBGDDI 
39 PARAKAKODI IABOTDAIODI 

48 SRIVILLIPOTHOR 
U RAJAPALAYAB 
42 ARDPDKOTTU 
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POOVAKI 
KOVILUR 
KALKORICHI 

IOBDABAKGALAB 

PILAMTBORAI 

THIPPIRAJAPDRAB 

SATBABCOR 

THOZHUTHALABDGODI 

ISABAIKORU 

SIKIAPPANAICIEKPAffl 
CHOCIAKATHAMPOTBDR 



Appendix II Continued. 

%011 IABI Of TBI 
DISTRICT/ 
BI&D-QU&RTIR 

Y. IILLAIKATT&POBK&K 
(TBIRUIILYILI-B.Q) 

CBIDABB&R&B&R (TUTICORIB-B.Q) 

COIBB&TORI (COIBBATORI-B.Q) 

YI. PIBIYAR (IRODI-B.Q) 

YI. SALIM (SALIB-B.Q) 

Yl. DBARB&PURI (DB&RB&PURI:B.Q) 

CODI KO IABI Of TBI 
or TALUl T&LUI 

43 SAKKAR&KIOYIL 
4C TINUSI 
45 ABBASABUDRA! 
46 SRIYUIOKDAH 
47 IOYIUPATTI 
48 COIBBATORI- SOUTH 
49 UDUBALUT 
59 POLLACBI 
51 AVIftASBI 
52 IRODI-I 
53 IRODI- II 
54 SATBYABAKSALAH-l 
55 SATBYABARGALA!-11 
56 DBARAPURAB 
57 OBALOR 
58 THIROCHIHSODI 
59 DBARBAPORI 
68 KRISHKAGIRI 

RAMI or TBI YILLAGI 
~1 ~2 

YADAIKUPATTI 
KIILAPAfOOR 
GOPALASABUDRAH 
Y ITTI LAPURAB 
KALLATIKPODOR 
DIY ARAY APORAB 
JALLIPATTI 
PITBAKAICURUR 
THIIULUR 
PIRIYASIKOR 
YILAUITBI 
UKIIMABKOBRAI 
VIKKABPALLI 
BOOLAHOR 
IUTTABITTOPATTI 
DIYUAMKOROCBI 
SKTTIKARAI 
UfiRIPATTRAH 

Source: CQ•prebenslre Scbe.e for Studring tbe Cost of Cultivation of Principal Crops ln fa•ll ladu for tbe Year 
1998-93. 
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APPENDIX III 

Details of Plot-wise Information on Crops 

The plot-wise data for different crops grown over the crop year 

contains the following details: 

Land: The area of the plot given in hectares. The farms are 

classified into different size classes; outlinedin(h~te~lw 

Information on the rent paid on the land, if it is leased in, and 

the imputed rent, in the case of land owned by the cultivator, is 

given separately in cash, kind as well as the total value. The 

land tax or cess for each plot is also given. 

Energy·· inputs: Operation-wise 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 Nitrogen, 
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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 also 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 farmer. 

Besides plot-wise,.· information, the data set also contains 

information relating to the entire farm, such as the value of the 

buildings, machines and oth~r stocks, the area under irrigation, 

the number and literacy levels of the family members in the farm 

household, etc. 

74 



APPENDIX IV 

F-Test: Provides a general method of testing hypothesis about one 

or more parameters in a multiple regression model. In this case 

the null hypothesis is that all the interaction terms (that is, a~j 

in equation 3.1~ are equal to zero. The F-test is expressed as: 

F = --------------

where; R2 ua is the explained sum of squares from the unrestricted 

model and R2 a that of the restricted model, m is the number of 

regressors assumed to be absent from the model (that is, all B1J), 

n is equal to the total number of observations and k is the total 

number of parameters specified. The results of the test on the 

data sets relating to the monsoon and lean seasons are shown below: 

Monsoon season: 

F = 0.9612919 - 0.9612827/15 

1 - 0.9612919/179 - 21 

= 0.0024499 

Lean season: 

F = 0.9532899 - 0.9527701/5 

1 - 0.9532899/146-21 

= 0.092734177 

0.0000092/15 
= 

0.0387081/158 

0,0005198/15 
= 

0.0467101/125 

As the calculated value of F turns out lesser than 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 that the interaction terms equa1s 

moro is found to be valid in both the cases. 

75 



APPKHDII V 

Calculation of Population' 'Average' Technical Inefficiency and 

Variance-Ratio Parameter: 

ESTIMATES OF VARIANCE· Error Term Components . 
Monsoon Season Lean Season 

<fi!u 0.04 0.081 
. ' 

aZv 0.026 0.004 

fS = <fi!u + aZv 0.07 0.085 

<fi!u/a 0.60 0.95 

Gu/Gv 1.23 4.57 
Source: . Cost of Cult~vation Data for Tam~l Nadu (1992-93) . 

In the above table a 2 u stands for the variance of the technical 

efficiency component of the error,term. The variance of the random 

error component is given by a 2 v. The sum of the two variances, 

i.e. a 2 u + 0 2 v, is denoted by a. The ratio a 2 u/a 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 population average technical inefficiency is 

calculated by -au~2/x. This takes the value of 0.16 and 0.23 for 

the monsoon and lean seasons respectively. 
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APPIHDIX VI 

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

I ZONE I LEAN I MONSOON I 
SEASON SEASON 

1 0.940097 0.800105 

1 0.663695 0.869776 

1 0.907016 0.821461 

1 0.871307 0.839314 

1 0.622546 0.872104 

1 0.899938 0.756789 

1 0.938586 0.617446 

1 0.909433 0'.826247 

1 0.897061 0.618902 

1 0.600679 0.708494 

1 0.338024 0.61136 

1 0.488884 0.724189 

1 0.613688 0.787283 

1 0.577682 0.714908 

1 0.552442 0.799254 

1 0.49382 0.716039 

'i1 0.54108 
~l· 

I 0.84705 

1 0.574431 -
1 0.546345 -
1 0.60835 -

1 0.571199 -

1 0.534356 -

1 0.349879 -

1 0 .. 870564 -

1 0.671801 -

1 0.787393 -
1 0.927954 -

1 0.395396 -
1 0.894673 -
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Appendix VI Continued. 

I ZONE 

1 

1 

1 

Mean 

S.D. 

C.V.(%) 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

I LEAN 
SEASON 

0.769655 

0.787525 

0.689497 

0.68 

0.184 

27 

0.628966 

0.778515 

0.64056 

0.903405 

0.654522 

0.614138 

0.301637 

0.627316 

0.370769 

0.700286 

0.700463 

0.748089 

0. 727776 . 

0.816496 

0.745232 

0.681013 

0.930856 

0.521666 

0.911666 

0.743848 

0.623978 

0.824809 

0.814528 

78 

' 

I MONSOON I 
SEASON 

-

-

0.76 

0.087 

11 

' 0. 892307 

0.779134 

0.820881 

0.847811 

0.848064 

0.658853 

0.742421 

0.534409 

0.74107 

0.824594 

0.694127 

0.716207 

0.748894 

0.777662 

0.800552 

0.760916 

0.658326 

0:757883 

0.793175 

0.777569 

0.87411 

0.96363 

0.899623 



Appendix VI Continued. 

I ZONE 

2 

.2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

~- 2 
2 

2 

2 

2 

2 

2 

2 

2 

Mean 

S.D. 

C.V.(%) 

I LEAN 
SEASON 

0.627258 

0.970188 

0.666183 

0.586676 

0.760351 

-
-

-
-

-
-

-

-

-

-
-

-

-

-

-

-

-

-
-
-
-
-

-

0.7 

0.151 

22 

79 

I MONSOON I 
SEASON 

0.883588 

0.705028 

0.881114 

0.8836 

0 .·898411 

0.92469 

0.927884 

0.848795 

0.753981 

0.89559 

0. 848975 

0.784373 

0.779346 

0.886903 

0.745301 

0.772255 

0.792321 

0.695969 

0.839218 

0.860716 

0 .. 877492 

0.726082 

0.714096 

0.870179 

0.633725 

0.881822 

0.882713 

0.911023 

0. 76 

0.884 
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Appendix VI Continued. 

I ZONK 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

I LKAN 
SEASON 

0.821274 

0.801008 

0.915903 

0.854329 

0.924679 

0.867472 

0.869953 

0.902003 

0.91257 

0.868891 

0.63795 

0.635705 

0.786044 

0.945699 

0.958217 

0.872683 

0.901678 

0.860727 

0.941095 

0.701689 

0.708879 

0 .. 71217 

0.684081 

0.642234 

0.65849 

0.672458 

0.935154 

8121 

I MONSOON ·I 
SEASON 

0.870288 

0.83616 

0.861534 

0.926884 

0.806069 

0.896641 

0.729317 

0.838659 

0.894899 

0.870186 

0.925705 

0. 855095 . 

0.817413 

0.816735 

0.850964 

0.844221 

0.802662 

0.900904 

0.836847 

0.831215 

0.896449 

0.826047 

0.882649 

0.864733 

0.832105 

0.823565 

-



Appendix VI Continued . 

. I ZONE 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Mean 

S.D. 
C.V.(%) 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

I LEAN ~EASON 
0.967439 

0.698728 

0.679293 

0.595345 

0.711807 

0.677335 

0.590449 

0. 751456 . 

0.682038 

0. 679187 

0.645331 

0.78 

0.12 

15 

0.64518 

0.780935 

0.837856 

0.890824 

121.865962 

0.744732 

0.675652 

0.962947 

0.959999 

0.949264 

0.961827 

0.966349 

121.958052 

121.849452 

0.828271 

81 

I MONSOON I 
SEASON 

-

-

-
-
-

-
-

-

-

-

-

0.85 

0.043 

5 

0.87507 

0.905778 

0.778195 

0.938922 

0.573172 

0.906475" 

0.926614 

121.904045 

121.846934 

0.893445 

0.812438 

0.891902 

0.860136 

0.878659 

0.835069 



Appendix VI Continued 

ZONE LEAN MONSOON 

4 0.658079 0.86873 

4 0.944878 0.837899 

4 0.790071 0.827802 

4 0.563507 0. 87713 

4 0.863124 0.844905 

4. 0.826318 '0.821113 

4 0.77608 0.584427 

4 0.787296 0.759058 

4 - 0.943739 

- 4 - 0.88246 

4 - 0.818237 

4 - 0.892666 

4 - 0.82296 

4 - 0.781843 
1 ..... ., t 

4 - 0.834445 

4 - 0. 808553 . 

4 - 0.781692 

4 - 0.783308 

Mean 0.83 0.84 

S.D. 0~ 116 0.082 

C.V.(%) 14 10 

5 0.898359 0.805836 

5 0.897952 0.657499 

5 0.910127 0.790713 

5 0.880437 0.743461 

5 0.846449 0.862974 

5 0.823858 0.877356 

5 0.824216 0.819579 

5 0.81646 0.81351 
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Appendix VI Continued. 

ZONE LEAN MONSOON 

5 0.783548 0.770749 

5 0.750132 0.839354 

5 0.791247 0.757336 

5 0.835706 0.918399 

5 0.861994 0.72826 

5 0.581243 0.878095 

5 0.79678 0.902618 

5 0.765501 0.910206 

5 0.907883 0.912481 

5 0.6653 0.899271 

5 - 0.900492 

5 - 0. 90843,8 

5 - 0.843269 

5 - 0.902894 

5 - 0.881916 

5 - 0.885847 

5 - 0.896906 

5 - 0. 8-60101 

5 - 0.827176 

5 - 0.792497 

5 - 0.871042 

5 - 0.814191 

5 - 0.847137 

5 - 0.89053 

5 - 0.863518 

5 - 0.908639 

5 - 0.887438 

5 - 0.861737 

5 - 0.831521 
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Appendix VI Continued. 

ZONE 

5 

5 

5 

5 

Mean 

S.D. 

c. v. (%) "\ 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

Mean 

S.D. 

C.V.(%) 

Source. 

LEAN MONSOON 

- 0.807801 

- 0.862316 

- 0.892537 

- 0.821952 

0.81 0.85 

0.086 0.058 
1 

11 i 7 

~ 
0.958993 0.626366 

0.917863 0.734693 

0.813181 0.887685 

0.865648 0.746685 

0.893211 0.865218 

0.816855 0.698967 

0.854225 0.511789 

- 0·. 635076 

- 0.845965 

- 0.459005 

- 0.827812 

0.87 0.71 

0.053 0.143 

6 20 
Cost of Cul t.1. vat.1.on Data for Tam11 Nadu 
( 1992-93). 

84 



SELECTED BIBLIOGRAPHY 

Ac:har-ya, Sar-thi ( 1995), "Some Aspects of Indian Agric:ul ture: An 
Analysis Based on Cost of Cultivation Studies for the 1980s in 
India", Monogr-aph No. 108, The Hague: Institute of Social Studies. 

Afr-iat, S.N. < 1972>, "Efficiency Estimation of Pr-oduction 
Functions", International Economic: Review, Vol.13, No.3, October-, 
pp. 568-98. 

Agar-wal, R.N. and B.N. Goldar- (1992>, "Tec:hnic:"al Efficiency in the 
Indian Engineer-ing Industr-y: Deter-ministic: Vs. Stochastic: Fr-ontier­
Pr-oduction Function Appr-oach, Institute of Economic: Growth, No. 
E/151/92. 

Aigner-, D.J. and S.F. Chu (1968>, "On 
Pr-oduction Function", American. Economic: 

Estimating the I'ndustr-y 
Review, . Vol. 58, No. 4, 

September-, pp. 826-839. 

Aigner-, D.J, C.A.K. Lovell and Peter- Schmidt <1977>, "For-mulation 
and Estimation of Stochastic: Fr-ontier- Pr-oduction Function Models", 
Jour-nal of Econometrics, Vol.6, No.1, July, pp. 21-37. 

Ali, M. and M.A. Chaudhr-y <1990>, "Inter--r-egional Far-m Efficiency 
in Pakistan's Punjab: A Fr-ontier- Pr-oduc: tion Func: tion Study", Indian 
Journal of Agricultural Economics, Vol.41, No.1, pp. 62-73. 

Andr-ew, Scott (1996), Appr-opr-iate Technology. Is It Ready fer­
and Relevant to-- the Millennium?, Appropriate Technology, Vol.23, 
No.3, December-, London: Inter-mediate Technology Publications Ltd. 

Battese, G.E., T.J. Coelli and T.C. Colby <1989), "Estimation of 
Fr-ontier- Pr-oduction Functions and the EffJc:ienc:ies of Indian Far-ms 
Using Panel Data fr-om ICRISAT'S Village Level Studies", Journal of 
Quantitative Economics, Vol. 5, No. 2, July, pp. 327-343. 

Bauer-, P.W. (1990), "Recent Developments in the 
Estimation of Fr-ontier-s", Journal of Econometrics, 
October-/November-, pp.39-56. 

Econometr-ic: 
46, No.l/2, 

, Helsley, A.D. ~1q91), Conditioning Diagnostics: Collinearity and 
Weak Data in Regression, New Yor-k: John Wiley & Sons, Inc:. 

Shalla, G.S. and D.S. Tyagi (1989a>, "Spatial Patter-n of 
Agr-icultur-al Development in India'', Economic: and Political Wee~ly, 
Vol. XXIV, No. 25, June 24, pp. A-46- A-56. 

Bhalla, G.S. and D.S. Tyagi <1989b>, "Patterns in 
Agric:ul tural Development: A District Level Study", New 
Institute for- Studies in Industr-ial Development. 

Indian 
Delhi: 

Bhar-adwaj, Kr-ishna (1974>, "Production Conditions in Indian 
Agric:ul tur-e: A Study based on Farm Management Surveys", London: 
Cambr-idge Univer-sity Pr-ess. 

Bhatt, S.C. <1997>, "The Encyclopedic: District Gazetteers of 
India", Vol.2, New Delhi: Gyan Publishing House, pp. 961-1301. 



Bhavani, T .A. ( 1990>, "Technical Efficiency in Indian Modern Small 
Scale Sector: An Application of Frontier Model", Institute of 
Economic Growth, No. E/144/90. 

Bravo-Ureta, B.E. and Laszlo Rieger (1991>, "Dairy Farm Efficienc;y 
Measurement Using Stochastic F~ontiers and· Neoclassical Duality", 
American Journal of Agricultural Economics, Vol. 73, No. 2, M~y, 
pp. 421-428. 

Broek, Julien van den, F.R. Fo~sund, Lennart Hjalmarsson and Wim 
Meeusen <1980>, "On the Estimation of Deterministic and·Stochastic 
Frontier Production Functions: A . Comparison", Journal of 
Econometrics , Vol. 13, No.1, May, pp. 117-138. 

Chinnappa, B. N. ( 1977), "Adoption of the New Techno! ogy in North 
Arcot District" in 8. H. Farmer (ed. >: Green Revolution? Technology 
and Change in Rice Growing Areas of Tamil Nadu and Sri Lanka, 
London: The Macmillan Press Ltd. 

Das, Abhiman (1997), "Technical, AI locative and Scale Efficiency of 
Public Sector Banks in India", Reserve Bank of India Occasional 
P~pers, Vol.18, Nos.2 & 3, Special Issue <June & Sept.>, pp. 279-
301. 

Fan, Shenggen < 1991 >, "Ef fee ts of Insti tutiona 1 Reform and 
Production Growth in Chinese Agriculture", American Journal of 
Agricultural Economics, Vol. 73, No. 2, May, pp. 266-275. 

Farmer, B.H., C.M. Madduma Bandara, V. Shanmuga Sundaram and W.P.T. 
Silva <1977>, "Setting the Stage" in B. H. Farmer <ed.>: Green 
Revolution? Technology and Change in Rice Growing Areas of Tamil 
Nadu and Sri Lanka, London: The Macmillan Press Ltd. 

Farrell, M.J. (1957>, "The Measurement of Productive Efficiency", 
Journal of the Royal Statistical Society, Vol.120, Series A 
(General>, Part III, pp. 253-281. 

Farrell, M.J. and M. Fieldhouse < 1962>, "Estimating Efficient 
Production Under Increasing Returns to Scale", Journal of the Royal 
Statistical Society, Vol. 125, Series A, Part II, pp. 252-267. 

Flinn, J.C. and Mubarik Ali <1986>, "Technical Efficiency in 
Basmati Rice ~reduction'', Pakistan Journal of Applied Economics, 
Vol. V, No. 1, Summer, pp. 63-79. 

Forsund, R., Flinn and Lennart Hjalmarsson < 1974>, "On the 
Measurement of Productive Efficiency", Swedish Journal of 
Economics, Vol. 76, pp. 141-154. 

Forsund, F.R., C.A.K Lovell and Peter Schmidt (1980), "A Survey Of 
Frontier Production Functions And Of Their Relationship To 
Efficiency Measurement'', Journal of Econometrics , 13, No.1, May, 
pp. 5-25. 

Fuss, Melvyn and Daniel McFadden (1978>, "Production Economics: A 
Dual Approach to Theory and Applications, Vol 1 & 2, Amsterdam: 
North-Holland Publishing Company. 

86 



Grabowski, Richard and C. Pasurka ( 1958), "The Technical Efficiency 
of Japanese Agr-icultur-e, 1878-1940", Developing Economies, Vol. 26, 
No. 2, June. 

Greene, W.H. < 1993>, "The Econometric Appr-oach to Efficiency 
Analysis" in Fried, H.O., C.A.K. Lovell and S.S. Schmidt <eds): The 
Measurement of Productive Efficiency: Techniques and Applications, 
New York: Oxford Univer-sity Press, pp. 69-119. 

Gujarati, D.N. < 1995), Basic 
Singapore: McGraw-Hill, Inc. 

Econometrics, Third Edition, 

Hall, Margaret <·1959), "The Ambiguous Notion of Efficiency", 
Economic Jour-nal, Vol. 69, March, pp. 71-86. 

Har-r-iss, John (1977), "The Limitations of HYV Technology in North 
Ar-cot District: the View from a Village", in B. H. Far-mer- (ed.): 
Green Revolution? Technology and Change in Rice Growing Areas of 
Tamil Nadu and Sr-i Lanka, London: The Macmillan Pr-ess Ltd. 

Hati, Ashok Kumar- and Ashok Rudr-a <1973>, "Calculation of 
Efficiency Indices of Far-mer-s: A Numer-ical Exer-cise", Economic and 
Political Weekly, Mar-ch, pp. A17 - A2fll. 

Heady, E.O., and 
Functions", Iowa: 

J.L. Dillon (1969>, Agricultural Production 
Iowa State Univer-sity Press. 

Huang, J.C and F.S. Bagi (1984>, 
Individual Far-ms in Nor-thwest India", 
Vol.51, No.1, pp. 11218-15. 

"Technical Efficiency on 
Southern Economic Jour-nal, 

Iyengar-, Asha<1991>, Groundnut Economy of Tamil Nadu: A Study of 
Spatial and Tempor-al Variations in Production and Productivity, 
Unpublished Doctor-al Thesis, Madr-as Institute of Development 
Studies, University of Madr-as. 

James, A.J. < 1996a>, "Theor-ies, Pr-actice and Pr-oblems of Single­
Equation Stochastic Fr-ontier- Function Estimation of Technical 
Efficiency in Cr-oss-Sectional Data: An Application to Punjab Wheat 
Farmer-s'', Wor-king Paper- Ser-ies, Institute of Economi~ Growth, No. 
E/175/96. 

James, A.J. ( 1996b), -"Technical and Allocative Efficiency in Punjab 
Wheat <19Sl-82 to 1985-86>: A System~Based Analysis Using A 
Frontier Pr-oduction Function", Wor-king Paper- Ser-ies, Institute of 
Economic Gr-owth, No. E/176/96. 

Jha, Raghbendra and M.J. Rhodes <1997>, "Technical Efficiency, Farm 
Productivity and Far-m Size in Indian Agriculture", Mumbai: Indir-a 
Gandhi Institute of Development Research. 

Jhonston, J. <1991>, Econometr-ic Methods, Singapor-e: McGr-aw-Hill, 
Inc. 

Jondr-ow, James, C.A.K. Lovell, 
( 1982 > , "On the Estimation of 
Stochastic Frontier- Pr-oduction 
Econometr-ics, 19, pp. 233-238. 

I. S. Materov and Peter Schmidt 
Technical Inefficiency in the 
Function. Model", Journal of 

87 



1 .. 

Junankar, P.N. < 198121>, "Tests of the Profit-Maximisation 
Hypothesis: A Study of Indian Agricultur-e", The Journal of 
Development Studies, Vol.16, No.2, January, pp~ 186-21213. 

Kalirajan, K. <198121>, "Benefits from the High-Yielding,Varieties 
Programme and Their Distribution in. an Irrigated Paddy Area", 
Indian Journal of Agricultural Economics, Vol. XXXV, No.3, July­
September. 

< 198121>, "The Contribution of Location Specific 
Agricultural Productivity", Indian Jaurnal of 

Economics, Vol. XXXV, N6. 4, October-December, pp. 8-

Kalirajan, K. 
Research to 
Agricultural 
16. 

Kalirajan, K. <1981>, "The Economic Efficiency of Farmers Growing 
High Yielding, Irrigated Rice in India, American Journal of 
Agricultural Economics, Vol. 63, No. 3, pp. 566-57121. 

Kalirajan, K.P. and J.C. Flinn <1983>, "The Measurement of Farm­
Specific Technical Efficiency", Pakistan Journal of Applied 
Economics, Vol.II, No.2, pp. 167-180. 

Kalirajan, K.P. and R.T. 
Agricultural Productivity: 
Rice Farming", The Journal 
January, pp. 232-243. 

Shand < 1985), "Types of Education and 
A Quantitative Analysis of Tamil Nadu 
of Development Studies, Vol.21, No~ 2, 

Kalirajan, K.P and R.T Shand <1994>, "Economics in Disequilibrium: 
An Approach From The Frontier", New Del hi: Macmi 11 an India Limited. 

Kalirajan, K. P., M. B. Obwona ,and S. Zhao < 1996), "A Decomposition 
of Total Factor Productivity Growth: The Case of Chinese 
Agricultural Growth Before and After Reforms", American Journal of 
Agricultural Economics, Vol. 78, No. 2, May. 

Khusro, A. M ( 1968), "Returns to Scale in Iridian Agriculture" in A. 
M. Khusro (ed.>, Readings in Agricultural Development, Bombay: 
Allied Publishers. 

Kumar, Praduman and M.W. Rosegrant <1994>, "Productivity and 
Sources of Growth for Rice in India", Economic: and Political 
Weekly, Vol. XXIX, No. 53, December 31, pp. A-183- A-188. 

Kumar Praduman < 1996>, "Agricultural Productivity and Food Security 
in India: Implications for Pol icy", Agric:ul tural Economics Research 
Review, Vol. 9, No. 2, pp. 128-141. 

Kutaula, S.S. <1993), "Application of Frontier Technology to Wheat 
Crop Grown on Rec 1 aimed Sci 1 s", Indian Journal of Agricultural 
Economics, Vol.48, No.2, April-June, pp. 226-236. 

Kurien, C.T. <1980), "Dynamics of Rural Transformation: A Case 
Study of Tamil Nadu", Economic: and Political Weekly, Vol. XV, No. 
5, 6 & 7, February, pp. 365-390. 

Lau, L.J. and P.A. Yotopoulos <1971>, "A Test 
Efficiency and Application to Indian Agriculture", 
Economic: Review, Vol. LXI, No. 1, March, pp. 94-108. 

88 

for Relative 
The American 



Leibenstein, Harvey (1966), "Allocative Efficiency vs. ~x­

Efficiency'", The Amerit:an Economic Review, Vol. LVI, No.3, June, 
pp. 392-415. 

Lovell, C.A.K. <1993), "Production Frontiers and Productive 
Efficiency" in H.O. Fried, C.A.K. Lovell and S.S. Schmidt (eds>: 
The Measurement of Productive Efficiency: Techniques and 
Applications, New York: Oxford University Press, Inc., pp. 3-67. 

Maddala, G.S. and R.P .. H. Fishe ( 1994>, "Technical Change, Frontier 
Prbduction Functions. and Efficiency Measurement'' in G. ·S. Maddala 
<ed.>: Econometric Methods and Applications, Vol. I, England: 
Edward Edgar Publishing Limited. 

Mahalingam, Sudha <1987), "Instability in Tamil Nadu Agriculture: 
An Inter-district Analysis of Paddy and Millets - 1951-52 to 1982-
83", Unpublished M.Phil Dissertation, Jawaharlal Nehru University, 
New Delhi. 

Meusen, W. and J. van den Broeck (1977), 'Efficiency Estimation 
from Cobb Douglas Production Functions with Composed Error', 
International Economic Review, Vol. 18, No. 2, June, pp. 435-444. 

Nagaraj, K. <1998>, "The Tamil Nadu Economy", Madras Institute of 
Development Studies, Unpublished Monograph. 

Nair, K.N. and A.C. Dhas <1991>, "Agricultural Change in Tamil Nadu 
:1918-55" in Sabyasachi Bhattacharya et al (ed>: The South Indian 
Economy: Agrarian Change, Industrial Structure, and State Policy c. 
1914-1947, Oxford University Press, Delhi, 1991. 

Neff, D.L., P. Garcia and C.H. Nelson (1993>, "Technical 
Efficiency: A Comparison of Production Frontier Methods", Journal 
of Agricultural Economics, Vol. 44, No.3, September, pp. 479-489. 

Nelson, R.R (1981>, "Research on Productivity Growth and 
Productivity Differences: Dead Ends and New Departures", Journal of 
Economic Literature, Vol. XIX, September, pp. 1029-1064. 

Nirmala, V. ( 1992), "Economic Analysis of Rice Cultivation: A Study 
of Tamil Nadu", New Delhi: Concept Publishing Company. 

Panda, R.C. <i996>, "Efficiency and Productivity- The Case of 
Sericul ture Farms in Tami 1 Nadu", Indian Journal of Agricultural 
Economics, Vol. 51, No. 3, July-September. 

Patil, Jayant <1997>, "Long Term Challenges to Indian Agriculture" 
in V.S. Vyas and Pradeep Bhargava (ed.): Policies for Agricultural 
Development, Jaipur: Rawat Publications, pp. 14-29. 

Ram, G.S. <Undated), "Data Relating to Cost of Cui tivation 
Surveys", Ministry of Agriculture, Government of India, New Delhi. 

Rao, Hanumantha C. H. ( 1966), "Alternative Explanations of the 
Inverse Relationship between Farm Size and Output Per Acre in 
India'', The Indian Economic Review, Vol. 1, No. 2, October, pp. 1-
12. 

89 



Rao, Hanumantha C.H. (1968), "Production .Functions for Hyderabad 
Firms" in A.M. Khusro (ed.): Readings in Agricultural Development, 
Bombay: Allied Publishers. 

Ray, S.K. <19912)), "Small Farm Development", Institute of Economic 
Growth, No. E/143/90. 

Rosegrant, M. Wand R.E. Evenson < 1992), "Agricultural Productivity 
and Sources of Growth in South Asia", American Journal of 
Agricultural Economics, Vol.74, No.3, August, pp. 757-761. 

Rudra, Ashok 
Institute of 
Publishers. 

(1967>, 
Social 

"Measurement in Economics", A. N. 
Studies, Monograph 1, Calcutta: 

Sinha 
Allied 

Rudra, Ashok and Amartya Sen ( 1980) , "Farm-Size and Labour Use: 
Analysis and Policy", Economic and Political Weekly, Vol. XV, No. 
5, 6 & 7, February, pp .. 391-394. 

Rudra, Ashok ( 1982) , "Indian Agricultural Economics: Myths and 
Realities", New Delhi: Allied Publishers. 

Sawant, S.D. and C.V. Achuthan <1995>, "Agricultural Growth across 
Crops and Regions: Emerging Trends and Patterns", Economic and 
Political Weekly, Vol. XXX, No., 12, March 25, pp. A-2 - A-13. 

Sawant, S.D. < 1997), "Performance of Indian Agriculture with 
Special Reference to Regional Variations", Indian Journal of 
Agricultural Economics, Vol. 52, No. 3, July-September, pp. 353-
373. 

Schmidt, Peter < 1976), "On the Statistical Estimation of Parametric 
Frontier Production Functions", The Review of Economics and 
Statistics, Vol.LVIII, No.2, May, pp. 238-239. 

Schu 1 tz, T. W. ( 1978), "Distortions of Agricultural Incentives", 
Bloomington: Indianna University Press. 

Season and Crop Report of Tamil Nadu: 1992-93, Tamil Nadu: 
Department of Statistics. 

Selvaraj, K.N., S. Krishnamoorthy & K.R Sundaravaradarajan (1998), 
"Is Productivity A· Major Factor for Agricultural Growth? A 
Regional Analysis"; Productivity, Vol. 38, No. 4, January-March, 
pp. 641-652. 

Selvarajan, S. and A.-Ravishankar <1996), "Foodgrain Production and 
Consumption in India: Shifts, Trends and Implications for Food 
Security", Agricultural Economics and Research Review, Vol. 9, No. 
2, pp.142-155. 

Sen, A.K. ( 1964>, "Size of Holdings and. Productivity", The Economic 
Weekly, Annual Number, February, pp. 323-326. 

Sen, A.K. {1964), "Size of Holdings and Productivity: A Reply, The 
Economic Weekly, May 2. 

9121 



Sen, Bandhudas (1974), "The Green Revolution in 
Perspective", New York: Halsted Press. 

India: A 

Singh, I.J., 
Variations in 
Agricultural 
386. 

K.N. Rai and J.C. Karwasra <1997), "Regional 
Agricultu~al Performance in India, Indian Journal of 

Economics, Vol. 52, No. 3, July-September, pp. 374-

Stigler, G.H. < 1976>, "The Existence of X-Efficiency", American 
Economic Review, Vol. 66, No. 1, March, pp. 213-216. 

Tamil Nadu- An Economic Appraisal 1995-96, Chennai: Evaluation and 
Applied Research Department, Government of Tamil Nadu. 

Timmer, C.P. (1971), "Using a Probabilistic Frontier Production 
Function to Measure Technical Efficiency", Journal of Political 
Economy, Vol.79, No.4, July/August, pp. 776-793. 

Varadarajan, S. ( 1993>, "Methodology for Estimating Cost of 
Production of Crops: A Few Issues", in U. Sankar and T. 
Lakshmanasamy (eds): Methodology of Applied Economic Research, New 
Delhi~ Sterling Publishers Private Limited, pp. 237-245. 

Varagunasingh, T.V. < 1993), "Production Functions for Applied 
Economic Research", in U. Sankar and T. Lakshmanasamy (eds): 
Methodology of Applied Economic Research, New Delhi: Sterling 
Publishers Private Limited, pp. 201-216. 

Verma, N.B. and R.R. Mishra < 1997), "Crop Diversification and 
Related Issues on Small Farms in North Bihar", Agricultural 
Situation in India, Vol. 56, No. 4,n, July, pp.181-185. 

Wilson, Gordon <1996), "Intervening for Technological Capability",, 
Appropriate Technology, Vol.23, No.3, December, Londoni 
Intermediate Technology Publications Ltd. 

91 


	TH70870001
	TH70870002
	TH70870003
	TH70870004
	TH70870005
	TH70870006
	TH70870007
	TH70870008
	TH70870009
	TH70870010
	TH70870011
	TH70870012
	TH70870013
	TH70870014
	TH70870015
	TH70870016
	TH70870017
	TH70870018
	TH70870019
	TH70870020
	TH70870021
	TH70870022
	TH70870023
	TH70870024
	TH70870025
	TH70870026
	TH70870027
	TH70870028
	TH70870029
	TH70870030
	TH70870031
	TH70870032
	TH70870033
	TH70870034
	TH70870035
	TH70870036
	TH70870037
	TH70870038
	TH70870039
	TH70870040
	TH70870041
	TH70870043
	TH70870044
	TH70870045
	TH70870046
	TH70870047
	TH70870048
	TH70870049
	TH70870050
	TH70870051
	TH70870052
	TH70870053
	TH70870054
	TH70870055
	TH70870056
	TH70870057
	TH70870058
	TH70870059
	TH70870060
	TH70870061
	TH70870062
	TH70870063
	TH70870064
	TH70870065
	TH70870066
	TH70870067
	TH70870068
	TH70870069
	TH70870070
	TH70870071
	TH70870072
	TH70870073
	TH70870074
	TH70870075
	TH70870076
	TH70870077
	TH70870078
	TH70870079
	TH70870080
	TH70870081
	TH70870082
	TH70870083
	TH70870084
	TH70870085
	TH70870086
	TH70870087
	TH70870088
	TH70870089
	TH70870090
	TH70870091
	TH70870092
	TH70870093
	TH70870094
	TH70870095
	TH70870096
	TH70870097
	TH70870098
	TH70870099
	TH70870100
	TH70870101
	TH70870102
	TH70870103
	TH70870104
	TH70870105

