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ABSTRACT:  
 The tea growers cultivating tea in small plots of land (less than 10.12 hectares) are called small 
tea growers. The present study compared the technical efficiency levels of the individually-owned and 
group-owned small tea growers of Udalguri district of Assam, India. On the basis of 90 randomly 
selected samples collected through primary survey, stochastic frontier analysis using Cobb-Douglass 
production function has been used to estimate the parameters of the function as well as the efficiency 
level of the growers. The result shows that the group-owned small tea growers are relatively more 
efficient (69%) than the individually-owned small tea growers (55%). As far as the inefficiency 
components are concerned, farm size has been found to have positively significant effect on both 
group-owned and individually-owned small tea growers but gender has been found to have no 
significant impact on the efficiency levels of both. The study suggests for emphasizing on the 
awareness among the individually-owned growers to form a group which would improve their 
efficiency. The incentive to the farmers for group loan education and training on farming method, 
irrigation method etc should be given either through government or NGOs to improve the efficiency 
and productivity of the small tea growers. 
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INTRODUCTION 

 Plantation crops like tea, coffee, and rubber have great significance in the world economy. 

Among the four major plantation crops coffee, rubber, tea, and cardamom in India, tea is the most 

important. The history of Indian tea spans more than 160 years. India has the World’s largest area 

under tea cultivation, 566.66 million hectares in the year 2015 (Department of Agriculture, 

Cooperation and Farmer’s Welfare, 2015-16)1. Tea plantation is a major source of GDP in India, in the 

year 2015, India produced 1233.14 million kgs of tea of which 65.950 million kgs was from Assam. 

The tea industry in India provides employment to more than 2 million people. It occupies an important 

role in the Indian economy because of its impacts on the livelihood of a large number of people 

employed directly and indirectly by the industry.  

 The small tea gardens of Assam covers 55% of total small tea grower’s area in India and 

contributes more than 42% of total small tea grower’s production in India (Tea Board of India, 2012)2. 

The small tea growers (STG) of Assam contribute more than 30% of total tea produced in Assam. As 

per the records available, the first commercial small tea garden was established in Golaghat District in 

1978 (Mudoi and Dutta, 2016)3. Now Assam has the largest area under small tea gardens in India 

82805 registered STGs in Assam covering 838800 hectares of land which produced 139491 thousand 

kg of tea leaves in the year 2015 (Assam Statistical Handbook, 2105)4. Since its beginning, there has 

been tremendous growth of small tea cultivation in Assam with respect to both area and production. In 

this context, assessment of the existing level of technical efficiency of the small tea growers assumes 

an utmost importance which will help in analyzing whether there has been efficient utilization of the 

available resources or not.  

 Many studies have been carried out by various scholars related to different aspects of the tea 

industry of India, and World like by Reddy and Bhowmik (1989)5, Barua (2015)6, Mudoi and Dutta 

(2016)3, Mitra (1991)7 etc. But only a few studies are available on the issues of small tea growers in 

India and World and no study on the efficiency levels of these small tea growers can be found neither 

in India nor in other tea producing countries. Thus, in this study, an attempt has been made to bridge 

this gap by studying and estimating the efficiency levels of the small tea growers of Udalguri district of 

Assam. Small tea cultivation is a very important source of income in the Udalguri district of Assam. 

The small tea grower’s area in the district covers more than 50% of the total tea area in the district 

(District Statistical Handbook Udalguri, 2013-14)8. The area under small tea gardens as well as total 
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numbers of registered small tea gardens in Udalguri district has substantially increased since its 

introduction in the district in 1992. After that, many farmers started to cultivate tea in small holdings 

and in 2016 the number of small tea growers has gone up to more than 6000 registered small tea 

growers covering more than 7072.20 hectares of land in the district. Despite the rapid growth in 

numbers as well as area of STGs in the district, its average productivity of tea per hectare is very low 

(5200 kg/hectare) compared to all Assam average (9728.64 kg/hectare) during the year 2014-15 

(Mudoi and Dutta, 2016)3. This low productivity of the small tea growers of Udalguri as the economic 

theory says may be due to misallocation of input mix, inappropriate use of inputs, untimely use of 

inputs and inappropriate choice of technology. One way to find out the actual causes behind the low 

productivity situation of the STGs of Udalguri district is to study the levels of efficiency of the STGs 

in the district, given the available resources and facilities for tea production. 

  The efficiency of a management firm, whether it’s an agricultural farm or an industrial unit, is 

very much important. Small tea growers can benefit from technical efficiency studies which shows how 

much increase in output is possible by improving their technical efficiency without increasing the 

resource base or developing new technologies. Since small tea gardens are mostly concentrated in rural 

areas, increasing the efficiency of the small tea growers of Udalguri district will help in increasing the 

productivity of the growers that will have positive effects in uplifting the socio-economic status of the 

rural population engaged in tea cultivation by increasing their revenue. The increased productivity will 

help in further development of the STGs and development of the district as a whole. Thus, for these 

reasons, this study will attempt to estimate the technical efficiency levels of small tea growers in 

Udalguri district of Assam. 

  Technical efficiency measures a firm’s success in choosing an optimal set of inputs; it is 

defined in relation to a given set of firms, in respect of a given set of factors measured in a specific way, 

and any change in these specifications will affect the measure (Farrell, 1957)9. It measures how 

efficiently technology is employed in the use of inputs to achieve a given level of output. The results of 

the available studies in efficiency study in the field of agriculture shows that the inefficiency variables 

which are most widely found to be positively significant are age of the farmer, education level, training, 

farming experience, credit availability, farm size, awareness of the farmer, access to extension services, 

cost of fertilizer and cooperative membership are found to be positively significant in increasing farm 

efficiency (Abedullah, Kouser and Mustaq, 200710; Ayaz and Hussain, 201111; Karthik, Alagumani and 
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Amarnath, 201312; Ambalil, Adegbite, Ayinde and Awotide, 201213; Bashir and Khan, 200514; Akpan et 

al, 201315, Adeyemo, Oke and Akinola, 201316). Along with these variables, Belbase and Grabowski 

(1985)17 found labour hours, income and cost of planting material to be positively significant in 

increasing farm efficiency. On the contrary to this, Daadi, Gazaali, and Amikujunu (2015)18 found age, 

household size, education level and farming experience have no significant effect on farm efficiency 

and gender of the farmer and farm management type has a significant effect on efficiency. Adeyemo, 

Oke, and Akinola (2013)16 found that age and farming experience contributes to the farm inefficiency. 

Among these variables, the variables which may affect the technical efficiency levels of the small tea 

growers of Assam are,- age of the farmer, education level, training, farming experience, credit 

availability, farm size, labour hours, gender of the farmer and farm management type. 

  The main objective of the study is to estimate the effects of farm size and gender on technical 

efficiency of the group owned and individually-owned small tea growers of Udalguri district of Assam. 

METHODOLOGY 

There are two common methods used by most of the studies for empirically estimating the 

performance of firms in terms of efficiency, namely non-parametric linear programming approach and 

parametric econometric approaches. Parametric methods are those for which it is known that the 

population is approximately normal, or it can be approximated using a normal distribution after 

invoking the central limit theorem. The stochastic frontier analysis is an example of the parametric 

model. Non parametric models are statistical techniques for which we do not have to make any 

assumptions of normality for the population we are studying. That is why non parametric methods are 

also called distribution-free methods. Data Envelopment analysis is a representative of non parametric 

methods. There are also some other alternative methods of measuring efficiency. One of such methods 

id Data Envelopment Analysis Method (DEA) first introduced by Charnes, Cooper and Rhodes (1978)19 

and further developed by Banker, Charnes and Cooper (1984)20. DEA may be a preferred method of 

estimation where random errors are unlikely; on the other hand SFA has the advantage in handling 

random errors. Since we are studying cultivation of tea by small tea growers, an agricultural product 

where random errors are obvious to occur. Thus one cannot afford to use DEA in this case. Therefore 

SFA has been used in this study to estimate the efficiency levels of small tea growers in Udalguri 

district. SFA can also be used to analyze both internal and external factors of technical efficiency; it is 

more suitable for this study which includes both internal and external factors.  
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Farrell (1957)9 for the first time investigated the structure of productive efficiency and showed 

how to define cost efficiency and he also decomposed cost efficiency into technical and allocative 

efficiency. Farrell (1957)9 defined technical efficiency as a firm’s success in producing maximum 

output from a given set of inputs while price efficiency as the firm’s success in choosing an optimal set 

of inputs.  SFA originated with the works of Aigner, Lovel, and Schimdt (1977)21 and Meeusen and 

Van den Broeck (1977)22. Both these SFA models shared the composed error structure with two error 

components,  one is intended to capture the effects of statistical noise and the other is intended to 

capture the effects of technical inefficiency. Following the specifications of Aigner, Lovell and 

Schimdt (1977)21 and Meeusen and Van den Broeck (1977)22 the stochastic production frontier can be 

written as, 

yi = F ( x, β) eε      i = 1, 2, . . . . . , N                   (1.1) 

Where yi is the output for the ith firm, xi is a vector of k inputs (or cost of inputs), β is a vector 

of k unknown parameters, εi is the error term. The error term is composed of as follows- 

εi = vi + ui ,       i =1,………, N                   (1.2) 

After the works of Aigner, Lovell, and Schimdt (1957)21 and Meeusen and Broeck (1957)22, 

many more improvements have been done upon Farrell (1957)9’s idea of productive efficiency. Both 

the models of Aigner, Lovell, and Schimdt (1957)21 and Meeusen and Broeck (1957)22 were originally 

designed for analysis of cross-sectional data. However, subsequently various models were introduced 

to account for panel data, (e.g. Battese and Coelli, 199523; Kumbhakar and Lovell, 200024). Since in 

this study the data to be collected are of cross sectional in nature, we will be using the SFA model as 

introduced by Aigner, Lovell, and Schimdt (1977)21 and Meeusen and Broeck (1977)22. Economists 

have utilized SFA techniques to examine the efficiency in various areas such as agriculture, (e.g. 

Battese and Coelli, 199523; Karthik Alagumani and Amarnath, 201312), manufacturing (e.g. Diaz and 

Sanchez, 200825), health (e.g. Jacobs, 200626; Rosenman 200127), sports (e.g. Young, 201428), banking, 

(e.g. Ngan, 201429), insurance, (e.g. Rai, 199630) etc.  

Study area and method of data collection: 

The study was carried out in Udalguri district of Assam. Udalguri is a district of Assam situated 

on the northern side of river Brahmaputra having 1673.94 Sq Km of total area and a total population of 
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832769 of which 795191 are rural population i.e. 95.5 % of the total population (District Statistical 

Handbook, Udalguri 2013-148). Small cultivation of tea plays an important role in the economy of 

Udalguri district. Total area under tea cultivation in Udalguri district is almost 16% of the total net area 

sown in Udalguri and the share is increasing at a fast rate in the year 2011 it was only 2% of the total 

agricultural land. Registered small growers alone cover 43.3% of the total tea area. Assam is the 

largest tea growing state in India. Assam has more than 54% of the total area under tea production in 

India and contributes 52% of the total tea produced. Small tea cultivation in Assam plays a vital role in 

its economy. The small tea gardens in Assam provide employment to more than 5.55 lakh workforce 

(Banerjee and Banerji, 200831).  In the year 1992, there was only one small tea garden in Udalguri 

district, which has become more than 6000 in number in 2016 covering an area of over 7072 hectares. 

Therefore there arises a need to examine the efficiency levels of the growers of this rapidly growing 

sector. Another reason for selecting Udalguri district as the study area for this study is, despite the 

homogeneity of climatic and soil conditions, the average production of small tea growers of Udalguri 

district, 1650 kg per hectare, is much lower than the average productivity of small tea growers of 

Assam as a whole which is 2300 kg per hectare. Since productivity is also affected by efficiency 

levels, this may be an indication of low efficiency levels of the small tea growers of Udalguri district; 

one way to confirm is to estimate it. 

  The data required for this study has been collected from registered small tea growers of 

Udalguri district. A sample of total 90 small tea growers has been collected for this study out of which 

21 were group-owned2 owned and 69 were individually-owned3 small tea growers. As this study was 

done for the partial fulfillment of the requirements for the award of the degree of M Phil, and there was 

a time limit for the study for which the sample size was decided to be of total 90 samples with 95% 

confidence level and 10% confidence interval. The sample has been selected randomly from the list of 

registered small tea growers collected from sub-regional office of Tea Board of India in Udalguri 

district. 

 

 

                                                             
2 In case of group small tea growers, the owners of the garden are a group of individuals, all the production and management decisions of group small tea 
gardens are taken collectively by the group. 
3 In case of individual small tea growers there is only one owner of the garden and all the production and management decisions of the garden are taken by 
that individual. 
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ANALYTICAL MODEL 

The technical efficiency levels of the group owned and individually-owned small tea growers were 

estimated separately to compare them. Stochastic Frontier Analysis had been used for estimating the 

technical efficiency levels of the small tea growers of Udalguri district in this study. The stochastic 

production function of the small tea growers was assumed to be of Cobb-Douglass form. The choice of 

Cobb-Douglas production function has been made as it is the most used form of production function in 

the empirical studies especially the studies in the field of agriculture (Li and Li, 201132; Abedullah, 

Kouser and Mushtaq, 200710; Ambalil, Adegbite, Ayinde and Awotide, 201213; Ayaz and Hussain, 

201111). 

The technical efficiency and the factors influencing it were jointly estimated with the stochastic 

frontier production function using maximum likelihood estimation method for both group-owned and 

individually-owned small tea growers. The log-linear form of the Cobb-Douglas stochastic production 

function used in this study can be expressed as follows- 

lnYi = β0 + β1ln(FERTI))i + β2ln(PESTI)i + β3ln(HERBI)i + β4ln(MANU)i + β5ln(LAB)i+ vi - ui        

        i=1,2...90         (1.3) 

Where,  

Yi  = Total tea leaves produced (quintal/year) 

LABi     = Annual use of labour by the ith small tea garden (man days4) 

MANUi  = Annual use of manure by the ith small tea garden (kg) 

FERTIi  = Annual use of fertilizer by the ith small tea garden (kg). Only NPK has been used for 

estimation in this study because only this is common among all the growers.    

PESTIi  = Annual use of pesticides by the ith small tea garden (ltr). For pesticides Agradut is 

common among all the growers, therefore only Agradut is used for estimation in this study. 

                                                             
4 1 man day = 8 hours;  
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HERBIi  = Annual use of herbicides by the ith small tea garden (ltr). For herbicides glycil is 

common among all the growers, therefore only glycil used has been used for estimation in this study. 

 The relationship between the technical inefficiency levels of the small tea growers and the 

potential socioeconomic factors affecting them was specified with the help of the following 

inefficiency model- 

ui = δ0 + δ1 (FSIZE)i + δ2(GENDER)i ;        i=1,2..90       (1.4) 

Where, 

FSIZEi  = Total area under tea cultivation of the ith small tea grower (bigha5). Area under tea 

cultivation has been taken in the local unit of measurement bigha. 

GENDERi= Dummy for gender of the ith small tea grower (1=male, 0=female) 

The ui in this study follows a half-normal distribution. The inefficiency model and the 

stochastic frontier production function are tested using the Generalized Likelihood Ratio test for 

testing if inefficiency effects are absent in the model. The Generalized Likelihood Ratio is expressed as 

follows- 

LR= -2{LR of restricted model/LR of unrestricted model       (1.5) 

Table No. 1: Maximum Likelihood Estimates of the Parameters of Stochastic Frontier C-D Production Function of 

Individually-owned Small Tea Growers 

Variables Beta Coefficient 

Frontier Production Function 
Constant 1.54 

(0.29) 
FERTI (kg) 0.36** 

(0.11) 
PESTI (ltr) 0.09*** 

(0.06) 
HERBI (ltr) 0.19 

(0.11) 
MANU (kg) -0.02*** 

(0.35) 
LAB (labour day) 0.13 

(0.14) 

                                                             
5 1 hectare = 7.5 bigha 
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Inefficiency Model 
Constant 1.30** 

(0.51) 
FSIZE  
(bigha) 

-0.07** 
(-0.02) 

GENDER  
(1=male,0=female) 

0.04 
(0.34) 

Sigma squared (σଶ) 0.23** 
(0.07) 

Gamma (γ) 0.78* 
(0.19) 

LR 14.01* 
Mean technical efficiency 0.55 
N 69 

Note: *, **, *** indicates 1%, 5% and 10% level of significance respectively. And the figures in 

bracket shows ‘standard error’ value 

Table No. 2: Maximum Likelihood Estimates of the Parameters of Stochastic Frontier C-D Production Function of 

Group-owned Small Tea Growers 

Variables Beta Coefficient 

Frontier Production Function 
Constant 1.57*** 

(0.83) 
FERTI  
(kg/bigha) 

0.11* 
(0.03) 

PESTI  
(ltr/bigha) 

-0.03 
(0.04) 

HERBI  
(ltr/bigha) 

0.14* 
(0.03) 

MANU  
(kg/bigha) 

0.001 
(0.03) 

LAB  
(labour days/bigha) 

0.49* 
(0.13) 

Inefficiency Model 
Constant 0.76 

(0.81) 
FSIZE (bigha) -0.06** 

(0.03) 
GENDER (1=male,0=female) 0.46 

(0.65) 
Sigma squared (σଶ) 0.19*** 

(0.12) 
Gamma (γ) 0.99* 

(0.00) 
LR 17.09* 
Mean technical efficiency (0.69) 
N 21 
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Note: *, **, *** indicates 1%, 5% and 10% level of significance respectively. And the figures in 

bracket shows ‘standard error’ value 

 The maximum likelihood estimates of the stochastic frontier C-D production function for the 

individually-owned small tea growers are presented in Table 1, and the same for group-owned small 

tea growers is presented in Table 2. The LR value and the gamma value both are significantly different 

from zero in both the cases which suggests that the models are a good fit. The mean technical 

efficiency of the group-owned small tea growers 69% is higher than the individually-owned small tea 

growers 55%.  These results are similar to those found by Daadi, Gazali and Amikuzunu (2014)18 in 

which it was found that group managed agricultural farms were more technically efficient than the 

individually managed farms. The gamma value of 0.78 for individually-owned small tea growers found 

results imply that 78% of the inefficiency is explained by those inefficiency variables. While in case of 

group-owned small tea growers the same is 99%. The nonparametric test of the difference of mean 

between individually-owned and group-owned small tea growers is found to be statistically significant 

at 1% (p= 0.003). 

 In the production model fertilizer, pesticide, and herbicide have been found as theoretically 

expected with a positive impact on the total production of the individually-owned small tea growers. 

This implies that a percentage increase in these variables will result in an increase of the total 

production of individually-owned small tea growers. The variable labour days (0.13) has been found to 

have a positive but statistically insignificant impact on the total production. The individually-owned 

small tea growers are mostly smaller and need less labour to be employed this may be the reason 

behind the positive but insignificant impact of labour days on production. In the model, manure has 

been found to have a negative impact on the total production, due to the fact that may be on an average 

the growers are using excessive amounts of manure, which have resulted in the occurrence of 

diminishing marginal returns with respect to manure use. Similar results have been found in the case of 

pesticide use in group-owned small tea growers. The coefficient of pesticide in group-owned small tea 

growers have been found to have a negatively significant impact on total production, this result also 

can be attributed to diminishing marginal returns due to excessive use of pesticides among the group-

owned small tea growers. 

 Among the two inefficiency variables in the model, only farm size has been found to have a 

significant impact on technical efficiency of both group-owned small tea growers and individually-



Lama Bondana et al., IJSRR 2018, 7(1), 18-31 
 

IJSRR, 7(1) Jan. – March, 2018                                                                                                         Page 28 
 

owned small tea growers. In both cases, the coefficient of farm size is negative which implies an 

increase in farm size results in reducing technical inefficiency in both individually-owned and group-

owned small tea growers, which mean that technical efficiency is more in the small tea growers with 

large farm size. This may because of the increasing returns to scale with respect to land use. This can 

be one of the reasons for the comparatively more technical efficiency of the group-owned small tea 

growers than the individually-owned small tea growers.  

 The dummy for gender has been found to have a positive but statistically insignificant impact 

on the technical inefficiency of both individually-owned and group-owned small tea growers. The 

positive value of dummy for gender implies that the female small tea growers are more technically 

efficient than their male counterparts, but the statistically insignificant result found may be because of 

the very less number of female growers in the observation. There were only 8 female growers in the 

total observation of 90 small tea growers among which 5 were individually-owned growers and 3 were 

group-owned growers. 

CONCLUSION 

 In this study, a comparison between the individually-owned and group-owned owned small tea 

growers has been done with respect to their respective technical efficiency levels. The results show that 

the group-owned small tea growers are on an average 14% more technically efficient than the 

individually-owned small tea growers. It implies that on an average there is possibility of 30% 

improvement in efficiency for the group-owned small tea growers and 35% for the individually-owned 

small tea growers. The inefficiency variable farm size has been found to have a positive impact on 

growers’ technical efficiency in both individually-owned and group-owned small tea growers. But the 

other inefficiency variable gender has been found to have a statistically insignificant impact on 

technical efficiencies of both individually-owned and group-owned small tea growers. Since the group-

owned small tea growers are more technically efficient therefore, individually-owned growers should 

be encouraged to form groups by spreading awareness and providing incentives like group loan, and 

other group aids.  
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