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Abstract Turmeric farming in slash and burn areas
of Bangladesh plays an important role for generating
cash income. This paper estimates technical efficiency
of turmeric farmers in the slash and burn areas of
Bangladesh and identifies sources of inefficiency
using survey data obtained from 150 farmers over 6
villages throughout 2014/2015 growing season. Tur-
meric farming displayed much variability in technical
efficiency ranging from 18 to 96% with mean tech-
nical efficiency of 84%, which suggested a substantial
16% of potential output of turmeric can be recovered
by removing inefficiency. Besides improving techni-
cal efficiency, potential also exists for raising turmeric
production through intensive training and extension
services. For a land scarce country like Bangladesh
this gain could help increase income and ensure better
livelihood for the hilly farmers. The key policy
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implication of the analysis is that investment in
training and extension service would greatly improve
technical efficiency.
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Introduction

Shifting cultivation (Jhum) used to be a special kind of
agricultural practice on sloppy hills. In the Chittagong
Hill Tracts (CHT) of Bangladesh, shifting cultivation
has been practiced from long time. Seventy-three
percent of the land of CHTs is used only for forest
(Forestal 1966) in which shifting cultivation is prac-
ticed. It involves clearing of forest land by slashing
and burning followed by cultivation of crops about
15-20 years before shifting to another forest patch.
Due to high population pressure the fallow period is
reduced 3—4 years and the practice is no longer viable
for sustainable agriculture as allowing very little time
for soil regeneration (Riessen 2000).

Shifting cultivation and its associated fires
destroyed about two-third of the existing forests of
CHTs (Farid and Husain 1988), which accelerated soil
erosion (Shoaib et al. 1998). This technique not only
affects the soil of the cultivated land but also
surrounding environments of such cultivated land.
As a result, it is considered as primitive, backward,
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wasteful, unproductive, and exploitative as well as
cause of widespread environmental degradation (Tho-
mas 1956).

But shifting cultivation is not as alarming as often
posed (Hossain 2011). Because it causes least distur-
bance to soil, build up natural fertility through remains
of mixed cropping (rice, maize, sesame, cotton, beans,
cucumber, chilies, yam, turmeric, ginger, banana, etc.)
on moderate to steep slopes with minimum tillage
under rained condition depending on local resources
(Sharma 1976). Ramakrishna (1992) studied eco-
nomics and efficiency of shifting agriculture and
argued that the economic and energetic efficiency of
shifting cultivation is higher than alternative forms of
agriculture such as terrace and valley cultivation.

Therefore, shifting cultivation is an adaptive forest
management practice predicated on sound scientific
principles that productively uses hill and mountain
lands, conserves forest, soil and water resources, and is
ecologically preferable to alternative agricultural and
forestry activities. Bangladesh is among the countries
with least forest areas (only 11.2% of the total land
area) (Asian Development Bank 2016). But this forest
area is shrinkage day by day due to high population
pressure and demand for food. Therefore, shifting
cultivation can be considered as alternative technique
to produce crops in forest area by preserving forest and
increasing crop productivity.

In traditional shifting cultivation, land is denuded
and exposed to degradation forces like water erosion,
land slide, etc. In new planting approach keeps the
land covered and obstructs speedy run off and thereby
restricts water erosion and landslide. Therefore, new
shifting cultivation is environmental friendly and it is
started by slashing vegetation during January—Febru-
ary. The dry vegetation is burnt and the hill is cleaned
for sowing seeds in April-May. After the start of the
first rains in April-May, they dibble different crop
seeds in holes, while simultaneously using the hoe.

Turmeric can be a good source to generate cash
income for shifting cultivation areas people of
Bangladesh as its production requires low technology,
less capital investment, and it can be grown with
comparatively less use of fertilizer which conserve
ecosystem. The sloppy topography of hilly region and
the nature of soil are optimal for turmeric cultivation.
The sustainability of hill agriculture depends on
promoting productivity by improving management
practices and conserving hill resources. Alongside
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researchers and policy makers have greatly empha-
sized on adoption of new technologies for increasing
farm productivity and income (Hayami and Ruttan
1985; Kuznets 1966). However, during the last
decade, attention to productivity gains arising from a
more efficient use of existing technology is justified
(Bravo-Ureta and Pinheiro 1993, 1997; Squires and
Tabor 1991).

Production gain can be achieved without requiring
additional conventional inputs and without the need
for new technologies. In that case, empirical measures
of efficiency are necessary in order to determine the
magnitude of the gain that could be obtained by
improving performance in production with a given
technology. Policy implication stemming from signif-
icant levels of inefficiency is that it might be more cost
effective to achieve short run increases in farm output,
and thus income, by concentrating on improving
efficiency rather than introducing new technologies
(Belbase and Grabowski 1985; Shapiro and Muller
1977).

Developing economy of Bangladesh can benefit a
great deal from inefficiency studies, which shows that
it is still possible to raise productivity by improving
efficiency. It is important to know how well the
resources are being utilized and what possibilities
exist for improving the production using the existing
resources and technology (Ahluwalia 1996). The
present study sets out to analyse technical efficiency
of turmeric farmers in the slash and burn region of
Bangladesh, and to identify farm specific characteris-
tics that explain variation in efficiency of individual
farmers. An understanding of these relationships could
provide the policy makers with information to design
progress that can contribute to measures needed to
expand the productivity potential of the nation.

Methodology
Analytical framework

Farrell (1957) seminal paper has brought new avenue
in methodologies and their applications to efficiency
measurement. The early methodologies were based on
deterministic models that attribute all deviations from
the maximum production to efficiency. The recent
methodologies have made it possible to separately
account for factors beyond and within the control of
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firms that cause inefficiency. The popular approach to
measure the technical efficiency components is the use
of frontier production function (Wadud and White
2000; Sharma et al. 1999; Battese and Coelli 1995).
Aigner et al. (1977) and Meeusen and Van Den Broeck
(1977) independently applied the stochastic frontier
production function to account for the presence of
measurement errors and other noise in the data, which
are beyond the control of firms. Stochastic frontiers
have two errors: the presence of technical inefficien-
cies in production and the measurement errors in
output, weather, etc. and the combined effects of
unobserved inputs in production.

In the literature of the efficiency measurement, the
predicted efficiency indices were regressed against a
number of farm characteristics, in an attempt to
explain the observed differences in efficiency among
farms, using a two stage procedure. Although this
exercise has been recognized as a useful tool, it has
also been recognized as an inconsistent in its assump-
tions regarding the independence of the inefficiency
effects.

Coelli (1996) and Battese and Coelli (1995)
extended the stochastic production frontier model by
suggesting that the inefficiency effects can be
expressed as a linear function of explanatory variables,
reflecting farm specific characteristics. The advantage
of this model is that it allows estimation of the farm
specific efficiency scores and the factors explaining
efficiency differentials among farmers in a single stage
estimation procedure (Rahman 2003) which is utilized
in this paper.

Data collection

The study was carried out in Khagrachhari district
which is one of the major turmeric growing districts in
Bangladesh. It accounted for 8.9% of the total turmeric
area. A stratified random sample was constructed by
dividing the district into Upazila and village. Among
the eight Upazilas of Khagrachhari district, Khagrach-
hari Sadar, Matiranga and Panchhari were selected as
strata. In 2010-2011, a total of 2039 acres of land was
cultivated for turmeric in these Upazilas which is
around 41% of cultivated area of turmeric in Kha-
grachhari district (BBS 2013). Within each of these
three Upazilas, two villages were randomly selected
based on a complete list of villages. Within each
village 25 households were randomly selected from

the list. This procedure gave a total sample of 150
households involved in turmeric production in Kha-
grachhari district.

The data for this study were collected both from
primary and secondary sources. The primary data were
collected from the selected farmers for the whole year
of 2014. The formal data, however, were collected
during January 2015 by using face to face interview
technique.

A summary values of the variables used in the
analysis is presented in Table 1. The table shows that
considerable variation exists among the farmers in
terms of production practices and the socioeconomic
attainments. The average farm size was 1.39 ha
ranging from 0.11 to 9.07 ha.

Seed (rhizome) has a major impact on production
and the profitability of turmeric farm. Farmers hand-
pick the best turmeric and preserve it as seeds for the
next season. They also purchase from other farmers if
they need additional seeds to available own stocks.
Since farmers produce turmeric as a mixed crop in
Jhum lands they do not take into account the exact size
of the land to determine the volume of seeds required.
The average annual application of seed of turmeric
was 634.08 kg/ha which has considerable variation of
turmeric farmers used. This finding is in line with the
findings by Karna et al. (2010).

Fertilizer application is not based on the need of the
soil, but rather on common practice. Except for some
commercial production, most of the turmeric is
produced by traditional farming practices where the
farming knowledge derived from forefathers is used
with no or less application of chemical fertilizer. On
average, annual fertilization rate was 177.97 kg/ha
ranging from nil to 975.03 kg/ha in turmeric farm.

The average labour use is 156.76 man-days/ha
ranging from 26.67 man-days/ha to 475.31 man-days/
ha. For the land preparation male labour were used.
Mostly female labours were working for hoeing and
weeding.

The average age of farmers is 40 years ranging
from 20 to 83 years in turmeric farming. Average
general education level is seemed to be level of
primary ranging from illiterate to 14 years. The
average experience of farmers is 11 years ranging
from 1 to 42 years in turmeric farming.
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Table 1 Summary
statistics for variables in the

Variables

Sample mean SD Minimum value Maximum value

stochastic frontier
production functions for
turmeric farming

Yield (kg/ha)

Land (ha)

Labour (Person-days/ha)
Seed (rhizome) (kg/ha)
Fertilizer (kg/ha)

Education (years of schooling)

Age (years)
Experience (years)

6325.48 2402.07 864.19 17,119.34
1.39 149 0.11 9.07
156.76 63.31 26.67 475.31
634.08 311.38 102.88 1975.31
178.98 166.71  0.00 975.03
3.47 395 0 14

39.99 12.07 20 83

11 6.87 1 42

Empirical model

Despite its limitations, this paper uses a Cobb—
Douglas functional form to specify the stochastic
production frontier. In fact, Taylor et al. (1986) argued
that as long as interest rests on efficiency measurement
and not on the analysis of the general structure of the
production technology, the Cobb—Douglas production
function provides an adequate representation of the
production technology. For this reason Cobb—Douglas
functional form has been widely used in farm
efficiency analysis both in developing and developed
countries (Battese 1992; Bravo-Ureta and Pinheiro
1993). The specific model estimated is given by:

LnY = f(X;; B) + & (1)

8i:Vi—Ui, lzl,,N (2)

where Y denotes production level, X; is input level and
[ is a vector of unknown parameters to be estimated. ¢;
is the composed error term and f is the Cobb—Douglas
function form. V; are independently and identically
distributed random errors, having N (0, ov?) distribu-
tion while U; are non-negative stochastic variables,
called technicalin efficiency effect, associated with the
technical inefficiency of production of farmers
involved. According to Battese and Coelli (1995),
technical inefficiency effects are defined by

U=Z5+W, i=1...N (3)

where Z; is a vector of explanatory variables associ-
ated with technical inefficiency effects, 0 is a vector of
unknown parameters to be estimated, W; are unob-
servable random variables, which are assumed to be
identically distributed, obtained by truncation of the
normal distribution with mean zero and unknown
variance ¢2, such that U; are non-negative.
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The stochastic frontier technique can only handle
one single output. The following model specifications
were used in the analysis

InY; = B+ BiInXy; + B,InXs; + B3InX3; + B4InXy,
ViU

(4)

where In represents the natural logarithm (i.e., to the
base e) and i refers to the ith farm in the sample; Y;
represents yield kg/ha; X; represents the farm size in
hectares; X,; represents the total quantity of labour
employed in man-days per hectare per year; Xj;
represents total number of turmeric seed (rthizome) per
hectare per year; Xy; represents quantity of fertilizer
used in kg per hectare per year; V; represents the
random variations in output due to factors outside the
control of the farm operator such as: natural disaster,
disease of turmeric etc. f/; — f3, are parameters to be
estimated;

Following Battese and Coelli (1995), it is further
assumed that the technical inefficiency distribution
parameter, U; is a function of various operational and
farm specific variables hypothesized to influence
technical inefficiencies as:

U; = 00 + 01Z1; + 022 + 03Z3; + 04Z4; + 65Zs;
+ W,

(5)

where Z; denotes the age of the ith farmer (in year);
Z,; denotes the education (year of schooling) of the ith
farmer; Z3; denotes experience in turmeric farming of
the ith farmer (in years) Zj; denotes the training
received by the ith farmer (1 if received, O otherwise);
Zs; denotes farm visits by extension officers (1 if yes, 0
otherwise); 01, 8., 83, d4, and 05 are unknown
parameters to be estimated.
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Results and discussion

The maximum likelihood estimates (MLE) of the
parameters of Cob—Douglas stochastic frontier func-
tion defined by Eq. (4), given the specifications for the
inefficiency effects defined by Eq. (5), estimates of the
model were obtained using maximum likelihood
procedures by using FRONTIER 4.1 (Coelli 1996).
The estimates of the stochastic frontier which mea-
sures the proportional change in output when all inputs
included in the model are changed in the same
proportion is presented in Table 2. The function
coefficient for the MLE is about 0.57, which indicates
that returns to scale is decreasing. The null hypothesis
of constant return to scale was tested by using
restricted least squares regression model. The com-
puted F statistic is 4.31 which exceed the critical F
value of 3.84 at 5% level of significance. The result
indicates that the null hypothesis constant return to
scale was rejected.

The efficiency effects jointly estimated with the
production frontier function are not simply random
errors. This is shown by the y = ou/(ov? + op?)
which ranged the value between zero and one, where if
v = 0, inefficiency is not present and if y = 1, there is
no random noise (Battese and Coelli 1995). The
estimated value is close to 1 and is significantly
different from zero, thereby, establishing the fact that a
high level of inefficiencies exists in turmeric farming
systems of the slash and burn agriculture in Bangla-
desh. Furthermore, the corresponding variance ratio
parameter’ y* imply 44.21 of the difference between
observed and the maximum production frontier for
turmeric farming system, is due to the existing
differences in efficiency levels among farmers.

Further, a set of hypothesis on different inefficiency
specifications using Likelihood ratio (LR) test statis-
tic> was tested. The null hypothesis that y =0 is

! The parameter y is not equal to the ratio of the variance of the
efficiency effects to the total residual variance because the
variance of u; is equal to [(m — 2)/n]o? not o2, The relative
contribution of the inefficiency effect to the total variance term
(v*) is equal to y/[y + (1 — v) m/(mr — 2)] (Coelli et al. 1998).

2 The likelihood ratio test statistic, A = —2[log Likelihood
(HO) — log Likelihood (H1)] has approximately sz distribu-
tion with v equal to the number of parameters assumed to be zero
in the null hypothesis. To conduct the tests involving y
parameter, the critical value of the x2 is taken from Kodde
and Palm (1986, Table 1).

rejected at the 5% level of significance confirming that
inefficiencies exists and are indeed stochastic (LR
statistic 44.32 > %21,0.95 = 3.84).

The estimate coefficients for four variables: farm
size, labour, seed and fertilizer are shown in upper
portion of Table 2. Labour, seed and fertilizer are
significant at 1 and 10% levels, while farm size did not
give a significant figure. The estimated Maximum
Likelihood (ML) coefficient of farm size showed
positive value of 0.007. Similarly, the estimated ML
coefficient for labour showed positive and significant
value at 0.337. Therefore, a 1% increment of labour
will increase output by 0.337% which is reasonable as
slash and burn area needs more labour for preparing
land for cultivation. The estimate coefficient for seed
and fertilizer showed positive and significant values of
0.203 and 0.019 respectively.

The results also indicate that technical efficiency
(TE) indices range from 18 to 96% for the turmeric
farming system, which an average of 84% (Table 3).
Unfortunately, not a single farm appears as fully
technical efficient. The implication is that, on average,
turmeric farming could generate 16% of the potential
return by eliminating technical inefficiency, which is
substantial. If the average farmer in the sample was to
achieve the TE level of its most efficient counterpart,
then the average farmer could realize 13% cost savings
(i.e., [1 — 84/96]). Similarly, the most technically
inefficient turmeric farmers could realize an 81%
[1 — (18/96)], if he/she could increase the level of TE
to his/her most efficient counterpart. These cost saving
will increase their overall income and ensure better
livelihood for the farmers.

About 5%, of the turmeric farmers are producing at
an efficiency level of less than 60% while 81% of the
turmeric farmers are producing at an efficiency level
of 80% and above, which are encouraging. As existing
empirical studies in Bangladesh show the 84% means
technical efficiency found in this study is in the line
with the findings reported by Bravo-Ureta et al.
(2007), Coelli et al. (2002), Wadud and White (2000).

Factors explaining inefficiency

The parameter estimates of the inefficiency effects
stochastic production frontier model employed to
identify the factors influencing farmers’ levels of
technical inefficiency are listed in the lower panel of
Table 2. The results show that, the age, family size,
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Table 2 Maximum
likelihood estimates of the
stochastic frontier
production function of the
turmeric farming

4CRTS constant return to
size

***Significant at 1%,
**Significant at 5% and
*Significant at 10%

Variables Parameters Coefficients Standard error t ratio
Production frontier

Constant B0 5.821%%%* 0.328 17.76
Land (x;) p1 0.007 0.022 0.306
Labour (x5) B2 0.337#%* 0.066 5.120
Seed (rhizome) (x3) B3 0.203%%** 0.056 3.599
Fertilizer (x4) B4 0.019* 0.012 1.591
Sum elasticities 0.566

F statistics CRTS?* 4.3]%*

Inefficiency function

Constant 30 — 6.474%* 3.404 — 1.902
Age o1 0.069%* 0.035 1.955
Education 52 — 0.001 0.034 — 0.039
Experience 83 — 0.024 0.019 — 1.272
Family size o4 0.186* 0.079 2.324
Training 85 — 2.367* 1.171 —2.023
Farm visit 56 — 2.499% 1.132 — 1.888
Slop of the land &7 — 0482 0.315 — 1.529
Variance parameters

Sigma-squared a? 0.845%** 0.315 2.680
Gamma 0.9427%%% 0.024 39.041
Log likelihood — 26.354

Mean TE index 84.08

() 4432

Table 3 Distribution of technical efficiency scores

Efficiency levels Number Percent farms
<50 5 3.33
50 < 60 3 2.00
60 <70 5 3.33
70 < 80 16 10.67
80 <90 79 52.67
90 < 100 42 28.00
Mean efficiency level 84.08
Minimum 18
Maximum 96
Standard deviation 0.11
Number of observations 150

training and farm visits of the extension workers have
a significant impact on technical inefficiency of

farmers in the slash and burn agriculture

Bangladesh.
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Results indicate that training significantly improves
technical efficiency of turmeric farming, consistent
with Karthick et al. (2013). The trained farmers are
expected to follow the turmeric management practices
properly, which might have led to higher efficiency for
them.

The age coefficient is positive and significant with
technical inefficiency in turmeric farming which
indicates that older farmers are less capable to take
risky decisions regarding farm management practices.
This confirms to the results obtained by Begum et al.
(2013).

Family size is negative and significant with tech-
nical efficiency, consistent with Irz and Meckenzie
(2003), which indicates that those farmers that have a
large size family are less efficient. This might be result
of all family members are worked in the turmeric
farms which in turn excess labour use which is usually
happen in the case of Bangladesh.

The coefficient for number of farm visits by
extension officers have negative impact on technical
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inefficiency which indicates that an increase in the
number of farm visits by extension officers decreases
the inefficiency level of farmers in the study area.
Thus, with the increase in farm visits their efficiency
increases. This could be due to the fact that farmers
that actively communicate with extension officer
usually get information and benefits regarding input
use and market prices of inputs and outputs.

Conclusions and policy implications

The study used stochastic production frontier func-
tions to analyze technical efficiency of turmeric
farmers in the slash and burn area of Bangladesh.
Using survey data obtained from 150 farmers over 6
villages throughout 2014/2015 growing season for
measuring technical inefficiency among farmers. The
mean level of technical efficiency is 84% suggest that
substantial gains in output and or decreases in cost can
be attained given existing technology.

According to a stochastic frontier production func-
tion, labour, seed and fertilizer showed significant
positive effects on the turmeric production. The farm
specific variables used to explain inefficiencies indi-
cate that those farmers have more training and good
contact with extension service providers trend to be
more efficient. The age and family size have a negative
influence in increasing technical efficiency.

The policy implications are clear. Inefficiency in
turmeric farming can be reduced significantly by
strengthening extension services and intensive train-
ing program. In recent years, a number of development
agencies have promoted farmer field schools (FFS) as
a more effective approach to extend science base
knowledge and practices. The FFS training program
utilizes participatory methods ‘to help farmers
develop their analytical skills, critical thinking, and
creativity, and help them learn to make better
decisions’ (Kenmore 1997). Such an approach, in
which the trainer is more of a facilitator than
instructor, reflects a paradigm shift in extension work
(Roling and van de Fliert 1994). The FFS concept does
not require that all farmers attend FFS training. Rather,
only a selected number within a village or local
farmers’ group are trained in these informal schools.
However, in order to disseminate new knowledge
more rapidly, selected farmers receive additional
training to become farmer-trainers, and are expected

to organize field school replications within the com-
munity, with some support from public sources.
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