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Abstract- A stochastic frontier production function is used to
investigate the prospect to bring tea production efficiency in
the Northern mountainous region of Vietnam to higher level
using a cross-section data set of 258 randomly selected farms
in 2013. Research results revealed that the average output of
tea farms could increase by 10.4 percent by properly using the
existing technology. The technical efficiency of the sample tea
farms range from 62.1 percent to 97.2 percent (average 89.6).
The variables such as: pesticide, labor, and capital negatively
affected tea yield. However, irrigation water and types of
chemical fertilizers such as: nitrogen, phosphorous, and npk
showed a positive relationship with tea yield. The study
demonstrated that important factors having positive impact on
technical efficiency level of tea production are applying soil
and water conservation technology, accessing extension
services, joining cooperatives, and gender.
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. INTRODUCTION

ea has a long history in Vietnam and has been
Tcultivated and drunk there for thousands of years.

Today, Vietnam is the fifth largest tea exporter in
the world. Tea is grown in 39 of 64 Viethamese
provinces. The best quality products are achieved in the
North area. Tea production is an important source of
income. In 2012, total exported tea reached 146,700
tons and grossed 224.6 million dollars (Vietham Tea
Association 2012). Furthermore, tea production also
plays an important role in generating employment. With
400,000 small households engaged in cultivation and
process, tea industry created over 1.5 million jobs
(Viethnam General Statistic Office, 2008). Tea is one of
the five important agricultural products in Vietnam.

The Northern mountainous region, with its
mountainous topography and temperate climate, is one
of the main tea cultivation areas in Vietnam. It has a total
of 93,000 ha under tea, accounting for 71.6 percent of
the total cultivation area in Vietnam, and 64.7 percent of
the country's total tea output (Vietnam General Statistic
Office 2013). Tea is the largest cash crop in the region
and provides income for many small households.
Therefore, boosting tea production in the Northemn
mountainous area is expected to motivate the region’s
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economic growth and have a positive impact on
livelihood of small households.

However, Viethamese tea production is faced
with many challenges. Viethnam remains a small player in
the world tea market. In 2011, Vietnamese tea
production accounted for 7 percent of global tea market,
much lower than China (16 percent), India (16 percent),
Sri Lanka (16 percent), and Kenya (15 percent) (Potts ef
al. 2014). As Vietnam continues its drive onward into
twenty-first century tea production, it is increasingly
forced to compete with those top producers, many of
which are achieving comparatively higher yield and
more efficient production. Therefore, Vietnamese tea
industry should increase production efficiency to
improve its competitive edge in foreign tea markets.

Many researchers and policy makers have
focused their attention on the impact that adoption of
new technologies can increase farm productivity and
income (Hayami and Ruttan 1985). In Vietnam,
considerable work is being done to improve technology
and vyield in tea production. However, the
implementation of these practices is lagging (Wenner. R
2011). In fact, the majority of Vietnamese tea production
is done by small households who often lack money or
interest in the implementation of new technology. Thus,
in short run, Viethamese tea productivity should be
increased by using the existing production technology.
The efficient use of existing input resources can result in
a cost- effective way to increase the productivity of tea
production. In designing appropriate policy measures to
enable Vietnamese tea farms to increase productivity
through improved efficiency, it may be useful to
measure farm level technical efficiency and its
determinants. Such a statement begs these questions:
(1) Are tea farmers in Vietham using their input
efficiently? (2) Which factors affect the technical
efficiency of tea production?

The main objective of this study is to assess
whether or not the current technologies are efficient for
the tea farmers in the Northern mountainous region of
Vietnam. The study first analyzed the technical efficiency
level of tea farmers using stochastic frontier analysis and
then determined factors influencing the technical
efficiency of tea farmers with two-limit Tobit regression
model.

Although tea is a very promising crop not only
for farmers’ income but also national economy, until now
there has been no obvious research concerned with the
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farm level technical efficiency and its determinants of tea
production in Vietnam. This study also aims to fulfill the
knowledge gap in this area.

The first section of this paper provides
information on the current situation of Viethamese tea
production while the second section is analytical
framework for measuring technical efficiency. In the third
section, the detailed description of data and empirical
model is presented. The forth section is the estimated
results while the fifth section is discussion from model
estimation. Some  concluding  remarks  and
recommendations are drawn in the final section.

11. ANALYTICAL FRAMEWORK FOR
MEASURING TECHNICAL EFFICIENCY

Economic efficiency takes on to increase output
without using more conventional inputs. As farmers
cultivate their crops with the existing technology
inefficiently, applying new technologies results in less
cost-effective than using the existing technology
(Bellbase and Grabowki 1985; Shapiro 1977). Economic
efficiency can be classified in two parts: technical
efficiency and allocative efficiency. Technical efficiency
measures the ability of a farmer to achievethe maximum
output with given and obtainable technology, while
allocative tries to capture farmers’ ability to apply inputs
in optimal proportions with respective prices (Farrell
1957; Coelli et al. 2005).

Measuring technical efficiency is to use inputs
and output quantity without introducing their prices.
Technical efficiency can be decomposed into three
components such as: scale efficiency (the potential
productivity gain from achieving optimal size of a firm),
congestion (increase in some inputs could decrease
output) and pure technical efficiency (Farrell 1957).

There are two methods widely used in the
literature to estimate technical efficiency. The first one is
an econometric approach - Stochastic Frontier Analysis
(SFA) that simultaneously introduced by Aigner, Lovell
and Schmidt (1977) and Meeusen and Van den Broeck
(1977). The second one is non- parametric approach or
mathematical programming - Data Envelopment
Analysis (DEA). Two methods have partial strength and
weakness. The econometric method is stochastic and
parametric. It distinguishes the effects of noise with the
effects of inefficiency and confound the effect of
misspecification of functional form with inefficiency, but
it generates good results for models that are single
output and multiple inputs.  Conversely, the
mathematical programming approach is not stochastic
and not parametric. It cannot separate the effects of
noise and the effects of inefficiency during the
calculation of technical efficiency, and it less sensitive to
the type of specification error (Kebede 2001). Its
advantage is that multiple inputs and output can be

2015 Global Journals Inc. (US)

considered simultaneously, and inputs and outputs can
be quantified using different units of measurement.

Since tea production in Vietham is an example
of single output and multiple-input production, this study
focuses on the use of an econometric approach for
measuring technical efficiency based on the production
frontier model. A production frontier model can be
written as:

Y= f(Xy: B) + & (1)

Where Y; is output of the farms, X;; is a vector
of inputs used by farm / and ¢; is a “composed” error
term. The error term ¢; is equal to v; — u;.The term v, is
a two-sided (-o0 < v; < o) normally distributed random
error (v~N[0,c2]) that represents the stochastic effects
outside the farmer’'s control (e.g., weather; natural
disasters, and luck), measurement errors, and other
statistical noise. The term u; is a one-sided (u; = 0)
efficiency component that represents the technical
inefficiency of farm (Coelli ef a/. 2005). The distribution of
term u; can be half-normal, exponential or gamma
(Aigner et a/ 1977; Meeusen and Broeek 1977). The
assumption of term wu; in the study is half-normal
distribution (u~N[0,62]) mainly used in the other
studies. The two components v; and u; are also
assumed to be independent together.

Equation (1) estimated by the maximum
likelihood analysis creates consistent estimators for 8,
A,ando where B is a vector of unknown parameters,
A= o,/0,0% =02+ c?

According to Battese and Corra (1977), the ratio
variance parameter y which relates to the variability of
u; to total variability ¢ can calculated in the following
manner:

y = oi/o*

Sothat 0 <y <1

2

If the value of y is equal to zero, the difference
between actual farmer yield and the efficient yield is
entirely due to statistical noise. On the other hand, a
value of one would indicate the difference attributed to
the farmers’ less than efficient use of technology i.e.
technical inefficiency (Coelli ef a/. 2005).

The technical inefficiency of individual farms can
be estimated by using conditional distribution of u;
given the fitted values of € and respective parameters
(Jondrow ef a/. 1982). If we assume that v; and y; are
independent each other, the conditional mean of u;
given ¢ is identified by:

Eule) = o* [0~ ®

1-F*(eid/0) o

Where: 0*? = g202 /0%, f* is the standard
normal density function, and F* is the distribution
function, both functions being estimated at e1/a.



With the assumption of half-normal model, a
simple z-test will be used for examining the existence of
technical inefficiency, the null and alternative
hypotheses are: H;: A= 0 and H;: 1> 0 (Coelli et al.
2005). The test statistic is:

1
zZ = m’”N(O,l) (4)

- 1is the maximum likelihood estimator of A and
se(?) is the estimator for its standard error.

The technical efficiency of farm will be
determined by using the following equation:

TE; = exp(=11;) = exp(=E(u;|,)) ()

The 7E score is between zero and 1. A farm is
fully efficient if it equals to 1 and fully inefficient if its
value is zero.

To investigate the relationship between farms’
technical efficiency and various farmers’ socio-
economic factors and specific farm characteristics, a
two-limit Tobit regression model was applied as the
second step analysis because the efficiency scores
from stochastic frontier analysis are limited between 0
and 1 (Bravo-Ureta and Pinheriro 1997; Binam et a.
2003; Khai ef al. 2008; Nyagaka et a/. 2010). Therefore,
a Tobit regression model was used in this study.
According to Tobin (1958), a Tobit regression model can
be specified in the following form:

TEi :60 +Z61V|/l+el
i

Where: TE; is the technical efficiency scores of
each farm obtained from the function (4) as dependent
a variable, W; is the variables representing socio-
economic characteristics of farmers and farms, §; is a
vector of unknown parameters to be estimated, and e; is
error term that represents other factors outside model.

The maximum-likelihood estimates of
parameters of function (1), the farm-level TE in function
(4), and Tobit regression estimates in formula (5) are
achieved by using STATA version 13 software.

I1I.  RESEARCH AREA, EMPIRICAL MODEL
AND DATA

a) Research area

Thai Nguyen is a province in the Northemn
mountainous region of Vietnam. With 18,000 ha of tea
trees, Thai Nguyen is the second largest tea plantation
area in Vietham. However, it is the largest province in tea
production with about 172,000 tons per vyear
(Vietnamese General Statistic Office, 2011). The suitable
natural conditions and temperate climate make Thai
Nguyen tea have the finest quality throughout Vietnam.
Therefore, this research was conducted in Thai Nguyen
province. Four representative communes of two famous

tea-producing districts (Dong Hy district and Thai
Nguyen city) in Thai Nguyen province were chosen for
the survey. The selected tea farms are representative of
topographical conditions in tea production areas of Thai
Nguyen province.

Tan Cuong and PhucXuan commune are
administratively in the Thai Nguyen City. Tan Cuong is
the most well-known for having the highest tea quality in
Vietnam. Most of the tea farms are situated along the
sides of the Cong river where fields are flatter (with 20%
slope). Whereas, in the PhucXuan commune, tea is
grown on hillsides and uplands.

Two communes, Minh Lap and Song Cau, are
in Dong Hy district. Minh Lap commune is located about
24 km east of Thai Nguyen town (the center of Thai
Nguyen city) and borders the sides of the Cau river.
Most of the tea farms in the Minh Lap commune are on
uplands and hillsides with slopes ranging from 15% to
30%. The Song Cau commune, on the other hand, is
located in the Northeast and about 20 km from the Thai
Nguyen town.Tea farms in the Song Cau commune are
similar to those in the Minh Lap.

The primary data for this study were collected in
a field survey through direct interview with tea farmers
from April to December 2013 by a group of
enumerators. A pre-test was made to revise the
questionnaire before the formal survey. A total of 258 tea
growers were selected following a random sampling
procedure.

The questionnaire in this study was structured
to get responses from the selected tea farmers on their
farming activities. An attempt was made to collect
information on inputs and cost used for tea production
as well as tea outputs. Socio-economic data of the
farmers and tea farms’ characteristics such as age,
gender, level of education, ethnicity, farming experience,
participation in cooperative, household size, farm size,
agricultural income, off-farm income, tea age, slope,
number of methods to control erosion and conserve
water resource and accessing extension services were
also collected. This is expected to increase the
explanatory power of the analysis significantly.

b) Empirical model

There are several functional forms for estimating
the physical relationship between inputs and output.
According to Hanley and Spash (1993), Cobb-Douglas
functional form is more popularly applied than other
forms, if there are three or more independent variables
in the model. Therefore, in this study, Cobb-Douglas
production function with ten independent variables was
applied. The study normalized the data set by dividing
output and inputs by land input variable, resulting in
dropping this variable in the regression model. The
Cobb-Douglas stochastic frontier function was written
as:
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lnYi = ﬁo + }21 ﬁlj lnXl'j + v —Uu;

Where: Y;is fresh tea yield (kg/ha);

X;; is the ten used inputs including: Nitrogen
fertilizer(kg/ha), Phosphorous fertilizer (kg/ha), Fotash
fertilizer (kgvha), NPK fertilizer (kgvha), Animal fertilizer
tka/ha), Pesticide (liter/ha), Labor used for fea
production (man-day/ha), Irrigation water used for tea
proauction (m?/ha), Capital (Values of machineries and
tools for tea production were calculated in Vietnamese
currency - thousand VND/ha), and Other cost
(calculated in Vietnamese currency - thousand VIND/ha).
v;is a two-sided (- < v; < 00) normally distributed
random error thatrepresents the stochastic effects
outside the /farmer’s control;

u;is a one-sided (y; = 0) efficiency component
that represents the technical inefficiency of the /farm.

In the second step, theTobit regression function
with a dependent variable of technical efficiency and
fifteen independent variables are estimated to determine
factors affectingtechnical efficiency of Vietnamese tea
production. The regression function is given by:

15
8 Wi + e
k=1

Where: TE;is the level of technical efficiency;
W, is the variables representing socio-economic
characteristics of farmers and tea farms to explain
technical efficiency: Age (the age of household head
(years)) (k=1), Gender (gender of household head
(dummy variable,1= male, O=female) (k=2), Education
(the number of completed years of schooling of
household head) (k=3), Household size ( the number of
family members in persons) tk=4), Ethnicity (ethnicity of
household head (dummy variable,1=KinA ethnicity, 0=
Otherwise) (k=5), Experience (the number of tea growing
years) (k=6), Tea age (the age of tea tree in years)
(k=7), Slope (slope of tea farms, degree) (k=8), Soil and
water conservation (SWC) (dummy variable is used to
capture whether farmer applied any SWC technologies
on their fields such as : barrier to water movement, soil
bund, stone bund, contour ridge, hedge grow, planting
tree, grass trip, and digging hole to store rainwater, 1=
farmer employed  SWC technology, O=otherwise)
(tk=9), Farm value in natural log (the total value of
agricultural products gained by farmers) (k=70), Non-
agri. Income share (proportion of total farmer’s income
from non-agricultural sources) (k=17), Labor-land ratio
(Ratio of labor to land) (k=72), Extension (dummy
variable, 1 = access to extension service, 0= otherwise)
(k=13), Cooperative (dummy variable, 1= farmer joining
in cooperative, O0=otherwise) (k=174); Farm size (ha)
(k=15).

e;is error term that represents other factors
outside model.

TEl- = 60 +
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c) Dala

Table 1 presents the descriptive statistics of
some important variables applied in stochastic frontier
production model and some specific farm charac-
teristics.

The results show that the average tea yield was
approximately 35,351.16 kilograms, with a range of
4,350 kilograms to 57,870 kilograms, and the standard
deviation among yield levels was 16,883.99 kilograms.
The large variability in standard deviation revealed that
the sample farmers used inputs in different ways, which
tended to affect their yield levels. Fertilizer is an
important input to increase the productivity of tea. It was
found that the major components of fertilizer used in tea
farms were nitrogen, phosphorous, potash, and animal
fertilizer. There was a high variation in the amount of
fertilizer application per farm. Some farmers did not
apply some kind of fertilizers, while others used
significant amount. The average use of pesticide is
approximately 67.43 liters per hectare, with a range from
0 liter to 216 liters, representing a large variability among
farms. This variability may depend on farm size and
farmers” attitude and preference regarding to pesticide
application. The average utilization human labor per
hectare including hired and family labors was
approximately 1,647.5 man-days with the minimum at
332 man-days and the maximum at 3,554.5 man-days,
indicating that farming activities are highly labor
intensive.The average of irrigation water per hectare was
between 1000 m® and 14,114 m® with a mean of
5,595.53 m®, suggesting a wide range variation among
farms.

The average education level is around 10 years,
suggesting that most of tea farmers graduated
secondary school in Viethamese education system. The
results also shows that farmers have much experience
on tea cultivation with the mean nearly 22 years. The
average area of tea farmer is around 0.26 ha with a
range of 0.05 ha to 0.60 ha, suggesting the big
variability of sizes among tea farmers in Vietham. The
results reveals that tea farmers in the Northemn
mountainous region of Vietnam have basic education
leveland much experience in tea production, but have
small-scale tea farming. The mean tea age in the
sample is quite young (around 15 years). According to
Do and Le (2000), the most productive period of the tea
age’s life is from 10 to 30 years old. The tea age in the
sample had stands ranging from 8-36 years old
suggesting that most survey tea farms are in the most
productive period. The total value of farming that
farmers earn from agricultural activities is averagely
77,193.16 thousand VND per hectare, while the average
of off-farm income is 0.08. This suggests that tea
production brings major income for farmers in the
region.



Table 7 : Description of Variables

Descriptive of variables Mean Std. Dev Min Max
Tea production characteristics
Fresh tea yield (kg/ha) 35,351.16 16,883.99 4,350.00 57,870.00
Nitrogen fertilizer (kg/ha) 1,104.50 773.84 0 3,226.50
Phosphorous fertilizer (kg/ha) 2,718.73 2,990.27 0 10,000.00
Potash fertilizer (kg/ha) 212.48 267.94 0 967.50
NPK fertilizer (kg/ha) 2,025.38 2,335.61 0 9,260.00
Animal fertilizer (kg/ha) 4,688.76 6,828.95 0 20,750.00
Pesticide (liter/ha) 67.43 58.39 0 216.00
Labor (man-day/ha) 1,647.50 855.32 332.00 3,554.50
Irrigation water (nr’/ha) 5,595.53 4,051.05 1,000.00 14,114.00
Other cost (thousand VIND/ha) 4,776,16 6,671.50 0 17,640.00
Capital (thousand VIND/ha) 4,404.04 4,027.85 0 13,261.50
Household head characteristics
Age (years)
Eaucation (years) 10.09 2.28 5.00 18.00
Experience (years) 21.86 8.77 5.00 50.00
Tea farm characteristics
Farm size (ha) 0.26 0.14 0.05 0.60
Tea age (years) 14.79 7.77 3.00 36.00
Farm value (thousand VIND/ha) 77,193.16 36,960.03 4,500.00 352,000.00
Non-agricultural income share 0.08 0.13 0 0.59

Note.: a man-aay unit = 8 working hours of an acdult
Source. Author's estimation

IV. ESTIMATED RESULTS

a) Stochastic frontier production mode/

In order to control for data reliability and validity,
measurement and sampling errors and obtaining
unbiased estimates, a number of tests were used. The
Variance Inflation Factor (VIF)) procedure applied to
detect multicollinearity and was preferred over the

correlation coefficient method which fails to yield
conclusive results (Pindyck and Rubinfield 1981). If the
VIF is greater than 10, then there is a potential
multicollinearity problem (Neter ef a/. 1989). No serious
multicollinearity problem among variables in the sample
were detected by the VIF test. All independent variables
had VIF less than 10, and the mean VIF was 2.71.

7able 2 OLS and stochastic frontier production estimates

Variables OLS Stochastic frontier
Coefficients t- value Coefficients z-value

Nitrogen fertilizer 0.0950*** 14.74 0.0936*** 14.92
Phosphorous fertilizer 0.0074*** 2.81 0.0077*** 3.01
Potash fertilizer -0.0012 -0.35 -0.0008 -0.25
NPK fertilizer 0.0724*** 11.02 0.0688*** 10.52
Animal fertilizer 0.0028 1.26 0.0034 1.58
Pesticide -0.0345*** -3.36 -0.0355*** -3.85
Labor -0.0865*** -4.06 -0.0946*** -4.41
Irrigation water 0.1883*** 5.49 0.1944*** 5.97
Capital -0.0104*** -3.39 -0.0101*** -3.42
Other cost -0.0036 -0.64 -0.0030 -0.55
Constant 8.5852*** 31.63 8.7249*** 33.04
Function of coefficient® 0.2297
R? 0.9494
F-statistic™” 463.2400
F- critical value 2.3930
o, 0.1216
o, 0.1434
o? 0.0354
A=o0,/0, 1.1179
y = 02 /d? 0.5809
se(X) 0.0462

Note.: *** indicate statistical significance of the 0.07 level, © indlicate the surn of estimated coefficients

Source: Author’s estimation
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The OLS estimate for choosing the relevant
variables and stochastic frontier production for
estimating technical efficiency are shown in Table 2. The
coefficient R? is equal to 0.9494, showing that around
94.94 percent of the dependent variable is explained by
independent variables in the OLS model.

The presence or absence of technical
inefficiency was tested in the study using ztest. The null
hypothesis is that there is no inefficiency effect in the
model. The estimation result from function (3) shows

1 11179
se()  0.0462
of 0.01 level, the critical value z,,,= 2.58. The calculated
value Zstatistic 1S greater than Zeritical vatue - Therefore, the
null hypothesis was rejected at 0.01 level, suggesting
the presence of technical inefficiency effect for tea
farmers in the Northern mountainous region of Vietnam.
Gamma (y) is equal to 0.5809, which means that 58.09
%of the total variation of output levels is due to technical
inefficiency.

A check for evidence of constant returns to
scale among the sample implemented using F test. The
restricted squares regression with the null hypothesis of
constant return to scale was estimated. The computed F
statistic of 581.44 was larger than the critical value F at
the 1 percent level of significance. Thus, the null
hypothesis is rejected and the study concluded that
technology does not exhibit constant return to scale. In
addition, the sum of the elasticity of all inputs was
0.2297. It shows that the possibility of Vietnamese
farmers decrease returns to scale in tea production.
Decreasing returns to scale suggests that increasing all
inputs by a given proportion leads to a less than
proportionate increase in output.

that Zgqristic = = 24.20. At the significance

The results show that the coefficients estimated
in models were statistically significant at 0.01 level. As
this study used Cobb-Douglas production frontier
function, the coefficient value of the variables can be
used as direct elasticity of the function. The elasticity of
independent variables represents how proportion
changes in fresh tea yield if the inputs change in the
production process. It can be seen from Table 2 that
input variables such as: Nifrogen fertilizer, Phosphorous
fertilizer, NPK fertilizer, and Irmigation water had
significant positive impact on tea yield. The elasticity of
Irrigation water (0.1883) was highest. This implies that
for tea farmers 1 percent increase in irrigation water will
lead to 0.1883 percent increase in fresh tea yield. The
positive coefficients of MNirogen fertilizer (0.0936),
Phosphorous  fertilizer (0.0077) and NFPK fertilizer
(0.0688) indicate that one percent increase in the
amount of each kind of these fertilizers will lead to the
increase in tea yield by 0.0936 percent, 0.0077 percent,
and 0.0688 percent, respectively. Conversely, factors
such as Pesticide, Labor, and Capita/ had negative
effects on tea yield. The Pesticide, Labor, and Capital
had partial output elasticity of about -0.0355, -0.0946,
and -0.0104.This implies that 1 percent increase in
Pesticide, Labor, and Capital will lead to a fall in tea
yield by 0.0355 percent, 0.0946 percent, and 0.0104
percent.

b) Frequency distribution of Technical efficiency

Based on the estimation of the productiom
frontier function, the frequency distribution of the
technical efficiency of tea farming is presented in Table
3.

Table 3 . Frequency distribution of technical efficiency for tea farming

Efficiency level (%) Frequency Relative frequency (%)
<50 0.00
>50<60 0.00
>60<70 0.78
>70<80 1.94
>80<90 107 41.47
>90< 100 144 55.81
Total 258 100
Minimum (%) 62.1

Maximum (%) 97.2

Mean (%) 89.6

Source. Author’s estimation

The technical efficieny (TE) of Viethamese tea
farmers ranges from 62.1 percent to 97.2 percent, with
an average of 89.6 percent, suggesting that there was
significant variation in technical efficiency among tea
farmers. The highest frequency range of TE more than
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90 percent comprises 144 farms, which is 55.81 percent
of the total. None of farms have TE score lower than 60
percent, indicating that most tea farms in the North
region achieve rather high technical efficiency in
production. The results also show that the average



technically efficienct farmers could reduce their cost by
8 percent [{1-(89.6/97.2)}*100] (Bravo-Ureta and
Pinheiro 1997) if they could achieve maximum level of
technical efficiency. Similarly, the most technically
inefficient farmers could enjoy 36 percent cost savings
[{1-(62.1/97.2)}*100] if they achieve the most technical
efficient counterparts.

c) Efficiency effects model
To analyze which factors could have an impact
on the tea production’s technical efficiency, the Tobit

model is applied with TE as a dependent variable and
some key socio-economic independent variables
presented in the equation (8), instead of the OLS
estimate producing biased results, often toward to zero
(Bravo-Ureta and Pinheiro 1997).

Table 4 . Two-limit Tobit estimates of the sources of technical efficiency

Variables Explanation Coefficient t-value
Age Household head age (years) 0.0001 0.58
Gender Household head gender (1=male, 0=female) 0.0135*** 2.70
Education Household head education level (years) 0.0001 0.12
Experience Household head experience in tea farming (years) -0.0002 -0.92
Ethnicity Household head ethnicity (1=Kinh, 0= otherwise) 0.0020 0.58
Household size Number of member per household -0.0016 -1.25
Farm size ha -0.0406 -1.13
Labor-land ratio The ratio of labors and land 0.0003 1.53
Tea age The age of tea tree in years 0.0002 1.1
Slope Slope of tea field, degree 0.0021 0.89
Soil and water conservation 1=farmer employed SWC technology,0=otherwise 0.0267*** 12.71
Farm value Total value of agricultural product in natural 0.0240 3.16

logarithm
Non-agricultural income share  Proportion of total income from non-agricultural  0.0148 1.27
sources
Extension 1= farmer access to extension service, 0=otherwise  0.0105*** 2.28
Cooperative 1= farmer join cooperative, 0=otherwise 0.0249*** 3.76
Constant 0.6990*** 16.99

Note.: *** indicate statistical significance of the 0.07 level
Source: Author's estimation

The sign of the variables in the efficiency model
is very important in explaining the observed level of
technical efficiency of the farmers. A positive sign on the
coefficient implies that variables had an effect in
increasing technical efficiency, while a negative
coefficient significant the effect of reducing technical
efficiency. The parameter estimates of Tobit function are
performed in the Table 4. Coefficients of Soil and water
conservation, Extension, and Cooperative variables had
positive significant effects on technical efficiency at the
level of 1 percent. The coefficient of Soil and water
conservation variable is statistically positive significant
and biggest compared to other variables at the level of 1
percent. The more soil and water conservation methods
applied in farm, the higher technical efficiency of
households. The coefficient of Extension had positive
effect to technical efficiency as expected. Farmers who
access to extension services cultivate tea better and

more efficiently than others. One of the variables most
worth mentioning in relation to technical efficiency is
Cooperative. lts estimation coefficient shows a
significant positive effect to technical efficiency,
signaling that famers participating in cooperative could
produce tea more efficiently than others. Similarly,
Gender had positive effect on technical efficiency,
statistically significant at the level of 1 percent. The
positive coefficient of Gender implies that male head
households are relatively technically efficient than their
female counterparts.

V. DisCussSION

Efficiency is an important factor of productivity
growth as well as stability of production. This study
estimated the technical efficiency of tea production in
the Northern mountainous reion of Vietham using
stochastic frontier approach. The mean technical
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efficiency of tea production in this region was found to
be 89.6 percent. It is clear that there are opportunities
for tea growers to increase the productivity by 10.4
percent through using properly the available inputs and
technology. In addition, this result indicates that
Vietnamese tea farming is relatively efficient than some
countries” tea production such as: Srilanka, Bangladesh
and India. Basnayake et al/ (2002) showed that the
technical efficiency of small tea producers in Sri-Lanka
was on average approximately 65 percent. For
Bangladesh, the average technical efficiency was about
59 percent following by Baten ef a/. (2010). For India,
Harisdas et a/ (2012) found an average technical
efficiency of 84.53 percent.

Agricultural  production is a process of
combining various inputs such as: seed, fertilizer,
pesticide, labor, irrigation water, and machinery. These
inputs are considered as important variables in
production efficiency analysis. This study finds that
irrigation water, fertilizer (nitrogen, phosphorous, npk),
pesticde, labor and capital had significant impact on the
efficiency of tea production.

The most important input having positive and
siginificant effect on tea yield was /rigation water. This
indicates that the more irrigation water use, the higher
tea yield. Although tea is an upland crop, it still favors
warm and humid growing conditions. Irrigation becomes
more esstential for tea production in the Northern region
of Vietnam during the dry months (September to
December) of the year (Do and Le 2000). Nghia (2008)
using dummy variable in production frontier model
showed that irrigated tea fields in the Northern
mountainous region of Vietnam are more efficient
production than non-irirgated fields. Finding of this study
makes a strong case in favoring construction of proper
irrigation system to all tea farms in Vietnam.

The use of chemical fertilizer is known to be a
commonly used method in increasing productivity and
in the intensification of agriculture production. Some of
studies such as: Basnayake et a/. (2002), Baten et a/.
(2010), and Harisdas et al. (2012) used the total amount
of chemical fertilizer in prodcution frontier model to
estimate the effect of this fertilizer on tea yield. In fact,
tea plant need large amount of nitrogen, phosphorous
and postasium for growth. The deficiency of these
nutrients could adversely affect the yield of tea. The
interesting of this study is that the impact of Nitrogen,
Phophorous, Postasium, and NPK fertilizer on tea yield
in stochastic production frontier model was analyzed
independently. The positive coefficient of Mirogen
fertilizer, Phosphorous fertilizer, NPK fertilizer variable
indicates that increasing productivity of tea are largely
dependent on the type and amount of chemical fertilizer
applied. This result will provide useful information for tea
farmers to achieve proper balance of chemical fertilizer
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which is very essential to increase productivity and
maintain soil fertility sustainability.

On the contrary, Pesticide variable had negative
effect on tea yield. The negative and unexpected sign of
pesticide signals that this chemical input has been over-
utilized in tea disease control. Several factors may
contribute to this overall pattern. Interviews with tea
farmers show that they consider pesticides to be
essential tools in avoiding crop failures and securing
their income. 70 percent of farmers in the sample
believe that the more frequently they apply pesticide the
more effective pest control will be, proceed to, minimize
economic risks and maximize yields. Besides, to attract
the customers and motivate them to pay a higher price,
tea farmers use chemical pesticides much to get more
aesthetic appearances in tea buds. This excessive
pesticide application of tea farmers will have strongly
affect not only tea quality but also environment (through
contaminating soil, air and water) and the life of plants
and animals, including humans. Therefore, it is
important to promote the implementation of integrated
pest management (IPM) practices in order to reduce the
dependence of tea farmers on chemical pesticides.

Similarly, Laborvariable showed a negative and
significant impact on tea yield. There are some studies
related to agricultural sector (Battese and Broca 1997,
Cuesta 2000; Zhu and Lensink 2010) with this non-
normal sign of labor. This result implies that increasing
labor is not critical way for increasing tea yield. This
input is at macro level and we can observe decreasing
returns to scale when adding more working days into
tea production. The possibility of decreasing returns to
scale in Vietnamese tea production was proved in the
estimated results section. The Capital variable also had
negative and significant effect on tea yield. This implies
that there would be no significant increase in tea yield
even if the investment in machinery would increase.
Vietnamese tea farmers tend to excess current capital,
which is either not used or not fully used in actual
production. According to Pindyck (1991), when capital
investment is often an irreversible decision, excess
capital tends to  persist.  Therefore, these
findingssuggest that tea farmers have wide chance to
increase tea yield through properly utilizing their current
labor and machineries.

For policy purposes, it is very useful to
determine which factors of farmers’ socio-economic and
farm characteristics have impact on the technical
efficiency of tea production. Using two-limit Tobit model,
this study reveals that Soi/ and waler conservation,
Extension, Cooperative, and Gender variables had
positive and significant effect on the technical efficiency
of tea production.

The positive effect of Soil and water
conservation implies that adoption of SWC technologies



enhance productivity of tea production in the Northern
mountainous region of Vietnam. This result is consistent
with Dang (2002), Solis et al (2006), and Mugonola
(2013). In recent years, soil erosion resulting from bad
farming practices on sloping lands, without attention to
soil conservation, has been known to be a serious
problem in the Northern mountainous areas of Vietnam.
Soil erosion causes loss of productivity at all levels in
this region (Thao 2011). In addition, there are constantly
growing risks of severe droughts and water shortage for
irrigation and changing climate in the North region of
Vietnam (FAO 2011). Therefore, the promotion of soil
and water conservation practices is very important
measure to produce tea efficiently and sustainability.

This study also shows that tea farmers who
access to extension services produce more efficiently
than non- accsess farmers. Kalijaran (1991), Xu and
Jeffrey (1998), Al-Hassan (2008), Saigenji and Zeller
(2009), and Nyagaka et al/. (2010) also found that
agricultural extension services could help improving
technical efficiency. Agricultural extension policy was
designed in Vietnam to develop agriculure production in
sustainable way. Tea production is one of the most
important sectors implementing this policy. Extension
service includes serveral features such as: training
courses or technical instruction on tea cultivation (land
preparation, planting etc.), training on modern
techniques of application of fertilizer and pesticde,
training on harvesting and conservation, provision of
information on tea market and sale skills. Extension is
essentially education and it could bring positive
behavioral changes among farmers. Thus, it is important
for Viethamese tea farmers to have easy access to
extension services in order to optimize on-farm technical
efficiency and productivity, given the limited resources
available.

The next findding of this study is that tea
farmers joinning cooperatives could operate at higher
level of technical efficiency. In recent years, Viethamese
tea cooperatives played an important role in increasing
farmers’ income through their improvement of
production techniques and machines, knowledge about
financial management, and market access capacity.
Infact, farmers who joined or formed cooperatives in
Vietham are given priority to attend training courses
about production technique and financial management
which are funded by the government and other
supporting organizations. In these courses, farmers
were taught expenditure management, modern tea
planting techinques, use of pesticide, integrated pest
control and so on. These tea cooperatives also help
members establish contracts with other chain actors i.e.
supplier of farm inputs and other materials for tea
farming; processors; wholesalers; distributors and
retailers, develope policies and procedures for
procurement; storing and packing as well as support

members in  equiping sieving machine; vacuum
packaging machine and scenting machine. In addition,
when participating in cooperatives, Viethamese tea
farmers have more opportunities to exchange
information with other members on input markets and
services. This enable farmers to adjust their production
more effectively. Rahman (2003) also indicated that
exchange information on input markets among
cooperative members such as timely availability of
fertilizers, pesticides and seed at competitive prices may
positively affect to their production efficiency. This result
is sufficient enough to encourage Vietnamese tea
farmers join or form cooperatives.

The final result of this study is female household
heads are relatively techncial inefficient than their male
counterparts. This result is consistent with the findings of
Due and Gladwin (1991) and Akinwuni and Djato (1997).
Gender differences in agricultural productivity have been
shown to be due to differences in the intensity of use of
productive inputs such as: fertilizer, manure, land, credit,
extension training, and education rather than differences
in the management styles of men and women
(Quisumbing 1996). Many factors explain the weakness
of women’s productivity. Women farmers lack access to
cash or credit to acquire modern yield-increasing inputs
of production, they tend to produce less (Gladwin 2002).
The level of productivity of women is constraint because
most agricultural technologies designed based on the
assumption that farm mangers are men (Balakrishnan
2004). In reality, women farmers in the study site lack
access to inputs, credit, and extension training because
most of their time spends on doing housework like
cooking, cleaning, washing, and caring children, apart
from plucking and weeding possible during the lean
season. Most of work in tea cultivation such as: buying
inputs, fertilizing, pruning, spraying, managing fund,
joining training courses are done by male farmers.
Therefore, to improve women farmers’ productivity in
the region, women need to better support to increase
access to factors of production such as: land, credit,
inputs, information and technology.

V1. CONCLUSIONS AND PoLicy
[MPLICATIONS

This study sought to estimate tea production’s
technical efficiency and its determenants in the North
mountainous region of Vietnam using stochastic frontier
analysis. The estimated mean technical efficiency level
is 89.6%, suggesting that increase output and decrease
cost could be obtained by using the available
technology. There was big difference in technical
efficiency among farmers in the sample, suggesting the
potential ability of output increase by using inputs more
efficiently.

The study further shows that increasing tea yield
depends on the quantity of irrigation water as well as the
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type and quantity of chemical fertilizers (nitrogen,
phophorous, npk). Given the importance of farm inputs
in raising tea productivity, further policies should be
aimed at increasing investment in irrigation and
increasing farmers’ access to chemical fertilizers at
affordable price. We suggest that the government
should focus on stabilizing price of chemical
fertilizers through intensifying quality control of chemical
fertilizer circulated on the market, controlling the
chemical fertilizers production activities; regulating and
balancing the supply and demand of chemical fertilizers
through reserving and regulating the chemical fertilizers
import resources through tax policies and having
support policies to improve the capacity of the
distribution system. Moreover, the negative and
significant impact of pesticide and capital on tea yield
show that these resources are over-utilized or
inefficiently used. Thus, the government should
concentrate on technical assistances for tea farmers
such as: effective pesticide application and capital
management techniques and integerates pest
management pratices.

The farmers’ socio-economic and farm
characteristics such as: applying soil and water
conservation technology, accessing to extension
services and participating in cooperative were found to
be significant in increasing technical efficiency level of
tea production in the region. To improve technical
efficiency, the government should encourage farmers
practice soil and water conservation technology,
implement extension services widely, and promote
farmers join cooperatives. The study also reveals that
women tea farmers tend to produce less efficiently than
their male counterparts. Policies which aim at increasing
female farmers’ accessing to production inputs as well
as extension services will be useful for increasing

technical efficiency of tea production.
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