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Abstract

This study determined the factors influencing the adoption of improved soybean varieties and examined the
technical efficiencies of improved and local soybean varieties production in Southern Shan State, Myanmar. For
this study, data from a sample of 337 respondents were collected by employing a multi-stage random sampling
method. Logit model was adopted to determine the factors influencing the adoption of improved soybean
varieties. Additionally, a stochastic production frontier was used to examine technical efficiencies of improved
and local soybean varieties. Results show that factors that positively and significantly influence the adoption of
improved soybean varieties are education, market access, extension access and training access. Examination of
technical efficiency reveals that labor, fertilizer, machinery, and use of pesticide and harvester are inputs that
significantly contribute to improving production efficiency among the improved variety farmers while seeds,
labor, and fertilizer are significant inputs of local soybean production. On average, the estimated yield of the
improved soybean varieties is 1.51 t/ha, which is higher than the yield of local soybean varieties grown at 0.88
t/ha. It was also revealed that improved soybean varieties had a relatively higher level of mean technical
efficiency (85.04%) than local varieties (70.13%) and significantly different at 1% level. The results show that
improved soybean production is more efficient than local soybean production. Therefore, government and
non-government organizations should improve and provide market access, efficient and effective extension
services and training to encourage farmers to adopt improved soybean varieties.

Keywords: adoption, logit model, stochastic frontier analysis, soybean, technical efficiency
1. Introduction

Myanmar is an agricultural country, and the agriculture sector forms the backbone of its economy. Myanmar’s
agriculture sector including the livestock sector, contributed to 28.6% of the total GDP, 25.5% of the total export
earnings, and employed 61.2% of the labor force in 2015-2016 (MOALLIL, 2016).

According to the primary objective “enhancing productivity in Agriculture” of the Ministry of Agriculture,
Livestock and Irrigation (MOALI), the government of the Union of Myanmar has given high priority to improve
the productivity of soybean in recent years, as one of the exportable pulses and as an oil-seed crop to attain
self-sufficiency in oil consumption.

Pulses were produced in Myanmar since the imperial period. Soybean, chickpea, butter pea, green gram, black
gram, pigeon pea, kidney bean, cowpea, lab lab bean, sultani, and sultapya are the major pulses grown in
Myanmar. The major exportable varieties of pulses are black gram, green gram, pigeon pea, soybean, butter bean,
cowpea and kidney bean.

Soybean is regarded as a “miracle” or “golden” because of its nutritive and economic value. It contains more
than 36% high-quality protein; 30% carbohydrates; 20% of edible vegetable oil; and significant amounts of dietary
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fiber, vitamins, and minerals (Lim, 2012). Soybean is meant for both human consumption and livestock feeding.
The current soybean producing area is 149,000 ha countrywide with the production accounting for 226,000 MT
and an average yield of 1.52 MT/ha (MOALI, 2016). Soybeans are grown in the Southern Shan State more than
in any other part of the country, and majority of soybean (52% of the country’s production) is produced in the
highlands of the Shan State: 22% is produced in Southern Shan, 21% in Northern Shan, and 9% in Eastern Shan.

In the 1970s, there was low yield and low productivity of soybean because of the production of a local variety
that was thermos-and photo-sensitive. Thus, the government introduced the exotic varieties since 1991 (Win &
Chumjai, 2009). Presently, there are about 10 soybean varieties that are grown in Myanmar. In 2012, Yezin 6,
Yezin 15, Yezin 14, Yezin 12, Yezin 2 and SB 60werereleased as improved varieties by the Department of
Agricultural Research at Yezin in Myanmar. Among them, Yezin 14, Yezin 15 and SB 60 varieties were more
adaptable for the Southern Shan State and moderately resistant to soybean rust and Downey mildew disease.
Additionally, these varieties could be grown everywhere in the rainy season. The yield of improved soybean
varieties is 30-35% higher than the local varieties, and it has shorter maturing time than local varieties (MOALI,
2016). The price of improved varieties is $1 per kilogram while the price of local varieties is $0.69 per kilogram.
Despite high-yield that has been produced from improved soybean varieties, knowledge and technology transfer
is still weak and productivity still stagnant. This can be attributed to the fact that soybean producers in the study
area are mainly dominated by small-scale farmers who are using traditional tools and equipment. Other factors
responsible for this stagnancy are conventional farming and post-harvested treatment techniques; inappropriate
use of inputs such as seeds, fertilizer, and pesticides (Win & Chumjai, 2009; Taphe, Agbo, & Ebe, 2015); poor
infrastructures; and poor market access. According to the data, only about 5% of the farmers have adopted
improved soybean varieties in the Southern Shan State.

There is a daily increase in the local soybean demand in Myanmar because of its natural value and economical
feature. To fulfill the domestic requirement and to encourage the greater adoption of improved soybean varieties,
we need to understand the farmers’ preference and their desirable characteristics for soybean by develop the
infrastructure and the technology to increase productivity.

Some authors have studied the effects of the adoption of improved varieties on efficiency. (Oyekale & Idjesa,
2009) evaluated the adoption of improved maize seeds and efficiency levels of farmers in Nigeria. The results
showed that education, farming experience and the use of fertilizer significantly influenced adoption. Hybrid
maize seeds were found to reduce inefficiency along with the other factors such as age, experience, and
fertilization. Islam, Sumelius, and Béackman (2012) used stochastic frontier production functions to estimate the
technical efficiency of farmers growing traditional varieties (TV) and farmers growing the high-yielding variety
(HYV) of rice, concerning their adoption of HYV rice growing in Bangladesh. The results revealed that HYV
rice production was associated with lower technical efficiency and a higher yield variability compared to TV.
Revenue earned from HYV rice was higher than the revenue earned from traditional varieties. The factors like
farmers’ age and experience, level of technical efficiency, off-farm income, access to microfinance and
perception of yield significantly and positively influenced the adoption of HY'V rice.

Asante et al. (2014) also examined the adoption of improved rice varieties and its impact on technical efficiency.
The analysis suggested that the adoption rate was 68% among the sampled rice farmers and average technical
efficiency was 69.1%. Adoption of improved rice varieties was found to have a positive and significant impact
on technical efficiency. It was also suggested that access to improved varieties is an essential factor in promoting
interventions intended to improve technical efficiency. Yusuf and Nwachukwu (2015) estimated the technical
efficiency of improved cowpea variety’s production in Nigeria. The three variables—seed, herbicides, and
insecticide were the significant inputs that influenced the yield. The mean technical efficiency of 76% indicated
that farmers were operating below the frontier level. It was also showed that the variables of age and farm
experience were the significant socio-economic variables of determinants of technical efficiency. Fatima and
Khan (2015) studied the influence of modern and traditional wheat varieties on technical efficiency and
production of the wheat crop in Pakistan. The result of technical efficiency analysis showed that the farmers who
adopted traditional wheat varieties were comparatively less efficient than the farmers who cultivated modern
wheat varieties. The traditional wheat varieties had a negative impact on the wheat yield.

Some empirical studies on the adoption of improved soybean varieties (Chianu et al., 2006; Ojiako, Manyong, &
Ikpi, 2007; Kapalasa, 2014; Diro & Mulugeta, 2015) focused only on adoption decision and did not focused on
the relationship between adoption and technical efficiency. Hence, very little is known about the differences in
technical efficiency between improved and local soybean varieties.
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Besides, there is no evidence yet about the farmer’s attitude towards the adoption of improved soybean varieties
in Myanmar. This study can contribute to the literature on improved varieties adoption and efficiency by
examining the factors affecting the adoption of improved soybean varieties on technical efficiency. Besides
focusing on the socio-economic factors affecting the farmers’ perception of improved varieties adoption, this
study aims to examine the determinants of technical efficiency and compare the technical efficiencies between
improved and local soybean varieties.

This study consists of three objectives. For the first objective, we employed the /logit model to investigate the
factors that influence the adoption of improved soybean varieties. We adopted the stochastic frontier model for
the second and third objectives; to establish the differences in technical efficiency between farmers of improved
and local soybean varieties, and establish the determinants of technical efficiency respectively.

2.Research Methods
2.1 Study Area

This study was conducted between August September 2017 in Pindaya, Lawsawk and Taunggyi Townships of
Southern Shan State, Myanmar, by using cross-sectional data. The Southern Shan State is located between
latitudes 20°59°30”N to longitude 97°31°15”N. Soybeans are grown in Southern Shan more than in any other
parts of the country, and the selected townships are the area where improved soybean varieties and technologies
were initially introduced.

2.2 Data Sampling Technique

Primary data and relevant information were collected using the structured questionnaire, and the interviews
focused on soybean growers. The secondary data were collected from websites, the internet, textbooks, scholarly
works, journals and local government and non-government organizations. For this study, data were collected
using a multi-stage, random sampling method. In the first stage, three major soybean producing areas—Pindaya,
Lawsawk, and Taunggyi of Southern Shan were purposely picked on the basis of their comparative concern in
improving the local soybean production. In the second stage, 19 villages were randomly selected from the list of
communities in those townships with the aid of the local agriculture department. In the final stage, a total of 337
respondents were randomly selected; 220 were improved soybean farmers, and 117 were local soybean farmers.

2.3 Data Analysis Methods

During of the survey of this study, the growers who cultivate improved soybean varieties are collected as
adopters, while others who cultivate only traditional/local varieties are collected as non-adopters. To examine the
factors affecting the adoption of improved varieties and technical efficiency, the model specifications were
treated into two parts. First, the significant factors influencing the adoption of improved varieties were identified
using the Jlogit model. In the second part, stochastic frontier models were used to determine the technical
efficiency differences between adopters and non-adopters and to examine the determinants of technical
efficiency. Computer program software STATA12 and Frontier 4.1 were used to estimate the models.

2.4 Theoretical Logit Model

The dependent variables in the adoption model are 1.0 (dummy variables), wherein 1 indicates if a farmer grew
an improved soybean variety in the 2016/2017 agricultural year, and 0 if otherwise (Lopes 2010). The logit
model is widely used in choosing between two alternatives; in this case, the decision was to either adopt or not
adopt improved soybean varieties. Several authors (Idrisa, Ogunbameru, & Amaza, 2010; Akudugu, Guo, &
Dadzie, 2012; Goswami, Choudhury, & Saikia, 2012; Myint & Napasintuwong, 2016) have studied adoption by
and diffusion of agricultural innovations. According to the literature review, the probit and logit models have
been used extensively in most of the adoption studies to identify the decision made for new agricultural
technology adoption. In the present study, /ogit model was used as an analytical tool to determine the factors
affecting the adoption of improved soybean varieties because of its simplicity and mathematical convenience
(Greene, 2002).

Here, the dependent variable A; is binary in nature, taking value 1, if a farmer adopts improved soybean
varieties and 0, if he does not.

Let us assume P; be the probability that a farmer adopts improved soybean varieties and 1 — P; defines the
probability that the farmer does not adopt. According to Gujarati (2004), the general form of the probability that
a farmer who adopts improved soybean varieties is given as,

eﬁiXi

Pi=—= (D

B 1+¢

57



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 8; 2020

and the probability that a farmer who do not improved soybean varieties is given by,
1
L=P= o @
where, B, is vector of unknown coefficients, and X; is vector of explanatory variables.

From Equations (1) and (2), we got,

L = BiXi

p © (©)
Equation (3) indicates the odds ratio in adoption of improved soybean varieties.

Now by taking natural logarithms to both side, we got,

=m(2L2) =px
Li=1n (1 — Pi) B.X; 4)
Equation (4) represents a Jogit model that shows log of odds ratio in adoption of improved soybean varieties.

Since the coefficients of the independent variables cannot be interpreted directly in the logit or the probit models,
we should consider the marginal effects to measure the sensitivity of the probability to the independent variables.
According to Gujarati (2004), regression analysis is employed to estimate the marginal effect of an independent
variable on the dependent variable. Although in the linear regression model, the estimated parameters can be
interpreted as marginal effects, in the non-linear regression model or the binary regression model (e.g., logit and
probit models), the estimated parameters cannot be interpreted as marginal effects. Therefore, the marginal effect
of an independent variable can be calculated by the derivative of the outcome probability regarding an
independent variable (Lopes, 2010).

2.5 Empirical Logit Model

The logit model was employed to identify the factors affecting the adoption of improved soybean varieties, by
using the household’s socioeconomic, demographic, and institutional characteristics. The empirical /ogit model
can be stated as:

Ai =Y + Y1X1i + Y2X2i + Y3X3i + Y4X4i + Y5X5i + Y6X6i + Y7X7i + Y8X8i + Y9X9i + YlOXIOi e (5)

where, A;=household’s adoption of improved soybean varieties (dummy variable, 1 = adopter, 0 = otherwise);
Xy; = gender (dummy variable, 1 = male, 0 = female); X,; = age of the farmer (years); X3; = education in
schooling years (years); X, =number of family member in agriculture (number); Xs; = farm size in number (ha);
X = farm experience (years); X7 = market access (dummy variable, 1 = yes, 0 = otherwise); Xg; = credit
access (dummy variable, 1 = yes, 0 = otherwise); Xo; = extension access (dummy variable, 1 =yes, 0 = otherwise);
Xjo; = training access on improved soybean production (dummy variable, 1 = yes, 0 = otherwise); y = parameters
to be estimated; and e; = error term.

2.6 Theoretical Stochastic Frontier Production Function

Technical efficiency means the ability of a firm to produce a possible amount of maximal output using a given
set of inputs (output orientation) or to produce an output using the lowest possible amount of inputs (input
orientation) (Farrell, 1957; Wakili & Isa, 2015). Present study is focus only on output oriented technical
efficiency analysis- by how much soybean output could be increased by using the given level of inputs. In
measuring the efficiency and productivity, two approaches are usually applied by researchers- the stochastic
frontier production (SFA) (Aigner, Lovell, & Schmidt, 1977; Meeusen & van den Broeck, 1977) and Data
Envelopment Analysis (DEA) (Charnes, Cooper, & Rhodes, 1978). These two main approaches were identified
as noteworthy by Coelli, Prasada Rao, O’Donnel, and Batesse (2005). The SFA is preferred for agricultural
determinations over DEA, specifically in developing countries because we believe that data are likely to be
influenced by measurement errors and factors outside of farmers’ control, such as weather conditions, pests, and
plant diseases (Avea et al., 2016). Especially, SFA is useful for estimating the production function and technical
efficiency effects simultaneously. In our experience, there are no studies that have analyzed differences in
technical efficiency between improved and local soybean production in Myanmar. Thus, following Aigner,
Lovell, and Schmidt (1977), and Meeusen and van den Broeck (1977), the stochastic frontier model for
estimation can be specified as follows:

y; = f(xi.B) exp(v;) exp(-u;) (6)
where, y. is the production of the i™ farm; x; is a vector of input quantities applied; B is a vector of unknown
parameters to be estimated; v; denotes random variables associated with the random factors such as
measurement errors and those outside of farmers’ controls, and v; is assumed to be independently and
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identically distributed with zero mean and variance as v;~N(0,62) and independent of u;; and u; is a
non-negative random variable associated with the farm-specific characteristics capture the technical inefficiency
in production, and u; is assumed to be independently and identically distributed and truncations (at zero) of the
normal distribution with mean z8 and variance o2. According to Battese and Coelli (1995), the technical
inefficiency effects of u; in Equation (6) can be identified as:

U = Zié + Wi (7)

where,  is a vector of parameters unknown to be estimated, w; denotes random variables, which are assumed
to be the truncations of the normal distribution with zero mean and variance o2 such that the point of truncation
is z;6,and z; denotes the vector of independent variables associated with technical inefficiency, provided that the
inefficiency effects are stochastic. The farm-specific stochastic production frontier that represents the maximum
possible output using the given level of input (yi*) can be stated as;

y; = f(x; B) exp (v;) ®)
y? is the maximum estimated output and Equation (6) can be rewritten using Equation (8) as:
¥, = y; exp(-u;) )
Subsequently, technical efficiency of the i™ sample farm can be written as,
i viep(uw) _ fGxiB)exp(vi) exp(u) _ .
T = = amewtd — tbepty  SXPCW) (19)

If y, is equal to y;‘ then TE; = 1. It suggests 100% efficiency. The difference between the observed output yi*
and frontier output yi* is fixed in u; (Dey et al.,, 2000). If u; =0, then it implies that production is on the
stochastic frontier and the farm obtains its maximum possible output with the given level of input and technically
efficient. If u; > 0, then the production lies below the frontier and indicates that the farm’s technical inefficiency.

Equations (6) and (7), the maximum likelihood estimate and the Equation (10), the farm-specific TE are
estimated by using the FRONTIER 4.1 package (Coelli, 1996). The variance parameters c2 and 62 can be
parameterized in terms of:

o> =(5ﬁ+63 (11)
v = 62/c2 (12)

The valuey ranges from 0 to 1. It indicates that the effect of technical inefficiency, with the variance in the
observed output, can make a significant contribution to the analysis of the production system (Coelli, Prasada
Rao, O’Donnel, & Batesse, 2005; Latt, Hotta, & Nanseki, 2011; Khai, Yabe, & Yokogawa, 2008; Fatima & Khan,
2015; Avea et al., 2016).

Hypothesis testing is performed by employing a generalized likelihood ratio (LR) test, to determine whether
inefficiency effects are present in the model. The generalized likelihood ratio (LR) test is given by

LR = -2 log[L(H,)/L(H,)] (13)

where, L(H,) and L(H,) are the values of the log-likelihood function under the specifications of a restricted
frontier model (the null hypothesis Hy) and an unrestricted model (the alternative hypothesis H;), respectively.
The test statistics has a chi-squared or a mixed chi-squared (XZR) distribution with degrees of freedom (df) that is
equal to the difference between the number of parameters involved in the alternative and null hypothesis. LR test
is greater than the critical chi-squared table value if the null hypothesis (Hy) is assumed to be rejected (LR > XZR).
In this case, the critical values of the likelihood ratio test are taken from Table 1 of Kodde and Palm (1986).

2.7 Empirical Stochastic Frontier Production Function

In literature, there has been a wide range of stochastic frontier production models proposed by Aigner, Lovell,
and Schmidt (1977), and Meeusen and van den Broeck (1977). Among them, the most popular functional forms
are the Cobb-Douglas and the translog production functions. The Cobb-Douglas production function was used in
the present study because the results of the likelihood ratio test showed that the Cobb-Douglas function was an
appropriate model for our data. Additionally, it has also been commonly used in the empirical frontier model
estimation, with its most attractive feature being its simplicity (Coelli, 1995). The Cobb-Douglas production
function was widely applied in some previous studies (Idiong 2007; Salam, Siddique, & Parvin, 2012; Mwatete
etal., 2015).

The empirical Cobb-Douglass stochastic frontier production function of soybean producing farmers is expressed
as follows:
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lnyi = BO + Bllnxli + lenXZi + B31nX3i + B41nX4i + Bsdli + B(,d2i + B7d3i + Vi— (14)

where, the dependent variable is the logarithm of soybean yield in tons per hectare. There are two categories of
explanatory variables. In the first category, we used the following conventional production factors: x;; = seed rate
used (kg/ha), x,; = human labor used (man-day/ha), x3; = fertilizer used (kg/ha), and x4 = machinery cost for
land preparation (thousand kyats/ha). The second category includes d;; = pesticide used (dummy 1 = yes, 0 = no),
dy; =rhizobium used (dummy 1 = yes, 0 =no), and d;; = harvester used (dummy 1 = yes, 0 =no). B denotes the
unknown parameters to be estimated. v;s are random errors, assumed to be independently and identically
distributed as N(0,062) and w;s denotes non-negative random variables associated with technical inefficiency

effects, and u; is defined by the truncation of the normal distribution (at zero) with mean z8 and variance c2.

The technical inefficiency effects u; are defined as:
U; =8¢ + 812 + 822y + 8323 + 84245 + 85Zs; + d6Zsi T W (15)

where, 6 = parameters to be estimated, z;; = farm size (ha), z,; = gender of household head (1 = male, 0 =
female), z;; = age of farmers (years), z,; = soybean farming experiences (years), zs; = access to credit (1 = yes,
0 =no0), z5 = extension access (1 = yes, 0 =no), and w; = error term.

3.Results and Discussion
3.1 Data and Variables Description

The descriptive statistics of the sampled households are presented in Table 1. Overall, 65% of the farmers had
adopted improved soybean varieties. This result is presented in Table 4. The average education level was about 5
years while the number of family members that participated in agriculture was about 3 persons. The growers of
improved varieties that got market access accounted for 89%, while 54% of the local varieties growers got the
market access. Although 75% of the improved varieties growers received credit, only about 62% of the local
varieties growers got credit. Also, 88% of the improved farmers had contact with extension agents while 56% of
the local farmers had contact with extension agents. About 79% of the improved growers belonged to training on
soybean production while only about 42% of local variety growers belonged to training on soybean production
and “training” means the farmers who got improved training like use of optimal amount of inputs, improved
growing methods, post-harvest technology, pest management technology, etc. The average yield of improved
soybean varieties is about 1.51 tons per hectare while local varieties had the yield of soybean about 0.88 ton per
hectare. Improved soybean varieties growers used the average amount of fertilizer (such as compound, urea,
organic fertilizer) about 134 kg/ha while local soybean varieties growers used the average amount of fertilizer
about 128 kg/ha. Adopters’ average machinery cost for land preparation was about 47 thousand kyats per hectare
while non-adopters’ average machinery cost was about 53 thousand kyats per hectare. Although 15% of the
improved varieties producers used rhizobium, only about 3% of the local varieties growers used rhizobium and
“rhizobium” is a kind of bio-fertilizer for the plant nutrients to get Nitrogen and increase the yield of soybean.
Also, 85% of the improved growers used harvester while only 66 percent of the local varieties growers used
harvester.
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Table 1. Descriptive statistics of variables used in the study

Improved Local
Variable Definition of variables (Adopters) (Non-Adopters) t-statistics

(N =220) (N=117)

Mean SD Mean S.D.

Gender Household head (1 = male, 0 = female) 0.88 0.32 0.82 0.39 1.47
Age Age of the farmer (years) 46.00 11.57 48.58 1238 -1.86
Education Education in schooling years (years) 5.27 2.75 4.46 2.14 2.86 **
Family size  Number of family member in agriculture (number) 2.69 1.16 3.12 1.26 -3.09 **
Farm size Farm size in number (ha) 0.92 0.65 0.81 0.55 1.52
Experience  Farming experience (years) 9.87 7.50 9.27 7.46 0.70
Market Market access (1 = less than 11 km, 0 = more than/equal 11 km) 0.89 0.31 0.54 0.50 7.04 F**
Credit Credit access (1 = yes, 0 =no) 0.75 0.43 0.62 0.49 234 **
Extension Extension access (1 = yes, 0 = no) 0.88 0.33 0.56 0.50 6.28 H**
Training Training access on improved soybean cultivation (1= yes, 0 = no) 0.79 0.40 0.42 0.50 7.07 ***
Yield Yield of soybean (ton/ha) 1.51 0.51 0.88 0.30 14.09 ***
Seed Seed rate used (kg/ha) 60.69 19.29 60.41 1993 0.13
Labor Human labor used (man-day/ha) 50.49 17.12 53.94 2147 -1.50
Fertilizer Fertilizer used (kg/ha) 13430 52.95 127.84 53.48 1.06
Machinery ~ Machinery cost for land preparation (thousand kyats/ha) (1US$ = 1400 kyats) 47.15 14.25 52.94 1832 -2.98 **
Pesticide Pesticide used (1 = yes, 0 = no) 0.58 0.49 0.55 0.49 0.61
Rhizobium  Rhizobium used (1 = yes, 0 =no) 0.15 0.36 0.03 0.18 3.93 Hk*
Harvester Use of Harvester (1 = yes, 0 =no) 0.85 0.36 0.66 0.48 372 H**

Note. ** is significant at 5% and *** significant at 1%.

Source: Own estimates.

3.2 Factors Influencing the Adoption of Improved Soybean Varieties

The logit model was employed to predict the factors influencing the adoption of improved soybean varieties. We
obtained LR chi2 (10) = 97.53 and probability of > larger than 0.0000 which was less than 0.01. We concluded
that the estimated model fitted the data well. Table 2 presents the maximum-likelihood estimated results of the
parameters of the logit model. The results indicate that education, family size, market access, extension access
and training on improved soybean cultivations are the significant factors affecting the adoption of improved
soybean varieties. The coefficient on education was significant at the 5% level and positively related with the
adoption of improved soybean varieties, which revealed that the more educated the farmers are, the more likely
they are to adopt improved soybean varieties. It was possible that well-educated farmers had the human capital
to access the information more rapidly than the others. This result is in line with that of Ologbon, Ikheloa, and
Akerele (2012), and Tiongco and Hossain (2015).

The coefficient of family size was significant at the 5% level and was negatively associated with adoption. This
indicates that family size was negatively related with the adoption of improved soybean varieties. Kudi et al.
(2011), and Udensi et al. (2011) also found a similar result. Additionally, if the family size is larger; the adoption
level can be lower. The coefficient of market access was positively and highly significant at the 1% significance
level. The results showed that the better market access is significantly associated with the adoption of improved
soybean varieties. This result is in line with the findings of Gebre (2001). There was a significant relationship
between extension access and the adoption of improved soybean varieties at a 5% significance level. This
implied that the farmers who had contact with extension agents were more likely to adopt the improved varieties.
The farmers can obtain information from an extension agent and can apply that information through meetings
and demonstrations. This finding is in line with the results of Ojiako, Manyong, and Ikpi (2007), and Miah et al.
(2015). The coefficient of training on improved soybean cultivation had a positive effect on the adoption of
improved varieties at a 5% significance level. This result was also found in Barry (2016) implying that the more
the training on soybean production, the more is the likelihood of a farmer adopting improved soybean varieties.
After determining the factors that affect the adoption of improved soybean varieties, it was necessary to
understand the results of changing the value of each significant factor affecting the probability of adoption. Table
3 shows the calculated marginal effects’ impact on the probability of adoption. The coefficients of marginal
effect indicate that if the educational level increases by 100%, then the probability of improved soybean varieties
would increase by 2.6%. Again, the coefficient of the market, extension, and training on improved soybean
varieties were positively significant. If these variables increase by 100%, then the probability of adoption of
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improved soybean varieties will increase by 35.3%, 19.4%, and 22.5%, respectively. However, if the number of
family members increases by 100%, then the probability would decrease by 5.4%.

Table 2. Logit model estimates of the factors determining farmer’s adoption of improved soybean varieties

Variables Coefficient Standard Error z-statistic Probability
Gender 0.285 0.389 0.73 0.465
Age 0.001 0.012 0.07 0.941
Education 0.118 ** 0.060 1.96 0.050
Family size -0.248 ** 0.121 -2.05 0.041
Farm size 0.359 0.233 1.54 0.123
Experience -0.019 0.019 -1.01 0.311
Market 1.515 *** 0.323 4.70 0.000
Credit -0.098 0.310 -0.31 0.753
Extension 0.841 ** 0.372 2.26 0.024
Training 0.997 ** 0.338 2.95 0.003
Constant -1.957 ** 0.895 -2.19 0.029
Logistic regression Number of obs = 337

LR chi2 (10)=97.53

Prob > chi2 = 0.0000

Log pseudo likelihood = -168.83
Pseudo R2 = 0.2241

Note. ** is significant at a 5% level and *** is significant at a 1% level.

Source: Own estimates.

Table 3. Marginal effect of the variables determining farmer’s adoption of improved soybean varieties

Variables Marginal Effect Standard Error z-statistic Probability
Gender 0.064 0.090 0.71 0.478
Age 0.0002 0.003 0.07 0.941
Education 0.026 ** 0.013 1.97 0.049
Family size -0.054 ** 0.026 -2.05 0.040
Farm size 0.078 0.050 1.54 0.123
Experience -0.004 0.004 -1.01 0.311
Market 0.353 *** 0.073 4.79 0.000
Credit -0.021 0.066 -0.32 0.751
Extension 0.194 ** 0.088 2.18 0.029
Training 0.225 ** 0.077 2.92 0.003

Note. ** is significant at a 5% level and *** is significant at a 1% level.

Source: Own estimates.

Table 4. Distribution of respondents according to soybean varieties cultivated

Soybean varieties Frequency %
Improved varieties 220 65.28
Local varieties 117 34.72
“Total 37 00

3.3 Hypotheses Tests Results

The results of the hypotheses test for model specification and inefficiency effects of improved and local soybean
varieties are stated in Table 5. The first null hypothesis (Hy: y= 0) states that there are no technical inefficiency
effects in the production function. The first null hypothesis is strongly rejected at the 1% significance level (LR
statistics 30.18 and 47.04 > X2<s,o<99) =19.38), which indicated that there is the presence of technical inefficiency
effects in the production. This also revealed that the Cobb-Douglas stochastic frontier production model is
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adequate for the representation of the data. The second null hypothesis (Ho: 85 = 8; =8, =93 = ... 5 = 0) means
that the effects of managerial variables on efficiency are not present in the model, which is also rejected at the 1%
significance level for both improved and local soybean varieties (LR statistics 16.89 and 31.44 > xz(m,%) =
13.40). This implies that the effects of those managerial variables of technical efficiency significantly contribute
to the differences between the observed output and frontier output for both varieties.

Table 5. Likelihood ratio tests of null hypotheses for parameters in the stochastic frontier production function
and the technical inefficiency factors for improved and local soybean varieties’ farmers

Improved Varieties Local Varieties
Null hypothesis LR Statistics C-critical value Decision LR Statistics C-critical value Decision
(d.f.,0.99) (d.f.,0.99)
Hy: y=0 30.18%** Yoon=19.38  reject 47.04%%* Ysoon=19.38  reject
Hp:8p=8,=8,=8;=...8,= 0 16.89** Y7005 =13.40  reject 31.44%%x Y7005 =13.40  reject

Note. The critical values are obtained from Table 1 of Kodde and Palm (1986) using the 1% significance level.

Source: Own estimation from field survey, 2016/17.

3.4 Empirical Results and Technical Efficiency Analysis

The maximum likelihood estimates (MLE) of the parameters of the Cobb-Douglas stochastic frontier production
function and the inefficiency effects of improved and local soybean varieties were simultaneously estimated by
using the computer program FRONTIER 4.1 (Coelli, 1996). The results are presented in Table 6. The table
presents the estimation of the parameters of the frontier production function and the inefficiency model. The
constant term of improved soybean varieties is higher than that of local soybean varieties. This means that if
improved soybean varieties are adopted, then they would contribute to a higher basic yield when compared to
local soybean varieties. The results also indicate that all the significant variables in the production function of
both varieties are positively significant. This finding indicates that as the variable of input increases, the yield of
soybean also increases. Among the improved soybean varieties growers, labor, fertilizer, machinery, pesticide,
and harvester are found to be positive and highly significant at the 1% level, which indicates that increasing the
level of these variables will likely to increase the level of the yield of improved soybean varieties. For the local
soybean varieties growers, seed, fertilizer, and labor are positively significant at the 1% and 5% levels. The
positive coefficients of these variable inputs indicate that the increases in the level of quantities of seed, labor
and fertilizer are likely to increase the yield of local soybean varieties. Although, machinery, pesticide and
harvester are positive and highly significant for the improved soybean varieties grower, there is no significant of
these variables for the local soybean varieties growers. This indicates that most of the local soybean producers
use traditional ways of soybean cultivation methods and they are more likely depending on labor.

The variance parameters are represented by the sigma squared (¢°) and gamma (y) in the stochastic frontier
production function. The sigma-squared of improved soybean varieties is 1.241 and significant at the 5% level,
and the sigma-squared of local soybean varieties is 0.1 and significant at the 1% level. It indicates the goodness
of fit for the model and the appropriateness of the specified distributional assumption of the composite error
terms in both varieties. The results are in line with the findings of Wadud and White (2000), and Dolisca and
Jolly (2008).

The estimated values of variance parameter gamma (y) are 0.974 and 0.924 for improved and local soybean
varieties, respectively, and both are significant at the 1% level. y is very close to 1 and significantly different
from 0, which means that high level of inefficiencies effects exists among the sampled farmers. Additionally,
97% and 92% of the variation in soybean yield is due to technical inefficiencies in the two varieties, respectively.
Similar results were found in Mushunje, Belete, and Fraser (2003), and Asefa (2009).
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Table 6. Maximum likelihood estimates for parameters of the stochastic frontier and inefficiency analysis of
Improved and Local Soybean Varieties

. Improved Varieties Local Varieties
Variable Parameters - - - -
Coefficients t-ratios Coefficients t-ratios
Stochastic frontier analysis
Constant By -2.759 -10.283 -2.145 *** -5.303
Seed B, 0.049 0.882 0.193 *** 2.665
Labor B, 0.317 *** 5.657 0.147 ** 2.376
Fertilizer B, 0.114 *** 3.667 0.209 *** 3.735
Machinery By 0.286 *** 5.137 -0.007 -0.098
Pesticide Bs 0.071 *** 2.113 -0.026 -0.569
Rhizobium Be -0.029 -0.598 -0.126 -1.153
Harvester B o 0ae 442 0073 1321
Inefficiency analysis
Constant do 3.409 ** 2418 -0.974 -1.147
Farm size 31 -0.653 ** -2.207 0.195 ** 2.542
Gender 5, -0.081 -0.513 0.158 1.183
Age 83 -1.673 ** -2.374 0364 * 1.834
Experience Oy -0.296 ** -2.506 0.055 0.828
Credit ds -0.022 -0.164 -0.258 ** -2.355
Extension 3¢ -3.902 ** -2.368 -0.289 ** -2.389
Variance parameters
Sigma-squared =+ 1.241 ** 2.538 0.100 *#* 3.028
Gamma y =4/ 0.974 ** 94.86 0.924 15.02
Log likelihood function 0.476 3.794
LR test of the one side error 30.183 47.044
Mean TE 0.850 0.701

Note. A negative sign of the parameters in the inefficiency function means that the associated variables have a
positive effect on TE, while significant positive variables indicate the reverse.

**% ** and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

Source: Own calculation from field survey, 2016/17.

3.5 Determinants of Technical Inefficiency

Table 6 also shows the results of the estimation of socioeconomic variables in the inefficiency model. In the
inefficiency model, the signs and coefficients are interpreted in the opposite way; the negative sign of the
parameters in the inefficiency function suggests that the associated variables have a positive effect on technical
efficiency, while positive significant variables indicate the reverse. For the improved soybean varieties’ farmers,
the results suggest that the coefficient estimate for farm size is negative and significant at the 5% level. This
finding indicates that increasing the area of farm size lowers technical inefficiency in production, and there are
greater efficiencies of improved soybean varieties’ production on larger farm size. The result is in line with
Dolisca and Jolly (2008), and Mignouna et al. (2010) who found that an increase in farm size leads to an increase
in technical efficiency. The coefficient of age is negative and statistically significant at the 5% level. This means
that older farmers tend to be more efficient in production. According to the descriptive statistics in Table 1, the
younger farmers are more likely to adopt improved soybean varieties. The result suggests that, among these
farmers, the technically more efficient farmers are older farmers because soybean farming experience increases
with farmer’s age and hence leading to an increase in efficiency. The findings are similar to Asefa (2009), and
Otitoju and Arene (2013). The estimated coefficient of farm experience is negatively and statistically associated
with technical inefficiency. This implies that farmers with more farming experience have greater technical
efficiency, which would lead to the acquisition of better managerial skills over a period. The result is consistent
with the finding of Ogunniyi (2008) and Yasin et al. (2014) who found that an increase in experience can reduce
the inefficiency. The coefficient of extension access is found to be also negative and significant at the 5% level.
This indicates that the more the extension contacts increase a farmers’ knowledgeable on new farming practices
and adoption of improved soybean varieties, the more would be the production efficiency. Similar results are also
found in Khan and Saeed (2001) and Avea et al. (2016). For the local soybean varieties growers, farm size has a
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positive relationship with inefficiency. This implies that smallholder farmers are technically more efficient than
farmers that have a large farm size, and this may be attributed to the fact that most of the local soybean varieties
growers are smallholder farmers. If the farmers have a large farm size, they may face some difficulties to
distribute critical production enhancing inputs to each plot. The finding is in line with the findings of Chen, Wu,
and Zhao (2011). Age has a positive association with the technical inefficiency at a 10% significance level. This
implies that older farmers are technically less efficient than the younger ones, and this may be attributed to the
fact that older farmers may like to use the old and traditional cultural practices and not adopt new practices and
modern inputs. The finding is in line with Amaza and Ogundari (2008). The negative association of coefficient
of credit access and technical inefficiency at a 5% significance level suggests that the higher the access to credit,
the more efficient the farmer would become. Access to credit may enable farmers to purchase productive inputs
on time. It may lead to higher production efficiencies. This result is also similar to the finding of Nchare (2007).
The coefficient of extension access is also significant at a 5% level; this indicates that the farmers with more
extension contacts have a higher production efficiency because extension contacts would help farmers to obtain
knowledge on technical innovations, which, in turn, will improve their productivity. This result is consistent with
Haji (2007).

3.6 Distribution of Technical Efficiency

The distribution of farmer’s technical efficiency levels of improved and local soybean varieties is presented in
Table 7. These results are obtained from the SFA; it can be realized that maximum technical efficiency of the
improved soybean varieties’ farmers is 95.06%, while the minimum technical efficiency of improved soybean
varieties’ farmers is 32.61%. The mean technical efficiency of improved varieties’ farmers is 85.04%, which
implies that the farmers were able to obtain 85.04% of output from a given level of input, on an average. For the
local soybean varieties’ farmers, the efficiency level analysis reveals that the maximum technical efficiency of
the local soybean varieties farmers’ is 97.53%, while the minimum technical efficiency of local soybean varieties’
farmers is 21.63%. The mean technical efficiency of local varieties’ farmers is 70.13%, which means that, on an
average, the farmers are able to obtain 70.13% output from a given level of input. The obtained mean technical
efficiency values of 85.04% and 70.13% in the present study are found in the studies of Battese, Coelli, and
Colby (1989), Mushunje, Belete, and Fraser (2003), Idiong (2007), and Islam, Sumelius, and Backman (2012).

According to the results presented in Table 7, improved soybean varieties have a relatively higher level of mean
technical efficiency (85.04%) than local varieties (70.13%). Therefore, the adoption of improved soybean
varieties would help farmers to improve their technical efficiency and enhance soybean yield. The results show
that improved soybean varieties production is more efficient than local soybean varieties production. This
indicates that local soybean varieties’ producers have an enormous opportunity to increase the technical
efficiency (29.87%) for the local soybean varieties producers in trying to improve the production capacity in the
Southern Shan State, Myanmar.

Table 7. Frequency distribution of technical efficiencies for improved and local soybean varieties farmers

Improved Soybean Varieties Local Soybean Varieties
TE level (%)
Household No. Percent (%) Household No. Percent (%)

<50 5 2.27 18 15.38

50-59 4 1.82 14 11.97

60-69 6 2.73 27 23.08

70-79 29 13.18 20 17.09

80-89 100 45.45 25 21.37

90-100 76 34.55 13 11.11
“Total 20 10000 uz 10000
‘Mean 8s.04 7013

Minimum 32.61 21.63

Maximum 96.05 97.53

3.7 The T-Test of Technical Efficiency of Improved and Local Soybean Varieties Production

To compare and test the technical efficiency levels of improved and local soybean varieties, the STATA 12
computer programme was used in this study. According to the results presented in Table §, improved soybean
varieties have a relatively higher level of mean technical efficiency (85.04%) than local varieties (70.14%); the
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results show a significant difference at 1% level between the two varieties. Therefore, the adoption of improved
soybean varieties would help farmers to improve their technical efficiency and enhance soybean yield. The
results show that improved soybean varieties production is more efficient than local soybean varieties production.
This indicates that local soybean varieties’ producers have an enormous opportunity to increase the technical
efficiency (29.87%) for the local soybean varieties producers in trying to improve the production capacity in the
Southern Shan State, Myanmar.

Table 8. Comparing the technical efficiency levels of improved and local soybean varieties production

Variable Mean Std. Error Std. Dev. [95% Conf. Interval]
TE of improved 0.8504 0.0069 0.1018 0.8369 0.8639
TE of local 0.7014 0.0153 0.1655 0.6711 0.7317
Sdfe 0.1490 0.0168 00637 01159 01821

Note. Hy: mean (diff) = 0; H,: mean (diff) < 0; H,: mean (diff)! = 0; H,: mean (diff) > 0; ¢ = 8.8865%**,
Pr(T < t) = 1.0000; Pr(|T| > |t|) = 0.0000; Pr(T > t) = 0.0000.

4. Conclusion and Policy Recommendation

This study used /ogit model to assess and determine the factors affecting the adoption of improved soybean
varieties. The analysis also showed that the adoption rate of improved soybean varieties is about 65% among the
sampled farmers, which is presented in Table 4. The factors that affect the adoption of improved soybean
varieties are education, market access, extension, and training access. The positive and significant impact of
education on the adoption of improved soybean varieties indicates that the educated farmers are more likely to
use improved soybean varieties. The government should emphasize the promotion of the farmers’ formal
education (e.g., the ability of farmers to read and write) and also to improve the farmer’s knowledge through
various training programs. The market access is positively and highly significant with the adoption; it means that
the farmers who have market access can get better market information. Government and non-government
organizations should create the market opportunities for improved soybean varieties’ non-adopters to ensure that
they adopt improved soybean varieties, while motivating the improved varieties’ adopters to sustain adoption.
Government and non-government organizations should also focus not only on improved varieties but also on
improved market to get the more profit like searching market to get the higher price. The other factor that
positively and significantly impacts on the adoption of improved soybean varieties is extension access. This
implies that improved extension services are essential for disseminating the improved varieties and technologies
to the farmers. The government should increase the number of extension workers who will introduce the
improved varieties through field day, formal training, and demonstration fields. The training access has a
positive and significant effect on the adoption of improved soybean varieties. This means that the farmers who
get training on improved soybean varieties’ production have a greater tendency to adopt improved soybean
varieties. Therefore, the government should provide training on improved soybean cultivation; and the
government should also increase knowledge and skill of the soybean farmers through technical programs on
improved varieties and crop management practices.

This study also analyzes the differences in technical efficiencies between improved and local soybean varieties’
production. The study also examines the determinants of technical inefficiency, by using a Cobb-Douglas
stochastic frontier production function. The results show that improved and local soybean varieties production is
depicted by performing various likelihood ratio tests on the parameters of the factors of both production and
inefficiency. The findings indicate that the production factors, such as labor, fertilizer, and machinery, are
positively and significantly influence the yield of improved soybean varieties through the use of pesticide and
harvester while seed, labor, and fertilizer have positive and significant effects on the yield of local soybean
varieties. This means that these are the important, significant inputs of soybean production in the study area.
Moreover, although machinery, pesticide and harvester are positive and highly significant for the improved
soybean varieties grower, there is no significant effect of these variables on the local soybean varieties growers.
This indicates that most of the local soybean producers use traditional ways of soybean cultivation methods and
they are more likely depending on labor. Therefore, government should provide knowledge and skills not only
for the improved soybean producers but also for the local soybean producers to use pesticide effectively and to
expand the use of farm machinery.

According to the efficiency analysis, mean technical efficiencies of improved and local soybean varieties are
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85.04% and 70.13% respectively. This result indicates that improved soybean varieties production is more
efficient than the local soybean varieties production. This result also means that there is an opportunity to
increase the technical efficiency of local soybean varieties by about 29.87% through the improved use of
available inputs, especially appropriate improved soybean varieties under a given technology. In addition, other
factors such as farm size, age, farm experiences and extension access are significant relevant factors that
influence the technical efficiency of improved soybean varieties, while credit and extension access are the
significant factors affecting the technical efficiency of local soybean varieties. Therefore, the government should
strengthen the efficient and effective extension services to increase the technical efficiency of soybean producing
farmers. This will provide the farmers with the knowledge and skills essential for increasing technical efficiency.
Moreover, the policy should focus on providing improved soybean varieties to the farmer’s at a reasonable price
and additionally, the improved varieties must be adaptable to the farmers’ farming environment. These factors
would contribute towards increasing the adoption of improved soybean varieties in Southern Shan State,
Myanmar.
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