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Abstract — This study employed a Cobb-Douglas 

stochastic production frontier function to estimate the level of 
technical efficiency. The results of the analysis showed that 
cropping season of mango growers have been round year. The 
result of study contributed to tropical fruits efficiency of three 
seasons instead of only focusing on efficiency of one season or 
total a year. The findings revealed that season 3 ranked first in 
terms of technical efficiency (58.2%), followed by season 1 
(53.6%) and then season 2 (49.2%). Moreover, the input 
variables that explained technical efficiency were  fertilizer 
(root), fertilizer (leaf) and labor in season 1; pesticide, fertilizer 
(leaf) and labor in season 2; and pesticide, fertilizer (root), 
fertilizer (leaf) and labor in in season 3. In addition, major 
determinants of socioeconomic characteristics influenced 
positively on technical efficiency were plant density and land area 
in season 1 and season 3; market access, plant density and land 
area in season 2. By contrast, the constraints to mango 
production were wrapping bag and classifying sale in season 2, 
and age and wrapping bag in season 3.  

Keywords— Technical efficiency, Cobb-Douglas, mango, 
Mekong Delta 

I. Introduction 

A. Selecting a Template (Heading 2) 

Vietnam’s achievements in terms of growth and exports 
in the agricultural sector are well known. However, there are 
sector wide concerns both about the quality of this growth and 
its sustainability. Vietnam specializes in large scale, low 
quality production – with low levels of labor productivity, 
lower prices than competitors, high wastage post-harvest and 
limited value added. In terms of sustainability, Vietnam is 
reaching the ceiling of potential productivity gains and the 
impact of many agricultural practices on the environment is 
heavy. Particularly, the Mekong Delta Region (MDR) of 
Vietnam has been identified as one of the most vulnerable 
deltas to the impacts of climate change. Agriculture and is 
increasingly affected by changes in freshwater supply due to 
salinity intrusion, flooding, increasing tropical cyclone 
intensity, and increasing temperatures.  

Mango was one of the most popular tropical fruit in the 
world, especially is in Asia. Vietnam was mango volume 
about 836 thousand tons in 2017 [11]. In Vietnam, mango has 
been grown in all provinces of the county, in which Mekong 
Delta (MD) has considered center for mango production in 
Vietnam. Mekong Delta has provided to international and 
domestic market about fresh mango 460,000 ton/year with 
area nearly 40,000 ha [12]. However, regional production is 

fragmented with few farmer organizations and weak supply 
chain linkages to export and processing companies. A survey 
of 166 mango growing households conducted by [15] in 2014 
indicated an average growing area of 0.68 hectares per 
household. As smallholder farmers, most sell to local 
collectors and wholesalers with few incentives to improve 
quality, limited awareness of market demand and quality 
requirements, poor technical skills and difficulties in funding 
investment. Producers have very limited certainty or stability 
in terms of prices received, depending on prices offered by 
collectors. In turn, these issues prevent farmers from 
optimizing their income from mango production – both in 
terms of ensuring higher and more stable income. Mango 
farmers may be considered low income but do not constitute 
poor households according to national definitions. Mango 
cultivation does clearly, however, hold potential to help 
smallholders increase incomes and improve living standards. 
The survey [15] revealed that gross income from mango 
production was reported at an average of 186 million VND per 
household per year, with net income of 105.4 million VND 
(US$ 83.65 per person per month at exchange rate of US$1 = 
VND 21,000 and assuming average household size of 5). This 
makes mango cultivation significantly more profitable than 
rice cultivation and a driver of poverty reduction. 

Thus, the objective of this paper was to isolate the 
efficiency component in order to measure its contribution to 
productivity and pay particular attention on determinants of 
efficiency associated with structural variables that could 
influence efficiency differentials among production units [6, 
10, 19, 22]. The study specifically found out effective 
disparities among mango seasons of year, the technical 
relationships between inputs and output in mango production, 
determinants of technical efficiency in mango production. 
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II. Methodology 

A. Sampling Techniques 
Firstly, Mekong Delta region was purposively selected 

because of its comparative advantage in mango production 
system with accounting for 55% volume and making up 50% 
area in Vietnam. Secondly, Dong Thap, An Giang, Tien 
Giang, Hau Giang, Vinh Long, and Tra Vinh provinces were 
chosen because six provinces accounted for about 77% 
volume and making up 71% area in Mekong Delta [12]. 
Finally, simple random technique was used to select 1,613 
sampling observations (526 for season 1, 581 for season 2 and 
506 for season 3).  

B. Conceptual underpinning 
Technical efficiency (TE) was the ability of a farming unit 

to produce a maximum level of output given a similar level of 
production inputs, or to produce a given amount of output with 
minimum inputs [10, 14]. Meanwhile, [9] stated that technical 
inefficiency ascended when actual or observed output from a 
given input is less than that of the maximum probable. 
Technical inefficiency reflected deviations from the frontier 
isoquant [10, 14]. In agricultural field, technical efficiency 
was capacity of the farmer to produce maximum output 
frontier production given inputs and technology [3]. The 
differentials of technical efficiency among farmers could be 
linked to managerial decisions, environmental conditions (soil 
quantity, rainfall, temperature, and soil relative humidity), 
non-technical and non-economic factors and specific-farm 
features that could influence the farmers’ ability to use 
technology.   

C. Empirical Model 
The Cobb Douglas functional form of the stochastic 

frontier was employed because of its simplicity and 
appropriateness in computation and interpretation. The Cobb-
Douglas (CD) production function was found to be an 
adequate representation of the data. The stochastic frontier 
model is defined by: 

lnYi = βo+ β1lnX1 + β2lnX2 + β3lnX3 + β4lnX4 + 
β5lnX5 + Vi - Ui   

Where: 

ln = logarithm to base e 

Yi = output of pineapple (kg);  

βo = constant or Intercept of the model;  

β1 – β5 = coefficients to be estimated;  

X1 = quantity of pesticide (litres);  

X2 = quantity of fungicide (litres);  

X3 = quantity of fertilizer_root (kg);  

X4 = quantity of fertilizer_leaf (kg) (spraying on 
mango leaves to stimulate mango flower); 

X5 = family and hired labour (man-days); 

Vi = random error term;  

Ui = technical efficiency effect predicted by the 
model and the subscript i indicate the ith farmer in 
the sample. 

The determinants of technical efficiency of mango farmers in 
line with [19] were modelled following specific characteristic 
of farmers in the study area. From equation the component is 
specified as follows: 

 + k 

Where: 

 = technical efficiency of i-th farmer, 

 and  = parameters to be estimated, 
 k = truncated random variable. 
Z1 = Farmer`s age (year), 
Z2 = Level of education (years spent in acquiring formal 
education) 
Z3 = Farming experience (year) 
Z4 = Credit access (access =1, no access = 0) 
Z5 = Payment for agro-input wholesaler (ending of crop 
=1, payment immediately =0) 
Z6 = Wrapping bag (wrap = 1, no wrap =0) 
Z7 = Market access (access = 1, no access = 0) 
Z8 = Classifying sale (classification =1, no classification = 
0) 
Z9 = Plant density (plants/ha) 
Z10 = Land area (cong = 1,000 m2) 

The estimates for all the parameters of production functions 
and efficiency model were obtained by maximizing likelihood 
estimation (MLE) on the STATA15.0 programme. 

III.  Empirical Results 

A. Estimation Procedure 
Harvesting seasons in Mekong Delta have taken place 

round year with 4 main periods including: April – June 
(Natural season), February – April (Early season), August - 
October (Off-season), November - February (Late/festival 
season). Selecting of farming season has been determined by 
mango farmers. It usually is two seasons/year or maximum 
three seasons/year because the period from flowering to 
harvest of mango spend 4 months/season. 

The result obtained from the analysis of the maximum 
likelihood estimates (MLE) of the Cobb-Douglas based 
stochastic frontier production function parameters for mango 
farmers in Mekong Delta were presented in Table I. The 
variance ratio parameter (γ) was statistically greater than zero 
and equal 0.7395; 0.7476 and 0.5718 for season 1, season  and 
season 3 respectively, implying that 73.95% of variation in 
season 1, 74.76% of variation in season 2, and 57.18% of 
variation in season 3, which resulted from technical efficiency 
of the sampled farmers rather than random variability. 
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TABLE I.  MLE Estimates For SFA Model 

Variables 
Season 1 Season 2 Season 3 

Coef Coef Coef 

(Y): Ln Yield (kg)    

Constant 5.7891*** 7.1101*** 7.1145*** 

(X1) Ln pesticide (liters) 0.0392 0.0645* 0.0962*** 

(X2) Ln fungicide  (liters) 0.0430 0.0484 0.0410 

(X3) Ln fertilizer_root (kg) 0.0831** -0.0384 0.0505** 

(X4) Ln fertilizer_leaf (kg) 0.2803*** 0.2503*** 0.0860*** 

(X5) Ln labor (man day) 0.3008*** 0.1985*** 0.1705*** 

Diagnostic Statistics    

Prob > χ2 0.0000 0.0000 0.0000 

Sigma square (σ2) 1.2347 1.7032 1.1345 

Lamda () 1.6850 1.7210 1.1557 

Sigma_v (v) 0.5670 0.6556 0.6969 

Sigma_u (u) 0.9555 1.1284 0.8054 

Gamma (γ) 0.7395 0.7476 0.5718 

Log-likelihood function -628.49 -784.43 -633.85 

Number of obs (N) 526 581 506 
Source: Field Survey Data, 2018 
Parameter gamma γ = u

2 / (u
2 + v

2). Sigma square 2= u
2+ v

2. 
* Significant at 10% level, ** significant at 5% level, *** significant at 1% level 
 

In season 1, the analysis of the estimated model indicated 
that the coefficient of fertilizer (leaf) and labor were positive 
and statistically significant at 1% level and fertilizer (root) was 
at 5% significant level. The positive relationship with yield 
suggested that a 10% increase in fertilizer (root), fertilizer 
(leaf) and labor will result to 0.831%, 2.803%, and 3.008% 
respectively increase in yield.  

Turning to season 2, pesticide was positive with a 
coefficient of 0.0645 and significant at 10% level. 
Alternatively a 10% growth in pesticide will lead to 0.645% 
increase in yield obtained from mango production. There were 
positively signed and significant coefficient fertilizer (leaf) 
and labor at 1% level of significance, thus increasing 10% of 
fertilizer (leaf) and labor will improve yield of mango in 
2.593% and 1.985% respectively. 

B. Determinants of technical efficiency 
The analysis results of Table II showed he factors 

influencing technical efficiency of mango farmers in Mekong 
Delta among three seasons. The purpose of estimating to 
determine the relationship between technical efficiency and 
household characteristics.  

TABLE II. MLE Of Determinants Of Technical Efficiency 

Variables 
Season 1 Season 2 Season 3 

Coef Coef Coef 

Constant 0.5069*** 0.4634*** 0.5605*** 

(Z1) Age -0.0010 -0.0011 -0.0010** 

(Z2) Education  0.0002 -0.0022 -0.0018 

(Z3) Farming experience  0.0008 0.0011 0.0007 

(Z4) Credit access 0.0125 -0.0198 0.0209 

(Z5) Payment for agro- input  -0.0108 0.0132 -0.0048 

(Z6) Wrapping bag  -0.0316* -0.0347** -0.0315** 

(Z7) Market access  -0.0038 0.0485** 0.0224 

(Z8) Classifying sale  -0.0109 -0.0486*** -0.0195 

(Z9) Plant density  0.0001*** 0.0001*** 0.0001*** 

(Z10) Land area  0.0099*** 0.0120*** 0.0149*** 
Source: Field Survey Data, 2018 
* Significant at 10% level, ** significant at 5% level, *** significant at 1% level 

In season 2, the coefficient of market access was positive 
and significant at 5% level of probability. This implied that the 
variable had a positive influence on technical efficiency 
among the mango producers sampled. By contrast, coefficient 
of classifying sale was negative and significant at 1% level 
which showed that farmers sold mango with classifying form 
reaching lower productivity compared with mango growers 
selling non-classification. 

In season 3, the coefficients of age was found to have 
negative and significant effect on farmers’ technical efficiency 
in production at 5% level. This was an important finding 
because younger farmers were relatively more efficient than 
older farmers. This finding was in conformity with the result 
of [1, 2, 5, 7, 21]. However, the research was disagreement 
with some earlier studies [16, 17]. 

The parameters estimates pointed out that wrapping bag 
was negative and significant at 10% in season 1 and at 5% in 
season 2 and season 3. The negative signs of the wrapping bag 
variable indicates that if farmers increase mango wrap in 10%, 
mango yield could decrease in 0.316% of season 1, 0.347% of 
season 2 and 0.315% of season 3. The main reason is that 
farmers focused on quality rather than quantity and they only 
kept high quality mango fruits to wrap as well as ensure wrap 
cost economically.  

 Particularly, plant density and land area variables were 
positive coefficients and highly significant at 1% among three 
seasons. This finding of land area agrees with the reports by 
[4, 8, 17]. However, this result was different from study of [1, 
7]. 

C. Technical Efficiency Distribution 

TABLE III. Efficiency Level Distribution Of TE Scores  

TE level Season 1 Season 2 Season 3 

Fre % Fre % Fre % 

<0.1 3 0.57 8 1.38 0 0.00 
0.1-<0.2 19 3.61 29 4.99 3 0.59 
0.2-<0.3 30 5.70 50 8.61 14 2.77 
0.3-<0.4 55 10.46 82 14.11 27 5.34 
0.4-<0.5 104 19.77 108 18.59 76 15.02 
0.5-<0.6 102 19.39 127 21.86 146 28.85 
0.6-<0.7 123 23.38 122 21.00 138 27.27 
0.7-<0.8 80 15.21 48 8.26 96 18.97 
0.8-<0.9 10 1.90 7 1.20 6 1.19 
0.9-<1.0 0 0.00 0 0.00 0 0.00 

1.0 0 0.00 0 0.00 0 0.00 
Number of obs (N) 526 581 506 

Minimum 0.0648 0.0297    0.1163    

Maximum 0.8589 0.8472 0.8277 
Mean 0.5363     0.4915     0.5822     

Std. Deviation 0.1668 0.1729    0.1280    
Source: Field Survey Data, 2018 
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The result indicated that it ranged from 0.064-0.8589 with 
a mean of 0.5363 in season 1, from 0.029-0.847 with a mean 
of 0.4915 in season 2, and from 0.116-0.827 with a mean of 
0.5822 in season 3. The result presented technical efficiency 
gap of about 46.37% in season 1, 50.85% season 2, and 
41.78% in season 3. This implied that the average farmer in 
the study area could increase productivity by 46.37% in season 
1, 50.85% in season 2, and 41.78% in season 3 by improving 
their technical efficiency. The implication of the result was 
that the average mango farmer required 35.56% ((1 – 
0.5363/0.8589)*100) in season 1, 41.98% ((1 – 
0.4915/0.8472)*100) in season 2, and 29.66% ((1 - 
0.5822/0.8277)*100) in season 3 cost saving to attain the 
status of the most efficient mango producer of production, 
while the least performing farmer needed 92.46% ((1 – 
0.0648/0.8589)*100) in season 1, 96.49% ((1 – 
0.0297/0.8472)*100) in season 2, and 85.95% ((1 - 
0.1163/0.8277)*100) in season 3 cost saving to become the 
least efficient mango grower in Mekong Delta. 

IV. Conclusions  
Result of technical efficiency revealed that  season 3 

ranked first in terms of technical efficiency nearly 58.2%, 
followed by season 1 about 53.6% and then season 2 
approximately 49.2%. This implied that farmers could rise 
their production on average by 41.8%, 46.4% and 50.8% 
respectively when they were technically efficient.  

More so, results from the study showed that 
adjustments in input factors could lead to improved 
production of mango in Mekong Delta. In detail, the 
inputs that were important in determining output in season 1 
were fertilizer (root), fertilizer (leaf) and labor, in season 2 
were pesticide, fertilizer (leaf) and labor, and in season 3 were 
pesticide, fertilizer (root), fertilizer (leaf) and labor. 

Empirical findings indicated that the positive 
determinants of technical efficiency were plant density and 
land area in season 1 and season 3; market access, plant 
density and land area in season 2. By contrast, the constraints 
to mango production were wrapping bag and classifying sale 
in season 2, and age and wrapping bag in season 3.  
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