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ZIBSTRACT

Jambi is a unique province in Indonesia that has a diverse climate and natural resources to improve the yield of many
commodities like corn. In terms of improving domestic corn and decreasing production loss, more producers apply high
portions of un-organic fertilizers, and pesticides, with not thinking about the impact of temporary and long-time
environmental problems. The research aim was to analyze technical efficiency and sustainable corn production through
sustainable agriculture in Jambi province. Technical efficiency and agricultural sustainability model applied using a
stochastic production frontier. The research location was chosen in peat land, and also data were collected through
interviewing 120 corn producers in Jambi that chosen by systematic random sampling. The research finding of the
analysis showed mean technical efficiency scores of about 74%, meaning that the agricultural production in Jambi
produces 74 percent of the potential yield given the technical efficiency existing in the research area. Agricultural
sustainability results also give a good implication on corn production. This means that the technical efficiency and
agriculture sustainability of a rather sustainable region in corn production had impacted properly.
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The sector of agriculture becomes important to get

food security and also economic growth, representing
about 13.53% of Indonesia’s GDP and 38.3% of the

1. INTRODUCTION

Agriculture has been known over the years to play a

crucial role in economic growth of developing countries.
Important agricultural sectors to the growth of under
developed or developing countries are still debatable. In
Indonesia, agriculture has consistently played an
important role on the growth food sector, input for
industries sector, labor force, and National earnings, that
are sources for Growth Domestic Product (GDP) [ 1].

Agriculture production in Indonesia is also plagued
with small productivity compared to non-agricultural
production in other countries or to agricultural production
in developed countries. Reasons for small agricultural
productivity likely include limited knowledge about
methods to enhance productivity and best productive
technologies, shortage or lack of link to best productive
varieties and inputs productivity-improvement, access
limitation of liquidity and access limitation to credit, and
also reluctance to invest in value productivity
improvement value because of risk factor poor product
prices, and bad market available compared to the risk
aversion of poor farmers [2].

active labor force. Globally, agriculture’s share in GDP
isonly 13.45%. Agricultural exports come up about USD
370 million, or 24.35% of all products and services
exported from Indonesia. However, the rest of sectors are
constrained by low productivity and major environmental
problems. A 12% decline inrainfall over the last 10 years
has had serious problems for dry land locations. Per-
hectare yields for most crops are among the lowest in the
world, only increasing by an average of 29% between
1990 and 2015, and accounting for just 28% of the
growth in agricultural and food production [3].

Although Indonesia has a lot of source of water,
including rivers and river basins, access to those source
of water is still having constraint. Agriculture has
depending on rain-fed and also mostly small farmers with
bad access to services on agricultural technologies,
information, and finance. Therefore, Indonesian
agricultural sector is mostly vulnerable to weather
variability, degradation of soil fertility, and infestations
of pests and diseases [4].
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These factors have led to inefficiency in agricultural 2. METHODS
production in the region [3]. Statement of research

problem long-term economic development is brought The data was collected from household survey and
about by sustainable economic growth, which is also pre- carried out in Muaro Jambi of Jambi. The survey
disposed by agricultural development. Agricultural questionnaire contains the necessary information needed
development crucially depends on the efficient and most to identify household and institutional characteristics, as
productive use of scarce production resources. well as inputs and outputs in corn production. The study
Agricultural production is plagued with the scarcity of is based on primary data and secondary data sourced on
resources and hence resource use efficiency is critical to the Indonesian Food and Agricultural Department. Data
improved agricultural practices [5]. on Agricultural production indices of Indonesian for 35

years (1984-2018) were randomly selected for this study.
Primary data used in research are 120 corn producers.
The variables considered in the models were corn output
(corn production) while the inputs considered include:
land [agricultural] (Ha); labor [economically active
persons in  agriculture];  Fertilizer[@a] (tons);
Fertilizer[NPK] (tons) and Seed (tons). The empirical
application has three steps. First is the estimation of one
Stochastic Production Function (SPF). The second step

The technical efficiency of agricultural production
means to be able to create a maximazation output as best
availability input group. To evaluate technical efficiency
of firm, there needs technical efficiency components via
transformation input to output [6, 7]. The traditional
approaches to estimate technological efficiency consider
that all production variables are the same and have a
connection to similar technological production [8, 9].

Based on that characteristics, a production frontier is involved the estimﬂm of one SPF for the whole data set.
mostly analyzed in terms of assessing technical In the final step, the calculation of the MF using the
efficiency analysis of set of production. On the other estimates from individual SPF s was performed.

hand, some empirical components are available in which
unit of production in evaluation unit works in rather not 2.1. The Empirical Model of the Stochastic

the same production environments, which means they Frontier Production Function

have a link to other production possibilities components.

Condition technological variation reflects not similar in To estimate empirical model, the study applies Cobb-
the social, physical, and economic variables of the Douglas production function. According to [17], the
environments where production takes place [7]. function is applied to see the input-output relationship in

the Stochastic Frontier function equation and is carried
! arc out in 2 stages, first using the Ordinary Least Square
production  possibilities group after that the usual (OLS) method, which is used to estimate the coefficient

consu}eratwn Pt eva‘l‘u'fltmg mono techpo}ogy ltrontmr of production input f. The second is done by applying the
may find technical efficiency and productivity estimation Maximum Likelihood Estimation (MLE) method to
may not exactly measurement ability of unit of

productf£h to change inputs into outputs. The new meta-

If variables are facing alternatives from varied

estimate all production parameters p m, intercept p 0, as
well as factor variants of the two error components vi and

frontier consideration of [10, 11] considers to assess and ui [18]:

evaluate unit of efficiency of yield that have link to varied i

production possibilities groups. The model has been Y = BoXiP XoP X )%u X X e (1)
applied mostly in reference to investigate technical

Analytical Techniques First, the parameters of the
stochastic frontiers were estimated using the trans log
(TL) specification:

efficiency of farming sets in industries in varies
agriculture (e.g., [12, 13]. The concept involves
evaluating varied frontiers for varied groups of units
production, finally, able to assess the gap between these LogY =f;+ P, Log X, + B, Log Xz + ; Log X5 +
group frontier and meta-frontier. B Log Xs + Bs Log X5 +Bs Log Xs+ (vi—w) ...(2)

Using the meta frontier approach is more effective in
comparing relative technical efficiency levels across
regions and assessing the potency to increase regions
efficiency [14, 15]. The advantage of meta frontier is
attractive theoretically because of the simple hypothesis
based that all producers in different regions have
potential access to the same technology [7]. It is in light
of the above that the study secks evaluate technical
efficiency and relative technology gaps across the
selected regions [ 16].

Both indices j and i represents the input j used by
farmer i, respectively and all variables use natural
logarithm. Six input weas included in the model. Most of
these variables have been commonly used in estimating
agricultural production frontiers [19]. “Y’ represents corn
measured as the number of production; ‘X1 denotes the
total productive land area in hectares. ‘X2’represents
seed in tonnes. ‘X3’ is the fertilizer of Urea measured in
tonnes; ‘X4’ stands for fertilizer[urea] measured in
tonnes ‘X5 stands for fertilizer][NPK] measured in
tonnes and ‘X6 stands for the amount of labor, which
includes economically active persons in agriculture
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measured in ‘000; v’s is assumed to be independently and Research finding concerning variables that affect the
distributed identicallfg)(0.) two-sided random errors, technical efficiency of corn production was exciting and
independently of u’s. Finally, the results from the trans also magnificent. Finding from Table 1 explains
log specifications are used to analyze meta frontier description and summary statistics for variables
parameters by solving trans log model Eq. 2. including variables, description, averages, standard
deviations, and also values of minimum and maximum.
3. RESULTS These showed that mean output per hectare is around 11
tons, mean land used 2.27 ha, using 20 hours of labor,
3.1. Variable descriptions and summary 101 kilograms of urea fertilizer, 75 kilograms NPK

statisties fertilizer, and 2.8 liters pesticide.

Table 1. Variable descriptions and summary statistics.

Variable Description

Output Total yield per hectare 10.44 1.09 3.5 18
Total land used in hectare

Ln(land) 2.27 3.97 0.5 6.5

Ln(seed) Quantity of seed applied by hectare 34.16 2.89 10.00 16.00
in kilograms.

Ln(fertilizer of urea) | Quantity of fertilizer of urea applied 101.27 54.92 77 150
by hectare in kilograms.

Lo(fertilizer of NPK) | Quantity of fertilizer of NPK 75.22 73.04 50 100
applied by hectare in kilograms.

Ln (pesticide) Quantity of pesticide applied by 2.80 1.97 1.20 4.00
hectare in litre.

Ln (labour) Total of man-hours 19.8 1.83 1 6
per day.

shows that the hypothesis f1 = B2 = ...= pn =0 can be

3.2. Restriction Test on Parameter Production

i rejected. The approximate elasticity of the production
Function

function for comn is listed in Table 2, the adjusted R-
squared for the OLS estimate is 0.816, and the F-statistic
(6, 114) is 8.26, which is significantly greateaan the F-
table (6,114). , a = 0.01) = 2.96. This means that at lcast
one of the parameters is not equal to zero. From Table 2.
It can also be seen that the parameters of some
explanatory variables are significantly different from
Zero.

This study examines the meta production function to the
yield inherent in the production function. [Bhrameters of
the expected production function using ordinary least
squares. To test the significance of each parameter, the
null hypothesis can be expressed as HO: pl =2 = .=
fn = 0. The estimation results of timal corn production
parameters for yield can be seen in Table 2. The analysis

Table 2. Restriction Test on Parameters [3 Production Function

Variable Lagrange () Multiplier (t) xz test
Land 0.201 (0,139 1.446

Seed 0.083 (0,011) 7.545%%% 9372
Fertilizer (Urea) 0218 (0.068) 3.206%*

Fertilizer (NPK) 0.194 (0.056) 3.464%*

Pesticide 0.153  (0.066) 2318

Labour 0.138  (0.043) 3.209%=

Adj. R-squared 0.896

F-statistic 8.26

1
performed. If the research region shares gme production
frontier (i.e., no significant difference between research
site frontiers), then there would be no reason for
estimating data meta-frontier production model.

3.3. Maximum Likelihood Estimation of the
Stochastic Frontier and Meta Frontier

An Likelihood Ratio test to examine the null hypothesis
that research region shares the same technology was
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Table 3. MLE Estimates of the Stochastic Frontier and Meta Frontier

Variable Stochastic Frontier Meta Frontier
Coefficient Std. Error Coefficient Std. Error

Cosntant 6.628 1.295 4.643 3.249
Ln Xy 1.470 0.316 1.092 0.111
Ln X2 0.837 0.124 0.627 0.287
Ln X3 1.151 0.144 0.925 0.146
Ln X4 1.030 0.011 1.142 0.223
Ln Xs 0.046 0.026 0.270 0.071
Ln Xs 0.234 0.016 0.324 0.093
Log likelihood 78.362

LR test 18.13

Mean efficiency 0.74

4. DISCUSSION Production Function results and specification [Bsts arc

An important condition for reducing the production
function used is that the farmer maximizes the short term
of production. The validity of this assumption can be
tested directly by testing whether the parameter is derived
from the demand factor equation simultaneously [20]. If
the parameter || derived from these equations is not
significantly different, then the average sample farmer
maximizes the short-term production, given the
availability of technology and resources. Because it is
very feasible to estimate simultancously the production
equation to avoid the bias problem of the simultaneous
equation, [20] used the P statistics to test the null
hypothesis which i is not significantly different, when

1 is derived from two separate and combined sets of
equations. Lagrange multipliers were not significantly
different from zero, neither was the X2 test (Table 2). So
the hypothesis that the peat land corn farmer in the study
area maximizes production cannot be rejected.

Table 2 shows the value of Adj R2 = 0.896, this
means that 89.6 percentage of the variation in dependent
variable can be explained simultancously by independent
variables such as land area, seeds, fertilizers, pesticides,
and labor, while the remaining 10.4 percent is influenced
by other factors outside the model. The effect of using
production factors simultaneously on the production of
maize can be determined using the F test, and the analysis
results obtained by F statistics of 8.26 with a probability
of 0.0000 < (0.01) shows that the results have a very
significant effect, meaning that the independent variables
contained in the model simultancously had a wvery
significant effect on corn production. The value of || i
= 0.987 < 1, this means that the simultancous use of
production factors in area II, which means that each
addition to the same input proportion will result in a
decreasing increase in output, in other words, corn
farming is in the production stage of decreasing return to
sca

This section describes results of the estimation of
corn production frontiers and associated technical
efficiency (TE) measures. First, the Stochastic

analyzed. Second, TE measures are discussed and then
the TE measures with respect to the meta frontier are
examined. Summary statistics of the variables for
agricultural  production  differences in economic
development could be responsible for differences in
information transmission, technology adoption, and even
institutions associated with agricultural production. In
other words, technology diffusion may follow a
geographic connecting pattern [8]. The variation in the
economic development is the motivation for estimating
the differences in their agricultural technologies, that is,
whether they have access to different production
possibility sets which should be considered when
measuring production efficiencies The summary
statistics in Table 3 display the mean cumulative
variables identified in research region in the research
period.

The analysis found that the value of the LR statistic is
48.13 which means highly significant and implying that
the null hypothesis is rejected. The founding suggests that
the region stochastic frontiers for agricultural production
in Jambi are not the same, meaning that production
structure and technology adoption are different in the
research site. Therefore, the meta-frontier technique is
the appropriate estimation approach for this study, and
that any efficiency in the research region should be
undertaken with respect to the meta-frontier.

5. CONCLUSIONS

This study applied stochastic production frontier
function technique to analyze technology gaps and
technical efficiency in corn agricultural production in
Muaro Jambi. The methodology enables the estimation
of technology involving the (regional) stochastic
production frontier. Stochastic productionff] frontier
models were estimated for these regions to obtain
alternative estimates for their technical efficiency. The
findings of the analysis showed technical efficiency
scores with an average of about 74%, meaning that the
agricultural production in Jambi produces 74 percent of
the potential output given the technical efficiency
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available in the research location. The research shows it
able to clarify the characteristics of the exploration
research region that needs to improve agricultural
production. This means that the technical efficiency and
agriculture sustainability of a relatively sustainable
region in corn production had impacted properly
Therefore, producers in the research area can minimize
the gap between technology and sustainable agriculture
levels through applying technology that is suitable for
agricultural sustainability.
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