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ABSTRACT 
 
The management of smallholder oil palm plantations is currently being sought to apply the best agriculture practices that 

incorporate technical, environmental, social and economic elements. This study aimed to estimate the level of technical 

efficiency in smallholder oil palm plantations, along with the sources of inefficiency. 

The variables of land area, the use of NPK fertilizer, the use of non-family labor, age of oil palm plants, and the distance of the 

estate to the river have positive effect, while the variable of estate sanitation frequency negatively affects the technical 

efficiency of smallholder oil palm plantation. Technically, smallholder oil palm plantations have been efficient.  
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INTRODUCTION 

 The area of smallholder oil palm plantation in Indonesia currently reaches 40.49 percent of the total area of 

11.30 million hectares of Indonesian oil palm plantations. The growth rate of the smallholder plantation is 

reaching 7.30% which is above the national average growth rate of 6.14%. However, smallholder oil palm 

plantation productivity only reaches 2.81 tons of CPO / ha / year. This figure is still much lower than the 

national average productivity of 3.29 tons CPO / ha / year [6]. The low productivity will cause the low income 

of farmers / planters as in the rubber plantation. [1] in (2016) stated that the consequences of low-income 

farmers / rubber planters made farmers / planters try to find other sources of livelihood to suffice their needs. In 

order to improve the performance of smallholder plantations, various efforts are made, one of which is through 

partnership model between large plantations and smallholders’ plantations.[2][4][10][17] stated that production 

management in oil palm plantations had now implemented the best cultivation practices that not only include the 

http://creativecommons.org/licenses/by/4.0/
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technical elements of cultivation, but also incorporate environmental, social and economic elements both on-

farm and off -farm. 

Kabupaten Mamuju Utara is the district with the largest palm oil plantation area in Sulawesi Island. There are 

three patterns of smallholder oil palm plantation in North Mamuju Regency, i.e. plasma, IGA (Income 

Generating Activity), and independent [5]. Independent plantations are plantations managed by the community 

themselves without the involvement of others. Meanwhile, the partnership models can be divided into plasma 

and IGA. The partnership pattern is a form of smallholder plantation fostering by a private plantation in this 

area. Private plantations, in addition to establishing estate, also undertook development and fostering on 

smallholder plantations through plasma programs in 1991/1992 and IGA programs since 2006/2007. 

 This study aimed to estimate the level of technical efficiency in smallholder oil palm plantations, along with 

the sources of inefficiency. 

 

THEORETICAL FRAMEWORK 

 [14] was explained that the difference between traditional production function and the stochastic frontier 

production function was in the error term. The error term in the traditional production function is single, in 

which the impact of external factors and inefficiencies can’t be distinguished. Whereas in the stochastic frontier 

production function, the error term is differentiated into random variable which can’t be controlled related to 

external factor and error term related to technical inefficiency. Frontier production function can be approximated 

by looking at the SS isoquant frontier curve which is a technically efficient combination of inputs per output 

(X1/Y and X2/Y) to generate output Y = 1. Point P and Q denote two conditions of a company in production 

using the input combination with the same X1/Y and X2/Y input proportions. The ratio of the OQ/OP Ratio 

shows the technical efficiency (TE) which shows the proportion with the input combination on P can be 

decreased to Q, with the ratio of input ratio per output (X1/Y and X2/Y) is constant while output is fixed (Figure 

1). The value of technical efficiency is between 0 and 1. The company is said to be technically efficient if the 

technical efficiency value (TE) = 1 and technically inefficient if TE < 1. [9] in(1957) stated that the efficiency of 

production / economic efficiency consisted of technical and allocative components. Technical efficiency (TE) is 

the ability of a business unit to produce along an isoquant curve producing output optimally with a certain 

combination of inputs and technologies. 
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Figure 1. Measurement of Technical Efficiency, Allocation Efficiency, and Economic Efficiency based on Input 

Orientation. 

Source: Coelli, et al. (1998). 

 

 Besides using the input approach, efficiency can also be estimated through the output approach, i.e. by 

using production potential curve (PPC) and isorevenue line. Figure 2 shows a production function with two 

outputs (Y1 and Y2) and one input (X). The use of a certain level of technology will produce the SS Production 

Possibility Curve (PPC) and the acceptability level illustrated by the isorevenue line AA'. Point P describes an 

inefficient condition because it operates below the actual maximum output that can be achieved (potential 

output). The distance between point P and point R indicates the technical inefficiency condition that occurs, so 

the technical efficiency is: 

TE = OP / OR. 
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Figure 2. Measurement of Technical Efficiency, Allocation Efficiency, and Economic Efficiency based on 

Output Orientation. 

Source : Coelli, et al. (1998). 

 

 Frontier production function is defined as a production function that provides maximum output at a given 

level of input, with the current level of technology in an industry. The frontier production function is more 

emphasized to estimate constraints than to estimate the average production function. The stochastic frontier 

parametric production function model was developed by [3][11]. Stochastic production function is defined as 

follows; 

Ln (Yi) = Xiβ + vi - ui 

with i = 1, 2, ..., n 

 Meanwhile, vi is a random error factor outside the company’s control along with the combined effect of 

input variables. [3][7][11][15] assumed that vi was a free variable that spread normally with a mean of zero and 

a constant variance σ2vi. μi is the effect of technical inefficiency associated with the efficiency of the company. 

The model is called stochastic because the observed output is limited by the stochastic variable, exp (βxi + vi). 

Technical efficiency in this research was approached with Stochastic Frontier Production Function (SFPF) 

approach. This function is an extension of the original deterministic model to measure unexpected effects within 

production limits. This analysis is used to measure the technical efficiency of different management of 

smallholder oil palm plantations in terms of outputs and factors affecting technical efficiency. The form of the 

production function used is Stochastic Frontier Cobb-Douglas. In the production function, the factors directly 

affecting the production are the factors of production used. In the management of oil palm plantations, the 

factors of production affecting the production of oil palm FFB (Fresh Fruit Bunch) include land use, age of 

plant, chemical fertilizer use, organic fertilizer use, plant disturbing organism control and labor utilization. 

If the factors of production are incorporated into the frontier equation, then the equation model of the frontier 

production function estimator of the smallholder oil palm plantation becomes: 

 

lnY = b0 + b1lnX1 + b2lnX2 + b3lnX3 + b4lnX4 + b5lnX5 + b6lnX6 + b7lnX7 + b8lnX8 + b9lnX9 + b10D1 + 

vi -ui 

Remark: 

Y = FFB production (kilogram) 

X1 = land area (hectare) 

X2 = use of urea fertilizer (kilogram) 

X3 = use of NPK fertilizer (kilogram) 

X4 = use of herbicides (liter) 

X5 = use of non-family labor (manpower) 

X6 = use of family labor (manpower) 

X7 = age of plant (year) 

X8 = frequency of estate sanitation (times) 

X9 = the distance of the estate to the nearest river (kilometer) 

D1 = dummy variables of soil type, where 1 = mineral land, and 0 = peatland 

b0 = intercept 

bi = coefficient of parameter estimator with i = 1,2,3, ..., 10 

vi-ui = error term (vi is noise effect and ui is technically inefficiency effect in the model). 
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 Meanwhile, the approach used to see the relationship between technical inefficiency and various socio-

economic factors is regression model by describing inefficiency as a function of socio-economic factors of palm 

oil plantation management. Socio-economic factors hypothesized to affect the technical inefficiency of oil palm 

plantations are the age of the farmer, the education level of the farmer, the number of dependents of the family, 

the land holding, the experience of cultivating oil palm, and the income ratio of the palm oil to the total income 

of the household. To determine the value of distribution parameters (μi), the effect of technical inefficiency of 

palm oil palm plantations used is as follows, (μi is assumed free and distributed partially normal) : 

IμiI = δ0 + δiZi + δ2Z2 + δ3Z3 + δ4Z4 + δ5Z5 + δ6Z6 + δ7ρ1 + δ8ρ2 

with: 

μi = effect of technical inefficiency 

Z1 = age of farmers (year) 

Z2 = education level of the farmers (year) 

Z3 = number of family dependents (person) 

Z4 = other land area (hectare) 

Z5 = experience of oil palm plantation (year) 

Z6 = income ratio of oil palm plantation to total household income (%) 

ρ1 = dummy of smallholder oil palm plantation pattern (1 = IGA, 0 = other), 

ρ2 = dummy of smallholder oil palm plantation pattern (1 = plasma, 0 = other), 

δ0 = intercept 

δi = coefficient of inefficiency with i = 1,2,3, ..., 8 

 

OBJECTIVES 

 This study aimed to estimate the level of technical efficiency and to know the sources of inefficiency in 

smallholder oil palm plantations. 

 

METHODS 

 This research was conducted in North Mamuju Regency of West Sulawesi Province. The Province of West 

Sulawesi was chosen because it has the largest oil palm plantation area in Sulawesi, most of which is located in 

North Mamuju Regency. In addition, in North Mamuju Regency, there are various patterns of palm oil 

plantation cultivation, such as partnership model (IGA and plasma pattern) as well as independent model (self-

help). The next step was selecting samples of villages in which there were palm oil plantations with three 

patterns of exploitation. There were four villages selected purposively, namely Tikke and Lariang Village in 

Tikke Raya Subdistrict, and Pedanda and Martasari Villages in Pedongga Subdistrict. 

 The sampling of farmers was done using snowball method after previously stratification was done on 

existing plantation crops. Stratification was done because the population was heterogeneous. Roscoe (1975) in 

Uma (2006) gave general references for determining sample size including (i) a sample size of more than 30 and 

less than 500 is appropriate for most studies, and (ii) if the sample is broken into subsamples (male / female, 

junior / senior, etc.), the minimum sample size of 30 for each category is appropriate. Thus, in this study, each 

of the existing patterns of extraction consisted of a sample of 35 plasma farmers, 70 IGA farmers, and 55 

independent farmers, so that a total sample of 160 smallholder oil palm plantation farmers was obtained 

The technical efficiency in this study were analyzed using a stochastic frontier production function approach. 

Technical efficiency can be analyzed using the formula: TEi = exp (-E [ui ǀ Ɛi]) with i = 1,2,3, ..., n and TEi is 

the technical efficiency of the i farmer, exp (-E [ui ǀ Ɛi]) is the expectation value (mean) of ui with the condition 

Ɛi between 0 and 1, or 0 ≤ TEi ≤ 1. Software used was Frontier 4.1. 

 

FINDING AND RESULTS 

 Stochastic frontier production function model used was Cobb-Douglas production function with Maximum 

Likelihood Estimate (MLE) method. There were ten independent variables as input of production, which were: 

land area, urea fertilizer, NPK fertilizer, herbicide, family labor, non-family labor, plant age, estate sanitation 

frequency, river distance with estate, and soil type. The ten variables were classified into technical and 

cultivation factors. Variables of farmer age, education level, number of family dependents, other land area, 

experience of oil palm plantation, income ratio of oil palm plantation to total household income, and 

smallholder oil palm plantation patterns were determined as managerial variables suspected to affect 

inefficiency. 

 Technical efficiency is the ability of a farm to produce a certain level of output using a minimum level of 

input in certain technological level. The use of such inputs has been technically efficient if the inputs used can 

produce the maximum output. 
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 The first step in the use of the MLE method is the use of the Ordinary Least Square (OLS) method to 

predict the technological parameters as well as the input of production (βi). The second stage is the use of the 

MLE method to estimate the overall parameters of technology and production inputs (βi), intercept (β0), as well 

as variants of both the error components vi (σ2v) and ui (σ2u). The result of the analysis using the stochastic 

frontier production function model was used as the basis for analyzing the technical efficiency of the oil palm 

plantation model, as well as the factors affecting the technical inefficiency. 

The result of stochastic frontier production function estimation using MLE method using Frontier 4.1 program is 

presented in Table 1 below. 

 

Table 1. Estimation of Cobb-Douglas stochastic frontier production function with MLE method on palm oil 

palm plantation 

Variable 
Expectation 

Sign 
Coefficient Standard-error t-ratio 

Constant + 10226.1148*** 0.2135 43.2533 

Land + 0.8596*** 0.0557 15.4292 

Urea fertilizer + -0.0029ns 0.0051 -0.5666 

NPK fertilizer + 0.0826*** 0.0130 6.3745 

Herbicide + 0.0076ns 0.0074 1.0342 

Family labor + 0.0153*** 0.0052 2.9560 

Outside fam labor + 0.0097* 0.0054 1.7974 

Age of plant + 0.1384ns 0.0983 1.4075 

Freq sanitation + -0.1446* 0.0811 -1.7832 

Distance est-river + 0.0926*** 0.0322 2.8790 

Dummy soil type + 0.0033ns 0.0254 0.1302 

sigma-squared σ
2
 0.0567*** 0.0055 10.2625 

gamma ɣ 0.0954ns 0.0691 1.3808 

loglikelihood funct LLF 8.2734   

Mean TE  0.9507   

Source: Primary data analysis, 2017. 

Remark: *** significant at α = 0.01 

                    *significant at α = 0.1  

                 ns non significant 

  

 The value of sigma square in the oil palm plantation production function model is 0.0567. which is 

statistically significant at α = 0.01. It shows that the error term (μi) of technical inefficiency is normally 

distributed. The value of gamma shows the ratio between the technical inefficiency deviation (μi) to the 

deviation that may be caused by a random variable (νi). The value of gamma (ɣ) in the model of oil palm 

plantation production function is 0.0954 and statistically non-significant, which means that technical efficiency 

is more influenced by factors beyond management or management capability (90.46 percent) in the form of 

stochastic effect (vi) from such things as climate influence as well as pest attack. In other words, there is no 

inefficiency problem in oil palm plantation. The absence of technical inefficiency issues indicates that the 

smallholder oil palm plantation in Mamuju Utara Regency has been technically efficient, where real average 

production has approached its potential production. This is in line with those proposed by [13][12] mentioning 

that as one of the raw materials for strategic industries such as food and bio-energy, the oil palm plantations 

based on biomass should be managed as efficiently as possible with high level productivity. While the technical 

efficiency of oil palm plantations is high, there is still a range to increase smallholder oil palm plantation 

production to its potential production by conducting Good Agricultural Practices (GAP) of 4.93 percent. 

 Input of land area, use of NPK fertilizer, use of non-family labor and the distance of the estate from the 

river have significant effect at α = 1%. The input of family labor and frequency of estate sanitary have 

significant effect at α = 10%. The coefficient on the estate sanitary frequency variables is different from the 

expectation sign. It indicates that the more frequent the sanitation of the estate, the production of oil palm FFB 

decreases. This is due to improper handling of the piles and the rest of the cleansing, thus making the gardens 

seem impoverished as well as hampering maintenance and harvesting activities. 

High technical efficiency values mean two notions. First, high technical efficiency shows that the ability of 

farmers in managing the farm is high enough. Second, a high level of efficiency suggests that the chance to 

increase actual production to its potential production is smaller. Therefore, to increase the production of palm oil 
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palm plantations, new innovations such as superior seeds and new fertilizers are necessary based on plantation 

research. 

 The inefficiency function is largely determined by factors other than technical input related to the 

managerial capability of oil palm farmers. In this study, it is suspected that these factors are; age of farmers, 

education level, other land area, the number of family dependents, experience, income ratio from oil palm to 

total household income, and the pattern of smallholder oil palm plantation. The estimated inefficiency function 

is actually the output of the simultaneous process using the MLE method in the production function of the 

Cobb-Douglas stochastic frontier model. The result of stochastic frontier production function estimation on 

factors affecting technical inefficiency of palm oil palm plantation with MLE method is presented in Table 2. 

 

Table 2. Estimated model of Cobb-Douglas stochastic frontier with MLE method on the input that affects 

inefficiency in smallholder oil palm plantations 

Variable 
Expectation 

Sign 
Coefficient Standard-error t-ratio 

Constant +/- 0.3938ns 0.3264 1.2064 

Age of farmer + 0.0080* 0.0045 1.7877 

Education - -0.0113ns 0.0097 -1.1629 

Dependent of fam + 0.0142ns 0.0314 0.4538 

Other land + -0.0404ns 0.0327 -1.2354 

Experience - -0.0358*** 0.0110 -3.2552 

Ratio Income - -0.0042** 0.0019 -2.1910 

DummyIGA - -0.0442ns 0.0475 -0.9311 

Dummyplasma - 0.3056* 0.1641 1.8627 

sigma-squared σ2 0.0567*** 0.0055 10.2625 

gamma ɣ 0.0954ns 0.0691 1.3808 

loglikelihood funct LLF 8.2734   

Source: Primary data analysis, 2017. 

Remark: *** signifiant at α = 0.01 

    ** significant at α = 0.05 

      * significant at α = 0.1 

                ns  non significant 

 

 Variable of other lands owned by farmers have different coefficient signs with expectation sign but have no 

significant effect. Meanwhile, the dummy plasma has a sign of positive coefficient which is unlike the 

expectation sign but this variable has a significant effect at α = 0.1. The existence of farm management outside 

the oil palm plantation did not increase the inefficiency of oil palm plantation. This can happen because oil palm 

farmers as managers can allocate the needs of production facilities and finance for the branches of farm well. 

For example, the use of labor for oil palm plantations is deliberately separated from cocoa plantation labor. 

The positive value of dummy plasma is due to the age of oil palm plants that have been relatively old (23 years) 

thus the productivity is decreased. If old plants are maintained, it takes time, energy, and extra effort to maintain 

their productivity. This will certainly make the farming inefficient because the magnitude of the additional value 

of output is smaller than the additional value of the input used. Therefore, in the plasma palm oil palm 

plantation, replanting must be prepared. 

 Variables of experience in oil palm plantation, ratio of oil palm income to total household income, and age 

of farmers have significant effects at α = 0.01, α = 0,05, and α = 0.1. Experience in oil palm plantations is likely 

to determine success more than the education level. Skills in oil palm plantations have been gained from 

additional experience of farmers from time to time. Farmers' experience in oil palm plantation has so far been 

gained from the technical guidance of private plantations, especially in plasma and IGA patterns. For self-help 

farmers the experience of oil palm cultivation is generally derived from their interactions with relatives, peers, 

or those who have oil palm plantations first, such as farmers' plasma patterns. The ratio of palm oil income to 

total household income also has a significant effect, meaning that if income from oil palm plantation is 

increasing, farmers will allocate a portion of their income to maintain and improve their management of the 

estate. The age of farmer affects inefficiency because work in oil palm plantations requires absolute physical 

properties, and that can only be obtained for those who are young, so that with the older farmer will increase the 

inefficiency of existing plantations. 

 The value of gamma (ɣ) is 0.095 and it has no significant effect, meaning that in the model there is no 

inefficiency problem. The absence of technical inefficiency issues indicates that the oil palm plantation farming 
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in Mamuju Utara Regency has been technically efficient, where real average production has approached its 

potential production. 

 

CONCLUSIONS 

 Technically, smallholder oil palm plantations have been efficient. The variables of land area, use of NPK 

fertilizer, use of family labor, the age of palm oil plant, and the distance of the estate to the river will have a 

positive effect on the technical efficiency of the palm oil plantation, while the frequency of the estate sanitary 

have a negative effect on the technical efficiency of oil palm plantation. 

 Variables of experience and ratio of palm oil income to total household income have negative effect, while 

factors of farmer age and difference of plasma pattern have positive effect on the inefficiency of oil palm 

plantation. 

 

RECOMMENDATIONS 

 Estate sanitation needs to be done, but it needs to be accompanied by an increase in knowledge and 

awareness of farmers to arrange a pile on the grave. Therefore, the piles of estate sanitation do not pollute the 

garden and disturb the maintenance activities, harvest, and threaten the health of oil palm plants. 

 Although there are no inefficiency problems and land variables are the most elastic variables of oil palm 

production, the conversion land from non-oil palm to oil palm should refer to existing legislation to maintain the 

sustainability of the oil palm industry itself. 
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