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Abstract. The land area of paddy has decreased every year. Karst as one of the most extensive dry land
areas in Indonesia is used to raise paddy as well. This study aims to determine the role of land tenancy in
rice farming efficiency and the determining factors of the efficiency of rice farming in the karst
mountainous Gunungkidul. The research is located in karst mountainous area of Gunung Sewu,
Gunungkidul. This study uses the stochastic frontier analysis with cost function approach. The result
shows that the estimated parameter of land rent, price of urea fertilizer, labor wage, and production are
significantly correlated with the cost production of rice farming. In addition, land tenancy plays an
important role in increasing the efficiency of rice farming in the karst mountainous Gunungkidul. Farmers
prefer to lease land in the long term between 1-4 years due to the fact that the price offered is cheaper.
Other factors that improve the efficiency of rice farming are the number of household members and farm
size, while the household head age decreases the efficiency of rice farming.
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Introduction

Indonesia is classified as the third largest rice consumer in the world with an average
of 38.41 million tons per year (Ministry of Agriculture, 2016). Rice as the primary food
of the Indonesian people with a population of 258, 705 million in 2016 (Central Bureau
of Statistics Republic of Indonesia, 2017). Compared to other food commodities, per
capita rice consumption is the highest (Central Bureau of Statistics Republic of
Indonesia, 2017) with an average of 98.01 kg/year (Ministry of Agriculture, 2016).

Due to high consumption of rice, Indonesian rice production is not able to meet the
demand and the commodity must be imported. During the 1983-2016 period the value
of trade’s balance of rice became deficits every year (Ministry of Agriculture, 2016).
Even though Indonesia is also the third largest paddy producing in the world (8.11%)
reaching 77.29 million tons (FAO, 2018). The cultivated of rice in Indonesia are
lowland paddy and dry paddy.

The increasing productivity of dry paddy is higher than lowland paddy. During the
period of 2010-2013 dry paddies reached 3.43%/year (Irawan, 2015). The success of
increasing productivity of paddy on dry land is not only because of increasing land area,
but also caused by technological innovation and an intensification program approach. In
fact, the land area has decreased every year. In the period of 2010-2016 the total area of
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agricultural land was decreased by more than 3,202,560.55 ha (Ministry of Agriculture,
20153, 2017).

Rice farmers in Indonesia actually have economies of scale which is being able to
enlarge their farmland (Antriyandarti and Fukui, 2016). However, the average land area
Is still stagnant around 0.3 hectares. This is due to several obstacles in the process of
enlarging (Antriyandarti and Fukui, 2016; Antriyandarti, 2018). The recommended
alternative policy to expand the land is by increasing land liquidation. According to
Antriyandarti (2018) liquidation of agricultural land in Indonesia has not gone well,
only a small percentage of farmers are renting out their land. Land liquidation is a
condition of land market through rent (lease) or sale. In rural Java, land is part of social
status and inheritance that must be maintained. Sale of farmland is very rare and in
many cases when sale does happen, it is a difficult process.

The potential of availability agricultural land in Indonesia is quite large and has not
been utilized optimally. There are 95.81 million hectares which are potential for
agriculture, with 70.59 million hectares of which are located on dry land (Ministry of
Agriculture, 2015b). Karst is one of the most extensive dry land areas in Indonesia.
Indonesia classified as a country that uses the largest karst waters in the world (Margat
and Gun, 2013; Younos et al., 2019). The karst region in Indonesia is also the largest
karst region in Southeast Asia (Clements et al., 2006). Indonesian karst is estimated
at + 15.4 million hectares (National Development Planning Agency, 2016). One of the
karstic areas that become a prototype of karst in tropical regions in Indonesia is karst
Gunungsewu, Gunungkidul (Adji et al., 1999).

Gunung Sewu is one of two UNESCO Global Geoparks in Indonesia (UNESCO,
2017). Gunung Sewu as a karst terrain that is geologically, geomorphologically and
hydrogeologically shows unique phenomena. It is a classic tropical karst landscape in
the south central part of Java Island well-known in the world, and dominated by
limestone. Typical formation of “conical hills” is the formation of a series of small hills
which are estimated to be 40,000 hills it can be called “gunung sewu”. The Javanese
word “sewu” translates into “thousand”.

Geology of Gunungsewu expresses tracks of tectonic, erosion, denudation, and
deposition occurred since Miocene epoch. Gunungsewu displays a specific Tropical
landform, characterized by the existence of hills, closed depressions, and caves
(Kusumayudha et al., 2015). Groundwater systems in this area are dominated by gaps
resulting from dissolution which cause dry conditions on the surface. So that for
agricultural production is less optimal. This condition causes low crop productivity and
causes high poverty (Retnowati et al., 2014; Central Bureau of Statistics of Yogyakarta
Province, 2017).

According to (Liu et al., 2017) agricultural land rent increases productivity from
households with low productivity to high productivity. The land leasing market to bring
land to more productive uses while at the same time providing development of rural
non-agricultural economies (Deininger and Jin, 2003; Deininger et al., 2006).
According to Zhang (2008), the tenancy increases efficiency in agriculture, because
households that acquire land use it more productively. On the other hand (Roger, 1998),
productivity and efficiency have a relationship with each other, namely productivity
growth includes changes in efficiency and increased efficiency can increase
productivity. If technically the production process is carried out inefficiently, it will
have an impact on the failure to realize maximum productivity. Therefore, the factors
that cause the efficiency of rice farming need to be known. This paper has significant
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contributions. This is the first study that aims to determine the role of land tenancy on
the efficiency of rice farming in the Gunungkidul Karst Mountainous. Then, the
recommendation of this study will be useful for Indonesian government to set the
alternative policies and strategies to enlarge farmland in Java which has the largest
contribution to the national rice production. Expanding farmland on Java Island would
improve the national productivity of rice.

Materials and methods

This research was conducted in the karst mountainous, Gunungsewu area
Gunungkidul district located in the coordinates 110°19°487-110°50’24” BT and
7°52°48”- 8°12°36” LS (see Fig. 1). Gunungsewu Kkarst region is a prototype of karst in
the tropical region in Indonesia (Kusumayudha et al., 2015; Adji et al., 1999). The focus
of the study was carried out in the Girusubo sub-district where the area is in the south
which occupies a large part of the Gunungsewu karst region (Regional Development
Planning Agency of Gunungkidul, 2013; Tjia, 2013; Retnowati et al., 2014).
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Figure 1. The Gunung Sewu Karst Area in Gunungkidul District

The farmers in the study area use karst groundwater as groundwater system. The
characteristics of this karst region are influenced by secondary porosity (groundwater
flow through dissolving gaps) which causes water to enter the underground flow system
and cause dry conditions on the ground (Ford and William, 2007; Cahyadi et al., 2013).
So that rice cultivation is not optimal. Because of that reason, the cultivation of rice uses
rain to get water or can be called rainfed rice. Where it can only be planted once a year
when the rainy season arrives. It cannot be planted for other planting seasons since rice
requires a lot of water.
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The soil condition in this karst region is classified as dry. So it causes the condition
of infertile land that has an impact on agricultural cultivation in this region is less
optimal (Regional Development Planning Agency of Gunungkidul, 2013). The income
of farmers in the Gunungkidul karst area is very small due to the land in this area is not
fertile and only relies on rainwater. This condition causes low crop productivity and
causes high poverty (Retnowati et al., 2014; Central Bureau of Statistics of Yogyakarta
Province, 2017). The survey was conducted in July 2018. The research was collected
from household farmers selected as samples using the in-depth interview method with a
structured questionnaire prepared. The questionnaire contains characteristic of
respondents, farming system, inputs and outputs of crops, farmland liquidation. The
sample used was 60 households of rice farmers using the random sampling method.

One method for estimating a production frontier using such data is to envelop the
data points using an arbitrarily-chosen function. This approach was used Cobb-Douglas
production frontier of the form:

Ing;= x;a¢ —ui=1,..,1 (Eq.1)

where @i represents the output of the i-th firm; xi is a K x 1 vector containing the
logarithms of inputs; o is a vector of unknown parameters; and w, is a non-negative
random variable associated with technical inefficiency.

The production frontier (Eq. 1) is deterministic insofar as gi is bounded from above
by the non-stochastic (i.e., deterministic) quantity exp(xia). A problem with frontiers of
this type (and with the DEA frontier) is that no account is taken of measurement errors
and other sources of statistical noise - all deviations from the frontier are assumed to be
the result of technical inefficiency. An obvious solution to the problem is to introduce
another random variable representing statistical noise. The resulting frontier is known as
a stochastic production frontier. The stochastic frontier production function model of
the form

Lng, = x;a + v, — u; (Eq.2)

Equation 2 is identical to the model Equation 1 except we have added a symmetric
random error, V/, to account for statistical noise. Statistical noise arises from the
inadvertent omission of relevant variables from the vector xj, as well as from
measurement errors and approximation errors associated with the choice of functional
form. The model defined by Equation 2 is called a stochastic frontier production
function because the output values are bounded from above by the stochastic (random)
variable exp (Xja. + vi.). The random error v, can be positive or negative and so the
stochastic frontier outputs vary about the deterministic part of the model, exp(xia).

These important features of the stochastic frontier model can be illustrated
graphically. To do so it is convenient to restrict attention to firms that produce the
output gt using only one input, x. In this case, a Cobb-Douglas stochastic frontier model
takes the form:

Ilng; = ag + alnx; + v; — u; (Eq. 3)

This study uses a stochastic frontier analysis with cost function approach. The
method of the stochastic frontier cost function which is a derivative of the Cobb-
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Douglas production function. The cost function of the stochastic frontier according to
(Kumbhakar et al., 2015; Coelli et al., 2005) the equation is as follows:

LnC= ay+ a;lnPx; + a,InPx, + e;lnPx, + a,nPx, + a;lnPx; + (v, —u;) (EQ.4)

C = Total cost production (USD)
Px1 = Land rental (USD/ha)
Px2 = Labor wage (USD/HOK)
Pxs = Seed price (USD/kQ)
Px4 = Fertilizer price (USD/kg)
Pxs = Production (kg)
Ui = Farmer specific characteristics related to cost inefficiency
i = Statistical disturbance term

Variable total cost production expresses cost as a function of input prices and outputs
(Coelli et al., 2005). Examples of variable costs include the costs associated with the
purchase of inputs such as seeds, fertilizers, wages of labor, land rent, herbicides,
insecticides, and so on (Debertin, 2004). Land Rental is costs incurred by farmers to
rent land during one crop rotation be counted in (USD/ha). Labor wages is costs
incurred to pay labor used in the production process for various types of activities
farming system, from land preparation to post-harvest during one crop rotation be
counted in (USD/HOK). Price of seeds, fertilizers is costs incurred to buy seeds and
fertilizers used in a crop rotation be counted in (USD/kg). According to Antriyandarti
(2015) seed prices, labor costs, tractor fees, land rental, irrigation costs significantly
correlated with total cost in some rice producing areas in Indonesia. Cost is the total
cost including land cost, labor cost and material cost, materials include seed, water,
fertilizer, chemicals, mulch and other agricultural production materials and services
(Liu etal., 2017).

To identify the determinants of cost inefficiency, we estimate the following
regression Equation 2.

Ui = Cost inefficiency effects
Z1 = Land tenure (if rented land = 1; others = 0)
Z> = Number of household member (people)
Z3 = Education of household head (years)
Z4 = Age of household head (years)
Zs = Farm size (ha)
e = Error term

Efficiencies are observed among rice farmers to examine factors that explain why
some farmers are more efficient than others. The source of inefficiency in rice farming
concerns the characteristic of the farm and farmers (Villano and Fleming, 2004).
Furthermore, efficiency will imply to raise the productivity (Okoruwa, et al., 2006). The
base for determining this variable is because of that variable influencing technical
inefficiency must be a farmer characteristic or socioeconomic. Variable of age,
education, family member, kind of land, location of land, land tenure, off farm
occupation, farm size plot significantly correlated with inefficiency in some rice
producing areas in Indonesia (Antriyandarti, 2015). Fukui et al. (2002) that the
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production efficiency under tenancy land is not lower than that of the owned land.
Variable of renting land, renting out land, head age, education, agricultural labor, block
size, soil fertility, landform significantly correlated with cost inefficiency components
in wheat and maize in Gansu, China (Liu et al., 2017). Variable of farmers’ age,
frequency of participation in counseling, frequency of participation in training, the role
of institution, farming system management significantly correlated with inefficiency in
organic rice farming in Boyolali Indonesia (Sudrajat et al., 2017). Variable of age,
education, training, farm size has effect on inefficiency in rice farmers in Bangladesh
(Rahman, 2013).

Results and discussion

Efficiency of cost is the possibility of the minimum cost ratio with the level of
specific inefficiencies to the actual total cost (Coelli et al., 2005; Kumbhakar and Lovell
Knox, 2000). Therefore, efficiency of cost is defined as the percentage of achieving
production costs with best practices. Thus, estimation of the cost efficiency index is
calculated from the frontier analysis function. Table 1 presented the input prices,
production and potential determinants of cost inefficiency in the study area.

Table 1. Input prices, production and potential determinants of cost inefficiency

Variable Min Max Mean Amount
(percentage)
Total cost (USD) 150.697 545.494 309.926
Land rent (USD/ha) 59.653 596.525 230.077
Labor wage (USD/HOK) 3.190 4.052 3.686
Seed (USD/kg) 0.522 0.969 0.699
Fertilizer (USD/kg) 0.137 0.164 0.153
Production (kg/ha) 200.000 | 2,700.000 | 967.000
Family member (person) 1.000 7.000 3.183
Education of household head (year) 0.000 16.000 7.066
Age of household head (year) 23.000 85.000 53.500
Farm size (ha) 0.250 1.000 0.450
Land Tenure: % of land is HH’s owned land
- All owned (person) 28(47%)
- Mixed (owned and rent) (person) 0
- All rent (person) 32 (53%)

HOK = Workday of labor

This study uses the Cobb Douglas stochastic frontier cost function model. Cost
function analysis is carried out to examine the factors that influence the total cost of rice
farming in study area. In the initial cost function it is suspected that there are five
variables, namely production, land rent, seed price, fertilizer price, and labor wage. The
result can be shown by Table 2.

The estimation results illustrate the best performance of the respondent farmers at the
level of existing technology. This study uses half model with heteroscedasticity, so the
standard error is the white standard error (Baum, 2006). The coefficient of all variables
is positively significant, except the seed price is negative but not significant. Thus, the
results are mostly plausible and consistent with the theory. The estimated parameter of
land rent, fertilizer price, production and labor wage are positively significant to the
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total production cost. While, the estimated parameter of seed price is not significant the
total production cost. This is in line with the Rachmat (1985) variable of seed prices do
not have a significant effect on total costs and coefficients are negative. Antriyandarti
(2015) seed price variables had no effect on the total cost production and coefficient
values were negative in rice farming in North Sumatra, West Java and Central Java.

Table 2. Estimation of Cobb—Douglas frontier cost function

Variable Coefficient S.E
Land rent 0.102* 0.053
Labor wage 1.272** 0.555
Seed price -0.060™ 0.096
Fertilizer price 0.819* 0.467
Production 0.259*** 0.050
Constant -7.282 7.206
Number of obs 60
Log likelihood 20.7156
Sigma_v 0.171 0.015
Sigma_u 0.004 0.208
Sigma2 0.029 0.005
Lamda 0.025 0.210

*Significant at 10% level; **significant at 5% level; ***significant at 1% level, ™not significant

Variable of production is positively significant to total cost production at 1% level.
An increase in rice production by 1% lead to increase the total cost production of rice
farming by 0.25%. Variable of land rent has positive effect on the total cost production
of rice farming at 10% level, with a coefficient of 0.102 it is mean that an increase in
land rent by 1% lead to increase the total cost by 0.1%. In addition, the frontier cost
elasticity of the variables of fertilizer and labor is 0.81 and 1.27, respectively. This
result is consistent with Antriyandarti (2015).

The result of the determinants of cost inefficiency is presented in Table 3. The
estimated parameter of land tenure as dummy variable is negatively significant to the
inefficiency of rice production cost at 5% level. The status of ‘tenant’ land will decrease
inefficiency compared to the status of non-tenant land. In other words, land tenancy will
increase the efficiency of rice farming in the karst mountainous, Gunungkidul. This is
highly related to the behavior of farmers. The farmer who rent land has higher
motivation to take care for their land so that productivity is higher compared to the
owned land farmers. The tenant farmers strive to manage production in a professional
manner and are receptive to new technology; therefore, they can improve their
production and increase their income. This result is in accordance with Antriyandarti
(2015) that land rent has a positive effect on the efficiency of rice farming costs in most
parts of Indonesia. This finding is also consistent with Mailena et al. (2014) and the
result in Central Java by Fukui et al. (2002) that production efficiency on rented land is
not lower than that of the owner’s own land.

Tenancy of land in the karst mountainous Gunungkidul, originated from the farmers
who rent land to other farmers, the land of the village treasury managed by village
officials to fund the construction of infrastructure or village needs, and the land which is
right of the village officials to compensate for their salary called “tanah lungguh”. The
contract of land tenancy term is ranging from 1-4 years. If the farmer rents in the long
run the price offered is cheaper. This finding is the main highlight of this study. Land
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tenancy plays an important role on improving the efficiency of rice farming in karst
mountainous Gunungkidul which is an unproductive area with a high poverty rate.
Poverty alleviation effort in this area is very urgent (Antriyandarti et al., 2018). The
improvement of efficiency of rice farming would improve rice farm income. Thus, the
poverty in karst mountainous Gunungkidul can be reduced.

Table 3. Potential determinants of cost inefficiency

Variable Coefficient Std. Err
Land tenure -0.074** 0.031
Household member -0.095** 0.041
Education -0.017** 0.006
Age 0.020** 0.007
Farm size -0.110*** 0.002
Constant 0.522* 0.276
F-stat 52.57***
Number of observations 60
R? 0.792

*Significant at 10% level; **significant at 5% level; ***significant at 1% level

The estimated parameter of number of household member is negatively significant to
the inefficiency of rice farming at 5% level. The larger number of household members
will reduce the inefficiency of rice farming in the karst mountainous Gunungkidul. This
indicates that efficiency will increase if the number of households increases. This
finding is contrast with Antriyandarti (2015) which states that the number of family
members influences the increase in inefficiency of rice farming in West Java and North
Sumatra, Indonesia. The rice farming in Gunungkidul is dominated by the use of family
labor for land preparation, transplanting, fertilization, weeding, and harvesting.

The education of household head is also negatively significant to inefficiency of rice
farming. It is suggested that the higher education can manage rice farming more
efficiently. This is in line with the (Antriyandarti, 2015; Rahman, 2013; Sudrajat et al.,
2017) that education has a positive effect on the cost efficiency of rice farming. The
education is an important variable that can improve efficiency. Conditions in the field
prove that farmer education is still low, so that it becomes a problem in efficiency.
Therefore, this finding has policy implementation for government to improve education
and managerial skills of farmers. Meanwhile, the variable of age is positively significant
to inefficiency of rice farming. This indicates that the older the farmer, the greater
inefficiency of rice farming or in other word, the younger farmer will produce more
efficient farming. This finding is contrast with Antriyandarti (2015). The younger
household head in the study area suggests more adaptable to accept and implement the
new innovation technology of rice farming that can achieve high efficiency. Thus,
farmer regeneration is strongly needed, particularly family member in the farm
household. However, degeneration in agricultural sector is serious problems in most
countries since young people are uninterested in farming or in rural futures.

The estimated coefficients of farm size are significantly negative to inefficiency of
rice farming in karst mountainous Gunungkidul. This shows that the larger farm size
will increase the efficiency of rice farming (Antriyandarti, 2015).
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Conclusion

The results show that land tenancy and farm size increases the efficiency of rice
farming in the karst mountainous, Gunungkidul. This is much related to the behavior of
farmers where renting land have the motivation to care for their land so that
productivity is higher compared to farmers who own their own land. Land tenancy has
important role in increasing efficiency and improving farmland liquidation in dryland
area. Farm size can be enlarged by improving land tenancy system. Farmers in the study
area need to enlarge their farm size by leasing land from others because rice farmers in
upland Gunungkidul are not willing to sell their land. This prompted the government to
facilitate leasing of land in rural areas to increase rice production. Moreover, local
government can facilitate transaction in rental market and promote farmland liquidation.
Enlarging farm size not only increases efficiency but also increases farm household
income. Therefore, the poverty in the karst mountain region in Gunungkidul can be
reduced (Antriyandarti, 2018).
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