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Abstract: An analytical and integrated approach to farming
needs to be formulated to assist decision-making by policy-
makers. This is important for the sustainability of agriculture
in Indonesia, especially in the Special Region of Yogyakarta,
which has experienced a decrease in land area, production,
and productivity in the last 5 years. This study aims to ana-
lyze the sustainability of rice farming using the sustainable-
value approach, which is based on the economically efficient
use of agricultural resources. Data were collected from rice
farmers in 25 observation areas attached to eight river irriga-
tion sources throughout the province. A criterion for eco-
nomic efficiency has been used as a guideline for setting
benchmarks for optimal input use. The study reveals that,
in general, these rice farms had poor economic productivity
values. The sustainable value distribution for rice farms
exceeded the highest value but there was low sustained
quality. This indicates the limited overall longevity but
also the potential for sustainability. Therefore, in managing
rice farms, economic, social, and environmental resources
have to be used more effectively.

Keywords: efficiency, resources, sustainable value, rice
farm, sustainability

1 Introduction

Sustainable agriculture is critical in developing coun-
tries. The limited natural resources and lack of available
technology necessitate increasing agricultural produc-
tion to meet the growing demands of the population.
Thus, vigorous innovation is required for agricultural
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productivity, especially food crops. However, as an agrarian
country, Indonesia’s national food production is still con-
siderably dependent on community farming, meaning that
family farming could model the development of an index of
sustainable economic development [1].

Paddy farming in the Special Region of Yogyakarta is
dominated by rice, among other food crops. Statistical
data show that the total area occupied by paddy fields
in the province decreased in the period 2012-2016 [2],
with rice production and productivity in community con-
texts, in particular, tending to decrease. In the period
2012-2016, rice production fell 0.82% for wetland rice
and 4.78% for dry land rice, and productivity fell by
2.21% for wetland rice and 3.85% for dryland fields [3].

Field phenomena indicate that rice cultivation in the
Special Region of Yogyakarta is quite varied in terms of
both technology utilization and the allocation of produc-
tion inputs for rice farming. Rice farming is often con-
ducted using excessive external inputs, especially fertili-
zers and pesticides. This decreases land productivity and
increases costs. This information raises questions regarding
the efficiency and sustainability of rice farming in the pro-
vince. This article addresses these questions by analyzing
the sustainable value (SV) of rice farming based on econom-
ically efficient use of agricultural resources and sustainable
efficiency.

Considerable research on-farm performance consid-
ered on-site efficiency and sustainability. In the context
of technical efficiency (TE), in particular, there have been
several studies. For example, it has been reported that
integrated land fertility management was essential for
improving TE [4]. Another study found that increased
efficiency can be attributed to farmer organizations, exten-
sion services, productive assets, profitable commodity and
input markets, the production and productivity of the
family, and output prices being higher than input costs
[5]. Using the total factor index for agricultural production,
a preview study found that decreased production was
a result of decreased TE [6]. Although the TE index for
rice farming can be high, this is not necessarily environ-
mentally beneficial without controlling chemical fertilizers
and nitrogen use [7]. Elsewhere, another study found
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allocative potato farming in North Nyandarua to be ineffi-
cient due to farming inexperience and access to coun-
seling, credit, and association memberships [8].

Turning to sustainability, conducting a sustainability
analysis need to consider agro-ecological and economic
indicators [9]. Another study assessed sustainability by
dividing indicators into economic, social, and ecological
dimensions [10]. The calculation of SV was introduced by
Figge and Hahn [11] and calculated the capital cost of
sustainability and the value of sustainability created, allowing
comparison with the benchmark resource usage. Thus, SV is a
tool for determining how a company’s resources can most
contribute to sustainability.

Studies, including refs. [11-19] evaluate sustainable
farming considering SV. Indicator frameworks for agri-
cultural research are found in Smith and McDonald [20],
Meul et al. [21], and Zhen and Routray [22]; these frame-
works include ecological, economic, and social indicators.
Elsewhere, another study used a composite indicator,
which combined those three indicators [23]. A deeper
insight into economic, social, biophysical, and environ-
mental indicators has been provided by Ceyhan [10]. Gen-
erally, the main indicators of sustainable agriculture are
economic, ecological, and social, the latter being synon-
ymous with quality of life.

A preview study developed an SV approach associating
eco-efficiency with environmental burden and eco-effec-
tiveness, finding that public-goods-oriented agriculture
developed as the environment improved [24]. Meanwhile,
eco-efficiency measurement by comparing the ratio of
gross additional greenhouse gas emissions to the results
gleaned by different levels of environmental efficiency
among certain European countries was applied [25]. Sus-
tainable development models of agriculture and bioenergy
have provided a dynamic indication that economic incen-
tives, such as direct subsidies and tax credits, can improve
fertility rates [26].

Farming characteristics should also be considered. It
was found that farming families and non-farm income
significantly limit the Farm Accountancy Data Network
database’s capacity to evaluate the economic sustain-
ability of agricultural households [27]. Meanwhile, dif-
ferent types of commercial farmings perform differently,
economically and environmentally [28]. An analysis of
environmental sustainability based on the economic value
of recycling plant residues is important to significantly
contribute to India’s energy production [29]. In a similar
manner, identifying the potential for agritourism as a sus-
tainable adaptation strategy can counter the effects of cli-
mate change [30].
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The SV approach to farming sustainability developed
by Figge and Hahn [11] and Van Passel et al. [19] was
applied by Ang et al. [31] in Europe. Later, Oude Lansink
and Wall [32] suggested including environmental effi-
ciency aspects in its application. The basic concept of
SV is using the difference between the actual productivity
of resource use or farm inputs and benchmark resource
productivity values. An approach was used to analyze
frontier production functions to use estimations of tech-
nically efficient resource usage as benchmark values [19].
However, this model does not yet reflect the actual TE
because the dependent variable in the production func-
tion is not technical but rather an economic variable,
described by the authors as “value-added” [19], or the
value of production. In contrast, building on previous SV
approaches, this study used frontier cost function analyses
to determine SV and cost-efficiency analyses to determine
benchmarks for economically efficient resource usage.

2 Theoretical framework

2.1 Efficiency

Efficiency is used to measure the economic performance
of a company or farm. Efficiency measurement begins
with a concept put forward by Farell [33] and Kopp
[34], which defines efficiency as the company’s ability
to produce maximum output by using a certain number
of inputs. Maximum potential production (also known as
“best practice frontier”) is defined by frontier production.
Efficiency measurement involves measuring the distance
from the observed data point to the frontier.

The frontier function model was first introduced by
Farell [33] by using isoquant curves to describe technical,
allocative, and economic efficiency (EE) (Figure 1). TE is
defined as a firm’s ability to produce maximum output by
using a certain number of inputs. Allocative efficiency
(AE) measures the input combination at the least cost
combination in producing a certain output. AE will be
achieved when the ratio of the marginal product for
each input is equal to the price ratio of the input. In
Farrell’s framework, EE measures all performance and
is equal to TE x AE or EE = TE x AE.

The TE can be measured through the input and
output approach [33]. Figure 1 illustrates the concept of
TE, AE, and EE using the input approach. The K isoquant
can be used to illustrate the relationship between two
inputs at a given output level. Inputs X; and X, are
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Information:

K = Isoquant line

L = isocost line

TE =0b/0a

AE = 0c/0b

:::_a EE = TE*AE =0c/0a

Xo/Y

a —b : technical inefficiency
b — ¢ : allocative inefficiency

- b —> Technical Efficiency

.. d —>» Economic Efficiency

X /Y

0

Figure 1: Isoquants, isocosts, technical efficiency (TE), allocative
efficiency (AE), and economic efficiency (EE) based on the input
approach [33,35,36].

used to produce the same number of outputs (Y). Each
observation on an isoquant achieves TE, while the obser-
vation above the frontier is technical inefficiency. From
the illustration, it can be seen that in observation “a” to
produce an output of Y used inputs X; and X, which are
bigger than observation “b”. In other words, the TE of the

observation “a” is Ob/Oa.

TE = Ob/0a
=1- ba/0a

=1 — technical inefficiency (0 < TE < 1).

If the information on prices is known, and certain
behavioral assumptions (such as cost minimization) are
appropriate, AE can be calculated. AE is a combination of
X; and X, that minimizes costs. In Figure 1, all observa-
tions on the isocost L are the AE. The observation “b” is
technically efficient but has an AE that is less than 1. AE is
defined as AE = Oc/Ob.

The combination of TE and AE vyields a measure of EE.
Only the observation “d” is economically efficient, at which
point the isoquant will intersect with the isocost. Thus, the EE:

EE =TE x AE
EE = 0b/0a x Oc/Ob
EE = 0c/0a.

The value of EE ranges between 0 and 1. A value of 1
indicates that the farm has fully achieved EE, while EE < 1
indicates that it is economically inefficient. Over the past three
decades, Farrell’s methodology has been widely applied.
Several studies have been conducted by Aigner and Chu
[37] and Aigner et al. [38], later modified by Bravo-Ureta [36].

Based on the TE by allowing it to operate below its
stochastic production limit, however, we require the com-
pany to be allocatively efficient by requiring it to operate on
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the lowest cost expansion path [39]. They have formulated
a frontier cost function through the derivative of input
demand based on information on input prices. Thus, starting
from the production function that is derived to demand for
input based on the price of input prices, then the cost func-
tion formula is determined by production and the input price
as independent variables. Wadud found that the effect of
inefficiency can be caused by limited access to technology,
markets, credit, extension, inappropriate production scale,
and suboptimal allocation of inputs [40].

2.2 Sustainable value

The SV method introduced by Figge and Hahn [13,41]
is applied to resource valuation by applying the principle
of opportunities costs. All resources (economic, environ-
mental, and social) are required to build value using the
capital approach (e.g., ref. [42]). Using the SV approach,
we are of the opinion that a company contributes to more
sustainable development whenever it uses its resources
more productively than other companies and reduces or
unchanged overall resource use.

We will need the following measures to measure a
company’s SV. First, they need to assess the nature of the
study. In other words, which company or operation or
individual or entity will be chosen? Second, it is impor-
tant to decide the appropriate resources to take into
account (e.g., labor and land). The option should, in prin-
ciple, involve those resources that are vital to the com-
pany’s sustainability success within the chosen frame-
work. Third, we need to decide the benchmark standard.
Choosing the target determines the cost of a company’s
resource needs, that is, the efficiency a business requires
to achieve. The choice of the benchmark reflects a norma-
tive judgment and determines the explanatory power of
the sustainability assessment results [19].

The SV approach indicates how much more or less
return has been provided as opposed to the benchmark
with the available resources. A study of ADVANCE-pro-
ject [43] recommends estimating “the return-to-cost (RtC)
ratio” to take into account the size of the business. In
Figge and Hahn [13] and Van Passel et al. [44], this ratio
was called “sustainable efficiency”, but the word RtC ter-
minology is more compatible with the principles of per-
formance and productivity. The RtC ratio is calculated by
dividing a company’s value-added by the sustainability
capital costs. The cost of sustainable capital is deter-
mined by the difference between the added value and
sustained value. The RtC ratio is equivalent to unity if
the value-added matches the cost of all resources.
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Recall that the approach to SV does not claim the
benchmark to be sustainable. In other words, the meth-
odology does not mean whether the total resource use is
optimal, but rather how much a business leads to more
efficient use of its resources than the benchmark. Another
drawback is that the effectiveness of the technique is
constrained by the data available on corporate capital
use and the opportunity cost of the various resources
[13]. Moreover, even though those things are observable,
how to take these aspects into account is not always
straightforward. Farm subsidies are one fascinating
example. A result study found that the lower the RtCs ratio,
the more a farm relies on subsidies [44]. The subsidies as a
significant determinant for understanding the differences
in sustainability efficiency. Another option, however, is
to use subsidies to measure the SV on the premise that
subsidies are important tools for realizing added value.
Another downside of the approach to SV is the fact that
it does not take into consideration qualitative dimensions
of sustainability. All related aspects should be consider-
ably quantified. The SV approach therefore enables eco-
nomic, environmental, and social output to be combined.
Instead of looking at how burdensome resource use is, it
compares the value that various economic actors will gen-
erate with the resource. The approach is the first value-
based methodology that allows the integration of different
business resources and can thus be used to compare sus-
tainability among businesses [19].

3 Research method

This research was conducted in the Sleman and Bantul
Regencies of the Special Region of Yogyakarta, which
includes 25 irrigation areas deriving water from eight river
sources [45] and more than 67% of the total area covered by
paddy fields in Yogyakarta [2]. Five farmers from each irri-
gation area were chosen as a sample using simple random
sampling; in total, there were 125 farmers. Farming data
were collected by farmers during the rainy and dry seasons
of 2015-2016 for a total of 250 pieces of information in
the observation dataset. Also, we have collected socio-
economic data to describe the farmers’ characteristics.

The data in this study were analyzed with the SV
formulation proposed by Figge and Hahn [13] and Van
Passel et al. [19], using benchmarks of EE. A study by
Parikh et al. [46] has taken an approach by estimating
normal or actual cost (C) with minimum costs (C*) to
determine the optimum input. Mathematically, the model
can be formulated:
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C*  E(Glui=0,Y,P)
C  E(Clui, Y, P)

EE =

= Elexp(Ui/9)]. (1)

Based on analysis of the cost efficiency of the frontier
cost function, EE can also be calculated as the inverse of
frontier cost efficiency:

1
" Cost efficiency (CE)’

)

Production costs represent the value of inputs used
in farm production. Production input values can be for-
mulated as:

C = Y pix, 3)
i-1

where p; = input price and x; = number of inputs.
Based on equations (1) and (3), the results for calcu-
lating EE can be formulated as equation (4):

C YLpx
C Z?=1pixi
If the EE value for each input (x;) is assumed to be the

same, and the input price (p;) is considered to be con-
stant, then EE can be expressed as:

EE = (4)

EE= 5

. (5)
Xi
Based on previous equations, economically efficient
use of inputs can be determined as follows:

Xiefficient =x* = EE - x;. (©)

According to Figge and Hahn [13] and Van Passel
et al. [19], a business SV can be formulated, with con-
sideration of different resources, as follows:

n
S - L¥nx [(E) _ (E) ] @
n.-. I I /benchmark

where r; describes the capital resources (economic, envi-
ronmental, and social) of farm i, and VA; is that farm’s
production value. Based on the value of resource effi-
ciency, benchmarks are calculated as follows:

( va,

r ) = efficient (8)
benchmark r

By substituting equation (8) into equation (7), the SV
value of farm i can be calculated as follows:

1< VA VA;
SVi = ;Z‘alrlx |:( I ) - (refﬁci;nt)]' ©)
S= 1

To research rice farming, economic, social, and envir-
onmental resources are described as farming inputs using
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the notation x;; the efficient input is denoted x;*.
Meanwhile, the value of production is expressed as rev-
enue using the notation R;. The SV of rice farming using six
kinds of inputs (x;) can thus be calculated as follows:

SV = l [Xil' (&) - (5*1)] + Xj.
| \ Xi1 Xi

| () (&
el GG |-G
S CRES|

where R; = total production value ($US); x; = area of land
used (m?); x, = amount of seeds (kg); x3 = number of
workers (per workday); x, = the amount of urea N ferti-
lizer (kg); x5 = amount of NPK fertilizer (kg); x¢ = the
amount of organic fertilizer (kg).

Finally, a farm’s sustainable efficiency value can be
calculated using the RtC formula developed by Figge and
Hahn [13]:

R (11)

Sustainable efficiency = (RtC) = ————,
R; - SV,

where if RtC = 1, the farm uses agricultural resources
efficiently, and if RtC < 1, the farm does not use agricul-
tural resources efficiently. Based on the approach, Van
Passel et al. [19] state that all sustainability contributions
are negative; thus, if SV is zero (SV = 0) or sustainable
efficiency is 1 (RtC = 1), then the farm is most productive
when economic, social, and environmental resources are
in the best condition.

4 Results and discussion

4.1 Characteristics of respondents

The rice farmers who participated are described by age,
level of education, family responsibilities, and farming
experience. Tables 1-4 present an overview of these
characteristics.

The age of participants ranged from 32 to 78 years. Only
22.4% of farmers were under the age of 50 years, while more
than 35% of farmers were over 60 years. This indicates a
predominance of older farmers in the study area, perhaps
suggesting that farming activities are undertaken because
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Table 1: Age of respondents

Age (years) Number of respondents Percentage
<40 8 6.40
41-50 20 16.00
51-60 44 35.20
61-70 44 35.20
>70 9 7.20
Total 125 100.00
Table 2: Education of respondents

Education level Number of respondents Percentage
No school 3 2.40
Elementary 47 37.60
Junior high 23 18.40
Senior high 44 35.20
Diploma 4 3.20
Bachelor 4 3.20
Total 125 100.00
Table 3: Number of family members

Family members Number of respondents Percentage
<2 73 58.40
3-4 48 38.40

>5 4 3.20
Total 125 100.00

the farmers do not have work outside of agriculture to fill
the time between their work as a trader, laborer, or other
kinds of employments. More than 60% of farmers likely do
not work outside of farming because they are old; this
includes retirees.

The education levels of respondents varied from not
going to school at all to having graduated from a univer-
sity. Most respondents (58.4%) had completed Indonesia’s

Table 4: Respondent experience

Experience (years) Number of respondents Percentage
<10 29 23.20
11-20 25 20.00
21-30 17 13.60
31-40 20 16.00
41-50 24 19.20

>50 10 8.00
Total 125
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9-year basic education, up to the end of junior high school,
or below. Only 6.4% of respondents had received tertiary
education. Education levels, generally mostly low, might
affect insight and managerial abilities, as well as the
ability to master technology relevant to farming.

Family burden affects farming management strate-
gies — production results must meet a household’s needs.
The number of family members refers to the number that
is the responsibility of the head of the household, whether
or not they live in the same house. Table 3 shows that the
number of family members of farm families was mostly
less than or equal to two (58.4%). A low number of depen-
dents provides more capital for farming because consump-
tion needs tend to be low and can thus be diverted to farm
capital needs.

Farming experience represents a farmer’s learning
process — more experience managing a farm will improve
a farmer’s skills. Rice farming experience among the
sample ranged from 5 to 60 years. Farmers with more
than 20 years of experience have generally been farming
since they were young; however, this group generally has
a relatively low level of education. This group dominates
the number of farmers (>56%).

4.2 Farm efficiency

The results of frontier cost function analyses enabled the
calculation of the estimated cost efficiency for each rice
farm. The EE of each farm was calculated using formula
(2). Table 5 presents the results.

Table 5: Distribution of estimates of economic efficiency (EE) for
rice farms

EE Rainy season Dry season
Number  Percentage Number  Percentage
of farms of farms

0.10-0.19 50 40 49 39.2

0.20-0.29 29 23.2 31 24.8

0.30-0.39 16 12.8 14 11.2

0.40-0.49 14 11.2 19 15.2

0.50-0.59 10 8 6 4.8

0.60-0.69 2 1.6 2 1.6

0.70-0.79 3 2.4 3 2.4

0.80-0.99 0.8 0.8

Total 125 100.0 125 100.0

observations

Average EE 0.29 0.29

Minimum EE 0.10 0.10

Maximum EE 0.93 0.97
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The distribution of EE values shows that most of the
rice farms analyzed were economically inefficient and
only 3.2% were economically efficient. This matches the
findings of Wadud [47], who recognized that the majority
of horticultural farming was not economically efficient;
however, in that study, 25% of farms were more efficient
than the farms in this study. This might be because rice, a
staple food in Indonesia, carries a relatively low price
because it is controlled by the government. Other horti-
cultural commodities have a higher economic value than
rice commodities. However, this assumption requires
further study. It can be mentioned though that the two
studies have generally shown horticultural farming to be
economically inefficient (average EE < 0.70), a departure
from the findings of Ramilan et al. [48], who considered
animal husbandry in New Zealand and found an average
EE above 0.70. This indicates the differences between dif-
ferent commodities, agricultural ecosystems, and manage-
ment techniques.

The inefficiency effect estimation model as presented
in Table 6 shows that the efficiency of rice farming is
affected by the experience, arable land tenancy (dummy
variable), access to credit (dlummy variable), and partici-
pation in groups (dummy variable). These four factors
negatively affect the inefficiency of rice farming. For
example, more experience leads to more economically
efficient farming, while farming on privately owned arable
land is more economically efficient than farming on non-
owned land (e.g., renting or profit-sharing). This suggests
that owner-farmers can allocate production inputs more
efficiently.

Farming is also more economically efficient for farmers
who have access to credit and who are active in group
activities, indicating that farmers should utilize credit
availability to farm more efficiently. Farmers who are
active in groups receive more information, such as infor-
mation regarding the prices of inputs, enabling proactive
farmers to manage farming costs efficiently.

4.3 SV of rice farming

The results of the EE analysis can be used to determine
the optimal use of inputs using equation (7). Efficient
inputs are used as benchmarks to calculate SV (equations
(9) and (10)). The calculation of SV can be used to calcu-
late sustainable efficiency (equation (11)).

Table 7 compares the use of farming resources by one
farm with economically efficient use of farming resources,
showing that the actual resources used were greater than if
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Table 6: Estimated rice farming inefficiency coefficients
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Variable Parameter Expected sign Coefficient t-ratio

Intercept 0o + 1.9090*** 8.2389

Age [ - 0.0009 0.2991

Education 0, - 0.0051 0.7238

Experience 03 - —0.0040** -2.4686

Family member [ + -0.0003 -0.0185

Dummy location d, + -0.0163 -0.2450
Rural = 1; peri urban = 0

Dummy land tenancy status d, + —-0.6439*** -11.5766
Owned = 1; non-owned = 0

Dummy credit accessibility ds + —0.1449*** -2.7876
Available = 1; not available = 0

Dummy group participation d, + —0.1724*** -2.9756

Active = 1; not active = 0

Information: ***significant at a = 1%, t-table = 2.5963, **significant at a = 5%, t-table = 1.9698.

resources were used efficiently. Thus, an efficient farm
either saves resources or increases yield by using the
same resources. This analysis presents the possibility of
changing resource usage to achieve greater efficiency and
the best farming results.

Using economically efficient resource usage as a
benchmark, SV can be calculated. Figure 2 shows the
SV histogram for all rice farms observed, indicating a
negative overall SV. This can be explained as its calcula-
tion being based on the difference between resources
used and efficient resource usage; thus, a high SV is the
result of economically efficient resource usage or the farm
reaching a high level of resource productivity. The SV
distribution for rice farms ranges between US$ -7,089
to —24.89 in the rainy season and US$ -7,924 to -12 in
the dry season. However, Figure 2 shows that most SV is
close to zero. The result of the t-test comparison between
default sustainability and the optimum (SV = 0) of 14.99
is greater than the t-table (a 1%) of 2.59. This indicates that
there is a significant difference between the actual SV and

Table 7: Actual and efficient agricultural resource use on a farm in
Yogyakarta

Resources Actual (r*<tv3!) Efficiency (reficient)
Land (m?) 6,000 1504.58

Seed (kg) 26 6.52

Labour (workday) 48.5 12.16

N fertilizer (kg) 170 42.63

NPK fertilizer (kg) 60 15.05

Organic fertilizer (kg) 1,800 451.37

optimal SV. In other words, these rice forms have not indi-
cated sustainability.

These findings are consistent with the results of Van
Passel et al. [19], Figge and Hahn [13], Van Passel et al.
[49], Merante et al. [50], and Ehrmann and Kleinhanf3
[14]. In their research on cattle farming, Van Passel
et al. [19] found that the SV for every farm sampled was
negative and that there was no positive farming. Mean-
while, Ehrmann and Kleinhanf [14] found that the SV for
farms up to 50 hectares was negative, but farms larger
than 50 hectares achieve a positive SV. A positive SV
indicates that the actual use of resources has yielded
greater results than the benchmark.

Figure 2 shows the distribution of SV for farms, com-
paring the rainy and dry seasons. There is a slight differ-
ence between the two distributions, with the SV for the
rainy season being higher than the SV for the dry season.
This is reinforced by the statistical test for the average
difference in SV between the rainy and dry seasons (t-test =
6.029).

This analysis indicates that each SV was below zero,
implying that no farmer achieved optimal performance.
Most SV (60%) were close to zero (maximum value), indi-
cating the potential of rice farming to increase its effi-
ciency and, thus, sustainability. This can be achieved
by managing agricultural resources more efficiently and
productively.

Sustainable efficiency is indicated by a farm’s RtC. In
the rainy season, RtC ranged between 0.04 and 0.92, with
an average of 0.24; in the dry season, RtC ranged from
0.06 to 0.96, with an average of 0.25. Figure 3 shows that
most RtC values were less than optimal, indicating that
most farms demonstrated a relatively low RtC ratio. Thus,
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Figure 2: Histogram showing SV for all observations of rainy and dry season rice farming.

the sustainability performance was around 24-25%. There
was no significant difference between rainy and dry season
RtC (t-test = 0.718). This means that, for both the rainy and
dry seasons, the sustainability performance is equally
poor, based on the RtC value being far below its ideal value
(1), implying that the RtC value was clearly significantly
different from its optimal value (t-test = 79.18). These
results indicate poor performance, in terms of sustain-
ability, from the rice farms analyzed.

In a comparison of optimal values for SV (0) and RtC
(1), the results for these rice farms remain below optimal.
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The results of a correlation analysis between SV and RtC
showed a positive correlation at a 99% confidence level
(Spearman’s rho = 0.592 for the rainy season and Spearman’s
rho = 0.622 for the dry season). This means that if SV increased,
RtC would also increase, and vice versa. Therefore, farmers
are able to improve efficiency by managing agricultural
input resources more productively. Rice farming sustain-
ability can be increased through increased productivity;
this can be achieved by reducing costs or increasing EE.
Nonetheless, the efficiency of agricultural resource usage
should be improved to achieve sustainable efficiency.

Dry_Season

507 Mean = 24556
Std. Dev. = 15248
N=125

Frequency

.

0= T T T
.00000 .20000 40000 60000 80000 1.00000
RtC

Figure 3: Histogram of the RtC for all observations of rainy and dry season rice farming.
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5 Conclusions and
recommendations

The estimated EE of rice farming showed that the rice
farms analyzed were not yet economically efficient. The
SV analysis showed that the rice farms analyzed were not
sustainable. However, SV could increase because most
farms show a tendency to improve. Based on the results
of the RtC analysis, the sustainability performance of the
rice farms was low (RtC = 0.25).

Increasing the efficiency and sustainability of rice
farming can be achieved by increasing the productivity
of resources, including the efficient allocation of the
farming resources. This can be achieved by training and
mentoring farmer groups and by providing access to
credit. Training and mentoring farmer groups will pro-
vide an additional experience so that farmers develop a
more informed approach to farming. Developing farm
management skills will increase the ability of farmers
to manage farming resources efficiently. This increased
managerial capacity should increase the productivity of
agricultural resources.

In connection with the management of agricultural
resources, it is necessary to provide quality farming
resources for farmers, in the form of production facilities
for seeds and organic fertilizers at affordable prices.
Improving the quality of irrigation facilities and infra-
structure services and providing inexpensive harvest
technology are expected to reduce farming costs.
Managing these resources can be achieved by mentoring
farmer groups and increasing the participation of group
members.
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