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Abstract. Fivintari FR, Nurmalita, Ikhsan J, Mulyono, Ekawati FI, Yunanto, Ardila RA. 2026. Efficiency of shower and sprinkler
irrigation system on curly red chili in coastal area Kulon Progo, Indonesia, using a stochastic frontier approach. Asian J Agric 10 (1):
gl100161. https://doi.org/10.13057/asianjagric/g100161. Coastal agriculture faces significant production challenges due to sandy soil
characteristics, limited water retention, and increasing pressure on water resources. Improving irrigation efficiency is therefore essential
to enhance productivity and sustainability in these environments. This study aims to evaluate the technical efficiency of curly red chili
production under shower and sprinkler irrigation systems in the coastal area of Kulon Progo, Indonesia. The analysis employs a Cobb—
Douglas production function estimated using the Stochastic Frontier Analysis (SFA) approach, which allows for the separation of
random shocks and technical inefficiency in agricultural production. Both irrigation groups were technically efficient, with average
technical efficiency levels above 0.7. However, sprinkler irrigation was more efficient than shower irrigation, with average scores of
0.902 and 0.795, respectively. Overall, the curly red chili farming business can achieve a maximum production of around 82.2% by
using a combination of various production factors, suggesting that output could still be increased by approximately 17.8% through better
input management and technology adoption without expanding resource use. The findings further demonstrate that irrigation technology
plays a critical role in determining production efficiency. In particular, sprinkler irrigation is found to be more technically efficient than
shower irrigation, reflecting its advantages in water distribution and labor use in sandy coastal conditions. These results highlight the
importance of appropriate irrigation system selection as a key strategy for improving farm performance in coastal agriculture. The study
provides empirical evidence to support the promotion of more efficient irrigation technologies and targeted extension programs aimed at
enhancing technical efficiency. Overall, the findings contribute to the literature on irrigation efficiency in coastal farming systems and
offer practical insights for farmers and policymakers seeking to improve productivity under challenging environmental conditions.
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INTRODUCTION

Coastal agriculture plays an important role in
supporting global food security, yet its development is
constrained by several biophysical limitations, including
high soil porosity, freshwater scarcity, and soil salinity
(Islam et al. 2021; Suprayogi et al. 2022; Ghirardelli et al.
2025). In sandy coastal areas, the very low water-holding
capacity and high infiltration rates reduce the effectiveness
of conventional irrigation practices, making production
efficiency a key factor for sustaining agricultural
productivity under limited resource conditions (Huang and
Hartemink 2020; Cao et al. 2021). In this context,
Technical Efficiency (TE), defined as the ability of
producers to achieve maximum output from a given set of
inputs under existing technology, becomes highly relevant
(Fare and Lovell 1978). Improving TE is important in
developing countries, where increasing output through
additional input use is often constrained, so productivity

gains must be achieved by reducing inefficiencies within
the production process (Yohannis et al. 2020).

Water management through appropriate irrigation
technology is therefore critical in coastal farming systems.
Irrigation methods such as shower and sprinkler systems
differ in their water distribution uniformity and ability to
maintain soil moisture in highly porous soils, which
directly affects crop performance (Rao et al. 2017; Singh
and Singh 2020). This issue is especially relevant for red
chili, one of Indonesia’s leading horticultural commodities
and an important source of farmer income and regional
agricultural output. In Kulon Progo, a major coastal chili-
producing area in Yogyakarta, chili production has
continued to increase despite a decline in harvested areas,
suggesting that production efficiency and irrigation
technology play a more decisive role than land expansion.
Given that coastal soils are generally marginal,
characterized by coarse texture, elevated salinity, and
limited freshwater availability, the choice of irrigation
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technology becomes a major determinant of agricultural
viability (Pittalis et al. 2016; Hossain and Li 2024).
Suitable irrigation systems can improve water delivery to
the root zone, reduce operational costs, enhance
productivity, and minimize yield losses caused by salinity
stress (Rodrigues et al. 2013; Narayanamoorthy et al.
2024). Thus, selecting irrigation technologies that match
the specific constraints of coastal environments is essential
for improving long-term profitability and resource-use
efficiency (Angélica et al. 2023).

Despite the growing body of research on technical
efficiency in horticultural farming, most existing studies
have been conducted in inland or paddy-field settings,
leaving coastal agricultural systems relatively overlooked.
Recent works have examined how farmers manage inputs
and improve productivity in red chili cultivation (Abate et
al. 2019; Sinatria et al. 2022), while others have evaluated
the broader potential of micro-irrigation technologies
across different crops (Singh and Singh 2020;
Narayanamoorthy et al. 2024). At the same time, studies
focusing on coastal regions emphasize how salinity, limited
freshwater, and sandy soil structures make water
management more complex and highly consequential
(Pittalis et al. 2016; Hossain and Li 2024). Yet very few
investigations have attempted to connect these coastal
challenges with empirical assessments of how specific
irrigation systems, such as shower and sprinkler irrigation
shape farmers’ technical efficiency.

In Indonesia, the application of Stochastic Frontier
Analysis (SFA) to assess irrigation-based efficiency
differences in sandy coastal agriculture remains limited.
Although SFA has been widely used to evaluate technical
efficiency in agricultural production, most studies have
focused on non-coastal areas, while coastal farming
systems, particularly those on sandy soils and horticultural
crops such as curly red chili, have received far less
attention (Pittalis et al. 2016; Abate et al. 2019; Hossain
and Li 2024). This study addresses that gap by providing
empirical evidence on how different micro-irrigation
systems, namely shower and sprinkler irrigation, influence
production efficiency and technical inefficiency in curly
red chili farming under Indonesia’s coastal conditions,

thereby offering policy-relevant insights for irrigation and
horticultural development (Singh and Singh 2020). More
specifically, this study aims to identify the production
factors affecting curly red chili output under shower and
sprinkler irrigation systems in Kulon Progo, measure the
level of technical efficiency under both systems, and
analyze the factors contributing to technical inefficiency.

MATERIALS AND METHODS

Study area

This research was conducted in the coastal area of
Kapanewon Galur, Kulon Progo District (Figure 1), which
was purposively selected as the largest center of chili
production on sandy coastal land in the region (BPS
Kabupaten Kulon Progo 2025). Data were collected during
the 2024 planting season, spanning from March to July
2024, which coincided with the dry season. During this
period, farmers cultivated chili on sandy soils characterized
by low nutrient content and high soil porosity, leading to
rapid water percolation. To address nutrient deficiencies,
farmers applied livestock manure during land preparation.
Meanwhile, the high soil porosity was managed through
the use of shower and sprinkler irrigation systems.

Shower irrigation is a water application system that
utilizes a water pump connected directly to hoses equipped
with shower nozzles at the outlet. This system is commonly
used during the dry season due to the need to extract water
from bore wells. Sprinkler irrigation, in contrast, is a
mechanically operated irrigation system that applies water
under pressure, allowing for more automated and
controlled water distribution. In this system, water is
applied above the soil surface in the form of fine droplets,
resembling rainfall, by channeling pressurized water
through PVC pipes fitted with small nozzle outlets. These
nozzles operate automatically without manual direction
toward the curly red chili plants. Sprinkler systems are
designed to irrigate predefined areas automatically and are
equipped with adjustable timers to regulate irrigation
duration and frequency.

110°12'0"E
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Figure 1. Location of the coastal area of Kapanewon Galur, Kulon Progo, Yogyakarta, Indonesia
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Sampling procedure

A complete list of chili farmers registered in local
farmer groups was used as the sampling frame. Farmers
were then stratified based on their primary irrigation
method (shower or sprinkler). The study was conducted
using a census method, as the entire population of curly red
chili farmers in the coastal area of Kapanewon Galur was
included to ensure data representativeness. The total
population of 110 farmers, consisting of 82 farmers using
shower irrigation and 28 farmers using sprinkler irrigation
was surveyed, effectively eliminating sampling error
(Figure 2).

Data analysis
Cobb-Douglas production function with Stochastic
Frontier Analysis (SFA) approach

The SFA model approach is considered to be the best
analysis model where the calculation uses the frontier
econometric method which creates a functional form of the
relationship between costs, profits, or production between
inputs, outputs, and other environmental factors. This
allows for errors and inefficiency factors in measurements
(Berger and Humphrey 1997). The stochastic frontier
analysis model is estimated using the Maximum Likelihood
Estimation (MLE) method with the main principle of
maximizing the probability in estimating the estimated
parameters. There are 14 independent variables used in the
analysis of the production function of curly red chilies with
shower and sprinkler irrigation systems in the coastal land
of Kapanewon Galur with the following mathematical
equation form:

InY; =Bo+B1InXy; + B InXp; + B3 InX3; + By In Xy
+ BsInX5; + Bgln Xg; + B7 InX7; + BgIn Xg; + Boln Xo; +

BiolnX1o; + 11 InXqq; + BraInXyg; + Bi3In Xiz; + s
InXyy +vi—y [1]

Where, Y is the production of curly red chilies (kg), fo
is a constant, i is the regression coefficient of the
production factor or the parameter estimating the variable,
Xj;is the land area (m?), X2 is seed (gr), X3:is NPK fertilizer
(kg), X4 1s KCl fertilizer (kg), Xs; is fertilizer ZA (kg), Xsiis
phonska fertilizer (kg), X7 is KNOs fertilizerred (kg), Xs; is
manure (kg), Xo; is a liquid herbicide (ml), X, is a liquid
insecticide (ml), X;;; is a liquid fungicide (ml), X;» is a
solid insecticide (gr), X;3 is a solid fungicide (gr), and X4
is labor (man-day or workday), representing one person
working for one day. As for V; it is an error that occurs due
to factors beyond the control of farmers and factors causing
technical inefficiency in curly red chili farming. The
statistical significance of each estimated parameter was
evaluated using t-statistics derived from the Maximum
Likelihood Estimation (MLE) results. If the calculated t-
value > t-table, then the i-th production factor (Xi) has a
significant effect on curly red chili production (Y).

Technical efficiency

The technical efficiency level has a value of 0 < TE < 1
where a value of 1 indicates that the farm is very
technically efficient. Business will be technically efficient

if the technical efficiency index value is greater than or
equal to 0.7, whereas if the technical efficiency index value
is less than 0.7, the farm can be said to be inefficient
(Battese and Coelli 1995). To calculate the technical
efficiency index value, use the formula:

¥i expl[:X;,G+ vi—u; )

TE, = exp(X! B+v;) - exp{:X:,8+ v;)
(2]

Where, TE i is the level of technical efficiency, Yi is the
actual farm output, Yi* is the potential output, Vi is the
nuisance error outside the farmer's control (climate,
weather, etc.), and exp(ui) is the estimated frontier
production obtained from the stochastic frontier
production.

= exp(—y;)

Technical inefficiency

Measuring technical efficiency using the stochastic
frontier analysis method will reveal sources of technical
inefficiency. These results can be used as a reference for
improving farm inputs to increase technical efficiency.
Mathematically, the formula for the technical inefficiency
function is:

w; = 8 + 8y Zy;+ 03 Zyy+ 63 Z3;+ d1Dy; +daDy; [3]

Where, u; is the technical inefficiency value, dy is a
constant, Z; is the age of the farmer (years), Z> is the length
of experience in cultivating curly red chilies (years), Zs is
the level of farmer education (years), di is the estimated
parameter coefficient, D; is the dummy type of irrigation
(shower = 1 and sprinkler = 0), and D, is the dummy type
of seed variety (jitu = 1 and laba = 0). The significance of
each inefficiency determinant was assessed using t-
statistics obtained from the MLE estimation results. If the
calculated t-value > t-table, then the i-¢k internal factor (Zi)
has a significant effect on the inefficiency of curly red chili
farming (u;).

Population of Curly Red Chili Farmers in Galur, Kulonprogo

Census method

110 Farmers

’—' Farmer Group Categorization ’—‘

Shower Irrigation Farmers Spinkler Irrigation Farmers

28 Farmers

I_,_l

Stochastic Frontier Analysis (SFA)

82 Farmers

1. Determinants of Production Factors
2. Technical Efficiency Analysis
3. Technical Inefficiency Analysis

Figure 2. Research flowchart of sampling procedure and
data analysis. Source: Created by author
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RESULTS AND DISCUSSION

Stochastic frontier production function analysis

The estimated coefficients in the Cobb-Douglas
production function can be interpreted as output elasticities
of the respective inputs. The variables in this study were
analyzed using a Cobb-Douglas production function with a
Stochastic Frontier Analysis approach. The coefficient
values for each variable can be used to determine how each
variable affects red chili production. If an independent
variable has a positive coefficient, then adding that variable
will increase red chili production. Conversely, if the
independent variable has a negative coefficient, adding that
variable as a production factor will decrease production.

It is known that the results of the sigma-square
estimation (c?) are greater than zero (>0) which is 0.026
and significant at the 95% confidence level. This indicates
that the production of curly red chilies from farming
activities in the coastal areas of Kapanewon Galur has real
or significant variations. This means that there are cases of
inefficiency in curly red chili farming in the coastal areas
of Kapanewon Galur. The effect of technical inefficiency
on the error value in the production function can be seen
through the gamma (y) value. A gamma value close to 1
indicates that many errors originate from technical
inefficiency factors, while a gamma value close to 0
indicates that the error term is caused by external risk
factors such as weather and climate. The results of the
analysis show a gamma (y) value of 0.870, which means
that 87% of the error in farming production is caused by
the effects of technical inefficiency and the remaining 13%
is caused by risks or noise that are not controlled by
farmers. The stochastic frontier estimation indicates that
land area, KCI fertilizer, manure, liquid insecticide, and
labor are the most influential factors affecting curly red
chili production. Land area and labor show strong positive
effects on output, while excessive use of manure and liquid
insecticide significantly reduces production. In addition,
the high gamma value suggests that most of the variation in
production is explained by technical inefficiency rather
than random external factors.

Production factors affecting curly red chili production
From the estimation results, there are 5 production
factors that significantly influence the production of curly
red chilies, namely land area, KCI fertilizer, manure, liquid
insecticide, and labor. Based on Table 1, it can be seen that
the constant is significant at the 99% confidence level and
has a positive coefficient value (1.508). The constant term
represents the intercept of the model and does not have a
direct economic interpretation. In this logarithmic model,
the constant represents the intercept of the production
frontier, reflecting the base level of production determined
by the state of technology and environmental factors not
explicitly captured as independent variables in the model.
The independent variable of land area has a significant
influence on the production of curly red chilies at the 99%
confidence level. The coefficient of land area (0.8)
indicates that a 1% increase in land area leads to an
increase in output by 0.8%, ceteris paribus, reflecting its

elasticity with respect to production, assuming other inputs
remain constant.

The KCI fertilizer variable shows a positive coefficient
of 0.005 at a 99% partial confidence level. This means that
every 1% addition of KCI fertilizer will have a significant
effect on increasing the production of curly red chilies by
0.005%, assuming other inputs remain constant. On
average, KCl use reaches 165.82 kg per hectare, compared
with the recommended dosage of 200 kg per hectare. As a
result, increasing KCl application toward the recommended
level still offers potential for improving production
performance.

The manure variable has a coefficient value of -0.045 at
a 95% partial confidence level. This means that the
addition of 1% manure variable has a significant effect on
the decrease in curly red chili production by 0.045%,
assuming other inputs remain constant.

The liquid insecticide variable shows a negative
coefficient value of (-0.007) at a 99% partial confidence
level. This means that the addition of a 1% liquid
insecticide variable has a significant effect on reducing the
production of curly red chilies by 0.007%.

The labor input exhibits a positive and statistically
significant coefficient of 0.171 at the 99% partial
confidence level. This indicates that a 1% increase in labor
use is associated with a substantial increase in curly red
chili output by 0.171%, holding other inputs constant. In
Kapanewon Galur, the labor variable has a positive and
statistically significant coefficient indicating that increased
labor use contributes positively to output. This coordination
enables synchronized planting in the subsequent season and
ensures that land sterilization processes are not omitted.
Consequently, harvesting operations particularly during
peak periods, which typically occur between the third and
fifth harvests are highly labor-intensive.

Table 1. Estimation results of the Cobb-Douglas type production
function using the stochastic frontier approach

Variables Parameter Coefficient t-count
constant bo 1.508*** 5.986
Land area b1 0.800%*** 19.835
Seeds b2 0.023 0.527
NPK fertilizer b3 0.004 0.132
KCl fertilizer b4 0.005%** 2.665
Pupuk ZA bs -0.006 -0.628
Phonska Fertilizer be -0.000 -0.191
KNO3 fertilizers red b7 -0.001 -0.550
Manure bs -0.045%* -2.054
Liquid herbicide by -0.002 -0.884
Liquid insecticide bio -0.007%** -2.951
Liquid fungicide b -0.002 -1.066
Solid insecticide b1z -0.001 -0.590
Solid fungicide b1 0.002 0.533
Labor bis 0.171%** 4.470
Sigma-square (67) 0.026%* 2.225
Gamma (y) 0.870*** 5.558

Note: ***: Significant effect at the o level of 1% (t-table = 2.632),
**: Significant effect at the a level of 5% (t-table = 1.987), *:
Significant effect at the a level of 10% (t-table = 1.662). Source:
Created by author
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The remaining production factors including seeds, NPK
fertilizer, ZA fertilizer, Phonska fertilizer, KNO3 fertilizer,
liquid herbicide, liquid fungicide, solid insecticide, and
solid fungicide were found to be statistically non-
significant. This suggests that variations in these inputs did
not contribute meaningfully to differences in chili output
among farmers. In coastal sandy soils, this pattern is likely
associated with input misallocation, where fertilizers and
agrochemicals are often applied either in excess or below
optimal levels, reducing their marginal productivity.

Technical efficiency analysis of curly red chili farming

Curly red chili pepper farming in Kulon Progo can be
considered efficient if it achieves maximum production
using a specific set of production factors. Using Frontier
4.1, the technical efficiency level of each sample in this
study can be analyzed, with results ranging from 0 to 1.

Table 2 shows that curly red chili farming in the coastal
area was technically efficient under both irrigation systems,
as the average technical efficiency values of both groups
were above 0.700. This indicates that farmers were
generally able to achieve relatively high output through the
combination of various production factors such as land
area, seeds, NPK fertilizer, KCI fertilizer, ZA fertilizer,
phonska fertilizer, KNO; fertilizer, manure, liquid
herbicide, liquid insecticide, liquid fungicide, solid
insecticide, solid fungicide, and labor.

However, farmers using sprinkler irrigation achieved a
higher average technical efficiency (0.902) than those using
shower irrigation (0.795), indicating that sprinkler
irrigation was more effective in bringing farmers closer to
the production frontier. Based on direct interviews, farmers
explained that sprinkler irrigation distributed water more
evenly across the planting area, which was particularly
important under sandy coastal soil conditions where water
infiltrates rapidly. Farmers also reported that the sprinkler
system was more practical and easier to manage during the
dry season because water application could be carried out

Table 2. Distribution of technical efficiency levels of curly red
chili farmers in the coastal lands

more regularly and efficiently. In contrast, shower
irrigation relied more on manual operation, so water
distribution was often less uniform and more dependent on
labor performance in the field. As a result, sprinkler
irrigation was perceived by farmers to better maintain soil
moisture, support more uniform plant growth, and improve
the effectiveness of other production inputs, which
ultimately contributed to its higher technical efficiency
compared to the shower system.

Analysis of technical inefficiency factors in curly red
chili farming

The variables suspected of influencing the technical
inefficiency of curly red chili farming were analyzed
simultaneously using the Frontier 4.1 application as
variable Z. The estimated technical inefficiency factors are
presented in Table 3.

The irrigation type variable (D4) has a positive
coefficient of 0.021 and is statistically significant at the 5%
level. This indicates that farmers using shower irrigation
(D4 = 1) tend to have higher technical inefficiency
compared to those using sprinkler irrigation (D4 = 0),
ceteris paribus. This result suggests that the choice of
irrigation system plays an important role in determining the
efficiency of curly red chili farming in coastal areas. It is
known that the irrigation type variable has a significant
effect on the technical inefficiency of farming. The types of
agricultural land irrigation for curly red chili farming in the
coastal areas are shower irrigation and sprinkler irrigation.
The dummy variable of irrigation type has a calculated t-
value (2.142) greater than the t-table value (1.987) at the a
level of 5% with a positive coefficient value (0.021). This
means that the dummy variable of irrigation type has a
significant effect on the technical inefficiency of curly red
chili farming. The analysis shows a positive coefficient,
which means that farmers with shower irrigation
technically inefficient than sprinkler irrigation.

Table 3. Technical inefficiency factors of curly red chili farming
in the coastal land

Technical Number of farmers . .

efficiency level Sprinkle Shower Total Variables Parameter  Coefficient count
<0.700 2 13 15 constant do 0,128 0.325
0.701-0.800 0 29 29 Age di 0,020 0.194
0.801-0.900 6 33 39 Education d2 -0.008 -0.544
0.901-1.000 20 7 27 Red Chili Farming ds -0.002 -0.056
Total 28 82 110 Experience

Minimum Types of Irrigation d4 0.021%** 2.142
Technical 0.562 0.581 0.562 Types of Seed Varieties ds -0.006 -1.453
Efficiency Level Note: ***: Significant effect at the a level of 1% (t-table = 2.632),
Maximum **: Significant effect at the a level of 5% (t-table = 1.987), *:
Technical 0.966 0.980 0.980 Significant effect at the a level of 10% (t-table = 1.662). Source:
Efficiency Level Created by author

Average

Technical 0.902 0.795 0.822

Efficiency Level

Source: Created by author
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Farmers using sprinkler irrigation are more labor-
efficient in watering activities than shower irrigation. With
the same 1 hectare of land being worked by one person,
sprinkler irrigation farmers only need 2 hours, while
shower irrigation farmers need three times as long, namely
6 hours, to complete the watering activity. The inefficiency
model shows that irrigation type (D4) has a positive and
significant coefficient (0.021), indicating that shower
irrigation is associated with higher technical inefficiency
compared to sprinkler irrigation. This suggests that
sprinkler irrigation systems are more effective in improving
production efficiency under coastal conditions. In addition,
watering using sprinklers is distributed more evenly than
showers because the sprinkler will rotate to release water
discharge at the same speed at a predetermined time. This
causes plants under sprinkler irrigation to have more even
fertility to produce more curly red chilies.

The variables of age, education, experience in red chili
farming, and seed variety did not have a significant effect
on technical inefficiency. The farmer's age variable was not
significant because farmers still use cultivation methods
passed down through generations by their families. The
analysis results showed a positive coefficient value,
indicating that as farmers age, the level of technical
inefficiency tends to increase. Older farmers have a
decreased physical work capacity and find it difficult to
accept innovation, so they do not utilize technology to
develop their farming businesses. The variable of education
level was not significant on inefficiency because formal
education in schools did not focus on how to manage
farming, especially curly red chili commodities.

The red chili farming experience variable does not
significantly influence inefficiency because not all farmers
with more experience are unwilling to accept emerging
agricultural innovations. Some farmers are aware that one
way to improve their farming practices, which have been
using traditional methods for years, is by adapting to
developments in cultivation and technology.

The dummy variable for seed variety type does not
significantly influence inefficiency because both jitu and
laba varieties are good quality. However, the negative
coefficient value (-0.006) indicates that farmers using jitu
seed varieties tend to be more efficient because jitu seed
varieties produce chilies that have heavier fruit weight than
laba seed varieties. In one sack of the same size, jitu variety
chilies can reach 30 kg while laba varieties only reach 25
kg. Despite this, some farmers still use laba seed varieties
because the price of laba seeds is lower than jitu seeds. In
addition, the reason farmers choose laba seeds is that they
have been used for generations.

The technical efficiency level of 0.822 obtained in this
study is comparable to efficiency estimates reported in
other chili-producing regions in Indonesia and developing
countries. Studies in Bogor and Tuban, Indonesia, as well
as in Ethiopia and Ghana, reported technical efficiency
levels ranging between 0.70 and 0.85, indicating that
coastal chili farmers in Kulon Progo perform within a
similar efficiency range despite operating under more
challenging sandy and saline soil conditions. This suggests
that irrigation technology plays a crucial role in

compensating for the inherent limitations of coastal
environments.

From a practical perspective, the results imply that
farmers can improve productivity by optimizing land use,
labor allocation, and fertilizer management, particularly
KCl application. The negative impact of excessive manure
and liquid insecticide use indicates the need for better input
management through farmer training and extension
services. In addition, the higher efficiency of sprinkler
irrigation suggests that promoting this irrigation system
could help reduce labor costs and improve water
distribution, thereby increasing farm efficiency and
profitability in coastal areas.

Discussion

In the context of coastal land in Kulon Progo,
expanding the cultivation area presents unique challenges
due to the high porosity of sandy soils. Therefore, the
expansion of land must be accompanied by the
implementation of efficient irrigation technologies, such as
shower or sprinkler systems, to ensure uniform water
distribution across the larger area (Wu et al. 2019). The
positive and significant coefficient of land area (0.800)
indicates that expanding cultivated area increases curly red
chili production, as farmers are able to plant more chili
stands, thereby increasing overall output a finding
consistent with evidence from Bogor District, Indonesia
(Sinatria et al. 2022). The positive impact of labor (0.171)
is also critical because harvesting operations particularly
during peak periods are highly labor-intensive. These
findings are consistent with previous studies conducted in
Pidie Jaya District, Indonesia, by Yusmaini et al. (2021)
and research in Ethiopia by Abate et al. (2019) which
report that more optimal labor allocation contributes to
higher output levels.

The effectiveness of chemical and organic inputs is
heavily influenced by the unique characteristics of coastal
sandy soils. The positive coefficient of KCI fertilizer
(0.005) indicates that increasing its application contributes
to higher production. This finding differs from evidence
reported in Tanah Datar District, where KCI fertilizer was
found to have no significant effect on curly red chili
production  because  application rates  exceeded
recommended levels (Chaniago et al. 2025). In coastal
sandy soils, KCI helps support physiological growth under
high water-percolation conditions, especially when
dissolved optimally by sprinkler irrigation (Rahmadanti et
al. 2021; Qu et al. 2024). Conversely, the negative and
significant coefficient of manure (-0.045) indicates that a
1% increase in manure use reduces production by 4.5%
(Rathnayake et al. 2023). This may be attributed to the
application of wet or immature manure, which differs from
research in Pagar Alam City where dry manure at
recommended levels increased output (Maryanto et al.
2018; Salsabilah et al. 2023). In sandy soil, non-optimal
applications can accelerate nutrient leaching or cause
microbial imbalances (Sun et al. 2022; Heydarzadeh et al.
2023; Qu et al. 2024).

The negative coefficient of liquid insecticide (-0.007)
suggests that increased application is associated with lower
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production. This may occur because farmers often apply
liquid insecticides at doses exceeding recommended levels
to prevent pest resistance or to compensate for “wash-off”
effects caused by overhead irrigation, which ultimately
reduces plant productivity (Abate et al. 2019; Elhamalawy
et al. 2024). This finding is not consistent with evidence
from Rengel District, where liquid insecticides
significantly affected productivity (Mukti et al. 2022). This
outcome is consistent with the Law of Diminishing
Returns, where excessive fertilizers and pesticides in
fragile coastal agro-ecosystems degrade soil quality,
disrupt beneficial organisms, and reduce nutrient efficiency
(Sonia et al. 2020; Hossain and Li 2024; Xiang and Lv
2025). The non-significance of other inputs like seeds,
NPK, and ZA highlights the importance of precision input
management rather than intensification in coastal chili
farming.

The average technical efficiency level of both irrigation
type is above 0.700 indicates that farmers are operating
relatively efficiently, performing within a similar range as
other regions like Bogor (Indonesia), Tuban (Indonesia),
Ethiopia, and Ghana (0.70-0.85) (Asravor et al. 2016;
Yohannis et al. 2020; Sinatria et al. 2022; Mukti et al.
2022). The significant effect of irrigation type confirms
that sprinkler irrigation is more efficient than shower
irrigation due to more uniform water distribution and
reduced labor requirements. For instance, watering 1
hectare with sprinklers takes only 2 hours, compared to 6
hours with shower irrigation. Regarding socio-economic
factors, the non-significance of experience is inconsistent
with research in Karangnangka Village, Sumenep,
Indonesia that found experience significantly reduces
technical inefficiency (Salsabilah et al. 2023). In
Kapanewon Galur, older farmers may find it difficult to
accept innovations like sprinkler technology. Similarly, the
education variable was insignificant, suggesting that formal
schooling does not necessarily translate to technical
competencies like water scheduling, where specific
practical training is more critical (Huang and Hartemink
2020; Workneh and Kumar 2023; Ramdan et al. 2025;
Rahayu and Pracia 2025).

In conclusion, this study determines that land area, KC1
fertilizer, and labor are the primary factors positively
influencing production, while excessive manure and liquid
insecticide negatively impact output. Curly red chili
farming in Kulon Progo achieved a relatively high average
technical efficiency of 0.822. Moreover, sprinkler irrigation
was more efficient than shower irrigation, with average
technical efficiency scores of 0.902 and 0.795,
respectively, indicating that sprinkler irrigation systems
were significantly more effective than shower systems in
reducing technical inefficiency. These results imply that
farmers can improve productivity by optimizing land use
and KCl management while shifting toward sprinkler
irrigation to reduce labor costs and improve water
distribution. However, this study has several limitations,
including the use of cross-sectional data which limits the
ability to capture seasonal dynamics in efficiency.
Additionally, some relevant variables such as specific
irrigation scheduling, soil salinity variation, and extension

access were not included due to data constraints,
suggesting that future research should consider panel data
approaches and more detailed irrigation management
indicators to better understand efficiency dynamics in
coastal agricultural systems.
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