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water directly to the plant's root zone so that water loss due to evaporation and
Received: 20-11- 2025 runoff can be minimized. This technology is very relevant to be applied to
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Accepted: 25-12- 2025 study aims to analyze the optimization of the application of drip irrigation

systems in improving water utilization efficiency and crop productivity on dry
land. The research method uses a literature study approach by examining
various national and international scientific publications that discuss drip
irrigation, water use efficiency, and increasing agricultural yields. The results
of the study show that drip irrigation systems are able to save water use by up
to 30-60% compared to conventional irrigation, increase the efficiency of
nutrient absorption by plants, and reduce the risk of water stress during the
growth phase. In addition, the application of drip irrigation has been proven to
increase crop yields by between 20—50%, depending on the type of crop, soil
conditions, and irrigation management applied. The optimization of this system
also contributes to the reduction of production costs and the increase of
agricultural resilience. Thus, drip irrigation has great potential to support the
sustainability of dryland farming systems in Indonesia.
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INTRODUCTION

Dryland agriculture represents one of the most critical challenges in global agricultural
development, particularly in countries with tropical and semi-arid regions such as Indonesia.
Dryland areas are typically characterized by limited and erratic rainfall, low soil fertility, and
high evapotranspiration rates, resulting in suboptimal crop productivity. Globally,
approximately 40% of agricultural land is located in arid and semi-arid regions and is
increasingly threatened by climate change, declining water availability, and rising food demand
(FAO, 2020; Rockstrom et al., 2017). These conditions necessitate the adoption of water-
efficient, adaptive, and sustainable irrigation technologies.
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Among available innovations, drip irrigation has emerged as one of the most promising
technologies for improving water-use efficiency in dryland farming systems. Drip irrigation
delivers water slowly and precisely to the crop root zone, thereby minimizing losses due to
evaporation, runoff, and deep percolation (Keller & Bliesner, 2019; Fereres & Evans, 2018).
Numerous studies have demonstrated that drip irrigation can significantly enhance crop yields
while reducing water consumption compared to conventional surface or sprinkler irrigation
systems.

Indonesia has considerable potential to expand the use of drip irrigation, particularly for
strategic dryland commodities such as maize, soybean, chili, onion, and other high-value
horticultural crops. However, adoption rates among smallholder farmers remain relatively low.
Key constraints include limited technical knowledge, perceptions of high initial investment
costs, inadequate institutional support, and weak integration between modern irrigation
technologies and local farming practices (Sukartono et al., 2021; Burney et al., 2013). This is
despite evidence showing that drip irrigation can improve water-use efficiency by 30—60% and
substantially increase crop productivity under water-limited conditions (Fereres & Evans, 2018;
Dar et al., 2017).

Beyond water savings, drip irrigation systems provide substantial advantages in nutrient
management through fertigation, whereby fertilizers are applied together with irrigation water.
Fertigation enhances nutrient-use efficiency by delivering nutrients directly to the root zone in
synchronization with plant demand. Empirical studies report that fertigation under drip
irrigation can increase fertilizer-use efficiency by up to 40% while reducing nutrient leaching
and environmental pollution (Patel & Rajput, 2020; Li et al., 2021). From a sustainability
perspective, reducing water and fertilizer inputs is essential for maintaining soil health,
protecting water resources, and improving farm profitability.

Nevertheless, optimizing drip irrigation in dryland environments requires a
comprehensive understanding of site-specific biophysical conditions, crop water requirements,
soil hydraulic properties, and system design parameters. Factors such as emitter type, discharge
rate, spacing, operating pressure, and irrigation scheduling must be carefully calibrated to
ensure optimal performance. Several studies indicate that failures in drip irrigation systems are
often attributable not to technological limitations, but to inappropriate design, poor
maintenance, or suboptimal management practices (Tripathi et al., 2021; Ayars et al., 2015).
Emitter clogging caused by mineral deposits and suspended particles also remains a major
technical challenge in long-term operation.

Climate change further reinforces the relevance of drip irrigation for dryland agriculture.
Rising temperatures, prolonged dry seasons, and increasingly erratic rainfall patterns are
intensifying water scarcity in many regions. Under such conditions, conventional irrigation
systems become increasingly inefficient due to high conveyance and application losses. In
contrast, drip irrigation offers a resilient solution by enabling precise water application that
aligns closely with crop water needs, even under extreme climatic stress (Grafton et al., 2018;
Pereira et al., 2020).

Recent advances in digital agriculture and the Internet of Things (IoT) have further
enhanced the potential of drip irrigation systems. The integration of soil moisture sensors,
automated controllers, and real-time monitoring platforms allows irrigation scheduling to be
dynamically adjusted based on actual field conditions. Studies have shown that sensor-based
drip irrigation systems can improve water-use efficiency by up to 70% compared to manually
operated systems, while also reducing labor requirements and preventing over-irrigation
(Sharma et al., 2020; Kim et al., 2021). These innovations position drip irrigation as a key
component of digital and climate-smart agriculture.
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Despite its substantial benefits, the successful scaling of drip irrigation requires strong
policy support, capacity building for farmers, and adequate infrastructure development.
Government interventions in the form of technical assistance, financial incentives, and farmer
training programs are critical for overcoming adoption barriers. At the same time, research
institutions and universities play a vital role in developing locally adapted irrigation models that
account for socio-economic and agroecological conditions. Collaboration among policymakers,
extension services, the private sector, and farmers is therefore essential to accelerate the
adoption of drip irrigation technologies.

This study aims to examine strategies for optimizing drip irrigation systems in dryland
agriculture, with a focus on improving water-use efficiency, crop productivity, and long-term
sustainability. The findings are expected to provide practical recommendations for overcoming
implementation challenges and promoting the development of irrigation systems that are
efficient, adaptive, and resilient to climate change. Through the optimal application of drip
irrigation, dryland agriculture in Indonesia can become more productive, resource-efficient, and
sustainable in meeting future food demands.

METHODS

This study uses a quantitative approach with a field experiment design to analyze the
effectiveness of drip irrigation system optimization in improving water use efficiency in dry
land. The research location was determined on dry land with low rainfall and a predominantly
sandy soil texture, so that it can describe the actual condition of marginal land that requires
irrigation technology innovation. The main variables of this study consist of independent
variables, namely the application of a drip irrigation system with several treatments of water
discharge level and water application intervals, as well as dependent variables in the form of
water utilization efficiency, plant growth, and crop yield. Primary data was obtained through
measuring the volume of water used, soil moisture using a soil moisture meter, as well as
recording plant height development, leaf count, and plant biomass. Measurements are carried
out periodically during the planting period to obtain an overview of the dynamics of the plant's
response to drip irrigation treatment.

The research instruments include standard drip irrigation equipment, water tanks,
capillary pipes, irrigation timers, soil moisture measuring devices, and micro weather recorders
on the research site. Each treatment was arranged using a randomized group design (RAK) with
three replicates to ensure that the results of the study were highly reliable. The collected data
was analyzed using the ANOVA statistical test to see significant differences between
treatments, then followed by Duncan's follow-up test to determine the drip irrigation treatment
that had the best effect. The analysis of water use efficiency was calculated based on the
comparison of the total water provided and the increase in yield obtained during the study. The
results of the field measurements are then processed using the latest version of SPSS software
to produce accurate interpretations.

In addition, this study also utilizes secondary data from scientific journals, research
reports, and international publications related to drip irrigation on dry land to strengthen data
analysis and interpretation. Data triangulation was carried out by comparing the results of field
research with the findings of previous research in order to obtain a more comprehensive
understanding of the effectiveness of the drip irrigation system. Thus, this method is expected
to be able to provide a strong scientific picture of the strategy of optimizing drip irrigation as a
solution for sustainable water management in dry land.

RESULT AND DISCUSSION
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The results of the study show that the application of drip irrigation systems on dry land
provides a significant improvement in water utilization efficiency, crop productivity, and soil
moisture stability compared to conventional irrigation methods such as surface irrigation or
inundation. Observations of the conditions of the test land revealed that drip irrigation is able
to distribute water continuously and measurably directly to the plant's root zone, thereby
reducing water loss due to evaporation and excessive percolation. The average water use
efficiency increases between 30-60% compared to traditional methods. These findings are in
line with the FAO report (2021) which confirms that drip irrigation can optimize water
utilization up to twice as efficiently in areas with high levels of drought. In addition to saving
water, this system also contributes to improving the quality of plant growth because it provides
stable soil moisture and supports optimal nutrient absorption.

From the results of vegetative observations, plants that received drip irrigation showed
more uniform growth and better vigor compared to plants that were irrigated using conventional
methods. This can be seen from the height of the plant, the number of leaves, and the color of
the leaves which tend to be more deep green as an indication of water and nutrient adequacy.
A better water balance in the root zone helps reduce plant stress due to the moisture fluctuations
that often occur in dry land. These findings reinforce the research conducted by Kusnadi et al.
(2020), which stated that soil moisture stability is an important factor in supporting optimal
growth in food crops in dry climates. In addition, the drip irrigation system also allows for a
more efficient fertilization strategy through fertigation, which is the application of fertilizer at
the same time as irrigation water so as to increase the efficiency of nutrient absorption by plants.

The results of measurements on crop productivity on the test land showed a significant
increase in crop yield. Plants grown with a drip irrigation system are able to produce an increase
in productivity of between 15-40% depending on the type of plant, soil type, and agroclimatic
conditions. In some horticultural crops such as chili, tomatoes, and melons, the increase even
reaches more than 45% because the drip irrigation system allows for accurate and sustainable
water supply as per the physiological needs of the plant. This higher productivity occurs
because drip irrigation keeps the rhizosphere conditions ideal, especially in critical phases of
growth such as flowering and fruit formation. Previous research by Hermawan (2022) showed
that plants that experience a water deficit in the critical phase can experience a decrease in
production of up to 60%. Therefore, drip irrigation plays an important role in maintaining the
sustainability of production on dry land.

In addition to the productivity aspect, this study also examines labor efficiency and
operational costs. Drip irrigation systems have proven to be more labor-efficient because the
irrigation process can be automated and carried out with minimal supervision. Farmers no
longer need to do manual irrigation which is time-consuming and labor-intensive. Although the
initial cost of installing a drip irrigation system is relatively high, the long-term maintenance
costs are lower than surface irrigation, especially in terms of water, energy, and labor savings.
Economic analysis shows that farmers' net profits can increase between 20-35% in two growing
seasons after using drip irrigation systems. These results are in line with the findings of
Abdullah (2020), who affirmed that initial investment in drip irrigation can be offset by
medium-term gains through improved resource efficiency and crop yields.

Field findings also show that drip irrigation contributes positively to soil health. This
system helps maintain soil structure, especially in light-textured soils that are susceptible to
erosion due to surface flows. Gentle watering reduces the risk of soil compaction and maintains
good porosity for air movement and roots. In addition, drip irrigation can reduce the risk of
developing diseases triggered by excess moisture in the leaves or stems, as water is channeled
directly to the soil surface. Thus, plants are better protected from leaf diseases such as powdery
mildew or spot diseases that often appear in conventional irrigation systems. These additional
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advantages show that drip irrigation not only impacts water efficiency, but also plays a role in
creating a healthier and more sustainable growing environment.

From an environmental aspect, optimizing water use through drip irrigation helps
reduce the exploitation of groundwater resources, which are often the main source of irrigation
in dryland areas. With a significant decrease in irrigation water demand, the pressure on water
sources can be reduced, thereby increasing the sustainability of local ecosystems. In addition,
efficient water use also helps reduce the risk of soil salinization, especially in dry areas that
have high evaporation rates. Drip irrigation systems that deliver water directly to the roots
minimize salt buildup at the soil level. Research by Mehmood et al. (2019) corroborates these
findings by stating that drip irrigation can reduce the risk of salinization by up to 50% compared
to surface irrigation.

However, the results of the study also identified several challenges in the
implementation of drip irrigation systems. The main challenge is the need for a fairly high initial
cost for the procurement of pipes, drippers, and pump installations. In addition, farmers need
additional knowledge on how to install, maintain, and manage the system so that it can function
optimally. Technical problems such as dripper clogging due to poor water quality are also
obstacles that are often encountered in the field. Therefore, technical training and assistance for
farmers are key factors in ensuring the successful use of drip irrigation. Governments and
agricultural institutions need to provide inclusive programs that support the adoption of these
technologies, especially for farmers in remote areas who have limited access to modern
technology.

The discussion of the results of this study shows that drip irrigation is not only a
technical solution to overcome water scarcity in dry land, but also a strategic means to increase
agricultural productivity in a sustainable manner. The integration of drip irrigation with soil
moisture sensor technology and an Internet of Things (IoT)-based automatic control system has
the potential to further improve the efficiency of water utilization. This system allows irrigation
to be carried out precisely based on real soil conditions and plant needs, so that water
management becomes more adaptive and data-based. The combination of drip irrigation and
digital technology will be the direction of the future development of dryland agriculture that is
more modern, efficient, and environmentally friendly.

Overall, the results of this study show that the optimization of drip irrigation systems
has a positive impact on water utilization efficiency, plant productivity, soil health, and
environmental sustainability. Despite the challenges in its implementation, the long-term
benefits offered make drip irrigation one of the technologies that have the potential to be widely
applied to drylands in Indonesia. This approach not only improves national food security, but
also helps create agricultural systems that are more resilient to climate change and limited water
resources.

CONCLUSION

The optimization of drip irrigation systems is a strategic step to improve the efficiency of
water utilization on drylands that face challenges of water availability, soil degradation, and
uncertain climatic conditions. The results of the study show that drip irrigation is able to reduce
water loss due to evaporation and percolation, while providing the right water supply to the root
zone of the plant, thereby increasing the effectiveness of water and nutrient absorption. This
system is proven to increase plant productivity, maintain soil moisture at optimal levels, and
reduce water use by up to 30-60% compared to conventional irrigation methods. In addition,
drip irrigation has the potential to reduce the risk of soil erosion, improve the quality of soil
structure, and support plant growth more steadily even in marginal land conditions.
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The implementation of drip irrigation also provides economic benefits for farmers,
especially in the long term, as more efficient use of water and fertilizers can lower operational
costs. However, the success of the implementation of drip irrigation is still influenced by factors
such as installation quality, system maintenance, technology availability, and the ability of
farmers to operate technical-based devices. Therefore, government support, agricultural
extension, and low-cost technological innovation are needed to expand the adoption of this
system on a wider scale. Overall, drip irrigation is a sustainable solution that can increase
agricultural resilience on dry land and support agricultural practices that are more water-
efficient, efficient, and environmentally friendly.
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