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ABSTRACT

This study explores the role of water use efficiency and drip irrigation technology in enhancing the resilience
of horticultural crop production in Bandung Regency, Indonesia. A quantitative approach was adopted,
surveying 85 farmers using a Likert scale to assess their perceptions of water use efficiency, drip irrigation
adoption, and its impact on crop resilience. The data were analyzed using SPSS version 25, employing
descriptive statistics, correlation analysis, and multiple regression analysis. The findings reveal that water use
efficiency and drip irrigation adoption significantly contribute to improved crop resilience, with drip
irrigation having a stronger influence. Despite the benefits, cost remains a significant barrier to adoption. The
study underscores the importance of promoting drip irrigation to optimize water use, enhance agricultural
productivity, and help farmers adapt to climate variability. Recommendations include reducing installation
costs and increasing technical support for farmers.
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1. INTRODUCTION

Agriculture plays a vital role in the economy of Bandung Regency, with the horticultural
sector standing as a cornerstone, especially in the production of fruits, vegetables, and flowers.
However, this region is facing growing challenges, particularly those related to water scarcity,
unpredictable rainfall patterns, and increasing climate variability [1], [2]. These factors threaten the
productivity and resilience of horticultural crop production. As a result, the efficient management
and utilization of water resources have become central to ensuring the sustainability of agricultural
activities in the region [2], [3].

Water scarcity is one of the most pressing constraints on agricultural productivity in
Bandung Regency. Traditional irrigation methods, often inefficient and excessively water-intensive,
exacerbate the problem. Consequently, there is a pressing need to implement more sustainable and
efficient water management practices to safeguard agricultural productivity [4], [5]. One promising
solution is the adoption of drip irrigation technology, which delivers water directly to the plant roots,
ensuring optimal water use efficiency. This method reduces water wastage, enhances crop yield, and
improves the overall quality of crops, especially in areas facing severe water shortages.

Water use efficiency (WUE) in agriculture refers to the ability to achieve the highest possible
yield with the least amount of water. As climate change continues to impact water availability, the
need for technologies that improve WUE becomes even more crucial [6], [7]. Among these, drip
irrigation stands out as one of the most effective methods due to its precision in delivering water
directly to the plant's root zone [8], [9]. By minimizing evaporation and runoff, drip irrigation not
only enhances water efficiency but also improves crop resilience to droughts and other
environmental stresses.

The primary objective of this study is to explore the role of water use efficiency and drip

irrigation technology in improving the resilience of horticultural crop production in Bandung
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Regency. Specifically, this research aims to assess local farmers' perceptions of drip irrigation's
effectiveness in water management, crop productivity, and resilience to climate variability. Utilizing
a quantitative research approach, this study seeks to provide valuable insights into the adoption of
drip irrigation technology and its potential benefits for farmers in the region.

This paper is structured as follows: Section 2 reviews the literature on water use efficiency,
drip irrigation, and their impact on agricultural resilience. Section 3 outlines the research
methodology, including the sampling process, data collection, and analysis methods. Section 4
presents the results of the study, followed by a discussion of the findings in Section 5. Finally, Section
6 concludes the paper with recommendations for policymakers and farmers to enhance the
sustainability of horticultural crop production in Bandung Regency.

2. LITERATURE REVIEW

2.1 Water Use Efficiency in Agriculture

Water use efficiency (WUE) is defined as the amount of crop yield produced per unit
of water consumed [6], [9] and is crucial for ensuring sustainable agricultural
productivity, especially in regions with limited water resources or those vulnerable to
drought. In the context of horticultural crops, WUE can be influenced by various factors,
such as irrigation practices, soil conditions, crop type, and climatic conditions.
Traditional irrigation methods, such as flood or furrow irrigation, are often inefficient
due to high levels of evaporation, runoff, and deep percolation losses [6]. These
methods result in significant water wastage, leading to soil degradation, reduced crop
yields, and exacerbated water scarcity. In contrast, modern irrigation technologies, like
drip irrigation, improve WUE by delivering water directly to the root zone of plants,
minimizing wastage, and optimizing plant water uptake. Several studies have
emphasized the importance of improving WUE to meet the growing global demand for
food, particularly in water-scarce regions. In arid and semi-arid areas, where water
availability is limited, the adoption of efficient irrigation practices is essential for
maintaining agricultural productivity [8], [9]. Improving WUE in these regions not only
ensures food security but also helps conserve vital water resources for both agricultural
and domestic use.

2.2 Drip Irrigation Technology

Drip irrigation is a water-efficient method that delivers water directly to the soil
around plant roots through a network of tubes, emitters, and valves [10], [11]. This
technology is ideal for regions with limited water availability, as it minimizes water loss
due to evaporation, runoff, and deep percolation. Designed to provide precise amounts
of water to each plant, drip irrigation ensures crops receive optimal moisture levels
without excess watering. The benefits of drip irrigation in improving water use
efficiency are well-documented, with studies showing it can reduce water consumption
by up to 50% compared to conventional methods, while also increasing crop yield and
quality [12], [13]. Additionally, drip irrigation enhances soil fertility by delivering water
and nutrients directly to the root zone, promoting better root development and plant
growth [13]. In horticultural crop production, drip irrigation is particularly beneficial
due to the high water demands of many fruit and vegetable crops. By optimizing water

distribution, it helps maintain consistent soil moisture levels, which are crucial for
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maximizing yield and quality, and reduces the risk of waterlogging —a common issue
with traditional irrigation methods that can lead to root rot and other plant diseases
[11], [13].
Resilience of Horticultural Crop Production

Resilience in agriculture refers to the ability of agricultural systems to withstand and
recover from environmental stresses such as droughts, floods, and temperature
fluctuations [14], [15]. This is particularly important for horticultural crops, which are
highly sensitive to water stress, pests, diseases, and climate variability. The ability to
adapt to changing environmental conditions is essential for ensuring long-term
productivity and food security. Drip irrigation technology plays a key role in enhancing
the resilience of horticultural crops by providing a reliable and efficient method of
water delivery. Studies have shown that drip irrigation helps horticultural crops better
withstand water scarcity and climate-induced stresses, such as droughts. For instance,
research by [14], [15] demonstrated that drip irrigation improved the drought tolerance
of various crops, including vegetables and fruits, by maintaining consistent soil
moisture levels. Moreover, drip irrigation contributes to increased resilience by
promoting sustainable agricultural practices. By reducing water waste and enhancing
soil fertility, drip irrigation systems enable farmers to optimize resource use and
improve long-term soil health [14], thus enhancing the ability of farming systems to
adapt to changing climatic conditions and environmental stresses.
Impact of Drip Irrigation on Smallholder Farmers

The adoption of drip irrigation is particularly beneficial for smallholder farmers,
who often face challenges such as limited access to water, financial resources, and
technical expertise. Several studies have highlighted the socio-economic impacts of drip
irrigation on smallholder farmers, demonstrating the technology's potential to improve
livelihoods and reduce poverty. Research by [16], [17] found that smallholder farmers
who adopted drip irrigation saw significant increases in crop productivity, income, and
water use efficiency. The study also revealed that drip irrigation reduced the time and
labor required for irrigation, allowing farmers to focus more on other agricultural
activities or income-generating pursuits. Furthermore, the technology's ability to
conserve water proved particularly advantageous in areas with significant water
scarcity [18], [19]. In Bandung Regency, the adoption of drip irrigation could offer
similar benefits to smallholder farmers, many of whom depend on horticultural crop
production for their livelihoods. By improving water use efficiency and enhancing crop
resilience, drip irrigation has the potential to strengthen both the economic and
environmental sustainability of farming practices in the region.
Previous Studies on Drip Irrigation in Indonesia

Several studies have investigated the effectiveness of drip irrigation in Indonesia,
particularly in water-scarce regions. Research by [16], [20] found that drip irrigation
improved water use efficiency and crop yields in various regions of Indonesia,
including West Java, where Bandung Regency is located. The study highlighted the
potential of drip irrigation to increase the resilience of smallholder farmers to climate

change and water scarcity, particularly for high-value crops like vegetables and fruits.
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In a similar study, [21] examined the adoption of drip irrigation in the agricultural
sector of East Java and found that farmers who adopted the technology saw
improvements in water management, crop yields, and income. These findings support
the notion that drip irrigation can play a key role in enhancing agricultural resilience
and promoting sustainable farming practices in Indonesia.

2.6 Gaps in the Literature
While the benefits of drip irrigation in improving water use efficiency and enhancing

agricultural resilience are well-documented, there is limited research focusing
specifically on the horticultural sector in Bandung Regency. Furthermore, existing
studies often rely on qualitative methods or small-scale case studies, which may not
fully capture the broader impact of drip irrigation technology on a regional scale.

This study aims to fill this gap by conducting a quantitative analysis of the role of
drip irrigation in enhancing the resilience of horticultural crop production in Bandung
Regency. By surveying a sample of 85 farmers, this research seeks to provide empirical
evidence of the effectiveness of drip irrigation in improving water use efficiency, crop

productivity, and resilience to climate change in the region.

3. METHODS

3.1 Research Design

The study adopts a quantitative research design, which is suitable for examining the
relationships between water use efficiency, drip irrigation technology, and the resilience of
horticultural crop production. A quantitative approach allows for the collection of numerical data
that can be statistically analyzed to identify patterns, correlations, and trends. This design is
particularly appropriate for measuring farmers’ perceptions, as it provides a systematic way to
quantify the factors influencing the adoption and effectiveness of drip irrigation in the region.

The research also employs a cross-sectional survey method, which involves collecting data
at a single point in time. This approach allows for the assessment of farmers' perceptions regarding
the effectiveness of drip irrigation and water use efficiency, as well as their impact on crop resilience.
The study's focus is on understanding how these variables interact within the context of Bandung
Regency's horticultural sector.

3.2 Population and Sample Selection

The population of the study consists of horticultural farmers in Bandung Regency who are
involved in the cultivation of fruits, vegetables, and flowers. These farmers are the primary
stakeholders in the study, as they are directly affected by the challenges of water management and
the adoption of irrigation technologies. The study targets farmers who have either adopted or are
considering the adoption of drip irrigation technology.

A total of 85 farmers were selected as the sample for this study. The sample size was
determined using a convenience sampling technique, where farmers were selected based on their
willingness to participate in the survey. The sample was also diversified to ensure representation
across different types of horticultural crops and geographical locations within Bandung Regency.
This approach helps ensure that the findings are generalizable to the broader population of
horticultural farmers in the region.

3.3 Data Collection

Data collection for this study was carried out through a structured survey questionnaire,
designed to measure farmers' perceptions of water use efficiency and drip irrigation technology. The
questionnaire consisted of three main sections: the first section, Demographic Information, collected
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basic details about the participants, such as their age, education level, farming experience, and the
types of crops they cultivate. The second section, Perceptions of Water Use Efficiency, focused on
farmers' views regarding water use efficiency in their farming practices. It included questions on the
amount of water used for irrigation, the effectiveness of current irrigation methods, and the
challenges associated with water management. The third section, Perceptions of Drip Irrigation
Technology, assessed farmers' perceptions of drip irrigation, including its effectiveness in improving
water use efficiency, crop yield, and resilience to climate stressors. It also explored the perceived
benefits and barriers to adopting drip irrigation systems.

The survey used a Likert scale to measure the farmers' responses, ranging from 1 (strongly
disagree) to 5 (strongly agree). Participants were asked to rate their agreement with various
statements related to water use efficiency and drip irrigation technology. The questionnaires were
distributed through face-to-face interviews with the farmers, conducted by trained enumerators who
explained the purpose of the study and ensured that the farmers fully understood the questions. The
survey was conducted over a period of three months, from January to March 2026.

3.4 Data Analysis

The collected data were analyzed using the Statistical Package for the Social Sciences (SPSS)
version 25, employing several key statistical techniques to assess the relationship between water use
efficiency, drip irrigation technology, and crop resilience. Descriptive statistics, including
frequencies, percentages, means, and standard deviations, were used to summarize the demographic
characteristics of the sample and describe the farmers' perceptions of water use efficiency and drip
irrigation. This provided an overall understanding of the data and the distribution of responses.
Reliability analysis was also conducted, with Cronbach'’s alpha coefficient calculated for each section
of the survey to ensure internal consistency. A coefficient value greater than 0.70 was deemed
acceptable, confirming that the survey items reliably measured the intended constructs.

Further analyses included Pearson’s correlation coefficient to examine the relationships
between water use efficiency, drip irrigation technology, and crop resilience. This analysis helped
determine significant associations between these variables and the extent of their correlation.
Multiple regression analysis was then used to assess the impact of drip irrigation technology and
water use efficiency on the resilience of horticultural crop production, identifying the predictors that
most significantly influenced resilience while controlling for other variables like farm size and crop
type. Finally, exploratory factor analysis (EFA) was conducted to identify the underlying factors
explaining farmers' perceptions of water use efficiency and drip irrigation, reducing the complexity
of the variables and revealing key dimensions in the perception data.

3.5 Ethical Considerations

Ethical considerations were carefully addressed throughout the research process. The study
adhered to the principles of voluntary participation, informed consent, and confidentiality. Farmers
were informed about the purpose of the study, the voluntary nature of their participation, and their
right to withdraw from the study at any time without consequence. The confidentiality of
participants' responses was assured, and no personal identifying information was collected in the
survey. All data were stored securely and used solely for the purposes of this research.

4. RESULT AND DISCUSSION

4.1 Descriptive Statistics
The descriptive statistics for the demographic characteristics of the sample and the
perceptions of farmers regarding water use efficiency and drip irrigation.

Table 1. Demographic Characteristics of the Sample
Characteristic | Frequency (%) |
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Gender

Male 75%
Female 25%

Age (years)
25-35 18%
3645 34%
46-55 28%
56+ 20%

Farming Experience
1-5 years 15%
6-10 years 20%
10+ years 65%
Type of Crops Grown

Vegetables 55%
Fruits 40%
Flowers 5%

Table 1 presents the demographic characteristics of the sample, providing insights into the
gender, age, farming experience, and types of crops grown by the participants. The majority of the
respondents are male (75%), with females representing 25% of the sample. In terms of age, the largest
group falls within the 36-45 years range (34%), followed by 46-55 years (28%), while 18% are aged
25-35 years, and 20% are aged 56 years and older. The data also reveals that a significant proportion
of the farmers have substantial experience in agriculture, with 65% having more than 10 years of
farming experience, while only 15% have 1-5 years and 20% have 6-10 years of experience.
Regarding the types of crops grown, vegetables are the most common, cultivated by 55% of the
farmers, followed by fruits (40%) and flowers (5%). This demographic profile suggests that the
sample is comprised of relatively experienced male farmers, with a strong focus on vegetable and
fruit cultivation.

4.2 Perceptions of Water Use Efficiency
Table 2. presents the farmers' perceptions of water use efficiency in their farming practices.

Table 2. Perceptions of Water Use Efficiency

Statement Mean Score (1-5) | Std. Deviation
I am aware of the concept of water use efficiency 4.26 0.83
My current irrigation practices are water-efficient 3.33 1.16
Water scarcity is a major challenge in my farming 4.52 0.74
I believe improving water use efficiency is essential 4.45 0.92

Table 2 presents the perceptions of water use efficiency among the farmers, with a focus on
their awareness of the concept, current irrigation practices, and the challenges they face. The highest
mean score (4.52) is given to the statement that water scarcity is a major challenge in farming,
indicating that the farmers strongly acknowledge the importance of addressing water limitations in
their agricultural activities. Additionally, the mean score for the belief that improving water use
efficiency is essential is also high (4.45), reflecting a strong recognition of the need for better water
management practices. However, the perception of current irrigation practices being water-efficient
is relatively lower (3.33), with a higher standard deviation (1.16), suggesting a more varied response
among farmers regarding the effectiveness of their existing irrigation methods. The awareness of the
concept of water use efficiency scored 4.26, with a moderate standard deviation (0.83), indicating a
generally high level of awareness but with some variability. Overall, these results highlight that
while farmers recognize water scarcity and the importance of improving water use efficiency, there
is room for improvement in the efficiency of their current irrigation practices.
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4.3 Perceptions of Drip Irrigation Technology
Table 3. presents the perceptions of farmers regarding drip irrigation technology.

Table 3. Perceptions of Drip Irrigation Technology

Statement Mean Score (1-5) | Std. Deviation
Drip irrigation improves water use efficiency 4.55 0.62
Drip irrigation enhances crop resilience to drought 4.32 0.74
The initial cost of installing drip irrigation is high 3.84 1.06
I plan to adopt drip irrigation in the future 4.14 0.82

Table 3 presents the farmers' perceptions of drip irrigation technology, revealing generally
positive views on its effectiveness and potential benefits. The highest mean score (4.55) is given to
the statement that drip irrigation improves water use efficiency, reflecting strong agreement among
farmers that this technology enhances water management. Additionally, drip irrigation is perceived
to significantly enhance crop resilience to drought, with a mean score of 4.32, indicating that farmers
believe it plays an important role in mitigating the effects of climate variability. However, the
perceived high initial cost of installing drip irrigation, with a mean score of 3.84 and a higher
standard deviation (1.06), suggests some concern over the financial investment required, with
variability in how different farmers view the affordability of this technology. Despite this, a relatively
strong intent to adopt drip irrigation in the future is expressed, with a mean score of 4.14, showing
that many farmers are open to the idea of implementing this technology, likely motivated by its
potential benefits in water efficiency and crop resilience. Overall, the data suggests a positive outlook
toward drip irrigation, tempered by concerns over its cost.

4.4 Correlation Analysis
Correlation analysis was conducted to assess the relationships between water use efficiency,

drip irrigation adoption, and the resilience of horticultural crop production.

Table 4. Correlation Analysis

Variable Water Use Efficiency | Drip Irrigation Adoption | Crop Resilience
Water Use Efficiency 1.00 0.684** 0.452**
Drip Irrigation Adoption 0.684** 1.00 0.626**
Crop Resilience 0.452** 0.626** 1.00

Table 4 presents the correlation analysis results, showing the relationships between water
use efficiency, drip irrigation adoption, and crop resilience. The correlation between water use
efficiency and drip irrigation adoption is strong and positive (0.684**), suggesting that as farmers
improve their water use efficiency, they are more likely to adopt drip irrigation technology. This
indicates a clear association between the recognition of the benefits of water-efficient practices and
the willingness to implement drip irrigation. Additionally, there is a moderate positive correlation
between water use efficiency and crop resilience (0.452*), highlighting that higher water use
efficiency is linked to better crop resilience, though the relationship is not as strong as with drip
irrigation adoption. The strongest correlation is observed between drip irrigation adoption and crop
resilience (0.626**), indicating that farmers who adopt drip irrigation are likely to experience
improved crop resilience, particularly to drought and other environmental stresses. These results
demonstrate that drip irrigation not only enhances water use efficiency but also contributes
significantly to the resilience of crops, further emphasizing its potential benefits in sustainable
farming practices.
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4.5 Multiple Regression Analysis
Multiple regression analysis was performed to assess the impact of drip irrigation
technology and water use efficiency on the resilience of horticultural crop production.

Table 5. Multiple Regression Analysis

Predictor B (Standardized) | p-value
Water Use Efficiency 0.246 0.032
Drip Irrigation Adoption 0.353 0.000
Constant 2.551
R? 0.503

Table 5 presents the results of the multiple regression analysis, which assesses the impact of
water use efficiency and drip irrigation adoption on crop resilience. The regression model shows
that both predictors have a statistically significant impact on crop resilience. Drip irrigation adoption
has the strongest influence, with a standardized {3 value of 0.353 and a p-value of 0.000, indicating a
highly significant relationship between the adoption of drip irrigation and improved crop resilience.
Water use efficiency also contributes to crop resilience, with a standardized 3 value of 0.246 and a p-
value of 0.032, suggesting a moderate but significant effect. The R? value of 0.503 indicates that
approximately 50.3% of the variance in crop resilience can be explained by the combined influence
of water use efficiency and drip irrigation adoption. This highlights the importance of both factors
in enhancing crop resilience, with drip irrigation playing a particularly pivotal role in improving
farmers' ability to withstand environmental stresses.

Discussion

The findings of this study highlight the critical role of water use efficiency and drip irrigation
technology in enhancing the resilience of horticultural crop production in Bandung Regency. The
significant correlation between water use efficiency and drip irrigation adoption suggests that
farmers who recognize the importance of efficient water use are more likely to adopt modern
irrigation technologies like drip irrigation. This is consistent with previous studies that have found
that farmers' perceptions of water scarcity and efficiency drive the adoption of water-saving
technologies [22], [23].

The positive relationship between drip irrigation adoption and crop resilience further
supports the idea that drip irrigation enhances the ability of horticultural crops to withstand climate
stressors, such as droughts. This finding aligns with studies that have shown that drip irrigation
improves water management and increases crop resilience by maintaining optimal moisture levels
and reducing water-related stresses [24], [25].

However, the study also identified the high initial cost of drip irrigation as a barrier to
adoption for many farmers. This challenge is consistent with findings from other studies, which have
highlighted the financial constraints faced by smallholder farmers when adopting new technologies
[14], [26]. Policymakers and agricultural extension services need to consider strategies for reducing
the cost of drip irrigation systems, such as subsidies, financing options, and technical assistance, to
encourage wider adoption among farmers.

In conclusion, the results of this study demonstrate that water use efficiency and drip
irrigation technology are essential for enhancing the resilience of horticultural crop production in
Bandung Regency. The adoption of drip irrigation can significantly improve water management,
increase crop yields, and strengthen farmers' ability to cope with climate-related challenges. The next
section offers recommendations for policymakers and farmers based on the study's findings.

CONCLUSION

This research demonstrates that water use efficiency and drip irrigation technology are
crucial for enhancing the resilience of horticultural crop production in Bandung Regency. The
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adoption of drip irrigation systems improves water management, reduces wastage, and helps
farmers cope with climate-induced stresses, such as droughts. The study confirms the positive
relationship between water use efficiency, drip irrigation adoption, and crop resilience, highlighting
that both factors significantly contribute to improving agricultural productivity in water-scarce
regions. However, while drip irrigation technology is viewed as an effective solution, the high initial
cost of installation remains a significant barrier to adoption for many farmers. This finding suggests
a need for policy interventions, such as financial incentives, subsidies, and technical assistance
programs, to reduce the cost burden and facilitate broader adoption of drip irrigation systems among
smallholder farmers. In conclusion, the study provides valuable insights into the potential of drip
irrigation to enhance water use efficiency and resilience in the horticultural sector. Policymakers and
agricultural extension services should focus on creating an enabling environment that supports the
adoption of efficient irrigation technologies, ensuring that farmers can sustainably manage water
resources while improving productivity and climate resilience.

REFERENCES

1] L. Gandharum, D. M. Hartono, A. Karsidi, and M. Ahmad, “Monitoring urban expansion and loss of agriculture on
the north coast of west java province, Indonesia, using Google Earth engine and intensity analysis,” Sci. World ]., vol.
2022, 2022.

[2] S. O. A. Marnata, M. Najib, and N. Purnaningsih, “ADOPTION OF ORGANIC AGRICULTURE APPLICATION IN
SUBANG REGENCY, WEST JAVA PROVINCE OF INDONESIA,” Russ. ]. Agric. Socio-Economic Sci., 2021.

[3] L. Warlina, E. Soeryanto Soegoto, S. Supatmi, D. Oktafiani, and R. Jatnika, “Regional competitive advantage of
agriculture as the leading sector in Garut Regency, West Java province, Indonesia,” ]. East. Eur. Cent. Asian Res., vol.
10, no. 1, 2023.

[4] C. Kantor, J. D. Eisenback, and M. Kantor, “Biosecurity risks to human food supply associated with plant-parasitic
nematodes,” Front. Plant Sci., vol. 15, 2024, doi: 10.3389/fpls.2024.1404335.

[5] A. O. Akanmu et al., “Bioresources in Organic Farming: Implications for Sustainable Agricultural Systems,”
Horticulturae, vol. 9, no. 6, pp. 1-16, 2023, doi: 10.3390/horticulturae9060659.

[6] H. El-Ramady, A. El-Ghamry, A. Mosa, and T. Alshaal, “Nanofertilizers vs. Biofertilizers: New Insights,” Environ.
Biodivers. Soil Secur., vol. 2, no. 1, pp. 40-50, 2018, doi: 10.21608/jenvbs.2018.3880.1029.

[7] A. M. Omer, “Energy, environment and sustainable development,” Renew. Sustain. Energy Rev., vol. 12, no. 9, pp.
2265-2300, 2008, doi: 10.1016/j.rser.2007.05.001.
[8] C. E. Kontokosta and R. K. Jain, “Modeling the determinants of large-scale building water use: Implications for data-

driven urban sustainability policy,” Sustain. Cities Soc., 2015.

[9] A. Noori, H. Bonakdari, A. H. Salimi, L. Pourkarimi, and J. Masoompour Samakosh, “A novel Multiple Attribute
Decision-making approach for assessing the effectiveness of advertising to a target audience on drinking water
consumers’ behavior considering age and education level,” Habitat Int., vol. 133, p. 102749, 2023, doi:
https://doi.org/10.1016/j.habitatint.2023.102749.

[10]  P. Adeolu Adedibu and P. A. Adedibu, “Article title: Ecological problems of agriculture: impacts and sustainable
solutions Ecological problems of agriculture: impacts and sustainable solutions,” no. May, 2023, doi:
10.14293/PR2199.000145.v1.

[11] C. Lakshmi et al., “ Analysing agricultural information through machine learning and artificial intelligence for SMART
IRRIGATION,” in 2023 2nd International Conference on Vision Towards Emerging Trends in Communication and Networking
Technologies (ViTECoN), IEEE, 2023, pp. 1-6.

[12]  T. Y. Artanti “ADOPTION AND DIFFUSION OF AGRICULTURAL TECHNOLOGICAL INNOVATIONS
GOVERNMENT PROGRAM FIELD SCHOOL INTEGRATED PARTICIPATORY DEVELOPMENT MANAGEMENT
OF IRRIGATION PROGRAM (IPDMIP),” ]. Impresi Indones., vol. 2, no. 12, pp. 1189-1204, 2023.

[13]  P. Mishra and R. K. Somkunwar, “Smart Irrigation with Water Level Indicators Using Logistic Regression,” in 2023
4th International Conference for Emerging Technology (INCET), IEEE, 2023, pp. 1-5.

[14] E. Soeryanto Soegoto, L. Warlina, S. Supatmi, A. Abhi Rafdhi, R. Jumansyah, and H. Saputra, “SITAMPAN: Mobile
application for planting and harvesting of horticultural crops in Garut Regency,” MATRIX-JURNAL Manaj. Teknol.
DAN Inform., vol. 12, no. 3, 2022.

[15]  P. K. Pal and R. Chatterjee, “Development of women entrepreneur through value addition of horticultural crops,”
Value Addit. Hortic. Crop. Recent Trends Futur. Dir., pp. 315-323, 2015.

[16] S. Suwasono, S. S. E. Hapsari, I. B. Suryaningrat, and D. Soemarno, “Lean Manufacturing Implementation in
Indonesian Coffee Processor,” Int. . Food, Agric. Nat. Resour., vol. 3, no. 2, pp. 37-45, 2022.

[17] L. A. de Andrade, C. H. B. Santos, E. T. Frezarin, L. R. Sales, and E. C. Rigobelo, “Plant Growth-Promoting
Rhizobacteria for Sustainable Agricultural Production,” Microorganisms, vol. 11, no. 4, 2023, doi:
10.3390/microorganisms11041088.

[18] A. Alj, T. Hussain, N. Tantashutikun, N. Hussain, and G. Cocetta, “Application of smart techniques, internet of things

Vol. 4, No. 04, April 2026: pp. 608-617



West Science Interdisciplinary Studies 0617

[19]
[20]
[21]
[22]

[23]

[24]

[25]

[26]

and data mining for resource use efficient and sustainable crop production,” Agriculture, vol. 13, no. 2, p. 397, 2023.
P. Sarkar et al., “Spent Coffee Waste Conversion to Value-Added Products for the Pharmaceutical and Horticulture
Industry,” Bioresour. Util. Manag. Appl. Ther. Biofuels, Agric. Environ. Sci., p. 8, 2021.

B. Harsanto, “Sustainability innovation in the agriculture sector in Indonesia: a review,” in E3S Web of Conferences,
EDP Sciences, 2021, p. 2022.

B. T. Kurnianto, “The Future of Agriculture in Indonesia: Facing Climate Change and Globalization,” West Sci. Agro,
2024.

Y. Kamakaula, “Sustainable Agriculture Practices: Economic, Ecological, and Social Approaches to Enhance Farmer
Welfare and Environmental Sustainability,” West Sci. Nat. Technol., vol. 2, no. 02, pp. 47-54, 2024.

D. V. Torani, A. Suryantini, and Irham, “Factors Influenced Farmer’s Willingness to Continue Semi Organic Shallot
Farming in Bantul District, Daerah Istimewa Yogyakarta,” IOP Conf. Ser. Earth Environ. Sci., vol. 1005, no. 1, 2022, doi:
10.1088/1755-1315/1005/1/012028.

A. De Troij et al., “First steps in the agroecological transition for market gardeners in Yamoussoukro: brakes and
levers,” in XXXI International Horticultural Congress (IHC2022): International Symposium on Agroecology and System
Approach for Sustainable 1355, 2022, pp. 241-250.

L. Michalczuk, “Site-Directed Mutagenesis—A Chance to Meet Environmental Challenges and Provide Healthy Food
for People or an Unacceptable Hazard to Humans, Animals, and the Environment. Consequences of the European
Court of Justice Judgment in Case C-528/16,” ]. Hortic. Res., vol. 30, no. 2, pp. 1-12, 2022.

D. Feliciano, “Factors influencing the adoption of sustainable agricultural practices: the case of seven horticultural
farms in the United Kingdom,” Scottish Geogr. ]., vol. 138, no. 3—4, pp. 291-320, 2022.

Vol. 4, No. 04, April 2026: pp. 608-617



