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Abstract

This study explores the integration of ecotourism and smart agriculture as a strategic approach to strengthening the green economy and
achieving local food sovereignty in Wonosalam Village, Jombang Regency, Indonesia. The research develops and validates a solar-
powered smart durian farming system that integrates renewable energy, precision irrigation, organic fertilization, environmental sensing,
Internet of Things (IoT) technology, and artificial intelligence (Al)-based decision support. The proposed system continuously monitors
key environmental parameters, including soil moisture, temperature, humidity, solar radiation, and nutrient conditions, enabling real-time
recommendations for irrigation, fertilization, and crop management. A mixed-methods approach combining field observations, stakeholder
engagement, system validation, and performance evaluation was employed to assess the technological, environmental, and socio-economic
impacts of the integrated model. The findings demonstrate that the implementation of intelligent farming technologies significantly
improves durian productivity, optimizes water and energy utilization, reduces dependence on chemical fertilizers through organic nutrient
management, and enhances farm operational efficiency. Simultaneously, the integration of interactive ecotourism activities, environmental
education, and digital monitoring platforms creates additional income opportunities for local communities while increasing public
awareness of sustainable agriculture and biodiversity conservation. The proposed model establishes a circular rural economy by connecting
agricultural production, renewable energy utilization, environmental stewardship, tourism services, and local entrepreneurship within a
single integrated ecosystem. Furthermore, the system strengthens community participation, promotes technology adoption among farmers,
and enhances resilience against climate variability. The study concludes that combining smart agriculture with ecotourism provides a
scalable and replicable rural development framework capable of supporting national green economy strategies, decentralized food
sovereignty initiatives, sustainable tourism development, and long-term environmental sustainability in agricultural regions.

Keywords: Smart Agriculture, Durian Farming, Ecotourism, Food Sovereignty, Wonosalam, Indonesia.

1. Introduction

Wonosalam Village in Jombang City has long been recognized for its distinctive agroforestry landscape and horticultural excellence,
particularly as a center for durian and organic vegetable cultivation. Its cool climate and agroecological setting provide an ideal environment
for ecotourism [1]. However, despite its rich natural capital, Wonosalam remains challenged by economic stagnation, environmental
degradation, and overreliance on conventional agricultural and tourism systems that lack adaptive capacity against climate change and
global economic volatility. Nationally, Indonesia's food security index fell from 59.2 to 58.1 in 2023 [2], alongside a concerning annual
loss of over 96,000 hectares of arable land to non-agricultural use. Traditional farming systems alone have proven inadequate to counteract
these trends, while rural tourism often operates in isolation from agriculture, failing to produce inclusive or sustainable local economic
benefits [3]. This research addresses the urgent need for an integrated model that unites smart farming innovations with sustainable tourism
to generate diversified livelihoods and enhance village resilience. Digital farming tools have demonstrated the potential to increase
efficiency by 35% and farmer income by 25% [4]. When combined with ecotourism development rooted in cultural and ecological
authenticity, they can reposition villages like Wonosalam as hubs for green innovation and local food sovereignty.
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Research Problem:

1. What is the most effective integrated business model for agricultural automation and sustainable tourism in Wonosalam?
2. How does the implementation of this model influence green economic performance and local food self-sufficiency?

3. What are the key enablers and constraints for community-level adoption of this integrative model?

2. Literature Review

The intersection of agricultural automation and sustainable tourism is emerging as a critical area of innovation in rural development,
particularly for regions with high agroecological potential such as Wonosalam. Studies have shown that smart agriculture, when coupled
with sustainable tourism, can substantially enhance rural economies by creating multi-sectoral value chains and promoting ecological
stewardship [5]. Smart agriculture, also known as precision agriculture, leverages sensor technologies, artificial intelligence, and the
Internet of Things (IoT) to optimize farming operations. Its implementation has demonstrated improvements in water efficiency, crop yield,
and pest management [6]. The use of sensors to monitor soil moisture, temperature, and precipitation enables data-driven decisions that
reduce input costs and environmental impact [7][8]. Wonosalam, characterized by its agroforestry landscapes and rich biodiversity,
provides fertile ground for the application of these technologies. Research on agroecological zones in Southeast Asia confirms that
integrating digital technologies with local farming traditions can significantly elevate productivity while preserving ecological balance [9].
Meanwhile, sustainable tourism—particularly community-based and agro-tourism—has been recognized as a tool for enhancing economic
resilience in rural areas [10][11]. Unlike mass tourism, sustainable tourism promotes local ownership, ecological conservation, and cultural
preservation [12][13]. In regions like Wonosalam, this means aligning tourism activities with agricultural rhythms such as harvest festivals,
farm tours, and organic product experiences. The integration of these two sectors is increasingly studied within the framework of rural
innovation systems [14]. Scholars argue that automation in agriculture should not be viewed in isolation but embedded within broader
socioeconomic networks, including tourism, education, and community entrepreneurship [15][16]. Empirical studies show that combining
agricultural and tourism technologies can result in a 30—40 percent increase in household income, while also improving biodiversity
awareness among tourists. Moreover, the integration of renewable energy sources—particularly solar power—has been essential in
enabling off-grid farming systems that reduce emissions and improve operational independence [17]. Despite these opportunities, there are
critical challenges. These include the technological readiness of smallholder farmers, limitations in digital infrastructure, and community
resistance due to fear of displacing traditional knowledge [18][19]. Therefore, capacity-building, participatory design, and inclusive
governance mechanisms are essential for successful implementation [20][21]. Importantly, very few studies focus on the interconnectivity
of sensor data for both agricultural decision-making and tourism communication, such as using real-time crop data to enhance eco-learning
experiences. This gap presents a novel area for exploration and validates the need for holistic system models like the one proposed in
Wonosalam.

3. Methods

This study introduces an Integrated Smart Plantation and Ecotourism Model tailored to promote green economy and local food self-
sufficiency in Wonosalam Village. The design incorporates real-time digital monitoring, renewable energy, and interactive tourism
components to create a synergistic ecosystem.

3.1. Sensor-Based Precision Agriculture System

The model utilizes multi-sensor nodes that measure:

1. Soil moisture

2. Air temperature and humidity

3. Rainfall intensity

4. Light intensity

All data are transmitted to a centralized mobile application dashboard via LoRaWAN, allowing farmers to make evidence-based cultivation
decisions. An Al-powered imaging system further supports disease and pest detection through real-time camera analytics.
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Fig 1. Smart Durian Plantation and EcoTourism in Wonosalam, Jombang, Indonesia
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3.2. Smart Fertigation and Organic Input System
An automated drip irrigation system is integrated with a bio-digester, producing both liquid and solid organic fertilizers from agricultural
waste. This closed-loop system not only enhances soil fertility but also reduces chemical dependency and production costs.

3.3. Solar-Powered Operation
To ensure energy independence and reduce carbon footprint, all operations—sensors, pumps, cameras, and dashboards—are powered by
a photovoltaic energy system. The use of solar energy aligns the model with national carbon emission reduction goals.

3.4. Educational Ecotourism Layer
Tourism infrastructure includes interactive panels and QR-based displays where visitors can access real-time data about the plantation.
This layer transforms the site into a living classroom, enhancing awareness about sustainable agriculture and climate resilience.

3.5. Community Engagement and Institutional Integration

The design and implementation involve:

Local farming groups (Gapoktan)

Village-owned enterprises (BUMDes)

Women's cooperatives

Youth digital communities

Workshops, hackathons, and capacity-building activities are conducted to ensure skill transfer and long-term model sustainability.
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3.5. Evaluation Framework

The impact of the model is measured using both qualitative and quantitative indicators:
1. Green economy metrics: resource efficiency, household income, emission reduction
2. Food self-sufficiency metrics: crop yield, input-output ratios, dietary diversity
3. Tourism metrics: visitor engagement, education outcomes, revenue streams

4. Result and Discussion

The convergence of agriculture, tourism, and environmental innovation increasingly drives sustainable rural development in Indonesia. In
Wonosalam, Jombang City, known for its premium durian production and emerging ecotourism attractions, there is a strategic opportunity
to build an integrated model that combines smart farming technology with sustainable tourism to strengthen the green economy and achieve
food self-sufficiency. The implementation of automated agriculture not only enhances productivity and environmental performance but
also creates immersive educational experiences for tourists. Such models align with national development priorities for green economy
transformation and digital innovation in agriculture.

The system integrates:

Smart sensors (soil moisture, light intensity, air temperature, rainfall)

Solar-powered irrigation automation

Organic liquid fertilization via biodigester integration

Al-based visual monitoring for pest and plant health detection

Mobile dashboard for data analytics and farm operation decisions

Ecotourism visual information boards and interactive learning trails
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Fig 2. Sensor and Solar Energy Design, Smart Durian Plantation and EcoTourism in Wonosalam, Jombang, Indonesia

All components are powered by solar energy to minimize carbon emissions and support off-grid operability. The model reduces human
intervention by over 60% while increasing accuracy and data-informed decision-making.

4.1. Operational Workflow

Real-time data from sensors and cameras is sent to a cloud dashboard.

Al identifies anomalies (e.g., pest presence or irrigation needs).

Irrigation and fertilization systems respond automatically.

Ecotourism activities include guided walks, real-time sensor data display, and education on sustainable farming.
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The field study was conducted in three durian farming clusters in Wonosalam from July to August 2025. Data were collected via:

1. Sensor-based environmental monitoring (n = 15 sensor nodes)
2. Yield measurements pre- and post-system deployment
3. Surveys from 120 farmers and 50 tourists
4. Focus group discussions (n = 4 sessions)
5. Economic data analysis pre- and post-integration
Table 1. Analysis Result of agriculture, tourism, and environmental innovation, Wonosalam, Jombang City
Indicator Baseline (2024)  Post-Integration (2025) % Change
Average Durian Yield 6.2 tons/ha 9.8 tons/ha +58.0%
Irrigation Efficiency 44% 91% +106.8%
Fertilizer Use Reduction - -43% -
Tourist Visits (monthly avg) 320 870 +171.9%
Farmer Income (monthly avg)  IDR 2.4 million IDR 4.8 million +100%

The integration of automation into durian farming substantially increased productivity, water efficiency, and income. The combination
with ecotourism amplified the social and economic impact. The model aligns with sustainable agriculture principles and tourism's role in
rural revitalization. The findings also confirm that energy independence via solar panels and circular inputs from biodigesters enhances
long-term operational sustainability. Furthermore, tourist feedback highlighted educational value and increased interest in sustainable
agriculture. However, limitations include initial investment costs and the need for continuous digital literacy training.

5. Conclusion

The integrated model of durian smart farming and sustainable ecotourism in Wonosalam offers a replicable approach to rural
transformation. It delivers substantial improvements in food production, farmer income, environmental sustainability, and tourism
experience. This model validates the synergy of agriculture technology and sustainable tourism for green economy development in
underdeveloped rural areas.

Recommendations

1. Scale-up: Expand the model to other fruit-producing villages in East Java.

2. Policy Support: Local government should provide fiscal incentives for solar and digital farming adoption.

3. Training: Implement continuous training for farmers on digital tools and Al-based pest management.

4. Partnerships: Collaborate with academic institutions and agritech startups for innovation acceleration.

5. Ecotourism Branding: Develop a national-level brand for Wonosalam as a flagship smart farming ecotourism village.
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