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Abstract: The Subak is a traditional Balinese irrigation and farming management system rooted in socio-religious
customs and ecological harmony. The sustainability of the Subak, however, is increasingly threatened by
contamination from domestic, livestock, and small-scale industrial waste. This study assessed the types, sources,
and practices of waste management in Penebel District in Bali with a participatory mapping approach involving
surveys, field observations, and focus group discussions with farmers and local officials. Findings from 38 Subak
irrigation systems revealed that 52.63% of the Subak areas were primarily affected by domestic waste while
21.05% faced mixed contamination from domestic and livestock waste. Among all, the predominant waste types
included 44.74% of organic materials, such as manure and agricultural residues, and 34.21% of inorganic materials
like plastics and packaging. Alarmingly, 57.89% of the Subaks left waste untreated in irrigation channels whereas
41.1% of the households disposed waste directly into drainage or irrigation ditches. Only a small portion, 21.06%,
practiced composting. These informal waste practices were exacerbated by limited institutional support and
deteriorated irrigation infrastructure, as 28.95% of the Subak irrigation channels were in damaged condition. In
this connection, this study also shed light on the imperative for differentiated and community-based waste
management strategies, aligned with the principles of organic farming. Recommended interventions included
organic waste composting, structured inorganic waste collection, Awig-Awig revitalization, and environmental
education to change local behaviors. The integration of participatory mapping with environmental assessment
provided a practical and culturally relevant tool for empowering the Subak communities with sustainable waste
and water management. Protecting the Subak landscape from waste is indispensable for safeguarding both
agricultural productivity and unique cultural heritage in Bali.

Keywords: Irrigation; Participatory mapping; Subak; Waste management; Geographic Information System
1. Introduction

Characterized by the socio-agro-religious values, the Subak is a traditional and customary law-based community
organization consisting of farmers who manage irrigation water for rice fields. It plays a vital role in sustaining
rice production across the Bali Province. The technological coherence of the Subak system is reflected in its
comprehensive water management, including the construction and operation of irrigation infrastructure as well as
the coordination of operations and maintenance based on the philosophy of Tri Hita Karana, a Balinese concept
emphasizing harmony among humans, nature, and the divine (Zen et al., 2024).

The Subak system in Bali, Indonesia, has been recognized as a United Nations Educational, Scientific and
Cultural Organization (UNESCO) World Heritage Site due to its cultural and ecological significance (Ivancov,
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2025; Sardiana & Wiguna, 2023). However, the sustainability of the Subak is increasingly threatened by
environmental contamination resulting from agricultural runoff, domestic waste, and tourism-related activities.
These contaminants adversely affect the water quality of irrigation, soil health, and overall agricultural productivity
(Ardana et al., 2024; Norken, 2019).

The Tabanan Regency, known as the “rice barn” of Bali, spans an area of 839.33 km?, accounting for 14.9% of
the total land area in the province. In year 2024, Tabanan Regency recorded a total area of 43,215 hectares for
harvested rice field, thus marking an increase of 6.36% compared to the previous year. Tabanan is recognized as
the rice granary in Bali, with irrigated rice as its main agricultural commodity. Between years 2018 and 2023, the
Tabanan Regency lost approximately 2,676.61 hectares of rice fields due to land conversion for development
purposes (BPS-Statistics Indonesia Tabanan Regency, 2024). This reduction represents about 3—6% of the total
land area in the Regency. The key drivers of this land conversion include rapid urbanization, infrastructure
expansion, and growth in the tourism sector. These factors have raised concerns over the long-term sustainability
of rice production and food security in the region (Astarini et al., 2020). With population growth, the conversion
of agricultural land to non-agricultural uses has accelerated and has significantly impacted the quality of the
environment.

Penebel District, located in the Tabanan Regency of Bali, is recognized as one of the leading contributors to rice
production in the region. Covering an area of 141.98 square kilometers and consisting of 18 villages, Penebel
benefits from favorable geographic and climatic conditions for agriculture, particularly rice cultivation. A
significant portion of the land, approximately 68%, is used for agriculture, including rice fields, plantations, and
mixed dryland farming. According to the Department of Agriculture in the Tabanan Regency, in year 2024 Penebel
reached the highest rice planting target at 7,728 hectares, which was far more than any other subdistricts (BPS-
Statistics Indonesia Tabanan Regency, 2024). Moreover, Penebel is the center of organic rice farming in Tabanan.
The district has actively developed organic paddy cultivation, including both white and red rice varieties. These
initiatives not only increase the added value of agricultural products but also support sustainable tourism in the
area (Shiotsu et al., 2015; Susilawati et al., 2025).

The conversion of rice fields in Penebel District has become a significant issue in recent years. Data indicated
that between years 2016 and 2020, the Tabanan Regency experienced a decrease in the area of rice field by
approximately 1,193.54 hectares, equivalent to about 5.56% of the total rice field area (Djelantik et al., 2023;
Yulandari et al., 2021). In particular, in villages such as Jatiluwih in Penebel District, agricultural land has been
increasingly converted into tourism-related facilities such as homestays and restaurants, thus causing degradation
of the Subak-managed rice fields (Prastyadewi et al., 2020; Prastyadewi et al., 2023).

This land conversion not only reduces the extent of agricultural land but also negatively affects the
environmental quality of the Subak rice fields. The conversion disrupts the traditional Subak irrigation systems,
leading to a decline in the quality of irrigation water and an increase in the risks of waste contamination. Moreover,
changes in land use contribute to higher amounts of domestic waste and plastic debris contaminating irrigation
channels, along with degradation of the aesthetic and cultural landscape of the rice fields (Yasmita, 2025). While
the traditional Subak systems are designed for sustainable water sharing and ecological balance, contemporary
pressures especially unmanaged waste are disrupting this harmony. Waste from domestic, livestock, and informal
industrial sources has begun to overload irrigation channels and degrade environmental functions within the Subak
areas.

The impacts of this waste raise concerns about the sustainability of the Subak system, which is both a cultural
heritage and a traditional water management system in Bali. Decreased environmental quality and interrupted
irrigation system threaten the agricultural productivity and preservation of local cultural identity. Therefore,
sustainable land management and conservation efforts are essential to maintain both the ecological function and
cultural significance of rice fields in Penebel District.

Mapping plays a crucial role in identifying and understanding the extent and sources of waste in the Subak rice
fields. Accurate spatial data on waste levels such as quality of irrigation water, waste types, and waste sources are
essential for informed decision-making and effective environmental management (Trigunasih & Saifulloh, 2022).
Without proper mapping, waste hotspots and pathways of contaminants often remain hidden; therefore, the
capacity to develop targeted mitigation strategies has been limited.

Participatory mapping, which involves direct engagement of local communities in the data collection and
mapping processes, emerges as the most effective approach for assessing environmental conditions in the Subak
areas (Cui et al., 2024). This method not only integrates scientific and local indigenous knowledge but also
empowers stakeholders by giving them a voice in monitoring and managing their environments. Community
involvement ensures that the mapping reflects real-world conditions accurately and enhances the legitimacy and
acceptance of subsequent conservation efforts (Parsons et al., 2021).

Furthermore, participatory mapping fosters greater awareness and responsibility among local farmers regarding
the impact of waste and practices of sustainable land management. This mapping supports the preservation of both
environmental quality and cultural heritage by involving the Subak members, who have deep cultural and spiritual
ties to their land and irrigation systems (Delina et al., 2024). Therefore, participatory mapping stands out as a



powerful tool for promoting sustainable development and environmental stewardship in the Subak-managed
landscapes.

Despite its potential, the application of participatory mapping within traditional irrigation systems like the Subak
remains limited. Existing studies often focused on singular aspects of environmental degradation, such as pesticide
use or water scarcity, without addressing the integrated nature of waste issues in rice field ecosystems (Gava et al.,
2024; Mali et al., 2023). Moreover, few studies examined the combination of multiple waste sources including
domestic, livestock, and small-scale industrial waste through a community-driven spatial approach (Robinson,
2024; Si et al., 2019). his lack of comprehensive, participatory, and place-based environmental assessments in
traditional agricultural systems represents a significant research gap.

This study aimed to address these gaps by integrating participatory mapping with environmental assessments to
analyze waste contamination in the Subak rice fields of Penebel District, the Tabanan Regency of Bali. By
involving the Subak members, local government, and local communities, the research assessed the quality of
irrigation water, identified and mapped the types and distribution of waste, determined the primary sources
affecting the Subak areas, and visualized contamination levels as perceived and experienced by the community.
By combining scientific indicators with local knowledge, this research aspired to support inclusive, culturally
grounded, and ecologically sound environmental management practices in traditional rice field systems in Bali.

2. Methodology
2.1 Location of Research

Penebel District, which is in the Tabanan Regency of Bali Province in Indonesia, covers an area of
approximately 141.98 km? and is located at around 8.437< South latitude and 115.142° East longitude.
Administratively, Penebel consists of 18 villages, including Jatiluwih, Wongaya Gede, Babahan, Senganan, and
Penatahan. As of mid-2024, the estimated population of the district is approximately 55,590 people and this shows
a steady increase since the 2020 census (BPS-Statistics Indonesia Tabanan Regency, 2024).
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Figure 1. The location of research

Topographically, Penebel is characterized by hilly and mountainous terrain, situated on the slopes of Mount
Batukaru. Elevation varies significantly, with villages such as Jatiluwih located at about 700 meters above the sea



level (BPS-Statistics Indonesia Tabanan Regency, 2024). The area is also known for its terraced rice fields,
particularly in Jatiluwih Village, which has been designated as a UNESCO World Heritage Site (Rahmi &
Setiawan, 2020).

The population is predominantly engaged in agriculture, especially rice farming supported by fertile soils and
favorable climatic conditions. In addition to farming, tourism has become an increasingly important sector,
contributing to the local economy through eco-cultural tourism activities centered on natural landscapes and
traditional Balinese culture (Susilawati et al., 2025). Figure 1 shows the location of this research.

2.2 Method of Data Collection

Data collection was conducted using both primary and secondary sources. Primary data were obtained through
observation, surveys, interviews, and analytical techniques. Secondary data were gathered from various existing
sources, including documents, references, books, journals, images, recordings, and other materials related to the
research topic (Bazen et al., 2021). The methods of data collection are presented in Table 1.

Table 1. Method of data collection

No. Data Types of Data Method of Data Collection Tools/Materials Used
Subak identity Data from the Department of
1 — Name of the Subak Secondary Agriculture, research articles,
— Location spatial data
Irrigation Focus group discussions, Work map, survey form,
2 — Condition of irrigation Primary participatory mapping, and field  digital camera, the Global
— Quality of irrigation water surveys Positioning System (GPS)

Waste management

— Types of waste

— Sources of waste
— Management of waste

Focus group discussions,
Primary participatory mapping, and field
surveys

Work map, survey form,
digital camera, the GPS

In this study, the parameters analyzed focused on two interrelated aspects of managing the Subak-based rice
field ecosystem, namely irrigation and waste management. First, in terms of irrigation, the analysis covered the
condition of the irrigation network, including its completeness, functionality, and level of maintenance. These
factors determine the smooth distribution of water from its sources to individual rice plots. Additionally, the quality
of irrigation water was examined as the water supply might be contaminated by domestic, agricultural, or industrial
waste. Assessing water quality is essential to ensure that the water used does not negatively impact rice
productivity or the health of the paddy field ecosystem.

Second, regarding waste management, the study identified the types of waste present in the rice fields, such as
organic waste from plant residues and livestock manure and inorganic waste from plastic, pesticide packaging,
and household garbage. It also examined the sources of waste, which might originate from farming activities,
surrounding settlements, or upstream runoff. The final component involved evaluating the practices of waste
management, whether through traditional methods maintained by the Subak members or through policies
established by the village or regional authorities. The observed management practices included the treatment of
waste by a specific institution, the disposal into rivers, irrigation canals, or drainage channels, the process into
compost or manure, the burial in waste pits, and any other possible methods.

This analytical approach provided a comprehensive understanding of the relationship between the availability
of irrigation and the quality and waste loads of rice fields, thus forming a basis for developing sustainable Subak
management strategies.

2.3 Methodology

Participatory mapping of the Subak condition in Penebel District was conducted with focus group discussions
(FGD) with farmers, heads of the Subak farmer groups known as Pekaseh, and staff from the Department of
Agriculture in the Tabanan Regency with a total of 50 participants. The FGD was conducted at the Buruan Subak
meeting hall in Penebel District and interview forms were used to record data regarding the condition of each
Subak. Following the interviews, field surveys were carried out to document the environmental condition,
irrigation infrastructure, and land status within each Subak. The GPS and cameras were used during the surveys
for spatial data collection and photographic documentation. The data gathered from the field was then mapped to
analyze the specific condition of each Subak.

The significance levels of the condition of irrigation water and irrigation channels were determined based on
the perceptions of respondents obtained from structured interviews and surveys. Respondents were asked to
evaluate the perceived impact of each waste category on the quality of irrigation water and the sustainability of



the Subak. The evaluation used adapted qualitative criteria for each local context:

¢ Quality of the Irrigation Water: Very Clean, Clean, and Dirty.

¢ Condition of the Irrigation Channels: Good, Moderate, and Damaged.

The classification was directly derived from respondents’ answers and later summarized in the analysis. This
perception-based approach was aligned with community-driven participatory mapping principles so as to ensure
that local knowledge and experiences informed the spatial assessment. In this study, waste type was categorized
into three groups based on the dominant material composition observed or reported by respondents, namely,
organic, inorganic or both. Meanwhile, waste source, domestic waste management, and irrigation waste
management variables were obtained by summarizing answers from the respondents during the surveys and
interviews. Sources of waste described the origins of waste entering the irrigation system, such as upstream
contaminants, domestic activities, livestock operations, and industrial activities. Domestic waste management
reflects the handling of household waste before it potentially enters the irrigation channels, covering aspects like
collection, segregation, disposal, or reuse. Irrigation waste management refers to practices undertaken by farmer
groups, the Subak organizations, or related community units to clean, monitor, or prevent waste accumulation
within the irrigation network.

This study collected the perceptions from local stakeholders to provide a qualitative and structured basis for
evaluating the significance levels of the types and sources of waste, as well as the domestic and irrigation waste
management in the studied area. Figure 2 is the flowchart of the research.
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Figure 2. Flowchart of the research
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3. Results and Discussion

As part of the process of data collection, FGD was conducted at the Subak Buruan Hall (Balai Subak Buruan),
located in Penebel District. The FGD was attended by key stakeholders directly involved in agricultural and
environmental management in the region. Participants included the heads of the Subak (Pekaseh) from various
Subak organizations across Penebel District, as well as representatives from the Department of Agriculture in the
Tabanan Regency.

Figure 3. Photos of the FGD



The purpose of the FGD was to gather qualitative insights and validate findings related to the condition of
irrigation, practices of waste management, and challenges from the environment within the Subak system. The
discussions allowed the triangulation of survey data and provided a platform for local leaders and officials to share
experiences related to irrigation condition and waste management in the Subak rice fields. Figure 3 captures the
scenes of the FGD.

3.1 Subak Rice Fields in Penebel District

Penebel District is one of the regions renowned for its well-preserved and functioning Subak system, a
traditional Balinese irrigation and farming organization recognized as part of the UNESCO World Cultural
Heritage. The Subak system integrates irrigation management, agricultural practices, and socio-religious values,
providing a holistic model of sustainable agriculture rooted in local wisdom.

In Penebel, the Subak units are primarily engaged in rice cultivation, relying on gravity-fed irrigation sourced
from natural springs and rivers that flow from the central highlands of Bali, including Mount Batukaru. The Subak
in this region is characterized by terraced rice fields, which are not only agriculturally productive but also
significant to the cultural and ecological landscapes of the island.

Each Subak is governed by a head farmer known as the Pekaseh, who is elected by local members and is
responsible for coordinating irrigation schedules, resolving water disputes, and maintaining the infrastructure of
the canals. Decision-making in the Subak system is traditionally democratic and often tied to rituals conducted at
the Subak temples, Pura Ulun Subak, so as to reflect the spiritual foundation of the system.

Despite its strengths, the Subak system in Penebel faces growing challenges such as increasing waste, declining
water quality, degrading infrastructure, and changing land-use patterns. The alarming presence of domestic,
industrial, and agricultural waste, particularly plastic and chemical runoff, has raised concerns about the long-term
sustainability of both irrigation and agricultural productivity in the region. Nonetheless, the Subak communities
in Penebel remain actively involved in maintaining their systems with support from local government agencies
and civil society, serving as models of community-based and environmentally integrated management of water
and land.

The Subak system in Penebel District, the Tabanan Regency of Bali, is distributed across multiple villages, thus
reflecting a strong integration of traditional irrigation practices into the agricultural landscape of the region. Based
on the survey data, there are a total of 38 Subak units associated with the management of rice fields in 21 villages
and Hamlets (Banjar) across the district.
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Figure 4. Number of the Subak rice fields per village in Penebel District

The village of Jegu holds the highest number of 4 Subak units, thus indicating a dense agricultural activity and
a well-established irrigation network. Following this, the villages of Mangesta, Sangketan, Senganan, and



Tengkudak have 3 Subak units each and they play a significant role in local food production and traditional land
stewardship. Several villages, namely Biaung, Buruan, Penebel, Rejasa, Tajen, and Wangaya Gede, have 2 Subak
units each, contributing to medium-scale Subak-based rice cultivation in the region. Meanwhile, a number of
villages such as Babahan, Bengkel, Jatiluwih, Pemanis Kelod, Penatahan, Pesagi, Pitra, Riang Gede, Tegal
Linggah, and Tingkihkerep are associated with 1 Subak unit only, hence representing smaller-scale Subak
operations to maintain strong cultural and ecological significance. This distribution highlights the diversity of the
Subak organizations in Penebel District, with some villages maintaining multiple Subak units due to their favorable
topography, larger irrigated rice areas, and more intensive agricultural activities.

Despite differences in scale, each Subak plays a vital role in sustaining environmentally conscious and
community-based rice farming practices aligned with the principles of traditional Balinese agriculture. Figure 4
lists the number of the Subak rice fields per village in Penebel District. The map in Figure 5 exhibits the distribution
of the Subak rice fields in Penebel District.

= = Desa (Village) Namjar
No.  Subak Name (Hamiets)
1 Subak WangayeBetan  Mangesta
2 Subak Petung Buruan
3 Subak Jatiluwih Jatituwih
4 Subak Serason Pitra
5 Subak Cepik Tajen
6 Subak Buruan Buruan
7 Subak Aya Sunantaya Penebel
8 Subak Kebon Biaung
9 Subak Rum Senganan
10 Subak Srinadi Senganan
11 Subak Abian Sawan Pemanis Kelod
12 Subak Tingkih Kerep Tingkihkerep
13 Subak Keloncing Wangaya Gede
14 Subak Rejasa Rejasa
15 Subak Caguh Tempek Ngis Jegu
16 Subak Puakan Tengkudak
17 Subak Sigaran Jegu
18 Subak Jegu Jegu
19 Subak Penebel Penebel
20 Subak Bedugul Wangaya Gede
21 Subak Sangkatan Sangkatan
22 Subak Anyar Sangkatan Sangkatan
23 Subak Pesagi Pesagi
24 Subak Pancoran Sari Tengkudak
25 Subak Srigumana Rejasa
26 Subak Tegallinggah Tegal Linggah
27 Subak Penatahan Penatahan
28 Subak Piak Bengkel
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Figure 5. Map of the Subak rice fields in Penebel District
3.2 Irrigation Condition in Penebel District

Assessment of the irrigation condition in the Subak areas of Penebel District revealed notable variation in both
cleanliness and structural quality. Based on the results of the survey, 0% of the Subak units reported very clean
irrigation systems. A majority, 65.79% of the Subaks (25 Subaks) classified their irrigation water as clean whereas
the remaining 34.21% (13 Subaks) reported dirty. Based on the data, the quality of irrigation water in most Subak
was classified as clean. This indicated that the water flowing through the irrigation channels was free from major
pollutants and suitable for supporting agricultural activities, especially rice cultivation. The classification of
cleanliness reflected that, at the local level, water management practices and surrounding environmental condition
were relatively well maintained.

Several villages such as Senganan Village (Subak Rum and Subak Merta), Sangketan Village (Subak Sangketan,
Subak Anyar Sangketan, and Subak Puring), and Tengkudak Village (Subak Puakan, Subak Pancoran Sari, and
Subak Tengkudak), had multiple Subaks with clean irrigation water. This consistency showed that the condition
of water sources and distribution systems in these areas was still reliable.

Other examples including Jegu Village (Subak Caguh Tempek Ngis, Subak Benana, and Subak Sigaran),
Wangaya Gede Village (Subak Keloncing and Subak Bedugul), and Mangesta Village (Subak Wangaye Betan and
Subak Kedampal) demonstrated good quality in their irrigation water across more than one Subak. The widespread
presence of clean water in these villages highlighted the importance of continued efforts to protect upstream water
sources and prevent contamination from domestic or agricultural waste.



On the other hand, 13 Subaks were identified as having dirty irrigation water. Some examples were Subak Piling
(Mangesta Village), Subak Petung (Buruan Village), Subak Tegallinggah (Tegal Linggah Village), and Subak
Jatiluwih (Jatiluwih Village). The presence of dirty water in these Subaks suggested contamination from various
sources, involving domestic waste, agricultural runoff, and practices of insufficient waste management in the
surrounding environment.

Interestingly, some villages showed a mixed condition. For instance, Senganan Village, Subak Rum, and Subak
Merta had clean irrigation water while Subak Srinadi was categorized as dirty. Similarly, in Jegu Village, certain
Subaks such as Subak Caguh Tempek Ngis and Subak Benana were classified as clean whereas Subak Jegu and
Subak Sigaran experienced dirty water condition. These mixed results indicated that variations in local water
sources, waste management, and practices of land use played a significant role in determining the quality of
irrigation water.

Overall, the findings highlighted that while the majority of the Subaks still enjoyed clean irrigation water, a
considerable portion faced challenges with declining water quality. This situation underlined the urgent need for
integrated management of irrigation systems, particularly through protecting upstream water sources,
strengthening waste management systems, and enhancing community awareness to minimize risks of waste.
Without intervention, the Subaks currently experiencing dirty irrigation water might see further decline, which
could potentially threaten the sustainability of rice farming in these cultural landscapes.

In total, there were 25 Subaks with clean irrigation water. This condition served as strong evidence to most of
the irrigation systems in the studied area with effectively functioning and less contaminated water sources.
However, regular monitoring is still necessary to ensure that future pressures such as population growth,
agricultural intensification, and land-use changes do not deteriorate this favorable condition. Table 2 shows the
quality of the irrigation water in Penebel District.

Table 2. Quality of the irrigation water in Penebel District

Total Number  Percentage

Categories The Subak (Village) of the Subak (%)

Subak Rum (Senganan), Subak Sangketan (Sangketan), Subak Aya
Babahan (Babahan), Subak Tingkih Kerep (Tingkihkerep), Subak

Puakan (Tengkudak), Subak Serason (Pitra), Subak Pesagi (Pesagi),

Subak Piak (Bengkel), Subak Buruan (Buruan), Subak Kebon

(Biaung), Subak Keloncing (Wangaya Gede), Subak Caguh Tempek

Clean Ngis (Jegu), Subak Anyar Sangketan (Sangketan), Subak Pancoran Sari 25 65.79%
(Tengkudak), Subak Puring (Sangketan), Subak Riang (Riang Gede),
Subak Tengkudak (Tengkudak), Subak Benana (Jegu), Subak Cepik

(Tajen), Subak Sigaran (Jegu), Subak Bedugul (Wangaya Gede), Subak
Merta (Senganan), Subak Wangaye Betan (Mangesta), Subak Abian

Sawan (Pemanis Kelod), Subak Kedampal (Mangesta)

Subak Piling (Mangesta), Subak Petung (Buruan), Subak Tegallinggah
(Tegal Linggah), Subak Srinadi (Senganan), Subak Rejasa (Rejasa),
Subak Srigumana (Rejasa), Subak Jatiluwih (Jatiluwih), Subak Aya

Dirty Sunantaya (Penebel), Subak Jegu (Jegu), Subak Penebel (Penebel), 13 34.21%
Subak Penatahan (Penatahan), Subak Tajen (Tajen), Subak Aya
Pemanis (Biaung)
Total 38 100%

Although the results of the survey indicated that several Subak areas in Penebel District received “clean”
irrigation water, it was important to contextualize the meaning of “clean” in the traditional agricultural irrigation
systems. In this context, clean water referred to water that was suitable for irrigation without containing harmful
pollutants, which could damage crops or soil structures.

Moreover, small amounts of floating debris such as dry leaves or biodegradable plant matter might still be
present in these channels. These materials were generally considered non-hazardous and often filtered out through
traditional weir systems or allowed to decompose naturally in the field. However, water categorized as clean
typically lacked significant levels of plastic waste, chemical effluents, and livestock waste, all of which were
indicators of contamination.

Therefore, in the context of the Subak irrigation, clean water does not equate to potable or drinking water
standards, but rather denotes water quality that supports safe, productive, and sustainable rice cultivation without
introducing excessive contaminants into the ecosystem. This distinction is essential to the perception of the farming
community as well as technical assessments of the quality of irrigation water in rural agrarian settings.

Importantly, the presence of dirty irrigation water is not solely attributed to natural waste such as fallen leaves.
A significant contributing factor is the widespread presence of non-biodegradable waste, particularly plastic
packaging, used bottles, and livestock waste, including manure from pigs and poultry. These pollutants, often



disposed of directly into irrigation canals or nearby drainage channels, accumulate and degrade water quality,
especially in downstream Subak areas. This contamination not only affects agricultural productivity but also poses
ecological and health risks to the surrounding environment.

Only 10.53% of the physical infrastructure, i.e., 4 Subaks, reported irrigation systems in good condition. The
majority, 60.53%, of the system, i.e., 23 Subaks were categorized as being in moderate condition while 28.95%,
11 Subaks, were considered damaged. The Subak with well-functioning irrigation channels includes Subak Rum
in Senganan Village, Subak Sangketan in Sangketan Village, Subak Piling in Mangesta Village, and Subak Aya
Babahan in Babahan Village. The good condition of the irrigation systems in these four Subaks indicated that
water distribution remained efficient and reliable in supporting agricultural activities, particularly rice fields that
depended heavily on sustainable water supply. Table 3 suggests the condition of the irrigation channels in Penebel
District.

Table 3. Condition of the irrigation channels in the Tabanan Regency

Condition of Total Number  Percentage
the Irrigation The Subak (Village) of the Subak (%) ’
Channels °

Subak Aya Babahan (Babahan Village), Subak Piling (Mangesta
Good Village), Subak Rum (Senganan Village), Subak Sangkan 4 10.53%
(Sangkanan Village)
Subak Abian Sawan (Pemanis Kelod Village), Subak Anyar
(Sangkanan Village), Subak Aya Pemanis (Biaung Village), Subak
Aya Sunantaya (Penebel Village), Subak Bedugul (Wangaya Gede
Village), Subak Benana (Jegu Village), Subak Buruan (Buruan
Village), Subak Caguh Tempek Ngis (Jegu Village), Subak Cepik
(Tajen Village), Subak Jegu (Jegu Village), Subak Kebon (Biaung
Moderate Village), Subak Keloncing (Wangaya Gede Village), Subak Merta 23 60.53%
(Senganan Village), Subak Pancoran Sari (Tengkudak Village),
Subak Penatahan (Penatahan Village), Subak Penebel (Penebel
Village), Subak Puring (Sangkanan Village), Subak Riang (Riang
Gede Village), Subak Sigaran (Jegu Village), Subak Tajan (Tajen
Village), Subak Tengkudak (Tengkudak Village), Subak Wangaye
Betan (Mangesta Village)
Subak Jatiluwih (Jatiluwih Village), Subak Pesagi (Pesagi Village),
Subak Petung (Buruan Village), Subak Piak (Bengkel Village),
Subak Puakan (Tengkudak Village), Subak Rejasa (Rejasa Village),

Damaged Subak Serason (Pitra Village), Subak Srigumana (Rejasa Village), 1 28.95%
Subak Srinadi (Senganan Village), Subak Tegallinggah (Tegal
Linggah Village), Subak Tingkih Kerep (Tingkihkerep Village)

Total 38 100%

Based on the available data, irrigation channels classified as being in moderate condition were distributed across
almost all villages in the studied area. In general, the moderate condition indicated that the channels were still
functioning to deliver water to agricultural lands, but their performance was not optimal. This condition was
usually marked by minor damage to the structures, sedimentation that obstructed water flow, or small leaks that
reduced the amount of water reaching the rice fields.

Several villages had more than one Subak with irrigation channels in moderate condition and these included
Jegu Village (Subak Caguh Tempek Ngis, Subak Benana, Subak Sigaran, and Subak Jegu), Sangketan Village
(Subak Anyar Sangketan and Subak Puring), Wangaya Gede Village (Subak Keloncing and Subak Bedugul),
Penebel Village (Subak Aya Sunantaya and Subak Penebel), and Tajen Village (Subak Cepik and Subak Tajen).
Overall, there were 23 Subaks with irrigation channels in moderate condition. This situation highlighted the need
for regular maintenance and minor repairs to prevent further deterioration. If left unaddressed, declining quality
of the irrigation channels could affect water distribution, reduce agricultural productivity, and ultimately threaten
the sustainability of the Subak system as a cultural heritage and a foundation of local food security.

Eleven Subaks were recorded with damaged irrigation channels; for instance, Subak Petung (Buruan Village),
Subak Tingkih Kerep (Tingkihkerep Village), Subak Puakan (Tengkudak Village), Subak Tegallinggah (Tegal
Linggah Village), and Subak Jatiluwih (Jatiluwih Village), known as a UNESCO World Heritage cultural
landscape. The damage to the irrigation systems in these Subaks led to several issues like reduction in the efficiency
of water distribution, leakage or water loss before reaching farmland, and potential decline in agricultural
productivity due to uneven water availability.

Overall, this condition reflected a disparity in the maintenance and functionality of irrigation channels across
the Subaks. The Subaks with well-maintained systems had the potential to sustain local food security through
continued rice production whereas those with damaged channels faced significant challenges in maintaining



productivity. If these damages are not promptly addressed, in the long term, they may threaten the sustainability
of the Subak system as both a cultural heritage and a key foundation of food security in Bali.

The deterioration of irrigation infrastructure can be attributed to two key factors: limited government funding
for maintenance and rehabilitation, and financial constraints faced by local farmers. These limitations hinder timely
repairs and improvements, exacerbating the decline in irrigation functionality and further reducing the efficiency
of water delivery across the Subak landscape.

Given these findings, urgent attention is required to improve both the sanitation and structural condition of the
irrigation systems via a combination of policy interventions, community-based maintenance efforts, and
sustainable funding mechanisms. Addressing these challenges is essential for safeguarding the Subak system and
ensuring long-term agricultural sustainability in Penebel District. Figure 6 displays the condition of irrigation
channels and water quality in Penebel District. Figure 7 presents the maps of irrigation channels and water quality
in Penebel District.
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Figure 7. Maps showing the condition of irrigation water (left) and irrigation channels (right)

In the Subak areas of Penebel District, the most dominant sources of waste are domestic household waste and
industrial pollutants such as used plastic bottles and packaging. Agricultural activities also contribute significantly
to the continuous adoption of chemical pesticides for pest and disease control. Livestock-related waste include pig
manure and dead poultry, often discarded into nearby rivers or irrigation canals. Other pollutants, though less
significant in quantity, are originated upstream and are carried into the Subak areas via river flow.

Solid waste in the area is predominantly composed of organic and inorganic materials. The most
environmentally concerning organic waste is livestock manure, particularly from pigs and chickens. Inorganic
waste, especially plastic and packaging materials, is found to be widespread across nearly all Subak regions in
Penebel. Metal waste and similar materials are present but limited to specific areas.



Only a few Subak units in Penebel District meet both criteria of clean water and well-maintained channels.
Specifically, Subak Rum in Senganan Village and Subak Aya Babahan in Babahan Village demonstrated
exemplary condition, with water quality classified as clean and irrigation channels in good condition. This
indicated that these communities had been relatively successful in managing both the physical infrastructure of
their irrigation systems and the surrounding environment; this helped ensure adequate and safe water supply for
agricultural activities. The other Subak units might have either clean water or well-maintained channels, but not
both, thus highlighting the importance of integrated management practices that address both water quality and
infrastructure maintenance to sustain agricultural productivity and environmental health.

On the other hand, Subak Jatiluwih, a UNESCO World Heritage site, is facing increasing concern due to
deteriorating irrigation channels and declining water quality. The situation is further exacerbated by expanding
tourism infrastructure such as hotels, restaurants, and other facilities, which raises the risk of waste contamination
in the irrigation system. These challenges threaten both agricultural productivity and cultural and environmental
integrity, which emphasizes the global significance of Subak Jatiluwih. To preserve the functionality and heritage
value of this iconic Subak system, immediate interventions are needed to rehabilitate irrigation channels and
enhance waste management practices, alongside careful monitoring of the impact on tourism.

3.3 Waste Management in the Subak System

The analysis of waste sources within the Subak irrigation systems revealed a diverse range of pressures that
threatened both water quality and agricultural sustainability. Broadly speaking, three main sources of waste were
identified: upstream waste, domestic (household) waste, and sectoral waste from livestock and industry. Table 4
categorizes the sources of waste in the Subak areas in Penebel District.

Table 4. Sources of waste in the Subak areas in Penebel District

Total Percentage
Sources of Waste The Subak (Village) Number of g
(%)
the Subak

Sangkan (Sangkan), Tingkih Kerep (Tingkih Kerep),

Puakan (Tengkudak), Pesagi (Pesagi), Piak (Bengkel),

Kebon (Biaung), Keloncing (Wangaya Gede), Caguh
Tempek Ngis (Jegu), Anyar Sangkan (Sangkan), Puring
Domestic waste (Sangkan), Tengkudak (Tengkudak), Bedugul (Wangaya 20 52.63%
Gede), Wangaye Betan (Mangesta), Abian Sawan (Pemanis

Kelod), Kedampal (Mangesta), Piling (Mangesta), Petung

(Buruan), Tegallinggah (Tegal Linggah), Jegu (Jegu),
Penebel (Penebel)
Rum (Senganan), Aya Babahan (Babahan), Pancoran Sari
Domestic + livestock (Tengkudak), Rejasa (Rejasa), Srigumana (Rejasa), Aya

0,
waste Sunantaya (Penebel), Penatahan (Penatahan), Aya Pemanis 8 21.05%
(Biaung)
Livestock waste Cepik (Tajen), Sigaran (Jegu), Merta (Senganan), Srinadi 5 13.16%
(Senganan), Benana (Jegu)
Domestic + industrial Benana (Jegu) 1 263%
waste
Domestic + livestock Jatiluwih (Jatiluwih) 1 2.63%
+ industrial waste
Upstream waste Serason (Pitra), Buruan (Buruan), Riang (Riang Gede) 3 7.89%
Total 38 100%

Analyzing the sources of waste across Subaks in the studied area revealed an explicit dominance of domestic
waste as the primary contributor to degraded water quality. Out of a total of 38 Subaks, 20 Subaks, 52.63%, were
primarily affected by domestic waste. These included Sangkan (Sangkan), Tingkih Kerep (Tingkih Kerep), Puakan
(Tengkudak), Pesagi (Pesagi), Piak (Bengkel), Kebon (Biaung), Keloncing (Wangaya Gede), Caguh Tempek Ngis
(Jegu), Anyar Sangkan (Sangkan), Puring (Sangkan), Tengkudak (Tengkudak), Bedugul (Wongaya Gede),
Wangaye Betan (Mangesta), Abian Sawan (Pemanis Kelod), Kedampal (Mangesta), Piling (Mangesta), Petung
(Buruan), Tegallinggah (Tegal Linggah), Jegu (Jegu), and Penebel (Penebel). The predominance of household
waste indicated that rapid population growth and dense residential settlements near irrigation channels were
directly linked to the decline in the quality of irrigation water.

A significant secondary source came from a combination of domestic and livestock waste, which had its impact
on 21.05% of the system, i.e., 8 Subaks. These are Rum (Senganan), Aya Babahan (Babahan), Pancoran Sari
(Tengkudak), Rejasa (Rejasa), Srigumana (Rejasa), Aya Sunantaya (Penebel), Penatahan (Penatahan), and Aya
Pemanis (Biaung). In these Subaks, problems of household wastewater were compounded by unmanaged waste



from livestock, especially cattle and pigs and the waste was often discharged directly into the irrigation systems.
The overlapping contamination highlighted a compounded threat to both water quality and agricultural
productivity. In addition, 5 Subaks, 13.16% of the system, were predominantly affected by livestock waste, namely
Cepik (Tajen), Sigaran (Jegu), Merta (Senganan), Srinadi (Senganan), and Benana (Jegu). These areas were
characterized by intense livestock activities and insufficient manure management, which intensified the risks of
water contamination. Industrial waste, although less widespread, was still a matter of concern.

One Subak (2.63% of the system), Benana (Jegu), was contaminated by both domestic and industrial waste,
while another Subak (2.63% of the system), Jatiluwih (Jatiluwih), was affected simultaneously by domestic,
livestock, and industrial waste. Although industrial waste appears in limited cases, its presence is critical since it
often involves hazardous and non-biodegradable pollutants that pose long-term risks. Furthermore, 3 Subaks (7.89%
of the system), Serason (Pitra), Buruan (Buruan), and Riang (Riang Gede), were impacted by sources of upstream
waste. Their downstream locations in other irrigation and settlement areas resulted in their vulnerability to waste
originating outside their own boundaries, thus underscoring the interconnectivity of the Subak irrigation systems.

The findings confirmed that domestic waste was the leading waste source, affecting more than half, 52.63%, of
the Subaks, followed by domestic-livestock waste of 21.05%, livestock waste alone of 13.16%, upstream waste of
7.89%, and mixed domestic-industrial waste of 5.26%. These results emphasized the urgency for integrated waste
management policies, with particular focus on domestic wastewater, alongside improved handling of livestock
waste and strict monitoring of industrial discharges. Local regulations, coupled with community-based initiatives,
were essential to safeguard the quality of irrigation water and ensure the long-term sustainability of Subak
agriculture.

Table 5 indicates the types of waste in the Subak areas in Penebel District. The results revealed that the primary
source of waste in the Subak irrigation system was organic waste. Out of the 38 Subaks surveyed, 17 Subaks, i.e.,
44.74% were polluted by organic waste. These included Sangketan (Sangketan Village), Anyar Sangketan
(Sangketan), Biaung (Biaung), Penatahan (Penatahan), Piling (Mangesta), Rejasa (Rejasa), Srinadi (Senganan),
Srigumana (Rejasa), Tajen (Tajen), Tegallinggah (Tegal Linggah), Pemanis (Biaung), Ayah Sunantaya (Penebel),
Penebel (Penebel), Jegu (Jegu), Petung (Buruan), Jatiluwih (Jatiluwih), and Gunung Sari (Tengkudak). Most of
the organic waste came from leaves, branches, and household residues entering the irrigation channels. While
organic waste is biodegradable, excessive accumulation disrupts water flow and contributes to channel siltation.

Table 5. Types of waste in the Subak areas in Penebel District

Total Number  Percentage

Types of Waste The Subak (Village) of the Subak (%)

Sangketan (Sangketan), Tingkih Kerep (Tingkihkerep), Puakan
(Tengkudak), Pesagi (Pesagi), Kebon (Biaung), Keloncing
(Wangaya Gede), Caguh Tempek Ngis (Jegu), Anyar Sangketan
Organic waste (Sangketan), Puring (Sangketan), Tengkudak (Tengkudak), 17 44.74%
Wangaye Betan (Mangesta), Abian Sawan (Pemanis Kelod),
Kedampal (Mangesta), Aya Pemanis (Biaung), Jatiluwih
(Jatiluwih), Sigaran (Jegu), Merta (Senganan)
Serason (Pitra), Buruan (Buruan), Riang (Riang Gede), Piak
(Bengkel), Bedugul (Wongaya Gede), Piling (Mangesta), Petung

Inorganic waste (Buruan), Penebel (Penebel), Rum (Senganan), Pancoran Sari 13 34.21%
(Tengkudak), Rejasa (Rejasa), Cepik (Tajen), Tajen (Tajen)
Organic & Tegallinggah (Tegal Linggah), Jegu (Jegu), Benana (Jegu), Aya
inorganic waste Babahan (Babahan), Srigumana (Rejasa), Aya Sunantaya 8 21.05%
(Penebel), Penatahan (Penatahan), Srinadi (Senganan)
Total 38 100%

In contrast, inorganic waste was found in 13 Subaks (34.21% of the system), namely Batannyuh (Batannyuh),
Besikalung (Besikalung), Kelepundung (Senganan), Lebah Muncung (Rejasa), Munduk Temu (Munduk Temu),
Payangan (Penatahan), Penarukan (Penarukan), Pucaksari (Munduk Temu), Saren Kauh (Senganan), Tengkudak
(Tengkudak), Tengkudak Anyar (Tengkudak), Umacandi (Penebel), and Wongaya Betan (Wongaya Betan). This
category was mostly composed of plastics, bottles, and food packaging, which are non-biodegradable. The
presence of such materials indicated the increasing influence of modern consumption patterns, particularly the
widespread use of plastic, which directly threatened the ecological balance of the Subak irrigation system.

The third category involved the combined organic and inorganic waste identified in 8 Subaks (21.05% of the
system). The Subaks were Apuan (Apuan), Biaung Anyar (Biaung), Gunung Sari Anyar (Tengkudak), Kesiut
(Kesiut), Lebah Pangkung (Rejasa), Pacung (Pacung), Sangketan Anyar (Sangketan), and Tengkudak Anyar
Kangin (Tengkudak). The coexistence of both organic and inorganic pollutants highlighted a more complicated
environmental challenge, as natural organic loads were now compounded by anthropogenic pressures. The Subaks
in this category were generally located near densely populated settlements or areas with intense human activities,



thus increasing their vulnerability to waste pollution.

The findings demonstrated that waste pollution in the Subak was no longer solely depended on natural factors
like organic waste, but increasingly on external and human-induced factors like inorganic and mixed waste. With
nearly half of the Subaks contaminated by organic waste, one-third by inorganic waste, and one-fifth by mixed
pollutants, waste management emerged as the most pressing challenge in sustaining the Subak irrigation system.
While organic waste tended to decompose naturally, inorganic and mixed pollutants required serious interventions
such as policy enforcement, strengthened community-based institutions, and active participation of local residents
in reducing single-use plastics and improving integrated waste management practices. Figure 8 shows spatial
distribution of the sources and types of waste across the Subak areas in Penebel District.
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Figure 8. Maps showing the sources of waste (left) and the types of waste (right)

The residents in these areas tended to dispose their waste into natural water bodies, including rivers, irrigation
ditches, drainage channels, and ponds. While others repurposed organic waste as compost or fertilizer, the handling
of inorganic waste remained inadequate. Plastic waste, bottles, and packaging were frequently discarded
indiscriminately, posing a significant threat to the environment. Some residents burnt their waste, which carried
environmental and health risks. Nonetheless, local values and practices implying the potential for community-
based waste management rooted in local wisdom, discouraged the disposal of waste into water bodies in certain
Subak communities. Institutional waste management remained rare in these areas. Therefore, establishing more
structured and organized waste management systems was crucial to support environmental conservation in the
Subak regions, as part of the broader goal of achieving sustainable agriculture. Table 6 shows the management of
the irrigation waste in the Subak areas in Penebel District.

The results of this study indicated a prevailing lack of structured waste management in the Subak irrigation
systems of Penebel District. A substantial portion, 57.89% of the Subak units, i.e., 22 Subaks reported that waste
was left untreated in irrigation channels. This practice was found in Subak Sangkatan (Sangkatan), Subak Pesagi
(Pesagi), Subak Piak (Bengkel), Subak Kebon (Biaung), Subak Tengkulak (Tengkudak), Subak Piling (Mangesta),
Subak Jegu (Jegu), Subak Penebel (Penebel), Subak Benana (Jegu), Subak Rum (Senganan), Subak Aya Babahan
(Babahan), Subak Pancoran Sari (Tengkudak), Subak Rejasa (Rejasa), Subak Srigumana (Rejasa), Subak Aya
Sunantaya (Penebel), Subak Penatahan (Penatahan), Subak Jatiluwih (Jatiluwih), Subak Cepik (Tajen), Subak
Sigaran (Jegu), Subak Merta (Senganan), Subak Srinadi (Senganan), and Subak Tajen (Tajen). The direct
discharge of untreated wastewater into irrigation systems presented potential risks to downstream water quality
and agricultural productivity.



Table 6. Management of the irrigation waste in the Subak areas in Penebel District

Management
of the . Total Number  Percentage
Irrigation The Subak (Village) of the Subak (%)
Waste

Serason (Pitra), Tingkih Kerep (Tingkihkerep), Puakan
(Tengkudak), Keloncing (Wangaya Gede), Caguh Tempek Ngis

Discarded on (Jegu), Anyar Sangketan (Sangketan), Puring (Sangketan), Bedugul 12 31.58%

bare land (Wongaya Gede), Wangaye Betan (Mangesta), Petung (Buruan),
Tegallinggah (Tegal Linggah), Aya Pemanis (Biaung)
Collected in Buruan (Buruan), Riang (Riang Gede), Abian Sawan (Pemanis 4 10.53%
waste pits Kelod), Kedampal (Mangesta) '

Sangkan (Sangketan), Pesagi (Pesagi), Piak (Bengkel), Kebon
(Biaung), Tengkudak (Tengkudak), Piling (Mangesta), Jegu (Jegu),
Penebel (Penebel), Benana (Jegu), Rum (Senganan), Aya Babahan
Untreated (Babahan), Pancoran Sari (Tengkudak), Rejasa (Rejasa), Srigumana 22 57.89%
(Rejasa), Aya Sunantaya (Penebel), Penatahan (Penatahan),
Jatiluwih (Jatiluwih), Cepik (Tajen), Sigaran (Jegu), Merta
(Senganan), Srinadi (Senganan), Tajen (Tajen)
Total 38 100%

Overall, the predominant disposal of untreated wastewater into irrigation canals highlighted the urgent need for
improved wastewater management strategies within the Subak systems. While some Subaks have taken steps
toward safer practices through the construction of storage ponds, the majority continue to rely on methods that
may compromise both environmental and human health. Strengthening institutional support, introducing low-cost
treatment technologies, and raising awareness among farmers are crucial steps to enhance the sustainability of
water management in the traditional Subak irrigation network.

In many of these cases, there exists a perception among farmers that the waste will eventually be flushed
downstream, where it accumulates and is later removed manually or allowed to settle at the end of the irrigation
network. This approach, however, creates temporary blockages, reduces water quality, and increases sedimentation,
hence compromising the efficiency and ecological balance of the irrigation system.

Meanwhile, 12 Subaks (31.58% of the system) managed their irrigation wastewater by disposing it into empty
land without proper treatment. Examples included Subak Serason (Pitra), Subak Tingkih Kerep (Tingkihkerep),
Subak Puakan (Tengkudak), Subak Keloncing (Wangaya Gede), Subak Caguh Tempek Ngis (Jegu), Subak Anyar
Sangkatan (Sangkatan), Subak Puring (Sangkatan), Subak Bedugul (Wangaya Gede), Subak Wangaye Betan
(Mangesta), Subak Petung (Buruan), Subak Tegallinggah (Tegal Linggah), and Subak Aya Pemanis (Biaung).
Although this approach could temporarily remove wastewater from irrigation channels, it might lead to soil
degradation or contamination of groundwater resources. This method was generally considered to be a temporary
holding strategy by local communities. In practice, the waste typically consisting of dry organic matter and
household refuse was burned periodically and the emissions released contributed to air pollution and loss of
potential organic materials that could otherwise be composted or reused productively.

10.53% of the system, i.e., 4 Subaks, reported efforts to collect and store waste, particularly organic waste, in a
designated area or container; they were Subak Buruan (Buruan), Subak Riang (Riang Gede), Subak Abian Sawan
(Pemanis Kelod) and Subak Kedampal (Mangesta). For instance, Subak Kedampal (Mangesta) adopted a pond
system for wastewater collection. In these cases, farmers expressed intentions to convert the waste into compost,
either for direct application to rice fields or support to home gardens. This reflected growing awareness of the
value of organic waste as a soil amendment and a shift toward more sustainable and closed-loop agricultural
practices.

The management of domestic waste, both organic and inorganic, within the Subak communities in Penebel
District exhibited a range of informal practices. Table 7 shows the management of domestic waste in the Subak
areas in Penebel District. The survey revealed that 41.10% of the system, i.e., 16 Subaks reported disposing of
household waste directly into drainage or irrigation channels. These included Subak Bedugul in Wangaya Gede
Village, Sangketa in Sangketa Village, Piling in Mangesta Village, Jegu in Jegu Village, Penebel and Aya
Sunantaya in Penebel Village, Rum, Merta, and Srinadi in Senganan Village, Aya Babahan in Babahan Village,
Rejasa and Srigumana in Rejasa Village, Penatahan in Penatahan Village, Cepik and Tajen in Tajen Village, and
Sigaran in Jegu Village. This practice posed significant ecological risks such as deterioration of water quality,
eutrophication, and long-term soil contamination, as pollutants flew untreated into irrigation systems that were
crucial for rice cultivation. This method was often preferred by residents due to its perceived convenience, as waste
was believed to be “washed away” by flowing water. However, this practice contributed significantly to the
accumulation of waste downstream, clogging of irrigation infrastructure, degradation of water quality by pollutants,
and disruption of the ecological balance of rice fields.



Table 7. Domestic waste management in the Subak areas in Penebel District

Total Number  Percentage

Categories The Subak (Village) of the Subak (%)

Tingkih Kerep (Tingkihkerep), Puakan (Tengkudak), Keloncing
(Wangaya Gede), Caguh Tempek Ngis (Jegu), Anyar Sangketa
(Sangketan), Puring (Sangketan), Petung (Buruan), Tegallinggah
(Tegal Linggah), Kebon (Biaung), Tengkudak (Tengkudak),
Benana (Jegu), Pancoran Sari (Tengkudak), Buruan (Buruan),
Riang (Riang Gede)

Bedugul (Wongaya Gede), Sangketan (Sangketan), Piling
(Mangesta), Jegu (Jegu), Penebel (Penebel), Rum (Senganan),
River/lrrigation Aya Babahan (Babahan), Rejasa (Rejasa), Srigumana (Rejasa),

untreated Aya Sunantaya (Penebel), Penatahan (Penatahan), Cepik (Tajen),
Sigaran (Jegu), Merta (Senganan), Srinadi (Senganan), Tajen
(Tajen)
Serason (Pitra), Wangaye Betan (Mangesta), Aya Pemanis
(Biaung), Pesagi (Pesagi), Piak (Bengkel), Jatiluwih (Jatiluwih), 8 21.05%
Abian Sawan (Pemanis Kelod), Kedampal (Mangesta)
Total 38 100%

Waste pits 14 36.84%

16 42.11%

Compost/Manure
fertilizer

Fourteen Subaks, 36.84% of the residents, reported burying their waste in pits typically located behind homes.
These included Subak Tingkih Kerep in Tingkihkerep Village, Subak Puakan in Tengkudak Village, Subak
Keloncing in Wangaya Gede Village, Subak Caguh Tempek Ngis in Jegu Village, Subak Anyar Sangketa and
Subak Puring in Sangketa Village, Subak Petung and Subak Buruan in Buruan Village, Subak Tegallinggah in
Tegal Linggah Village, Subak Kebon in Biaung Village, Subak Tengkudak and Subak Pancoran Sari in Tengkudak
Village, Subak Benana in Jegu Village, and Subak Riang in Riang Gede Village. While this approach prevented
direct contamination of irrigation channels, it carried the risk of leachate seepage into groundwater if not managed
properly. These waste pits were often used to accumulate both organic and inorganic waste, eventually burned to
reduce volume. Although this method might temporarily remove visible waste from the living environment, it
raised serious concerns about air pollution and incomplete combustion of plastics and synthetic materials which
could release harmful toxins.

Only eight Subaks, 21.06% of the residents reported efforts to compost organic waste by converting food scraps,
leaves, and animal manure into fertilizer for home gardens or rice fields. These Subaks included Subak Serason in
Pitra Village, Subak Wangaye Betan and Subak Kedampal in Mangeseta Village, Subak Aya Pemanis in Biaung
Village, Subak Pesagi in Pesagi Village, Subak Piak in Bengkel Village, Subak Jatiluwih in Jatiluwih Village, and
Subak Abian Sawan in Pemanis Kelod Village. These communities represented a growing segment that recognized
the value of organic materials as agricultural input. However, this practice remained limited and often coexisted
with less sustainable methods for handling inorganic waste, which was frequently burned or discarded without
segregation. Figure 9 identifies spatial distribution of irrigation waste management and domestic waste
management across the Subak areas in Penebel District.

Several Subak units in Penebel District demonstrated exemplary waste management practices and maintained
relatively clean irrigation water. These include Subak Buruan (Buruan Village), Subak Kebon (Biaung Village),
Subak Tingkih Kerep (Tingkihkerep Village), Subak Keloncing (Wangaya Gede Village), Subak Caguh Tempek
Ngis (Jegu Village), Subak Puakan (Tengkudak Village), Subak Anyar Sangketan (Sangketan Village), Subak
Pancoran Sari (Tengkudak Village), Subak Puring (Sangketan Village), Subak Riang (Riang Gede Village), Subak
Tengkudak (Tengkudak Village), and Subak Benana (Jegu Village).

These Subaks were observed to implement better waste segregation practices and minimize direct disposal of
household or livestock waste into irrigation canals. Organic waste in these areas was frequently composted or
reused in agricultural plots while inorganic waste, though present, was managed with greater care to prevent
accumulation in water bodies. In addition, these Subaks tended to have stronger local regulations such as Awig-
Awig or more active community involvement in regular waste cleanup and irrigation maintenance.

As a result, irrigation water in these areas was reported to be “clean” and suitable for agricultural use, despite
minor suspended solids such as silt or biodegradable debris. These Subak units could serve as references for best
practices in integrated organic waste management and preservation of traditional irrigation system in the
agroecological landscape of Bali.

Informal and unregulated practices of waste disposal, such as dumping into irrigation channels and burning
waste in backyard pits reflect limited infrastructure and low environmental awareness. The prevalence of domestic,
livestock, and small-scale industrial waste demands a comprehensive approach combining community education,
behavioral change, and localized regulation. Without proper intervention, the waste streams pose a serious threat
to the sustainability of the Subak-managed agricultural systems and the integrity of traditional water resources
essential for organic rice farming.
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Figure 9. Spatial distribution of irrigation waste management (left) and domestic waste management (right)

To improve environmental condition and support sustainable agriculture, the Subak communities require
differentiated and context-sensitive waste management strategies. Organic waste should be composted or
processed into biofertilizer, while inorganic waste necessitates structured collection and recycling mechanisms.
Institutional support is needed to build infrastructure, promote source segregation, and prevent waste disposal into
water bodies. Revitalizing the customary law, Awig-Awig, in combination with modern environmental education
and policy incentives, could help bridge local practices with ecological goals. In Bali, Awig-Awig, the customary
law governing community and natural resource management plays a crucial role in regulating agricultural practices,
water distribution, and environmental stewardship within the traditional Subak irrigation systems. The norms
generated by Awig-Awig are not merely rules but also the embodiment of socio-cultural values to guarantee both
ecological balance and social cohesion (Zen et al., 2024).

Community-based programs could strengthen Awig-Awig by facilitating participatory mapping, local
environmental monitoring, and inclusive decision-making platforms that engage multiple stakeholders, including
youth and marginalized groups. For example, waste mapping initiatives within the Subak territories could integrate
the provisions of Awig-Awig on environmental cleanliness, thereby linking traditional norms with modern
practices of sustainability (Cochrane et al., 2014). Capacity-building workshops and inter-generational dialogues
could ensure that Awig-Awig is transmitted effectively while adapting to new environmental challenges.

From the political perspective, local governments could institutionalize Awig-Awig through formal recognition
of regional regulations or incorporation of the customary law into the frameworks of spatial planning and
agricultural management. Such formalization provides legal reinforcement and potential funding support for
Awig-Awig-based environmental programs (Suwitra et al., 2021; Yulianingsih & Hastuti, 2019). Additionally, the
integration of national programs such as Indonesia’s Desa Adat (Customary Village) empowerment initiatives
helps scale community-led governance while preserving cultural identity.

Ultimately, revitalizing Awig-Awig requires a hybrid approach that respects customary authority while
enhancing its adaptability through modern community development and policy mechanisms. This dual strategy
ensures that traditional regulations remain both culturally relevant and operationally effective in addressing
contemporary environmental challenges. These integrated efforts are essential to protect water quality, restore
ecological function, and align the Subak communities with the principles of organic and sustainable farming.

Research by Huyen & Lai (2019) in the Mekong Delta of Vietham demonstrated that improper domestic waste
disposal into canals adversely affected water quality and increased maintenance costs for irrigation networks; this
was a situation comparable to the condition observed in Penebel District. Similarly, Nabuurs et al. (2023) reported



that contamination from livestock waste in irrigation channels was closely linked to the absence of waste
segregation and enforcement of local regulations. These findings were consistent with the results in the present
study, which showed that both domestic and livestock activities notably contributed to the waste in irrigation water.

Previous studies also emphasized the interplay between the types of waste and management practices. Lackner
& Besharati (2025) found that compared to single-category waste, mixed waste, including both organic and
inorganic, posed greater challenges for irrigation maintenance as it required both physical removal and chemical
treatment. This aligned with the current classification of waste types into organic, inorganic, and mixed to ensure
a more targeted approach in waste management strategies. Furthermore, Rahmi & Setiawan (2020), focusing on
the Subak system in Bali, highlighted that community-based waste management programs could substantially
improve the quality of irrigation water when supported by local regulations and regular monitoring.

Studies on participatory mapping approach as conducted by Denwood et al. (2022), have demonstrated the
importance of integrating local knowledge into identifying waste hotspots and prioritizing areas for intervention.
The similarity found in their methodology reinforced the validity of the participatory approach used in the current
study in assessing the sources of waste and management practices within the Subak irrigation network. By drawing
on these relevant studies, the discussion was placed within a broader regional and methodological context, hence
strengthening the argument for community-led and location-specific waste management solutions.

With the participatory approach, this study focused on assessing the significance levels of plastic waste in the
Subak irrigation system by the local respondents. The assessment was carried out with classification based on
community perceptions and field observations, covering the condition of irrigation water as well as the quality of
irrigation infrastructure. In addition, this study distinguished between the parameters and sources of waste, both
organic and inorganic, based on the domestic, livestock, and industrial origins. By incorporating diverse
parameters, the study contributed to recommending solutions for the irrigation waste management to be
implemented independently by the Subak members.

4, Conclusions

The findings from the assessment of irrigation and waste in the Subak areas of Penebel District underscored the
critical challenges facing traditional irrigation water systems in Bali. The quality of irrigation water is generally
compromised by the presence of both organic and inorganic waste originating from domestic, livestock, industrial,
and upstream sources. While a portion of the Subaks still receives irrigation water deemed “clean” for agricultural
use, the prevalence of plastic waste, livestock manure, and chemical residues threatens the ecological balance of
the Subak-managed landscapes. Furthermore, the structural degradation of irrigation infrastructure due to financial
constraints at both government and community levels, hampers the efficiency of water delivery and exacerbates
environmental decline.

The lack of structured and institutionalized waste management systems has led to the widespread use of informal
disposal practices, including direct dumping into irrigation channels, burning waste in open pits, and unsegregated
waste burial. These methods undermine water quality, soil health, and air quality, posing long-term risks to
sustainable agriculture and food security. To align the Subak systems with organic farming principles, there is an
urgent need for integrated and community-based waste management strategies that promote composting,
discourage pollution of water bodies, and revitalize customary norms like Awig-Awig for environmental
stewardship. Institutional support through education, infrastructure, and policy incentives will be the key to
transforming the Subak landscapes into models of sustainability and culturally rooted agroecological resilience.
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