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Abstract 

Pepper is a spice commodity whose existence is increasingly threatened. At the same time, tourism 

diversification is needed to strengthen the attractiveness of Belitung Regency, and agrotourism planning 

serves as a strategic approach to support this effort. This study aimed to identify and determine priority 

areas for agrotourism planning based on the pepper commodity. A total of 19 pepper plantations were 

identified in Membalong Sub-district, with Simpang Rusa Village having the largest number, at 6 

plantations. The study area was dominated by the S3 (marginally suitable) land suitability class, while 

Lassar Village had the largest area of land available for pepper plantation development. The regional 

hierarchy was classified into 3 levels, with Pulau Seliu, Padang Kandis, and Gunung Riting Villages at 

the first level, and Perpat and Mentigi Villages at the second level. Spatial analysis revealed a mismatch 

between agricultural potential and tourism infrastructure. Villages with pepper plantation resources 

lacked adequate infrastructure readiness, while villages with better tourism infrastructure did not have 

pepper plantations. Based on the Simple Additive Weighting (SAW) analysis, Simpang Rusa Village 

was designated as the highest priority area for pepper-based agrotourism development. This result 

designates that Simpang Rusa possesses the greatest potential for future pepper-based agrotourism 

development in Membalong Sub-district. This study demonstrates that integrating land suitability 

assessment, land availability analysis, regional hierarchy analysis, and multi-criteria decision-making 

can support pepper-based agrotourism planning. These findings provide a spatial base for implementing 

the Belitung Regency Tourism Development Master Plan (RIPPARKAB). 

Keywords: agrotourism area planning; GIS based-planning; land availability analysis; multi-criteria 
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INTRODUCTION 

Indonesia is recognized as the world’s second-

largest producer of pepper after Vietnam, with the 

Bangka Belitung Islands Province and Lampung 

as its principal production centers (Amorita et al., 

2021; Azahari et al., 2021; Mahdi and Suprehatin, 
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2021). Pepper (Piper nigrum L.) is a highly  

valued spice commodity that plays a strategic  

role in sustaining both international and national 

trade (Alif et al., 2018; Agricultural Data and 

Information System Center, 2022). In the Bangka 
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Belitung Islands Province, pepper cultivation has 

persisted since the colonial era and continues to 

symbolize the region’s cultural and economic 

identity (Panggabean et al., 2016). 

In recent years, pepper productivity in 

Belitung Regency has declined significantly. 

According to the Statistics Agency of Belitung 

Regency (2025), production decreased from 

6,294.04 tons in 2020 to 5,721.48 tons in 2022, 

and further decreased to 4,321.86 tons in 2024. 

Conversely, oil palm production increased 

progressively from 4,699 tons in 2018 to 

13,946.37 tons in 2024. The area of pepper 

plantations also decreased from 9,525 ha in 2019 

to 4,321.86 ha in 2024, while oil palm expanded 

to 7,204.7 ha. This mirrors a broader trend of  

land conversion and increasing pressure on 

traditional commodities across tropical regions, 

driven by agricultural expansion and global 

economic demands (Winkler et al., 2021; Miranda 

et al., 2024). The decline is primarily credited to 

land conversion, particularly illegal tin mining, 

which has further degraded soil quality (Daras and 

Pranowo, 2009; Bagwan et al., 2023; Supriatna  

et al., 2026). 

Alongside the plantation sector, tourism plays 

a vital role in Indonesia’s national development 

and foreign exchange earnings (Zulgani et al., 

2023). Belitung Island, consisting of Belitung and 

East Belitung Regencies, has identified tourism  

as the cornerstone of regional economic growth 

(Zukhri et al., 2021). In recent years, tourist 

arrivals in Belitung Regency have fluctuated, 

reaching a peak of 452,890 in 2018, but declining 

sharply from 2019 to 2020 due to the COVID-19 

pandemic (Statistics Agency of Belitung 

Regency, 2025). 

Tourism in Belitung Regency is governed by 

Regional Regulation No. 12 of 2015 concerning 

the Tourism Development Master Plan 

(RIPPARKAB), which designates Membalong 

Sub-district as an agrotourism development  

area with pepper as the leading commodity.  

In developing countries, tourism is recognized as 

a strategic instrument for economic growth, 

employment generation, and poverty alleviation 

(Croes and Vanegas, 2008; Khan et al., 2020; 

Rogerson and Rogerson, 2020). Diversification  

of tourism products and activities is essential to 

strengthen resilience and improve economic 

performance (Solarin et al., 2024). Accordingly, 

diversification strategies are pivotal to enhancing 

destination competitiveness and advancing 

adaptive sustainable tourism (Kim and Lee, 2018; 

Winchenbach et al., 2022). 

Agrotourism represents a tourism model  

that integrates farming activities as attractions 

while functioning as an educational platform and 

a means of preserving local traditions (Utama, 

2011). Its development raises community 

awareness of land conservation, mitigates 

degradation, and strengthens the appeal of 

agricultural landscapes (Palit et al., 2017;  

Jonni et al., 2024). In addition to economic 

contributions, agrotourism promotes sustainable 

agricultural practices (Sriyadi et al., 2021; Wartini 

et al., 2022). 

Among spice crops, pepper stands out as a key 

commodity with substantial potential to advance 

agriculture and tourism in Belitung Regency, 

particularly in Membalong Sub-district. In recent 

years, agrotourism has been increasingly 

acknowledged as a strategic instrument to 

advance adaptive sustainable tourism, reinforce 

rural economic resilience, and diversify 

household income (Ammirato et al., 2020; 

Sangnak et al., 2025; Turtureanu et al., 2025). 

This strategy resonates with contemporary 

tourism development trends that emphasize local 

potential and region-specific resource utilization 

(Dwyer, 2023). This integration highlights 

pepper’s dual contribution, reinforcing its 

position as an economic pillar and a cultural 

heritage legacy. 

Research on spice-based agrotourism, 

particularly pepper, has remained relatively 

limited, with most studies focusing on production, 

crop management, commodity improvement,  

and biotechnology. Although several studies have 

applied land suitability analysis and multi-criteria 

methods to support regional planning, research 

integrating pepper resource potential, land 

evaluation, and tourism-supporting infrastructure 

within a single spatial framework for agrotourism 

planning remains rare. This condition indicates  

a research gap, especially regarding the 

integration of biophysical aspects, regional 

infrastructure, and decision-making in 

comprehensive agrotourism planning, particularly 

in small island regions (Sawaludin et al., 2026).  

In line with this, recent advances have 

demonstrated the increasing use of Geographic 

Information System (GIS)-based land suitability 

analysis and multi-criteria methods in regional 

planning. These approaches integrate biophysical 

and socio-economic parameters into the decision-

making process (Tercan and Dereli, 2020; 

Wotlolan et al., 2021; Ustriyana et al., 2025). 

Therefore, this study offers an integrated GIS-

based approach that combines land suitability 
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assessment, land availability analysis, scalogram-

based regional hierarchy analysis, and the Simple 

Additive Weighting (SAW) method to identify 

priority areas for pepper agrotourism 

development in Membalong Sub-district. This 

approach contributes scientifically by developing 

an analytical framework that integrates 

biophysical aspects, regional infrastructure, and 

multi-criteria decision-making in agrotourism 

planning. Based on these gaps and fundamentals, 

the objectives of this study were: (1) to identify 

the spatial distribution of pepper plantations;  

(2) to evaluate land suitability and availability  

for pepper cultivation; (3) to analyze regional 

development based on tourism infrastructure; and 

(4) to formulate planning recommendations for 

agrotourism areas. The findings are expected to 

serve as a basis for policy formulation in pepper-

based agrotourism development in Membalong 

Sub-district, Belitung Regency. 

MATERIALS AND METHOD 

Research area and research data 

This research was conducted from June to  

July 2024 in Membalong Sub-district, Belitung 

Regency, Bangka Belitung Islands Province, 

covering 11 villages: Bantan, Simpang Rusa, 

Lassar, Perpat, Kembiri, Membalong, Mentigi, 

Gunung Riting, Tanjung Rusa, Padang Kandis, 

and Pulau Seliu (Figure 1). Primary data were 

collected through field surveys to identify the 

spatial distribution of pepper plantations,  

while secondary data included administrative and 

spatial maps, land cover, village potential data, 

climatic data (temperature and rainfall), soil maps, 

and relevant literature. Data analysis was 

conducted using GPS Avenza Maps and software 

tools such as Microsoft Office, QGIS 3.32.0, and 

ArcGIS Pro. 

Research method 

Identifying the spread of pepper plantations 

This stage aimed to identify the extent  

and spatial distribution of pepper plantations in 

Membalong Sub-district. Field surveys were 

conducted with the support of the Belitung 

Regency Department of Food Security and 

Agriculture (DKPP) to locate productive pepper 

plantations and collect geographic coordinates 

using Avenza Maps. The identified plantation 

locations were subsequently verified through 

visual interpretation of high-resolution Google 

Earth Pro imagery and processed using QGIS and 

ArcGIS Pro. This study did not employ statistical 

sampling; instead, plantation identification  

was conducted through a comprehensive field 

inventory and spatial verification process. Only 

plantation sites whose boundaries could be clearly 

delineated, either directly in the field or through 

image interpretation, were included in the spatial 

analysis. Through this procedure, a total of  

19 productive pepper plantation sites were 

successfully delineated and mapped.  

Analysis of land suitability and availability of 

pepper plantation 

Land suitability and availability assessments 

for agriculture and plantation development  

have been extensively applied in prior research. 

 

 
Figure 1. Map of research locations in Membalong Sub-district 
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They are employed as an opening step to improve 

pepper production before cultivation practices are 

implemented (Zolekar and Bhagat, 2015; Singha 

and Swain, 2016; Yalew et al., 2016; Mesgaran  

et al., 2017; Amini et al., 2020; Taghizadeh-

Mehrjardi et al., 2020; Pravitasari et al., 2023).  

A sustainable and adaptive evaluation of  

land suitability enables the assessment of land 

potential, identification of limiting factors, and 

protection of soil quality for pepper cultivation, 

thereby supporting long-term agricultural 

productivity (Mujiyo et al., 2020; Anshar et al., 

2022; Mohammed et al., 2025). 

Fundamentally, this stage encompasses 

comparing the requirements of intended land use 

with the inherent characteristics or qualities of  

the land (Hardjowigeno and Widiatmaka, 2007). 

Land suitability analysis was conducted using  

soil map units matched with the criteria for  

pepper commodities established by the Center  

for Testing of Agricultural Land Resources 

Instruments. Additional supporting data, 

including administrative maps, rainfall, and slope, 

were also adjusted to these criteria. The results 

classified pepper land suitability into 4 categories: 

highly suitable (S1), moderately suitable (S2), 

marginally suitable (S3), and not suitable (N). The 

criteria for land suitability for pepper plantations 

are presented in Table 1. 

Land availability is a key factor in identifying 

suitable locations and areas for food crop 

development (Baehaqi et al., 2010; Kammerer  

et al., 2024). To analyze land availability and 

unavailability, spatial planning maps from the 

Belitung Regency Department of Public Works 

and Housing, land cover maps from the Ministry 

of Forestry and Environment, and pre-processed 

soil map units were required. The analytical 

process involved overlaying these 3 maps to 

classify land into available and unavailable 

categories. Unavailable land comprises protected 

areas, wildlife sanctuaries, limited production 

forests, and land allocated for urban, residential, 

industrial, and mining purposes. Available land, 

on the other hand, consists of production forests 

and agricultural cultivation areas (Sitorus et al., 

2012). 

Analysis of regional development levels based on 

tourism infrastructure 

The level of regional development or hierarchy 

is obtained through scalogram analysis, which 

assesses regional hierarchy based on facility 

availability by calculating the number and types 

of infrastructure in each village (Syafi’i and 

Santoso, 2015; Utari, 2015; Rustiadi et al., 2023). 

Regions with infrastructure completeness aligned 

with their service capacity can effectively support 

tourism development (Jovanovic and Ilic, 2016; 

 

Table 1. Land suitability classes for pepper plantation 

Land use requirements/land 

characteristics 

Land suitability class 

S1 S2 S3 N 

Temperature (Tc)     

Average daily temperature 23–32 20–23 - > 34 

   32–34 - < 20 

Water availability (wa)      

Rainfall (mm)  2,000–2,500 2,500–3,000 3,000–4,000 < 1,500 

    1,500–2,000 > 4,000 

Oxygen availability (oa)      

Drainage Good, Moderate Somewhat 

impeded 

Impeded, 

slightly impeded 

Very impeded, 

rapid 

Rooting media (rc)      

Texture Moderate, 

slightly fine, fine 

Slightly 

coarse 

Coarse, very 

fine 

Coarse 

Soil depth (cm)  > 75 50–75 30–50 < 30 

Nutrient retention (nr)      

Cation exchange capacity 

(cmol)  
> 16 05–16 < 50. - 

Base saturation (%)  > 50 35–50 < 35. - 

pH H2O 5.0–7.0 4.0–5.0 < 4.0 - 

   7.0–8.0 > 8.0 - 

Erosion hazard (eh)     

Slope (%)  < 8% 0%8–15% 15–30 > 30 
Source: Ritung et al. (2011) 
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Mandic et al., 2018; Petrova et al., 2018; Adeola 

and Evans, 2020; Apriyanti et al., 2024; Munir  

et al., 2025). 

According to Panuju and Rustiadi (2013),  

the stages of scalogram analysis consist of:  

(1) defining variables, (2) constructing a data 

matrix based on variable group A (facilities) and 

group B (accessibility), (3) calculating the index 

of variable A (facilities), (4) calculating the 

inverse index of variable B (accessibility),  

(5) determining the discriminant index weight  

for variable A (facilities), (6) standardizing  

all variable indices, and (7) establishing village 

hierarchy based on the availability of facilities  

and tourism-supporting infrastructure. The 

determination of regional hierarchy is presented  

in Table 2. 

Agrotourism area planning recommendations 

This stage involved preparing agrotourism 

planning recommendations through the SAW 

method, one of the most widely applied 

techniques in Multi-Criteria Decision Making 

(MCDM). The SAW method evaluates 

alternatives by calculating weighted scores across 

relevant attributes, with weights reflecting their 

relative importance. The cumulative score 

determines priority, with the highest-scoring 

alternative selected for development 

(Malczewski, 1999; Taherdoost, 2023; Naeimi  

et al., 2026). 

The evaluated variables included the number 

of pepper plantations, total plantation area, S2  

and S3 land suitability classes, and the Tourism 

Infrastructure Availability Index (TIAI). Due to 

differences in measurement units among the 

variables, standardization was applied to ensure 

comparability across all criteria and facilitate 

consistent evaluation (Vafaei et al., 2022; 

Malefaki et al., 2025). The standardization 

formula used in this study is presented as  

Equation 1. 

Zij = 
Xij-Xmin,j

SDj

                                             (1) 

Where Zij represents the standardized value of the 

criterion j for village i; Xij is the original value of 

the criterion j for village i; X(min,j)  denotes the 

minimum value of the criterion j; and SDj refers 

to the standard deviation of the criterion j. 
In this study, standardization was performed 

prior to weighting to address differences in 

measurement units and value ranges across 

variables, thereby enabling all criteria to be 

integrated into a single weighted evaluation 

model. Subsequently, criterion weights were 

determined through expert judgment. Three 

experts, consisting of academics and practitioners 

with expertise in regional development and 

pepper cultivation, participated in the weighting 

process. During the questionnaire survey, each 

expert was asked to allocate a total score of 100 

across the 5 criteria according to their perceived 

importance. 

The final score for each criterion was 

calculated as the average of the expert 

assessments and subsequently, then divided by 

100 to convert percentage-based judgments into 

proportional weights that could be incorporated 

into the weighting procedure. This process 

ensured that the sum of all criterion weights 

equaled one. The formula used to calculate  

the average expert score is presented in Equation 

2. 

Wj 
ˉ = 

∑ Wjk

n

k=1

n
                                           (2) 

Where Wj
‾  represents the average expert score for 

the criterion j, Wjk denotes the score assigned by 

the expert k to criterion j, and n is the number of 

experts involved in the assessment.  

The average scores were then transformed into 

proportional weights using Equation 3.  

Wj =
Wj

ˉ

100
                                                        (3) 

Where Wj  represents the final weight of the 

criterion j , while Wj
‾  denotes the average score 

assigned by the experts.  

To obtain the final priority score, each 

standardized value was multiplied by its 

corresponding criterion weight, and all weighted 

values were subsequently aggregated into  

a composite score. Areas with higher scores were 

assigned a higher priority for agrotourism  
 

 

Table 2. Determination of regional hierarchy interval 

Hierarchy Interval level Hierarchy level 

Hierarchy 1 TIAI > Mean+Stdev High 

Hierarchy 2 Mean < TIAI < Mean+Stdev Medium 

Hierarchy 3 TIAI < Mean TIAI Low 
Note: TIAI = Tourism infrastructure availability index 
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development in Membalong Sub-district 

(Mardani et al., 2015). The final scoring formula 

is presented as Equation 4. 

Si = ∑ (

m

j=1

Zij × wj)                                          (4) 

Where Si  represents the final priority score of 

village i , Zij  is the standardized value of the 

criterion j for village i, Wj denotes the weight of 

the criterion j, and m is the total number of criteria 

included in the analysis.  

Table 3. Data types, data source, and format data 

Data Source Year 
Format/ 

type 

Scale/ 

resolution 

Point and polygon of 

the pepper plantation 

Field survey 2024 Shapefile GPS-

based 

Administrative map 
Department of Public Works, Belitung 

Regency 

2024 Shapefile 1:50,000 

Spatial pattern map 
Department of Public Works, Belitung 

Regency 

2024 Shapefile 1:50,000 

Land cover map Ministry of Environment and Forestry 2022 Shapefile 1:50,000 

Rainfall map CHIRPS rainfall data 2024 Shapefile 1:50,000 

Temperature data 
Meteorology, Climate, and Geophysics 

Agency 

2024 Tabular  - 

Soil map unit (SMU) 
Center for Agricultural Land Resources 

Assembly and Modernization 

2024 Shapefile 1:50,000 

Village potential data Statistics Agency 2021 Tabular  - 

     

 
     

Figure 2. Research flow chart 

 

Planning of pepper-based 

agrotourism areas 

Biophysical aspects 

Location of existing 

pepper plantation 

Land map units, land cover maps, spatial 

pattern maps, climate data, CHIRPS data  

Physical aspects 

Village potential data 

Field survey Land suitability and availability analysis Scalogram analysis 

Map of the distribution of 

pepper plantations  

Map of suitability and availability of land 

for pepper cultivation 

Tourism Infrastructure 

Availability Index (TIAI) 

Overlay & Multi-Criteria Decision Making Analysis (MCDM)  

Simple Additive Weighting (SAW) 

Recommendations for planning pepper-based agrotourism in 

Membalong Sub-district 



474  Caraka Tani: Journal of Sustainable Agriculture, 41(3), 468-490, 2026 

 

Copyright © 2026 Universitas Sebelas Maret  

Based on the explanation, the data types  

and sources are presented in Table 3 and in the 

research flow chart in Figure 2. 

RESULTS AND DISCUSSION 

Identification of pepper plantation distribution 

The distribution of pepper plantations was 

identified through field surveys and spatial 

verification conducted in Membalong Sub-

district, Belitung Regency. Productive pepper 

plantations were identified through direct field 

observations and subsequently verified using 

Google Earth Pro imagery. Only plantation sites 

with clearly identifiable boundaries were included 

in the spatial analysis. Through this process,  

19 productive pepper plantation sites were 

successfully delineated and mapped across  

the study area, covering a total area of 15.75 ha. 

This relatively small area indicates that pepper 

cultivation in the study area is currently limited 

and may reflect a decline. These plantations are 

not evenly distributed across all villages, 

indicating that pepper cultivation is concentrated 

in specific locations rather than spread evenly 

throughout the sub-district. The distribution of 

pepper plantations is presented in Table 4 and 

Figure 3. 

The limited number of plantations can be 

ascribed to economic and biophysical factors. 

Many farmers have gradually abandoned pepper 

cultivation due to its relatively low profitability, 

leading to a shift to other crops or non-agricultural 

sectors, such as mining, including illegal tin 

mining activities. This is consistent with the study 

by Al Zarliani et al. (2023), which highlighted that 

low selling prices remain a major problem for 

pepper farmers. In addition to economic factors, 

biophysical constraints also play a significant role 

in reducing farmers’ interest in pepper cultivation. 

Pepper plants are highly susceptible to pests and 

diseases, increasing production risks and finally 

influencing farmers’ decisions to discontinue 

cultivation. One of the major diseases is root rot 

caused by the fungus Phytophthora capsici,  

which is difficult to control and poses a significant 

challenge for pepper farmers (Lestari et al., 2023; 

Hao et al., 2025). An example of root rot in pepper 

plantations is presented in Figure 4. 

Analysis of actual land suitability and land 

availability for pepper plantation 

Based on the matching between soil map unit 

data and the criteria of actual land suitability 

classes for pepper commodities, Membalong  
 

Table 4. The distribution of pepper plantations in 

Membalong Sub-district 

No. Village 
Pepper 

plantation 
Area (ha) 

1 Bantan 0 0.00 

2 Gunung Riting 0 0.00 

3 Kembiri 3 1.03 

4 Lassar 2 1.05 

5 Membalong 1 0.55 

6 Mentigi 3 5.15 

7 Padang Kandis 0 0.00 

8 Perpat 4 1.98 

9 Pulau Seliu 0 0.00 

10 Simpang Rusa 6 5.56 

11 Tanjung Rusa 0 0.00 

 Total 19 15.75 

 

 

Figure 3. Map of pepper plantation distribution in Membalong Sub-district 
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Sub-district is mostly classified as S3 (marginally 

suitable), with a smaller portion categorized as S2 

(moderately suitable). This dominance of the S3 

class indicates that most of the land in the study 

area is constrained by certain limiting factors, 

reducing its optimal suitability for pepper 

cultivation. The results of the land suitability  

class matching for each village are presented in 

Table 5. 

The S3 suitability class covers a total of 

68,271.48 ha, accounting for around 75.68% of 

the sub-district’s area. Meanwhile, the S2 class 

covers 1,537.67 ha, or about 1.70%; the N class 

(not suitable) covers 11,956.22 ha, or around 

13.25%; and areas classified as no data comprise 

8,447.02 ha, or approximately 9.36%. Areas 

designated as “no data” represent locations for 

which soil quality variables were unavailable, 

thereby preventing land suitability classification. 

These areas include tin mining sites, settlements, 

water bodies, and small offshore islands.  

As a result, land suitability assessment could not 

be conducted in these locations, highlighting  

a limitation of the available spatial database 

within the study area. 

The largest S3 suitability class is located in 

Kembiri Village, covering 14,527.77 ha, while the 

smallest is found in Pulau Seliu Village, covering 

13.77 ha. Despite having the smallest S3 area, 

Pulau Seliu records the largest S2 suitability  

class in the sub-district, spanning 970.00 ha.  

In addition, Padang Kandis Village also has the S2 

 

Figure 4. The example of a pepper plantation affected by foot rot disease 

 

 

Table 5. Pepper commodity land suitability class in Membalong Sub-district 

No. Village 
Land suitability class (ha) 

Total (ha) 
S2 S3 N No data 

1 Bantan 0.00 7,071.33 1,193.68 1,614.41 9,879.42 

2 Gunung Riting 0.00 1,775.81 401.92 26.00 2,203.73 

3 Kembiri 0.00 14,527.77 497.55 91.50 15,116.82 

4 Lassar 0.00 8,391.86 1,313.00 2,902.35 12,607.21 

5 Membalong 0.00 10,491.66 1,232.54 998.71 12,722.92 

6 Mentigi 0.00 2,959.22 555.20 981.50 4,495.93 

7 Padang Kandis 567.35 2,395.42 326.04 509.70 3,798.51 

8 Perpat 0.00 7,051.96 1,451.91 42.70 8,546.56 

9 Pulau Seliu 970.33 13.77 622.43 18.90 1,625.43 

10 Simpang Rusa 0.00 9,859.78 2,329.91 1,219.74 13,409.42 

11 Tanjung Rusa 0.00 3,732.92 2,032.04 41.50 5,806.46 

 
Total 1,537.68 68,271.48 11,956.22 8,447.02 90,212.40 

Percentage (%) 01.70 75.68 13.25 09.36 100.00 
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suitability class with 567.35 ha. Within these 2 

classes, several limiting factors were identified 

and are presented in Table 6. 

Table 6 shows that the most dominant limiting 

factors in the sub-district were water availability 

(wa) and drainage conditions (oa). The S3 

(marginally suitable) class was primarily 

constrained by water availability (wa) and 

drainage (oa). Areas limited by water availability 

(wa) covered 45,936.00 ha, representing 50.92% 

of the total sub-district area. In contrast, the 

combination of water availability (wa) and 

drainage (oa) accounted for 18,807.80 ha, or 

20.85% of the area. These conditions were 

associated with annual rainfall ranging from 3,000 

to 4,000 mm, which falls within the high-rainfall 

category, and with the lack of suitable drainage 

systems in many pepper plantations. 

Poor drainage and high moisture levels can 

trigger root rot in pepper plants (Bande et al., 

2015). Foot rot can be controlled by establishing 

an appropriate drainage system to prevent 

waterlogging (Wahyuno, 2009; Firdaus et al., 

2022). Similar conditions have also been reported 

in other pepper-producing regions, where 

environmental factors such as soil drainage, root 

media, and nutrient retention pose unique 

challenges for pepper plantations (Mangkunegara 

and Firdamayanti, 2021; Danuartha et al., 2023). 

This indicates that the prevalence of S3-class land 

is not limited to Membalong Sub-district but 

reflects common environmental challenges across 

pepper-producing regions. Therefore, improving 

drainage systems and water management is 

critical to mitigating the impact of existing 

constraints, increasing plantation productivity, 

and supporting sustainable pepper development in 

the study area. The map of land suitability classes 

is presented in Figure 5. 

All existing pepper plantations in Membalong 

Sub-district are located on land classified as 

suitable for pepper cultivation within the S3 

(marginally suitable) class. This finding indicates 

that farmers continue to cultivate pepper on 

marginal land, suggesting either adaptive 

practices or limited access to higher-quality land. 

The relationship between land and the distribution 

 

 

Figure 5. Map of land suitability classes in Membalong Sub-district 

  

Table 6. The limiting factors for land suitability 

in the Membalong Sub-district 

Class 

suitability 

Limiting 

factors 

Area 

(ha) 

Percentage 

(%) 

S2 wa, nr 382.29 0.42 

 wa, nr, eh 1,155.48 1.28 

S3 wa 45,936.00 50.92 

 wa, eh 332.59 0.37 

 wa, nr 3,195.16 3.54 

 wa, oa 18,807.80 20.85 

N eh  5,867.80 6.50 

  oa 1,111.85 1.23 

  rc 925.94 1.03 

  oa, rc 4,051.50 4.49 

 No data 8,446.99 9.36 

 Total 90,212.40 100.00 
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of pepper plantations is presented in Table 7 and 

Figure 6. 

While the 19 plantations occupy land 

classified as suitable, some are not positioned 

within areas available for pepper cultivation.  

In Belitung Regency, especially Membalong  

Sub-district, portions of the land cover are 

unsuitable for pepper plantation development. 

The delineation of land availability for pepper 

cultivation in Belitung Regency follows 

traditional community practices. According to 

Riyadi (2012), land categorized as unavailable 

encompasses large private estates, tin mining 

sites, and protected forests. In contrast, land 

categorized as available includes shrubs, 

production forests, dryland farming, mixed 

dryland farming, and open land. This indicates 

that land availability is determined not only by 

biophysical suitability, but also by land-use 

regulations and existing land utilization. The 

proportion of land availability for pepper 

plantation is presented in Table 8, and the spatial 

distribution is illustrated in Figure 7.  

Membalong Sub-district has a total area of 

90,212.40 ha, of which 25,315.08 ha is available 

for pepper development. The largest land cover 

 

Table 7. Relationship between pepper plantation and actual land suitability classes 

Village Pepper plantation code Pepper plantation area (ha) Land suitability status 

Kembiri K1 0.72 Suitable (S3) 

  K2 0.17 Suitable (S3) 

  K3 0.16 Suitable (S3) 

Lassar L1 0.74 Suitable (S3) 

 L2 0.76 Suitable (S3) 

Membalong MB1 0.55 Suitable (S3) 

Mentigi MT1 1.05 Suitable (S3) 

  MT2 0.72 Suitable (S3) 

 MT3 3.38 Suitable (S3) 

Perpat P1 1.33 Suitable (S3) 

  P2 0.17 Suitable (S3) 

  P3 0.19 Suitable (S3) 

  P4 0.27 Suitable (S3) 

Simpang Rusa SR1 0.47 Suitable (S3) 

 SR2 1.15 Suitable (S3) 

 SR3 1.10 Suitable (S3) 

 SR4 0.85 Suitable (S3) 

 SR5 1.28 Suitable (S3) 

 SR6 0.72 Suitable (S3) 

    

 

Figure 6. Land suitability based on distribution of pepper plantation (a) Simpang Rusa and Lassar; 

(b) Perpat; (c) Kembiri; (d) Membalong and Mentigi 
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type is mixed dryland farming, covering 

16,590.70 ha (65.54%), while the smallest are 

dryland farming and open land, covering 1,128.90  

ha (4.46%) and 654.00 ha (2.58%), respectively. 

The village with the largest available land is 

Lassar (4,931.10 ha), followed by Simpang Rusa 

(3,935.70 ha) and Bantan (3,282.60 ha). The 

smallest available land area is in Pulau Seliu 

Village (812.72 ha), as it lies outside the main 

island of Belitung. However, among the 19 

available pepper plantations, not all are situated 

on land cover types appropriate for pepper 

cultivation. This condition reflects the presence of 

spatial mismatches between existing plantations 

and land designated as suitable and available for 

development. The matching between pepper 

plantations and appropriate land cover for pepper 

cultivation is presented in Table 9 and Figure 8. 
 

 

 

 

Table 8. Types of land cover available for pepper plantation  

No. Village Shrub 
Dryland 

forest 

Dryland 

agriculture 

Mixed 

dryland 

agriculture 

Open 

land 

Total 

(ha) 

Percentage 

(%) 

1 Bantan 254.90 173.40 0.00 2,648.10 206.20 3,282.60 12.97 

2 Gunung 

Riting 

7.90 1.14 0.00 1,160.50 17.20 1,186.14 4.69 

3 Kembiri 39.20 13.00 671.60 2,220.40 0.00 2,944.20 11.63 

4 Lassar 2,968.90 128.70 296.30 1,415.00 123.20 4,931.10 19.48 

5 Membalong 184.90 272.10 23.80 1,981.80 63.40 2,525.00 9.97 

6 Mentigi 60.50 179.70 0.00 1,324.40 26.20 1,590.80 6.28 

7 Padang 

Kandis 

6.10 50.90 0.00 1,335.60 18.10 1,410.70 5.57 

8 Perpat 685.40 125.60 0.00 874.40 166.00 1,851.40 7.31 

9 Pulau Seliu 0.82 811.90 0.00 0.00 0.00 812.72 3.21 

10 Simpang 

Rusa 

672.50 202.40 137.20 2,897.90 25.70 3,935.70 15.55 

11 Tanjung 

Rusa 

65.70 38.42 0.00 732.60 8.00 844.72 3.34 

 Total 4,944.22 1,997.26 1,128.90 16,590.70 654.00 25,315.20 100.00 

 Percentage (%) 19.53 7.89 4.46 65.54 2.58 100.00  

         

 

Figure 7. Map of land cover availability for pepper plantations 



Caraka Tani: Journal of Sustainable Agriculture, 41(3), 468-490, 2026 479 

 

Copyright © 2026 Universitas Sebelas Maret 

Pepper plantations in Kembiri Village, Lassar 

Village, and one plantation in Simpang Rusa 

Village were classified as unsuitable for further 

development because they were located on land-

cover types that do not support pepper cultivation. 

Specifically, 3 plantations in Kembiri Village 

were located within oil palm plantation areas,  

1 plantation in Simpang Rusa Village was situated 

on paddy fields, and 2 plantations in Lassar 

Village occupied land designated for residential 

development. Consequently, these locations were 

considered unsuitable and were therefore not 

recommended for further expansion. In contrast, 

pepper plantations in Membalong, Mentigi, 

Perpat, and Simpang Rusa Villages were situated 

on compatible land-cover types and remained 

suitable for continued utilization. As a result, of 

the 19 identified and delineated plantation 

locations, 13 were located on suitable land and 

retained potential for future development. 

Table 9. The relationship between pepper plantations and the land cover available for pepper plantations 

Village 
Pepper plantation 

code 

Pepper plantation 

area (ha) 

Land suitability 

status 

Land availability 

status 

Kembiri K1 0.72 Suitable (S3) Not available 

  K2 0.17 Suitable (S3) Not available 

  K3 0.16 Suitable (S3) Not available 

Lassar L1 0.74 Suitable (S3) Not available 

 L2 0.76 Suitable (S3) Not available 

Membalong MB1 0.55 Suitable (S3) Available 

Mentigi MT1 1.05 Suitable (S3) Available 

  MT2 0.72 Suitable (S3) Available 

 MT3 3.38 Suitable (S3) Available 

Perpat P1 1.33 Suitable (S3) Available 

  P2 0.17 Suitable (S3) Available 

  P3 0.19 Suitable (S3) Available 

  P4 0.27 Suitable (S3) Available 

Simpang Rusa SR1 0.47 Suitable (S3) Not available 

 SR2 1.15 Suitable (S3) Available 

 SR3 1.10 Suitable (S3) Available 

 SR4 0.85 Suitable (S3) Available 

 SR5 1.28 Suitable (S3) Available 

 SR6 0.72 Suitable (S3) Available  

     

 

Figure 8. Land cover availability between pepper plantations (a) Simpang Rusa and Lassar; (b) 

Perpat; (c) Kembiri; (d) Membalong and Mentigi 
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These findings indicate that approximately 

32% of the existing pepper plantations were 

situated on land that was either unsuitable or 

unavailable for further expansion. This mismatch 

occurred through 2 distinct processes. First,  

land conversion from paddy fields in Simpang 

Rusa Village to oil palm plantations in Kembiri 

Village reflects competition among agricultural 

commodities, as pepper cultivation has gradually 

been displaced by alternative land uses perceived 

as more economically attractive to local 

communities. Second, land allocated for 

residential development in Lassar Village 

represents the ongoing conversion of agricultural 

land to non-agricultural uses, which may also 

indicate a gradual shift in rural livelihoods away 

from farming activities. This pattern is consistent 

with previous studies showing that agricultural 

land-use change is frequently driven by economic 

considerations, with farmers often shifting their 

land to alternative commodities or sectors that 

offer higher returns (Rondhi et al., 2018). 

Such transitions are often influenced by  

a combination of economic, social, and policy-

related factors involving multiple stakeholders, 

including spatial planning policies that determine 

land allocation among competing agricultural  

and non-agricultural uses (Arnawa et al., 2022). 

The conversion of agricultural land to residential 

areas observed in Lassar Village reflects  

a common phenomenon in rural regions, where 

farmers move away from traditional crops due to 

declining profitability and resource constraints 

(Indarwanto et al., 2025). This process is 

frequently associated with de-agrarianization, 

characterized by the gradual transition of rural 

livelihoods from agricultural to non-agricultural 

sectors (Amiruddin, 2025). Similar dynamics 

have been widely documented across Southeast 

Asia as part of broader regional development 

trends (Appelt et al., 2022). 

Overall, these findings demonstrate that both 

land suitability and land availability constraints 

significantly limit the potential for pepper 

plantation development within the study area.  

The predominance of marginally suitable land 

(S3), combined with the mismatch between 

existing plantations and designated land use, 

suggests that current pepper cultivation is not yet 

fully aligned with spatial planning objectives and 

environmental conditions. This situation indicates 

that without appropriate land management 

measures and stronger alignment between 

cultivation activities and the allocation of suitable 

land, the long-term sustainability of pepper 

production is likely to remain constrained. 

Analysis of regional development based on 

tourism infrastructure 

Regional development was analyzed using  

the scalogram method, which produced the TIAI, 

reflecting spatial disparities in the distribution of 

tourism infrastructure. The index was used to 

classify villages into regional hierarchies 

according to the availability and diversity of 

tourism-supporting facilities.  

The TIAI values are classified into regional 

hierarchies based on the number and diversity of 

facilities; areas with more comprehensive 

infrastructure are assigned to higher hierarchies 

and perform stronger service functions (Shi et al., 

2022; Jumiyanti et al., 2026). Based on Murtadho 

et al. (2018), infrastructure completeness is 

further categorized into 3 hierarchies: 1 (highly 

developed), 2 (moderately developed), and 3  

(less developed). The TIAI and regional hierarchy 

are presented in Table 10. 

Based on Table 10, Hierarchy 1 includes Pulau 

Seliu Village (91.02), Padang Kandis Village 

(84.19), and Gunung Riting Village (81.10), while 

Hierarchy 2 consists of Mentigi Village (67.84) 

and Perpat Village (58.43). Villages in Hierarchy 

1 possess more comprehensive tourism facilities 

than those in other hierarchies and are prioritized 

for tourism planning and development in 

Membalong Sub-district due to their more  

suitable infrastructure. This hierarchy tends to be 

concentrated in the southern part of Membalong 

Sub-district. The southern area of Membalong 

serves as one of the tourism destinations in 

southern Belitung Regency, including Pulau Seliu 

and Tanjung Rusa Village. Hierarchy 2 (Mentigi 

and Perpat) involves areas with potential for 

  

Table 10. Regional development based on 

regional hierarchy 

No. Village TIAI Hierarchy 

1 Pulau Seliu 91.02 Hierarchy 1 

2 Padang Kandis 84.19 Hierarchy 1 

3 Gunung Riting 81.10 Hierarchy 1 

4 Mentigi 67.84 Hierarchy 2 

5 Perpat 58.43 Hierarchy 2 

6 Tanjung Rusa 51.61 Hierarchy 3 

7 Simpang Rusa 44.60 Hierarchy 3 

8 Bantan 43.12 Hierarchy 3 

9 Kembiri 42.89 Hierarchy 3 

10 Lassar 39.99 Hierarchy 3 

11 Membalong 35.72 Hierarchy 3 
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developing nature-based tourism, such as 

mountain and agricultural attractions, thereby 

enhancing tourism appeal and diversification in 

Membalong Sub-district, Belitung Regency.  

The classification of villages into Hierarchies 

1, 2, and 3 was primarily influenced by 

differences in the number and diversity of 

tourism-supporting facilities. Villages classified 

as Hierarchy 1 possessed a more complete 

combination of facilities, including transportation 

access, public services, accommodation, and 

tourism-supporting infrastructure, resulting in 

higher TIAI values. Hierarchy 2 villages had  

a moderate level of infrastructure availability, 

while Hierarchy 3 villages were characterized by 

limited facility diversity and lower service 

capacity. This pattern indicates that the regional 

hierarchy in Membalong Sub-district is strongly 

associated with the concentration of tourism 

infrastructure and public service facilities.  

As illustrated in Figure 9, Hierarchy 1 villages  

are concentrated in the southern part of the sub-

district, while lower-hierarchy villages are more 

widely distributed across the study area. 

Although regional hierarchies indicate 

differences in development levels, spatial 

mismatches exist between infrastructure readiness 

and agricultural potential, reflecting inefficiency 

in regional development allocation. Villages in 

Hierarchy 1 exhibit higher infrastructure capacity 

but do not overlap with the main pepper plantation 

areas or suitable land. Conversely, villages with 

pepper plantations and more supportive land 

resources are located in Hierarchy 2, indicating 

that potential areas are not yet supported by 

adequate infrastructure. The overlay between 

pepper distribution, land availability classes, and 

regional hierarchy is presented in Figure 10. 

This condition reflects regional development 

imbalances, in which infrastructure is misaligned 

with the distribution of agricultural resources, 

potentially hindering the integration of agriculture 

and tourism. Infrastructure plays a crucial role  

in regional development, while its limitations  

both reflect and reinforce spatial inequalities 

(Fahmi et al., 2025; Sjaf et al., 2025). Tourism 

infrastructure can increase visitor arrivals and 

support rural economies (Harahap et al., 2015; 

Kartika and Wahyono, 2019; Ariyani and Fauzi, 

2023; Saputro et al., 2023). These findings are 

consistent with the distribution of pepper 

plantations, which remain limited and 

concentrated, and are not strategically supported 

by infrastructure development. Consequently,  

the constraints in pepper cultivation are also 

influenced by insufficient infrastructure support 

in the primary production areas. Based on land 

suitability classes and land availability, although 

dominated by Class S3, sufficient land remains 

available, leaving opportunities for pepper 

development open.  

However, infrastructure limitations hinder the 

utilization of potential land and its transformation 

into agrotourism areas. The success of pepper- 
 

 

 

 
 

 

 

 

 

Figure 9. Regional hierarchy in the Membalong Sub-district 
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based agrotourism planning depends on 

integrating land resources and ensuring 

infrastructure readiness. Thus, the inequality 

between tourism infrastructure development and 

the distribution of key agricultural resources has 

become a challenge in regional development in 

Membalong Sub-district. This condition 

highlights the lack of integration in development 

planning, particularly in supporting pepper-based 

agrotourism. A comprehensive analytical 

framework is required to synthesize land 

potential, existing conditions, and regional 

development levels in order to establish more 

effective prioritization. 

Analysis of agrotourism area planning 

recommendations  

Spatial analysis reveals a mismatch among 

areas with high pepper production, the 

distribution of available land, and areas with 

adequate infrastructure for agrotourism planning. 

As shown in Figure 9, some villages have land 

suitable for pepper cultivation but lack adequate 

infrastructure and accessibility. Conversely,  

some areas have relatively good infrastructure  

but face limitations in land suitability or in the size 

of existing plantations. These conditions highlight 

the importance of an integrative approach to 

agrotourism planning, as agriculture-based 

tourism requires a balance between the potential 

of natural resources and the readiness of regional 

infrastructure (Nyompa et al., 2022).  

To formulate recommendations for 

agrotourism planning zones, a multi-criteria 

approach was used to identify priority areas more 

comprehensively than single-aspect methods. 

This approach aligns with Kousar and Kausar 

(2025), who emphasize the need to integrate 

social and environmental aspects into sustainable 

agrotourism planning. Using the SAW method, 

prioritization is based not only on the presence of 

pepper crops but also on regional development 

readiness, as measured by 5 variables: the number 

of pepper plantations, plantation area, availability 

of S2-class land, availability of S3-class land, and 

the TIAI. 

Each variable plays a different role in the 

recommendation results. The number and area of 

pepper plantations represent the concentration of 

existing agricultural resources; the classes of 

available land suitability (S2 and S3) reflect the 

potential for future plantation expansion, while 

the TIAI reflects the readiness of supporting 

infrastructure for tourism. The average weightings 

assigned by the experts are presented in Table 11.  

The results of the recommendations, which 

involved experts’ assessment and weighting of 

these variables, led to 3 priority levels for 

agrotourism planning in Membalong Sub-district, 

as presented in Table 12. 

The research results show that Simpang Rusa 

Village has the highest score, making it the top 

priority for pepper agrotourism development in  
 

 
 

 
 

 
 

 

Figure 10. The overlay results between the distribution of pepper plantations, available land, and the 

regional hierarchy  
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Membalong Sub-district. This result stems from  

a combination of several key factors, such as the 

relatively large number of pepper plantations and 

the availability of land suitable for expansion.  

Of the 5 variables used as criteria for determining 

priorities, the experts assigned the highest weight 

to the availability of S2-class land, followed by 

the number of pepper plantations and the area of 

the plantations. This indicates that land quality 

and the availability of plantation resources are 

considered the most important factors in 

determining priorities for pepper agrotourism 

planning. 

The final results of this scoring also align with 

those of Arifin et al. (2009), who state that  

a prerequisite for agrotourism suitability is land 

suitable for developing agricultural and plantation 

commodities. Furthermore, conducting regional 

planning and development in accordance with 

land-use zoning and identifying the potential of 

flagship agricultural commodities that align with 

agricultural land suitability are necessary first 

steps. In this context, pepper plantations in 

Belitung Regency, particularly in Membalong 

Sub-district, represent a distinctive crop whose 

cultivation is beginning to decline. The 

distribution of the recommended agrotourism 

planning areas is presented in Figure 11. 

These findings also indicate a strong 

connection between the spatial analysis results 

and the regional policy directions outlined in  

the RIPPARKAB. In addition to designating 

Simpang Rusa Village as part of the Nature 

Adventure Tourism Development Area, other 

villages identified as second-priority locations, 

including Perpat, Mentigi, and Lassar, have also 

been included in the development plan. One of the 

Table 11. Average expert weightings 

Number of 

pepper 

plantations 

Area of pepper 

plantations  

(ha) 

Available land area 

class S2/Sufficiently 

suitable (ha) 

Available land area 

class S3/Marginally 

suitable (ha) 

TIAI 

0.20 0.20 0.24 0.19 0.17 

     

 

 

Figure 11. Map of recommendations for agrotourism area planning at Membalong Sub-district 

  

Table 12. Priority recommendations for 

agrotourism planning areas  

No. Village Scoring Priority 

1 Simpang Rusa 1.697 Priority - 1 

2 Mentigi 1.269 Priority - 2 

3 Pulau Seliu  1.237 Priority - 2 

4 Perpat  1.010 Priority - 2 

5 Lassar 0.999 Priority - 2 

6 Padang Kandis  0.904 Priority - 2 

7 Kembiri  0.824 Priority - 3 

8 Gunung Riting 0.539 Priority - 3 

9 Bantan  0.477 Priority - 3 

10 Membalong 0.468 Priority - 3 

11 Tanjung Rusa  0.242 Priority - 3 
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key objectives stated in the plan is to increase the 

value added by Belitung’s distinctive pepper 

plantations. 

Based on the results, Simpang Rusa Village, 

with the largest number of pepper plantations  

and a relatively large area of available land,  

offers considerable potential for agrotourism 

development, with pepper as the main attraction. 

This study not only identifies priority villages  

but also provides a more detailed spatial basis  

to support the implementation of pepper-based 

agrotourism programs already proposed in the 

RIPPARKAB. The consistency between the 

analysis results and regional development policies 

suggests that a GIS-based spatial analysis 

approach, combined with multi-criteria decision-

making methods, can serve as an effective tool for 

supporting more targeted and data-driven tourism 

planning (Trang Le et al., 2025).  

Despite the significant findings of this study, 

several limitations should be acknowledged. The 

spatial analysis for identifying pepper plantations 

relied on field surveys and Google Earth imagery 

to delineate plantation boundaries, given the 

difficulty of distinguishing them due to the lack of 

distinctive features. In addition, the study focused 

on spatial variables, land suitability, and tourism-

supporting infrastructure, thereby omitting 

economic feasibility, tourist preferences, and 

market factors that may influence agrotourism 

planning. The weighting process in the SAW 

method was based on assessments by 3 experts to 

represent the relative importance of each criterion 

in the context of pepper agrotourism planning. 

However, sensitivity analysis of weight variations 

was not conducted, so the stability of the ranking 

results under different weighting scenarios could 

not be evaluated. Future research could address 

these limitations by integrating higher-resolution 

spatial data and additional socio-economic 

variables and by conducting sensitivity analysis to 

test the robustness of the priority results. 

CONCLUSIONS 

Pepper plantations in Membalong Sub-district 

comprise 19 sites covering a total area of 15.75 ha. 

The evaluation results show that the study area is 

dominated by S3-class land (marginally suitable), 

while S2-class land (moderately suitable) is 

available in limited quantities. Thirteen of the 19 

plantations are located on available land with 

development potential. Based on the SAW 

method, Simpang Rusa Village was selected as 

the highest priority for planning pepper 

agrotourism development in Membalong Sub-

district. This study demonstrates that integrating 

GIS-based spatial analyses, such as land 

suitability and land availability assessments,  

with multi-criteria decision-making can identify 

priority areas for agrotourism planning in a more 

systematic and data-driven manner. The results of 

this study can serve as a basis for determining 

regional priorities to support the implementation 

of the Belitung Regency RIPPARKAB, 

particularly in planning pepper agrotourism 

development within the Membalong Sub-district 

nature tourism area. 
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