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Abstract. This study addresses a critical gap in understanding the multidimensional sustainability of tropical maize 

farming by simultaneously evaluating economic, ecological, socio-cultural, institutional, technological, and 

infrastructural dimensions using a Multidimensional Scaling (MDS) approach. Focusing on West Muna Regency, 

Southeast Sulawesi, Indonesia, data were collected from 150 farmers and 30 farmer group leaders, complemented 

by secondary sources. The study aims to assess sustainability status, identify sensitive attributes influencing 

outcomes, and provide evidence-based guidance for interventions. Results show an overall sustainability index of 

52.59%, indicating a “moderately sustainable” system, with economic (73.81%), socio-cultural (72.01%), and 

ecological (55.07%) dimensions performing better than institutional (42.24%), infrastructure (40.28%), and 

technological (32.15%) dimensions. Leverage analysis identifies 18 key attributes critical to sustainability, 

highlighting the need for targeted interventions to strengthen institutional frameworks, improve infrastructure, and 

accelerate technology adoption. Beyond policy generalization, the findings offer practical insights for 

stakeholders, including development agencies and farmer organizations, to design context-specific, inclusive, and 

operational strategies that enhance the long-term sustainability of maize farming in tropical regions. 
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1. Introduction 

The pursuit of sustainable agricultural 

development remains an important agenda in 

strengthening food security, particularly in 

developing countries (Viana et al., 2022). The 

adoption of the Sustainable Development 

Goals (SDGs), especially Zero Hunger (SDG 

2) and Life on Land (SDG 15), highlights the 

need to ensure both food availability and 

environmental sustainability (Guo, 2024; 

Halkos & Gkampoura, 2021; Hurduzeu et al., 

2022). However, despite various policy 

interventions, global food systems continue 

to face persistent challenges, including food 

insecurity, resource degradation, and climate-

related risks  (FAO, 2020; Nations & 

Development, 2025; Althani et al., 2025; 

Yuan et al., 2024). These challenges are 

particularly relevant in tropical agricultural 

systems, where increasing production 

demands must be balanced with sustainability 

concerns. 

Tropical agriculture, characterized by 

favorable climatic conditions, offers 

significant potential for food production, 

particularly for strategic commodities such as 

maize (Zea mays L) (Ariningsih et al., 2021; 

Colombo et al., 2021; Kang, 2024; Taiwo & 

Musonge, 2024). In Indonesia, maize plays a 

crucial role not only as a food crop but also as 

a key input for feed and industry, leading to 

continuous efforts to increase its production 

(Garfansa et al., 2022; Padrilah et al., 2024; 

Vieira et al., 2025). One of the important 

production centers is West Muna Regency in 

Southeast Sulawesi, where maize production 

has shown a generally increasing trend and 

significantly outperforms other local 

commodities (Salun et al., 2024; Yusuf et al., 

2025). Despite its considerable potential, 

maize farming in West Muna Regency faces 

complex and interrelated constraints, 

including price volatility, stringent quality 

standards (e.g., 14% moisture content), 
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uneven infrastructure, pest infestations, 

limited access to agricultural inputs, and 

weak institutional support among farmers 

(Lairez et al., 2023). These challenges 

indicate that the sustainability of maize 

farming systems is shaped not only by 

biophysical factors but also by broader socio-

economic, institutional, and technological 

dimensions. 

However, existing studies on maize 

farming predominantly focus on partial 

aspects, such as productivity and economic 

performance, with limited attention to 

comprehensive multidimensional 

sustainability assessments, particularly in 

tropical agricultural contexts (Ehlers et al., 

2021; Simane et al., 2025; Thabane et al., 

2025). This indicates a clear research gap in 

evaluating maize sustainability using an 

integrated analytical framework that 

simultaneously incorporates ecological, 

economic, socio-cultural, institutional, 

technological, and infrastructural 

dimensions. Previous studies in developing 

and Asian agricultural systems also highlight 

that fragmented approaches often fail to 

capture the complex trade-offs and 

interdependencies inherent in sustainable 

farming systems (Halkos & Gkampoura, 

2021; Hurduzeu et al., 2022). 

Therefore, this study proposes a novel 

approach by applying an integrated 

multidimensional sustainability assessment 

framework to maize farming systems in 

tropical regions. By incorporating six key 

dimensions, this approach provides a more 

holistic understanding of sustainability status 

and its driving factors, which are often 

overlooked in conventional analyses. The 

findings are expected to generate targeted 

policy recommendations to improve 

governance, strengthen value chains, and 

support sustainable food security systems at 

the regional level. 

2. Materials and Methods  

2.1 Study Area and Data Collection 

This study was conducted in West Muna 

Regency, Southeast Sulawesi Province, 

Indonesia. The location was selected 

purposively based on its status as a region 

with high maize production, where the crop 

serves as a primary source of livelihood for 

the local community. 

2.2 Sample preparation 

 

This study utilized both primary and 

secondary data. Primary data were obtained 

through direct field observations and 

structured interviews using a standardized 

questionnaire. Purposive sampling was 

employed to select respondents with relevant 

knowledge and experience in maize farming 

systems. A total of 150 maize farmers and 30 

farmer group leaders were surveyed to ensure 

adequate representation of cultivation 

practices and institutional perspectives. 

2.3 Sustainability Assessment Method 

The sustainability of maize cultivation 

was assessed using a quantitative modeling 

analysis with a Multidimensional Scaling 

(MDS) approach, specifically the Rapid 

Appraisal for Seaweed technique developed 

by (Hout et al., 2013). This method is a 

modification of the Rapid Assessment 

Technique for Fisheries (RAPFISH) 

pioneered by T. J. Pitcher and Preikshot 

(2001) at the University of British Columbia 

(Pitcher & Kavanagh, 2004) and later adapted 

for the Indonesian context by Fauzi (2019). 

MDS is a statistical technique that ordinates 

objects in a multidimensional space based on 

similarity assessments of the researched 

subjects (Jaworska and Chupetlovska-

Anastasova, 2009; Pitcher & Kavanagh, 

2004). The procedure for analyzing the 

sustainability status of maize cultivation 

consisted of the following stages: 

1. Determination of Attributes: 

Sustainability attributes were defined 

across six dimensions: (1) economic, (2) 

ecological, (3) socio-cultural, (4) 

institutional, (5) technological, and (6) 

infrastructural (Yusuf et al., 2023; Khusni 

et al., 2024; Latifah & Ekawati, 2023; 

Rinansi et al., 2025). 
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2. Attribute Scoring: Each attribute was 

assessed and assigned a score based on a 

Likert scale from 0 to 3 (Norman, 2010). 

Standardized measurement scores were 

assigned to each attribute according to its 

perceived importance (Fauzi, 2019). 

3. RAPFISH Ordination: The RAPFISH 

ordination using the MDS method was 

employed to determine a single point 

value reflecting the position of the 

measured object. A good analysis result is 

indicated by a low stress value (S < 0.25) 

(Fauzi, 2019). 

4. Determination of Sustainability Status: 

The sustainability status was determined 

using the index values and categories 

presented in Table 1. 

Table 1. Sustainability Index Status 

Index Value Sustainability Status 

0.00 - 25.00 Unsustainable 

25.01 - 50.00 Less Sustainable 

50.01 - 75.00 Moderately Sustainable 

75.01 - 100.00 Highly Sustainable 

    Source: (Pitcher & Kavanagh, 2004) 

5. Leverage Analysis: A leverage analysis 

was conducted to identify dominant 

(sensitive) attributes. This analysis 

examines the change in ordination (the 

shift in position on the "bad-good" axis) 

when each attribute is removed one at a 

time. The leverage value typically ranges 

from 2% to 6%, measured by the change 

in Root Mean Square (RMS). A larger 

change in the RMS value indicates a 

higher sensitivity of the attribute, meaning 

it has a greater influence on the overall 

sustainability score (Fauzi, 2019). 

6. Monte Carlo Analysis: A Monte Carlo 

analysis was performed to detect sources 

of error from data variability (Farrance & 

Frenkel, 2014). Potential errors in the 

RAPFISH analysis can arise from several 

factors: (1) errors in attribute scoring due 

to insufficient information or 

misinterpretation; (2) variation in scoring 

resulting from differing opinions or 

judgments; (3) data entry errors or missing 

data; and (4) a high stress value from the 

MDS analysis. 

3. Results and Discussion 

3.1 Sustainability Index and Validation 

The sustainability index of maize 

farming in West Muna Regency is visualized 

using a spider/radar chart across six 

dimensions: Economic, Ecological, Socio-

Cultural, Institutional, Technological, and 

Infrastructure. This chart facilitates rapid 

comparison of the performance of each 

dimension, as shown in Figure 1. 
The results show that the Economic 

(73.81%) and Socio-Cultural (72.01%) 

dimensions occupy the highest positions, 

indicating that aspects such as income, market 

access, price stability, participation in farmer 

groups, and community social activities 

relatively support sustainability. The Ecological 

dimension (55.07%) occupies a middle position, 

reflecting challenges related to water 

availability, pest intensity, and cropping 

patterns. In contrast, the Institutional (42.24%), 

Infrastructure (40.28%), and Technological 

(32.15%) dimensions are the lowest, 

highlighting vulnerable areas that require 

attention, including formal and informal 

institutional strengthening, improvement of 

roads and storage facilities, and adoption of 

cultivation and post-harvest technologies. 

Table 2 presents the validation results 

of the six-dimensional sustainability index 

using Monte Carlo simulations, which serve 

to assess the robustness of the MDS 

outcomes against data uncertainty. The 

original index compared with the Monte 

Carlo results showed minimal differences 

(<1.0) across all dimensions, indicating that 

the sustainability assessment is stable and 

reliable. Overall, the composite 
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sustainability index was 52.59%, with the 

Monte Carlo simulation yielding 52.52%. 

This suggests that maize farming in West 

Muna Regency can be considered 

moderately sustainable, and the results are 

robust to data variability.

 

 
Figure 1.  Six-dimensional sustainability index kite diagram. 

Table 2. Sustainability index status 

Dimension Index Monte Carlo Difference R2 Stress 

Economy 73.81 73.02 0.79 0.15 0.93 

Ecology 55.07 55.18 0.11 0.12 0.98 

Socio-Culture 72.01 71.90 0.11 0.15 0.94 

Institutional 42.24 41.51 0.73 0.16 0.96 

Technology 32.15 32.94 0.79 0.11 0.98 

Infrastructure 40.28 40.61 0.33 0.13 0.91 

Sustainability Status 52.59 52.52 0.06   

 

3.2 Leverage Analysis and Sustainability 

Attributes  

To identify the pivotal factors 

influencing sustainability, a leverage analysis 

was conducted. This method measures the 

change in the Root Mean Square (RMS) 

when an attribute is removed from the model; 

a higher RMS change denotes a more 

sensitive attribute that plays a greater role in 

determining the sustainability status (Pitcher 

& Kavanagh, 2004). The analysis identified 

key sensitive attributes across all dimensions 

that serve as critical leverage points for 

interventions. The complete list of 

sustainability attributes assessed in this study 

is provided in Table 3. 

The multidimensional assessment of 

corn farming sustainability indicates that, 

overall, the system is reasonably sustainable. 

However, the degree of sustainability varies 

considerably across dimensions. The 

economic, socio-cultural, and ecological 

dimensions demonstrate relatively stronger 

performance, whereas the institutional, 

technological, and infrastructural 

dimensions remain weak. This pattern 

underscores the complexity of agricultural 

sustainability in tropical regions, where 

biophysical, socioeconomic, and 

governance factors are closely interlinked in 

shaping the sustainability of the corn 

farming sector. 

3.2.1. Sensitive Attributes in the Economic 

Dimension 

Leverage analysis for the economic 

dimension, comprising seven attributes, 

established a median RMS change of 4.16%. 

The most sensitive attributes, in descending 
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order, were: Market Access (X1.2) with an 

RMS change of 7.94%, Farm Income (X1.1) 

at 6.72%, and Price Stability (X1.3) at 4.86% 

(Figure 2). 

Table 3. Sustainability index status 

Dimension Sustainability Attributes 

Economic 

 

(X1.1) Farm income, (X1.2) Market access, (X1.3) Price stability, (X1.4) Access to 

capital/credit, (X1.5) Ease of access to farming inputs, (X1.6) Labor absorption, (X1.7) 

Land ownership 

Ecological 

 

 

(X2.1) Water availability, (X2.2) Pest and disease intensity, (X2.3) Use of fertilizers and 

pesticides, (X2.4) Land/soil quality, (X2.5) Application of planting season/cropping 

patterns, (X2.6) Land slope, (X2.7) Implementation of conservation practices 

(contouring, terracing) 

Socio-Cultural 

 

 

(X3.1) Farmer group activity, (X3.2) Gender role in farming, (X3.3) Farming 

experience, (X3.4) Participation in extension and training programs, (X3.5) Conflicts 

among farmers, (X3.6) Intensity of farmer group meetings, (X3.7) Education level 

Institutional 

 

(X4.1) Availability of formal and informal regulations, (X4.2) Presence of marketing 

institutions, (X4.3) Existence of farmer groups, (X4.4) MoU or cooperation in farm 

development, (X4.5) Customary cultural rules in farming, (X4.6) Financial institutions 

Technological 

 

 

(X5.1) Application of cultivation technology, (X5.2) Level of technology adoption, 

(X5.3) Availability of traditional and modern farm machinery, (X5.4) Post-harvest 

technology, (X5.5) Fertilizer production technology, (X5.6) Acceptance of new 

innovations and technologies, (X5.7) Processing of production output 

Infrastructural 

 

 

(X6.1) Storage warehouses, (X6.2) Farm road infrastructure, (X6.3) Road quality 

(asphalt, dirt, gravel), (X6.4) Availability of irrigation (rivers, reservoirs, ponds, bore 

wells), (X6.5) Drying facilities (sun-drying, mechanical dryers), (X6.6) Access to 

electricity for agricultural activities 

 

 

Figure 2.  Leverage Analysis of Attributes in the Economic Dimension 

 

The prominence of these attributes 

aligns with the empirical conditions faced by 

maize farmers in West Muna. Farmers 

contend with highly volatile prices from 

local middlemen, typically ranging from 

IDR 2,500 to IDR 4,000 per kg depending on 

the season. In contrast, the state-owned 

logistics agency (BULOG) offers a more 

stable price of approximately IDR 5,000 per 

kg but imposes stringent quality 
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requirements, including a maximum 

moisture content of 15% and a maximum of 

5% damaged kernels, which are often 

difficult for farmers to meet. This price 

disparity and market structure significantly 

undermine the economic sustainability of 

maize farming, highlighting the urgent need 

for government-backed price guarantees that 

are accessible to all farmers. 

Improved market access enables farmers 

to sell their harvest at better prices and 

reduces their dependence on intermediaries. 

Farm income serves as a direct indicator of 

business viability, where gains in 

productivity and cost efficiency directly 

impact farmer welfare. Concurrently, price 

stability is crucial for ensuring economic 

predictability, as price fluctuations can 

severely diminish farmers' motivation to 

sustain their operations. These findings 

corroborate previous research. Ismail (2022) 

emphasized that market access is highly 

dependent on the efficiency of the supply 

chain in mitigating market failures. Similarly, 

Suh et al., (2025) and Viganò et al., (2022) 

found that cooperatives significantly enhance 

household income and price stability, even 

amidst deteriorating food security conditions, 

and that support from non-governmental 

organizations plays a vital role in facilitating 

farmer participation in such schemes. 

3.2.2. Sensitive Attributes in the Economic 

Dimension 

Leverage analysis for the ecological 

dimension, comprising seven attributes 

(X2.1) Water availability, (X2.2) Intensity of 

pest and disease attacks, (X2.3) Use of 

fertilizers and pesticides, (X2.4) Land/soil 

quality, (X2.5) Application of planting 

season/cropping patterns, (X2.6) Land slope, 

and (X2.7) Implementation of conservation 

practices (contouring, terracing) revealed a 

median Root Mean Square (RMS) change of 

4.11%. The most sensitive attributes 

influencing sustainability were, in order: the 

application of planting season/cropping 

patterns (X2.5) with an RMS change of 

6.14%, followed by the intensity of pest and 

disease attacks (X2.2) at 5.19%, and water 

availability (X2.1) at 4.72% (Figure 3).

 

Figure 3.  Leverage Analysis of Attributes in the Ecological Dimension

 

Implementing appropriate cropping 

patterns tailored to local climatic conditions 

is a critical determinant of production 

success. Furthermore, high incidences of 

pests and diseases can significantly reduce 

yield and degrade crop quality. 

Concurrently, water availability is a 

cornerstone of productivity, especially 

during extended dry seasons. These three 

factors are interconnected in maintaining 

agricultural sustainability and food 

security. 

The local ecological context 

fundamentally determines agricultural 

sustainability. West Muna Regency is 

predominantly characterized by lowland 
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topography with unpredictable rainy and dry 

seasons. Consequently, the timing and type of 

cropping patterns, such as the intercropping 

of maize with other horticultural plants, must 

be adapted to rainfall conditions to mitigate 

risks. This finding aligns with Marcos-Garcia 

et al. (2024), who emphasized that aligning 

planting seasons with dry and wet periods is 

a key driver of high yields. Additionally, pest 

and disease outbreaks, such as the fall 

armyworm, can be triggered by 

environmental factors, making production 

systems highly vulnerable. This corresponds 

with Mrope & Kigodi, (2024), who found that 

pest and disease infestations directly impact 

production quality. Moreover, the availability 

and quality of surface/groundwater in several 

river basins are under stress (characterized by 

declining quality and limited supply during 

the dry season). Consequently, water reserves 

for rain-fed irrigation and seasonal crop needs 

are often inadequate. This exacerbates the 

impact of non-adaptive cropping patterns and 

increases the likelihood of crop failure. These 

findings are consistent with Ortez et al., 

(2023) and Caparas et al., (2021), who 

reported that long-term weather patterns and 

environmental stresses lasting more than ten 

days can potentially affect the growth, 

development, and yield of maize. 

3.2.3. Sensitive Attributes of the Socio-

Cultural Dimension 

The leverage analysis for the socio-

cultural dimension, which includes seven 

attributes (X3.1) Farmer group activity, 

(X3.2) Gender role in farming, (X3.3) 

Farming experience, (X3.4) Participation 

in extension and training programs, (X3.5) 

Conflicts among farmers, (X3.6) Intensity 

of farmer group meetings, and (X3.7) 

Education level yielded a median RMS 

change of 3.09%. The most sensitive 

attributes were: participation in extension 

and training programs (X3.4) with an RMS 

change of 5.11%, conflicts among farmers 

(X3.5) at 4.14%, and the intensity of 

farmer group meetings (X3.6) at 4.12% 

(Figure 4). 

 

Figure 4.  Leverage Analysis of Attributes in the Socio-Cultural Dimension 

From this perspective, farming 

sustainability is heavily influenced by farmer 

engagement in extension services and 

training, which are crucial for enhancing 

capacity and knowledge in farm 

management. However, conflicts among 

farmers persist, often related to competition 

over resources or differing interests, 

potentially weakening cooperation and 

solidarity within groups. Furthermore, the 

frequency of farmer group meetings plays a 

strategic role, as regular gatherings foster 

coordination, camaraderie, and the exchange 

of information and experiences. 

Strengthening extension programs, 

conflict resolution, and optimizing farmer 
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group meetings are essential attributes for 

reinforcing the socio-cultural aspect to 

support farming sustainability. This is 

supported by the findings of Wossen et al. 

(2017) and Antwi-Agyei & Stringer, (2021), 

who demonstrated that enhanced extension 

and training improve farmer capacity through 

technology transfer and group learning, 

leading to faster innovation adoption and 

increased productivity. The attribute of 

conflict among farmers also plays a 

significant role.  

Competition over land, access to 

subsidized fertilizers, or market share 

often creates friction at the grassroots 

level. Poorly managed conflicts can 

diminish cooperative spirit and collective 

efficiency among farmers (Salun et al., 

2024). Subsequently, the intensity of 

farmer group meetings is also crucial. 

Regular meetings enable members to 

share market information, technologies, 

and input prices, thereby building social 

solidarity (Hasrida et al., 2023). 

According to Wossen et al. (2017), active 

participation in farmer groups is 

positively correlated with the adoption of 

new technologies, which can enhance 

household income. 

3.2.4. Sensitive Attributes of the 

Institutional Dimension 

 

The leverage analysis for the 

institutional dimension, encompassing six 

attributes (X4.1) Availability of formal 

and informal regulations, (X4.2) 

Availability of marketing institutions, 

(X4.3) Availability of farmer groups, 

(X4.4) MoU or cooperation in farm 

development, (X4.5) Customary cultural 

rules in farming, and (X4.6) Financial 

institutions resulted in a median RMS 

change of 2.97%. The three most sensitive 

attributes were: Memorandum of 

Understanding (MoU) or cooperation in 

farm development (X4.4) with an RMS 

change of 5.25%, the availability of 

formal and informal regulations (X4.1) at 

4.11%, and the availability of marketing 

institutions (X4.2) at 3.72% (Figure 5).

 

 

Figure 5.  Leverage Analysis of Attributes in the Institutional Dimension 

 

The high sensitivity of MoUs or 
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collaboration between farmers and 

government agencies, private entities, or 

industry players is a critical determinant of 

sustainability. Overall, the institutional 
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collaboration, insufficient regulatory support, 

and the suboptimal function of farmer groups. 

Improvements in these three aspects are vital 
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al. (2017), formal cooperation mechanisms 

can strengthen the governance of agricultural 

value chains and reduce market risks. 

Furthermore, the availability of formal and 

informal regulations is also sensitive. Weak 

local rules or formal regulations governing 

maize trade, minimum prices, and quality 

standards leave farmers inadequately 

protected in market transactions. This 

condition aligns with Fauzi (2019), who 

asserted that institutional regulations are a 

crucial instrument for ensuring the 

sustainability of farming businesses. 

Moreover, farmer groups also emerge as a 

sensitive attribute requiring attention. 

Although numerous farmer groups exist, their 

role remains largely administrative, often 

serving primarily as a requirement to access 

government aid. Few groups function as 

collective platforms for joint marketing, 

providing production inputs, or conducting 

technology training in West Muna Regency. 

The success of farmer groups in enhancing 

sustainability is highly dependent on 

managerial capacity, meeting frequency, and 

adaptation to market dynamics (Efrina, 2022; 

Suh et al., 2025). 

3.2.5. Sensitive Attributes of the 

Technological Dimension 

Leverage analysis for the technological 

dimension, encompassing seven attributes 

(X5.1) Application of cultivation technology, 

(X5.2) Level of technology adoption, (X5.3) 

Availability of traditional and modern 

agricultural tools and machinery, (X5.4) 

Post-harvest technology, (X5.5) Fertilizer 

production technology, (X5.6) Acceptance of 

new innovations and technologies, and 

(X5.7) Processing of production output 

revealed a median Root Mean Square (RMS) 

change of 1.19. Among the seven attributes 

analyzed, three were identified as the most 

sensitive in influencing sustainability: 

fertilizer production technology (X5.5) with 

an RMS change of 4.54%, post-harvest 

technology (X5.4) at 3.31%, and application 

of cultivation technology (X5.1) at 2.72% 

(Figure 6). 

 

Figure 6.  Leverage Analysis of Attributes in the Technological Dimension 

Overall, the low sustainability index 

in the technological dimension is 

primarily attributed to weak support in 

fertilizer, post-harvest, and cultivation 

technologies. Efforts to enhance the 

availability and adoption of technologies 

in these three areas are paramount to 

advancing this dimension from the "Less 

Sustainable" to the "Moderately 

Sustainable" category. 

Technological support for maize-specific 

fertilizer production plays a vital role in 

enhancing productivity while maintaining 

land sustainability. Utilizing agricultural 

waste-based organic fertilizers and bio-

fertilizers has been proven to reduce input 
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costs, improve soil fertility, and decrease 

dependence on chemical fertilizers. The 

application of such technologies enhances 

fertilization efficiency and improves harvest 

quality. Recent studies confirm that a 

combination of chemical, organic, and bio-

fertilizers can form an effective technological 

package for sustainable maize cultivation 

(Fikri et al., 2023). The attribute of post-

harvest technology, including support for 

drying, storage/warehousing, and processing, 

is crucial for farmers to maintain quality and 

market value. This aligns with the study by 

Ariningsih et al., (2021), which states that 

post-harvest technology plays a significant 

role in reducing post-harvest losses and 

enhancing agricultural product 

competitiveness. Furthermore, the sensitivity 

of cultivation technology application aligns 

with conditions in West Muna Regency, 

where adoption remains low due to limited 

technical knowledge and capital. This finding 

is consistent with Vieira et al., (2025), who 

reported that increased adoption of modern 

cultivation technologies contributes to 

enhanced productivity, market value, and 

farming efficiency. 

3.2.6. Sensitive Attributes of the 

Infrastructural Dimension 

Leverage analysis for the infrastructural 

dimension, covering six attributes (X6.1) 

Storage warehouses, (X6.2) Farm road 

infrastructure, (X6.3) Road quality (asphalt, 

dirt, gravel), (X6.4) Availability of irrigation 

(rivers, reservoirs, ponds, bore wells), (X6.5) 

Drying facilities (sun-drying, mechanical 

dryers), and (X6.6) Access to electricity for 

agricultural activities confirms the "Less 

Sustainable" status of infrastructure for maize 

farming in West Muna Regency, indicating 

that basic facilities are not yet optimal in 

supporting production, distribution, and 

marketing activities. The results of the 

leverage analysis are shown below (Figure 7). 

 

Figure 7.  Leverage Analysis of Attributes in the Infrastructural Dimension 

The analysis indicates that the 

availability of irrigation for maize farming- 

such as rivers, reservoirs, ponds, and bore 

wells-has the most substantial influence on 

sustainability. This aligns with the condition 

in West Muna Regency, where most 

agricultural land still relies on rainfall and 

lacks permanent irrigation facilities, making 

it unsuitable for farming during the dry 

season. This finding supports Gwambene, 

(2025)  and Jamalimoghaddam et al., (2019), 

who emphasized that water is a fundamental 

resource for ensuring sustainable agricultural 

production in developing countries. 

Subsequently, storage warehouses for 

produce are highly sensitive, as most maize 

farmers face losses due to declining post-

harvest quality from inadequate storage 

facilities, often forcing immediate sale to 

middlemen without proper quality 

assessment. Consistent with the findings of 

Matusse et al., (2025) and Adams et al., 
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(2025), storing maize in woven 

polypropylene bags leads to significant grain 

damage (60–80%), underscoring the need for 

temperature and moisture-controlled 

warehouse storage. Furthermore, farm road 

infrastructure poses a significant constraint. 

Several farming areas remain difficult to 

access due to poor road conditions, slowing 

down the distribution of produce to markets 

and incurring additional costs for farmers. 

Efficient and accessible transportation 

infrastructure is crucial for agricultural 

growth, particularly in production areas 

where food security and rural livelihoods 

depend on effective supply chain operations, 

necessitating adequate road infrastructure 

(Abbas Khan et al., 2025; Ramadhani et al., 

2025). Thus, the low sustainability index of 

the infrastructural dimension is driven by 

inadequate support for storage facilities, road 

access, and transportation. Prioritizing the 

improvement of farm road quality, 

construction of storage warehouses, and 

provision of adequate transportation facilities 

is essential to strengthen the sustainability of 

maize agriculture in the region 

4. Limitations and Future Directions 

This study has several limitations that 

should be acknowledged. First, the analysis 

relies on cross-sectional data collected from a 

specific geographical context, namely West 

Muna Regency, which may limit the 

generalizability of the findings to other 

tropical regions with different agroecological 

and institutional characteristics. Second, the 

use of the MDS approach, although robust for 

rapid sustainability assessment, inherently 

depends on subjective attribute scoring based 

on respondents’ perceptions and expert 

judgment. Despite efforts to minimize bias 

through standardized Likert-scale 

measurements and Monte Carlo simulations, 

potential biases may still persist. Third, the 

study focuses on six predefined dimensions 

and 40 attributes which, although 

comprehensive, may not fully capture 

emerging factors such as climate variability 

dynamics, digital agriculture adoption, and 

increasing global market integration that 

influence agricultural sustainability. 

Future research should aim to address 

these limitations by incorporating 

longitudinal data to better capture temporal 

dynamics and causal relationships in 

agricultural sustainability. Expanding the 

study area to include multi-regional or cross-

country comparative analyses would enhance 

external validity and provide broader policy 

insights. Methodologically, integrating MDS 

with other quantitative approaches, such as 

Structural Equation Modeling (SEM) or 

system dynamics, could improve analytical 

depth and reduce subjectivity. Furthermore, 

future studies should incorporate additional 

dimensions, particularly climate resilience, 

digital transformation, and value chain 

integration, to reflect the evolving challenges 

in the agricultural sector. 

5. Conclusion 

This study reveals that the sustainability 

of maize farming in the tropical region of 

West Muna Regency is classified as 

moderately sustainable, with an index value 

of 52.59%. However, considerable disparities 

exist across dimensions, where the economic, 

socio-cultural, and ecological dimensions 

perform relatively better than the 

institutional, technological, and 

infrastructural dimensions, which remain 

comparatively weak. The findings highlight 

that sustainability is not solely determined by 

technical production factors but is also 

strongly influenced by market access, 

farmers’ capacity, resource availability, and 

the effectiveness of institutional systems. 

Key sensitive attributes-including market 

access, price stability, cropping patterns, 

water availability, participation in extension 

services, institutional collaboration, and post-

harvest technology-serve as critical leverage 

points for enhancing the overall sustainability 

of maize farming systems. 

Based on these findings, several policy 

implications can be proposed. These include 

strengthening farmer institutions through 

formal partnerships and more farmer-
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oriented pricing regulations, improving 

agricultural infrastructure such as irrigation 

systems, farm access roads, and storage 

facilities, and accelerating technology 

adoption through more intensive and locally 

tailored extension programs. In addition, 

cross-sectoral policy integration is essential 

to strengthen agricultural value chains and 

improve farmers’ access to financial 

resources. Future research should also 

incorporate emerging dimensions such as 

climate resilience, agricultural digitalization, 

and global market integration to better 

capture the increasingly complex dynamics 

of agricultural sustainability. 
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