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Abstract:  
The Organic Fertilizer Processing Unit (Unit Pengolah Pupuk Organik - UPPO) is one 
of the Indonesian government's initiatives to support the supply of organic fertilizer 
and promote sustainable agricultural practices. However, the implementation of the 
UPPO program has yet to fully realize its intended potential. Various findings 
indicate that the constraints affecting the effectiveness of UPPO are 
multidimensional, encompassing technical, managerial, and institutional 
dimensions. Based on these conditions, this study was conducted to evaluate the 
sustainability status of organic fertilizer production within the UPPO program. This 
study was conducted in Klaten Regency, Central Java Province, Indonesia, from 
February to April 2026. This study employed a mixed-methods descriptive-
evaluative research design involving 38 UPPOs selected through purposive 
sampling. Data were obtained through a structured questionnaire assessing the 
sustainability attributes of UPPO's organic fertilizer production across the ecological, 
social, economic, technological, and institutional dimensions, totaling 33 attributes. 
The sustainability index was analyzed using the Rapfish (Rapid Appraisal for 
Fisheries) approach based on Multidimensional Scaling (MDS), modified into the 
Rapid Appraisal for Organic Fertilizer Production (Raporganic). The findings 
revealed that the sustainability index for organic fertilizer production was 60.59%, 
which was categorized as fairly sustainable. The economic dimension emerged as the 
weakest, with a value of 46.22% (less sustainable), thereby warranting fundamental 
attention and substantive improvement. The key attributes selected for priority 
strategies were odor emission/liquid waste, type of organic raw material, variation 
in product types, stability of demand for organic fertilizer, profit per period, 
availability of main facilities and bookkeeping system. 

Keywords: attribute, Multidimensional Scaling (MDS), organic fertilizer, 
sustainability, UPPO 

INTRODUCTION   

Land degradation resulting from the decline in soil organic matter poses a serious threat to 
agricultural sustainability, given its vital role in maintaining soil fertility and productivity (Lal, 
2020). This phenomenon is clearly evident in Indonesia, where the average soil organic carbon  
content stands at only 2%. It frequently falls below 1% in intensively cultivated paddy fields across 
Java, figures markedly below the minimum threshold of 2.5% required to sustain optimal 
productivity (Simanungkalit et al., 2006). This low figure is closely linked to land intensification and 
excessive use of chemical fertilizers (Aprisal et al., 2019). Furthermore, the widespread adoption of 
monoculture practices, which deplete soil nutrients without adequate replenishment, exacerbates 
this condition, making it crucial for the sustainability of future food systems (Wei et al., 2022). 
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The Indonesian government has implemented initiatives to promote organic fertilizer use and 
reduce reliance on chemical fertilizers. The Organic Fertilizer Processing Unit (UPPO) Program 
constitutes one of the government's assistance schemes aimed at supporting the independent 
provision of organic fertilizer at the farmer level. The program is implemented through assistance 
provided to Farmer Group Associations/Farmer Groups/Livestock Farmer Groups/other 
community groups in the form of an assistance package comprising a composting house, a 
fermentation tank, a livestock shed, an organic fertilizer processing tool/chopper, a three-wheeled 
motorcycle, and livestock in the form of cattle/buffalo. From 2009 to 2023, the Ministry of 
Agriculture has distributed a total of 11354 UPPOs throughout Indonesia. This program is projected 
to support the independent provision of organic fertilizer at the farmer level, reduce production 
costs, and strengthen sustainable agricultural practices (Andalasari et al., 2023). In addition, the 
conversion of organic waste into organic fertilizer contributes to waste reduction, resource recovery, 
and value creation within a circular economy framework (Imaningsih et al., 2026). 

However, the implementation of the UPPO program has yet to fully realize its intended 
potential. An evaluation conducted by the Inspectorate General of the Indonesian Ministry of 
Agriculture (2015–2019) recorded that only 37% of UPPO groups were actively engaged in 
production, while the remaining 63% were inactive due to low motivation, limited market access, 
and inadequate group mentoring (Nattasya, 2021). Similar conditions were confirmed by 
Ramaiyulis et al (2020) those who found that 72% of UPPOs in West Sumatra Province operated 
below capacity, and Hendarliana et al (2021) by those who reported stagnation in manure 
production in Ciamis Regency due to a lack of growth in livestock populations. Meanwhile, Lestari 
& Purnamayani (2016) highlighted that the limited availability of raw materials is a major constraint, 
given that the required dosage of organic fertilizer is relatively high yet disproportionate to its actual 
availability in the field. These findings affirm that the barriers to UPPO's effectiveness are 
multidimensional, encompassing technical, managerial, and institutional issues. 

Klaten Regency, as one of the national rice production centers covering 15 out of 26 sub-
districts, or 57.70% of its total area (Auria et al., 2022), has actively implemented the UPPO program 
across various sub-districts. Nevertheless, land degradation occurring in several areas of Klaten has 
contributed to low food crop productivity (Sigit & Suharjo, 2007), as illustrated by a study in Tijayan 
Village, which revealed a low soil fertility status, with cation exchange capacity (CEC), total K2O, 
and soil organic carbon (SOC) identified as the main limiting factors (Molle et al., 2021). The gap 
between the UPPO program's substantial potential and its implementation outcomes in Klaten 
Regency further underscores that its contribution to improving soil fertility has not yet been fully 
realized. This disparity between the concept of UPPO and its implementation outcomes underscores 
the need to examine the sustainability of the program across ecological, social, economic, 
technological, and institutional dimensions. This study aims to evaluate the sustainability status of 
UPPO's organic fertilizer production in Klaten Regency and identify indicators requiring 
improvement to support environmentally sustainable agricultural practices. 

 

METHODS 

This study was conducted in Klaten Regency, Central Java Province, Indonesia, geographically 
located at 7° 40' 60" S and 110° 37' 00" E. The research was carried out over three months, from 
February to April 2026. This study employed a mixed-methods descriptive-evaluative research 
design. 

 

Population and Sample 
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The population in this study comprised all UPPO recipient groups in Klaten Regency, totaling 109 
units. The sampling technique used for the survey was purposive sampling (Sugiyono, 2017), 
involving 38 UPPO groups selected based on three criteria: (1) program implementation within the 
preceding four years, representing an active implementation period; (2) continuity of program 
implementation under updated policies; and (3) the availability and completeness of data to support 
reliable analysis. This approach is consistent with Patton (2015) who emphasizes the selection of 
participants capable of providing information-rich and relevant data. This sample size fulfills the 
minimum sample adequacy criterion suggested by Roscoe (1982) as cited in  Sugiyono (2017) which 
requires a minimum of 30 samples. This sample size also represents more than 30% of the total 
population, in accordance with the recommendation by Gay & Diehl (1992) as cited in (Yusuf et al., 
2021) that for descriptive research, the minimum sample size should be at least 10% of the population. 
The selected sample, distributed across 16 sub-districts, also allows for variability influenced by 
regional differences. 

Variables and Measurement 

Data were collected using a questionnaire assessing UPPO production sustainability across five 
dimensions: ecological, social, economic, technological, and institutional. Each dimension comprises 
several attributes assessed using an ordinal scale of 0–3 or 0-2 based on the favorable scaling 
principle, which denotes a positive relationship between the quality of the assessed object and its 
quantitative score, such that higher quality corresponds to a higher score (Yusuf et al., 2021). A score 
of 0 represents the lowest condition, whereas the maximum score (2 or 3) represents the highest 
condition. Each dimension typically comprises 6–12 attributes, although fewer or more may be used. 
Attributes are selected based on theoretical basis or relevant references, and each attribute must 
exhibit variability, distinguish among objects within the population, and be measurable using either 
metric or non-metric scales (Yusuf et al., 2021). The attributes were derived from the theoretical 
framework of Rapfish (Pitcher & Preikshot, 2001; Pitcher et al., 2013) adapted for the agricultural 
sector, referring to national regulations related to UPPO and organic fertilizer (SNI 7763-2024; 
Decree of the Minister of Agriculture No 261/KPTS/SR.310/M/4/2019; Technical Guidelines for 
UPPO 2023), and further supported by findings from previous studies in accordance with actual 
conditions (Tan, 1994 in Simanungkalit et al., 2006; Santoso et al., 2023; Ramaiyulis et al., 2020; Huda 
& Wikanta, 2017; Adenuga & Jack, 2025). The details of the attributes for each dimension are 
presented in Table 1. 

Table 1. Sustainability dimensions and attributes of organic fertilizer production 

Dimension Attributes 

Ekological 1. Type of organic raw material; 2. Source of local raw material; 3. Composting duration; 4. 
Livestock manure management; 5. Odor emission/liquid waste; 6. Distance of UPPO from 
residential areas; 7. Clean water source 

Social 8. Level of group activeness; 9. Training participation; 10. Activeness of group meetings; 11. 
Relationship with the community; 12. Regeneration rate of group management; 13. Group's 
understanding of organic fertilizer production; 14. Group's understanding of 
environmental conservation; 15. Distribution of economic benefits from organic fertilizer 

Economic 16. Operational costs; 17. Sales volume of fertilizer per year; 18. Market access; 19. Profit per 
period; 20. Variation in product types; 21. Stability of demand for organic fertilizer; 22. 
Potential for business scale expansion 

Technological 23. Availability of main facilities; 24. Use of production facilities; 25. Composting technique; 
26. Product packaging; 27. Production capacity per year; 28. Technological innovation 

Institutional 29. Availability of management regulations; 30. Bookkeeping system; 31. Government 
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Dimension Attributes 

support; 32. Post-establishment sustainability; 33. Long-term planning 

The validity test of the research instrument using Pearson’s product-moment correlation showed 
that all questionnaire items were valid (r-calculated > r-table), while the reliability test using 
Cronbach’s alpha yielded a coefficient of 0.800. 

Data Analysis 

The sustainability index analysis was conducted using the Rapfish (Rapid Appraisal for Fisheries) 
approach, modified into the Rapid Appraisal for Organic Fertilizer Production (Raporganic). The 
stages of sustainability index assessment in this study comprised: 1) determination of attributes 
within the ecological, social, economic, technological, and institutional dimensions; 2) development 
of bad–good scoring for each attribute; 3) establishment of references (consisting of good, bad, up, 
and down conditions) and anchors as the boundary distances between objects, forming a full circle 
with a mirrored, inverse pattern; 4) assessment of the sustainability index and status for each 
dimension; 5) leverage analysis to determine the most sensitive leverage attributes within each 
dimension based on the highest RMS value, referring to the law of extreme values; 6) Monte Carlo 
analysis with a 95% confidence interval (Gaussian error) to examine the influence of error, in which 
the difference between the Monte Carlo value and the Rapfish ordination value does not exceed 5%; 
and 7) stress value analysis as a measure of the lack of fit between the model and the data, using the 
following formula: 

 
as a lower stress value indicates a better model fit, with a threshold of <0,25 serving as an indicator 
of reliable ordination (Pitcher, 1999); and 8) Squared Correlation (R²) analysis as a measure of 
goodness of fit, indicating the proportion of data variance explained by the MDS model, with an 
ideal value of >80%, although values above 50% may still be acceptable under certain conditions. 
Rapfish ordination represents the output of the Rapfish software, illustrating the sustainability index 
on a scale of 0% – 100% through two axes (x and y), where 0% represents the worst-case condition 
(bad) and 100% represents the best-case condition (good). The ordination index is interpreted into 
four categories of sustainability status, as follows: 

Table 2. Classification of sustainability status based on the index score 

Index Score (%) Category Description 

0 - 25 Poor Not sustainable 

25.01 – 50 Fair Less sustainable 

50.01 – 75 Moderate Fairly sustainable 

75.01 - 100 Good Sustainable 

Source: Yusuf et al (2021) 

 

RESULTS AND DISCUSSION 

The results of the sustainability analysis of organic fertilizer production under the UPPO Program in 
Klaten Regency are presented in Table 3. 

Table 3. Results of the sustainability analysis of UPPO's organic fertilizer production 

No Dimension Index Category Stress Value  R2 Value Monte Difference 
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Value (%) Carlo (%) (%)  

1 Ecological 62.53* Fairly sustainable 0.18 0.91 61.84 0.69 

2 Social 62.43** Fairly sustainable 0.23 0.91 61.74 0.69 

3 Economic 46.22*** Less sustainable 0.22 0.91 46.48 0.26 

4 Technological 54.41**** Fairly sustainable 0.16 0.93 54.17 0.24 

5 Institutional 77.38***** Sustainable 0.20 0.94 75.81 1.57 

Average 60.59 Fairly sustainable 0.20 0.92 60.01 0.58 

Source: primary data processed using the Microsoft Excel RAP Add-in (2026) 

Notes: 

* The results of the analysis are presented in Figure 2 

** The results of the analysis are presented in Figure 3 

*** The results of the analysis are presented in Figure 4 

**** The results of the analysis are presented in Figure 5 

***** The results of the analysis are presented in Figure 6 

Integration of the five sustainability dimensions through the Raporganic approach revealed a mean 
sustainability index of 60.59% on a scale of 0% – 100%, which was categorized as fairly sustainable. This mean 
value quantitatively reflects the heterogeneous conditions across the five dimensions. The variation in 
achievement across dimensions indicates that the sustainability of organic fertilizer production management 
has not been evenly distributed across all aspects. The kite diagram in Figure 1 presents a comparative 
visualization of the sustainability index values across the five analyzed dimensions. 

Figure 1. The sustainability index of organic fertilizer production 

 
Source: author’s analysis (2026) 

The asymmetrical configuration of the diagram, characterized by the institutional dimension extending 
markedly outward while the economic dimension is drawn inward, indicates that the sustainability of organic 
fertilizer production management has yet to be achieved in a balanced manner. The institutional dimension 
occupies the highest position, with an index value of 77.38%, thereby constituting the sole dimension classified 
as sustainable. This finding suggests that organizational governance represents a relatively robust foundation 
underlying the program. Meanwhile, the ecological and social dimensions exhibit nearly comparable 
achievements, both situated within the fairly sustainable category, with index values of 62.53% and 62.43%, 
respectively. This condition indicates that the environmental and social aspects of the groups have developed 
concurrently, although they remain at a moderate level. 
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On the other hand, the technological (54.41%) and economic (46.22%) dimensions show relatively lower 
sustainability index values in the diagram, with both dimensions positioned closer to the center than the other 
three dimensions. The economic dimension has the lowest index value and falls within the less sustainable 

category. This indicates that technical production aspects and business finances remain the most significant 
constraints on the system's overall sustainability. In general, the kite diagram shows that the sustainability of 
organic fertilizer production is predominantly driven by institutional strength. In contrast, the economic and 
technological aspects lag and may hinder further improvements in sustainability. These findings indicate that 
the sustainability of organic fertilizer production has considerable room for improvement, which can be 
achieved by enhancing the attributes that contribute to the sustainability index. As stated, by Santoso et al 
(2023) that sustainability can be enhanced through the identification of the most significant attributes within 
each dimension analyzed. 

The validity of the sustainability index values was subsequently confirmed through a series of model 
feasibility tests. The stress value derived from the analysis reflects the magnitude of deviation (error) between 
the inter-point distances resulting from the two-dimensional ordination and the actual distances in the original 
multidimensional data. A lower stress value indicates that the ordination more accurately represents the actual 
data condition. The analysis results showed an average stress value of 0.20, which remains below the critical 
threshold of 0.25, as stipulated by Pitcher (1999) the feasibility limit for MDS ordination models. Accordingly, 
the resulting sustainability index can be considered accurate and suitable for further interpretation.  

The coefficient of determination (R²) serves to measure the proportion of variance in the original 
multidimensional data that can be explained by the two-dimensional ordination model, with values 
approaching 1 indicating a better representation of the data. The analysis results showed an average R² of 0.92, 
indicating that the ordination model explained approximately 92% of the variance in the analyzed attribute 
data, with the remaining 8% unexplained. This proportion, approaching 1 indicates that the ordination model 
exhibits a high degree of fit to the empirical data.  

The Monte Carlo analysis, which examines the model's sensitivity to random error in the attribute-
scoring process, resulted in an average index value of 60.01%. This value was subsequently compared with 
the MDS ordination index value of 60.59%, resulting in a difference of 0.58 points, equivalent to 0.58% of the 
full 0% – 100% scale. This difference lies well below the maximum tolerance threshold of 5%, which serves as 
the reference criterion for model stability, indicating that random error in the attribute assessment process has 
a relatively minor effect on the final sustainability index. The marginal magnitude of this difference 
demonstrates that the resulting sustainability index was robust rather than a product of chance, constituting 
instead a consistent estimate that remains stable even when subjected to simulated uncertainty in the attribute 
assessment process. 

The following presents the results of the leverage analysis, which identified the attributes exerting the most 
significant influence on the index value within each dimension. For each dimension, the three attributes with 
the highest RMS values were selected to inform improvements in the sustainability of organic fertilizer 
production under the UPPO program.  

a. Ecological Dimension 

The results of the Raporganic analysis showed that the sustainability index of organic fertilizer 
production under the UPPO Program in Klaten Regency, within the ecological dimension, was 62.53%. 
Based on the sustainability index classification, this value indicates that the ecological dimension falls 
within the fairly sustainable category. 
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Source: primary data processed using the Microsoft Excel RAP Add-in (2026)  

Figure 2. Index value and sensitive attributes influencing the sustainability of the ecological dimension 

Ecological sustainability emphasizes the capacity of the production system to maintain 
ecosystem functions and health, as well as the quality of natural resources, in order to meet present 
needs without compromising their availability for future generations (Storkey et al., 2024; Wang et 
al., 2025). In the context of sustainable agriculture, this concept underscores that the use of organic 
fertilizer helps preserve ecosystem functions. Liu et al (2024) stated that the application of organic 
fertilizer can enhance soil health and plant growth by improving soil organic matter, soil structure, 
aggregate stability, nutrient absorption, water-holding capacity, cation exchange capacity, nutrient 
use efficiency, as well as soil microbial activity. Based on these benefits, the existence of UPPO 
functions not only as an organic waste processing unit but also as a supporting facility for 
conservation. 

Clean water source emerged as the attribute with the highest leverage value within the 
ecological dimension, recording a Root Mean Square (RMS) of 7,92. This finding indicated that the 
availability of clean water has the greatest influence on the sustainability index, positioning it as a 
key priority for enhancing ecological sustainability. Clean water is essential for livestock needs, shed 
sanitation, and manure management for organic fertilizer production, thereby playing a critical role 
in maintaining a hygienic livestock environment. Although nearly all UPPOs have access to 
groundwater, one unit remains constrained by limited water sources. It relies solely on rainwater 
collection, which warrants further attention to ensure sustainable water availability. Notably, the 
respondent of this unit reported that several livestock were currently affected by disease. This aligns 
with Taron et al (2025), who noted that the availability of clean water supports environmental 
sanitation practices and the provision of safe drinking water, thereby reducing the risk of disease 
transmission among livestock.  

Odor emission and liquid waste was the attributes with the second-highest leverage values 
within the ecological dimension, at 7.54. This finding indicated that this attribute substantially 
influences changes in the sustainability index, thereby positioning the control of by-product impacts 
from organic material processing as a key priority in efforts to enhance the ecological sustainability 
of UPPO. Field observations revealed that nearly half of the UPPO units exhibited notably 
malodorous shed conditions and lacked urine collection systems, resulting in direct discharge of 
urine into waterways. Hamamoto and Uchida (2015) reported that direct cattle urine discharge can 
cause environmental pollution through nitrate leaching into groundwater and N₂O emissions. 
Fermentation helps stabilize these compounds, reducing their loss and environmental impacts. 
Therefore, proper management of solid manure and the use of urine as liquid fertilizer are essential 
for reducing odor and pollution risks while improving organic resource utilization. Saputra et al 
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(2025) concluded that modifying laying-hen housing to facilitate manure collection reduced waste 
discharge into rivers by 40% and generated economically valuable liquid fertilizer. 

The type of organic raw material was the attribute with the third-highest leverage value 
within the ecological dimension, at 6.78. This finding indicated that this attribute exerts a 
considerable influence on changes in the sustainability index, thereby highlighting the 
characteristics of raw materials used in the decomposition process as a factor requiring attention in 
efforts to enhance the ecological sustainability of UPPO. Raw materials such as livestock manure 
and agricultural residues possess distinct physicochemical characteristics, including carbon and 
nitrogen content, moisture level, structure, and degree of decomposability. Imbalanced material 
composition may affect microbial activity and decomposition rate, consequently influencing 
composting duration and nutrient loss throughout the process  (Shen et al., 2024; Huzir et al., 2026). 
Conversely, a proportional combination of carbon and nitrogen rich materials can create more 
favorable conditions for microbial activity, promote humic substance formation, and minimize 
carbon and nitrogen losses. The implementation of these management practices has the potential to 
improve compost quality and reduce environmental pollution during the composting process (Wen-
Ming et al., 2021). This finding has important implications for organic fertilizer formulation under 
the UPPO program, as more UPPO units rely solely on livestock manure than on combinations of 
livestock manure and other organic waste materials. 

Social Dimension 

The results of the Raporganic analysis showed that the sustainability index of organic fertilizer 
production under the UPPO program in Klaten Regency, within the social dimension, was 62.43%. 
Based on the sustainability index classification, this value indicates that the social dimension falls 
within the fairly sustainable category. 

  
Source: primary data processed using the Microsoft Excel RAP Add-in (2026) 

Figure 3. Index value and sensitive attributes influencing the sustainability of  

 

This value indicates that the social aspects of organic fertilizer production management have 
reached a relatively supportive condition for sustainability. However, aspects of social relations and 
human resource capacity still require strengthening. This pertains not only to member involvement 
or activeness in managing UPPO but also to institutional capacity, inter-actor relationships, and the 
group's knowledge and capability to carry out activities collectively and continuously.  

The highest RMS value in the leverage analysis was recorded for the attribute regeneration 

rate of group management, at 4.94. This figure indicates that this attribute is the most determinant 
factor in shaping changes in the sustainability index within the social dimension, underscoring the 



 
 
 
 
 
 
 

                                This open acces article is distributed under a  
                                    Creative Commons Attribution (CC-BY-NC) 4.0 licence  

1326 

need for attention to cadre development and leadership regeneration processes to sustain UPPO's 
continuity. The absence of systematic regeneration can weaken the sustainability of farmer groups 
through overreliance on incumbent officers and increased vulnerability during leadership 
transitions. Therefore, strengthening cadre development and the distribution of leadership roles are 
essential to maintain organizational capacity and continuity(Nangobi et al., 2024; Madarisa et al., 
2026). At present, reorganization within UPPO groups has been conducted only on an as-needed or 
incidental basis. Although the sampled UPPO groups represent program implementers that have 
been in operation for merely the past six years, the processes of cadre development and knowledge 
transfer remain essential to ensuring the sustainability of program activities. The findings of  Avian 
Pratama & Alfaricha (2026) indicate that knowledge management processes, identification, 
acquisition, development, distribution, preservation, and utilization constitute the key elements of 
a social system that governs youth engagement and intergenerational continuity within agricultural 
communities. 

The attribute of relationship with the community ranked second, with an RMS value of 
3.47. This value confirms that the social relationship between the managing group and the 
surrounding community contributes substantially to changes in the sustainability index within 
the social dimension. Accordingly, maintaining positive relationships with the community is 
essential to sustaining the program as a whole. Strong social relationships can reinforce 
community support and trust toward the group, thereby fostering program sustainability, 
whereas weak relationships may diminish community support and tolerance. Sugiarto & Nur 
Cahyo (2025) concluded that trust fosters cooperation and reduces conflict, social networks 
enhance communication and resource sharing, norms ensure group stability and alignment 
with shared objectives, while interpersonal relationships strengthen solidarity. Field 
observations indicated that the surrounding community exhibited an almost entirely accepting 
or neutral attitude, with no reported instances of rejection or disturbance. This outcome had 
been anticipated through site verification conducted by the UPPO Technical Team, the 
program's mentor at the outset of UPPO activities, underscoring the need for the managing 
group to maintain positive relationships with the surrounding community. 

Ranked third, the attribute group's understanding of organic fertilizer production 
recorded an RMS value of 2.88. This value indicates that the group's technical understanding 
also plays a role in shaping changes in the sustainability index within the social dimension, 
underscoring the need for continued enhancement of the group's mastery of the production 
process to maintain product quality and operational efficiency. Sound understanding within 
the group supports raw material management, fermentation control, and product quality, 
thereby enhancing business sustainability. Conversely, limited understanding may reduce 
production effectiveness and adversely affect both economic and social aspects. This 
emphasizes the importance of higher education institutions in supporting educational and 
training programs on composting, with a focus on maintaining soil fertility, preserving natural 
resources, and advancing more sustainable agricultural practices. Survey results indicated that 
all UPPO management groups had a sound understanding of the organic fertilizer production 
process. However, its implementation has not always been optimal due to constraints on labor, 
time, and costs, as well as challenges in adapting to farmers' needs. Improvements can be 
pursued through clearer task allocation, adjustment of production schedules to labor 
availability, and consistent implementation of production stages tailored to each UPPO’s 
capacity. 

b. Economic Dimension 
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Unlike the ecological and social dimensions, which fell within the fairly sustainable category, 
the economic dimension showed a considerably lower sustainability index of 46.22%, placing it in 
the less sustainable category.  

 

  
Source: primary data processed using the Microsoft Excel RAP Add-in (2026) 

Figure 4. Index value and sensitive attributes influencing the sustainability of  

the economic dimension 

This value indicates that the economic aspects of organic fertilizer production management 
continue to face several fundamental constraints and are unable to make an optimal contribution to 
financial sustainability.  

The highest RMS value within the economic dimension was recorded for the attribute 
variation in product types, at 5.11. This substantial value demonstrates that the diversity of organic 
fertilizer products generated is the most determining factor in changes to the economic sustainability 
index, such that limited product diversification poses a risk of constraining the group's capacity to 
reach broader market segments and respond to diverse consumer needs. This condition may affect 
the economic sustainability of UPPO, given that production sustainability is determined not only by 
the capacity to generate fertilizer, but also by the capacity to sustain market absorption and expand 
business scale. Santoso et al (2023) in their study on the sustainability of organic fertilizer 
production, they demonstrated that market absorption and the potential for business scale 
expansion constitute attributes influencing production sustainability. Field survey results revealed 
that nearly all UPPO units produced a single type of fertilizer, with only two producing two types. 
Therefore, the development of product variation in terms of type, form, and composition may be 
considered a strategic approach to expanding market reach and strengthening UPPO's business 
sustainability. Lestari et al (2024) posited that from a circular economy perspective, the development 
of organic fertilizer enterprises necessitates the reinforcement of customer segments, value 
propositions, marketing channels, and revenue streams as integral components of business model 
enhancement. 

Stability of demand for organic fertilizer was also identified as an attribute with a relatively 
high leverage value, with an RMS value of 4.68. This figure confirms that fluctuations in demand for 
organic fertilizer products contribute significantly to changes in the economic sustainability index, 
underscoring the need to maintain stable market demand to sustain group enterprises. Demand 
uncertainty is one of the principal factors complicating production planning and distribution 
(Avishan et al., 2025). Survey results revealed that the majority of UPPO units experienced 
fluctuating demand for organic fertilizer. This condition indicates the need for market-strengthening 
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strategies, including partnerships with consumers to maintain demand stability. Maintaining 
organic fertilizer quality in accordance with government-established standards is also essential for 
preserving consumer trust and market continuity (Fitasari et al., 2018). This is further supported by 
Mahartajaya et al (2026) who found that product quality, price, and promotion simultaneously have 
a positive and significant effect on consumer purchase decisions. 

The third highest attribute was profit per period, with an RMS value of 4.08. This finding 
indicates that the profit generated by the group in each production period is associated with 
variation in the economic sustainability index. Profit therefore represents a direct indicator of 
the economic performance of the organic fertilizer enterprise and an aspect that requires 
continuous improvement. Low profitability in organic fertilizer enterprises may constrain the 
group's capacity to expand its business, as profitability indicates the enterprise's ability to 
generate returns on invested capital (Hardiyanto, 2025). Meanwhile, the majority of UPPO units 
were found to operate at a break-even level, whereby the group allocates capital to production 
costs and receives returns solely from organic fertilizer products. This condition necessitates 
greater efficiency in production costs and an enhancement of product selling value, such that 
profits may be sustainably increased. This finding is consistent with the study by Andress et al 
(2023), which demonstrated that financial feasibility significantly influences the welfare of 
farmer groups managing UPPO. Financial aspects must therefore be duly attended to and 
professionally managed, thereby enabling more efficient production processes, continuous 
expansion of marketing networks, and increased sales performance. 

c. Technological Dimension 

The analysis resulted a sustainability index value of 54.41% for the technological dimension, 
placing it in the fairly sustainable category, albeit near the lower boundary. 

Figure 5. Index value and sensitive attributes influencing the sustainability of 

the technological dimension 

   
Source: primary data processed using the Microsoft Excel RAP Add-in (2026) 

This condition indicates that the implementation of technological aspects in organic fertilizer 
production has not been evenly and consistently applied across the management units 
analyzed. This finding further suggests that, while technological aspects generally support 
business sustainability, several fundamental weaknesses persist that may impede future 
improvements in production quality and efficiency if left unaddressed. 

Availability of main facilities constituted the attribute with the highest leverage value within 
the technological dimension, at 11.29. This value indicates that this attribute exerts the greatest 
influence on changes in the technological sustainability index, thereby positioning the availability 
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of primary production facilities, such as APPO machines and composting equipment, as a key 
priority for enhancing technological sustainability.  The absence or limitation of key facilities 
deprives the production factor of continuity and may even be a determining constraint on the 
operation of organic fertilizer production activities. According to the data, the majority of UPPO 
units possessed complete facilities, although not all were utilized optimally. Santoso et al (2023) 
noted that improvements in technology and production facilities have the potential to enhance the 
currently limited productivity of organic fertilizer while contributing to the sustainability of the 
economic dimension. 

Technological innovation constituted the attribute with the second-highest leverage value 
within the technological dimension, at 8.73. This value indicates that this attribute exerts a 
considerable influence on changes in the technological sustainability index. This finding suggests 
that innovations such as adopting updated composting methods, using bioactivators, and varying 
product forms warrant attention, as they affect production time efficiency and the quality of the 
resulting organic fertilizer. Hang et al (2024) reported that raw materials, facilities, processing 
methods, scale of operation, and labor structure constitute critical factors influencing the quality of 
organic fertilizer. In practice, only a small proportion of UPPOs have implemented simple 
innovations, such as grinding and enrichment. Liu et al., (2022) and Li et al., (2024) noted that 
enhanced access to information, technical training, and understanding of the benefits and 
applicability of technology can encourage broader adoption of innovation in organic fertilizer 
production activities. 

Product packaging constituted the attribute with the third-highest leverage value within the 
technological dimension, recording a value of 7. 82. This finding indicates that the attribute exerts a 
notable influence on changes in the technological sustainability index, consequently positioning 
packaging quality as a factor warranting attention in efforts to enhance the technological 
sustainability of UPPO's organic fertilizer production. Substandard packaging may diminish 
consumer appeal and perceived product quality, which in turn potentially undermines the 
competitiveness of organic fertilizer in the marketplace (Kim et al., 2024; Putra et al., 2025). Field 
observations revealed that 50% of the studied UPPO units did not package their products but instead 
transported them on three-wheeled motorcycles or pick-up trucks. Ramaiyulis et al (2020) found 
that plastic-bag packaging featuring branded labels and nutrient-content information enhanced the 
visual appeal and informativeness of organic fertilizer products, thereby improving their 
marketability. Furthermore, Selamet et al (2026) stated that strengthening production capacity, 
quality control, branding, packaging, and digital promotion is essential for enhancing the 
competitiveness of farmer-group enterprises. 

Institutional Dimension 

Among all the dimensions discussed previously, the institutional dimension recorded the 
highest index value at 77.38%. This value places the institutional dimension within the sustainable 
category, indicating that institutional aspects have been managed relatively well. Nevertheless, this 
high achievement does not imply that further improvement is unnecessary; continued efforts to 
enhance management remain essential to maintain, or even further improve, the index attained. 
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Source: primary data processed using the Microsoft Excel RAP Add-in (2026) 

Figure 6. Index value and sensitive attributes influencing the sustainability of  

the institutional dimension. 

The bookkeeping system was recorded as the attribute with the highest leverage value 
within the institutional dimension, at 8.58. This substantial value demonstrates that the attribute 
exerts the greatest influence on changes in the institutional sustainability index, thereby positioning 
orderly administration and financial record-keeping as a key priority in efforts to enhance UPPO's 
institutional sustainability. A well-organized bookkeeping system enables groups to monitor their 
financial condition and business performance while simultaneously enhancing the transparency and 
accountability of group management (Wulandari et al., 2023). Survey results revealed that most 
UPPO units maintained only simple cash-based bookkeeping, with only a small proportion 
recording their organic fertilizer production outcomes. Groups with inadequate bookkeeping 
systems may face difficulties in monitoring their achievements and identifying business constraints, 
resulting in less objective and data-driven decision-making. This finding is consistent with Manuaba 
et al (2024), who identified limited financial record-keeping as a management constraint among 
farmer groups and emphasized the importance of simple bookkeeping for effective business 
management. Similarly, Yogatama et al (2024) reported that bookkeeping enables farmer groups to 
record transactions, understand financial reports, manage finances, optimize resources, and 
produce more accurate financial information to support the sustainability of farming enterprises. 

Availability of management regulations was recorded as the attribute with the second-
highest leverage value within the institutional dimension, at 6.61. This value indicates that the 
attribute exerts a considerable influence on changes in the institutional sustainability index, 
positioning the existence of clear management regulations as a factor warranting attention to 
strengthen group governance and organizational order. Rules that are well understood and 
consistently applied can serve as guidelines for role distribution, decision-making and the resolution 
of internal issues, which in turn support the group’s institutional sustainability. Kusnandar et al 
(2023) concluded that decentralized governance represents a promising solution for developing 
farmer organizations. Regulations and technical guidelines for implementing the UPPO program 
have been made available and distributed to UPPO groups before the program launch. 

Government support constituted the attribute with the third-highest leverage value within 
the institutional dimension, at 6.24. This value indicates that the attribute also contributes to changes 
in the institutional sustainability index. This is attributable to the fact that support from relevant 
agencies, in the form of mentoring, provision of facilities, and technical assistance, plays a significant 
role in strengthening the capacity of UPPO management groups. Based on actual conditions, almost 
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100% of the groups reported consistently receiving support and guidance from the Department of 
Agriculture. Mungai et al (2024) emphasized that agricultural extension services play a critical role 
in equipping farmer groups with the knowledge needed to address production challenges, including 
soil management, innovative farming practices, and recommendations for organic fertilizer 
application. Similarly, Shodiq et al (2026) stated that effective training improves employee 
performance and strengthens performance management. Accordingly, sustained government 
support is essential for strengthening UPPO institutional sustainability, as high dependence on 
external support may increase vulnerability if such support declines. 

Selection of Key Attributes for Priority Strategies 

Key attributes were selected based on a combination of RMS sensitivity values, current conditions 
and opportunities for targeted improvement. The following attributes were identified as key 
priorities for intervention. 

Tabel 4. Key Attributes and Recommended Strategies for UPPO Sustainability 

No Dimension Attribute Basis for Prioritization Responsible 
Parties 

Strategic Approach 

1 Ecology Odor 
emission/liqui
d waste 

Odor problems and the 
discharge of uncollected 
livestock urine may 
adversely affect 
sanitation and the 
surrounding 
environment 

UPPO groups Install urine collection 
systems and process 
the collected urine into 
liquid organic fertilizer 
in accordance with 
appropriate 
procedures 

2 Ecology Type of 
organic raw 
material 

The dominance of 
livestock manure as the 
sole raw material 
indicates untapped 
opportunities to utilize 
locally available 
agricultural waste 

UPPO groups, 
Department of 
Agriculture 

Incorporate other 
locally available 
organic waste 
materials into compost 
mixtures 

3 Economy Variation in 
product types 

Reliance on a single 
product type limits 
consumer choice and 
business development 
opportunities 

UPPO groups, 
Department of 
Agriculture 

Diversify fertilizer 
products to support 
business development 

4 Economy Stability of 
demand for 
organic 
fertilizer 

Fluctuating demand 
affects most UPPO 
groups and may 
undermine production 
continuity and sales 

UPPO groups Implement a pre-order 
system and expand 
market reach 

5 Economy Profit per 
period 

Most UPPO groups 
operate at the break-
even point, limiting 
economic benefits and 
financial incentives to 
sustain production 

UPPO groups, 
Department of 
Agriculture 

Calculate production 
costs per kilogram and 
evaluate operating 
expenses to improve 
profit margins 

6 Technology Availability of 
main facilities 

Available equipment is 
not being used 

UPPO groups, 
Department of 

Optimize the use of 
production equipment 
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No Dimension Attribute Basis for Prioritization Responsible 
Parties 

Strategic Approach 

optimally, limiting 

opportunities to 
improve production 
efficiency 

Agriculture and conduct regular 

maintenance 

7 Institutional Bookkeeping 
system 

Limited production 
records hinder the 
evaluation of costs, 
productivity, inventory, 
and profitability 

UPPO groups Improve record-
keeping by 
maintaining financial, 
production, inventory 
and sales records 

Source: Authors’ analysis based on leverage analysis results and field observations (2026) 

As the economic dimension has the lowest sustainability index, a practical strategic approach 
was formulated based on the leverage analysis, actual field conditions, and adaptations of previous 
studies. The recommended strategy involves developing the organic fertilizer business through 
product diversification and integrated marketing. This strategy involves identifying consumer 
needs, optimizing the use of locally available raw materials to improve operational efficiency, and 
developing product variations tailored to market demand. Market expansion can be pursued 
through partnerships with farmer groups and agricultural businesses, demonstration plots to 
showcase product quality and benefits, and digital marketing to broaden market reach (Sari et al., 
2025; Reswati et al., 2025). Furthermore, recording production costs, sales volumes, and profits for 
each period is necessary to evaluate business performance, improve operational efficiency, and 
identify products with the greatest potential for further business development. This integrated 
approach is consistent with previous research on organic fertilizer business development, which 
emphasizes strengthening business models, improving understanding of product quality, and 
expanding marketing activities (Lestari et al., 2024). 

 

CONCLUSION  

The sustainability index for UPPO's organic fertilizer production was 60.59%, which was 
categorized as fairly sustainable. The economic dimension was identified as the weakest, with a 
value of 46.22% (less sustainable), consequently requiring fundamental attention and improvement. 
A total of 15 sensitive attributes influencing the sustainability of organic fertilizer production were 
identified based on the highest RMS values, comprising the following dimensions: (1) ecological 
(clean water source, odor emission/liquid waste, type of organic raw material); (2) social 
(regeneration rate of group management, relationship with the community, group's understanding 
of organic fertilizer production); (3) economic (variation in product types, stability of demand for 
organic fertilizer, profit per period); (4) technological (availability of main facilities, technological 
innovation, product packaging); and (5) institutional (bookkeeping system, availability of 
management regulations, government support). The key attributes prioritized for strategy 
development, based on RMS sensitivity values, current conditions, and opportunities for 
improvement, were odor emission/liquid waste, type of organic raw material, variation in product 
types, stability of demand for organic fertilizer, profit per period, availability of main facilities and 
bookkeeping system. To improve the sustainability status from the fairly sustainable category to the 
sustainable category, improvements in the sensitive attributes identified above are required.  
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