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Abstract: Magelang Regency has been designated as a pilot area for organic rice development, supported by an integrated institutional framework that includes farmer training, extension services, and infrastructure development. This study analyzed  the technical  efficiency  (TE), allocative  efficiency  (AE), and economic efficiency  (EE) of organic rice farming in Magelang Regency, within the context of a government-supported organic farming development program. A stochastic frontier analysis (SFA) was applied to cross-sectional data at farm  level  to estimate production efficiency and to examine the role of socioeconomic factors in explaining inefficiency. The results indicated relatively high average TE among organic rice farmers. However, estimated inefficiency components were small and statistically insignificant, suggesting that variations in output were largely influenced by stochastic and exogenous factors rather than by technical inefficiency. AE was found to be more moderate, leading to lower EE despite favorable technical performance. This pattern implies that considerations of cost allocation and input price remain important constraints in organic rice farming systems. Socioeconomic characteristics such as age, education, farming experience, and participation of farmer group were associated with lower estimated inefficiency. The findings contribute expectedly  to the efficiency of literature on organic agriculture, while offering policy-relevant evidence for improving the design and implementation of organic rice development programs. 

Keywords: Allocative efficiency; Organic rice; Stochastic frontier analysis; Technical inefficiency 1. Introduction

Organic farming is an agricultural system that utilizes local resources (Piadozo et al.,  2014). This system aims not only to improve the quality of agricultural products but also to maintain the balance of the ecosystem and human health (Pretty & Bharucha,  2014). The implementation of organic farming could reduce the dependence of farmers on chemical-based agricultural inputs, such as synthetic fertilizers and pesticides, which in the long term can damage soil fertility and cause environmental pollution (Reganold & Wachter, 2016). Organic farming system has advantages over conventional farming in terms of social, economic, and environmental aspects (Phantha et al., 

2021). 

Rice ( Oryza sativa L.), as a major food commodity in Indonesia, has great potential for the development of organic farming. The cultivation of organic rice focuses on environmentally-friendly methods that do not use chemical fertilizers or synthetic pesticides. In addition to producing healthy food, this cultivation also maintains soil fertility and supports environmental sustainability. This makes organic rice a strategic choice to support a sustainable agricultural system (David & Ardiansyah, 2020). 

Market demand for organic products, including organic rice, continues to increase both domestically and internationally  (Willer et al.,  2021).  This trend provides a great opportunity for farmers to switch to a more environmentally-friendly organic farming system. In addition, practices of organic farming enhance food security https://doi.org/10.56578/of120201 
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by producing healthier products that are free of harmful chemical residues (Willer & Lernoud, 2019). 

Despite these opportunities, organic rice farming faces substantial challenges, particularly during the transition from conventional systems. Previous studies have reported yield declines, higher labor requirements, market uncertainty, and certification costs as major constraints affecting farmers’ performance and willingness to adopt organic practices  (Nair et al., 2014;  Sujianto et al.,  2024). These constraints directly influence production efficiency and, ultimately, the economic sustainability of organic rice farming. 

A substantial body of literature has examined the technical efficiency (TE), allocative efficiency (AE), and economic efficiency (EE) of organic rice farming in Indonesia and other countries using stochastic frontier analysis (SFA) and related approaches. However, most of this research treated relatively homogeneous organic rice farms and  was  limited to specific institutional arrangements, policy interventions, and regional pilot programs that allowed efficient outcomes (Hidalgo et al.,  2025; Hidayati et al.,  2019; Istiyanti & Rahmadynda, 2025;  Panpluem et  al., 2019). Empirical evidence on how large-scale  and  government-supported organic rice development programs affect farmer efficiency remains limited. 

Magelang Regency, Central Java, represents a particularly informative case. The region has been designated as a pilot area for organic rice development, supported by an integrated institutional framework that includes farmer training,  extension services, and infrastructure development. From 2021 to 2024, Magelang has been a key beneficiary of the UPLAND Program launched by the Ministry of Agriculture, which targets the development of organic rice farming across approximately 2,000 hectares of highland areas (International Fund for Agricultural Development, 2019;  International Fund for Agricultural Development, 2025). In many other organic rice-producing regions, however, adoption is largely farmer-initiated and less institutionally coordinated. The combination of policy support, institutional coordination, and specific agroecological conditions clearly differentiates Magelang from other organic rice-producing regions in Indonesia. 

This study explicitly focused on assessing the TE, AE, and EE of organic rice farming in Magelang Regency, Central Java, Indonesia under an institutionalized development framework, rather than under generic or purely farmer-driven organic adoption contexts. By doing so, this research provides new insights into the extent to which government-supported organic farming initiatives translate into measurable efficiency outcomes at the farm level. 

The findings expectedly contribute to the efficiency literature on organic agriculture, while offering policy-relevant evidence for improving the design and implementation of organic rice development programs in Indonesia and other developing countries. 

2. Methodology

2.1 Research Location 

This research was conducted in Magelang Regency, as shown in Figure 1. This location was chosen because Magelang Regency is the center of organic rice production in Indonesia. In addition, this location has joined the UPLAND project of the government and has obtained organic certification LeSOS (Lembaga Sertifikasi Organik Seloliman) for its farming groups. 

Figure 1.  Research location 

Source: Adapted from Pemerintah Kabupaten Magelang (2018) 74

2.2 Sample Procedures and Data Col ection The informants in this study were selected using a proportional random sampling method, with a total of 125 

respondents from 22 organic rice farmer groups in Magelang Regency. In the study area, there are 34 farmer groups whose members have been practicing organic rice farming since 2012. Among these, 22 groups cultivate organic rice every season without intercropping, while 12 groups grow horticultural crops in certain seasons alongside rice. 

Data collection was conducted through questionnaire-guided structured interviews. The data used in this study were obtained from the planting season from January to April 2025 in Magelang Regency. The research samples are presented in Table 1.  



Table 1. Number of research respondents 



Farmer Group 

Number of Respondents (Farmers) 

Sedyo Raharjo 

5 

Sido Rukun 

6 

Ngudi Rejeki 

3 

Sedyo Utomo 

6 

Ngudi Makmur 

4 

Permata Tani 

6 

Kebo Kuning 

2 

Pasti Mulyo 

15 

Margorejo 

9 

Tirto Semaren 

6 

Sumber Rejeki 

5 

Maju Makmur 

7 

Makmur Barokah 

2 

Karya Tani 

3 

Rukun Tani 

7 

Tri Rejeki 

4 

Ngudi Makmur Keron 

5 

Suko Tulodo 

7 

Denokan 

3 

Piyungan Barat 

3 

Piyungan Tengah 

6 

Ngudi Rejeki 

11 

Total 

125 

2.3 Techniques of Analysis   

The data analysis method used in this study was the SFA with the Cobb Douglass function approach (Coelli et al., 2005). The advantages of SFA are its ability to specifically define the form of cost, profit, or production functions, estimate the level of efficiency (both TE and EE) of each respondent, accommodate exogenous variables that affect inefficiency, and enable testing of statistical hypothesis. The Cobb Douglas functional form was selected because it offers a more parsimonious structure, provides stable estimates for the available data at farm level, allows straightforward interpretation of production elasticities, and reduces the potential statistical issues that may arise from the more complex Translog specification. The dependent variable was organic rice production, while the independent variables include land, seeds, organic fertilizers, organic pesticides, labour, and planting systems. 

The stochastic frontier production was used to analyze the factors affecting organic rice production, which was transformed into natural logarithm, written as Eq. (1): 



𝑙𝑙𝑙𝑙 𝑌𝑌  =   𝛽𝛽0  + 𝛽𝛽1𝑙𝑙𝑙𝑙 𝑋𝑋1  + 𝛽𝛽2𝑙𝑙𝑙𝑙 𝑋𝑋2  + 𝛽𝛽3𝑙𝑙𝑙𝑙 𝑋𝑋3  + 𝛽𝛽4𝑙𝑙𝑙𝑙 𝑋𝑋4  + 𝛽𝛽5𝑙𝑙𝑙𝑙 𝑋𝑋5  + 𝛽𝛽6𝑙𝑙𝑙𝑙 𝑋𝑋6  +  𝛽𝛽7𝑙𝑙𝑙𝑙 𝑋𝑋7  

+ 𝛽𝛽8𝑙𝑙𝑙𝑙 𝑋𝑋8  + 𝛽𝛽9𝑙𝑙𝑙𝑙 𝑋𝑋9  + 𝛽𝛽10𝑙𝑙𝑙𝑙 𝑋𝑋10 + 𝑑𝑑1 𝐷𝐷1 + (𝑣𝑣𝑖𝑖 − 𝑢𝑢𝑖𝑖) (1) 

where, 

 Y = organic rice production (kg); 

𝛽𝛽0  = constant; 

𝛽𝛽1−𝛽𝛽10  = regression coefficient of each variable; 

𝑋𝑋1 = land area (m2); 

𝑋𝑋2  = seeds (kg); 

𝑋𝑋3  = homemade solid organic fertilizer (kg); 

𝑋𝑋4  = manufactured solid organic fertilizer (kg); 

𝑋𝑋5  = homemade liquid organic fertilizer (L); 

𝑋𝑋6  = manufactured liquid organic fertilizer (L); 
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𝑋𝑋7  = homemade liquid organic pesticide (L); 𝑋𝑋8  = manufactured liquid organic pesticide (L); 

𝑋𝑋9  = family labour (workdays); 

𝑋𝑋10  = non-family labour (workdays); 

𝑑𝑑1  = coefficient of planting system dummy variable; 

𝐷𝐷1  = planting system (dummy variable), (1 =  jajar legowo planting system, 0 =  tegel planting system); 𝑣𝑣𝑖𝑖  = two-sided random error term (statistical noise); 

𝑢𝑢𝑖𝑖  = one-sided, non-negative technical inefficiency term (𝑢𝑢𝑖𝑖  ≥ 0). 

The correlation analysis indicated that the pairwise correlation coefficients among the explanatory variables, homemade solid organic fertilizer, manufactured solid organic fertilizer, homemade liquid organic fertilizer, manufactured liquid organic fertilizer, homemade liquid organic pesticide, and manufactured liquid organic pesticide ranged from −0.199 to 0.032, which were well below the commonly accepted multicollinearity threshold of  ≥0.8. This suggested very weak linear relationships among the inputs; therefore, multicollinearity was not considered a concern in the model. The planting system used was the  jajar legowo  system, which involved alternating several rows of rice plants with a single empty row (alley). This system aims to optimize sunlight exposure, improve air circulation, and facilitate crop management activities such as fertilization and pest control, that has the potential to increase rice yields. Common  jajar legowo patterns include 2:1, consisting of two planted rows followed by one empty row, with a 20 cm spacing between planted rows and a 40 cm-wide alley, and 4:1, which has four planted rows followed by one empty row. In contrast, the  tegel  planting system maintains uniform spacing of 20 × 20 cm between rows and plants. 

Technical inefficiency is related to various external factors and the socioeconomic characteristics of farmers. 

The equation for factors of technical inefficiency in organic rice farming in Magelang Regency is described in Eq. 

(2): 



𝑈𝑈𝑖𝑖 = 𝛿𝛿0  + 𝛿𝛿1𝑍𝑍1 + 𝛿𝛿2𝑍𝑍2 + 𝛿𝛿3𝑍𝑍3 + 𝛿𝛿4𝑍𝑍4 + 𝛿𝛿5𝑍𝑍5 

(2) 

where, 

𝑈𝑈𝑖𝑖  = technical inefficiency term for farmer 𝑖𝑖 (𝑈𝑈𝑖𝑖  ≥ 0); 𝛿𝛿0  = constant; 

𝛿𝛿1 − 𝛿𝛿5  = coefficients of inefficiency determinants; 

𝑍𝑍1  = farmer age (years); 

𝑍𝑍2  = education level (score); 

𝑍𝑍3  = farming experience (years); 

𝑍𝑍4  = farmer participation in farmer group (score); 

𝑍𝑍5  = access to agricultural extension and training (score). 

The software Frontier 4.1 was used to analyze TE in organic rice farming, based on the calculation set out in Eq. (3): 



𝑌𝑌

𝑇𝑇(𝑌𝑌

𝑇𝑇𝑇𝑇

𝑖𝑖

𝑖𝑖|𝑈𝑈𝑖𝑖, 𝑋𝑋𝑖𝑖)

𝑖𝑖 = 𝑌𝑌∗ =

𝑖𝑖

𝑇𝑇(𝑌𝑌𝑖𝑖|𝑈𝑈𝑖𝑖 = 0, 𝑋𝑋𝑖𝑖) = 𝑇𝑇[𝑒𝑒𝑒𝑒𝑒𝑒 (−𝑈𝑈𝑖𝑖)|ɛ𝑖𝑖] 

(3) 



where, 

𝑇𝑇𝑇𝑇𝑖𝑖  = technical efficiency of farmer  i; 

𝑌𝑌𝑖𝑖  = production of farmer  i; 

𝑌𝑌∗𝑖𝑖  = potential production (obtained from stochastic frontier); 𝑋𝑋𝑖𝑖  = actual input vector; 

𝜀𝜀𝑖𝑖 = 𝑣𝑣𝑖𝑖 − 𝑢𝑢𝑖𝑖, composite error term. 

The value of TE ranges from zero to one, and this analysis can only be performed using cross-sectional data (Kumbhakar & Wang,  2015). Farmers can be considered technically efficient if their efficiency value is greater than or equal to 0.7 and inefficient if it is less than 0.7 (Alemu et al.,  2024;  Bhat et al., 2026). The combination of TE and AE will result in EE. EE is the ratio between the minimum total production cost (𝐶𝐶∗𝑖𝑖) and the actual total production cost (𝐶𝐶𝑖𝑖) (Ogundari & Ojo,  2006), which can be written as Eq. (4) below: 𝐶𝐶∗ 𝑇𝑇(𝐶𝐶

𝑇𝑇𝑇𝑇

𝑖𝑖

𝑖𝑖|𝑈𝑈𝑖𝑖 = 0, 𝑌𝑌𝑖𝑖, 𝑃𝑃𝑖𝑖)

𝑖𝑖 = 𝐶𝐶 =

𝑖𝑖

𝑇𝑇(𝐶𝐶𝑖𝑖|𝑈𝑈𝑖𝑖, 𝑌𝑌𝑖𝑖, 𝑃𝑃𝑖𝑖) = 𝑇𝑇[𝑒𝑒𝑒𝑒𝑒𝑒 (−𝑈𝑈𝑖𝑖)|ɛ𝑖𝑖] 

(4) 



where, 

𝑇𝑇𝑇𝑇𝑖𝑖  = economic efficiency (𝑇𝑇𝑇𝑇  values range from 0 to 1); 𝐶𝐶∗𝑖𝑖  = minimum total production cost; 
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𝐶𝐶𝑖𝑖  = actual total production cost; 

𝑃𝑃𝑖𝑖  = input price vector for farmer  i; 

𝜀𝜀𝑖𝑖 = 𝑣𝑣𝑖𝑖 + 𝑢𝑢𝑖𝑖, composite error term. 

Analysis of the EE of organic rice farming in Magelang Regency was conducted using a stochastic frontier cost function model, as shown in Eq. (5): 

𝑙𝑙𝑙𝑙𝐶𝐶𝑖𝑖 =𝛼𝛼0+𝛼𝛼𝑦𝑦𝑙𝑙𝑙𝑙𝑌𝑌+𝛼𝛼1𝑙𝑙𝑙𝑙𝑃𝑃1+𝛼𝛼2𝑙𝑙𝑙𝑙𝑃𝑃2+𝛼𝛼3𝑙𝑙𝑙𝑙𝑃𝑃3+𝛼𝛼4𝑙𝑙𝑙𝑙𝑃𝑃4+𝛼𝛼5𝑙𝑙𝑙𝑙𝑃𝑃5+𝛼𝛼6𝑙𝑙𝑙𝑙𝑃𝑃6+𝛼𝛼7𝑙𝑙𝑙𝑙𝑃𝑃7+

𝛼𝛼8𝑙𝑙𝑙𝑙 𝑃𝑃8  + 𝛼𝛼9𝑙𝑙𝑙𝑙 𝑃𝑃9 + 𝛼𝛼10𝑙𝑙𝑙𝑙 𝑃𝑃10 + (𝑣𝑣𝑖𝑖 + 𝑢𝑢𝑖𝑖) (5) 

where, 

𝐶𝐶𝑖𝑖  = actual total production cost (Indonesian rupiah, IDR); 𝛼𝛼0  = constant; 

𝛼𝛼𝑦𝑦  = coefficient of output; 

𝑌𝑌  = organic rice production (kg); 

𝛼𝛼1 − 𝛼𝛼10  = regression coefficient of each variable; 

𝑃𝑃1  = land rent price (IDR/m²); 

𝑃𝑃2  = seed price (IDR/kg); 

𝑃𝑃3  = price of homemade solid organic fertilizer (IDR/kg); 𝑃𝑃4  = price of manufactured solid organic fertilizer (IDR/kg); 𝑃𝑃5  = price of homemade liquid organic fertilizer (IDR/L); 𝑃𝑃6  = price of manufactured liquid organic fertilizer (IDR/L); 𝑃𝑃7  = price of homemade liquid organic pesticide (IDR/L); 𝑃𝑃8  = price of manufactured liquid organic pesticide (IDR/L); 𝑃𝑃9  = family labour wages (IDR/workdays); 

𝑃𝑃10  = non-family labour wages (IDR/workdays); 

𝑣𝑣𝑖𝑖  = two-sided random error term (statistical noise); 

𝑢𝑢𝑖𝑖  = one-sided, non-negative cost inefficiency term (𝑢𝑢𝑖𝑖  ≥ 0). 

Homemade organic inputs are made from natural ingredients, such as garlic, ginger for pesticide, rice-washing water for fertilizer, and other similar materials, using simple production processes. In contrast, manufactured organic inputs are produced through more modern and standardized processing methods. In terms of cost, homemade inputs tend to be cheaper because they use readily available natural materials and involve simple preparation processes. In addition, the prices of homemade inputs are relatively uniform, while the prices of manufactured inputs vary depending on the product brand. 

EE is obtained by multiplying TE and AE. As a result, the value of AE can be determined by Eq. (6) as follows: 𝑇𝑇𝑇𝑇

𝐴𝐴𝑇𝑇 =



(6) 

𝑇𝑇𝑇𝑇

3. Results and Discussion 

3.1 Characteristics of Organic Rice Farmers 

  The 125 organic rice farmers who participated in this study were selected from 22 organic rice farmer groups. 

The characteristics of the farmers were categorized based on age, level of education, experience in organic rice farming, number of family members, cultivated land area, and land status, as presented in Table 2.  

Based on age, the youngest organic rice farmers in Magelang Regency were 27 years old and the oldest were 86 years old. The average age of organic rice farmers was 54 years, which was included in the productive age category (Wang & Zhong, 2026). At a productive age, a person is physically fit and able to perform activities properly and be responsive to changes (Gonzales et al.,  2015). 

The level of education influenced the adoption of innovation and problem-solving skills (Gusti et al., 2022). 

The level of education of organic rice farmers in Magelang Regency was quite high, with 70% having a high school or college education. Experience in organic rice farming influenced productivity; farmers with a longer period of experience were more skilled in cultivation and farm management (Hidayati et al., 2019). In this study, the experiences in organic rice farming varied considerably, ranging from 1 to 55 years, with an average of 12 

years. 

Family members played an important role in farming activities, and their contribution depended on gender, family dynamics, and the scale of the business (Rahman et al., 2020). Most organic rice farmers in Magelang had two to three family members who could help with farming activities, such as plant maintenance, harvesting, and post-harvesting. 

Based on land area, most of the land for organic rice farming was less than 4,400 m², with an average of 4,175 m². 
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The land used for farming included owned land, leased land, and sharecropped land. This situation is in line with organic rice farming land in Kulon Progo Regency, namely owned, leased, and sharecropped land (Istiyanti et al., 

2024). Farmers who did not own land could lease it at a cost of IDR 500/m²/season. In addition, farmers could cultivate other people’s land and share the yield with the landowner. The tenant farmer bore all production costs and received 50% of the total yield. 



Table 2. Characteristics of organic rice farmers 



Characteristics 

Frequency 

Percentage 

Percentage 

(Person) 

(%) 

Characteristics 

Frequency 

(Person) 

(%) 

Age (years) 





Farming experience (by year) 





27–38 

7 

5.6 

1–11 

78 

62.4 

39–50 

40 

32.0 

12–22 

38 

30.4 

51–62 

54 

43.2 

23–33 

5 

4.0 

63–74 

20 

16.0 

34–44 

2 

1.6 

75–86 

4 

3.2 

45–55 

2 

1.6 

No. of family members 





Land area (m²) 





0 

11 

8.8 

500–4,400 

86 

68.8 

1 

26 

20.8 

4,401–8,300 

27 

21.6 

2 

33 

26.4 

8,301–12,200 

8 

6.4 

3 

45 

36.0 

12,201–16,100 

1 

0.8 

4 

10 

8.0 

16,101–20,000 

3 

2.4 

Education level 





Land status 





Elementary school 

20 

16.0 

Owned 

96 

76.8 

Junior high school 

18 

14.4 

Leased 

7 

5.6 

Senior high school 

74 

59.2 

Sharecropped 

22 

17.6 

College 

13 

10.4 







3.2 Stochastic Frontier Analysis 

SFA was used to measure the TE of farmers in organic rice farming by considering random factors (random error) and inefficiencies (inefficiency term). This model separated output deviations caused by random factors such as climatic conditions and measurement errors from deviations due to technical inefficiencies of farmers (Coelli et al.,  2005). 

Based on Table 3, the land coefficient was 1.0084 and had a significant effect on organic rice production at a 1% error rate, meaning that if the land was increased by 1%, organic rice production would increase by 1.0084% 

ceteris paribus. The average land used for organic rice farming was relatively small at 4,175 m², so it needed to be increased by renting other people’s land or cultivating other people’s land with a sharecropping system. This finding is in line with the results of Noormansyah & Cahrial (2020) and Sulistyowati et al. (2019), who stated that land area was a dominant factor that increased TE because greater economies of scale allowed more optimal use of inputs. 



Table 3. Factors that influence organic rice production in Magelang Regency Variable 

Coefficient 

Std. Error 

Test Statistic 

Sig. 

Constant 

−0.4696 

0.6227 

−0.7541 

ns 

Land area 

1.0084 

0.1104 

9.1290 


*** 

Seed 

−0.2365 

0.1027 

−2.3009 

** 

Homemade solid organic fertilizer 

0.0270 

0.0218 

1.2365 

ns 

Manufactured solid organic fertilizer 

0.0233 

0.0214 

1.0883 

ns 

Homemade liquid organic fertilizer 

−0.0109 

0.0199 

−0.5469 

ns 

Manufactured liquid organic fertilizer 

−0.0139 

0.0209 

−0.6669 

ns 

Homemade liquid organic pesticide 

0.0350 

0.0173 

2.0137 

** 

Manufactured liquid organic pesticide 

0.0531 

0.0233 

2.2780 

** 

Family labour 

0.1232 

0.0605 

2.0347 

** 

Non-family labour 

0.0344 

0.0797 

0.4316 

ns 

Planting system 

−0.1776 

0.0935 

−1.8988 

* 

Sigma-square  (𝜎𝜎2) 

0.2212 

0.0279 

7.9197 


*** 

Gamma  (𝛾𝛾) 

0.0520 

0.3251 

0.1600 

ns 

Likelihood ratio (LR) test of the one-sided error 

11.8763 







Note: ***  p < 0.01, **  p < 0.05, *  p < 0.10, “ns” indicates not significant ( p ≥ 0.10). 
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Seed had a negative coefficient (−0.2365) and was significant at a 5% error rate, meaning that an increase in seed use by 1% could reduce organic rice production by 0.2365% ceteris paribus. Farmers already used seeds according to the Standard Operating Procedures developed by the GATOS Cooperative, so raising their use would increase competition among plants for nutrients, light, and water, ultimately lowering productivity (Ahmed et al., 

2021). 

Manufactured solid organic fertilizer had a positive coefficient (0.0233) but was not significant, meaning that if the use of manufactured solid organic fertilizer increased, there was a tendency for organic rice production to increase, with other factors remaining constant. This could be due to the quality of the fertilizer or poor dose of application (Asri et al.,  2021).  

Homemade liquid organic pesticides had a positive and significant effect at the 5% level with a coefficient of 0.035. This means that a 1% increase in the use of homemade liquid organic pesticides would increase organic rice production by 0.035% of ceteris paribus. These results are consistent with the findings of Galluzzo (2023) and Krisdiyanto et al. (2021). The field conditions indicated that the use of homemade liquid organic pesticides was still very low, so it needed an increase to optimize rice crop yields. 

Manufactured liquid pesticides had a positive and significant effect at the 5% level with a coefficient of 0.0531, meaning that if the use of manufactured liquid organic fertilizer increased by 1%, organic rice production would increase by 0.0531% ceteris paribus. This showed that organic pest control with manufactured liquid pesticides could significantly increase production, in line with the research by Ahmed et al. (2021). 

Family labor had a positive and significant effect at the 5% level with a coefficient of 0.1232, meaning that increased  involvement  of  family labor could  significantly increase organic rice production. This reflects the important role of family labour in organic farming systems, where careful crop management and intensive supervision were required, in line with research by Selim (2012). 

Two planting systems were employed by the organic rice farmers in Magelang, namely  jajar legowo and  tegel. 

The dummy variable of the planting system had a negative and significant effect at the 10% level (coefficient = 

−0.1776), meaning that organic rice production under the  jajar legowo planting system was lower than under the tegel planting system. This situation differed from research by Istiyanti (2021) which found that the productivity of the  jajar legowo system was higher than that of the conventional system. The field conditions showed that the farmers applied various  jajar legowo systems such as 2:1, 3:1, 4:1 and there were pest attacks. These findings are upported by research conducted by Arianti et al. (2022) and Saeri et al. (2021), which discovered that the  jajar legowo  system was likely to reduce rice production. This decline was caused by environmental conditions, seed quality, planting distances that did not follow recommended guidelines, and pest attacks. 

The variables of homemade liquid organic fertilizer and manufactured liquid organic fertilizer had negative coefficients but were not significantly influential, meaning that if their use increased, there was a tendency to decrease organic rice production. Homemade solid organic fertilizer and non-family labour had positive but insignificant coefficients, which meant that increasing their use tended to increase organic rice production. 

The sigma-squared value  (𝜎𝜎2)   of 0.2212 indicated  variation in output that could  not  be explained by production inputs. The estimated gamma parameter was relatively small (𝛾𝛾  = 0.052) and statistically insignificant, indicating that only a minor share of the total variation in organic rice output was  attributable to technical inefficiency. According to the stochastic frontier framework, a low gamma value implies that random shocks dominate the residual variance rather than inefficiency effects (Coelli et al.,  2005). In organic rice farming, such stochastic influences may arise from agroclimatic variability, biological pest and disease pressures, as well as heterogeneity in the quality of organic input, all of which are largely exogenous to farmers’ managerial decisions (Reganold & Wachter,  2016). 



3.3 Technical, Al ocative, and Economic Efficiency 

 The likelihood ratio (LR) test value of 11.8763 was significant in the critical  χ ² value at the 10% level (approximately 9.23), indicating that the null hypothesis of no technical inefficiency was rejected. The rejection of the null hypothesis implied  that the Ordinary  Least  Squares  (OLS)  model and the frontier model were statistically different. This result confirms the existence of technical inefficiency, indicating heterogeneity in TE 

levels among farmers. 

Based on SFA, the TE level of the organic rice farmers ranged from 0.4149 to 0.9875, with an average value of 

0.9033 (Table 4). The average TE value indicated that farmers had been able to allocate inputs optimally. There was only a rather small opportunity to increase production from that achieved by the farmers with maximum production  levels  using  the best management system  (Zeng  & Hu, 2023).  With the average production level currently achieved by the farmers, the opportunity to increase maximum production without changing the technology used in organic rice farming was 8.53% (1 − 0.9033/0.9875). Based on the distribution of TE levels, 72.8% of farmers were in the high efficiency group (TE = 0.91–1.00). 

As many as 91.2% of organic rice farmers in Magelang were technically efficient because their efficiency level was >0.7 (Coelli et al.,  2005). The field conditions showed that the farmers used production factors based on the 79

Standard Operating Procedures developed by members and administrators of the GATOS Cooperative. The seeds used were from organic fields of good quality and were used at a rate of 25 kg/hectare. The fertilizers used were purely organic in the form of manure, solid and liquid organic fertilizers manufactured according to the recommended dosage. The farmers used both homemade pesticides and manufactured pesticides to control pests and diseases in organic rice crops. The farmers engaged in organic rice farming received assistance from agricultural extension workers and leaders of farmer groups. 

This high level of efficiency is in line with previous studies (Han et al., 2026; Hidalgo et al.,  2025) which stated that organic farmers tended to have higher TE when supported by guidance, training, and good land management. 

In addition, the high level of TE reflected the success of farmers in implementing more knowledge-intensive organic farming practices, as stated by Wollni & Andersson (2014). 



Table 4. Technical efficiency (TE) level of organic rice farming in Magelang Regency TE Level 

Number of Farmers 

Percentage (%) 

<0.5 

1 

0.8 

0.51–0.60 

5 

4.0 

0.61–0.70 

5 

4.0 

0.71–0.80 

8 

6.4 

0.81–0.90 

15 

12.0 

0.91–1.00 

91 

72.8 

Total 

125 

100.0 

Minimum TE 

0.4149 

Maximum TE 

0.9875 

Average TE 

0.9033 



Table 5. Factors that influence technical inefficiency of organic rice farming in Magelang Regency Variable 

Coefficient  Sig. 

Std. Error 

 t-Value 

Constant 

6.7429 


*** 

1.6673 

4.0440 

Age 

−1.1392 


*** 

0.3479 

−3.2744 

Level of education 

−0.1726 

** 

0.0838 

−2.0584 

Farming experience 

−0.1599 

* 

0.0835 

−1.9152 

Farmer participation in farmer groups 

−0.8482 

** 

0.3908 

−2.1699 

Access to agricultural extension and training 

−0.0885 

ns 

0.3283 

−0.2696 

Note: ***  p < 0.01, **  p < 0.05, *  p < 0.10, “ns” indicates not significant ( p ≥ 0.10). 

 The technical inefficiency model showed that several socioeconomic variables of farmers affected the level of technical inefficiency (Ojo & Baiyegunhi, 2020). These variables included age, education, farming experience, farmer participation in farmer groups, and access to agricultural extension and training. 

Based on Table 5,  age had a negative coefficient (−1.1392) and was significant at the 1% level, indicating that older farmers tended to be more technically efficient in organic rice farming. This result is not in line with previous studies, which stated that older farmers were often slower to adopt innovations or make technical adjustments, as explained in a study on the adoption  of  agricultural technology (Uaiene, 2011). The significant effect of age indicated that old farmers in Magelang were still capable of managing production efficiently. 

The results of the analysis showed that the level of education had a negative coefficient (−0.1726) and was significant at the  5% level. Education could  broaden  the  knowledge  of  farmers  and improve their ability to understand agricultural technology (Coelli et al., 2005). The fact that education level had insignificant influence on technical inefficiency might indicate that in organic rice farming, increased knowledge and skills could be obtained through non-formal education, such as extension and training, compared to formal education (Ali et al., 

2022; Istiyanti et al., 2018). 

Farming experience had a significant effect at the 10% level with a negative coefficient (−0.1599), meaning that the more experienced the farmer, the lower the level of inefficiency. This situation is in line with research of Istiyanti & Rahmadynda (2025) that farming experience had a negative influence on the technical inefficiency of organic rice farming in Kulonprogo Regency. The longer the experience of organic rice farming, the more efficient the farming was. Experience increased farmers’ ability to allocate inputs, adjust doses of organic fertilizer, manage planting times, control pests biologically, make planting decisions, and consistently implement organic rice farming practices. 

The results of this study are in line with various studies showing that experience increased farmers’ capacity to adopt technology more efficiently (Bakari et al., 2019;  Bifarin et al.,  2010). Experience also helped farmers cope with  uncertainty  in  production, especially organic farming, which is more sensitive to  the  conditions  of agroecosystem. 

Farmer participation in farmer groups had a negative coefficient (−0.8482) and was significant at the 5% level, 80

indicating that increased participation reduced technical inefficiency. These results are in line with Reviandy et al. 

(2021) that farmer groups played an important role in improving farm performance by access to shared knowledge, collective learning, and information exchange, which contributed to better agricultural management practices. 

Access to agricultural extension and training had a negative coefficient but was  insignificant  (−0.0885), indicating that more frequent participation in extension services and training tended  to reduce technical inefficiency among farmers. This result is consistent with studies by Amrullah et al. (2025) and Ojo & Baiyegunhi 

(2020),  which showed that participation in agricultural extension programs  could  increase  the  knowledge  of farmers and help overcome various problems encountered in agricultural activities. 



Table 6. Allocative efficiency (AE) level of organic rice farming in Magelang Regency AE Level 

Number of Farmers  Percentage (%) 

<0.5 

15 

12.0 

0.51–0.60 

14 

11.2 

0.61–0.70 

22 

17.6 

0.71–0.80 

24 

19.2 

0.81–0.90 

27 

21.6 

0.91–1.00 

23 

18.4 

Total 

125 

100.0 

Minimum AE 

0.1527 

Maximum AE 

1.0000 

Average AE 

0.7352 

AE describes the ability of farmers to allocate input based on prices and costs, so the costs incurred are minimal at a certain level of production. Based on the analysis results (Table 6), the AE values of organic rice farmers in Magelang Regency ranged from 0.1527 to 1, with an average of 0.7352. The distribution of AE levels showed that most farmers were in the moderate efficiency group. 

The average AE of 0.7352 indicated that the farmers were generally capable of determining the combination of inputs according to the principle of cost efficiency. Based on the average AE, there was an opportunity for cost savings of around 26.48% if input allocation was carried out at the optimal level. This condition could  be influenced by several factors, such as variations in organic input prices, considering that some farmers used inputs that they produced themselves, inaccuracy in determining the dosage of organic fertilizers and biological pesticides, and differences in farmers’ abilities to manage organic rice farming (Okello et al., 2019). 

These findings are in line with research by Bakari et al. (2019), which stated that AE was often lower than TE, especially in organic farming systems with a variety of cultivation methods and uneven input costs. Moreover, Coelli et al. (2005) explained that low AE generally occurred when farmers faced limitations of information about input prices, capital constraints, and lack of access to extension services on topics related to improving farmers’ 

managerial capabilities in conducting farming operations at efficient costs. 

EE is a combination of TE and AE. Mathematically, it is the product of TE and AE. This means that EE reflects farmers’ ability to produce output at a minimum cost based on existing technology and input prices. The results of the analysis showed that the EE of organic rice farmers ranged from 0.1494 to 0.9300 (Table 7).  



Table 7. Economic efficiency (EE) level of organic rice farming in Magelang Regency EE Level 

Number of Farmers  Percentage (%) 

<0.5 

24 

19.2 

0.51–0.60 

23 

18.4 

0.61–0.70 

20 

16.0 

0.71–0.80 

25 

20.0 

0.81–0.90 

24 

19.2 

0.91–1.00 

9 

7.2 

Total 

125 

100.0 

Minimum EE 

0.1494 

Maximum EE 

0.9300 

Average EE 

0.6554 

The average EE level of organic rice farming was 0.6554 which meant that the farmers had only achieved about 65.54% of the optimal level of EE. The low level of EE was mainly influenced by low AE, even though the farmers’ 

TE was relatively high. Although farmers could run organic rice farming technically efficiently, they were not yet able to minimize production costs optimally. The relatively low EE of organic rice farming was mainly due to low AE, meaning that there was an imbalance between the combination of inputs used and their relative prices. In the field, farmers were likely to use excessive inputs such as organic fertilizers and botanical pesticides to meet the 81

nutritional needs of plants as well as controlling pests and diseases. This also resulted in the use of more labor, which directly increased production costs (Hidayati et al.,  2019; Istiyanti et al.,  2021). Previous studies have found a similar pattern, namely high TE but low AE in both organic and conventional agriculture (Hidalgo et al.,  2025; Setyawati et al.,  2024). One of the causes is the difference in farmers’  ability to understand cost structures, limitations in business management, and uncertainty of organic input prices, which often fluctuate. 

4. Conclusions 

This study analyzed the TE, AE, and EE of organic rice farming in Magelang Regency using a stochastic frontier approach. The results indicated  relatively high average TE  among farmers. However, the component  of inefficiency is weak, as reflected by a low and statistically insignificant gamma value; this suggests that output variation is largely driven by random and exogenous factors rather than technical inefficiency. AE  is more moderate, resulting in lower EE despite favorable technical performance. This finding implies that effective input use in physical terms does not necessarily translate into cost-minimizing behavior under prevailing price conditions. 

Socioeconomic characteristics such as age, education, farming experience, and participation in farmer groups are associated with lower estimated inefficiency. 

Policy implications should therefore focus less on improving TE and more on strengthening managerial capacity, allocation of input cost, and access to standardized organic inputs. Such interventions are more likely to enhance EE and long-term sustainability, while remaining consistent with the empirical limitations identified in this study. 

It should also be acknowledged that the sampling strategy, focused on farmer groups consistently practicing organic rice cultivation, may introduce selection bias and potentially lead to upward-biased estimates of TE. As a result, the findings may overrepresent relatively well-performing farmers. Future studies are therefore encouraged to broaden the sample scope to include more diverse farming conditions and levels of adoption, and to improve the generalizability and robustness of the efficiency estimates. 
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Abstract: Magelang Regency has been designated as a pilot area for organic rice development, supported by an
integrated institutional framework that includes farmer training, extension services, and infrastructure
development. This study analyzed the technical efficiency (TE), allocative efficiency (AE), and economic
efficiency (EE) of organic rice farming in Magelang Regency, within the context of a government-supported
organic farming development program. A stochastic frontier analysis (SFA) was applied to cross-sectional data at
farm level to estimate production efficiency and to examine the role of socioeconomic factors in explaining
inefficiency. The results indicated relatively high average TE among organic rice farmers. However, estimated
inefficiency components were small and statistically insignificant, suggesting that variations in output were largely
influenced by stochastic and exogenous factors rather than by technical inefficiency. AE was found to be more
moderate, leading to lower EE despite favorable technical performance. This pattern implies that considerations
of cost allocation and input price remain important constraints in organic rice farming systems. Socioeconomic
characteristics such as age, education, farming experience, and participation of farmer group were associated with
lower estimated inefficiency. The findings contribute expectedly to the efficiency of literature on organic
agriculture, while offering policy-relevant evidence for improving the design and implementation of organic rice
development programs.

Keywords: Allocative efficiency; Organic rice; Stochastic frontier analysis; Technical inefficiency
1. Introduction

Organic farming is an agricultural system that utilizes local resources (Piadozo et al., 2014). This system aims
not only to improve the quality of agricultural products but also to maintain the balance of the ecosystem and
human health (Pretty & Bharucha, 2014). The implementation of organic farming could reduce the dependence of
farmers on chemical-based agricultural inputs, such as synthetic fertilizers and pesticides, which in the long term
can damage soil fertility and cause environmental pollution (Reganold & Wachter, 2016). Organic farming system
has advantages over conventional farming in terms of social, economic, and environmental aspects (Phantha et al.,
2021).

Rice (Oryza sativa L.), as a major food commodity in Indonesia, has great potential for the development of
organic farming. The cultivation of organic rice focuses on environmentally-friendly methods that do not use
chemical fertilizers or synthetic pesticides. In addition to producing healthy food, this cultivation also maintains
soil fertility and supports environmental sustainability. This makes organic rice a strategic choice to support a
sustainable agricultural system (David & Ardiansyah, 2020).

Market demand for organic products, including organic rice, continues to increase both domestically and
internationally (Willer et al., 2021). This trend provides a great opportunity for farmers to switch to a more
environmentally-friendly organic farming system. In addition, practices of organic farming enhance food security
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