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ABSTRACT  

Traditional technology acceptance models primarily focus on behavioral factors, with 

limited exploration of well-being perspectives. This study examines the role of technology 

well-being, based on the PERMA framework, in shaping the intention and adoption of 

drone technology among potato farmers in western Iran. Using a descriptive-correlational 

survey design, path analysis of a systematic sample of 234 farmers revealed that intention, 

engagement, social relationships, meaning, and accomplishments significantly influence 

drone adoption, with path coefficients of 0.85 for intention and 0.38 for acceptance. Positive 

emotions, however, showed no significant effect. These findings highlight the critical role of 

well-being in technology acceptance, offering novel insights for precision agriculture. The 

results suggest that policymakers should prioritize persuasive strategies to enhance 

farmers’ intentions, beyond merely promoting technology use. This research lays a 

foundation for future investigations, emphasizing technology well-being as a key driver of 

agricultural innovation. 

Keywords: Drone technology, PERMA framework, Precision agriculture, Technology well-

being. 

INTRODUCTION  

Agricultural drones have transformed 

modern farming by enhancing productivity, 

operational efficiency, and sustainability 

(Rachmawati et al., 2021). Through precise 

field monitoring and targeted operations, 

drones can improve clean crop production 

and bolster food security (Shouji et al., 2021). 

In the potato trade, particularly the 

commercialization of sweet potatoes, these 

advancements play a pivotal role in 

improving farmers’ livelihoods and fostering 

rural economic development (Oyebamiji et 

al., 2024). Factors such as farm size, access 

to credit, market proximity, and information 

availability significantly influence farmers’ 

engagement in this trade. Given the heavy 

reliance on pesticides in potato cultivation, 

drone-based spraying offers a sustainable 

alternative, reducing pesticide use by 30–

65%, while maintaining or enhancing pest 

control efficacy (Patil et al., 2024). 

Consequently, drones represent a 

transformative tool for sustainable potato 

production and increased market 

competitiveness. 

Potatoes, recognized globally for their high 

yield per unit area, are a critical food source, 

producing more dry matter and protein per 

hectare than many major crops, and serving 

as a nutrient-rich alternative to grains 

(Wijesinha-Bettoni and Mouillé, 2019; 

Devaux et al., 2014; Gustavsen, 2021). 

Unlike grains, their limited trade volume 

makes them a reliable option for food 

security, particularly in politically sensitive 

markets (Devaux et al., 2014). In Iran, the 

potato industry has seen significant growth 

from 1978 to 2023, with harvested areas 

expanding from 57,000 to 143,000 hectares 

(3% annual growth) and production rising 

from 735,000 to 5.5 million tons (5.5% 
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annual growth), increasing yields from 8.12 

to over 43 tons per hectare. In Kermanshah 

Province, Iran’s fourth-largest potato 

producer, 6.3% of irrigated land is dedicated 

to potato farming, significantly contributing 

to local agricultural revenues. However, 

challenges such as excessive agrochemical 

use, climate change, outdated equipment, and 

declining water resources hinder 

productivity. 

To meet the rising demand and ensure food 

security, increasing potato production 

through innovative solutions like drone 

technology is essential. Drones enhance weed 

and pest management, boosting yields while 

promoting economic and environmental 

sustainability. Despite available 

infrastructure, drone adoption remains low in 

Kermanshah County, a key production hub 

(Figure 1). Existing research has not 

sufficiently explored the reasons for this low 

adoption, particularly through a 

psychological lens. Traditional technology 

adoption models, such as the Technology 

Acceptance Model (TAM) and the Unified 

Theory of Acceptance and Use of 

Technology (UTAUT), focus on factors like 

perceived usefulness and ease of use, but 

often overlook psychological and well-being 

dimensions critical to rural agricultural 

contexts (Dissanayake et al., 2022; Blut et al., 

2022). Factors such as trust in technology, 

prior experience, and risk attitudes, which 

significantly influence adoption, are 

underrepresented in these models (Dai and 

Cheng, 2022).  

This study addresses a critical gap in the 

literature by examining drone technology 

adoption among potato farmers in 

Kermanshah Province through the lens of 

well-being theory, specifically the PERMA 

model (Seligman, 2018). Unlike behavioral 

frameworks such as the Technology 

Acceptance Model (TAM) and the Theory of 

Planned Behavior (TPB), which focus 

primarily on utilitarian factors and have been 

widely applied in agricultural contexts, the 

PERMA model emphasizes psychological 

well-being, an under-explored dimension in 

agricultural behavioral economics. By 

employing PERMA independently, this 

research provides a novel theoretical 

framework that captures farmers’ 

psychological and professional motivations, 

offering a distinct perspective beyond 

traditional models. Practically, the findings 

deliver actionable insights for policymakers 

and agricultural stakeholders to promote 

drone adoption, enhancing farm productivity 

and sustainability while fostering farmers’ 

well-being. 

The PERMA Model and Technology 

Well-Being 

Traditional technology adoption models, 

such as the Technology Acceptance Model 

(TAM) and the Unified Theory of 

 

Figure 1. Drone technology in potato farming (Kermanshah, Iran). 
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Acceptance and Use of Technology 

(UTAUT), emphasize technical factors like 

perceived usefulness, ease of use, and 

performance expectations (Rouidi et al., 

2022). However, these models often neglect 

psychological and well-being dimensions, 

limiting their applicability in complex 

settings like rural agricultural communities. 

Psychological and behavioral barriers 

significantly hinder technology adoption, 

particularly for innovations like drones (Lee 

et al., 2025). Integrating psychological 

frameworks with traditional models is thus 

essential for a comprehensive understanding 

of adoption dynamics. To address this gap, 

this study adopts the PERMA model 

(Seligman, 2018), a foundational framework 

in positive psychology, as its primary lens to 

explore farmers’ acceptance of drone 

technology in potato field spraying in 

Kermanshah Province, Iran. PERMA 

comprises five dimensions, namely, Positive 

Emotion, Engagement, Relationships, 

Meaning, and Accomplishment, which 

collectively offer a holistic perspective on 

how well-being shapes technology adoption 

(Ascenso et al., 2018). Unlike TAM and 

UTAUT, which prioritize utilitarian factors, 

PERMA captures farmers’ psychological and 

professional motivations, making it 

particularly suited for rural agricultural 

contexts (Lenzenweger, 2004). 

Positive emotions, such as happiness and 

hope, are central to well-being and can foster 

technology adoption by creating favorable 

user experiences (Chisale and Phiri, 2022). 

Research shows that positive experiences 

with technology evoke emotions that enhance 

adoption intentions (Müller et al., 2016; 

Şahin et al., 2022). Engagement, defined as 

deep involvement in meaningful activities, is 

influenced by user experience quality, 

including challenge and perceived control 

(Lubis et al., 2019). Higher engagement is 

linked to stronger adoption intentions 

(Hussain et al., 2019). Relationships, a key 

PERMA component, emphasize social 

connections that facilitate adoption through 

collaboration, learning, and teaching (Taylor, 

2011). This means that reflecting purpose and 

life satisfaction encourages positive attitudes 

toward technology use (El Barachi et al., 

2022). Accomplishment, tied to goal 

achievement, enhances motivation and 

adoption intent by fostering a sense of 

mastery (Umucu et al., 2022). 

While PERMA is the primary framework, 

this study draws on insights from other 

behavioral models applied in Iran’s 

agricultural sector to provide context. The 

Theory of Planned Behavior (TPB) 

highlights attitudes, norms, and control as 

adoption predictors (Valizadeh et al., 2018). 

The Value-Belief-Norm (VBN) theory 

underscores environmental values (Zobeidi et 

al., 2022), while Social-Cognitive Theory 

(SCT) emphasizes self-efficacy (Zola et al., 

2022). By employing PERMA independently 

while acknowledging these frameworks, this 

study offers a novel theoretical contribution, 

integrating well-being into technology 

adoption research (Ryan et al., 2018). This 

approach not only enriches the theoretical 

discourse but also provides practical insights 

for promoting drone adoption in agriculture. 

Based on this framework, the following 

hypotheses are proposed (Figure 2): 

H1: Positive emotions toward drone 

technology significantly enhance farmers’ 

intention to adopt it. 

H2: Engagement with drone technology 

positively influences farmers’ intention to 

adopt it. 

H3: Social relationships in the context of 

drone technology positively impact farmers’ 

intention to adopt it. 

H4: Meaning of “derived from drone 

technology” is positively linked to farmers’ 

intention to adopt it. 

H5: Accomplishments in using drone 

technology strengthen farmers’ intention to 

adopt it. 

H6: The intention to use drone technology 

directly influences its actual adoption. 
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MATERIALS AND METHODS 

Study Area 

This study was conducted in Kermanshah 

Province, western Iran (Figure 3), a kay 

agricultural region and Iran’s fourth-largest 

potato producer. The province features a 

diverse climate, ranging from humid to semi-

arid, with an average annual rainfall of 320 

mm (1992–2014). In 2023, potato cultivation 

spanned 6,000–7,000 hectares, yielding 

approximately 350,000 tons, underscoring its 

critical role in food security and the rural 

economy, which relies heavily on agriculture 

and livestock. Predominant potato varieties 

include Agria, Marfona, Banba, and Burren. 

With an average yield of 50 t ha-1, the 

adoption of drone technology for precision 

spraying could enhance yields to 65–70 t ha-

1, improving productivity and sustainability. 

 

Research Design 

This quantitative study employed a 

descriptive survey design to examine the 

model of drone technology acceptance in 

potato field spraying. Although technology 

acceptance has conventionally been explored 

through behavioral frameworks, there is a 

paucity of research examining its adoption 

through the lens of well-being theory.  

Sampling Method 

A systematic sampling approach was 

employed to select potato farmers in 

Kermanshah Province. This method proves 

particularly effective when the population is 

organized physically or in a listed format, and 

simple random sampling is impractical or 

labeling all units is challenging (Hankin et 

al., 2019). The study targeted the entire 

population of 596 potato farmers, as 

documented by the Statistical Center of Iran 

 

Figure 2. PERMA-based model of drone technology adoption. 

 

 

Figure 3. Locations of Kermanshah Province, Iran. 

 



Well-Being and Drone Adoption in Iranian Farming ______________________________  

1001 

(2019). Based on Krejcie and Morgan’s 

(1970), a sample of 234 farmers was 

determined (n= 234). Notably, the study 

focused exclusively on farmers without prior 

experience using drones on their farms, 

positioning the research within an ex-ante 

analytical framework (Thurow et al., 1997). 

Data Analysis Method  

Data were collected through a self-

administered questionnaire comprising two 

sections: (1) Demographics and Professional 

Characteristics (14 items) and (2) PERMA 

Model-Based Assessment (21 items), 

adapted from Ascenso et al. (2018), to 

evaluate farmers’ perceptions of drone 

technology. The instrument’s validity was 

established through review by a panel of 

experts. A pilot study involving 30 farmers 

from villages of Miandarband, Kuzaran, and 

Sarabniloofar—excluded from the final 

sample—was conducted to assess reliability. 

Study variables and Composite Reliability 

(CR) coefficients are presented in Table 1. 

Data analysis was performed using SPSS 

16 (IBM Corp., 2007) and SmartPLS 3 

(Ringle et al., 2015). Preliminary checks for 

normality, outliers, and multicollinearity 

were conducted to ensure data validity, with 

all metrics meeting acceptable thresholds, 

consistent with Subhaktiyasa (2024). Partial 

Least Squares Structural Equation Modeling 

(PLS-SEM) was employed due to its 

robustness in analyzing complex models and 

suitability for smaller sample sizes (Hair and 

Alamer, 2022). The conceptual model 

incorporated latent variables (reflective 

and/or formative constructs), with 

relationships examined using SmartPLS 3. 

The measurement model’s validity and 

reliability were evaluated through Composite 

Reliability (CR), convergent validity 

(Average Variance Extracted, AVE), and 

discriminant validity (Fornell-Larcker 

criterion), all of which met established 

benchmarks (Hair and Alamer, 2022). The 

structural model was assessed by examining 

path coefficients, R² values, and the 

significance of relationships via a 

bootstrapping procedure.  

RESULTS 

Demographic and Socioeconomic 

Characteristics 

The respondents in this study had a mean 

age of 46.2 years (SD= 15.3), ranging from 

24 to 70 years, with 96.6% male and 3.4% 

female. Most respondents (89.7%) were 

Table 1. Survey measures and the corresponding questionnaire items. 

Measure Description Number of items CRa 

Positive emotion (Pe) Feelings of happiness, hope, and enjoyment in using 

drone technology (1= Very low, 5= Very high)  

3 0.87 

Engagement (En) Deep involvement in meaningful and challenging 

activities (1= Very low, 5= Very high)  

5 0.87 

Relationships (Re) User’s understanding and long-term commitment to 

drone technology (1= Very low, 5= Very high)  

4 0.95 

Meaning (Me) Sense of purpose and career significance derived from 

drone technology use (1 = Strongly disagree, 5= Strongly 

agree)  

3 0.91 

Accomplishment 

(Ac) 

Farmers’ sense of success in achieving professional goals 

through drone technology (1= Strongly disagree, 5= 

Strongly agree)  

3 0.84 

Intention (In) Farmer’s decision and willingness to adopt drone 

technology (1= Strongly disagree, 5= Strongly agree) 

3 0.94 

Use (U)  Practical application of drones in farm management (1= 

Strongly disagree, 5= Strongly agree)  

4 0.81 

a Composite Reliability. 
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married, with an average household size of 

four members. Educationally, 50.2% held a 

bachelor’s degree or higher, 30.9% had a 

diploma, and 19.9% had education below the 

diploma level. Occupationally, 90.6% were 

farmers, with 93.6% self-employed and 6.4% 

employed. The mean agricultural experience 

was 22.5 years (SD = 11.24), while potato 

cultivation experience averaged 2.5 years 

(SD= 2.52). 

The average income from potato cultivation 

was 652.4 million Iranian Rials 

(approximately USD 1,305 ha⁻¹ based on the 

2023 average exchange rate), with average 

production costs of 216.0 million Iranian 

Rials (approximately USD 432 ha⁻¹). Most 

farmers (93.6%) were native to Kermanshah 

Province, while only a negligible proportion 

were non-native. Respondents owned an 

average of 8.28 hectares of total farmland, 

including 4.37 hectares of dryland, 4.17 

hectares of irrigated land, and 1.43 hectares 

allocated to potato cultivation. More than 

90% of the farmland was personally owned, 

with a small proportion under lease or joint 

ownership arrangements. The average 

expenditure on pesticides for pest and weed 

management was 17.45 million Iranian Rials 

(approximately USD 35 ha⁻¹). 

Evaluation of the Drone Technology 

Acceptance Model 

Confirmatory Factor Analysis (CFA) was 

conducted to evaluate the fit, validity, and 

reliability of the PERMA-based model for 

drone technology acceptance in potato field 

spraying. The model assessed dimensions 

including need, positive emotions, 

engagement, social relationships, meaning, 

accomplishments, and frequency of drone 

use. After removing one indicator from 

Social Relationships (Re5), the model 

demonstrated a good fit. Goodness-of-fit 

indices, correlation coefficients, and 

summary results are presented in Tables 2, 3, 

and 4.  

All factor loadings were statistically 

significant (P< 0.05), confirming uni-

dimensionality. Composite Reliability (CR> 

0.80) demonstrated strong internal 

consistency, while convergent validity 

(AVE> 0.50) indicated that the indicators 

effectively captured variance in their 

respective constructs. Discriminant validity 

was also confirmed, as the square root of 

AVE for each construct exceeded its 

correlations with other constructs, ensuring 

construct distinctiveness (Table 3). 

Based on the results presented above, the 

proposed measurement model for drone 

technology acceptance in potato field 

spraying, comprising seven primary latent 

constructs, is a suitable framework for 

conducting analyses in this study. 

Following validation of the measurement 

model through confirmatory factor analysis, 

path analysis was employed to test the 

research hypotheses within the proposed 

conceptual framework for drone technology 

acceptance in potato field spraying. The path 

model, including standardized factor 

loadings (Figure 4), significant path 

coefficients (Figure 5), and a summary of 

results (Table 5), is presented to illustrate the 

structural relationships in the drone 

technology acceptance model. 

The path analysis (Table 5) revealed that 

intention, engagement, social relationships, 

meaning, and accomplishments significantly 

influenced drone technology acceptance in 

potato field spraying (P< 0.01), while 

Table 2. Goodness-of-Fit Indices for the PERMA-based drone technology acceptance model.a 

Fit index SRMR D_LS D_G NFI RMS_Theta 

Recommended value < 0.10 > 0.05 > 0.05 > 0.80 ≤ 0.12 

Estimated value 0.097 3.07 2.114 0.85 0.11 

a SRMR, NFI, and RMS_theta values met the recommended thresholds (Hu and Bentler, 1999; 

Henseler et al., 2014), indicating acceptable overall model fit. d_ULS and d_G are reported as 

supplementary exact-fit indices. 
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positive emotions showed no significant 

effect. The coefficient of determination (R²) 

indicated that these factors strongly predicted 

acceptance (R²= 0.38) and intention to use 

drones (R²= 0.85). Effect size analysis (ƒ²) 

highlighted a strong effect of intention, 

moderate effects of engagement, social 

relationships, meaning, and 

accomplishments, and a weak effect of 

positive emotions. The high predictive 

relevance (Q²) confirmed the model’s 

effectiveness in forecasting both intention 

and acceptance, supporting its applicability 

for policy development to enhance drone 

adoption.  

DISCUSSION 

This study demonstrates that intention, 

engagement, social relationships, meaning, 

and accomplishments significantly influence 

Table 3. Factor loadings and reliability metrics for the PERMA-Based Drone Acceptance Model. 

AVE CR t Factor 

loadings  

(β) 

Observed variables  

(Items) 

 Latent variables  

 (Measures) 

 

0.70 0.87  **5.11 0.60 Pe1  Pe 

    **69.56 0.92 Pe2 

   **114.69 0.94 Pe3 

   **64.64 0.85 En1  

 En    **39.58 0.84 En2 

0.59 0.87  **20.67 0.81 En3 

   **21.27 0.80 En4 

   **4.09 0.43 En5 

   **153.35 0.94 Me1  

Me 0.87 0.95  **76.26 0.93 Me2 

   **98.60 0.91 Me3 

   **80.30 0.91 Re1  

 Re 0.78 0.91  **49.40 0.89 Re2 

   **44.02 0.87 Re3 

   *2.02 0.22 Re4 

   **138.48 0.96 Ac1  

 Ac 0.61 0.84  **65.32 0.90 Ac2 

   **39.17 0.89 Ac3 

   **76.15 0.92 In1  In 

0.85 0.94  **82.12 0.92 In2 

   **86.76 0.93 In3 

   **76.26 0.89 U1  U 

0.65 0.81  **98.60 0.87 U2 

   **44.02 0.74 U3 

   **69.56 0.71 U4 

** Significantly at 1% error level and * significantly at 5% error level. 

Table 4. Discriminant validity of the PERMA-Based Drone Acceptance Model (Fornell–Larcker 

Criterion).a 

U Re Pe Me In En Ac  

      0.91 Ac 
     0.86 0.76 En 

    0.92 0.82 0.87 In 

   0.93 0.89 0.76 0.87 Me 

  0.83 0.51 0.52 0.47 0.54 Pe 

 0.78 0.68 0.77 0.78 0.71 0.72 Re 

1 0.65 0.43 0.61 0.62 0.57 0.51 U 

a The numbers of the table diameter are root AVE and the numbers below diameter are the correlation 

coefficients between the variables. 
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drone adoption for pesticide spraying in 

Table 5. Path Analysis results for the PERMA-based drone acceptance model. 

Latent variables  Direct effect Indirect 

effect 

Total effect 2ƒ R2 Q2 

  t β t β t β 

Use of 

drone 

technology 

Intention 0.62  **10.32 - - - - 0.62  

 

 

0.38 

 

 

 

0.37 

Positive emotion - - -

0.02 

1.21 -

0.02 

1.21 - 

Engagement - - 0.09  **2.84 0.09  **2.84 - 

Relationship - - 0.12  **2.74 0.12  **2.74 - 

Meaning - - 0.20  **2.71 0.20  **2.71 - 

Accomplishment - - 0.20  **2.89 0.20  **2.89 - 

 

 

Intention 

Positive emotion -

0.03 

1.20 - - -

0.03 

1.20 0.01  

 

0.85 

 

 

0.72 Engagement 0.15  **2.79 - - 0.15  **2.79 0.04 

Relationship 0.20  **3.02 - - 0.20  **3.02 0.08 

Meaning 0.32  **2.86 - - 0.32  **2.86 0.09 

Accomplishment 0.33  **2.95 - - 0.33  **2.95 0.17 

** Significantly at 1% error level. 

 

Figure 4. PERMA-Based Drone acceptance model with standardized factor loadings. 

 

Figure 5. PERMA-Based Drone acceptance model with significant path coefficients. 
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drone adoption for pesticide spraying in 

potato farming, while positive emotion have 

no significant effect. These findings position 

technology well-being, as conceptualized 

through the PERMA framework, as a pivotal 

construct in technology adoption, extending 

beyond traditional models like Technology 

Acceptance Model (TAM), which focus 

primarily on perceived usefulness and ease of 

use. By employing the PERMA framework 

independently, this research offers a novel 

theoretical contribution, extending the 

application of technology well-being to 

emerging technologies like drones.  

Engagement is a key driver of drone 

adoption, with farmers more likely to adopt 

drones when perceived as useful, efficient, 

and beneficial to their agricultural practices. 

This aligns with prior studies (Lee et al., 

2025; Taoufik, 2020), which emphasize 

perceived value and expectancy as core 

determinants of adoption intentions. In 

traditional farming systems, repetitive and 

physically demanding tasks often lead to 

fatigue and reduced motivation among 

farmers, including potato growers. The 

introduction of drone technology can 

transform agriculture into a more engaging 

and meaningful activity, enhancing 

productivity and sustainability (Nguyen et 

al., 2024). These findings are globally 

relevant, as engagement-driven strategies can 

promote drone adoption in precision 

agriculture across diverse regions. 

Social relationships significantly shape 

adoption, both directly and indirectly, 

through supportive networks and peer 

influence. Research (Irzan et al., 2021; 

Koelle et al., 2018) highlights that social 

connections foster technology adoption by 

creating enabling environments. This is 

particularly relevant in collectivistic 

agricultural societies, such as those in South 

Asia, Latin America, and rural Europe, where 

peer adoption and knowledge sharing reduce 

perceived risks (Antolini et al., 2015). 

Moreover, social networks and brand 

identification (Thai et al., 2022; Confente and 

Kucharska, 2021) reinforce positive attitudes 

toward technology across diverse cultural 

contexts, enhancing the global applicability 

of these findings. 

The role of meaning suggests that farmers 

who perceive drone technology as consistent 

with their professional values, goals, and 

aspirations are more likely to develop a 

stronger intention to adopt it. This is 

consistent with prior research (Rao, 1996; 

Yu-Hsin et al., 2020), which highlights goal 

alignment as a key driver of technology 

acceptance. Drones, by providing precise 

data and enabling rapid decision-making, 

enhance farmers’ knowledge and control over 

their fields, thereby fostering a sense of 

purpose and professional advancement 

(McCarthy et al., 2023). This pattern is 

applicable to farming communities 

worldwide, where technologies that align 

with professional goals can drive adoption. 

Accomplishments, particularly economic 

benefits, strongly predict drone adoption, as 

farmers prioritize technologies that increase 

yields, reduce costs, and enhance 

profitability. This is supported by some 

studies (Sunding, D. and Zilberman, D. 2001; 

Suvittawat, 2024), which emphasize 

economic incentives as universal drivers of 

technology adoption. Drones facilitate 

precise pesticide application, improving 

productivity and product quality, which in 

turn enhances job satisfaction and a sense of 

achievement among farmers (Olson and 

Anderson, 2021). These findings are relevant 

to both smallholder and large-scale farming 

systems globally. 

Contrary to studies emphasizing the role of 

positive emotions in technology adoption 

(Mansoor et al., 2020; Suur-Inkeroinen et al., 

2011; Tsaur et al., 2015), this research found 

no significant emotional influence. Farmers 

without direct drone experience may struggle 

to associate positive emotions like joy or 

hope with the technology, as supported by 

recent evidence (Suvittawat, 2024). Instead, 

perceived usefulness, economic benefits, and 

social influence are prioritized, particularly in 

resource-limited contexts (Acıbuca, 2024; 

Waris et al., 2022; Zhang and Li, 2005). In 

wealthier agricultural systems, such as those 

in Europe or North America, where financial 
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risks are lower, positive emotions may play a 

more prominent role (Djamasbi et al., 2010). 

Despite the strong path coefficient (0.85) 

between intention and adoption, practical 

barriers such as cost, training, and access—

though not assessed in this study—may 

hinder adoption. These barriers are prevalent 

globally, particularly in developing nations 

with limited infrastructure. Future research 

should explore solutions like public-private 

partnerships or subsidies to enhance drone 

adoption in regions such as South Asia, 

Africa, and Latin America. By 

contextualizing these findings within a global 

framework, this study advances the literature 

on agricultural technology adoption. The 

integration of well-being constructs through 

the PERMA framework provides a novel 

perspective, informing policies and practices 

for both smallholder and large-scale farming 

systems worldwide. 

Theoretical Implications 

The findings provide empirical validation 

for drone technology adoption in potato 

farming, confirming the relevance of 

psychological well-being in adoption models. 

By employing the PERMA framework 

independently, this study offers a novel 

theoretical contribution, extending the 

application of technology well-being to 

emerging technologies like drones. The 

limited use of the PERMA model in prior 

technology adoption research underscores the 

study’s role in expanding the literature by 

incorporating diverse perspectives on 

acceptance and influential factors. 

Incorporating technology of well-being into 

adoption frameworks broadens the 

theoretical scope and highlights its critical 

role in shaping farmers’ intentions and 

behaviors. 

Practical and Policy Implications 

Policymakers often prioritize 

psychological factors in designing 

technology adoption strategies. This study 

highlights the equal importance of 

technology well-being. To enhance drone 

acceptance, planners should incorporate 

well-being principles into adoption 

programs, ensuring both psychological and 

well-being factors being addressed in the 

policy frameworks. This approach can 

strengthen strategies for promoting 

sustainable agricultural innovations in rural 

settings. 

Limitations 

This study has several limitations. First, the 

limited literature on technology well-being 

restricted comparative analyses, constraining 

the depth of discussion despite contributing 

to the study’s originality. Secondly, reliance 

on quantitative methods may not fully 

capture the complexities of technology well-

being. Future research should employ 

qualitative approaches to explore nuanced 

dimensions and refine the PERMA 

framework. Thirdly, as many potato growers 

lacked direct drone experience, the study 

focused on the prospective role of technology 

well-being. Retrospective studies comparing 

early adopters and new users could enhance 

model validity. Fourthly, the focus on 

farmers without prior drone experience may 

limit the generalizability of findings. Future 

studies should adopt ex-post or mixed 

methods to compare perceptions and 

behaviors of farmers with and without drone 

experience. Fifthly, the potential mediating 

role of financial concerns in the relationship 

between positive emotions and adoption 

behavior was not empirically tested. Future 

research could address this gap through 

mediation analysis. Finally, due to time and 

budgetary constraints, this study examined 

only the PERMA framework independently, 

without integration with established models 

like TAM or UTAUT. Future research should 

combine PERMA with these frameworks to 

provide a more comprehensive understanding 

of technology adoption. 
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CONCLUSIONS 

Technology well-being, though a novel 

concept, emerges as a critical factor in drone 

technology adoption. While prior agricultural 

studies have largely overlooked this aspect, 

this research underscores its pivotal role in 

shaping acceptance behaviors. Incorporating 

technology well-being into the existing 

adoption models could enhance their 

relevance and applicability. Financial 

barriers remain a significant obstacle to drone 

adoption, particularly in developing 

countries. Government interventions, such as 

financial support and policy incentives, are 

essential to promote adoption. Addressing 

these challenges will strengthen the 

technology well-being model and lay a 

foundation for future research in this 

evolving field. 
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 کار ایرانی زمینینگاهی از منظر بهزیستی به پذیرش پهپاد توسط کشاورزان سیب

 مجتبی شکربیگی، شهپر گراوندی، و فرحناز رستمی 

 چکیده 

اند و توجه محدودی به ابعاد  های سنتی پذیرش فناوری عمدتاً بر عوامل رفتاری تمرکز داشتهمدل
داده نشان  فناوری  پذیرش  فرایند  در  بهزیستی  با  نقش مرتبط  بررسی  هدف  با  پژوهش  این  اند. 

دهی قصد پذیرش و پذیرش فناوری پهپاد در شکل  ، PERMAبهزیستی فناوری، بر پایه چارچوب
سیب کشاورزان  میان  از طرح زمینیدر  استفاده  با  حاضر  پژوهش  شد.  انجام  ایران  غرب  کار 

کشاورز   ۲۳۴مند شامل  ای نظامهای حاصل از نمونههمبستگی انجام گرفت و داده-پیمایش توصیفی
یابی معادلات ساختاری مبتنی بر تحلیل مسیر مورد تجزیه و تحلیل قرار گرفت. با استفاده از مدل 

از  یافته حاصل  دستاوردهای  و  معنا  اجتماعی،  روابط  درگیری،  پذیرش،  قصد  که  داد  نشان  ها 
که ضریب مسیر قصد پذیرش طوریفناوری، تأثیر مثبت و معناداری بر پذیرش پهپاد دارند؛ به 

های به دست آمد. با این حال، هیجان   ۳۸/۰و ضریب مسیر پذیرش فناوری برابر با    ۸۵/۰برابر با  
ها بر نقش محوری بهزیستی فناوری در فرایند مثبت تأثیر معناداری بر پذیرش پهپاد نداشتند. یافته

کنند. نتایج  های نوینی برای توسعه کشاورزی دقیق ارائه می پذیرش فناوری تأکید کرده و بینش
ریزان باید راهبردهای مؤثری را برای تقویت گذاران و برنامهدهد که سیاستهمچنین نشان می

قصد کشاورزان به پذیرش فناوری در اولویت قرار دهند و صرفاً بر ترویج استفاده از فناوری  
کند و بر اهمیت بهزیستی فناوری تمرکز نکنند. این پژوهش زمینه را برای مطالعات آینده فراهم می 

 های کشاورزی تأکید دارد. ریهای کلیدی پذیرش نوآوعنوان یکی از محرکبه
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Estimation of Price and Substitution Elasticities of Cotton 

Production Inputs: Empirical Evidence from Baghlan 

Province, Afghanistan  

Hafizullah Radmand1, 2, Ali Keramatzadeh1*, Ramtin Joolaei1, and Farshid Eshraghi3 

ABSTRACT 

This study aimed to estimate the price and substitution elasticities among the 

production inputs of cotton in Baghlan Province, Afghanistan. Data were collected 

through 132 questionnaires, using stratified random sampling from cotton growers in the 

province. The relationships among production inputs were examined using a translog cost 

function in conjunction with the Seemingly Unrelated Regression (SUR) approach. The 

results showed that the price elasticities of demand for land, animal manure, phosphate 

fertilizer, urea fertilizer, seeds, labor, water, and machinery were -0.036, -0.815, -0.056, -

0.050, -0.056, -0.092, -0.074, and -0.198, respectively. All price elasticities of input demand 

were less than one, indicating inelastic demand, that is, input use is not highly sensitive to 

price changes. The cross elasticities of demand for inputs were also less than one, 

confirming inelastic demand across all inputs. The small values of substitution elasticities 

further indicated that policies targeting a single input would have little impact on the 

allocation of other inputs. Therefore, it is recommended that policymakers avoid focusing 

on individual inputs and, instead, consider all inputs as an integrated system when 

designing agricultural policies. 

Keywords: Allen and Morishima elasticities of substitution, Cost function, Demand for 

inputs, Seemingly Unrelated Regressions (SUR). 

INTRODUCTION 

Cotton is a vital global crop and a 

significant economic driver, especially in 

developing nations. Often referred to as 

“white gold,” it is the world’s most 

consumed natural fiber and a cornerstone of 

the textile industry (Khan et al., 2020). 

Globally, cotton is cultivated on more than 

32.5 Mha, with a total production of 24.08 

million tons in 2021 (Tokel et al., 2022). 

The industry provides livelihoods for 

approximately 31.5 million farmers and 

employs around 150 million people 

worldwide (FAO, 2021).  

In Afghanistan, cotton has been an 

important crop since 1921. Before the 1979 

revolution, the country maintained a strong 

cotton industry, cultivating 128,000 hectares 

and producing 150,000 tons annually. 

However, political instability led to a sharp 

decline in cultivation. Since 2002, the 

Afghan Ministry of Agriculture has 

prioritized reviving the sector, contributing 

to a resurgence in agricultural production 

(ILO, 2017). By 2019, the area under cotton 

cultivation had reached 36,000 ha, with a 

total production of 14,000 tons across 

1 Department of Agricultural Economics, Faculty of Agricultural Management, Gorgan University of 

Agricultural Science and Natural Resources, Gorgan, Islamic Republic of Iran. 
2 Department of Agricultural Economics and Extension, Baghlan University, Baghlan, Afghanistan. 
3 Department of Agricultural Economics, Faculty of Agriculture, College of Agriculture and Natural 

Resources, University of Tehran, Karaj, Islamic Republic of Iran.  

*Corresponding author, email: alikeramatzadeh@gau.ac.ir  
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various provinces, including Baghlan, where 

farmers produced 4,620 tons from 1,650 ha 

(Radmand et al., 2021). 

Understanding the economics of 

production is fundamental to ensuring the 

long-term sustainability of any industry. 

According to Surya et al. (2021), 

comprehensive knowledge of production 

costs and factor contributions is vital for 

improving efficiency, enhancing 

competitiveness, and fostering sustainable 

growth. In agriculture, effective resource 

management remains a cornerstone of 

development, especially given the limited 

availability of key production inputs in 

many regions (Adom and Adams, 2020). 

Analyzing the demand for production 

inputs requires assessing their sensitivity to 

price changes and understanding the 

relationships between them (Ray et al., 

2023). This analysis is essential to inform 

policy decisions. If inputs are 

complementary, reducing costs necessitates 

proportionally reducing all inputs. However, 

if inputs are substitutes, producers can lower 

overall production costs and increase profits 

by replacing more expensive inputs with 

cheaper alternatives (Ren et al., 2021). The 

extent to which inputs can substitute for one 

another plays a key role in determining the 

economic impacts of policies targeting input 

demand. (Feng et al., 2025). 

Furthermore, analyzing input costs 

provides valuable policy insights for 

improving resource allocation efficiency and 

enhancing farmers’ productivity (Du et al., 

2019). Elasticities are key parameters in this 

analysis, as they reveal how the relative cost 

share of production factors changes with 

price fluctuations (Bellocchi and Travaglini, 

2023). According to Binswanger (1974), 

studying the elasticity of substitution is 

fundamental to understanding how easily, or 

with difficulty, one production factor can be 

replaced by another. A higher elasticity 

indicates greater ease of substitution. In this 

context, the present study estimates the price 

and substitution elasticities of cotton 

production inputs in Afghanistan’s Baghlan 

Province, offering important insights into 

the interrelationships among these factors. 

In Afghanistan, the absence of provincial-

level studies has significant implications for 

agricultural policy. National averages 

conceal substantial regional variation in 

resource endowments, production systems, 

and market access. As a result, policies 

designed from aggregated national data 

often fail to address the distinct challenges 

and opportunities within specific provinces. 

For instance, a uniform fertilizer subsidy or 

mechanization program may be effective in 

some areas but economically infeasible, or 

environmentally unsustainable, in others. 

Provincial-level analyses, such as this study 

in Baghlan are, therefore, essential to 

develop locally adapted policies that 

enhance productivity, ensure equitable 

resource distribution, and improve farmers’ 

livelihoods. Accordingly, this study seeks to 

answer the following research question: 

What are the price and substitution 

elasticities among the production inputs used 

in cotton farming in Afghanistan’s Baghlan 

Province, and what are the implications of 

these relationships for regional agricultural 

policy and resource allocation? 

Numerous studies have utilized the 

Seemingly Unrelated Regression (SUR) 

method and the translog cost function to 

analyze input demand and factor 

relationships. For example, Deininger et al. 

(2018) investigated substitution effects 

within Swiss manufacturing firms and 

identified a complementary relationship 

between capital and energy, particularly in 

energy-intensive sectors. In the agricultural 

context, Du et al. (2019) estimated the price 

and substitution elasticities for peach and 

cherry production in Beijing, China, and 

found that labor serves as a substitute for 

land, fertilizers, and pesticides. Similarly, 

Pippa Rochelle and Ferreira Filho (1999) 

investigated the cotton input market in São 

Paulo, Brazil, and revealed that labor and 

machinery were complementary inputs, 

while other factor pairs showed substitution 

relationships. 
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The substitutability and complementarity 

of inputs often vary by context and crop. For 

instance, Pang et al. (2021) observed a 

complementary relationship between 

fertilizer and labor in corn production in 

China, whereas a substitutive relationship 

was identified in cabbage cultivation. Their 

findings further indicated that the price 

elasticity of fertilizer demand was inelastic 

in both production systems. Similar results 

have been reported in other studies, 

highlighting the generally inelastic nature of 

demand for agricultural inputs. Ansari 

Roshandeh et al. (2022) found that water 

demand for rice production in Iran’s Gorgan 

County was inelastic, indicating that 

significant price increases would not 

substantially reduce water consumption. Koç 

and Karayiğit (2022) analyzed the 

Australian water market and the impact of 

electricity price liberalization, finding that 

electricity demand was relatively price-

sensitive and that electricity complemented 

both labor and capital. Forgenie et al. (2023) 

reported that, in Indonesia, the demand for 

animal feed exhibited greater responsiveness 

to variations in income than to fluctuations 

in price. Landolsi and Miled (2024) reached 

a similar conclusion regarding energy 

demand in Tunisia, noting that its sensitivity 

to income was greater than to price 

fluctuations. Wang and Wu (2025) 

examined modernization and substitution 

elasticities in China’s grain production using 

a Translog production function. Their results 

reveal complementary relationships among 

several key factor pairs, including capital–

fertilizer, capital–land, fertilizer–land, 

pesticide–land, and fertilizer–labor. In 

contrast, substitutive relationships were 

identified for capital–pesticide, fertilizer–

pesticide, pesticide–labor, and land–labor. 

Similarly, Gu et al. (2025) investigated how 

rising rural labor prices influence land use 

patterns and crop allocation by applying the 

Translog function. Their findings indicate 

that higher labor costs have reduced the 

planted area of rice and maize, while 

significantly increasing the area devoted to 

wheat. This shift is primarily driven by 

factor substitution, specifically, the 

replacement of labor with fertilizer and 

machinery, which has been instrumental in 

reshaping cropping patterns. These results 

underscore the importance of developing 

and promoting labor-saving technologies, 

such as more efficient fertilizers and small-

scale agricultural machinery. 

Collectively, these studies highlight the 

importance of analyzing input demand and 

factor relationships to inform effective 

resource management and policy. However, 

despite the global significance of cotton and 

the well-established methodologies for this 

type of analysis, a notable research gap 

exists in Afghanistan. To the best of the 

current knowledge, no comparable research 

has been undertaken at the provincial level, 

particularly in Baghlan, a major agricultural 

region. Hence, this study seeks to fill this 

gap by estimating the price and substitution 

elasticities of cotton production inputs in 

Baghlan Province, thereby generating 

valuable insights to support local 

agricultural development. 

MATERIALS AND METHODS 

Study Area 

Afghanistan, with an area of 652,864 

square kilometers, is divided into 34 

provinces and 398 districts, based on its 

administrative divisions (Figure 1). As of 

2020, its population was approximately 38.8 

million. Approximately, 61.6% of the 

population relies on agriculture and animal 

husbandry, and the agricultural sector 

accounts for 23% of the GDP (Radmand et 

al., 2021). Afghanistan possesses an 

estimated 75 B m3 of total annual freshwater 

resources, comprising roughly 57 B m3 

(76%) of surface water and 18 B m3 (24%) 

of groundwater (Mahmoodi, 2008). Baghlan 

Province is one of the major industrial and 

agricultural regions located in northeastern 

Afghanistan (Figure 1). The province covers 

21,118 km2 and has an estimated population 
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of about 1.77 million people (Radmand et 

al., 2021).  

This study estimated the input demand 

function to determine the price elasticity of 

demand and the elasticities of substitution 

among production inputs. Consistent with 

previous research (Du et al., 2019; 

Miljkovic et al., 2016; Mufutau Opeyemi, 

2021; Ray et al., 2023; Ren et al., 2021; 

Ranjbar et al., 2023), the Seemingly 

Unrelated Regression (SUR) approach was 

employed, as it is well-suited to cross-

sectional data and effectively accounts for 

the interdependence among input demand 

equations. By considering the 

contemporaneous correlation among the 

error terms across equations within the 

system, the SUR method yields more 

efficient parameter estimates compared to 

the single-equation Ordinary Least Squares 

(OLS) approach. Since changes in prices or 

external shocks simultaneously affect the 

demand for all inputs, SUR enables the 

modeling of such interdependence. 

Consequently, SUR is a powerful tool for 

accurately estimating price and substitution 

elasticities within a system of equations 

(Griffin et al., 1987; Du et al., 2019). The 

general form of the SUR model is as follows 

(Griffin et al., 1987): 
𝑌1𝑖 = 𝛼1 + 𝛽1𝑋1𝑡 + 𝑢1𝑡  ;  𝑡 = 1, … … . 𝑇 (1) 

𝑌2𝑖 = 𝛼2 + 𝛽2𝑋2𝑡 + 𝑢2𝑡  ;  𝑡 = 1, … … . 𝑇 (2) 

Here, Y represents the level of production, 

and X denotes the production factor. While 

Equations (1) and (2) may appear 

independent, certain underlying factors can 

cause them to vary simultaneously, affecting 

production outcomes through the 

disturbance terms u1t and u2t. Consequently, 

this study utilized the SUR method to 

estimate both the translog cost function and 

the input share demand functions. 

Translog Production Function 

The translog production function was 

proposed by Christensen et al. (1971). This 

function is a logarithmic, flexible, functional 

form that allows substitution elasticities and 

partial production elasticities to vary with 

input levels (Debertin, 2012). The translog 

production function encompasses all three 

production regions, permitting marginal 

products to be increasing, decreasing, or 

even negative. Beyond the primary variable 

coefficients, the translog specification also 

estimates the interaction terms between 

variables. The general form of the translog 

production function is presented in Equation 

(3) (Griffin et al., 1987). 

 

Figure 1. The geographic location of Baghlan Province in Afghanistan. 
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Ln(𝑌) = 𝛼0 + ∑ 𝛼0 Ln(𝛼𝑖) +𝑛
𝑖=1

1

2
∑ ∑ 𝑏𝑖𝑗 Ln(𝑥𝑖) Ln(𝑥𝑗)𝑛

𝑗=1
𝑛
𝑖=1   (3) 

Where, Y represents the production 

amount, and xi and xj are the production 

inputs. 

Translog Cost Function 

The cost function describes the 

relationship between total cost, input prices, 

and the level of output. Deriving the cost 

function involves either minimizing total 

cost for a specified level of production or 

maximizing output within a given budget 

constraint. As the dual of the production 

function, each production function 

corresponds to a unique cost function, 

allowing the production function to be 

inferred from the cost function. Equation 4 

shows the general form of the cost function. 

C= 𝑓 (𝑃1, 𝑃2, 𝑃3, … , 𝑃𝑛 , Q)   (4) 

Where, C represents the Total Cost, Q 

represents the Amount of Production, and P₁ 

to Pₙ represent the Prices of Production 

Inputs. 

This study utilized the translog cost 

function to estimate the cost structure of 

production. A key advantage of this 

functional form is that the substitution 

elasticities among production factors are not 

constant but vary depending on both the 

production level and the combination of 

inputs used (Griffin et al., 1987). This 

functional form has been widely used in 

economic literature (Christensen and 

Ramananantoandro, 1971; Koç and 

Karayiğit, 2022). One key reason for its 

widespread application is the ease of 

interpreting results and deriving marginal 

costs (Johansen, 1972). The general form of 

the translog cost function is given by 

Equation (5): 
ln(𝐶) = 𝛼0 + ∑ 𝛼𝑖 ln 𝑌𝑖 + ∑ 𝛽𝑖 ln 𝑃𝑖

𝑛
𝑖=1 +𝑛

𝑖=1
1

2
∑ ∑ 𝛼𝑖𝑗 ln 𝑌𝑖   ln 𝑌𝑗 +𝑛

𝑗=1
𝑛
𝑖=1

 1

2
∑ ∑ 𝛽𝑖𝑗 ln 𝑃𝑖  ln 𝑃𝑗 +𝑛

𝑗=1
𝑛
𝑖=1

 1

2
∑ ∑ 𝛾𝑖𝑗 ln 𝑌𝑖  ln 𝑃𝑗 + 𝑒𝑖

𝑛
𝑗=1

𝑛
𝑖=1     (5) 

Where, C represents the Total Cost, Yᵢ 

represents the Level of Production, Pᵢ and Pⱼ 

represent the Prices of Inputs, and αᵢ, βᵢ, αᵢⱼ, 

βᵢⱼ, and γᵢⱼ denote the estimated parameters. 

In general, the translog cost function 

possesses the properties of positivity, 

symmetry, and homogeneity with respect to 

input prices. The dependent variable of the 

translog function is expressed in logarithmic 

form, ensuring the positivity condition. The 

restriction βij= βji must be imposed to 

ensure symmetry. The assumption of 

homogeneity with respect to input prices 

implies that, if all input prices double while 

output remains constant, the total cost will 

also double. To satisfy the homogeneity 

condition of the cost function, the following 

constraints must be imposed when 

estimating the SUR model (Garcia and 

Randall, 1994; Rigi and Shahraki, 2017): 

∑ 𝛽𝑖

𝑛

𝑖=1

= 1 ∑ 𝛽𝑖𝑗

𝑛

𝑖=1

= ∑  𝛽𝑗𝑖

𝑛

𝑗=1

= 0 

Demand Functions of Inputs 

There are two primary approaches to 

deriving the demand function for input. 

When the production function displays 

Increasing Returns to Scale (IRS), the input 

demand function is obtained by minimizing 

the cost function. In this scenario, 

differentiating the cost function with respect 

to input prices (Shephard’s Lemma) 

produces an indirect (conditional) input 

demand function. Conversely, if the 

production function exhibits Decreasing 

Returns to Scale (DRS), the input demand 

function can be derived through profit 

maximization using Hotelling’s Lemma 

(Varian, 1992). The general form of the 

conditional demand function of production 

inputs, according to Shephard's theorem, 

which represents the equations of the cost 

share of inputs, is given by Equation (6): 

𝑆𝑖 =
𝑃𝑖𝑋𝑖

∑ 𝑃𝑖𝑋𝑖
=

𝑃𝑖

𝐶
. 𝑋𝑖 =

𝑃𝑖

𝐶
.

 𝜕 𝐶

 𝜕 𝑃𝑖
=

𝜕 ln 𝐶

𝜕 ln 𝑃𝑖
 =  𝑎𝑖 +

∑ 𝛽𝑖𝑗 ln𝑃𝑗
𝑛
𝑗=1  + 𝛾𝑖𝑦ln𝑌    (6) 

Here, 𝑆𝑖 denotes the cost share of the 𝑖th 

input, 𝐶represents the total production cost, 

𝑃𝑖 and 𝑃𝑗 denote the prices of the 𝑖th and 𝑗th 

inputs, respectively, and 𝑌is the output level. 
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Because the cost shares sum to unity (Σ Sᵢ = 

1), the disturbance covariance matrix is 

singular, making only (n-1) cost share 

equations linearly independent. 

Consequently, the standard procedure in 

Seemingly Unrelated Regression (SUR) 

estimation involves omitting one cost share 

equation from the system to overcome 

singularity, while expressing all input prices 

in relative terms (normalized by the price of 

the omitted input) to automatically enforce 

the price homogeneity condition of degree 

one. The parameters of the omitted equation 

are subsequently derived using the linear 

adding-up and symmetry restrictions. The 

standard procedure for estimating input 

demand functions involves omitting one cost 

share equation from the system of 

simultaneous equations and estimating the 

parameters for the remaining 𝑛 − 1 

equations. The parameters of the omitted 

equation are subsequently derived from the 

estimated parameters of the included 

equations (McGeehan,1993; Pippa Rochelle 

and Ferreira Filho, 1999; Shahraki and Ali 

Ahmadi, 2014; Wijetunga, 2023; Rigi and 

Shahraki, 2016; Ning et al., 2020, and 

Abbasian et al., 2022). Therefore, one cost 

share equation, typically corresponding to 

the input with the lowest cost share, is 

omitted from the model. In this study, the 

cost of pesticides was excluded from the 

analysis because it represented the smallest 

share of the total production cost. Therefore, 

the cost function of each production input 

was estimated as follows: 

𝑆𝑆 = 𝛼𝑆 + 𝛽𝑆𝑆 𝐿𝑜𝑔 (
𝑃𝑆

𝑃𝑃
) +

𝛽𝑆𝐿𝐿𝑜𝑔 (
𝑃𝐿

𝑃𝑃
) + 𝛽𝑆𝑅 𝐿𝑜𝑔 (

𝑃𝑅

𝑃𝑃
) +

+𝛽𝑆𝑁 𝐿𝑜𝑔 (
𝑃𝑁

𝑃𝑃
) + 𝛽𝑆𝑃𝐻𝐿𝑜𝑔 (

𝑃𝑃𝐻

𝑃𝑃
) +

𝛽𝑆𝐴𝐿𝑜𝑔 (
𝑃𝐴

𝑃𝑃
) + 𝛽𝑆𝑊 𝐿𝑜𝑔 (

𝑃𝑊

𝑃𝑃
) +

𝛽𝑆𝑀 𝐿𝑜𝑔 (
𝑃𝑀

𝑃𝑃
) + 𝛾𝑆𝑌𝐿𝑜𝑔 𝑌                       (7) 

𝑆𝐿 = 𝛼𝐿 + 𝛽𝐿𝑆 𝐿𝑜𝑔 (
𝑃𝑆

𝑃𝑃
) +

𝛽𝐿𝐿𝐿𝑜𝑔 (
𝑃𝐿

𝑃𝑃
) + 𝛽𝐿𝑅 𝐿𝑜𝑔 (

𝑃𝑅

𝑃𝑃
) +

𝛽𝐿𝑁 𝐿𝑜𝑔 (
𝑃𝑁

𝑃𝑃
) + 𝛽𝐿𝑃𝐻𝐿𝑜𝑔 (

𝑃𝑃𝐻

𝑃𝑃
) +

𝛽𝐿𝐴𝐿𝑜𝑔 (
𝑃𝐴

𝑃𝑃
) + 𝛽𝐿𝑊 𝐿𝑜𝑔 (

𝑃𝑊

𝑃𝑃
) +

𝛽𝐿𝑀 𝐿𝑜𝑔 (
𝑃𝑀

𝑃𝑃
) + 𝛾𝐿𝑌𝐿𝑜𝑔 𝑌                       (8) 

𝑆𝑁 = 𝛼𝑁 + 𝛽𝑁𝑆 𝐿𝑜𝑔 (
𝑃𝑆

𝑃𝑃
) + 𝛽𝑁𝐿𝐿𝑜𝑔 (

𝑃𝐿

𝑃𝑃
) +

𝛽𝐿𝑅  𝐿𝑜𝑔 (
𝑃𝑅

𝑃𝑃
) + 𝛽𝑁𝑁 𝐿𝑜𝑔 (

𝑃𝑁

𝑃𝑃
) +

𝛽𝑁𝑃𝐻𝐿𝑜𝑔 (
𝑃𝑃𝐻

𝑃𝑃
) + 𝛽𝑁𝐴𝐿𝑜𝑔 (

𝑃𝐴

𝑃𝑃
) +

𝛽𝑁𝑊 𝐿𝑜𝑔 (
𝑃𝑊

𝑃𝑃
) + 𝛽𝑁𝑀  𝐿𝑜𝑔 (

𝑃𝑀

𝑃𝑃
) +

𝛾𝑁𝑌𝐿𝑜𝑔 𝑌                                                                 (9) 

𝑆𝑃𝐻 = 𝛼𝑃𝐻 + 𝛽𝑃𝐻 𝑆 𝐿𝑜𝑔 (
𝑃𝑆

𝑃𝑃
) +

𝛽𝑃𝐻 𝐿𝐿𝑜𝑔 (
𝑃𝐿

𝑃𝑃
) + 𝛽𝑃𝐻𝑅  𝐿𝑜𝑔 (

𝑃𝑅

𝑃𝑃
) +

𝛽𝑃𝐻 𝑁 𝐿𝑜𝑔 (
𝑃𝑁

𝑃𝑃
) + 𝛽𝑃𝐻 𝑃𝐻𝐿𝑜𝑔 (

𝑃𝑃𝐻

𝑃𝑃
)  +

𝛽𝑃𝐻 𝐴𝐿𝑜𝑔 (
𝑃𝐴

𝑃𝑃
) + 𝛽𝑃𝐻 𝑊 𝐿𝑜𝑔 (

𝑃𝑊

𝑃𝐾
) +

𝛽𝑅𝑀  𝐿𝑜𝑔 (
𝑃𝑀

𝑃𝑃
) + 𝛾𝑃𝐻 𝑌𝐿𝑜𝑔 𝑌                      (10) 

𝑆𝑅 = 𝛼𝑅 + 𝛽𝑅𝑆 𝐿𝑜𝑔 (
𝑃𝑆

𝑃𝑃
) + 𝛽𝑅𝐿𝐿𝑜𝑔 (

𝑃𝐿

𝑃𝑃
) +

𝛽𝑅𝑅  𝐿𝑜𝑔 (
𝑃𝑅

𝑃𝑃
) + 𝛽𝑅𝑁  𝐿𝑜𝑔 (

𝑃𝑁

𝑃𝑃
) +

𝛽𝑅 𝑃𝐻𝐿𝑜𝑔 (
𝑃𝑃𝐻

𝑃𝑃
) + 𝛽𝑅 𝐴𝐿𝑜𝑔 (

𝑃𝐴

𝑃𝑃
) +

𝛽𝑅 𝑊 𝐿𝑜𝑔 (
𝑃𝑊

𝑃𝑃
) + 𝛽𝑅𝑀  𝐿𝑜𝑔 (

𝑃𝑀

𝑃𝑃
) +

𝛾𝑅 𝑌𝐿𝑜𝑔 𝑌                                                              (11)              

𝑆𝑊 = 𝛼𝑊 + 𝛽𝑊𝑆 𝐿𝑜𝑔 (
𝑃𝑆

𝑃𝑃
) + 𝛽𝑊𝐿𝐿𝑜𝑔 (

𝑃𝐿

𝑃𝑃
) +

𝛽𝑊𝑅  𝐿𝑜𝑔 (
𝑃𝑅

𝑃𝑃
) + 𝛽𝑊𝑁 𝐿𝑜𝑔 (

𝑃𝑁

𝑃𝑃
) +

𝛽𝑊 𝑃𝐻𝐿𝑜𝑔 (
𝑃𝑃𝐻

𝑃𝑃
) + 𝛽𝑊𝐴𝐿𝑜𝑔 (

𝑃𝐴

𝑃𝑃
) +

𝛽𝑊𝑊 𝐿𝑜𝑔 (
𝑃𝑊

𝑃𝑃
) + 𝛽𝑊𝑀 𝐿𝑜𝑔 (

𝑃𝑀

𝑃𝑃
) +

𝛾𝑊 𝑌𝐿𝑜𝑔 𝑌                                                            (12)  

𝑆𝐴 = 𝛼𝑅 + 𝛽𝐴𝑆  𝐿𝑜𝑔 (
𝑃𝑆

𝑃𝑃
) + 𝛽𝐴𝐿𝐿𝑜𝑔 (

𝑃𝐿

𝑃𝑃
) +

𝛽𝐴𝑅  𝐿𝑜𝑔 (
𝑃𝑅

𝑃𝑃
) + 𝛽𝐴𝑁  𝐿𝑜𝑔 (

𝑃𝑁

𝑃𝑃
) +

𝛽𝐴 𝑃𝐻𝐿𝑜𝑔 (
𝑃𝑃𝐻

𝑃𝑃
) + 𝛽𝐴 𝐴𝐿𝑜𝑔 (

𝑃𝐴

𝑃𝑃
) +

𝛽𝐴 𝑊 𝐿𝑜𝑔 (
𝑃𝑊

𝑃𝑃
) + 𝛽𝐴𝑀  𝐿𝑜𝑔 (

𝑃𝑀

𝑃𝑃
) + 𝛾𝑅 𝑌𝐿𝑜𝑔 𝑌 

                 (13)  

𝑆𝑀 = 𝛼𝑀 + 𝛽𝑀𝑆 𝐿𝑜𝑔 (
𝑃𝑆

𝑃𝑃
) + 𝛽𝑀𝐿𝐿𝑜𝑔 (

𝑃𝐿

𝑃𝑃
) +

𝛽𝑀𝑅  𝐿𝑜𝑔 (
𝑃𝑅

𝑃𝑃
) + 𝛽𝑀𝑁  𝐿𝑜𝑔 (

𝑃𝑁

𝑃𝑃
) +

𝛽𝑀 𝑃𝐻𝐿𝑜𝑔 (
𝑃𝑃𝐻

𝑃𝑃
) + 𝛽𝑀𝐴𝐿𝑜𝑔 (

𝑃𝐴

𝑃𝑃
) +

𝛽𝑀𝑊 𝐿𝑜𝑔 (
𝑃𝑊

𝑃𝑃
) + 𝛽𝑀𝑀 𝐿𝑜𝑔 (

𝑃𝑀

𝑃𝑃
) +

𝛾𝑀 𝑌𝐿𝑜𝑔 𝑌                                                             (14)  

In these equations, Sₐ, Sₛ, Sₗ, Sₙ, Sₚₕ, Sₚ, S𝑤, 

Sᵣ, and Sₘ represent the Cost Shares of 

Manure, Seed, Labor, Nitrogen, Phosphate, 

Pesticide, Water, Land, and Machinery, 

respectively. Similarly, Pₐ, Pₛ, Pₗ, Pₙ, Pₚₕ, Pₚ, 
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P𝑤, Pᵣ, and Pₘ denote their corresponding 

Input Prices. 

Allen-Uzawa Partial Elasticities of 

Substitution (AES) 

In empirical research, the most commonly 

employed measures of input substitution are 

the Allen–Uzawa Elasticities of Substitution 

(AES) (Zha and Ding, 2014), which were 

initially proposed by Hicks and Allen (1934) 

and, subsequently, refined by Allen (1938) 

and Uzawa (1962). Partial elasticities are a 

useful method for measuring the 

substitutability between factors of 

production and play an essential role in 

determining the optimal composition and 

efficient utilization of production inputs 

(Stern, 1997). These elasticities measure the 

percentage change in the ratio of two 

production inputs in response to a 1% 

change in their relative prices. A positive 

Allen AES signifies that the inputs function 

as substitutes, whereas a negative AES 

indicates a complementary relationship 

between them (Knoblach and Stöckl, 2020). 

Equations (15) and (16) specify the Allen 

cross- and own-partial elasticities of 

substitution. 

𝐴𝐸𝑆𝑖𝑗 =
𝛽ij+𝑆𝑖𝑆𝑗

𝑆𝑖𝑆𝑗
   (15) 

𝐴𝐸𝑆𝑖𝑖 =
𝛽ii+𝑆𝑖(𝑆𝑖−1)

𝑆𝑖
2     (16) 

Here, AESᵢⱼ represents Allen’s Cross-

Partial Elasticity of Substitution, AESᵢⱼ 

denotes Allen’s Own-Partial Elasticity of 

Substitution, βᵢⱼ is the coefficient of the jth 

input in the equation for the ith input, and si 

and sj are the cost shares of the ith and jth 

inputs, respectively. The signs of these 

elasticities are typically expected to be 

negative, reflecting the general inverse 

relationship between the demand for a 

product and its price, except in the case of 

Giffen goods (A Giffen good is an inferior 

good whose demand increases as its price 

increases because the income effect exceeds 

the substitution effect) (Varian, 1992; 

Henderson and Quandt, 1980). Allen’s 

cross-partial elasticities are symmetric, if 

AESᵢⱼ> 0, this indicates a substitutive 

relationship between the two inputs, whereas 

AESᵢⱼ< 0 indicates a complementary 

relationship (Kuroda, 1987). 

Own and Cross-Price Elasticity of Input 

Demand 

The own-price elasticity of demand for a 

production input reflects the percentage 

change in the quantity demanded of that 

input resulting from a 1% change in its own 

price. Likewise, the cross-price elasticity of 

demand measures the percentage change in 

demand for one input resulting from a 1% 

change in the price of another input (Zha 

and Ding, 2014). In the present study, cross-

price elasticities of input demand are 

employed to analyze the substitutive or 

complementary relationships among 

production inputs. These elasticities were 

computed using Equations (17) and (18). 

𝜀𝑖𝑖= 𝐴𝐸𝑆𝑖𝑖∗ 𝑆𝑖 
 for i = j    (17) 

𝜀𝑖j= 𝐴𝐸𝑆ij∗ 𝑆j 
 . 𝜀ji= 𝐴𝐸𝑆ji∗ 𝑆i 

 for i = j  (18) 

Here, εᵢᵢ denotes the own-price elasticity of 

demand, εᵢⱼ represents the cross-price 

elasticity of demand for the ith input with 

respect to the price of the jth input, AESij 

indicates Allen’s Cross-Partial Elasticity of 

Substitution, and AESii denotes Allen’s 

Own-Partial Elasticity of Substitution. When 

the price elasticity of input demand is 

greater than zero (εᵢᵢ> 0), the demand for that 

input is considered elastic; when it is less 

than zero (εᵢᵢ< 0), the demand is inelastic; 

and when it equals unity (εᵢᵢ= 0), the demand 

demonstrates unitary elasticity. Similarly, 

when the cross-price elasticity of input 

demand is positive (𝜀𝑖𝑗 > 0), the inputs are 

considered substitutes, whereas a negative 

value (𝜀𝑖𝑗 < 0) indicates that the inputs are 

complements. It is important to note that, 

unlike the Allen elasticity of substitution, 

these elasticities are asymmetric—meaning 

that the elasticity of demand for the 𝑖𝑡ℎinput 

with respect to the price of the 𝑗𝑡ℎ input is 

not necessarily equal to that of the 𝑗𝑡ℎinput 
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with respect to the price of the 𝑖𝑡ℎinput 

(𝜀𝑖𝑗 ≠ 𝜀𝑗𝑖). 

The cross-price elasticity of input demand 

measures the absolute degree of substitution 

between inputs, but does not capture the 

relative substitution among production 

factors (Zha and Ding, 2014). In contrast, 

Allen’s Cross-Partial Elasticity of 

Substitution (AES), compared with the 

cross-price elasticity of input demand, 

reflects the relative substitutability between 

two factors while accounting for the 

substitution effects of other inputs (Stern, 

1997). 

The Morishima Elasticity of 

Substitution (MES) 

The MES is defined as the logarithmic 

derivative of the ratio of input quantities 

with respect to the ratio of their prices 

(Morishima, 1967). Introduced by 

Morishima in 1967, this measure serves as 

an alternative approach to assessing the 

degree of substitutability among production 

inputs. This measure provides a superior 

framework for evaluating input 

substitutability under relative price shifts. 

The Allen–Uzawa Elasticity of 

Substitution (AES) fails to retain several 

essential characteristics of the original 

Hicksian concept—as follows: 

(i) It does not accurately measure the ease 

of substitution or the curvature of the 

isoquant, (ii) It offers no insight into relative 

factor shares, 

(iii) It cannot be formulated as the 

logarithmic derivative of an input quantity 

ratio with respect to a price ratio. 

However, Morishima introduced the 

Morishima Elasticity of Substitution (MES) 

to overcome these limitations (Blackorby, C. 

and Russell, R. R. 1981). The Morishima 

elasticity of substitution is defined as 

follows: 

𝑀𝐸𝑆𝑖𝑗 = 𝜀𝑖𝑗 − 𝜀𝑗𝑗    (19) 

Where εᵢⱼ represents the cross-price 

elasticity of the ith input demand with 

respect to the jth input price, εⱼⱼ represents 

the own-price elasticity of demand for the 

jth input, and MES denotes the Morishima 

elasticity of substitution. A positive MES 

value indicates a substitution relationship 

between two inputs, and the magnitude of 

the value determines the strength of this 

relationship. Values greater than one (MES> 

1) denote strong substitution, whereas values 

between zero and one (0< MES≤1) indicate 

weak substitution. Conversely, a negative 

MES value signifies a complementary 

relationship, where the absolute magnitude 

reflects the degree of complementarity—

values greater than one (|MES|> 1) suggest 

strong complementarity, and values between 

zero and one (0< |MES| ≤1) indicate weak 

complementarity. Overall, the MES results 

are consistent with the Allen–Uzawa partial 

elasticity estimates, reinforcing the 

robustness and coherence of the empirical 

findings. 

RESULTS AND DISCUSSION  

 The results of this study include a 

descriptive analysis of cotton farmers' data 

(Table 1), the estimation of the translog cost 

function and input share demand functions, 

and the calculation of the Allen, Morishima, 

own-price, and cross-price elasticities of 

demand. 

Based on the descriptive statistics, the 

average cotton farmer in Baghlan Province 

is a seasoned practitioner, with an average of 

15.3 years of experience, despite a relatively 

low average education level of 6.6 years. 

The data highlight a high reliance on family 

labor, with a large average family size of 

10.9 and a substantial labor input of 164.9 

person-days per hectare. This contrasts 

sharply with the limited use of machinery 

(23.5 hours ha-1), confirming the labor-

intensive nature of cotton cultivation. 

Furthermore, the results reveal a strong 

dependency on chemical fertilizers, with 

high average application rates for both 

phosphate and urea. In contrast, the use of 

animal manure is exceptionally low and 

highly variable, indicating that it is not a 
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primary input source for most farmers. 

Overall, these findings provide a crucial 

foundation for understanding the economic 

behavior and production constraints of 

farmers in the region. 

Estimation Results of the Cost Function 

Table 2 presents the estimation results of 

the translog cost function for cotton 

production in Baghlan Province, 

Afghanistan. As shown, the total cost of 

cotton production depends on the prices of 

land, animal manure, nitrogen fertilizer, 

phosphate fertilizer, pesticides, labor, water, 

and machinery. While individual coefficient 

interpretations in Translog models are 

complex due to the presence of numerous 

interaction terms, they are primarily used 

here to derive elasticity estimates, which 

offer more interpretable insights into the 

relationships among production inputs.  

In this study, we employed the Variance 

Inflation Factor (VIF) test to assess 

multicollinearity (O'Brien, 2007), the 

Jarque-Bera test to examine the normality of 

disturbance terms (Jarque and Bera, 1980 

and Bera et al., 1984), the White test to 

diagnose heteroscedasticity (White, 1980), 

and the LM test to detect autocorrelation 

(Breusch, 1978; Godfrey, 1978). The results 

are presented in Tables 2 and 3. The VIF test 

indicates that there was no serious 

multicollinearity in the model, as all values 

were well below the standard threshold of 5. 

Furthermore, the results of the Jarque–Bera 

test indicate that the null hypothesis of 

normally distributed residuals cannot be 

rejected (Prob> 0.05). Similarly, the results 

of the White and LM tests confirm that the 

null hypotheses of homoscedasticity and no 

autocorrelation in the disturbances cannot be 

rejected (Prob.> 0.05). 

Estimation Results of Input Demand 

Functions Using Seemingly Unrelated 

Regression Equations (SURE) 

Table 4 presents the estimated demand 

functions for cotton inputs in Baghlan 

Province. These functions were 

systematically estimated using the 

Table 1. Results of descriptive statistics for cotton farmers in Baghlan Province, Afghanistan. 

 

 

 

 

 

 

Variable Unit Mean Min Maxi Standard Deviation 

Age Years 44.9 20 80 12.97 

Education Years 6.6 0 16 6.39 

Family size Persons 10.9 5 26 3.97 

Experience Years 15.3 2 42 5.93 

Animal 

Manure 

kg ha-1 0.9 0 5 1.45 

Phosphate 

Fertilizer 

kg ha-1 190 100 290 58.08 

Urea 

Fertilizer 

kg ha-1 178 100 250 28.30 

Seed kg ha-1 76.5 62 98 8.70 

Herbicide kg ha-1 0.9 0 3 0.95 

Insecticide kg ha-1 0.6 0 3 0.88 

Fungicide kg ha-1 0.3 0 3 0.71 

Labor Person-

days 
164.9 133 192 12.77 

Water m3 ha-1 4386.1 2433 6272 867 

Machinery Hours 23.5 17 30 3.18 
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Seemingly Unrelated Regression Equations 

(SURE) method, and the results were 

subsequently used to calculate the 

elasticities of substitution, as described 

previously.   

The statistical significance of the 

coefficients was assessed at the 5% level, 

with p-values less than 0.05 considered 

statistically significant. Table 4 shows that 

all the coefficients of the demand function 

for the land cost share are significant at this 

Table 2. Results of the translog cost function of cotton in Baghlan Province, Afghanistan. 

Variables Description Coefficients Prob. VIF 

C Intercept 6.4317 0.0000  

Log(PA) Logarithm of the Animal Manure Price 0.0032 0.0172 3.14 

Log(PS) Logarithm of Seed Price 0.0207 0.0000 1.69 

Log(PA)2 Square Logarithm of Animal Manure Price 0.0009 0.0000 4.46 

Log(P𝐿)2 Square Logarithm of Labor Wage 0.1176 0.0000 3.55 

Log(P𝑁)2 Square Logarithm of Nitrogen Price 0.0158 0.0111 1.81 

Log(P𝑃)2 Square Logarithm of Pesticide Price 0.0003 0.0000 2.53 

Log(P𝑃𝐻)2 Square Logarithm of Phosphate Price 0.0293 0.0000 4.07 

Log(P𝑅)2 Square Logarithms of the Land Price 0.1043 0.0000 1.07 

Log(P𝑊)2 Square logarithms of water price 0.0009 0.0000 1.71 

Log(Y)*Log(PL) Interaction of Production and Labor Price -0.0570 0.0000 4.87 

Log(Y)*Log(PM) Interaction of Production and Machinery Price 0.0662 0.0000 4.96 

Log(PA)* 

Log(PPH) 

Interaction of Animal Manure Price and Phosphate 

Price  

-0.0003 0.0049 4.28 

Log(PA)* 

Log(PW) 

Interaction of Animal Manure Price and Water 

Price  

0.0003 0.0209 4.49 

Log(PL)*Log(PN) Interaction of Labor Wage and Nitrogen Price  -0.0212 0.0254 3.90 

Log(PL)*Log(PR) The interaction of Labor Wage and Land Price -0.1396 0.0000 4.25 

Log(PM)*Log(PP) Interaction of Machinery and Pesticide Price 0.0001 0.0000 1.70 

Log(PM)* 

Log(PPH) 

Interaction of Machinery Price and Phosphate Price  -0.0265 0.0000 4.03 

Log(PM)*Log(PR) The interaction of Machinery Price and Land Price -0.0196 0.0096 3.85 

Log(PPH)* 

Log(PR) 

Interaction of Phosphate Price and Land Price -0.0198 0.0000 2.98 

R2 0.9992  

Adjusted R2  0.9991  

F-Statistics 8088.11  

Prob. (F-statistics)a 0.0000  

a "Prob." (P-values of t-statistics for parameter significance) and "VIF" (Variance Inflation Factor, for 

multicollinearity). "Prob." denotes the P-value of the respective statistical test.  
 

Table 3. Test results of normality, heteroscedasticity, and autocorrelation in the translog cost function of cotton.a 

Test Normality (Jarque-Bera statistics) Heteroskedasticity (White test) Autocorrelation (LM-test) 

T-statistics 4.3222 0.4267 1.3205 

Prob. 0.1151 0.9821 0.2712 

a "Prob." denotes the P-value of the respective statistical test. P-values (P-value> 0.05) indicate that the null 

hypotheses of normally distributed residuals (Jarque-Bera test), homoscedasticity (White test), and no 

autocorrelation (LM test) cannot be rejected at the 5% significance level. 
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level, except for the production variable. 

The demand for land share is positively 

related to the price of land; that is, as the 

price of land increases, the share of land in 

the total cost of cotton production also rises. 

In contrast, there is a significant negative 

relationship between the prices of animal 

manure, phosphate fertilizer, nitrogen 

fertilizer, seed, labor, water, and machinery, 

indicating that as the prices of these inputs 

increase, the share of land in total cost 

decreases. The demand functions for other 

input shares can be interpreted similarly. 

Allen-Uzawa Partial Elasticities of 

Substitution (AES) 

Table 5 presents the results of Allen–

Uzawa’s own and cross partial elasticities of 

substitution, calculated from the estimated 

coefficients of the demand functions. All the 

Allen–Uzawa partial elasticities of 

substitution (i.e., the diagonal elements of 

Table 5. Partial elasticity of the Allen-Uzawa substitution for cotton production inputs in Baghlan 

Province, Afghanistan. 

Inputs Land Manure Phosphate Nitrogen Seed Labor Water Machinery 

Land -0.109 0.831 0.090 0.122 0.078 0.033 0.057 -0.031 

Manure -- -99.080 0.725 0.858 0.831 0.811 0.764 0.885 

Phosphate -- -- -0.692 0.067 0.283 0.073 0.431 -0.249 

Nitrogen -- -- -- -1.490 0.197 0.057 0.868 -0.492 

Seed -- -- -- -- -2.508 -0.267 3.567 0.719 

Labor -- -- -- -- -- -0.221 -0.923 0.751 

Water -- -- -- -- -- -- -9.302 1.358 

Machinery -- -- -- -- -- -- -- -1.659 
 

 

 

Table 4. Results of estimating the demand functions of the share of inputs in cotton production in the Baghlan 

Province of Afghanistan.a 

Inputs 𝛼 𝛽𝑃𝑅 𝑃𝑅 𝛽𝑃𝑅 𝑃𝐴 𝛽𝑃𝑅 𝑃𝑃𝐻 𝛽𝑃𝑅 𝑃𝑁 𝛽𝑃𝑅 𝑃𝑆 𝛽𝑃𝑅 𝑃𝐿 𝛽𝑃𝑅 𝑃𝑊 𝛽𝑃𝑅 𝑃𝑀 𝛾𝑃𝑅𝑌 

Land 
0.288 

(6.75) *  

0.208 

(15.1) 

-0.0004 

(-10.1) 

-0.024 

(-19.5) 

-0.0097 

(-5.51) 

-0.004 

(-2.19) 

-0.131 

(-33.7) 

-0.004 

(-2.91) 

-0.033 

(-11.1) 

-0.007 

(-1.42) 

 𝛼 𝛽𝑃𝐴 𝑃𝑅 𝛽𝑃𝐴 𝑃𝐴 𝛽𝑃𝐴 𝑃𝑃𝐻 𝛽𝑃𝐴 𝑃𝑁 𝛽𝑃𝐴 𝑃𝑆 𝛽𝑃𝐴 𝑃𝐿 𝛽𝑃𝐴 𝑃𝑊 𝛽𝑃𝐴 𝑃𝑀 𝛾𝑃𝐴𝑌 

Animal 

manure 

0.0671 

(1.20) 

-0.003 

(-1.89) 

-0.001 

(21.79) 

-0.001 

(-0.53) 

0.004 

(-1.51) 

0.0005 

(0.182) 

-0.003 

(-0.60) 

0.001 

(0.83) 

-0.0001 

(-0.03) 

-0.003 

(-0.49) 

 𝛼 𝛽𝑃𝑃𝐻 𝑃𝑅 𝛽𝑃𝑃𝐻 𝑃𝐴 𝛽𝑃𝑃𝐻 𝑃𝑃𝐻 𝛽𝑃𝑃𝐻 𝑃𝑁 𝛽𝑃𝑃𝐻 𝑃𝑆 𝛽𝑃𝑃𝐻 𝑃𝐿 𝛽𝑃𝑃𝐻 𝑃𝑊 𝛽𝑃𝑃𝐻 𝑃𝑀 𝛾𝑃𝑃𝐻𝑌 

Phosphate 
0.185 

(5.89) 

-0.023 

(-17.0) 

-0.0001 

(-5.82) 

0.070 

(76.14) 

-0.004 

(-2.96) 

-0.002 

(-1.31) 

-0.034 

(-12.0) 

0.0004 

(0.40) 

-0.006 

(-2.84) 

-0.002 

(-0.62) 

 𝛼 𝛽𝑃𝑁 𝑃𝑅 𝛽𝑃𝑁 𝑃𝐴 𝛽𝑃𝑁 𝑃𝑃𝐻 𝛽𝑃𝑁 𝑃𝑁 𝛽𝑃𝑁 𝑃𝑆 𝛽𝑃𝑁 𝑃𝐿 𝛽𝑃𝑁 𝑃𝑊 𝛽𝑃𝑁 𝑃𝑀 𝛾𝑃𝑁𝑌 

Nitrogen 
0.096 

(12.36) 

-0.009 

(-43.5) 

-0.000 

(-4.89) 

-0.002 

(-10.6) 

0.030 

(88.8) 

-0.0006 

(-1.75) 

-0.013 

(-18.2) 

-0.0002 

(-0.97) 

-0.004 

(-8.02) 

-0.0003 

(-0.37) 

 𝛼 𝛽𝑃𝑆 𝑃𝑅 𝛽𝑃𝑆 𝑃𝐴 𝛽𝑃𝑆 𝑃𝑃𝐻 𝛽𝑃𝑆 𝑃𝑁 𝛽𝑃𝑆 𝑃𝑆 𝛽𝑃𝑆 𝑃𝐿 𝛽𝑃𝑆 𝑃𝑊 𝛽𝑃𝑆 𝑃𝑀 𝛾𝑃𝑆𝑌 

Seed 
0.064 

(12.36) 

-0.007 

(-48.7) 

-0.000 

(-5.95) 

-0.001 

(-10.9) 

-0.001 

(-5.66) 

0.020 

(80.2) 

-0.008 

(-18.0) 

-0.0002 

(-1.29) 

-0.005 

(-4.30) 

0.0007 

(1.30) 

 𝛼 𝛽𝑃𝐿 𝑃𝑅 𝛽𝑃𝐿 𝑃𝐴 𝛽𝑃𝐿 𝑃𝑃𝐻 𝛽𝑃𝐿 𝑃𝑁 𝛽𝑃𝐿 𝑃𝑆 𝛽𝑃𝐿 𝑃𝐿 𝛽𝑃𝐿 𝑃𝑊 𝛽𝑃𝐿 𝑃𝑀 𝛾𝑃𝐿𝑌 

Labor 
0.079 

(1.90) 

-0.1295 

(-11.1) 

-0.0005 

(-13.3) 

-0.032 

(-26.5) 

-0.015 

(-8.54) 

-0.013 

(-6.80) 

0.243 

(64.0) 

-0.005 

(-3.72) 

-0.046 

(15.8) 

0.008 

(1.78) 

 𝛼 𝛽𝑃𝑊 𝑃𝑅 𝛽𝑃𝑊 𝑃𝐴 𝛽𝑃𝑊 𝑃𝑃𝐻 𝛽𝑃𝑊 𝑃𝑁 𝛽𝑃𝑊 𝑃𝑆 𝛽𝑃𝑊 𝑃𝐿 𝛽𝑃𝑊 𝑃𝑊 𝛽𝑃𝑊 𝑃𝑀 𝛾𝑃𝑊𝑌 

Water 
0.036 

(8.46) 

-0.002 

(-20.4) 

-0.000 

(-3.26) 

-0.0005 

(-4.33) 

-0.0003 

(-1.68) 

-0.000 

(-0.22) 

-0.0042 

(-10.7) 

0.008 

(58.39) 

-0.0008 

(-2.94) 

0.0001 

(0.31) 

 𝛼 𝛽𝑃𝑀 𝑃𝑅 𝛽𝑃𝑀 𝑃𝐴 𝛽𝑃𝑀 𝑃𝑃𝐻 𝛽𝑃𝑀 𝑃𝑁 𝛽𝑃𝑀 𝑃𝑆 𝛽𝑃𝑀 𝑃𝐿 𝛽𝑃𝑀 𝑃𝑊 𝛽𝑃𝑀 𝑃𝑀 𝛾𝑃𝑀𝑌 

Machinery 
0.160 

(11.15) 

-0.031 

(-78.5) 

-0.0001 

(-7.38) 

-0.007 

(-17.8) 

-0.002 

(-4.36) 

-0.002 

(-3.56) 

-0.042 

(-32.4) 

-0.0008 

(-1.81) 

0.087 

(87.71) 

0.002 

(1.75) 

a Numbers in parentheses are t-statistics. 
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the elasticity matrix) have the expected 

negative sign, reflecting the inverse 

relationship between the price of an input 

and its quantity demanded, consistent with 

economic theory. The results indicate a mix 

of elastic and inelastic relationships. The 

absolute magnitude of the substitution 

elasticity is elastic (greater than one) for 

animal manure (-99.08), water (-9.302), 

seeds (-2.508), machinery (-1.659), and 

nitrogen fertilizer (-1.49), suggesting that 

changes in the relative prices of these inputs 

would lead to more than proportional 

changes in their usage. In contrast, the 

elasticity is inelastic (less than one) for 

phosphate fertilizer (-0.692), labor (-0.221), 

and land (-0.109), indicating that the 

demand for these inputs is relatively 

insensitive to price changes. The high 

elasticity of animal manure suggests that its 

consumption is highly responsive to price 

fluctuations, making it a viable input for 

rapid adjustments in production. Conversely, 

the low elasticity of land implies that its use 

is relatively stable and not significantly 

affected by price changes, reflecting its 

fundamental role as a fixed factor of 

production. 

The cross-elasticity results provide deeper 

insights into the relationships among inputs. 

Land exhibits a complementary relationship 

with machinery (AES= -0.031), indicating 

that expanding cultivated area requires 

additional machinery. This finding partially 

aligns with Bui et al. (2018), who observed 

similar factor substitutions in rice production 

in Vietnam. The results also reveal a weak 

substitution relationship between land and 

most other inputs, including manure, 

fertilizers, seeds, and labor. These findings 

support the theory of agricultural 

intensification in developing economies, as 

confirmed by Hussain et al. (2020), where 

labor and other inputs are utilized to increase 

yield per unit of land. 

Animal manure serves as a substitute for 

all other inputs, including phosphate, 

nitrogen, seeds, labor, water, and machinery. 

This notable finding supports sustainable 

agricultural practices. The capacity to 

replace chemical inputs, such as phosphate 

and nitrogen fertilizers, with animal manure 

presents an opportunity to mitigate 

environmental externalities and reduce 

chemical pollution. 

Both phosphate and nitrogen fertilizers 

exhibit a substitutable relationship with 

seeds, labor, and water, suggesting that 

increased use of labor, for instance, could 

reduce the need for fertilizers, with positive 

environmental implications. In contrast, both 

fertilizers show a complementary 

relationship with machinery, likely because 

the application of fertilizers depends on 

machinery, such that greater use of one input 

requires greater use of the other. 

Labor is a complement to seeds (AES= -

0.267) and water (AES= -0.923). The 

complementarity with seeds indicates that 

cotton cultivation in this region is labor-

intensive, particularly during the manual 

sowing process. The complementarity with 

water suggests that traditional irrigation 

methods require a significant amount of 

manual labor. Labor is also a substitute for 

machinery (AES= 0.751). This finding is 

consistent with economic theory and aligns 

with studies by Zhan and Zhou (2019), but 

contrasts with Pippa Rochelle and Ferreira 

Filho (1999), who found a complementary 

relationship between these inputs in Brazil. 

The positive elasticity indicates that an 

increase in machinery prices would lead to 

increased labor usage, and vice versa, 

confirming the potential for substituting 

manual labor for mechanical power. 

Water is a complement to labor but a 

substitute for all other inputs. The 

complementarity with labor reflects the 

reliance on traditional irrigation methods, 

which require substantial manual effort. The 

substitution relationship with other inputs 

suggests that increased use of these inputs, 

such as higher-quality seeds or additional 

fertilizers, can enhance productivity and lead 

to more efficient water use. 

Seeds exhibit a substitution relationship 

with water and machinery, indicating that 

the use of higher-quality seeds can reduce 

the need for these inputs. However, they are 
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complementary to labor, emphasizing the 

traditional, labor-intensive sowing practices 

in the region. 

Morishima Elasticity of Substitution 

(MES) 

Table 6 reports MES among the primary 

cotton production inputs in Baghlan 

Province. Each cell in the table displays the 

MES value for the input listed in the row in 

response to a price change in the input listed 

in the corresponding column. For instance, 

the value in cell row 1, column 2, represents 

the elasticity of substitution of land with 

respect to manure following a change in the 

price of manure. The results indicate that 

most input pairs exhibit positive MES 

values, implying varying degrees of 

substitution between them. The strongest 

substitution occurs between manure and 

other inputs, particularly labor (MES= 

1.146), land (MES= 1.081), and phosphate 

fertilizer (MES= 0.870). These values 

suggest that animal manure can effectively 

replace part of the chemical fertilizer 

demand, and increased labor use can 

complement organic input management, 

reflecting both economic and environmental 

advantages. Similarly, machinery shows 

moderate substitution relationships with 

labor (MES= 0.510), seed (MES= 0.214), 

and water (MES= 0.209), indicating that 

mechanization can partly substitute for 

manual operations and input handling. In 

contrast, the negative MES values between 

water and other inputs—especially labor 

(MES= -0.457), manure (MES= -0.068), and 

land (MES= -0.055)—indicate 

complementarity. This pattern reflects 

traditional irrigation systems that rely 

heavily on manual labor and land expansion. 

Overall, the MES estimates reveal that 

substitution is generally stronger among 

organic and chemical inputs and weaker 

between resource-intensive factors like 

water and labor. These findings are broadly 

consistent with the Allen–Uzawa elasticity 

results, confirming similar substitution and 

complementarity patterns across key input 

pairs.  

The results of the MES in this study are 

broadly consistent with findings from 

previous research. Similar to Du et al. 

(2019), who reported limited substitution 

possibilities among major agricultural inputs 

in fruit production, our results indicate weak 

substitution between labor and machinery 

and strong substitution between organic and 

chemical fertilizers. Likewise, Pang et al. 

(2021) found that substitution patterns vary 

by crop type, with fertilizer and labor being 

substitutes in some contexts and 

complements in others, a pattern also 

observed in our study. The complementary 

relationship between water and labor in 

Baghlan Province aligns with the findings of 

Ansari Roshandeh et al. (2022) for irrigated 

rice production in Iran, highlighting the 

persistence of labor-intensive irrigation 

practices in developing agricultural systems. 

In contrast, the strong substitution between 

animal manure and chemical fertilizers 

found in our analysis extends previous 

Table 6. MES for cotton production inputs in Baghlan Province, Afghanistan. 

Inputs Land Manure Phosphate Nitrogen Seed Labor Water Machinery 

Land -- 0.042 0.043 0.040 0.038 0.050 0.036 0.033 

Manure 1.081 -- 0.870 0.839 0.830 1.146 0.817 0.900 

Phosphate 0.086 0.062 -- 0.059 0.063 0.087 0.060 0.032 

Nitrogen 0.081 0.050 0.048 -- 0.047 0.072 0.050 -0.007 

Seed 0.083 0.063 0.080 0.063 -- -0.054 0.085 0.129 

Labor 0.103 0.098 0.098 0.094 0.086 -- 0.085 0.168 

Water -0.055 -0.068 -0.039 -0.045 0.006 -0.457 -- 0.063 

Machinery 0.188 0.204 0.178 0.181 0.214 0.510 0.209 -- 
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results, suggesting that organic inputs could 

play a larger role in sustainable cotton 

production. Overall, these comparisons 

confirm the reliability of the MES estimates 

and demonstrate that the substitution and 

complementarity relationships identified in 

this study are consistent with international 

evidence. 

Own- and Cross-Price Elasticities of 

Input Demand 

Table 7 presents the own- and cross-price 

elasticities of demand for cotton production 

inputs in Baghlan Province. All price 

elasticities of demand for land, animal 

manure, phosphate fertilizer, nitrogen 

fertilizer, seeds, labor, water, and machinery 

exhibit the expected negative sign, in line 

with economic theory. The absolute values 

of the own-price elasticities are less than 1 

for all inputs, indicating that demand is 

inelastic. These results are partially 

consistent with Wijetunga (2023), who 

analyzed rice production in Sri Lanka. In 

practical terms, a 1% increase in input prices 

leads to a less than 1% decrease in input 

demand. Among the inputs, animal manure 

has the highest own-price elasticity, while 

land has the lowest. 

Table 7 presents the own- and cross-price 

elasticities of demand for production inputs. 

These elasticities indicate how the demand 

for each input responds to a 1% change in 

the price of other inputs. In terms of 

complementarity and substitution, the results 

are consistent with the Allen–Uzawa partial 

elasticities of substitution. 

CONCLUSIONS 

This study evaluated input demand and 

substitution elasticities of cotton production 

in Baghlan Province, Afghanistan, using a 

Translog cost function estimated via 

Seemingly Unrelated Regression (SUR). 

Results show that input demand is generally 

inelastic, with animal manure displaying the 

highest own-price elasticity and land the 

lowest. Substitution analyses revealed strong 

substitution between manure and chemical 

fertilizers, whereas labor and machinery 

exhibited weak substitution. Additionally, 

labor and water showed a complementary 

relationship due to traditional, labor-

intensive irrigation practices. Policy efforts 

should promote organic manure to reduce 

fertilizer costs and environmental impacts, 

while mechanization strategies must balance 

productivity with rural employment. Future 

research should integrate dynamic welfare 

simulation models to assess policy impacts 

on farm incomes. 
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های تولید پنبه: شواهد تجربی از استان بغلان،  های قیمتی و جانشینی نهادهتخمین کشش
 افغانستان 

 حفیظ الله رادمند، علی کرامت زاده، رامتین جولایی، و فرشید اشراقی 

 چکیده 

های تولید پنبه در استان بغلان های قیمتی و جانشینی بین نهادههدف این مطالعه تخمین کشش
داده  است.  طریق  افغانستان  از  نمونه  ۱۳۲ها  از  استفاده  با  و  تصادفی پرسشنامه  گیری 

های تولید با استفاده آوری شد. روابط بین نهادهشده از کشاورزان پنبه در این استان جمع بندیطبقه
( بررسی شد. نتایج  SURاز تابع هزینه ترانسلوگ و با رویکرد رگرسیون به ظاهر نامرتبط )

کشش که  داد  بذر، نشان  اوره،  کود  فسفات،  کود  حیوانی،  کود  زمین،  برای  تقاضا  قیمتی  های 
ماشین و  آب  کار،  ترتیبنیروی  به  ، -۰۵۶/۰،  -۰/ ۰۵،  -۰/ ۰۵۶،  -۸۱۵/۰،  -۰۳۶/۰  آلات 

کشش  -۱۹۸/۰و    -۰۷۴/۰،  -۰/ ۰۹۲ همه  نتایج  اساس  بر  گردید.  تقاضای برآورد  قیمتی  های 
ها به  کشش است، یعنی استفاده از نهاده دهنده تقاضای نهاده بیها کمتر از یک بود که نشاننهاده

https://www.statista.com/aboutus/our-research-commitment/1239/m-shahbandeh
https://www.statista.com/aboutus/our-research-commitment/1239/m-shahbandeh
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ها نیز کمتر از یک بود که های متقاطع تقاضای نهادهتغییرات قیمت حساسیت زیادی ندارد. کشش
بینشان تقاضای  نهادهدهنده  همه  بین  در  کششکشش  کوچک  مقادیر  است.  جانشینی ها  های 

سیاست که  داد  نشان  میهمچنین  قرار  هدف  را  واحد  نهاده  یک  که  بر هایی  کمی  تأثیر  دهند، 
گذاران از تمرکز بر شود که سیاستها خواهند داشت. بنابراین، توصیه میتخصیص سایر نهاده

های کشاورزی،  های به صورت انفرادی اجتناب نموده و در عوض، هنگام طراحی سیاست نهاده
 ها را به عنوان یک سیستم یکپارچه در نظر بگیرند. همه نهاده
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Greenhouse Farmers' Behavioural Intentions to Reduce 

Pesticide Use in Antalya-Turkiye 

Mustafa Kan1*, Hasan Yilmaz2, Hasan Gökhan Doğan3, Merve Mürüvvet Dağ2, and 

Tidiani Diallo2 

ABSTRACT 

This study investigates farmers' intentions to reduce the use of pesticides in greenhouse 

cultivation in Antalya Province, Turkey. Using an extended version of the Theory of 

Planned Behaviour (TPB), we investigated the socio-psychological factors that influence 

farmers' intentions to adopt more sustainable practices. Interviews with 297 farmers 

growing tomatoes, peppers, and eggplants revealed that, while farmers generally have a 

positive attitude towards reducing pesticide use, this attitude does not have a significant 

impact on their actual intentions. These intentions are chiefly driven by moral norms, 

subjective norms, and perceived behavioural control. Improving social support, creating 

an enabling environment, and implementing educational programmes can significantly 

help farmers to adopt agroecological practices. This study emphasizes the importance of 

understanding the social and psychological factors that influence farmers’ decisions, 

which is essential for developing effective strategies for environmentally friendly 

agriculture. 

Keywords: Agroecology, Farmers' intentions, Pesticide reduction, Theory of Planned 

Behavior. 

INTRODUCTION 

Agriculture has long been a cornerstone of 

civilization, meeting essential human needs 

and supplying raw materials for various 

industries. However, it faces a major 

transformation to achieve sustainability in 

harmony with ecosystems. While scientific 

and technological advances have boosted 

productivity, they have also introduced 

complex economic, environmental, and 

social challenges. To address these issues 

and ensure a sustainable legacy, there is a 

growing shift away from traditional 

approaches toward more sustainable 

practices—most notably, agroecological 

methods. 

Agroecology integrates ecological and 

social principles holistically to build 

sustainable food systems. It promotes 

socially just systems where individuals 

decide what, how, and where to consume, 

while optimizing interactions between 

plants, animals, humans, and the 

environment (FAO, 2025). Agroecology 

aims to minimize the use of agrochemicals 

and energy through intentional 

agroecosystem design (Altieri and Nicholls, 

2017), while preserving biodiversity and 

sustaining ecosystem services (Wezel et al., 

2020). Recognized by FAO as key to 

sustainable agriculture (FAO, 2021), 

agroecology highlights agricultural control 

strategies as a core component. 

Pest-related losses pose a major threat to 

global food security. The Green Revolution 

1 Department of Agricultural Economics, Faculty of Agriculture, Kırşehir Ahi Evran University, Kırşehir, 

Türkiye. 
2 Department of Agricultural Economics, Faculty of Agriculture, Isparta University of Applied Sciences, 
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relied heavily on chemical pesticides, which 

initially increased yields (FAO, 1984). 

However, concerns about health, 

biodiversity, and environmental harm have 

raised doubts regarding the the sustainability 

of these methods (WHO/UNEP, 1989; WRI, 

1992; Pimentel, 1996; Aktar et al., 2009). In 

this context, Deguine et al. (2023) outline 

five core challenges for 21st century 

agricultural control: maintaining 

productivity, ensuring healthy food, 

reducing environmental harm, securing 

farmer incomes, and adapting to climate 

change. Here, Agroecological Plant 

Protection (APP) has emerged as a viable 

solution (Deguine et al., 2020). 

APP applies two agroecological 

principles: leveraging biodiversity and 

improving soil health. It favors preventive 

approaches, such as disease-resistant 

varieties and integrated practices, over sole 

reliance on pesticides (INRAE, 2023). There 

is an ongoing global shift towards rethinking 

pesticide application, with several countries 

working to limit chemical dependence. For 

instance, the EU’s “Farm to Fork” strategy 

aims to halve pesticide use by 2030, 

promoting agroecology as a solution 

(European Commission, 2020; OECD, 

2023). The FAO also advocates for 

widespread adoption of APP (FAO, 2021).  

In Turkey, agroecological practices such 

as polyculture, biological control, and 

organic farming are recognized as effective 

in reducing pesticide reliance (Öztemiz, 

2008; Azizoğlu et al., 2012; Şişman, 2023). 

With 23.5 million hectares of arable land 

and 30 agroecological regions, Turkey has a 

diverse agricultural landscape (Kaymak et 

al., 2015). Despite having 2.2 million farms 

and 6 million agricultural workers, which 

produces around 140 million tons annually 

(Birişik et al., 2015), Turkey faces serious 

pest issues. Interestingly, it is among the 

lowest pesticide users globally, with 2.22 kg 

ha-1, less than countries like Israel (14.71), 

Japan (11.63) or the USA (3.02) 

(FAOSTAT, 2025). However, pesticide 

usage is often unregulated, with over 60% 

concentrated in the Mediterranean, Aegean, 

and Marmara Regions (Delen et al., 2015). 

Antalya, known for its strong fresh 

vegetable and greenhouse production, faces 

significant risks from pesticide residues, 

driving interest in alternative practices. 

Studies emphasize the urgency of 

transitioning from chemical-intensive 

methods to knowledge-based, ecosystem-

focused strategies (Altieri et al., 2024). In 

Turkey, agroecological practices such as 

polyculture, biological control, and organic 

farming are seen as effective in reducing 

pesticide reliance (Öztemiz, 2008; Azizoğlu 

et al., 2012; Şişman, 2023). 

To understand the decision-making 

processes of farmers, recent research 

employs the Theory of Planned Behavior 

(TPB), developed by Ajzen (1991). TPB 

posits that behavioral intentions are 

influenced by three key components: 

Attitude, which reflects personal evaluations 

of a behavior; subjective norm, 

encompassing social pressures and 

expectations from peers; and perceived 

behavioral control, indicating beliefs about 

one's ability to perform the behavior 

effectively. By examining these 

interconnected factors, TPB elucidates the 

psychological drivers behind farmers' 

choices. This understanding offers valuable 

insights for designing targeted interventions 

that promote sustainable agricultural 

practices and encourage a reduction in 

pesticide use. Recognizing these dynamics is 

essential for policymakers and agricultural 

educators, as it helps create strategies that 

align with farmers' motivations and social 

influences, ultimately leading to more 

environmentally friendly farming methods. 

Pesticides play a significant role in 

modern agriculture but have well-

documented adverse impacts on ecosystems 

and human health (Aktar, et al., 2009). 

These impacts have spurred research into 

farmers' pesticide use behaviors and the 

challenges involved in promoting 

sustainable and reduced-use practices (Pretty 

and Bharucha, 2015). Studies show that 

these TPB components significantly affect 

farmers’ pesticide use behavior (de Bon et 
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al., 2014; Fan et al., 2015; Jallow et al., 

2017; Wang et al., 2018; Sarma, 2022; 

Pirmoghni et al., 2024). Although attitudes 

and subjective norms are important variables 

within TPB, perceived behavioral control 

has emerged as a key factor in studies on 

pesticide use behavior (Abtew et al., 2016; 

Schreinemachers et al., 2017; Vidogbena et 

al., 2016). Expanded versions of TPB also 

consider additional factors, such as moral 

norms and government policy awareness 

(Monfared et al., 2015; Bagheri et al., 2019; 

Batbay and Kahramanoğlu, 2024; Damalas, 

2021). 

Reducing pesticide use is critical for 

sustainable agriculture and human health. 

Understanding farmer behavior through TPB 

is essential, particularly in high-use systems 

like greenhouses. Using TPB, this study 

analyzes greenhouse farmers in Antalya, to 

assess how attitudes, norms, perceived 

behavioral control, and moral norms affect 

their behavioral intentions. The findings are 

key to shaping strategies that support 

agroecological practices in greenhouse 

farming. 

MATERIALS AND METHODS 

Research Area 

In Turkey, the Mediterranean region has 

the highest pesticide use in agriculture due 

to its diverse crop pattern (Özercan and 

Taşçı, 2022). Erdoğan (2024) attributes this 

to factors such as crop diversity, widespread 

pest and disease damage, multiple harvests 

per season, favorable climate and soil, 

irrigation availability, extensive greenhouse 

production, and the region’s role in 

agricultural exports. Within this region, 

Antalya province has the highest pesticide 

use, accounting for 7.72% of the total 

national usage (MoAF, 2023). The 

prevalence of greenhouse farming and high 

pesticide application makes Antalya a 

suitable study area. 

The study focused on agroecological sub-

regions in Antalya where greenhouse 

cultivation of tomatoes, peppers, and 

eggplants is concentrated. These sub-regions 

were selected using the Purposive Sampling 

Method based on climate, soil, and 

vegetation to ensure representation of areas 

where all three crops are grown. Sub-regions 

I and II (Kumluca, Demre, Kaş, and Aksu) 

represent tomato and pepper production, 

while Sub-region III (Alanya, Gazipaşa) 

represents eggplant production, as shown in 

Figure 1. 

Data Collection Tool and Sample 

The main material of the study consisted 

 

Figure 1. Research area map. 
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of survey data collected from 297 farmers 

who grew tomatoes, peppers, and eggplants 

in greenhouses in Aksu, Alanya, Demre, 

Gazipaşa, Kaş and Kumluca districts of 

Antalya province. The sampling, from the 

finite population, was estimated using 

formula in Equation (1), employing the 

Simple Random Sampling Method with 

population proportions (Güneş and Arıkan, 

1988). In the study, P (0.50) and (1-P) (0.50) 

were taken to reach the maximum sample 

size. In the study, the 95% confidence 

interval σ_(px) was calculated as 0.0026 for 

a 10% margin of error. The sample size was 

calculated for each product group, and data 

on the population was obtained from the 

Ministry of Agriculture and Forestry. 

According to these data, there were 8,448 

tomato producers, 5,433 pepper producers, 

and 1,156 eggplant producers forming the 

population in the greenhouse within the 

research area. 

𝑛 =
𝑁𝑝(1−𝑝)

(𝑁−1)𝜎𝑝𝑥
2 +𝑝(1−𝑝)

                (1) 

Where, n= Sample size; N= Population 

size, p= Estimation ratio (0.05 for maximum 

sample size), and 𝝈𝒑𝒙
𝟐 = Denotes the 

population variance. 

The data come from personal surveys 

conducted with the farmers between August 

and September 2023. In this context, a 

survey was conducted with 103 bell pepper, 

105 tomato, and 89 eggplant farmers. 

Research Model and Hypotheses 

The study employed the TPB to examine 

factors influencing greenhouse tomato, bell 

pepper, and eggplant farmers' intentions to 

reduce pesticide use. Ajzen’s (1991) TPB 

serves as a prominent model for examining 

Behavioral Intentions (INT), emphasizing 

Attitude (ATT), Subjective Norm (SN), and 

Perceived Behavioral Control (PBC) as its 

three fundamental constructs. ATT involves 

an individual’s evaluations and emotional 

responses toward a behavior; SN reflects the 

expectations of important individuals or 

groups; and PBC concerns one’s perception 

of control over performing the behavior 

(Fishbein and Ajzen, 2010) (Figure 2). 

In this study, the Moral Norms (MN) 

variable was included in the model in 

addition to the ATT, SN, and PBC variables. 

Scientific literature has documented the 

integration of MN into the Theory of 

Planned Behavior (TPB), demonstrating that 

this variable significantly influences 

behavioral intention and enhances the 

explanatory power of models incorporating 

it (Kaiser and Scheuthle, 2003; Monfared et 

al., 2015; Bagheri et al., 2019). Given the 

critical environmental and health 

implications associated with pesticide use, it 

is particularly relevant to consider moral 

norms as a key factor shaping farmers’ 

intentions to reduce pesticide application. 

Therefore, the TPB framework was 

 

Figure 2. Theory of planned behaviour (modified from Ajzen, 1991). 
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extended to include moral norms to better 

capture these ethical considerations in 

producers’ decision-making processes. In 

the study, the model was developed within 

the scope of Ajzen's TPB. The following 

hypotheses were made regarding the 

intention of farmers to reduce the use of 

pesticides in greenhouse agriculture. 

H1: There is a positive correlation between 

farmers' attitudes towards pesticide use and 

their intention to reduce pesticide use. 

H2: The variable of farmers' moral norms 

has a positive correlation on the intention to 

reduce pesticide use. 

H3: The variable of farmers' perceived 

behavioral control over pesticide use has a 

positive correlation on the intention to 

reduce pesticide use. 

H4: Farmers' subjective norms regarding 

pesticide use have a positive correlation with 

the behavioral intention to reduce pesticide 

use. 

The measurement instrument used in the 

study consisted of scales that measure five 

different constructs. Three statements 

(ATT1, ATT2, ATT3) were used to measure 

Attitude (ATT); three statements (SN1, SN2, 

SN3) for Subjective Norms (SN); three 

statements (MN1, MN2, MN3) for Moral 

Norms (MN); three statements (PBC1, 

PBC2, PBC3) for Perceived Behavioral 

Control (PBC); and six statements (INT1, 

INT2, INT3, INT4, INT5, INT6) were used 

to measure Behavioral Intention (INT). The 

scales and their statements are listed in the 

table. The study employed a 5-point Likert 

scale (strongly disagree/strongly agree) for 

its measurements. When developing the 

scales used in the study, the literature review 

was taken into account (Table 1). 

Confirmatory Factor Analysis (CFA) and 

Structural Equation Modeling (SEM) were 

among the multivariate statistical 

approaches utilized in the study. Cronbach’s 

alpha was calculated to assess the internal 

consistency of the scales. Reliability refers 

to the consistency of data collection tools in 

yielding the same results under similar 

conditions (Aziz, 2014) and is defined as the 

extent to which an instrument accurately 

measures the true value of a variable 

(Özdamar, 2016). Measured between 0 and 

1, Cronbach’s alpha assesses how well the 

scale reflects the construct being measured 

(Haytko and Matulich, 2008; Özdamar, 

2016). A value above 0.70 indicates 

acceptable reliability. The minimum 

acceptable KMO sample adequacy value is 

0.50 (Sipahi et al., 2010; Özdamar, 2016). 

Construct and convergent validity were 

tested using CFA, which is a statistical 

technique used to assess the construct 

validity of a measurement model by testing 

whether the data fit a hypothesized factor 

structure that is based on theory or prior 

empirical evidence. It is widely used to 

examine both construct validity and 

convergent validity (Brown, 2015) Validity 

assesses whether the instrument accurately 

and appropriately measures the intended 

construct without error (Aziz, 2014). 

Relationships among the study’s hypotheses 

were analyzed using Structural Equation 

Modeling (SEM) with latent variables to test 

model accuracy. Model fit was evaluated 

using SmartPLS 4 software (Ringle et al., 

2024) based on several goodness-of-fit 

indicators: the Standardized Root Mean 

Square Residual (SRMR), which measures 

the average magnitude of correlation 

discrepancies, the Normed Fit Index (NFI), 

which evaluates relative fit against a null 

model, the Unweighted Least Squares 

discrepancy (dULS) and Geodesic 

Discrepancy (dG), which serve as exact fit 

criteria evaluating model-implied matrix 

discrepancies via bootstrap confidence 

intervals and the Chi-square to degrees of 

freedom ratio (χ2/df). Ideal thresholds are 

SRMR< 0.08 (Hu and Bentler, 1999; 

Schermelleh-Engel et al., 2003), NFI> 0.90 

(Bentler and Bonett, 1980; Schermelleh-

Engel et al., 2003), Chi-square/df< 5 for an 

acceptable fit, and Chi-square/df< 3 for a 

good fit (Wheaton et al., 1977; Schermelleh-

Engel et al., 2003; Kline, 2016). Since chi-

square is sensitive to sample size, additional 

fit indices like d_ULS and d_G were used. 

Henseler et al. (2016) suggest d_ULS and 

d_G< 0.95 indicate good fit. 
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The study was analyzed using SmartPLS, 

which, as a data analysis method, is 

evaluated in two stages, the measurement 

model and the structural model (Hair et al., 

2014). The model’s reliability and validity 

were further assessed using Composite 

Reliability (CR) and Cronbach’s Alpha 

(Fornell and Larcker, 1981). Validity was 

evaluated using Average Variance Extracted 

(AVE), along with convergent and 

discriminant validity analyses. The Fornell-

Larcker criterion (Fornell and Larcker, 

1981) and the HTMT test (Heterotrait-

Monotrait Ratio) (Henseler et al., 2015) are 

used to determine discriminant validity. 

RESULTS 

In order to understand the intentions of 

greenhouse producers regarding the 

reduction of pesticide use and to establish a 

robust measurement framework for this 

purpose, the original model, comprising five 

variables and 24 indicators, was first 

evaluated for reliability. During the analysis, 

six indicators that did not meet the reliability 

criteria were removed, resulting in a revised 

model consisting of five variables and 18 

indicators. Confirmatory factor analysis 

demonstrated that all the remaining scales 

exhibited satisfactory reliability, thereby 

confirming the adequacy of the revised 

measurement model (Table 2). This step 

ensured that subsequent structural analyses 

would be grounded on a sound and reliable 

measurement foundation. 

The study presents the factor loadings, the 

Cronbach's alpha values, the composite 

reliability values (rho_a and rho_c) and the 

AVE values of the indicators for each 

variable (Table 3 and Figure 3). An 

examination of the factor loadings of the 

indicators shows that they are above the 

acceptable criterion of 0.70. Similarly, 

Cronbach's alpha, rho_a, and rho_c values 

above 0.7, and the AVE above 0.5 indicate 

that the scale validity is strong (Hair et al., 

2022; Hair et al., 2024). 

Table 1. Measurement scale employed in the study based on the Extended Theory of Planned 

Behavior (TPB). 
Attitudes (ATT) 

ATT1 Production without the use of pesticides is important for human health. 

ATT2 Production without the use of pesticides is important for the production of safe food. 

ATT3 Production without the use of pesticides is important for the environment. 

Subjective Norms (SN) 

SN1 My close friends think I should use less/no pesticides on my produce. 

SN2 My Like-minded farmers support pesticide-free farming. 

SN3 My family urges me to limit the use of pesticides in my produce. 

Moral Norms (MN) 

MN1 I feel like a better person when I don't use pesticides or use as little as possible in the right dose 

MN2 I feel like I am personally contributing to something good when I use less pesticides 

MN3 I believe it is morally wrong to prioritize profit over reducing pesticide use 

Perceived Behavioral Control (PBC 

PBC1 I believe that I have the means to grow my produce without pesticides. 

PBC2 I would have no problems achieving non-chemical pest control. 

PBC3 It would be possible for me to switch to non-chemical pest control. 

Behavioral Intention (INT) 

INT1 I plan to use fewer pesticides in my production in the near future. 

INT2 I plan to replace pesticides with non-chemical pest control methods. 

INT3 I plan to start using biological pest control in the near future. 

INT4 I am looking at non-chemical pest control options in the future. 

INT5 I see myself in the future as someone who is known for selling healthy food. 

INT6 
I see myself in the future as someone who conducts more research into alternatives to pesticides and 

attends training to learn about them if needed. 

Sources: Bagheri et al., 2019; Yazdanpanah et al., 2019; Savari and Gharechaee 2020; Ataei et al., 

2021. 
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To ensure the distinctiveness of the 

constructs used in this study, discriminant 

validity was assessed using the method 

proposed by Fornell and Larcker (1981). 

Table 2. Reliability assessment of research scales. 

Variables Cronbach’s α coefficient 
Composite reliability  Average Variance Extracted 

(AVE) rho_a rho_c 

ATT  0.923 0.946 0.951 0.867 

INT  0.947 0.948 0.958 0.791 

MN  0.954 0.957 0.970 0.916 

PBC  0.719 0.727 0.842 0.640 

SN  0.790 0.808 0.877 0.706 

 
Table 3. Loading factor, cronbach alpha and composite reliability. 

Variables Indicators Loading factors Cronbach's α rho_a rho_c AVE 

ATT 

ATT_1 0.895 

0.923 0.946 0.951 0.867 ATT_2 0.965 

ATT_3 0.933 

MN 

MN_1 0.960 

0.954 0.957 0.970 0.916 MN_2 0.966 

MN_3 0.945 

PBC 

PBC_1 0.776 

0.719 0.727 0.842 0.640 PBC_2 0.795 

PBC_3 0.827 

SN 

SN_1 0.850 

0.790 0.808 0.877 0.706 SN_2 0.900 

SN_3 0.764 

INT 

INT_1 0.853 

0.947 0.948 0.958 0.791 

INT_2 0.933 

INT_3 0.913 

INT_4 0.924 

INT_5 0.886 

INT_6 0.823 

 

 

Figure 3. Validity and reliability of research indicator. 
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Discriminant validity examines whether 

each construct is truly unique by comparing 

it with other constructs through the square 

root of the AVE. In the present study, the 

square roots of the AVE values (highlighted 

in bold in Table 4) were higher than the 

correlations with other variables, thereby 

confirming the discriminant validity of the 

scales. In addition, the Heterotrait-Monotrait 

(HTMT) ratio was employed as a 

complementary and more contemporary 

criterion for discriminant validity (Henseler 

et al., 2016). HTMT values below 1 indicate 

adequate discriminant validity (Henseler et 

al., 2016), and all values in this study met 

this requirement. These findings 

demonstrate that the measurement 

instruments effectively differentiate between 

constructs, providing a reliable foundation 

for subsequent analyses (Table 4). 

SEM was employed to test the study’s 

hypotheses. After confirming the 

measurement model’s fit, the structural 

model was evaluated against the data. The 

model fit indices are presented in Table 5. 

The results indicate Chi-square= 496.562, 

Degrees of freedom= 296 (χ²/df= 1.678), 

NFI= 0.891, and SRMR= 0.049. Although 

NFI ideally exceeds 0.90, it is sensitive to 

sample size and the observed value is 

considered acceptable (Bentler and Bonett, 

1980; Dash and Paul, 2021; Lin et al., 2017; 

Yusif et al., 2020; Cahigas et al., 2022). 

Exact fit was further assessed using Squared 

Euclidean (d_ULS) and Geodesic Distances 

(d_G), requiring non-significant differences 

at 95% and 99% confidence levels (Jöreskog 

and Sörbom, 1996; Wah et al., 2023). As 

shown in Table 5, no significant differences 

were observed in either the estimated or 

saturated model, confirming satisfactory 

model fit. 

To assess the structural model, VIF, R², f², 

and path coefficient analyses were 

conducted. VIF analysis checks for 

multicollinearity between model variables 

(O’Brien, 2007), with acceptable values 

below 3 (Diamantopoulos and Siguaw, 

2006). The results showed that all VIF 

values met this criterion (Table 6). 

 Next, the coefficient of determination (R²) 

was examined to assess how well 

Table 4. Discriminant validity assessment results. 

Fornell Larcker Criteria 
 ATT INT MN PBC SN 

ATT 0.931     

INT 0.160 0.890    

MN 0.253 0.598 0.957   

PBC 0.025 0.339 0.239 0.800  

SN 0.117 0.368 0.280 0.155 0.840 

HTMT 

ATT      

INT 0.171     

MN 0.269 0.630    

PBC 0.055 0.410 0.288   

SN 0.136 0.426 0.319 0.212  

 
Table 5. Summary of model fit statistics. 

 Saturated model Estimated model P values (0.95) P values (0.99) 

SRMR 0.049 0.049 0.041 0.044 

d_ULS 0.405 0.405 0.285 0.333 

d_G 0.257 0.257 0.257 0.292 

Chi-square 496.562 496.562   

NFI 0.891 0.891   
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independent variables explained the 

dependent variable. The model explained 

43.70% of the variance in behavioral 

intention. The f² analysis, indicating effect 

size, measured each independent variable’s 

contribution to the dependent variable. 

Effect sizes are classified as weak (0.02< f²< 

0.14), medium (0.15< f²< 0.34), or strong 

(f²> 0.34) (Cohen, 1988). The attitude 

variable had no significant effect on 

intention, while other variables generally 

showed a medium effect (Table 6). Path 

analysis, the final stage of the structural 

model, is detailed in Table 6 and Figure 4. 

Table 6 and Figure 4 present the SEM 

results, showing the effects of ATT, MN, 

PBC, and SN on INT. The relationship 

between ATT and INT is positive but small 

(β= 0.011), suggesting a minimal influence 

of attitude on intention within this context. 

In contrast, MN exerts the strongest effect 

on intention (β= 0.495), indicating that 

higher moral standards among farmers 

substantially increase their intention to adopt 

the behavior. Both PBC (β= 0.194) and SN 

(β= 0.199) also positively influence 

intention, demonstrating that farmers’ 

perceived control over the behavior and 

social pressures from peers and family 

meaningfully contribute to their behavioral 

intentions. 

The f² values further confirm the relative 

importance of each predictor, with MN 

showing a moderate effect, while PBC and 

SN have small but meaningful impacts. 

These findings align with the Theory of 

Planned Behavior, i.e.: highlighting that 

intention is shaped not only by ATT but also 

by MN, PBC, and SN, providing a 

comprehensive understanding of the factors 

influencing farmers’ decision-making 

processes. 

DISCUSSION  

Data collected from interviews with 

greenhouse farmers in Antalya were 

analyzed using the Theory of Planned 

Behavior (TPB) to examine pesticide use 

Table 6. Structural equation modelling results. 

Hyphothesis Model β St. Dev. T Value P Value VIF f2 

H1 ATT -> INT 0.011 0.049 0.186 0.853 1.074 0.000 

H2 MN -> INT 0.495 0.045 11.116 0.000 1.201 0.365 

H3 PBC -> INT 0.194 0.040 4.747 0.000 1.074 0.060 

H4 SN -> INT 0.199 0.044 4.438 0.000 1.102 0.063 

 

 

Figure 4. Path analyse diagram. 
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behavior. Four hypotheses assessed the 

effects of attitude, subjective norm, moral 

norm, and perceived behavioral control on 

farmers’ intentions to reduce pesticide use. 

The results indicated that MN, SN, and 

PBC significantly influenced farmers’ 

behavioral intentions, while ATT did not. In 

this context, PBC control reflects farmers’ 

assessment of the ease or difficulty of not 

using pesticides, SN capture the influence of 

others, typically family and friends, and MN 

represent farmers’ ethical evaluation of 

pesticide use. ATT, referring to the degree to 

which farmers believe they should reduce 

pesticide use, was not a significant predictor. 

Although previous studies often identify 

attitude as a key determinant of behavioral 

intention (Bond et al., 2009; de Bon et al., 

2014; Fan et al., 2015; Jallow et al., 2017; 

Wang et al., 2018; Sarma, 2022; Pirmoghni 

et al., 2024), findings can be inconsistent. 

For example, Frey et al. (1993) suggest that 

strong social pressures can limit attitude 

formation, reducing its predictive power for 

behavioral intention. Jallow et al. (2017) 

also reported that even well-informed 

farmers may fail to take adequate 

precautions or reduce pesticide use. 

In the Antalya Region, greenhouse 

farming is an important source of income, 

and high economic stakes encourage risk-

averse behavior. Farmers prioritize pest 

control to prevent yield losses and often rely 

on familiar, effective, and widely used 

pesticides. Studies indicate that farmers 

generally prefer proven methods over 

unfamiliar alternatives (Damalas and 

Koutroubas, 2014; Stadlinger et al., 2013). 

These factors may explain why attitude was 

not a significant predictor of behavioral 

intention in this study. 

Aligned with the TPB, moral norm, 

subjective norm, and perceived behavioral 

control positively influenced farmers’ 

intentions to reduce pesticide use. National 

and international studies report similar 

patterns, although regional and production 

system differences may affect results (Bond 

et al., 2009; Yin et al., 2010; Liu et al., 

2013; Abtew et al., 2016; Vidogbena et al., 

2016; Schreinemachers et al., 2017; Wang et 

al., 2018; Sarma, 2022; Pirmoghni et al., 

2024). Ajzen (1991) highlighted the central 

role of these constructs in shaping 

intentions, and moral norms, in particular, 

have been shown to enhance environmental 

responsibility and promote sustainable 

practices (Bamberg and Möser, 2007). 

Further evidence from other studies 

supports these findings. Batbay and 

Kahramanoğlu (2024) found that, in 

Northern Cyprus, higher perceived 

behavioral control, attitude, and pesticide 

knowledge were associated with reduced 

pesticide use, though moral norms were not 

significant. They recommended that future 

research consider moral norms in various 

contexts. In Turkey, Günay and Niyaz 

Altınok (2024) reported that, while attitude 

and subjective norm strongly influenced 

intentions, perceived behavioral control was 

not significant. Additionally, intentions did 

not always translate into actual behavior. 

Similarly, Zhang et al. (2024) identified 

attitude, followed by perceived behavioral 

control and subjective norm, as the strongest 

predictors of farmers’ intentions to adopt 

nature-based practices. Monfared et al. 

(2015) reported that even in the face of 

notable environmental, economic, and health 

impacts, farmers in developing countries 

continued to apply pesticides. The study 

adopted an extended TPB model by 

including moral norm and self-identity to 

better predict pesticide use intentions. 

Findings indicated that this enhanced model 

explained 63% of the variation in intentions, 

surpassing the predictive power of the 

standard TPB, with attitude, subjective 

norm, perceived behavioral control, and self-

identity as significant contributors. In the 

extended model, attitude, perceived 

behavioral control, and self-identity had 

positive effects, while subjective norm had a 

negative effect, and moral norms were not 

statistically significant. 

Overall, these findings indicate that while 

attitude may not always directly predict 

behavioral intention, social and moral 

influences, along with perceived control, 



 Greenhouse Farmers' Intent to Reduce Pesticides ________________________________  

1059 

play a critical role in shaping farmers’ 

intentions to reduce pesticide use, 

highlighting the relevance of the extended 

TPB in explaining behavioral intentions in 

greenhouse farming contexts. 

5. CONCLUSIONS 

Controlling plant diseases and pests is a 

central challenge in greenhouse horticulture, 

and while chemical methods remain 

effective, alternative crop protection 

strategies are increasingly important. This 

study applied the Theory of Planned 

Behavior (TPB) to examine how ATT, SN, 

MN, and PBC influence tomato, bell pepper, 

and eggplant farmers in Antalya in their 

behavioral intention to reduce pesticide use. 

SEM showed that MN, SN, and PBC 

significantly shaped INT, whereas ATT had 

a positive but non-significant effect. In 

Turkey, strict pesticide residue regulations, 

particularly for exports, along with growing 

support for biological alternatives, highlight 

the need for effective training and policy 

interventions. The findings suggest that 

policies should strengthen moral and 

subjective norms and enhance perceived 

behavioral control to promote 

agroecological practices. Reducing pesticide 

use supports sustainability, food safety, and 

ecosystem health. Additionally, cost-

effective, eco-friendly crop protection aligns 

with greenhouse production. Overall, the 

study underscores the role of behavioral 

factors in farmers’ decision-making and the 

importance of targeted public policies to 

encourage sustainable horticultural 

practices. 
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 ترکیه-ها در آنتالیاکشای برای کاهش مصرف آفتقصد رفتاری کشاورزان گلخانه

 مصطفی کان، حسن ییلماز، حسن گوخان دوغان، مروه مورووت داق، و تیدیانی دیالو 

 چکیده 

آفت  مصرف  کاهش  برای  کشاورزان  قصد  پژوهش  گلخانهکشاین  کشت  در  استان  ها  در  ای 
می بررسی  را  ترکیه  نسخه آنتالیا،  از  استفاده  با  توسعهکند.  رفتار ای  »نظریه  از  یافته 

)ریزیبرنامه اجتماعیTPBشده«  عوامل  ما  برای روان -(،  کشاورزان  قصد  بر  مؤثر  شناختی 
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شیوهبه با  کارگیری  مصاحبه  کردیم.  بررسی  را  پایدارتر  پرورش  ۲۹۷های  دهنده کشاورزِ 
طور کلی نگرش مثبتی نسبت به فرنگی، فلفل و بادمجان نشان داد که اگرچه کشاورزان بهگوجه

آفت مصرف  آنکشکاهش  واقعی  نیت  و  قصد  بر  معناداری  تأثیر  نگرش  این  اما  دارند،  ها ها 
شده ندارد. این نیت ها عمدتاً توسط هنجارهای اخلاقی، هنجارهای ذهنی و کنترل رفتاری ادراک

می برنامههدایت  اجرای  و  توانمندساز  محیط  یک  ایجاد  اجتماعی،  حمایت  بهبود  های شوند. 
اکولوژیکی -های کشاورزیتواند به طور قابل توجهی به کشاورزان در اتخاذ شیوهآموزشی می

روان و  اجتماعی  عوامل  درک  اهمیت  بر  مطالعه  این  کند.  بر کمک  مؤثر  شناختیِ 
تأکید میگیریتصمیم امری که برای تدوین راهکارهای مؤثر در زمینه  های کشاورزان  ورزد؛ 

 کشاورزیِ سازگار با محیط زیست، حیاتی است.
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Grounded Theory Model for Social Media Integration in 

Agricultural Extension 

Maryam Baharestani1, Alireza Poursaeed1*, and Marjan Vahedi1 

ABSTRACT 

This study aimed to develop a grounded theoretical model that explains the drivers, 

barriers, and strategies for enabling social media adoption in agricultural extension. Eleven 

semi-structured interviews were conducted with subject-matter experts from extension 

institutions and digital communication units in Iran, and data were analyzed using open, 

axial, and selective coding procedures. The coding process generated 57 concepts and 23 

categories, which were synthesized into a paradigmatic model encompassing causal, 

contextual, and intervening conditions, as well as strategies and outcomes. Results showed 

that policy coordination, institutional collaboration, infrastructure investment, and digital 

capacity-building are essential conditions for effective adoption. Key barriers identified 

include weak rural internet coverage, limited digital literacy among farmers, insufficient 

financial resources, and fragmented policy frameworks. The study also revealed that social 

media supports faster knowledge dissemination, real-time farmer engagement, and 

adoption of sustainable agricultural practices. The theoretical model contributes to 

extension scholarship by linking institutional and contextual enablers to practical 

outcomes, thereby complementing existing technology-adoption frameworks. Practically, 

the findings emphasize the need for evidence-based policy frameworks, public–private 

partnerships, and investments in localized content and farmer training. Strategic use of 

emerging tools such as big data, IoT, and artificial intelligence can further enhance the 

effectiveness of social media-based extension. The model provides actionable guidance for 

policymakers and practitioners to strengthen rural innovation and sustainable agricultural 

development. 

Keywords: Digital capacity-building, Emerging digital technologies, Farmer decision-

making, Institutional collaboration, Policy framework. 

INTRODUCTION 

In an era defined by rapid technological 

advancement, social media has become a 

transformative force in modern 

communication, influencing daily life, 

professional activities, and knowledge 

dissemination (Kipkurgat et al., 2016). 

Beyond connectivity, these platforms have 

emerged as tools for networking, 

collaboration, and interactive engagement 

across diverse domains, including education, 

business, and agriculture (Isiaka et al., 2024). 

Scholars emphasize the importance of 

expanding virtual communication platforms 

and fostering innovation through specialized 

digital networks to address societal needs in 

a knowledge-driven economy (Jandaghi et 

al., 2021).  

The agricultural sector, vital for food 

security and rural livelihoods, is also 

undergoing this digital transformation. 

Agricultural extension services, which 

traditionally focused on face-to-face training, 

peer exchange, and mass media channels 

such as radio and television, have faced 

challenges of scalability, inclusivity, and 

limited interactivity (Ankita et al., 2023; 

Ebrahimivand et al., 2023; Mianabadi et al., 

1 Department of Agricultural Extension and Education, Ilam Branch, Islamic Azad University, Ilam, 

Islamic Republic of Iran. 

*Corresponding author; e-mail: Alireza.Poursaeed@iau.ac.ir 
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2023; Ndege et al., 2024). Constraints such 

as geographic isolation, limited personnel, 

and dependency on physical resources 

highlight the need for more flexible and 

participatory communication approaches 

(Daigle, 2020; Kapoor and Singh, 2023). 

Social media platforms provide new 

opportunities to complement these traditional 

systems, offering real-time, accessible, and 

user-driven channels for information sharing 

and learning. 

Globally, social media tools—including 

blogs, microblogs (e.g., platform X), 

podcasts, wikis, and media-sharing 

platforms—enable bidirectional 

communication, allowing users to serve 

simultaneously as content producers and 

consumers (Jebali, 2024). For agricultural 

extension, this participatory environment 

supports problem-solving, strengthens 

networks, and accelerates the spread of 

innovations (Khosravipour et al., 2024). 

Evidence from earlier studies confirms that 

social media can enhance job performance 

(Bathaiy et al., 2021), facilitate professional 

networking (Jafari, 2021), and improve 

access to scientific resources (Mirzaei et al., 

2016), though barriers such as infrastructural 

limitations and inconsistent information 

remain (Mohammadi et al., 2019). 

Despite these benefits, challenges persist. 

Limited digital literacy among farmers, 

inadequate rural internet coverage, and 

fragmented policy frameworks hinder the 

systematic integration of social media in 

agricultural extension (Rezvani et al., 2022; 

Masoumi, 2025). Addressing these barriers 

requires coordinated policies, capacity-

building initiatives, and investments in digital 

infrastructure (Kolahi et al., 2025a; Kolahi et 

al., 2024a; b). 

While previous studies have examined the 

opportunities and constraints of digital 

platforms, there is still limited theoretical 

understanding of how technical and 

institutional conditions interact to shape 

social media adoption in agricultural 

extension systems. This research addresses 

that gap by applying grounded theory to 

develop a conceptual model that explains 

causal, contextual, and intervening 

conditions, along with strategies and 

outcomes. The study provides a systematic 

framework for integrating social media into 

agricultural extension, offering both 

theoretical contributions and practical 

guidance for policymakers and practitioners. 

MATERIALS AND METHODS 

Methodology 

This study adopts a qualitative exploratory 

approach using grounded theory, guided by 

Strauss and Corbin’s (1998) systematic 

methodology. Grounded theory was selected 

because it allows for the generation of 

theoretical models where limited or 

fragmented conceptual frameworks exist. In 

this study, prior research had largely 

described the opportunities and barriers of 

social media in agricultural extension but 

lacked an integrated model to explain how 

contextual, causal, and institutional 

conditions interact to shape adoption. 

Grounded theory provided an inductive yet 

structured framework for systematically 

transforming data into concepts, categories, 

and ultimately a paradigmatic model (Kolahi 

and Boroumand, 2024).  

The research sought to construct a 

theoretical framework explaining the 

implementation of technical and specialized 

social media support in agricultural 

extension. Following Strauss and Corbin 

(1998), the analytical process included three 

coding phases—open, axial, and selective 

coding—leading to the identification of six 

interconnected dimensions: causal 

conditions, contextual conditions, 

intervening conditions, strategies, outcomes, 

and the core category.  

Study Population and Sampling 

The study population consisted of subject-

matter experts with professional roles in 

agricultural extension and digital 
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communication. Participants were drawn 

from the Agricultural Education and 

Extension Institute, the Network of 

Knowledge and Extension Media Office, and 

the Virtual Networks and Technology Group 

in Kermanshah Province, Iran. A purposive 

sampling strategy, complemented by 

snowball sampling, was used to identify 

experts with extensive knowledge and 

experience in agricultural extension and the 

use of digital technologies.  

A total of 11 experts were interviewed until 

theoretical saturation was achieved. Of these, 

five were senior extension officers with more 

than 10 years of experience, three were ICT 

specialists working in agricultural 

communication, and three were university 

faculty members specializing in agricultural 

extension and rural development. 

Participants were selected on the basis of 

their expertise, professional role, and direct 

involvement with digital communication 

initiatives in agriculture.  

Data Collection and Analysis 

Data were collected through semi-

structured, in-depth interviews. An interview 

guide was developed based on a preliminary 

review of the literature and expert input, and 

was pilot tested prior to use. Interviews were 

recorded with participant consent, 

transcribed verbatim, and analyzed 

immediately after each session to refine 

subsequent data collection (Figure 1).  

Analysis followed the three stages of 

grounded theory coding:  

Open coding: Breaking down raw data into 

discrete concepts, yielding 57 initial codes. 

Axial coding: Grouping codes into six 

overarching dimensions: causal conditions, 

contextual conditions, intervening 

conditions, strategies, outcomes, and the core 

category. 

Selective coding: Integrating and refining 

the categories into a paradigmatic model 

representing relationships among the 

dimensions. 

Reliability and Validity 

Several measures were taken to enhance 

rigor. To ensure the study's rigor, multiple 

measures of reliability and validity were 

employed as follows: 

Confirmability, transferability, and 

credibility: Achieved through triangulation 

of data sources, thick description of 

processes, and participant validation. 

Interview summaries and emergent themes 

were returned to participants for feedback, 

ensuring accurate representation of their 

perspectives. 

Test-retest reliability: To confirm coding 

stability, three interviews were re-coded after 

20 days. Agreement rates were calculated 

using the following Kvale’s (1996) formula:  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑅𝑒𝑡𝑒𝑠𝑡 𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐶𝑜𝑒𝑓𝑖𝑐𝑖𝑒𝑛𝑡

=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡𝑠 × 2

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑑𝑒𝑠
× 100 

The reliability score of 85%, well above the 

60% threshold, confirmed the robustness of 

the coding (Table 1).  

Expert Validation 

The final paradigmatic model developed 

through selective coding was shared with five 

independent experts in agricultural extension 

and social media research. Their feedback 

confirmed the accuracy and practical 

relevance of the categories. Minor 

suggestions, such as clarifying the scope of 

contextual conditions and refining 

 

Figure 1. Transforming data into a Paradigmatic 

Model. 
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terminology, were incorporated. Continuous 

consultation with methodological experts 

ensured that analytical procedures were 

transparent and consistent with grounded 

theory standards.  

RESULTS 

The findings of the grounded theory 

analysis are organized into six key 

dimensions as follows:  

Causal Conditions 

Causal conditions represent the 

fundamental drivers that influence the 

adoption and implementation of social media 

in agricultural extension. From the 

interviews, 17 concepts were identified and 

grouped into seven overarching themes 

(Table 2; Figure 2). These conditions provide 

the foundation for developing effective 

support mechanisms for social media 

integration. 

One major driver is the development of 

farmers’ technical knowledge, which 

motivates decision-makers to invest in social 

media initiatives. As an interviewee 

explained: 

“Agricultural extension within the 

ecosystem requires raising public awareness 

in various agricultural fields.” 

While productivity improvements were 

frequently mentioned by respondents, these 

are considered outcomes rather than direct 

causal conditions. Therefore, such elements 

are reported in the Outcomes and Impacts 

section rather than listed here as drivers. 

Another key causal factor is farmers’ 

familiarity with media-related institutions 

(e.g., the Telecommunications Company, 

Ministry of Industry, Mine, and Trade) and 

the importance of cross-sectoral 

collaboration. Respondents emphasized that 

sustainable integration requires both 

hardware and software development. 

Access to up-to-date global agricultural 

information was also identified as a crucial 

enabler, reflecting the role of social media in 

bridging knowledge gaps. One participant 

noted: 

“Providing accurate and timely information 

about modern agricultural technologies 

through social media can enhance their 

adoption.” 

Finally, sustainable agricultural and 

environmental goals were consistently cited 

as motivating factors, aligning with the 

broader responsibility of extension systems 

to promote eco-friendly practices. 

Core Category (Central Phenomenon) 

The core category represents the central 

phenomenon around which the model is 

structured: the acceptance and use of social 

media in agricultural extension, supported by 

technical and specialized mechanisms. 

Analysis revealed nine core concepts, 

grouped into three major themes (Table 3; 

Figure 3). These themes reflect the 

multidimensional nature of adoption, 

including technological modernization, local 

empowerment, and cultural adaptation. 

Table 1. Percentage of reliability through re-coding. 

Test-retest reliability 

(%) 

Number of 

disagreements 

Number of 

agreements 

Total 

codes 
Interview number 

83 5 12 29 1 

85 3 9 21 2 

87 3 10 23 3 

85 11 31 73 Overall 
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Contextual Conditions 

Contextual conditions represent the 

institutional and environmental factors 

shaping adoption, such as supportive 

policies, infrastructure, training, and 

financing (Table 4; Figure 4).  

 

Intervening Conditions 

Intervening conditions are external 

dynamics—economic, technological, and 

political—that either enable or hinder 

adoption (Table 5; Figure 5). These include 

government promotional policies, social 

capital and trust, economic and market 

conditions, and limitations caused by 

international sanctions.  

Table 2. Identified concepts and categories related to causal conditions. 

Coding 

dimension 
Categories Concepts 

Causal 

conditions 

Development of Farmers’ 

Technical Knowledge 

Enhancing public awareness; increasing 

technical expertise; expanding professional 

agricultural knowledge  

Familiarity with Media-Related 

Institutions and Strengthening 

Cooperation 

Collaboration between institutions and farmers; 

improving awareness of agricultural media 

organizations 

Reducing Farmers’ Time Spent 

Searching for Information 

Minimizing search time; using modern 

technologies for access 

Facilitating Sustainable 

Agricultural and Environmental 

Development 

Promoting environmental conservation; 

advancing sustainable agriculture 

Expanding the Coverage of 

Extension Activities 

Linking to global networks; extending outreach 

of extension services 

Rapid Dissemination of 

Extension Messages 

Exchanging knowledge; delivering diverse, 

relevant messages; storing and reusing messages; 

ensuring swift communication  

 

 

Figure 2. Cycle of “causal conditions” for “social media integration” in Agriculture. 
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Strategies and Actions 

Strategies highlight practical measures for 

implementation, including creating 

platforms, promoting participatory extension, 

and building institutional collaborations 

(Table 6; Figure 6). 

Outcomes and Impacts 

Social media integration results in 

transformative outcomes, including 

improved agricultural performance, 

accelerated learning, and enhanced farmer 

participation (Table 7; Figure 7). 

These outcomes illustrate how social media 

fosters innovation, expands access to global 

knowledge, and contributes to sustainable 

farming. For instance, one interviewee 

explained:  

“Using social media in agricultural 

extension can significantly enhance public 

knowledge in various agricultural domains.” 

 
Figure 3. Core Category of social media adoption in agricultural extension. 

 

Table 3. Identified concepts and categories related to the Core Category. 

Coding 

dimension 
Categories Concepts 

Core 

category 

Strengthening and Modernizing 

Communication Technology Networks 

Establishing and improving 

communication networks 

 Leveraging modern communication 

technologies 

Media Needs Assessment and Local 

Empowerment 

Identifying regional and local needs 

related to social media development 

 Enhancing local and individual 

capacities 

Localization and Cultural Adaptation 

of Media Practices 

Customizing social media platforms for 

local agricultural use 

 Promoting media literacy and 

awareness 

Establishing Social Media Platforms 

and Groups 

Creating appropriate social media 

platforms 

 Forming discussion groups and 

channels on messaging apps 
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Table 4. Identified concepts and categories related to Contextual Conditions. 

Coding 

dimensions 
Categories Concepts 

Contextual 

conditions 

Provision of Equipment and 

Infrastructure for Social Media 

Quantitative and qualitative development of 

internet services 

 
Establishment of hardware infrastructure 

(electronic and specialized equipment) for the 

use of social media by the government 

Policy-Making and Inter-

Institutional Cooperation 

Related to Social Media 

Agricultural policymakers’ belief in the 

effectiveness of social media in extension 

services 

 
Formulation of supportive policies and 

regulations for social media in agricultural 

extension 

 Cooperation and interaction with agencies 

involved in social media operations 

Education and Research on 

Social Media 

Research on improving the effectiveness of 

social media in agricultural extension 

 Training extension agents in the use of social 

media for agricultural outreach 

Financial Resource Allocation 

for Social Media Development 

Allocation of government funding and 

financial resources for integrating social media 

in agricultural extension 

 Attracting financial sponsors for social media 

development 

 
Government support in the form of loans and 

financial incentives to help farmers acquire 

smartphones 

 Providing farmers with access to smartphones 

to facilitate social media usage 

 

 

Figure 4. Components of Contextual Conditions for social media integration in agriculture. 
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Theoretical Model and Analytical 

Approach 

The integration of all six dimensions led to 

the development of a theoretical model of 

social media adoption in agricultural 

extension (Figure 8). Unlike narrow adoption 

models, this framework emphasizes both 

institutional drivers (e.g., policies, 

infrastructure) and external constraints (e.g., 

sanctions, digital divides).   

 

DISCUSSION 

This study sought to generate a grounded 

theoretical model explaining how technical 

and professional support for social media can 

be implemented within agricultural extension 

systems. The model integrates six empirically 

derived dimensions—causal conditions, core 

category (adoption/use), contextual 

conditions, intervening conditions, strategies, 

and outcomes—based on 11 in-depth expert 

Table 5. Identified concepts and categories related to Intervening Conditions. 

Coding dimensions Categories Concepts 

Intervening 

conditions 

Government Promotional 

Policies on Social Media 

Government policies and strategies 

regarding social media 
 Institutions related to agricultural extension 

Social Capital and Public 

Trust 
Farmers’ social capital 

 Farmers' trust in social media as an 

agricultural extension tool 

Economic Development of 

Communication Technology 

Development of communication 

technologies 

 Economic and market conditions affecting 

technology access 

Limitations in Access to 

Advanced Technical 

Knowledge Due to Sanctions 

Comprehensive international sanctions 

 
Lack of access to cutting-edge global 

technical knowledge in satellite and 

communication technologies 

 Restrictions on securing internet and web-

based infrastructure 

 

 

Figure 5. Intervening Conditions impacting social media support in agriculture. 
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interviews and inductive coding (57 concepts 

→ 23 categories).  

Our findings show that the causal 

conditions (e.g., enhancement of farmers’ 

technical knowledge; access to up-to-date 

information; local needs assessment) 

principally enable the acceptance and use of 

social media by shaping demand and 

perceived usefulness. These drivers align 

with the problem described in the 

introduction: traditional extension 

approaches struggle with scale and 

interactivity, and social media can address 

these gaps if enablers are present. 

Empirically, a plurality of interviewees 

emphasized knowledge-access as the primary 

motivation for adoption. This is consistent 

with Aker (2011) and Mittal and Mehar 

(2016), who identify information timeliness 

as central to improved decision-making. In 

our data, the pathway from causal conditions 

to outcomes (for example, improved farm 

practices and accelerated learning) was 

repeatedly reported: Respondents tied 

knowledge access (causal) through platform 

use (core category) to measurable practice 

changes (outcomes). Consequently, the 

model helps explain how social media 

adoption contributes to agricultural 

sustainability — via accelerated diffusion of 

environment-friendly practices, faster 

troubleshooting (pest/disease), and improved 

adoption of resource-efficient techniques — 

Table 6. Identified concepts and categories related to Strategies and Actions. 

Coding 

dimensions 
Categories Concepts 

Strategies 

and actions 

Establishment of Social 

Media Platforms and 

Communities 

Development of suitable platforms for social media 

engagement in agriculture 

 Formation of groups and channels on social media and 

messaging applications 

Participatory Extension 

Approach 

Enhancing the attractiveness of educational content 

for dissemination through social media 

 
Strengthening connections between extension services 

and influential figures in the agricultural sector to 

facilitate content creation in digital spaces 

 Expanding participatory extension efforts by 

leveraging the capabilities of social media 

 Promoting the adoption of advanced technologies 

related to social media in agricultural outreach 

 

 

Figure 6. Strategies for adopting social media in agricultural extension.  
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all of which were cited by participants as 

examples.  

Role of Social Media in Agricultural 

Extension 

The qualitative evidence indicates that 

extension-oriented use in the respondents’ 

context is dominated by messaging apps and 

locally available platforms (messaging 

channels, groups and channels on national 

apps such as Eita and Baleh), as well as broad 

platforms used for content dissemination 

(e.g., Telegram historically, messaging and 

video platforms). The interview sample 

(experts from extension offices, ICT units 

and academia) reported high institutional 

usage of messaging channels for 

announcements and advisories, while direct 

farmer adoption was described as variable: 

experts noted widespread use among younger 

or better-connected farmers, and limited 

adoption among remote smallholders. These 

observations are consistent with Mohammadi 

et al. (2019), who documented limited 

effective use among farmers, and Mirzaei et 

al. (2016), who showed heavy use of social 

Table 7. Identified concepts and categories related to Outcomes and Impacts. 

Coding 

dimensions 
Categories Concepts 

Outcomes and 

impacts 

Enhancing Farmers' Access to 

Global Agricultural Knowledge 

Increased access to up-to-date agricultural 

information and knowledge 

 Improvement of farmers' awareness and 

expertise through social media utilization 

Boosting Farmers' Confidence 

Through Accelerated Learning 

Strengthening farmers' motivation and 

self-confidence 

 Accelerating the learning process for 

farmers 

Promoting a Culture of Innovation 

and Entrepreneurship 

Encouraging creativity and innovation in 

the agricultural sector 

 Promoting entrepreneurial practices within 

agriculture 

 Enhancing efficiency in agricultural 

education and extension activities 

 Enriching the content of extension training 

programs 

 

 

Figure 7. Enhancing Agricultural outcomes through social media integration. 
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networks among educated students—

indicating that uptake is uneven and often 

correlated with connectivity and digital 

literacy. Furthermore, our interview data 

substantiates patterns (Institutional use> 

Partial farmer uptake) and highlights the need 

for quantitative surveys to measure adoption 

rates among farmers.  

Institutional Support: Forms and 

Mechanisms 

Respondents described multiple, concrete 

forms of institutional support and policy 

instruments that enable social media 

integration. These included the followings: 

• Regulatory and Strategic Measures: 

Formal national/regional digital 

extension strategies, ministerial 

directives, and standard operating 

procedures for digital advisories (e.g., 

endorsed content protocols and liability 

guidelines). 

• Budgetary/Financial Measures: 

Designated budget lines for digital 

extension, subsidies or loan programs 

for farmer smartphones, and public–

private financing for platform 

development. 

• Infrastructure Investments: Public 

investment in rural broadband and 

targeted ICT infrastructure such as Base 

Transceiver Stations (BTS) sites and 

fiber backhaul to improve coverage. 

• Organizational Mechanisms: Inter-

agency coordination platforms 

[Memoranda Of Understanding (MOUs) 

between agriculture and 

communications ministries], dedicated 

extension ICT units, and partnerships 

with telecommunication companies to 

prioritize agricultural messaging. 

These concrete forms correspond directly 

to the contextual and intervening dimensions 

in our model and are supported by 

respondents’ accounts. Literature (for 

example, Barau and Afrad, 2017) also 

stresses institutional backing and 

infrastructure as core enablers. Our study 

extends these insights by mapping how 

different institutional instruments align with 

model components (e.g., Budgets → 

Contextual condition; MOUs → Enabling 

policies for strategies). 

Barriers and Locally Grounded 

Evidence 

Respondents repeatedly cited limited rural 

internet infrastructure, digital illiteracy 

among certain farming cohorts, distrust in 

platform data quality, and financial 

constraints as barriers — themes that occur in 

the broader literature (Musa et al., 2014; Van 

 

Figure 8. Theoretical model of Social Media Adoption in agricultural extension. 
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Zoonen et al., 2016). Importantly, our dataset 

provided local-scale nuances: experts pointed 

to fragmentation (multiple platforms, some 

requiring VPNs in the national context), lack 

of local language and culturally suitable 

content, and uneven device access. These 

local barriers explain why adoption is patchy 

and why institutional instruments should be 

targeted (e.g., smartphone subsidies 

combined with tailored local content and 

trust-building). 

Model Novelty, Theoretical 

Contribution, and Relationship to 

Existing Frameworks 

Several diffusion and technology adoption 

models [Technology Acceptance Model (TAM)/ 

Unified Theory of Acceptance and Use of 

Technology (UTAUT), diffusion of innovations] 

emphasize perceived usefulness, ease of use, and 

social influence. Our grounded model differs by 

offering an institutionally and operationally 

explicit account: rather than focusing only on 

individual perceptions. It situates adoption within 

a system of technical support mechanisms 

(policy, infrastructure, capacity building) and 

identifies mediating and contextual factors 

specific to agricultural extension. In other words, 

the study’s novelty lies in linking institutional 

levers (policy, budgets, inter-agency cooperation) 

with micro-level outcomes (farmer learning and 

behavior) via operational strategies (platforms, 

participatory extension), which the existing 

individual-level adoption models do not fully 

specify. This contribution advances extension 

theory by demonstrating that achieving beneficial 

outcomes from social media requires 

simultaneous alignment across multiple 

institutional and technical dimensions. 

Policy and Practice Implications 

The policy recommendations presented in 

the section on “Results” and earlier (in brief: 

infrastructure investment, capacity building, 

institutional coordination, localized content, 

financing mechanisms, and trust-building) 

are not speculative; they directly follow from 

empirical statements by interviewees about 

what they perceive as gaps and enablers. For 

example, the recommendation to improve 

farmers' access to smartphones and increase 

budget allocations reflects multiple 

respondents' concrete suggestions. Similarly, 

recommendations for localized content and 

extension agent training are grounded in 

participants' reports of low digital literacy 

and the lack of regionally relevant 

educational materials. Thus, each 

recommendation is traceable to specific 

categories in the model (Contextual 

conditions → Policy and Finance; Strategies 

→ Platform creation and participatory 

extension; Outcomes → Improved learning 

and performance). 

Limitations, Unsettled Points and 

Future Work 

Consistent with the grounded theory tradition 

and the qualitative design of this study, the 

findings provide a contextually grounded 

theoretical explanation that is intended to 

support analytical understanding and 

transferability to similar contexts, rather than 

statistical generalization to a broader 

population. Notable unsettled points that merit 

future empirical testing include: (1) 

Quantifying farmer adoption rates across 

demographic groups and regions, (2) Testing 

causal linkages in the model (e.g., the mediating 

role of institutional coordination between 

infrastructure investment and outcomes), and 

(3) Empirically integrating technology 

characteristics (complexity, usability) with the 

institutional model (TAM/UTAUT variables). 

The latter was beyond the present study’s scope 

but flagged by respondents as relevant for 

future mixed-methods research. 

CONCLUSIONS 

This grounded theory study produced an 

empirically-based model explaining how 

technical and specialized support can enable 

social media adoption in agricultural 
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extension. It highlights that coordinated 

policy action, targeted infrastructure 

investment, institutional collaboration, and 

context-sensitive capacity-building are 

necessary preconditions for realizing the 

knowledge-sharing and sustainability 

benefits of digital platforms. 
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 های اجتماعی در ترویج کشاورزی سازی رسانهبنیاد برای یکپارچهپردازی دادهمدل نظریه

 و مرجان واحدی  ،مریم بهارستانی، علیرضا پورسعید

 چکیده 

منظور تبیین عوامل محرک، بنیاد بههدف این پژوهش، ارائه یک مدل نظری مبتنی بر نظریه داده
های اجتماعی در نظام ترویج کشاورزی بود. بدین کارگیری رسانهموانع و راهبردهای مؤثر بر به 

ساختاریافته با خبرگان حوزه ترویج کشاورزی و واحدهای ارتباطات منظور، یازده مصاحبه نیمه
ها با استفاده از فرایندهای کدگذاری باز، محوری و انتخابی مورد دیجیتال در ایران انجام شد و داده

مقوله استخراج و در قالب  ۲۳مفهوم و  ۵۷وتحلیل قرار گرفتند. در نتیجه فرایند کدگذاری،  تجزیه
زمینه علّی،  شرایط  بر  مشتمل  پارادایمی  الگوی  مداخله یک  و  راهبردها  ای  پیامدها گر،  و 

گذاری نهادی، سرمایههای بینها نشان داد که هماهنگی سیاستی، همکاریدهی شدند. یافته سازمان
زیرساخت ظرفیتدر  توسعه  و  مهمها  از  دیجیتال،  پیشهای  اثربخش ترین  استقرار  نیازهای 

روند. همچنین، ضعف پوشش اینترنت شمار میهای اجتماعی در نظام ترویج کشاورزی بهرسانه
پراکندگی  و  مالی  منابع  محدودیت  کشاورزان،  دیجیتال  سواد  بودن  پایین  روستایی،  مناطق  در 

شده بودند. نتایج پژوهش همچنین نشان داد که ترین موانع شناساییهای سیاستی، از مهمچارچوب
از   های اجتماعی با تسهیل انتشار سریع دانش، افزایش تعامل برخط با کشاورزان و حمایترسانه

توانند نقش مؤثری در ارتقای عملکرد نظام ترویج ایفا کنند.  های کشاورزی پایدار، میپذیرش شیوه
ای با پیامدهای عملی، دانش های نهادی و زمینهشده با تبیین پیوند میان ظرفیتمدل نظری ارائه 

های رایج پذیرش فناوری موجود در حوزه ترویج کشاورزی را غنا بخشیده و مکمل چارچوب
یافته کاربردی،  منظر  از  سیاستاست.  تدوین  ضرورت  بر  تقویت ها  شواهد،  بر  مبتنی  های 

گذاری در تولید محتوای بومی و ارتقای آموزش های بخش دولتی و خصوصی، سرمایه مشارکت
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بهره همچنین،  دارند.  تأکید  فناوریکشاورزان  از  راهبردی  نظیر کلانگیری  نوظهور  داده، های 
های اجتماعی های ترویج مبتنی بر رسانهتواند اثربخشی نظاماینترنت اشیا و هوش مصنوعی می

اندرکاران  گذاران و دست را بیش از پیش افزایش دهد. مدل پیشنهادی، راهنمایی عملی برای سیاست
های روستایی، توسعه پایدار بخش کشاورزی را تسهیل آورد تا از طریق تقویت نوآوریفراهم می 

 .کنند
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Knowledge-Behavior Gap in Soil Conservation: An 

Interventional Study with Small-Scale Farmers in Chile 

Alexander Neaman1*, Francisca Poblete1, Claudia Navarro-Villarroel2, Héctor Berroeta3, 

Elliot Burnham4, Mónica Castro4, Dmitry S. Ermakov5, and Masoud Bijani6 

ABSTRACT  

The purpose of the study was to analyze the impact of a soil management course on the 

farmers’ soil science knowledge and their soil conservation behaviors. The research 

involved 33 small-scale farmers in the Arica and Parinacota Region, Chile. This study 

employed both qualitative and quantitative methods, with data collected through surveys 

(pre- and post- course, and a subsequent retention test) and interviews following the 

retention test. The training course significantly enhanced farmers’ understanding of soil 

science, as demonstrated by their performance on the post-course survey and retention 

test. However, no statistically significant improvement was observed in farmers’ soil 

conservation behavior. Interview results confirmed these quantitative findings, and 

provided insights into the underlying mechanisms, which are consistent with the theories 

of the stage model of self-regulated behavioral change. Our study offers current evidence 

of the knowledge-behavior gap in agricultural decision-making. This study challenges the 

typical focus of agricultural extension activities on knowledge alone, highlighting how this 

approach overlooks potential behavioral changes resulting from the intervention.  

Keywords: Agricultural extension, Behavioral change, Land degradation, Pro-environmental 

behavior, Soil protection.  

INTRODUCTION 

Soil management practices are a critical 

component of human civilization’s life 

support system (Liang et al., 2025; Maruthi 

et al., 2024). Indeed, improper soil 

management practices have been implicated 

in the collapse of several ancient societies 

(Hillel, 1992; Diamond, 2011). Taking this 

historical context into account, scholars 

emphasize the importance of soil 

conservation for advancing sustainable 

development (Koch et al., 2013; Lal et al., 

2021).  

Over the last decades, researchers have 

studied the factors that influence farmers’ 

adoption of environmentally sustainable 

practices (reviews conducted by Baumgart-

Getz et al., 2012; Prokopy et al., 2019; 

Ranjan et al., 2019; Lu et al., 2022). 

Research has shown that economic 

constraints and incentives are important 

drivers of farmers’ decision-making (review 

by Bartkowski and Bartke, 2018). However, 

the review by Chouinard et al. (2008) 

revealed that many farmers are motivated by 

conservation goals, even if it means 

sacrificing immediate profits.  
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Currently, there is no single overarching 

theory that accounts for farmers’ decision-

making in relation to conservation practices 

(Dessart et al., 2019). For instance, Winkler-

Schor et al. (2024) identified 29 unique 

theories used in land management research.  

A prominent theory explaining farmers’ 

decision-making is based on a complex 

relationship between farmers’ soil science 

knowledge, their attitudes toward soil 

conservation, and their actual soil 

conservation practices (Gholami and 

Papzan, 2021; Burnham et al., 2023; Jalilian 

et al., 2025; Neaman, 2025b; Piran et al., 

2025). Farmers’ soil science knowledge 

refers to applied understanding of soil 

management techniques aimed at mitigating 

global soil degradation (Neaman et al., 

2024). In turn, “attitude” can be defined as a 

mental position with regard to a fact or state 

or a feeling or emotion toward a fact or state 

(Merriam-Webster Dictionary, 2025). The 

“knowledge-deficit theory” (Schultz, 2002) 

posits that a lack of environmental 

knowledge can hinder pro-environmental 

actions. Equally, it is well known that pro-

environmental attitudes influence farmers’ 

decisions to engage in conservation 

behaviors (Farani et al., 2021). Therefore, a 

combination of improved attitudes toward 

soil and enhanced soil science knowledge 

among farmers will likely contribute to the 

adoption of more sustainable soil 

conservation practices (Jalilian et al., 2025). 

This study focused on small-scale farmers 

in Chile. It focused primarily on soil science 

knowledge, attitudes toward soil 

conservation, and soil conservation behavior 

as previous studies (Burnham et al., 2023; 

Neaman, 2024; 2025) have provided 

extensive evidence for the validity of scales 

to measure these constructs among Chilean 

farmers.  

Scientific literature proposes that the 

central objective of soil science education, 

particularly within the context of formal soil 

management education, is to promote soil 

conservation (Muggler et al., 2006). This 

objective of soil science education implies 

the need for longitudinal studies that 

investigate whether interventions are 

effective in promoting soil conservation 

actions among the participating farmers.  

The review conducted by Floress et al. 

(2018) emphasizes the scarcity of 

interventional studies in soil conservation 

research. Likewise, the review conducted by 

Lobry de Bruyn et al. (2017) highlights the 

frequent reliance on simplistic metrics, such 

as attendance numbers and participant 

satisfaction in agricultural extension activity 

reports. Despite the recognized importance 

of behavioral factors, few studies have 

employed longitudinal designs with 

validated reliable scales to evaluate 

behavioral change among farmers (Neaman, 

2025a). Many other studies primarily 

evaluate knowledge gains, overlooking 

potential behavioral changes (Rejesus et al., 

2012; Pan and Zhang, 2018). This limited 

scope undermines our understanding of the 

true impact of these interventions. 

This study focuses on small-scale farmers 

in Chile. Previous research in the area 

(Burnham et al., 2023; Neaman et al., 2024) 

demonstrated that the farmers’ possessed 

limited understanding of soil management 

principles, despite showing favorable 

attitudes toward soil conservation. 

Accordingly, our intervention specifically 

targets knowledge gaps in soil science rather 

than attitudinal aspects. We hypothesized 

that a soil management training course will 

improve farmers’ knowledge, which, in turn, 

will lead to observable changes in soil 

conservation practices.  

Some researchers posit that the evaluation 

of training programs should also analyze the 

impact on agricultural productivity and farm 

economic rentability (Kirkpatrick and 

Kirkpatrick, 2006). However, the study by 

Roesch-McNally et al. (2018) demonstrated 

that some farmers are able to overcome the 

issue of an apparent trade-off between short-

term productivity goals and long-term 

conservation goals. For these reasons, we 

limited our analysis to farmers’ knowledge 

and behavior, excluding long-term impacts 

on agricultural productivity and farm 

economic rentability.  
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While the chosen study area is particularly 

significant for Chile, it is important to 

recognize that soil degradation is a global 

issue (Editorial, 2004) undermining 

agricultural sustainability worldwide. This 

emphasizes the broader importance of our 

study, extending its implications beyond the 

local context.  

It should be noted that this study was 

designed with a specific emphasis on 

scrutinizing the effects of a soil management 

course, administered by soil professionals, 

not only on enhancing farmers’ soil science 

knowledge but also on influencing their soil 

conservation behaviors. Crucially, this dual 

focus on knowledge acquisition and 

behavioral adjustments distinguishes our 

study from others, offering a more 

comprehensive understanding of the impact 

of the course on farmers’ practices and 

knowledge in the realm of soil conservation. 

This emphasizes the innovative nature of 

this study.  

MATERIALS AND METHODS 

Study Area 

The study area comprised the Arica and 

Parinacota Region, located in the 

northernmost part of Chile (Figure 1), 

known for the world’s driest desert, the 

Atacama Desert (Figure 2-A). However, in 

the Altiplano (a high Andean Plain), there 

exists an interesting phenomenon, which 

brings heavy rain during the summer 

months. This phenomenon allows 

groundwater and rivers to replenish (Kikuchi 

and Ferré, 2017). This, in turn facilitates 

agricultural activities in the coastal areas of 

the region. Agricultural areas are located in 

the plain parts of the river basins (Figure 2-

B). The region’s favorable climate permits 

the year-round open-field cultivation of 

crops, including the winter months. 

Aridisols and Entisols are the predominant 

soil types in the region (Casanova et al., 

2013).  

One of the most pressing agricultural 

challenges in the region is the proliferation 

of plant diseases and pathogens (González 

Vallejos et al., 2013; Mazuela Águila, 

2013), which causes wide-spread use of 

synthetic pesticides. In general, farmers are 

uncertain of what to do with the agricultural 

production waste that is generated on their 

farm. In some cases, they dispose of it 

somewhere, e.g., along a road (Figure 3-A). 

In other instances, farmers attempt to 

compost their agricultural production waste, 

but they approach it incorrectly. Instead of 

forming a pile, they place the waste in a box 

 
Figure 1. Geographical location of the study area. 
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(Figure 3-B), which prevents them from 

periodically turning the pile to ensure the 

required aeration. Only a small fraction of 

the farmers conducts soil chemical analyses. 

This is particularly concerning given the 

widespread nutrient deficiencies observed in 

the region, as illustrated by a partially 

exfoliated citrus tree (Figure 3-C) and 

tomato plants exhibiting clear symptoms of 

iron chlorosis (Figure 3-D).  

Study Population  

The total population of the Arica and 

Parinacota Region is ~226,000 people, 

concentrated predominantly in the city of 

Arica, contrastingly the rural population is 

only about 4,500 people (ODEPA, 2020). 

Given the extensive area of the region 

(16,873 km2) and the difficult accessibility 

to the Altiplano areas (located at an 

elevation of more than 3000 m above sea 

level), it was essential that we focused our 

research on the coastal area of the region, 

around the city of Arica.  

The population of interest for this study 

were small-scale farmers because, as 

mentioned above, they possess a poor 

understanding of soil management principles 

and there is a need to enhance their soil 

conservation actions (Burnham et al., 2023; 

 

Figure 2. Typical view of the coastal area of the Arica and Parinacota Region (northern Chile), illustrating 

extreme aridity of the Atacama Desert (A). Agricultural areas are located in the plains of the rivers basins (B). 
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Neaman et al., 2024). Around the city of 

Arica, such small-scale farmers are located 

in the Concordia and Lluta river basins 

(Figure 1). Accordingly, we approached the 

following two agricultural communities 

located in these river basins:  

 1) A group of 80 farmers, located in the 

Concordia River basin,  

 2) A group of 50 farmers, situated in the 

Lluta River basin. 

We announced a free-of-charge training 

course on soil management, delivered by 

soil science experts. Similar training courses 

for farmers were held in Chile on other 

topics, such as biodiversity conservation 

(Márquez-García et al., 2018).  

In response, 33 small-scale farmers 

enrolled in the course, i.e. the response rate 

was 25%. This approach corresponded to 

convenience sampling (also known as 

opportunity sampling), a common approach 

in research. However, it is important to note 

that findings derived from convenience 

samples are not generalizable to the broader 

population (APA, 2018).  

Furthermore, it is important to 

acknowledge that this study is somewhat 

limited, given the relatively small sample 

 
Figure 3. Examples of typical agricultural management issues in the area under study: (A) Agricultural 

production wastes disposed of along a road, (B) An attempt to compost agricultural production wastes by 

placing them in a box, instead of creating a pile, (C) A partially exfoliated citrus tree, and (D) A tomato 

plant with visible symptoms of iron chlorosis. 
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size. With 33 participants, we were able to 

detect large effects (Faul et al., 7 2007). 

Nonetheless, rural studies notably use both 

qualitative and quantitative research 

methods (Strijker et al., 2020). Therefore, 

we decided to mitigate the limitation of 

small sample size by including qualitative 

analysis (see “Qualitative method” below).  

Socio-demographic characteristics of the 

participants were as follows: Age of 52±15 

(range of 52–67) years old; 48% females, 

67% self-identifying as Aymara (an 

indigenous ethnicity of northern Chile) and 

33% did not belong to any indigenous 

ethnicity; 58% without any professional 

degree and 42% possessing a professional 

degree, 85% declared not having any 

previous training in soil management and 

15% had such previous training. 

Importantly, none of the participating 

farmers had a professional degree related to 

agriculture. All participating farmers 

possessed relatively small land parcels 

(smaller than four hectares), which were 

used for both annual crops (e.g. tomato, 

Figure 3-D) or fruit trees (e.g. citrus, Figure 

3-C).  

All participants received comprehensive 

information regarding the study’s objectives, 

methodology, and potential implications. 

The informed consent procedure highlighted 

the voluntary participation principle, 

guaranteeing farmers complete autonomy to 

withdraw from the survey at any stage 

without consequence. Data collection 

procedures were designed to minimize 

participant burden while strictly maintaining 

confidentiality, in full compliance with 

established research ethics protocols. 

Training  

The training program combined traditional 

lectures with interactive discussions among 

participating farmers. This is a typical 

format used in Chile for farmers’ training 

programs (Márquez-García et al., 2018). 

The interactive discussions focused on: (1) 

Farmers’ evaluations of their current soil 

management practices, (2) The applicability 

of knowledge gained from the training, and 

(3) Challenges in adopting new practices 

based on their learning.  

It is important to mention that the income 

of small-scale farmers in Chile tend to be 

unstable (Castillo et al., 2022). Furthermore, 

economic constraints are the most important 

factors on farmers’ decision-making 

worldwide (review by Bartkowski and 

Bartke, 2018). For this reason, we decided to 

focus our training on soil conservation 

practices that require minimal (if any) 

economic investment. Specifically, six 

sessions were delivered over a six-month 

period, covering the following topics:  

 1) Importance of soil as a resource in 

agriculture, 

 2) Management of saline and calcareous 

soils,  

 3) Compost, fermented organic fertilizers, 

Rhizobium bacteria and other beneficial 

bacteria, symbiotic fungi (mycorrhiza).  

 4) Soil disinfection by solarization, fallow 

use, stubble burning alternatives, alternative 

pesticides (bio-pesticides). 

 5) Soil structure, soil erosion, use of 

mulch and cover crops.  

 6) Importance of the chemical analysis of 

the soil, irrigation water, and organic matter 

to be applied to the soil. Estimation of the 

dose of fertilizers to be applied based on the 

results of the analyses.  

Research Method  

This research employed both quantitative 

and qualitative approaches. Data was 

collected through surveys and interviews, as 

described in detail below. 

Enrolled farmers were initially screened 

with the question: “Do you make decisions 

related to soil management on your farm?”. 

Among 33 participating farmers, 21 had 

made independent decisions regarding soil 

management on their farms. An additional 

12 farmers had relied on decisions made by 

external soil management experts who 
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provided professional consulting services to 

them.  

Based on this initial screening, we decided 

to consider the responses from all the 

participating farmers (n = 33) on soil science 

knowledge and attitudes toward soil. 

However, in the analysis of the soil 

conservation behavior results, we only 

considered farmers who made independent 

decisions regarding soil management on 

their farms (n= 21). Similarly, only farmers 

who made independent decisions regarding 

soil management on their farms were 

involved in the interviews.  

 Process 

A pre-test was administered at the 

beginning of the first class, a post-test was 

administered at the end of the sixth class (6 

months after the beginning of the course), 

and a retention test was administered at the 

follow-up class (4 months after the post-

test). As previously mentioned, a 

confidential code was used to match the two 

tests completed by each respondent.  

In Supplementary Tables 1-3, specific 

items of the scales under study are ranked 

based on the mean score obtained from all 

the participating farmers’ pre-test responses. 

This form of presenting the results allowed 

us to identify items with the lowest scores, 

which were appropriately addressed during 

our intervention.  

After the completion of the sixth session, 

there was a four-month break. Farmers were 

requested to implement soil management 

practices, according to the knowledge 

obtained during the training. Four months 

later, a follow up session was held in which 

participating farmers were given a retention 

test and had their questions answered. In 

parallel, an interview was conducted with 

each of the participating farmers who were 

making independent decisions regarding soil 

management on their farms.  

Quantitative Method  

The quantitative approach involved a self-

administered pen-to-paper survey, which 

incorporated three key scales: (1) Soil 

science knowledge, (2) Attitudes toward 

soil, and (3) Soil conservation behavior.  

 1) The scale of soil science knowledge 

(Supplementary Table 1) utilized true/false 

questions to assess farmers’ objective 

understanding of soil management practices 

related to preventing various types of global 

soil degradation (Editorial, 2004). Validity 

criteria for this scale are presented in our 

previous Chilean Research (Neaman, 2024; 

Neaman et al., 2024).  

 2) We used a 5-point Likert scale to 

measure farmers’ attitudes toward soil 

(Supplementary Table 2). This scale 

included the following five options: (1) 

Strongly disagree; (2) Disagree; (3) Neither 

agree nor disagree; (4) Agree; (5) Strongly 

agree, allowing for nuanced responses. 

Validity criteria for this scale are presented 

in our previous Chilean Research (Neaman, 

2024; Neaman et al., 2024).  

 3) The scale of soil conservation behavior 

(Supplementary Table 3) evaluated actions 

related to various areas of soil management. 

Soil conservation behavior was assessed 

using a 5-point Likert scale with options 

ranging from “never” to “always”. It is 

worth noting that the soil conservation 

behavior scale utilized in the present study 

included a “not applicable” option. This 

allowed farmers to skip a question if it did 

not apply to their specific farming situation. 

Validity criteria for this scale are presented 

in our previous Chilean research (Burnham 

et al., 2023; Neaman et al., 2025). 

Reliability is a key concept in 

psychometrics, referring to the 

trustworthiness or consistency of a measure 

(APA, 2018). One common method for 

assessing reliability is Cronbach’s alpha 

(Cronbach, 1951). The scales of soil 

conservation behavior and soil science 

knowledge used in this study demonstrated 

acceptable reliability (Cronbach’s alpha 

values of 0.74 and 0.72, respectively), 

whereas the scale of attitudes toward soil 

demonstrated an excellent Cronbach’s alpha 

value of 0.95. The reliability of the scales 

measuring soil science knowledge and 

https://docs.google.com/document/d/1PDGkDCULI6SdkjquqGIh2LHbKAOPJALE/edit?usp=drive_link&ouid=105933980029631899283&rtpof=true&sd=true
https://docs.google.com/document/d/1PDGkDCULI6SdkjquqGIh2LHbKAOPJALE/edit?usp=drive_link&ouid=105933980029631899283&rtpof=true&sd=true
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attitudes toward soil was assessed using pre-

test responses from all participating farmers 

(n= 33). However, the reliability of the scale 

measuring soil conservation behavior was 

determined based on the pre-test responses 

of farmers actively making decisions about 

soil management on their property (n= 21). 

With respect to the statistical analysis of 

the quantitative survey, Paired Analysis Of 

Variance (ANOVA), also known as repeated 

measures ANOVA, was used to examine the 

effect of the training course on farmers’ soil 

science knowledge, attitudes toward soil, 

and their soil conservation behavior. A 

confidential code was used to match pre-, 

post-, and retention test scores for each 

farmer. A Tukey test was used for multiple 

comparisons. 

Qualitative Method  

The qualitative approach consisted of 

interviews. Each farmer was visited by the 

research team on their farm. Based on the 

recommendations of Berroeta et al. (2024), 

we introduced the interview as follows: “Let 

us go for a walk on your farm; please show 

us your farm”. This approach allows 

participants to feel more relaxed during the 

interview (Berroeta et al., 2024). It also 

allowed the interviewers to observe and 

validate the adoption, or lack of, diverse soil 

management practices, such as the 

following:  

- Use of cover crops and/or mulch,  

- Composting of vegetal materials or, 

opposingly, piling plant debris as waste,  

- Production of fermented organic liquid 

fertilizers, 

- The use of fallow land, 

- Soil disinfection by solarization, 

- Use of conventional synthetic 

agrochemicals (pesticides, herbicides, 

fungicides, nematicides), 

- Burning of stubble and/or pruning 

residues and/or leaves.  

During the farm visit, we asked each 

farmer the following questions: 

 How do you perceive the impact of the 

course on your knowledge of soil 

management practices? 

What do you think about the current soil 

management practices on your farm?  

 Are you interested in implementing some 

of the soil management practices that were 

discussed during the course?  

 What practices have you been able to 

implement during the three-month period 

since the last session of the course?  

What challenges are associated with 

implementing this/these practice(s)?  

 Based on the information you gained 

during the training sessions, what additional 

information do you need in order to 

implement soil management practices?  

Through these interviews, the research 

team gained a nuanced understanding of 

each farmers’ situation, as well as a deeper 

insight into the factors influencing the 

adoption of soil conservation behaviors 

among the participating farmers. To 

guarantee the validity of the qualitative 

analysis, members of the research team 

conducted an independent analysis of the 

interviews, and then discussed the results, 

reaching a consensus.  

RESULTS AND DISCUSSION 

The training course resulted in a 

statistically significant improvement in 

farmers’ soil science knowledge (Figure 4-

A). This knowledge level was sustained, as 

reflected by the results of the retention test. 

Specific “P” values for multiple 

comparisons (Tukey test) were as follows: 

Pre-test versus post-test: P< 0.0001; Pre-test 

versus retention test: P= 0.003; Post-test 

versus retention test: P> 0.05. The Cohen’s 

(1988) d values were 1.8 and 1.2 for the 

comparisons of pre-test versus post-test and 

pre-test versus retention test, respectively. 

These effects are large according to the 

Cohen’s (1988) classification. However, 

there was no statistically significant 

improvement in farmers’ attitudes toward 



Knowledge-Behavior Gap in Soil Conservation ___________________________________  

1089 

soil (Figure 4-B, P> 0.05) nor in their soil 

conservation actions (Figure 4-B, P> 0.05).  

Based on the qualitative analysis, farmers’ 

opinions during interviews can be 

summarized as follows:  

The delivered course greatly improved 

farmers’ knowledge about soil management 

practices,  

Farmers recognized that current soil 

management practices on their farms could 

be improved.  

Farmers were interested in implementing 

soil management practices that were 

discussed during the training course, such as 

 
 

Figure 4. Quantification of the impact of farmers’ training on: (A) Soil science knowledge, (B) 

Attitude(s) toward soil, and (C) Soil conservation behavior. The mean scores for each scale are shown; 

error bars show standard deviation. In the case of soil science knowledge, different letters represent 

statistically significant differences between the tests (ANOVA, Tukey test for multiple comparisons). Pre-

test versus post-test: P< 0.0001; Pre-test versus retention test: P= 0.003; Post-test versus retention test: P> 

0.05. 
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the use of compost, solarization, fermented 

organic fertilizers, as well as performing soil 

chemical analysis.  

Despite the aforementioned interest, 

farmers were unable to implement any new 

practices during the three-month period 

since the last training session. 

The primary barrier to implementing such 

practices was uncertainty about how to 

effectively put them into action, rather than 

economical constraints or other limitations.  

Farmers requested additional practical 

workshops and real-scale demonstrations of 

the recommended practices, to better equip 

them to implement these actions on their 

farms.  

In other words, the training course only 

resulted in a significant improvement in 

farmers’ knowledge, while their soil 

conservation practices remained unaffected. 

These results partially confirm our original 

hypothesis, which stated that training course 

improve farmers’ knowledge, which, in turn, 

will lead to observable changes in soil 

conservation practices.  

As mentioned above, the format of our 

training program (traditional lectures and 

interactive discussions) is quite typical in 

Chile (Márquez-García et al., 2018). This 

emphasizes the importance of having a 

platform to publish the results of studies that 

did not work out. Negative results are 

important and should be a vital part of the 

scientific community’s body of knowledge. 

Below, we discuss in detail the implications 

of the results of the study.  

Implications of the Study Results  

The opinion that increased environmental 

knowledge leads to pro-environmental 

behavior is disputed. For example, in their 

seminal paper in the field of environmental 

education, Hungerford and Volk (1990) 

demonstrated that knowledge does not 

automatically lead to behavior change in the 

environmental dimension. Furthermore, the 

review conducted by Kollmuss and 

Agyeman (2002) notably highlights the 

well-documented gap between possessing 

environmental knowledge and actually 

implementing pro-environmental behaviors. 

In the literature, this phenomenon is known 

as “knowledge-action gap” (Colombo et al., 

2023).  

In the light of previous research, it is not 

surprising to observe this knowledge-

behavior gap in the present study. The 

findings of this study challenge the typical 

focus of agricultural extension activities on 

knowledge alone, pointing out how this 

neglects potential behavioral changes 

resulting from the intervention (Rejesus et 

al., 2012; Pan and Zhang, 2018). Our 

findings reflect the results of the 

interventional study of Márquez-García et 

al. (2018), which involved training Chilean 

winegrowers on the topic of biodiversity 

conservation on their farms. The latter study 

showed that farmers’ knowledge about the 

importance of biodiversity was considerably 

improved as a result of the training. 

However, the biodiversity conservation 

behavior of participating farmers remained 

unchanged in the study of Márquez-García 

et al. (2018).  

It is well established that behavior change 

is a gradual process (Prochaska and Velicer, 

1997). The Stage Model of Self-regulated 

Behavioral Change (SSBC) offers a 

framework for understanding this process, 

outlining four distinct stages that individuals 

progress through (Bamberg, 2013): 

 1) Pre-decision: At this initial stage, 

individuals may lack awareness of the 

problem or its consequences. 

 2) Pre-action stage: individuals recognize 

the need for change but are yet to form a 

concrete plan of action. 

 3) Action: individuals actively implement 

new behavior(s). 

 4) Post-action: focus shifts to maintaining 

the adopted behavior(s) and preventing 

relapse. 

Informed by the SSBC model, at the 

beginning of the training course, farmers 

participating in the present study were at the 

pre-decision stage. Based on the 

aforementioned interview results and the 
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quantitative results (Figure 1-A), the 

intervention successfully raised awareness 

of the issues of soil conservation, and helped 

foster a sense of personal responsibility 

among the farmers. Furthermore, the 

training course provided farmers with 

valuable information on alternative 

behaviors, including their pros and cons. As 

a result, farmers developed a willingness to 

achieve a soil conservation goal, although 

they lacked a specific plan for how to 

accomplish it. Consequently, as a result of 

the training, farmers progressed from the 

pre-decision stage to the pre-action stage, 

based on the SSBC model classification 

(Bamberg and Schulte, 2019).  

A future interventional study is necessary 

to support farmers at the action and post-

action stages, as outlined by the SSBC 

model. Specifically, a new training course 

could focus on practical workshops and real-

scale demonstrations of recommended 

practices, as requested by participating 

farmers. During this proposed future 

training, farmers may require support in 

developing detailed implementation plans to 

translate intentions into actions, and 

maintain the changed behavior (Gollwitzer, 

1999). Specifically, agricultural extension 

agents could help farmers to form a 

behavioral intention (a concrete plan to 

perform a specific soil conservation action), 

and subsequently an implementation 

intention (a detailed strategy for “how, 

when, and where” to achieve the intended 

soil conservation goal) (Gallo and 

Gollwitzer, 2007).  

CONCLUSIONS 

Our study provides timely and pertinent 

evidence of the knowledge-behavior gap in 

agricultural decision-making. The findings 

of this study challenge the common focus of 

agricultural extension activities on 

knowledge, overlooking any potential 

behavioral changes due to the intervention. 

In our opinion, there is an urgent need to 

address a widespread reliance on knowledge 

as an expected predictor of farmers’ 

conservation behavior. There is also a need 

for future longitudinal studies to enhance 

our understanding of the mechanisms 

underlying the knowledge-behavior gap, in 

the context of farmers’ conservation 

practices. The scales used in the present 

study will be useful in these future studies 

on diverse farmer populations.  
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پا در  ای با کشاورزان خردهای مداخلهشکاف میان دانش و رفتار در حفاظت از خاک: مطالعه
 شیلی 

ویاروئل، هکتور بروئتا، الیوت برنهام، -الکساندر نیمان ، فرانسیسکا پوبلته، کلودیا ناوارو
 مونیکا کاسترو ، دیمیتری اس. ارماکوف، و مسعود بیژنی

 چکیده 

رفتارهای   و  خاک  علوم  دانش  بر  خاک  مدیریت  دوره  یک  تأثیر  تحلیل  پژوهش  این  هدف 
شامل   پژوهش  این  بود.  کشاورزان  خاکِ  از  و  کشاورز خرده   ۳۳حفاظت  »آریکا  منطقه  در  پا 

( روش  (Arica and Parinacota Regionپاریناکوتا«  از  تحقیق  این  بود.  شیلی  های در 
داده استفاده کرد و  از طریق نظرسنجیکیفی و کمی  آزمون ها  از دوره و یک  ها )پیش و پس 

مصاحبه و  آن(  متعاقب  دوره ماندگاریِ  این  شدند.  گردآوری  ماندگاری  آزمون  از  پس  های 
به  را  خاک  علوم  از  کشاورزان  درک  قابلآموزشی  در طور  که  طوری  به  داد،  ارتقا  توجهی 

ها پس از پایان دوره، مشهود بود. عملکرد آنان در نظرسنجی و آزمون سنجش ماندگاریِ آموخته
هیچ حال،  این  کشاورزان  با  خاکِ  از  حفاظت  رفتار  در  آماری  نظر  از  معناداری  بهبود  گونه 

مصاحبه نتایج  نشد.  یافته مشاهده  این  بینشها  و  کردند  تأیید  را  کمی  درباره های  را  هایی 
ای تغییر رفتار خودتنظیمی«  های »مدل مرحله سازوکارهای زیربنایی فراهم آوردند که با نظریه

(Self-Regulated Behavioral Change هم )روزی از سو هستند. بررسی ما شواهد به
در تصمیم رفتار  و  دانش  میان  ارائه میگیریشکاف  کشاورزی  تمرکز های  پژوهش،  این  دهد. 
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دهد کشد و نشان می های ترویج کشاورزی "صرفاً بر مقوله دانش" را به چالش میمعمول فعالیت
 گیرد.که چگونه این رویکرد، تغییرات رفتاریِ بالقوه ناشی از مداخلات را نادیده می
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Role of Characteristics and Competencies in the Business 

Performance of Functional Beverage SMEs 

Nuning Setyowati1, 2*, Kusnandar1, Mohamad Harisudin1, Erlyna Wida Riptanti1, 2, Isti 

Khomah1, and Raden Rara Aulia Qonita1 

ABSTRACT  

This study examines the effects of owner characteristics, product competence, and 

business capital on the business performance of Small and Medium Enterprises (SMEs) in 

the functional beverage sector. It also investigates the mediating role of owner competence 

in the relationship between owner characteristics and business performance. Employing a 

quantitative approach, data were collected via a structured questionnaire from 105 

functional beverage SMEs in Solo Raya, Indonesia. Structural Equation Modeling with 

Partial Least Squares was used for analysis. The results indicate that business capital and 

product competence significantly and positively influence business performance. Owner 

characteristics do not have a direct effect on business performance, but influence it 

indirectly through full mediation by owner competence. The findings suggest that 

functional beverage entrepreneurs should enhance their self-competence encompassing 

knowledge, skills, and business experience, and strengthen business capital to improve 

performance. Additionally, developing entrepreneurial characteristics is crucial for 

boosting business outcomes through improved owner competence. 

Keywords: Business capital, Owner characteristics, Owner competence, Product competence.  

INTRODUCTION 

The restructuring of food systems plays a 

vital role in enhancing food resilience, while 

simultaneously safeguarding food security 

and nutrition. A notable trend influencing this 

shift is the increasing public demand for 

functional foods. These are products that 

deliver additional health advantages beyond 

their basic nutritional function. They contain 

bioactive compounds (such as vitamins, 

minerals, antioxidants, and phytochemicals) 

that help strengthen immune defences, lower 

the likelihood of long-term illnesses, and 

enhance general well-being. Given 

Indonesia's rich food resources and local 

wisdom, there is a significant opportunity to 

develop functional foods that align with 

global trends and contribute to both public 

health and economic growth.  

Functional beverages are a type of 

functional food that not only provide 

essential nutritional intake but also offer 

sensory satisfaction, such as favorable taste 

and texture (Setyowati, et al., 2023a). These 

beverages can provide extra features, such as 

probiotics, enhanced nutrient intake, 

improved endurance, and reduced disease 

risk. Functional beverages can be derived 

from natural ingredients commonly found in 

daily life, such as plant-based materials 

including leaves, stems, flowers, roots, fruits, 

or even multiple parts of the plant 

(Wahyuningsih, et al., 2022). 

The Solo Raya region holds potential for 

the development of functional beverage 

Small and Medium Enterprises (SMEs) 

1 Department of Agribusiness, Faculty of Agriculture, Universitas Sebelas Maret, Indonesia. 
2 Center for Study and Assistance for Cooperatives and Small-Medium Enterprises, Institute for Research 

and Community Service (LPPM), Universitas Sebelas Maret, Indonesia. 

*Corresponding author; email: nuning_s@staff.uns.ac.id 
 

 



  _____________________________________________________________________ Setyowati et al. 

1098 

offering a diverse range of products. Despite 

their strengths, these enterprises face 

challenges such as low hygiene awareness, 

limited innovation, outdated management 

practices, and restricted marketing reach. 

Furthermore, they face stiff competition from 

other functional beverage products from 

outside Solo Raya and other popular 

beverages in the region. To succeed in this 

competitive environment, SMEs must 

differentiate their products by offering unique 

characteristics and benefits that resonate with 

consumers. This requires strong 

entrepreneurial skills, innovative approaches, 

and sufficient capital to support business 

growth and sustainability. By addressing 

these challenges and focusing on product 

differentiation, functional beverage SMEs in 

Solo Raya can carve out a successful niche in 

the market. 

Previous studies have extensively 

examined the impact of entrepreneurial 

characteristics and competencies on business 

performance (Alizar and Mariyanti, 2024; 

Dewantoro et al, 2023; Isma and 

Aliasyahbana, 2022; Istinganah and 

Widiyanto, 2020; Karimah and Meliza, 2023; 

Sarwoko et al., 2013; Sudiarti and Juliarsa, 

2020; Suindari and Juniariani, 2020). 

However, a comprehensive analysis 

encompassing entrepreneur characteristics, 

entrepreneur competence, product 

competence, and digital business competence 

remains lacking. This study seeks to address 

this gap by investigating the mediating role of 

owner competence in the relationship 

between owner characteristics and business 

performance in SMEs. 

While research on functional beverages has 

predominantly focused on nutritional 

content, health benefits, and sensory 

evaluations (Dini, 2019; Harmayani et al., 

2019; Pamela et al., 2021; Samilyk et al., 

2024; Widyaningsih et al., 2020; Yusuf 

Alkandahri et al., 2021), limited attention has 

been paid to the specific business dynamics 

of functional beverage SMEs, particularly in 

the Solo Raya region. 

Therefore, this study aimed to explore the 

influence of product characteristics, 

entrepreneur characteristics, and business 

capital on the business performance of 

functional beverage SMEs. Additionally, it 

examined the mediating effect of owner 

competence on the relationship between 

owner characteristics and business 

performance within this sector and region. 

Capital is a crucial factor in starting a 

business. According to the Resource-Based 

View (RBV), organizations gain a 

competitive edge by efficiently managing 

their existing resources (Barney et al., 2021). 

In this perspective, a company is regarded as 

a collection of tangible and intangible assets 

that can be leveraged to achieve strategic 

advantages (Ozdemir et al., 2023). RBV 

emphasizes that heterogeneous business 

capital, such as financial capital, knowledge, 

experience, and human capital (Rumangkit 

and Prabowo, 2025). Recent research proves 

that venture capital, including determination, 

experience, and networking, significantly 

improves the performance of Micro, Small, 

and Medium Enterprises (Renaldo et al., 

2021). However, without sufficient financial 

capital, it can be challenging for a business to 

grow and perform well. Entrepreneurial 

knowledge and partner networks are critical 

dimensions of capital for Micro, Small, and 

Medium Enterprises (MSMEs). A study by 

Yani et al. (2020) reinforces these findings by 

showing that social capital, such as partner 

networks and trust, also contributes to 

improving MSME business performance. In 

addition, managerial competence, business 

experience, and competent human resources 

are also important parts of non-financial 

capital that contribute to the success of 

MSMEs. For MSMEs, business growth is 

often influenced by the amount of capital 

invested. In their study, Surya et al. (2021) 

stated that business capital and the 

strengthening of human resource capacity can 

increase MSME performance. Business 

capital is an essential element of MSMEs 

development (Isma and Aliasyahbana, 2022; 

Istinganah and Widiyanto, 2020; Syam et al., 

2023) 

Characteristics refer to the traits, qualities, 

or attributes that define an individual and 
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distinguish them from others. In the context 

of entrepreneurship, essential traits include 

self-confidence, a future-oriented mindset, 

risk-taking ability, responsibility, and strong 

motivation to grow a business (Istinganah 

and Widiyanto, 2020). Recent findings 

indicate that the need to achieve, openness to 

risk-taking, and an internally driven sense of 

control are among the entrepreneurial 

qualities that strongly influence business 

success (Obschonka and Stuetzer, 2017). In 

addition, Self-efficacy remains a critical 

psychological mechanism that shapes 

entrepreneurial behavior and business 

outcomes (Newman et al., 2019). According 

to prior studies, SME performance is shaped 

considerably by the attributes of their owners 

(Cahyati, 2023; Hidayah et al., 2024).  

 A business's competence is determined by 

its owner. Stronger characteristics will 

increase the competence of business owners 

(Sarwoko et al., 2013). Owner characteristics 

in this context are the entrepreneurial traits of 

the business owner, reflected in the 

competencies they develop; stronger personal 

traits often lead to higher levels of 

competence. Key entrepreneurial traits that 

contribute to competence include motivation, 

personality, knowledge, and skills. Essential 

aspects impacting owner competence include 

work experience, skills, confidence, 

responsibility, and goal-oriented priorities, 

which is difficult for competitors to imitate 

(Sarwoko et al., 2013; Zainol et al., 2018). 

This suggests a significant relationship 

between owner characteristics and 

competence. 

Owner competence refers to the 

entrepreneur’s ability to use resources 

efficiently and fulfill managerial roles to 

achieve desired business outcomes. This 

competence involves mastery of knowledge, 

skills, and relevant experience that directly 

influence an entrepreneur's ability to meet 

business objectives (Sudiarti and Juliarsa, 

2020). Based on Human Capital theory and a 

meta-analysis by Unger et al. (2011), this 

competency is the outcome of human 

resource investment (such as education and 

training) that has been shown to significantly 

affect business performance, especially when 

grounded in specific knowledge (task-related 

knowledge) and direct skills. Competence is 

often a predictor of performance (Suindari 

and Juniariani, 2020). For SMEs, enhancing 

business performance is challenging without 

strong owner competence. A study by (Unger 

et al., 2011) also shows that competencies 

related to risk management and strategy 

making have a stronger influence than 

general competencies. Competence serves as 

a key factor in the success and growth of 

SMEs (Dewantoro et al., 2023; Sarwoko et 

al., 2013; Suindari and Juniariani, 2020). 

Product competence refers to the extent to 

which a product contributes to achieving a 

company’s goals. High product competence 

is a critical factor in business success 

(Cahyati, 2023). Products that attract 

consumers typically possess distinctive 

characteristics and strongly reflect the 

company’s vision. Product competence can 

drive SMEs' growth by enhancing product 

appeal and competitiveness (Cahyati, 2023). 

Product competence can be reflected in the 

ability to produce innovative, high-quality 

products. Product and process innovation in 

SMEs contributes significantly to business 

performance, especially when supported by 

competitive strategies such as differentiation 

and focus on certain segments (Pusung et al., 

2023).  

The characteristics of business owners are 

certainly the main foundation for achieving 

optimal business performance. However, it 

should be understood that the characteristics 

of business owners, such as daring to take 

risks, are not enough to develop a business; 

owners also need appropriate competencies, 

such as developing business strategies, 

recognizing opportunities, and understanding 

the market. This line of thinking is supported 

by theories such as Human Capital Theory, 

which states that investments such as 

education and training will only impact 

business performance when they are 

actualized into practical competencies, such 

as risk-taking ability (Unger et al., 2011).  

Owner's competence functions as a 

behavioral embodiment of entrepreneurial 
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characteristics that directly contribute to 

business performance (Man et al., 2002). 

Business owners' characteristics can improve 

business performance through the 

development of competencies (Sarwoko et 

al., 2013).  

Therefore, this study aimed to explore the 

influence of product characteristics, 

entrepreneur characteristics, and business 

capital on the business performance of 

functional beverage SMEs. Additionally, it 

examined the mediating effect of owner 

competence on the relationship between 

owner characteristics and business 

performance within this sector and region. 

This study recommends the hypotheses as 

follows: 

H1: Business capital has a positive and 

significant effect on business performance 

H2: Owner characteristics have a positive 

and significant effect on business 

performance. 

H3: Owner characteristics have a positive 

and significant effect on owner competence. 

H4: Owner competence has a positive and 

significant effect on business performance. 

H5: Product competence has a positive and 

significant effect on business performance. 

H6: Owner characteristics have a positive 

and significant effect on business 

performance through owner competency. 

MATERIALS AND METHODS 

This quantitative study employs survey 

techniques as outlined by (Creswell and 

Creswell, 2018). It investigates the influence 

of owner characteristics, product 

competence, and business capital on the 

business performance of functional beverage 

SMEs. Additionally, the study examines the 

mediating role of owner competence in the 

relationship between owner characteristics 

and business performance (Table 1). A cross-

sectional methodology was applied, with data 

obtained from subjects within a defined time 

frame (Creswell and Creswell, 2018). Data 

collection took place between June and 

August 2024. The study location was 

purposively selected in the Solo Raya region, 

known for its significant potential in 

developing functional beverage businesses. 

Sukoharjo Regency serves as the primary hub 

of this potential, while other areas within 

Solo Raya also present promising 

opportunities for similar functional beverage 

products. 

A five-point Likert scale was employed to 

measure the constructs, where 1 represented 

“strongly disagree” and 5 indicated “strongly 

agree”. This scale was chosen because of its 

balance between the convenience of 

respondents and the adequacy of the 

information produced. In addition, the use of 

this scale also aims to minimize ambiguity in 

the answers given by respondents 

(Roselidyawaty and Rokeman, 2024). 

Drawing from prior research, the indicators 

were formulated to capture and represent the 

dimensions of each variable. 

Data Collecting and Sampling 

Technique 

The research utilized purposive sampling to 

gather data from all regencies and the city 

within the Solo Raya Region, namely, 

Boyolali, Sragen, Klaten, Wonogiri, 

Karanganyar, Sukoharjo, and Surakarta. The 

sample size was determined based on the 

variable-to-sample ratio of 1:20 (Hair et al., 

2018). This research model includes five 

variables; the required sample size was 100. 

In each regency/city, 15 functional beverage 

SMEs were selected, resulting in a total of 

105 functional beverage SMEs as samples. 

Data collection was conducted through 

surveys (direct interviews) with the owners of 

these SMEs using a structured questionnaire. 

Moreover, in-depth interviews were 

conducted with seven personnel of the 

cooperatives and SMEs Office from the 

seven regencies/cities in Solo Raya to gather 

additional insights, particularly on 

government initiatives for functional 

beverage development in the area. The 

research model is presented in Figure 1. 
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Data Analysis 

To test the research model, this study 

employed Structural Equation Modeling 

(SEM) using Partial Least Squares (PLS) as the 

analytical tool. PLS focuses on predictive 

modeling, enabling the examination of 

relationships among dependent and 

independent variables to predict existing or new 

observations. This approach allows for drawing 

conclusions based on the significance of 

relationships, relative influences, explained 

Table 1. Operational definition and variables measurement. 

Description Indicator Codea Source 

Business Capital 

Business Capital is defined as the 

essential resources possessed by 

business owners to operate and grow 

their enterprises. 

I have good business knowledge. BC1 (Isma and Aliasyahbana, 2022; 

Syam et al., 2023) I have adequate financial resources. BC2 

I have a network of partners who support my 

business. 

BC3 

I have competent human resources. BC4 

I have sufficient business experience. BC5 

I have the availability and adequacy of business 

capital. 

BC6 

Business Performance 

Business Performance is defined as the 
outcomes achieved by a business in 

terms of growth in sales, profits, 

market reach, and assets. 

My product sales have increased as expected. KB1 (Absah, Chairunisa Muchtar, and 
Qamariah, 2018; Augustinah et al., 

2022) 
My profits are steadily growing. KB2 

The market for my products is expanding. KB3 

My customers are growing. KB4 

The quality of my products is getting better. KB5 

There is an increase in production process 
capabilities. 

KB6 

Increase in the number of business assets 

owned. 

KB7 

Product Competencies 

Product Competencies are defined as 
the distinctive attributes of a product 

that make it desirable, unique, high-

quality, and competitive in the market. 

My products are desired by consumers. KP1 (Cahyati, 2023; Sarwoko et al., 
2013) Consumers often buy my products (repeat 

orders). 

KP2 

My products easily attract consumers. KP3 

My product has uniqueness and advantages 
compared to competitor products. 

KP4 

My product has the potential to be innovative. KP5 

My product is superior to similar products. KP6 

My products are guaranteed quality. KP7 

Owner Competency 

Owner Competency is defined as the 
essential skills business owners 

possess to manage, develop, and 

sustain their enterprises. 

I have conceptual competencies (ideas, 
solutions). 

OC1 (Dewantoro et al., 2023; Sarwoko et 
al., 2013) 

I have the competence to read and take 

advantage of business opportunities. 

OC2 

I have the competence to learn. OC3 

I have the competence to build a network. OC4 

I have managerial competence. OC5 

I have entrepreneurial competence. OC6 

I have technical competence (using equipment) 
in running a business. 

OC7 

Owner Characteristic 

Owner Characteristic is defined as the 

personal traits of business owners that 
drive motivation, confidence, 

responsibility, and risk-taking in 

achieving business goals. 

I dare to take risks for the advancement of 

business. 

OCh1 (Cahyati, 2023; Hidayah et al., 

2024) 

I have a strong motivation in running a business. OCh2 

I am oriented towards future business 

development. 

OCh3 

I have strong confidence. OCh4 

I want to achieve my business goals. OCh5 

I am responsible for the success of the business 
I run. 

OCh6 

a Business Capital (BC), Business Performance (KB), Product Competencies (KP), Owner Competency (OC), 

Owner Characteristic (OCh). 
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variance, and hypothesis testing.  The choice of 

PLS was motivated by its nature as a variance-

based SEM technique, which provides a robust 

analytical framework with minimal reliance on 

stringent assumptions. Notably, PLS does not 

require the data to follow a normal distribution, 

making it well-suited for survey data that may 

violate this assumption. Furthermore, PLS is 

effective for analyzing relatively small sample 

sizes while maintaining high statistical power. 

It also accommodates constructs measured by 

either reflective or formative indicators (Hair et 

al., 2018). Data analysis was conducted using 

SmartPLS version 4. In PLS, two types of 

components are recognized within the causal 

model, as detailed below.  

Measurement Model 

The measurement model was applied 

directly to the indicator (manifest) variables 

associated with the latent variables. These 

indicators define the dimensions of the latent 

constructs. The reflective measurement 

model was evaluated using several criteria, 

including factor loadings. Convergent 

validity measured by Average Variance 

Extracted (AVE), discriminant validity, and 

internal consistency, assessed through 

composite reliability and Cronbach’s alpha 

(Hair et al., 2022).  

 

 

Structural Model 

The structural model comprises latent 

constructs that cannot be directly observed 

but are theorized to have relationships with 

one another. Testing the structural model 

involves estimating path coefficients, which 

indicate the strength and direction of 

relationships between dependent and 

independent latent variables. The 

significance of these path relationships was 

assessed using the bootstrapping technique, 

allowing for robust hypothesis testing. The 

rule of thumb for structural model testing is 

in Table 2. 

RESULTS AND DISCUSSION 

Characteristics of Respondents 

Based on the survey, the owner of a 

functional beverage SME in Solo Raya is 

predominantly female, comprising 61%. 

Production activities require perseverance, 

patience, and consistency. For instance, 

women are more diligent in concocting 

herbal medicine, choosing ingredients, or 

selling products. The majority of functional 

beverage SME owners are of productive age, 

which is 80% aged 26-55 years. This means 

that SME owners have the potential to create 

 

Figure 1. Proposed research model. 
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and are open to innovation. A productive age 

provides a quick response and is able to 

formulate solutions more effectively. Based 

on the level of education, SME owners are 

dominated by high school graduates, which is 

59%. As many as 34% have an education 

level up to Master’s degree (S2). Adequate 

education is the capital of human resources 

that will support business development. A 

high level of education makes it easier to 

absorb knowledge and skills, plan a business 

well, and have good communication skills, so 

as to support the development of business 

networks. Based on the length of operation, 

the majority of functional beverage MSMEs 

are 1 to 10 years old. This shows that 

functional beverage MSMEs in Solo Raya are 

still in the development stage. At this age, 

MSMEs must continue to open themselves up 

to technological developments and continue 

to innovate to build a business.  

Outer Model 

Convergent Validity 

To evaluate convergent validity in the 

reflective measurement model, the 

correlation between each indicator’s score 

and the corresponding construct score, as 

computed through PLS, was examined. An 

indicator is regarded as having strong 

reflective properties when its loading factor 

exceeds 0.70, indicating a substantial 

association with the construct it represents. 

The loading factor results obtained in this 

research are presented in Table 3. 

The next validity test was conducted by 

examining the Average Variance Extracted 

(AVE) value to assess the validity. The 

following are the AVE values from the 

validity test in this study. 

Table 4 shows that all constructs in this 

study meet the validity requirement, as their 

AVE values exceed the threshold of 0.50. 

This indicates that all variables can explain 

the variance of their respective indicators. In 

the outer model, instrument reliability is 

determined through the analysis of CR and 

CA, which are both indicators of internal 

consistency. A construct meets the criteria 

when the CR score is greater than 0.6 and CA 

is above 0.7. The results indicate that each 

variable met the criteria, with CA and CR 

values exceeding 0.7 for all variables. This 

demonstrates that each variable is considered 

reliable, consistent and stable responses. 

The loading factor for each indicator with 

its respective variable exceeds its cross-

loading with other variables, indicating that 

the data meet the criteria for discriminant 

validity (Table 5). 

Inner Model 

Assessment of the structural model was 

carried out through the R-squared statistics of 

the dependent constructs. Within PLS 

analysis, the initial step in model evaluation 

involves reviewing the R2 values of each 

endogenous latent variable. Variations in 

these R-squared values reflect the influence 

of independent construct on the dependent 

constructs. The coefficient of determination 

Table 2. Rule of thumb for structural model testing. 

No Criteria Rule of Thumb Reference 

1 R-Square Values of 0.75, 0.50, and 0.25 indicate a strong, 

moderate, and weak model, respectively. 

(Hair et al., 2019) 

2 Q 2 Predictive 

relevance 

Q2> 0 indicates that the model has predictive relevance, 

whereas Q2< 0 suggests the model lacks predictive 

relevance. Values of 0.02, 0.15, and 0.35 indicate weak, 

moderate, and strong predictive relevance, respectively. 

(Hair et al., 2019) 

3 Significance (two-

tailed) 

P-value < 0.05 (5%) and a t-statistic > 1.96  

 

(Hair et al., 2019) 

4 Upsilon V Values of 0.010, 0.075, and 0.175 correspond to low, 

moderate, and high mediation, respectively. 

(Lachowicz et al., 2018) 

(Ogbeibu  et al., 2021) 
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ranges from 0 to 1, with values of 0.67, 0.33, 

and 0.19 indicating strong, moderate, and 

weak explanatory power. The R2 values are 

presented in Table 6. Furthermore, the 

relationships between latent variables were 

evaluated using the Q2 statistic, which 

measures the predictive relevance of the 

model by indicating how well the observed 

values align with the values predicted by the 

model (Ghozali, 2014).  

 

Testing (Bootstrapping) 

Hypothesis Testing (Bootstrapping) 

In this research, hypotheses were evaluated 

using a 5% significance level (Table 7). A P-

value not exceeding 0.05 led to acceptance of 

the hypothesis, while a value above “α” 

resulted in rejection. Figure 2 displays the 

research model obtained from the 

bootstrapping procedure.    

 

Table 3. Factor loading. 

  Business 

Capital (BC) 

Business 

Performance (KB) 

Owner 

Characteristics (OCh) 

Owner 

Competency (OC) 

Product 

Competence (KP) 

BC2 0.803 
    

BC3 0.777 
    

BC4 0.685 
    

BC5 0.600 
    

BC6 0.769 
    

KB1 
 

0.694 
   

KB2 
 

0.679 
   

KB3 
 

0.811 
   

KB4 
 

0.834 
   

KB5 
 

0.665 
   

KB6 
 

0.829 
   

KB7 
 

0.696 
   

KP1 
    

0.600 

KP4 
    

0.730 

KP5 
    

0.788 

KP6 
    

0.795 

KP7 
    

0.773 

OC1 
   

0.668 
 

OC2 
   

0.646 
 

OC3 
   

0.823 
 

OC4 
   

0.758 
 

OC5 
   

0.729 
 

OC6 
   

0.667 
 

OCh2 
  

0.730 
  

OCh3 
  

0.764 
  

OCh4 
  

0.813 
  

OCh5 
  

0.754 
  

OCh6   0.814   

Source: Primary Data Analysis, 2024. 

Table 4. AVE, Cronbach Alpha (CA), and Composite Reliability (CR) values. 

Variable AVE Decision CA CR Decision 

Business capital 0.525 Valid 0.776 0.845 Reliable 

Business performance 0.558 Valid 0.868 0.898 Reliable 

Owner characteristics 0.602 Valid 0.836 0.883 Reliable 

Owner competency 0.515 Valid 0.810 0.864 Reliable 

Product competency 0.549 Valid 0.799 0.857 Reliable 

Source: Primary Data Analysis, 2024. 
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Effect of Business Capital on Business 

Performance 

The bootstrapping analysis indicates that 

business capital exerts a significant and 

positive influence on the business 

performance of SMEs in the functional 

beverage sector, with a p-value of 0.037, 

thereby confirming H1. This suggests that 

increased business capital correlates with 

improved business performance in the 

functional beverage sector. SMEs that 

possess adequate financial resources, skilled 

labor, relevant experience, and extensive 

business networks are better equipped to 

improve their outcomes. The finding supports 

prior empirical research (Augustinah et al., 

2022) that employees with high competencies 

and skills can consistently produce high-

quality functional beverages. High-quality 

products not only attract potential consumers 

but also foster customer loyalty (López 

Rodríguez and Serrano Orellana, 2020). 

Furthermore, a skilled workforce adds value 

to the business, providing a competitive 

advantage and enabling superior service 

delivery to customers (Absah et al., 2018). 

The capacity to build business networks also 

plays a crucial role in enhancing business 

performance (Parida et al., 2017; Riptanti et 

al., 2022). Business experience, as a 

Table 5. Cross-loading values. 

  Business 

capital 

Business 

performance 

Owner 

characteristics 

Owner 

competency 

Product 

competence 

BC2 0.803 0.335 0.470 0.568 0.482 

BC3 0.777 0.448 0.327 0.503 0.461 

BC4 0.685 0.459 0.232 0.332 0.217 

BC5 0.560 0.191 0.371 0.456 0.293 

BC6 0.769 0.393 0.352 0.457 0.484 

KB1 0.283 0.694 0.140 0.354 0.214 

KB2 0.282 0.679 0.222 0.357 0.144 

KB3 0.504 0.811 0.339 0.560 0.464 

KB4 0.435 0.834 0.288 0.353 0.415 

KB5 0.384 0.665 0.336 0.465 0.466 

KB6 0.398 0.829 0.241 0.364 0.395 

KB7 0.420 0.696 0.224 0.375 0.244 

KP1 0.324 0.150 0.367 0.461 0.599 

KP4 0.451 0.394 0.259 0.254 0.730 

KP5 0.400 0.347 0.438 0.473 0.788 

KP6 0.437 0.274 0.331 0.378 0.795 

KP7 0.362 0.454 0.282 0.387 0.773 

OC1 0.379 0.232 0.408 0.668 0.345 

OC2 0.326 0.383 0.387 0.646 0.172 

OC3 0.493 0.435 0.442 0.823 0.379 

OC4 0.466 0.427 0.470 0.758 0.401 

OC5 0.513 0.394 0.420 0.729 0.347 

OC6 0.479 0.473 0.428 0.667 0.488 

OCh2 0.197 0.124 0.730 0.361 0.176 

OCh3 0.243 0.249 0.764 0.436 0.168 

OCh4 0.457 0.384 0.813 0.538 0.473 

OCh5 0.413 0.288 0.754 0.470 0.404 

OCh6 0.411 0.268 0.814 0.465 0.373 

Source: Primary Data Analysis, 2024. 

Table 6. R² and Q² values for the Functional Beverage Business Performance Model. 

Variable R2 Q2 Status 

Business performance 0.37 0.18 Moderate- Has predictive relevance. 

Owner competency 0.35 0.17 Moderate- Has predictive relevance. 

Source: Primary Data Analysis, 2024. 
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component of business capital, further 

enhances performance by enabling the 

identification of business opportunities and 

fostering the creation of strategic networks 

(Othman et al., 2016). Notably, 79% of 

entrepreneurs in this sector possess over 10 

years of business experience, which supports 

their expertise in production, management, 

and network development. Based on the F-

square value, the effect of business capital on 

functional beverage business performance is 

categorized as low, with an F-square value of 

0.051. 

 

Effect of Owner Characteristics on 

Business Performance 

This study found no direct or significant 

relationship between owner characteristics 

and the performance of functional beverage 

SMEs, as evidenced by a p-value of 0.707, 

suggesting that H2 is not accepted. This 

implies that the strength or weakness of the 

owner’s characteristics in functional 

beverage businesses does not directly 

influence their performance. This finding is 

inconsistent with the results of the previous 

studies (Alizar and Mariyanti, 2024; Cahyati, 

2023) that strong entrepreneurial 

characteristics can drive business 

performance improvement. In the context of 

Table 7. Hypothesis testing results. 

Hypothesis  Path coefficient P-value Decision F-Square Result 

Business capital -> business 

performance 

H1 0.239 0.037 Accepted 0.051 Low 

Owner characteristics -> 

business performance 

H2 0.036 0.707 Non-

accepted 

- - 

Owner characteristics -> owner 

competency 

H3 0.595 0.000 Accepted 0.548 High 

Owner competency -> business 

performance 

H4 0.327 0.018 Accepted 0.084 Low 

Product competence -> 

business performance 

H5 0.199 0.031 Accepted 0.042 Low 

Source: Primary Data Analysis, 2024. 

 

 

Figure 2. Research model based on bootstrapping results. 

 



Role of Characteristics and Competencies _______________________________________  

1107 

this study, SMEs in the functional beverage 

with entrepreneurs who possess strong 

entrepreneurial traits do not directly lead to 

increased product sales, expanded market 

share, improved profit, or business asset 

growth. Characteristics such as confidence 

and courage to take risks need to be realized 

in the form of competence so that they will 

have an impact on business performance. 

According to Man et al. (2002), 

entrepreneurial competence serves as a 

mediator between personal characteristics 

and business performance. Unger et al. 

(2011) also said that human capital, such as 

new traits, experiences, and education, will 

actively contribute to performance when 

converted into specific competencies. 

Therefore, owner competence is needed as a 

mediator in the influence of owner 

characteristics on business performance. 

Effect of Owner Characteristics on 

Owner Competency 

The outcomes of the hypothesis test 

indicate that owner characteristics have a 

positive and significant effect on owner 

competency in the functional beverage 

business. This is evidenced by a P-value of 

0.000, thus H3 is accepted. This suggests that 

stronger owner characteristics in functional 

beverage SMEs are associated with higher 

levels of competency. As entrepreneurs' 

motivation and self-confidence increase, so 

does their orientation and sense of 

responsibility towards achieving business 

goals and targets, which in turn enhances 

their competencies (Ode, et al., 2024). This is 

because the achievement of business goals 

requires essential competencies, such as 

knowledge and skills. The effect size of 0.548 

indicates a high influence, meaning that 

strengthening the characteristics of functional 

beverage SME entrepreneurs can improve 

their competencies by 54.8%. A strong 

character is, therefore, a crucial factor for 

entrepreneurs to possess. 

 

Effect of Owner Competency on 

Business Performance 

The findings from the hypothesis testing 

reveal that owner competency has a positive 

and significant effect on business 

performance. This is evidenced by a p-value 

of 0.018; thus, H4 is accepted. This suggests 

that higher competency levels in functional 

beverage SME entrepreneurs are associated 

with improved business performance. This 

finding is consistent with the outcomes of 

previous research (Alizar and Mariyanti, 

2024; Karimah and Meliza, 2023) that human 

resource competency influences business 

performance. Entrepreneurs in the functional 

beverage industry are required to possess 

conceptual competency (ideas, solutions, 

concepts), the ability to identify business 

opportunities, learning competency, 

networking competency, entrepreneurship 

competency, and managerial competency. 

Mastery of these competencies enables 

entrepreneurs to achieve business 

performance outcomes that align with their 

expectations. This is especially significant 

given the competitive landscape in the 

functional beverage market, both from 

outside Solo Raya and the rise of beverages 

popular with younger generations. The effect 

size of 0.084 suggests that the influence of 

owner competency on business performance 

is relatively low. 

Effect of Product Competence on 

Business Performance 

In this study, product competence has been 

shown to have a positive and significant 

effect on the business performance of 

functional beverage SMEs. This is indicated 

by a P-value of 0.031; thus, H5 is accepted. 

This means that the higher the product 

competence of functional beverages, the 

higher the business performance of functional 

beverage SMEs. Product competence in 

functional beverages is reflected in the 

uniqueness, advantages, and quality of the 

products. These beverages attract consumer 
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interest through their innovation and use of 

natural ingredients, offering health benefits. 

For example, ginger drinks are known for 

their ability to alleviate colds, improve 

circulation, and reduce cholesterol levels 

(Setyowati et al., 2023b). Functional 

beverages meet consumer demand for 

products with nutritional content that 

promotes health, while also offering a 

pleasurable taste experience. The influence of 

product competence on business performance 

is relatively weak, as indicated by the effect 

size of 0.042. This suggests that 

improvements in product competence could 

lead to a modest increase in the business 

performance of functional beverage SMEs, 

with a potential increase of only 4.2%. 

Mediating Role of Owner Competency 

in the Effect of Owner Characteristics on 

Business Performance 

The findings reveal that owner competency 

completely serves as a mediator in the 

relationship between owner characteristics 

and the performance of the functional 

beverage SMEs. Consistent with Sarwoko et 

al. (2013), owner competency functions as an 

intermediary linking owner characteristics to 

business outcomes. This is evidenced by the 

significant and positive effect of owner 

characteristics on owner competency. 

Likewise, the influence of owner competency 

on business performance is both positive and 

significant. However, the direct effect of 

owner characteristics on business 

performance is not significant. While 

identifying the significance of the mediation 

is important, it is equally crucial to assess the 

magnitude of its mediating role. This can be 

done using the Upsilon V parameter, 

specifically the effect size (F-square) for the 

mediation function (Lachowicz et al., 2018; 

Ogbeibu et al., 2021). The results of the 

Upsilon V calculation (a²×b²) are presented in 

Table 8.  

As presented in Table 8, the Upsilon V 

value for owner competency is 0.038. 

Referring to the mediation effect 

categorization according to Ogbeibu et al. 

(2021), a large mediation effect is indicated 

by Upsilon V> 0.175, a moderate effect by > 

0.075, and a small effect by > 0.010. 

Therefore, it can be concluded that owner 

competency provides a small mediating 

effect on the relationship between owner 

characteristics and business performance in 

functional beverage SMEs. With a 95% 

confidence interval, owner competency can 

mediate the influence of owner 

characteristics on business performance 

between 0.005 and 0.337. Although the 

mediation effect is small, it warrants 

attention, as strong owner characteristics can 

contribute to improving business 

performance through the competencies 

possessed. 

CONCLUSIONS 

Efforts to enhance the business 

performance of functional beverage SMEs 

can be effectively achieved by strengthening 

key aspects related to the entrepreneur, the 

product, and business resources. The study's 

findings confirm that business capital, 

product competence, and owner competence 

contribute significantly to improving the 

business performance of functional beverage 

SMEs. Conversely, owner characteristics do 

not directly impact business performance; 

instead, their influence operates indirectly 

Table 8. Result of the effect mediation test. 

Hypothesis 
P Value 95% Confidence Interval Upsion V 

(F Square) 

Description 

Lower limit Upper limit 

Owner characteristics -> Owner 

competency -> Business 

performance 

 

0.019 0.005 0.337 0.038 

 

The mediating effect is small. 

Source: Primary Data Analysis, 2024. 
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through the full mediating role of owner 

competence. This indicates that while owner 

characteristics are important, their impact on 

business performance is primarily realized 

through the enhancement of owner 

competence. The study also has certain 

limitations, such as its cross-sectional design 

and the limited scope regarding geography 

and research variables. 
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  تولیدکنندههای کوچک و متوسط ها در عملکرد تجاری شرکتها و شایستگینقش ویژگی
 فراسودمند  هاینوشیدنی

و رادن  ،هاریسودین، ارلینا ویدا ریپتانتی، ایستی خومه دمنونینگ ستیواتی، کوسندار، مح 
 رارا اولیا کونیتا 

 چکیده 

وکار را بر عملکرد های مالک، شایستگی محصول و سرمایه کسباین پژوهش تأثیر ویژگی
این  کند.بررسی می  فراسودمند  هاینوشیدنی  حوزه  در(   SMEsهای کوچک و متوسط )بنگاه

های مالک و عملکرد  پژوهش همچنین نقش میانجیِ شایستگی مالک را در رابطه میان ویژگی
ها از طریق پرسشنامه ساختاریافته کند. با استفاده از یک رویکرد کمیتی، دادهوکار بررسی میکسب

   ، Solo Raya)رایا )  سولو  در  کاربردی  هاینوشیدنی  تولیدکنندهشرکت کوچک و متوسط    ۱۰۵از  
سازی معادلات ساختاری با حداقل مربعات آوری شد. برای تجزیه و تحلیل از مدل دراندونزی، جمع

وکار و دهد که سرمایه کسب( استفاده شد. نتایج نشان میPartial Least Squaresجزئی )
های مالک تأثیر وکار دارند. ویژگیشایستگی محصول، تأثیری مثبت و معنادار بر عملکرد کسب

 (Fullگری کامل شایستگی مالک  وکار ندارد، بلکه از طریق میانجیمستقیمی بر عملکرد کسب
Mediation by Owner Competence ها  گذارند.یافتهطور غیرمستقیم بر آن تأثیر می(، به

ها های کاربردی باید خودکفایی خود را که شامل دانش، مهارتدهد که کارآفرینان نوشیدنینشان می
و تجربه تجاری است، افزایش دهند و سرمایه تجاری را برای بهبود عملکرد تقویت کنند. علاوه 

های کارآفرینی برای افزایش نتایج تجاری از طریق بهبود شایستگی مالک بر این، توسعه ویژگی
 بسیار مهم است. 
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Properties of Ethyl Cellulose/Polycaprolactone Electrospun 

Nano-fibers Incorporated with Gallic Acid and Natamycin for 

Cheese Packaging 

Samira Beikzadeh1, Ali Ehsani2*, Amir Mohammad Mortazavian3*, Zhian Sheikhi2, 
Marjan Ghorbani4, and Soghra Ramezani5 

ABSTRACT 

In this study, polymers of Ethyl Cellulose (ECL) and Polycaprolactone (PCL) were 

blended in ratios of 70:30, 80:20, and 90:10 (% w/w), and combined with Natamycin 

(NAT) at concentrations of 1 and 2% (w/w) and Gallic Acid (GAL) at 10 and 30% (w/w). 

Nano-fibers were produced via electro-spinning under the following conditions: voltage of 

16kV, flow rate of 1 mL/hour, and a tip-to-collector distance of 15 cm. The nano-fibers 

were characterized for their morphology, FTIR, thermal, mechanical, antioxidant, water 

contact angle, and antifungal properties. The results indicated that ECL90/PCL10, 

ECL80/PCL20, and ECL70/PCL30 nano-fibers had average diameters of 1250.86±18, 

1174±21.4, and 754.73±23 nm, respectively. The ECL70/PCL30 ratio was selected and 

combined with NAT and GAL. The average diameter of these nano-fibers ranged from 

779.32 to 924.63 nm. The addition of NAT and GAL enhanced the thermal stability, 

mechanical properties, and antifungal efficacy of the ECL/PCL nano-fibers. Notably, 

nano-fibers containing 2% NAT combined with either 10 or 30% GAL completely 

inhibited the growth of molds. Cheese samples packaged with nano-fibers containing 

NAT and GAL exhibited a significantly lower increase in mold and yeast counts during 

storage compared to the control samples. Furthermore, sensory evaluation revealed no 

significant differences in scores among the packaged samples. Therefore, ECL/PCL nano-

fibers incorporated with 2% NAT and 10% GAL present an effective alternative to the 

direct incorporation of NAT in cheese formulations. 

Keywords: Dair products, Electrospinning, Food preservation. 

INTRODUCTION  

Fungi are among the primary agents of 
food spoilage, rendering food unfit for 
human consumption by diminishing its 
nutritional value and producing harmful 
mycotoxins (Kumar, Mishra et al., 2007). 
Molds belonging to the Aspergillus and 
Penicillium genera are among the most 

frequently encountered contaminants during 
the production, ripening, curing, and 
refrigerated storage of food products prior to 
consumption (Gandomi et al., 2009; 
Beikzadeh, et al., 2021).  

Natamycin (also known as pimaricin) is a 
polyene macrolide antifungal compound 
produced by species of Streptomyces, and is 
commonly classified within the polyene 
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macrolide fungicide group (Delves-
Broughton, et al., 2005). It is widely used as 
an antimicrobial agent for surface 
preservation in various sausages and 
cheeses. Compared to other fungicides, 
natamycin demonstrates superior efficacy, 
with most fungi being inhibited or destroyed 
at concentrations ranging from 0.5 to 6 µg 
mL-1 (Koontz and Marcy 2003; Delves-
Broughton, et al., 2005). However, the 
efficacy of natamycin may be diminished 
when directly incorporated into food 
matrices, due to interactions with other food 
components (Fajardo et al., 2010). 
Therefore, incorporating Natamycin (NAT) 
into polymer matrices can enhance its 
stability and enable controlled release, 
thereby maintaining effective concentrations 
of the compound on the food surface.  

Gallic Acid (GAL) (3,4,5-
trihydroxybenzoic acid) and its derivatives, 
including catechin and tannin, are naturally 
present in a variety of plants, as well as in 
wine, tea, cereals, citrus fruits, and berries��
(Laura et al., 2009). Owing to its potent 
antioxidant and antimicrobial properties, 
Gallic acid is widely utilized as an additive 
in the food and pharmaceutical industries. 
However, its application in food products is 
often limited by its inherent bitterness and 
astringency. Additionally, GAL is sensitive 
to environmental factors such as light, 
oxygen, pH, and temperature, which can 
affect its stability and efficacy (Fang and 
Bhandari 2010; Li, et al., 2016). 
Encapsulation techniques are employed to 
prevent oxidation, enhance stability, and 
mask the undesirable taste of Gallic acid. 
Common encapsulation methods include 
lyophilization, co-crystallization, liposome 
entrapment, coacervation, extrusion, spray 
cooling or chilling, and spray drying (Fang 
and Bhandari, 2010). 

Novel encapsulation technologies, such as 
electro-spinning, offer significant 
advantages by eliminating the need for toxic 
solvents and high processing temperatures. 
Electro-spinning is particularly suitable for 
encapsulating food and pharmaceutical 
compounds for several reasons. Notably, the 

process occurs at room temperature, which 
helps preserve the integrity of sensitive 
active compounds. This technique enables 
the formation of nano-sized fibers, providing 
a high surface-area-to-volume ratio that can 
enhance the release of encapsulated agents. 
Furthermore, the polymer matrix within the 
nano-fibers facilitates sustained or 
controlled delivery of the active compounds 
(Mohammadi, et al., 2018; Beikzadeh et al., 
2021, Beikzadeh, et al., 2025). Moreover, a 
limited surface area can slow the release of 
active substances. By reducing fiber size 
from the micro-scale to the nano-scale, 
electro-spun fibers provide a significantly 
increased surface area, which facilitates 
more efficient and controlled release of 
encapsulated compounds (Neo, et al., 2013; 
Aytac, et al., 2017; Beikzadeh, et al., 2021). 
In the electro-spinning process, both 
synthetic and natural polymers can be 
utilized to fabricate nano-fibers (Beikzadeh, 
et al., 2021). The accumulation of packaging 
waste, especially from synthetic polymers 
that exhibit long environmental persistence, 
poses a major worldwide environmental 
challenge. To address this issue, the use of 
biodegradable biopolymers in packaging has 
emerged as a viable approach to reducing 
plastic waste (Pilevar, et al., 2019; 
Beikzadeh; et al. 2020; Beikzadeh, et al., 
2020; Javdani, et al., 2025). Among 
biopolymers, ethyl cellulose stands out as 
one of the most important and widely 
utilized cellulose ether derivatives. It is 
characterized by its hydrophobic nature and 
resistance to salts and alkaline conditions��
(Beikzadeh, et al., 2021). Blending different 
polymers is one of the most economical and 
practical approaches to producing materials 
with enhanced mechanical and thermal 
properties (Gregorova, et al., 2012; 
Beikzadeh, et al., 2021). Polycaprolactone 
(PCL) is recognized for its compatibility 
with various polymers. It is a six-carbon 
polymer featuring hydroxyl end groups. 
However, its relatively low melting point 
(~60°C) limits its thermal performance. To 
overcome this constraint, PCL is often 
blended with other polymers to enhance its 
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thermal and mechanical properties 
(Chrissafis, et al., 2007).  

In terms of degradability, electro-spinning 
enables rapid drying because the fibers 
produced are extremely fine, which limits 
the time available for crystal growth. 
Additionally, since the annealing process is 
performed below the melting point, it further 
contributes to reduced crystallinity. 
Consequently, the brief annealing of the 
electrospun mats appears to be a promising 
strategy for creating materials that degrade 
quickly ���6�D�O�H�Y�L�ü-�-�H�O�L�ü����et al., 2024). Also, 
PCL demonstrates favorable 
biodegradability under appropriate 
environmental conditions. Different 
microorganisms, including bacteria and 
fungi, produce extracellular depolymerases 
that enable them to break down PCL. The 
breakdown of PCL-based films happens 
through the attachment of compost 
microorganisms to the surface, followed by 
enzymatic action, fragmentation of the film, 
and the release of degradation byproducts 
���6�D�O�H�Y�L�ü-�-�H�O�L�ü����et al., 2024). The 
incorporation of ethyl cellulose into polymer 
matrices has been reported to enhance 
biodegradability. For instance, Girija et al. 
(2010) demonstrated that blending ethyl 
cellulose with Poly(Ethylene-co-Vinyl 
Acetate) (EVA) led to improved 
biodegradation characteristics. 

In this study, ECL/PCL [Ethyl Cellulose 
(ECL) and Polycaprolactone (PCL)] nano-
fibers containing varying concentrations of 
NAT and GAL were fabricated. The 
thermal, mechanical, morphological, and 
antifungal properties of the nano-fibers were 
evaluated. Subsequently, cheese samples 
were packaged with the optimized nano-
fibers, and their mold growth and overall 
sensory acceptance were assessed. 

MATERIALS AND METHODS 

Required Materials  

Fungal strains were obtained from the 
Iranian Research Organization for Science 

and Technology. Polymers, including PCL 
and ECL, along with NAT and GAL, were 
procured from Sigma-Aldrich. 

Production Steps of Electrospinning 

Solutions 

Approximately 12.5% (w/v) solutions of 
ECL and PCL were prepared in a 50:50 
(v/v) ethanol/chloroform solvent mixture at 
25 °C. Polymer blends with ECL/PCL ratios 
of 90:10, 80:20, and 70:30 were 
subsequently formulated. Ultimately, the 
ECL/PCL ratio of 70:30 was selected 
(Beikzadeh, et al., 2021). NAT at 1 and 2% 
(wt%, weight percentage), indicating the 
weight of natamycin relative to the total 
weight of the polymer solution) and GAL at 
10 and 30% (wt%) were then incorporated 
into the nano-fiber solutions (Amjadi, et al., 
2020).  

Electro-spinning Operation 

The electro-spinning process was 
conducted at an applied voltage of 16kV, a 
flow rate of 1 mL hr-1, and a tip-to-collector 
distance of 15 cm. The operation was 
performed at a temperature of 25±2°C and 
relative humidity of 30±1%. The resulting 
nano-fibers were collected on the grounded 
collector (Amjadi, et al., 2020; Beikzadeh, 
et al., 2025). 

Characteristics of Produced Nanofibers 

Scanning Electron Microscopy  

Scanning Electron Microscopy (SEM) 
(Philips XL 30, Holland) operated at 26kV 
and was employed to examine the 
microstructure of the nano-fibers. Fiber 
diameters were quantified using NIS 
Elements 0.3 image analysis software 
(Nikon Instruments Inc., Japan). 
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Fourier Transforms Infrared  

Fourier-Transform Infrared (FTIR) spectra 
were recorded using a Tensor 27 
spectrometer (Ettlingen, Germany). Interfer-
ograms were collected over the spectral 
range of 1,000�±������������ �F�P�q�ï��(Sheikhi, et al., 
2020a). 

Antioxidant Activity 

DPPH radical scavenging method 
evaluates antioxidant activities��(Altan, et al., 
2018). The antioxidant activity of the nano-
fibers was evaluated using the DPPH radical 
scavenging assay. Briefly, 100 mg of 
nanofibers were suspended in 2 mL of water 
and stirred. Subsequently, 1 mL of the 
resulting solution was mixed with 0.2 mL of 
DPPH solution. After incubating the mixture 
at 25°C for 30 minutes, the absorbance was 
measured at 517 nm using a 
spectrophotometer. The scavenging activity 
was then calculated using the appropriate 
equation to determine the antioxidant 
capacity. 

Water Contact Angle (WCA) 

A drop of water (5 µL in volume) was 
deposited onto the nano-fiber surface, after 
which the contact angle was photographed 
and analyzed (Heidari, et al., 2019; Sheikhi, 
et al., 2020b).  

Mechanical Properties 

To assess the mechanical properties, the 
nano-fibers were cut into dumbbell-shaped 
specimens (0.6×9 cm) and subjected to 
tensile testing at a crosshead speed of 1.0 
mm min-1 (Amjadi, et al., 2019). 

 

 

Thermo-Gravimetric Analysis (TGA) 

For the TGA, approximately 15 mg of 
nano-fibers were heated under a nitrogen 
atmosphere at a rate of 10°C min-1 up to 
600°C using a thermo-gravimetric analyzer 
(STA PT1600, Germany). 

Release Kinetics of NAT and GAL 

The release profiles of Gallic Acid (GAL) 
and Natamycin (NAT) were evaluated by 
immersing nano-fibers (15.1 cm² area) in 10 
mL of distilled water at 4°C. At 
predetermined time intervals (0, 250, 500, 
750, 1,000, and 1,250 hours), the absorbance 
of GAL and NAT was measured at 260 nm 
and 320 nm, respectively, using a UV-
Visible spectrophotometer. The 
concentration of each compound was 
determined based on calibration curves 
constructed from standard solutions with 
concentrations ranging from 1 to 50 mg L-1 
(Titone, et al., 2025).  

Antifungal Properties 

To evaluate antifungal activity, 
Aspergillus niger (PTCC 5012) and 
Penicillium notatum (PTCC 5014) strains 
were cultured on Potato Dextrose Agar 
(PDA) media. A spore suspension (106 
spores mL-1) was prepared, and 1 mL of this 
suspension was homogenized with 99 mL of 
PDA. Nanofiber samples (1×1 cm) were 
sterilized under ultraviolet light for 1 hour, 
then placed onto the inoculated plates. The 
plates were incubated for 5 days, after which 
the diameter of the inhibition zone around 
the nano-fibers was measured to assess 
antifungal efficacy (Veras, et al. 2016).  

UF Cheese Packaging 

Based on the evaluation of the morphological, 
thermal, mechanical, and antifungal properties of 
the produced nano-fibers, those exhibiting 
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optimal characteristics were selected for 
packaging Ultra-Uiltrated (UF) cheese. For this 
purpose, aluminum foils coated with nano-fibers 
(both with and without preservatives) were 
sterilized using Ultraviolet (UV) light for 40 
minutes. Subsequently, UF cheese was produced 
and cut into pieces measuring 5×25×30 mm. The 
cheese samples were sterilized under UV light 
for 20 minutes before being packaged using the 
nano-fiber-coated aluminum foils (Beikzadeh, et 
al., 2025). 

Microbial Analysis of Produced Cheeses 

Mold and yeast counts were performed using 
Sabouraud dextrose agar culture medium via 
the pour plate method, with a 0.01 dilution, 
under refrigerated storage conditions 
throughout the storage period. 

Sensory Analysis of Manufactured 

Cheeses 

The sensory evaluation was conducted by a 
panel of 30 trained assessors. Cheese samples 
were removed from refrigeration one hour 
prior to testing to equilibrate to room 
temperature and were coded using a random 
number table. Each panelist received the 
samples along with a standardized evaluation 
questionnaire and assessed them based on 
texture, taste, aroma, and overall acceptance. 
Evaluations were performed using a 5-point 
hedonic scale. 

Statistical Evaluation 

Data obtained from three independent 
replicates were expressed as mean ± standard 
deviation. Statistical differences among groups 
were analyzed using one-way analysis of 
variance (ANOVA) performed in SPSS 
�V�R�I�W�Z�D�U�H���� �'�X�Q�F�D�Q�¶�V�� �P�X�O�W�L�S�O�H�� �U�D�Q�J�H�� �W�H�V�W�� �Z�D�V��
applied to determine significant differences at 
a confidence level of P< 0.05. 

 

RESULTS AND DISCUSSION 

Scanning Electron Microscopy  

The SEM images and corresponding mean 
diameter distributions of the electrospun 
ECL/PCL nano-fibers are presented in 
Figure 1. The average fiber diameters for 
ECL90/PCL10, ECL80/PCL20, and 
ECL70/PCL30 were 1250.86±18 nm, 
1174±21.4 nm, and 754.73±23 nm, 
respectively. For comparison, Wang et al. 
(2020) reported an average diameter of 649 
nm for pure ECL nano-fibers (Wang, et al., 
2020). Liu et al. (2018) reported nano-fibers 
with a spindle-like morphology and an 
average diameter of 413 nm (Liu, et al., 
2018). In contrast, PCL nano-fibers have 
been reported to exhibit an average diameter 
of approximately 419 nm. As shown in 
Figure 2, the average diameters of nano-
fibers containing ECL70/PCL30 with 
varying concentrations of NAT and GAL 
(ECL70/PCL30/NAT1/GAL10, 
ECL70/PCL30/NAT2/GAL10, 
ECL70/PCL30/NAT1/GAL30, and 
ECL70/PCL30/NAT2/GAL30) were 779.32 
± 35 nm, 886.27±13.5 nm, 805.45±12 nm, 
and 924.63±19 nm, respectively. The 
highest average diameter was observed for 
the ECL70/PCL30/NAT2/GAL30 sample. 
Overall, the incorporation of NAT and GAL 
led to an increase in fiber diameter. Neo et 
al. (2013) reported that the addition of GAL 
to zein solutions resulted in increased fiber 
diameters. This effect was attributed to the 
elevated solution viscosity caused by GAL, 
which enhances molecular entanglement 
and, consequently, leads to larger fiber 
diameters (Neo, et al., 2013). Similarly, 
Veras et al. (2020) reported that the 
incorporation of NAT into the 
polycaprolactone electro-spinning solution 
led to an increase in fiber diameter. Notably, 
tripling the NAT concentration compared to 
the initial sample resulted in 64% increase in 
the average fiber diameter (Veras, et al., 
2020). These findings are consistent with the 
results obtained in the present study. 
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Fourier Transforms Infrared (FTIR)  

Table 1 and Figure 3 present the 
wavenumbers of characteristic peaks 
observed in the nano-fibers. For the ECL 
nano-fiber, the peaks at 2,879, 3,450�±3,741, 
2,621�±���������������D�Q�G�������������F�P�q�ï���F�R�U�U�H�V�S�R�Q�G���W�R���±
�&�+�x�� �V�W�U�H�W�F�K�L�Q�J�� �Y�L�E�U�D�W�L�R�Q���� �2�±H vibration, 
�&�+�w���D�Q�G���&�+���V�W�U�H�W�F�K�L�Q�J�����D�Q�G���&�±O�±C linkage, 
respectively (Beikzadeh, Hosseini et al. 
2021). For PCL, the peaks observed at 
2,889�±3,030, 1,743, 1,375, and 1,047�±1,257 
�F�P�q�ï�� �F�D�Q�� �E�H�� �D�W�W�U�L�E�X�W�H�G�� �W�R�� �&�+�w�� �V�W�U�H�W�F�K�L�Q�J��
vibrations, C=O stretching, C�±C stretching, 
and C�±O�±C stretching vibrations, 
respectively (Beikzadeh, et al., 2021, 
Beikzadeh, et al., 2025). For NAT, the 

presence of peaks in the range of 1,100�±
������������ �F�P�q�ï�� �Z�D�V�� �D�W�W�U�L�E�X�W�H�G���W�R���W�K�H�� �&� �2�� �E�R�Q�G����
In the case of GAL, the peaks at 3490�±3748 
�F�P�q�ï�� �F�R�U�U�H�V�S�R�Q�G�H�G�� �W�R�� �2�±H stretching 
vibrations. The peaks observed at 1,520�±
������������ �F�P�q�ï�� �Z�H�U�H�� �U�H�O�D�W�H�G�� �W�R�� �W�K�H�� �V�W�U�H�W�F�K�L�Q�J��
vibrations of C�±C and C�±H aromatic groups. 
Additionally, the peaks at 1,193�±�������������F�P�q�ï��
were assigned to C�±O stretching vibrations. 
Changes in the ECL spectrum were 
observed following the addition of PCL, 
�Z�L�W�K�� �W�K�H�� �S�H�D�N�V�� �D�W�� ������������ �D�Q�G�� ������������ �F�P�q�ï��
shifting to higher wavelengths. Furthermore, 
�D�� �Q�H�Z�� �S�H�D�N�� �D�S�S�H�D�U�H�G�� �D�W�� ������������ �F�P�q�ï���� �8�S�R�Q��
the incorporation of NAT and GAL, further 
modifications were detected in the 
ECL70/PCL30 spectrum, including the 

 
Figure 1. Fiber diameter distributions of electro-spun nano-fibers: (a) ECL90/PCL10, (b) 

ECL80/PCL20, and (c) ECL70/PCL30. Abbreviations: NAT: Natamycin; GAL: Gallic Acid; ECL: Ethyl 
Cellulose, and PCL: Polycaprolactone. 
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emergence of novel peaks at 3,380, 3,220, 

 
Figure 2. SEM images and average nano-fiber diameters of ECL70/PCL30/NAT1/GAL10 (d), 

ECL70/PCL30/NAT2/GAL10 (e), ECL70/PCL30/NAT1/GAL30 (f), and ECL70/PCL30/NAT2/GAL30 
(g).  

Table 1. Types of nano-fibers, connections, and wavenumber of specified peaks of nano-fibers. 

Nano-fiber types Connection Wavenumber (cm-1) 
ECL �±CH3 connection vibration 2879 

O�±H vibrations 3450-3741 
CH2��and CH stretches 2621-2742 
C�±O�±C connection 1249 

PCL CH2 stretching vibration 2889-3030 
CO connection vibration 1743 
CC connection vibration 1375 
C�±O�±C connection vibration  1047-1257 

NAT C=O connection 1100-1750 
GAL O�±H stretching vibration 3490-3748 

C�±C/C�±H stretching vibration  1520-1710 
C�±O stretching vibration 1193-1411 
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emergence of novel peaks at 3,380, 3,220, 
�D�Q�G���������������F�P�q�ï�����Z�K�L�O�H���W�K�H���S�H�D�N���D�W�������������F�P�q�ï��
shifted to lower wavelengths. Veras et al. 
(2020) reported that mixing NAT with PCL 
did not cause significant changes in the 
nano-fiber spectra, likely due to the absence 
of chemical bonding between the polymers 
and antifungal compounds (Veras, et al., 
2020).   

Mechanical Properties 

The mechanical properties of fibers 
containing NAT and GAL are presented in 
Table 2. For ECL70/PCL30 nano-fibers, 
thickness, tensile strength, and elongation at 
break were measured as 0.112±0.007 mm, 
8.22±0.4 MPa, and 4.49±0.3%, respectively. 
ECL70/PCL30 exhibited superior 
mechanical properties compared to 
ECL90/PCL10 and ECL80/PCL20. The 
increase in tensile strength is attributed to 

the formation of new interactions between 
the polymers (Liu, et al., 2018), a 
phenomenon also supported by the FTIR 
results. Additionally, the incorporation of 
NAT and GAL further enhanced the 
mechanical properties of the nano-fibers.  

Water Contact Angle (WCA) 

WCA analysis was conducted to assess the 
surface wettability of the fabricated nano-
fibers, with the results presented in Figure 4. 
The WCA values for ECL90/PCL10, 
ECL80/PCL20, and ECL70/PCL30 were 
measured as 49.03°, 54.84°, and 59.77°, 
respectively. An increase in PCL content 
corresponded with a higher WCA, indicating 
enhanced hydrophobicity. This behavior 
may be attributed to hydrogen bonding 
interactions between ECL and PCL 
polymers (Beikzadeh, et al., 2021). 
Additionally, the incorporation of NAT and 

Table 2. Mechanical properties of nano-fibers. 

Sample Thickness (mm) Tensile strength (MPa) Elongation at break (%) 
ECL90/PCL10 0.108 ± 0.005 b 5.93 ± 0.6 d 2.66 ± 0.2 c 

ECL80/PCL20 0.109 ± 0.001 b 6.78 ± 0.4 c 3.12 ± 0.4 c 

ECL70/PCL30 0.112 ± 0.007 b 8.22 ± 0.4 b 4.49 ± 0.3 b  

ECL70/PCL30/NAT/GAL 0.124 ± 0.003 a 9.12 ± 0.5 a 6.32 ± 0.4 a 

a-d Mean±Standard deviation. Values with different lowercase letters are significantly different at the 
level (P< 0.05) between the treatments. 

 

 
Figure 3. FTIR results of various nano-fibers. PCL: Polycaprolactone; ECL: Ethyl cellulose; NAT: 

Natamycin, and GAL: Gallic acid. 
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GAL into the ECL70/PCL30 nano-fibers 
further increased the WCA values. Shen et 
al. (2021) reported that increasing the 
weight of encapsulated natamycin led to a 
rise in the WCA of gelatin/zein/polyurethane 
nano-fibers, attributed to the hydrophobic 
nature of NAT (Shen, et al., 2021).  

Thermogravimetric Analysis (TGA) 

The TGA results of the nano-fibers 
containing natamycin and gallic acid are 
presented in Figure 5. The decomposition 
temperature of pure ECL was approximately 
310.56°C, whereas the ECL/PCL and 
ECL/PCL/NAT/GAL nano-fibers exhibited 
decomposition temperatures around 315 and 
325.3°C, respectively. These results indicate 
that the thermal stability of the nano-fibers 

improved with the incorporation of NAT 
and GAL into the ECL matrix. Additionally, 
the observed shift in thermal decomposition 
profiles between the neat ECL/PCL blend 
and the NAT/GAL-loaded nano-fibers 
confirms the successful incorporation of the 
active compounds. Similarly, Neo et al. 
(2013) reported that blending GAL with zein 
enhanced the decomposition temperature of 
the resulting nano-fibers (Neo, et al., 2013). 

Antioxidant Activity Measurements 

The antioxidant activity of the nano-fibers 
in 80% ethanol aqueous solutions is 
presented in Figure 6. GAL reduces free 
radicals by acting as a hydrogen or electron 
donor (Chuysinuan, et al., 2009). 
ECL70/PCL30 electrospun nano-fibers 

 
Figure 4. Water contact angles of the formed nano-fibers. 

 
 

Figure 5. TGA curves of ECL70/PCL30 and ECL70/PCL30/NAT/GAL nanofibers. 
 

92

94

96

98

100

0 100 200 300 400 500 600 700

W
IG

H
T

 (
%

)

TEMPRATURE (�ƒC)

ECL70/PCL30 ECL70/PCL30/NAT/GAL



  _____________________________________________________________________ Beikzadeh et al. 

1122 

incorporated with 10% and 30% GAL 
exhibited antioxidant activities of 
approximately 62.38 ± 3.5% and 78.23 ± 
2.9%, respectively. In contrast, the neat 
ECL70/PCL30 nano-fiber showed only 4.12 
± 1.8% antioxidant activity. Neo et al. 
(2013) reported antioxidant properties 
ranging from 58% to 89% for zein nano-
fibers containing GAL. 

Release Kinetics of NAT and GAL 

Figure 7(a) illustrates the release profiles 
of Natamycin (NAT) from the 
ECL70/PCL30/NAT1 and 
ECL70/PCL30/NAT2 nano-fibers. The 
NAT2 formulation demonstrated a higher 
cumulative release of approximately 6.7 mg 
g-1, compared to around 3.3 mg g-1 for 
NAT1, over a period of nearly 700 hours. 
Both samples exhibited an initial burst 
release within the first 100 hours, which is 
characteristic of electrospun nano-fibers and 
is likely caused by the rapid desorption of 
NAT molecules located near the fiber 
surface (Sill and Von Recum, 2008). 
Following this phase, the release continued 
at a slower, sustained rate, consistent with 
diffusion-controlled mechanisms commonly 
observed in polymeric nano-fiber systems 
(Li and Xia, 2004). The differences in 
release profiles may be attributed to 

variations in fiber morphology, polymer 
crystallinity, and drug-polymer interactions 
influencing the diffusion rate of NAT. The 
U.S. Food and Drug Administration (FDA) 
regulation No. 155-172 (200) authorizes the 
application of NAT on cheese surfaces, with 
the stipulation that its concentration in the 
final product does not exceed 20 ppm (Türe, 
et al., 2008).  

Also, the release profiles of GAL from 
ECL 70/PCL 30/GAL10 and ECL 70/PCL 
30/GAL30 are shown in Figure 7(b). Both 
samples exhibited an initial burst release 
within the first 100 hours, followed by a 
sustained and gradual release over the 
subsequent period (up to 700 hours). The 
GAL30 formulation released a significantly 
higher amount of GAL (~5.2 mg g-1) 
compared to GAL10 (~3.6 mg g-1), 
indicating that increasing the GAL loading 
enhances cumulative release. The burst 
release phase is commonly attributed to the 
presence of GAL near the fiber surface, 
allowing for rapid diffusion into the release 
medium (Sill and Von Recum, 2008). After 
this stage, the release rate decreased, 
suggesting that the migration of GAL 
molecules through the polymer matrix was 
primarily governed by diffusion (Kenawy, et 
al., 2002). Variations between the two 
formulations might result from 
modifications in the nano-fiber structure due 
to elevated GAL content. A higher 

 
Figure 6. Antioxidant properties of electrospun nano-fibers. 
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�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���*�$�/���F�D�Q���L�P�S�D�F�W���W�K�H���I�L�E�H�U�¶�V��
porosity, hydrophilic properties, and degree 
of crystallinity, which collectively affect the 
release behavior (Kenawy, et al., 2002). 
Additionally, the small molecular size and 
hydrophilic characteristics of GAL facilitate 
its prolonged release from the hydrophobic 
PCL/ECL mixture, as this blend restricts 
water penetration and slows down drug 
diffusion (Bhardwaj and Kundu, 2010). 
These controlled and sustained release 
characteristics are beneficial for antifungal 
drug delivery, as they help maintain the 

prolonged bioactivity of both NAT and GAL 
(Agarwal, et al., 2008). 
 

Antifungal Properties 

The results of the antifungal activity of 
nano-fibers containing NAT and GAL are 
shown in Table 3 and Figure 8. Control 
samples (ECL70/PCL 30) and samples 
containing 1% NAT and 10% or 30% GAL 
did not exhibit antifungal activity against the 
growth of Aspergillus niger and Penicillium 

(a) 

(b) 
Figure 7. (a) Cumulative NAT release from ECL/PCL/NAT, and (b) Cumulative GAL release from 

ECL/PCL/GAL. 
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notatum. However, nanofibers containing 
2% NAT inhibited fungal growth. ECL/PCL 
/NAT/GAL nano-fibers also showed lower 
antifungal activity against Aspergillus niger 
compared to Penicillium notatum. Overall, 
the results indicate that the antifungal 
properties of the nano-fibers improve with 
increasing amounts of NAT. Additionally, 
adding 2% NAT combined with 10 or 30% 
GAL completely prevented the growth of 
both molds. Veras et al. (2020) reported that 
the inhibition zones of PCL nano-fibers 
containing 1 to 4% NAT ranged from 
approximately 6.6 to 24 mm against 
Aspergillus flavus and Penicillium citrinum. 
With increasing amounts of NAT, the 
antifungal properties of nano-fibers 
increased (Veras, et al., 2016).  

Mold and Yeast Analysis of Cheeses 

Packaged by Nano-fibers  

Changes in the amount of mold and yeast 
in cheeses packaged with nano-fibers are 
shown in Table 4. In all treatments, the 

levels of mold and yeast increased over 
time, with the control sample (cheese packed 
with nano-fibers without NAT and GAL) 
showing a higher increase compared to the 
other samples.  

Fajardo et al. (2010) packaged semi-hard 
cheese (Saloio cheese) with chitosan and 
chitosan coatings containing natamycin for 
37 days at 4°C. Microbial analysis of the 
cheese samples showed that the amount of 
mold and yeast ranged from 4.53 to 6.06 
�/�R�J�� ���&�)�8�� �J�q�ï������ �7�K�H�� �V�K�H�O�I�� �O�L�I�H�� �R�I�� �6�D�O�R�L�R��
cheese is about 50 days, but after 37 days, 
fungal growth on the surface of the cheese 
ended the microbial analysis (Fajardo, et al., 
2010). These findings are consistent with 
our results. Also, Jalilzadeh et al. (2020) 
used whey protein containing NAT to 
package ultra-refined cheese, and the results 
showed that the amount of mold and yeast in 
the control samples was higher than in the 
coated samples after 28 days (Jalilzadeh, et 
al., 2020). The lower levels of mold in 
cheeses packaged with nano-fibers 
containing NAT and GAL, compared to the 
control sample, demonstrate the stability of 

Table 3. The colony diameter of Aspergillus niger and Penicillium notatum. 

Nano-fiber samples Colony diameter (mm) 
Aspergillus niger Penicillium notatum  

ECL70/PCL30 38 ± 1.4 36 ± 1.6 
ECL70/PCL30/NAT1/GAL10 32 ± 0.9 25 ± 1.1 
ECL70/PCL30/NAT2/GAL10 0 0 
ECL70/PCL30/NAT1/GAL30 18 ± 0.7 12 ± 1.3 
ECL70/PCL30/NAT2/GAL30 0 0 

 
Figure 8. Antifungal properties of nanofibers: (ECL70/PCL30 (control), 

ECL70/PCL30/NAT1/GAL10 (S1), ECL70/PCL30/NAT2/GAL10 (S2), ECL70/PCL30/NAT1/GAL30 
(S3), and ECL70/PCL30/NAT2/GAL30 (S4) nanofibers.  
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these active compounds during storage and 
their antimicrobial effects. 

Overall Acceptance of Cheeses 

Packaged by Nano-fibers 

Overall acceptance of cheese samples 
packed with nanofibers during refrigerated 
storage is shown in Table 5. The results of 
the sensory evaluation scores for the 
packaged cheese samples did not show a 
significant difference between samples 
packaged with NAT-free nano-fibers, nano-
fibers containing 2% NAT and 10% GAL, 
and nano-fibers containing 2% NAT and 
30% GAL. The control sample (without 
packaging) had a lower score in terms of 
overall acceptance. Nottagh et al. (2020) 
used chitosan containing natamycin to 
package ultra-refined cheese for 6 weeks. 
The highest scores for taste, smell, and 
overall acceptance were observed in the 
packaged samples at the third week 
compared to the control sample (without 
packaging) (Nottagh, et al., 2020). 

 

CONCLUSIONS 

This study investigated the antioxidant, 
antifungal, morphological, and thermal 
properties of ECL/PCL nano-fibers 
containing NAT and GAL. The results 
revealed that ECL70/PCL30 exhibited the 
desired morphological and mechanical 
properties compared to ECL90/PCL10 and 
ECL80/PCL20. Additionally, mixing NAT 
with GAL increased the average fiber 
diameter, mechanical characteristics, Water 
Contact Angle (WCA), and thermal stability. 
Electrospun ECL70/PCL30 nano-fibers 
containing 30% GAL had the highest 
antioxidant content. Furthermore, 
ECL70/PCL30/NAT2/GAL10 and 
ECL70/PCL30/NAT2/GAL30 nano-fibers 
completely prevented the growth of 
Aspergillus niger and Penicillium notatum.  
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1 14 28 56 
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Table 5. Sensory evaluation score of cheeses packaged with nanofibers. 

Overall acceptance Storage time (Days) 
1 14 28 

Without packaging 4.0 ± 0.18 aA 3.8 ± 0.35 aA 3.6 ± 0.16 bA 
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a-b and A Mean±Standard deviation. Values with different lowercase letters are 
significantly different according to Duncans test at the level (P< 0.05) in each day 
between the treatments and with capital letter on the maintenance days. 
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