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Introduction: Concerns about health and food security related to the food production
chain and environmental degradation have increased the demand for sustainable
agricultural development and a reduction in the harmful effects of conventional
agriculture. Consumers are increasingly inclined to choose healthy food due to the
environmental and health risks posed by products contaminated with chemical inputs.

Methods: This study aims to identify the determinants of healthy and sustainable
agricultural production based on Diffusion of Innovations (DOI) and Farm Structure
(FS) models, combined with a socio-psychological and environmentally-oriented
approach. The study also seeks to propose recommendations for extension
services to promote such production among summer crop farmers in Iran. Data
were collected from 260 farmers using a survey and stratified random sampling
method. The data were analyzed with SPSS,s and AMOS,,.

Results and discussion: The analysis of the research model demonstrated that the
greatest influence on healthy and sustainable agricultural production is attributed to
the emphasis on the importance of marketing. Environmental identity and attitudes
toward healthy and sustainable agricultural production are of secondary importance.
Access to extension services indirectly affects healthy and sustainable agricultural
production through environmentally responsible behavior. Information access directly
influences healthy and sustainable agricultural production. Furthermore, information
beneficiaries also indirectly affect healthy and sustainable agricultural production by
enhancing farmers’ knowledge and attitudes toward producing such products. Specific
production and marketing relations should be established for these products. Additionally,
various organizations should focus on extending, training, and informing farmers about
healthy and sustainable agricultural production, while also creating the necessary
infrastructure to make this a public demand among both consumers and producers.

KEYWORDS

healthy product, adoption, sustainable agriculture, socio-psychologic,
environmentally-oriented, diffusion of innovations model, farm structure model

1 Introduction

Agro-industrial production began in the early 1960s, marking the transition from
traditional subsistence farming to industrial and commercial agriculture, known as the Green
Revolution. While this shift aimed to enhance global food production, it also led to significant
environmental challenges, including water pollution, soil degradation, ecological imbalances,
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and the emergence of new pests and diseases (Fatemi et al., 2018). The
excessive use of chemical fertilizers and pesticides has caused long-
term damage to natural resources, disrupting food production and
natural cycles (Fanelli, 2020). Rapid economic growth has further
intensified environmental threats, such as land degradation and water
scarcity (Kopteva et al., 2019).

Iran, particularly Fars province, faces alarming health risks due to
the widespread use of chemical inputs in agriculture. However, the
toxicity levels and persistence of residues differ significantly between
fertilizers and pesticides. While synthetic fertilizers primarily
contribute to environmental pollution—such as nitrate leaching into
groundwater and eutrophication—they generally pose lower direct
toxicity risks to human health compared to pesticides (EFSA, 2023).
In contrast, excessive pesticide application, including 34 carcinogenic
types, has been linked to increased risks of gastrointestinal cancers,
hormonal disruptions, and neurological disorders (NICRS, 2023;
Burns, 2023). Many pesticides, particularly persistent organic
pollutants (POPs), remain in the environment for extended periods,
accumulating in food chains and posing long-term health threats
(EFSA, 2023). Furthermore, unsafe pesticide storage and application
practices heighten exposure risks for both farmers and consumers
(Ebrahimi and Manian, 2007; Kalachian et al., 2011).

Given these challenges, exploring sustainable agricultural models
becomes imperative. The following section delves into the theoretical
foundations of agroecology and sustainable agriculture, highlighting
key frameworks that support environmentally responsible farming
practices. Additionally, it reviews innovation adoption models to
better understand the factors influencing farmers’ transition toward
sustainable agricultural methods, with a focus on promoting healthy
and sustainable agricultural production.

1.1 Theoretical background

1.1.1 Agroecology and sustainable agriculture
Sustainable agriculture, rooted in the principles of the
Brundtland Commission, seeks to balance productivity with
environmental responsibility (Fatemi et al., 2018; Rose et al., 2019).
By reducing reliance on harmful chemicals and implementing
food
preservation, and optimal agricultural performance (Trigo et al,

eco-friendly technologies, it promotes security, soil
2021). Growing awareness of the dangers posed by agricultural
chemical inputs, such as pesticides and synthetic fertilizers, has
shifted consumer demand toward healthier, sustainably produced
food (Rezaei-Moghaddam et al., 2023). Organic farming and Good
Agricultural Practices (GAP) provide sustainable solutions by
prioritizing environmental conservation, soil health, and consumer
well-being (Sharma and Singhvi, 2018). GAP encompasses a set of
principles, regulations, and technical guidelines designed to ensure
the sustainability, safety, and quality of agricultural production. It
focuses on optimizing resource management, minimizing
environmental impact, ensuring food safety, and enhancing the
economic and social sustainability of farming. Key elements of GAP
include soil and water management, biodiversity conservation,
integrated pest and nutrient management, worker health and safety,
and traceability of agricultural practices. Institutionalized as
GLOBALGAP in 2007, GAP is recognized globally as a standard for

responsible and sustainable farming practices (Sabir et al., 2010).
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While organic farming adheres to strict international standards, Iran
lacks a comprehensive regulatory framework aligned with these
norms (Ghorbani et al., 2009). Instead, some producers achieve
national certifications by reducing chemical inputs and adopting
environmentally friendly practices, producing “healthy and
sustainable products” that serve as a transitional step toward organic
farming (Fatemi et al., 2018). These products follow stricter input
management but do not yet meet full organic certification criteria. In
addition to organic farming, agroecology offers a broader, more
integrated approach to sustainable agriculture, blending ecological
principles with social and economic dimensions to promote
biodiversity, resource efficiency, and resilient food systems (Ro6s
etal,, 2022). By embracing agroecological practices, Iran’s agricultural
production can move beyond input reduction and develop a more
holistic and sustainable farming model.

A promising approach to promoting agroecology and sustainable
agriculture is the development of biodistricts, or ecological districts,
which are territorial areas where farmers, local authorities, and other
stakeholders collaborate to implement agroecological principles
(Stefanovic and Agbolosoo-Mensah, 2023). Biodistricts foster local
economies by encouraging short food supply chains, organic
production, and environmentally friendly farming practices while
strengthening rural development and community engagement
(Lamine et al., 2023). By integrating agricultural, social, and economic
policies, biodistricts serve as models for sustainable territorial
development, demonstrating how coordinated efforts can enhance the
viability and adoption of agroecological practices (Gava et al., 2025).
Despite the recognized benefits of agroecology, its adoption remains
limited due to significant barriers, including farmers’ risk perceptions,
lack of technical knowledge, economic constraints, and insufficient
policy support. Understanding and addressing these challenges is
crucial to promoting a widespread transition toward sustainable
agricultural practices.

1.1.2 Innovation adoption models

The Diffusion of Innovations (DOI) Model, introduced by Rogers
and Shoemalker (1971), provides a framework for understanding how
new ideas and technologies spread within social systems. It identifies
the stages of adoption: acquiring knowledge, forming attitudes,
deciding to adopt, implementing, and confirming effectiveness. Key
factors influencing the diffusion process include perceived benefits,
compatibility with existing practices, ease of use, trialability, and the
visibility of results. Social networks, opinion leaders, and
communication channels also play crucial roles. Although widely
applied across various fields, recent research has expanded the DOI
model by incorporating cultural and socio-economic barriers
(Rogers, 2003).

DOI has been instrumental in understanding the adoption of
organic farming, which typically follows an S-shaped diffusion curve.
Early adopters play a key role in influencing broader adoption, often
motivated by environmental awareness, market incentives, and peer
influence (Padel, 2001; Kamua et al, 2024). Organic farming
distinguishes itself from conventional agriculture by prioritizing
sustainability over immediate productivity. Research highlights the
importance of farmers’ attitudes toward environmental protection,
resource conservation, and the health of humans and animals in
shaping their adoption decisions (Fatemi et al., 2018). Educational
efforts in organic farming focus on sustainable crop production, soil
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fertility management, water conservation, biological pest control, and
environmentally friendly weed management (Monfared et al., 2019).
In response to critiques of the DOI model in the 1970s, the Farm
Structure (FS) Model emerged, focusing on how farm organization
and management affect productivity (Jones et al., 2017). FS examines
the role of factors such as farm size, resource allocation, and
technological adoption in shaping agricultural output. Recent studies
indicate that transitioning from smallholder to mechanized farming
significantly boosts productivity (Wang et al., 2024). The FS model
also emphasizes profitability and economic incentives, addressing
challenges like limited land, low income, restricted access to extension
services, and market barriers (Fatemi and Atefatdoost, 2020).
Ecological benefits of organic agriculture have also been explored,
with studies indicating that organic inputs improve soil health and
biodiversity (Qian et al., 2020), and organic waste enhances CO; levels
in greenhouses, benefiting crop production (Hao et al., 2020).
Extension services play an essential role in educating farmers about
organic farming, marketing, certification, and the transition process
(Alotaibi et al, 2019). However, inadequate infrastructure and
marketing systems continue to hinder the widespread adoption of
organic products (Gokkiir and Sinav, 2020). Additionally, consumer
trust, pricing, and awareness are critical factors in shaping market
demand for healthy products (Firoozzare et al., 2024).
Pro-environmental behavior involves actions that minimize
environmental harm or actively contribute to sustainability
(Pradhananga et al., 2017). Studies suggest that attitudes and beliefs
alone do not directly translate into environmental behavior; social
influences play a vital role in shaping individual choices (Steg and
Vlek, 2009). Environmental sociology explores these interactions,
integrating social, cultural, and ecological dimensions (Rezaei-
Moghaddam et al., 2005; Rezaei-Moghaddam and Karami, 2008).
Expanding traditional adoption models, Rezaci-Moghaddam and
Fatemi (2013) introduced a framework incorporating environmental
knowledge, social norms, and behavioral control, offering a
comprehensive analysis of pro-environmental behaviors. Farmers’
environmental awareness, moral obligations, and perceived behavioral
control strongly influence their willingness to adopt green
technologies, such as organic farming (Padel, 2001; Lei et al., 2023).
Studies in China demonstrate that government policies, long-term
yield benefits, and ecological concerns encourage sustainable practices
2023).
pro-environmental responsibility,

(Lei et al, Psychological and social factors, such as

awareness of conventional
agriculture’s negative impacts, and social norms, also drive the
adoption of organic methods (Fatemi and Rezaei-Moghaddam, 2020).
Recent research emphasizes the importance of education in fostering
environmental values and promoting responsible farming practices,
especially among experienced farmers (Wang et al., 2023).

Iran’s agricultural sector is vital for the countrys economic
development, yet excessive pesticide and chemical fertilizer use,
driven by increasing food demands, poses significant environmental
and health risks (Asadollahpour et al., 2020). Achieving sustainable
food production is crucial for environmental conservation, economic
stability, and public health (Niu et al., 2024). Given Iran’s growing
population, rapid urbanization, and climate challenges, prioritizing
food safety and sustainable agricultural practices is essential, with
farmers playing a key role in this transition. Official statistics indicate
that a relatively small percentage of farmers in Iran engage in organic
farming. Although Iran has the capacity to participate in global
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markets, its current share remains limited. The most recent data
reports slightly over 30,000 hectares of organic farming in the country
(Fatemi et al., 2021). This suggests a need for Iran to explore the
potential for expanding sustainable agricultural practices. However,
achieving this transition requires the involvement of
various stakeholders.

This study aims to identify the key determinants of adopting
healthy and sustainable agricultural practices, integrating the DOI and
FS models with a socio-psychological and environmentally-oriented
approach. Specifically, the research will focus on summer crop farmers
in Fars province, Iran, exploring the factors influencing their adoption
behaviors. The study will compare various characteristics of farmers,
including individual factors (e.g., age, educational level, agricultural
background), structural-economic factors (e.g., annual income and
farm size) and environmentally oriented factors (e.g., knowledge
about sustainable agricultural production and attitudes toward healthy
farming practices). The study will identify the determinants of healthy
and sustainable agricultural production behaviors and propose
targeted strategies, such as educational programs, financial incentives,
and policy recommendations, to encourage the broader
implementation of these practices.

The paper begins with a review of the theoretical framework,
outlining the DOI and FS models and their application to organic
agriculture. It then presents the methodology, describing the study’s
design, data collection process, and analysis approach. The results
section provides a detailed comparison of different groups of farmers
based on characteristics such as farm size, experience, education level,
and attitudes toward sustainable farming practices. This section
identifies the key factors influencing the adoption of healthy and
sustainable agricultural production among summer crop farmers in
Fars province. Finally, the paper concludes with a discussion of the
findings, offering insights and policy recommendations to support the

advancement of sustainable farming initiatives in Iran.

1.2 Study area

Abadeh County, with Abadeh as its central city, covers an area of
6,800 square kilometers, accounting for 4.6% of the total land area of
Fars province, located in southern Iran. As one of the high-altitude
regions of the province, the county is geographically positioned
between 51°51” to 53°13’ east longitude and 30°48’ to 31°42’ north
latitude. It shares borders with Isfahan Province to the north, Eqlid
County to the south, Yazd Province to the east, and Kohgiluyeh and
Boyer-Ahmad Province to the west. According to the latest national
administrative divisions (2012), Abadeh County consists of two
districts and five urban areas (Abadeh, Bahman, Soghad, Izadkhast,
and Surmaq) as well as five rural districts (Khosrowshirin, Bahman,
Bidek, Izadkhast, and Surmaq), encompassing a total of 272 villages.
The distance from the county’s center to the provincial capital (Shiraz)
is 275 km (Fars Agricultural Jihad Organization, 2023). The county’s
water resources primarily include seasonal rivers and groundwater
sources (wells and qanats). According to the local synoptic
meteorological station, Abadeh has a cold and arid climate, with a
long-term average annual precipitation of 136 mm and an average
annual temperature of 14.4°C (Ghasemi et al., 2020).

Based on the 2016 national census, the population of Abadeh
County was 100,831 (50,991 males and 49,840 females), representing
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2.14% of the total population of Fars province. The employed population
in the county was 29,243, of which 5,620 individuals (19.2%) were
engaged in the agricultural sector. The main economic activities in the
agricultural sector include crop production, horticulture, livestock
farming, and poultry farming (Ministry of Agricultural Jihad, 2024).
Out of the 186,000 hectares of total land in the county, approximately
74,000 hectares are arable, with 57,000 hectares cultivated annually for
various crops and orchards. The predominant agricultural products
include grains, legumes, summer crops, apples, apricots, almonds, and
grapes. Summer crop production plays a significant role in the county’s
agriculture, covering a substantial portion of farmlands and supplying
a notable share of the provincial market. The major vegetables cultivated
in Abadeh include potatoes, onions, tomatoes, and cucumbers. In terms
of livestock production, the county is a major producer of both red and
white meat, ranking second and third in the province, respectively
(Ministry of Agricultural Jihad, 2024).

2 Research method

2.1 Research methodology flowchart:
process and procedures

Figure 1 illustrates the research methodology, outlining the key steps
in the study. The process begins with problem identification, highlighting
the degradation of natural resources and health issues, which emphasizes
the need for healthy and sustainable agricultural practices. The literature
review phase involves searching and analyzing relevant studies, from
which research variables are extracted to form the conceptual framework.
The research aims to identify the factors influencing the adoption of
healthy and sustainable agricultural production among summer crop
farmers in Fars province, Iran. To address this aim, the study investigates
various characteristics of farmers, such as individual, structural-
economic, and environmentally oriented factors. Questionnaire design
included reviewing literature, using relevant questionnaires and standard
indicators, and conducting informal interviews with experts. Quality
criteria were ensured by confirming the face and content validity of the
questionnaire through a panel of experts, including professors from the
School of Agriculture at Shiraz University and specialists from the Fars
Organization of Jihad Agriculture, to ensure the use of the most relevant
and effective questions for assessing each research variable. A pilot study,
conducted with a sample separate from the main study, was performed
to calculate Cronbach’s Alpha and assess the reliability of the
questionnaire. Sampling was done through stratified random sampling,
estimating 260 farmers from 42 villages in Abadeh County. Data
collection involved field visits to the villages, with data entry into
statistical software. Data analysis used SPSS for descriptive statistics and
AMOS?21 for structural equation modeling (SEM). Lastly, interpreting
the results involved comparing them with previous studies, followed by
report preparation.

2.2 Research design and data collection
instrument

Data were collected using a survey and a questionnaire consisting of

a set of open and closed questions derived from previous studies and
adapted to the conditions of this study. The face and content validity of

Frontiers in Sustainable Food Systems

10.3389/fsufs.2025.1539777

the questionnaire was confirmed by a panel of professors from the
School of Agriculture at Shiraz University. Next, the reliability of the
questionnaire was confirmed through a pilot study and by computing
the Cronbach’s alpha coeflicients in a sample outside the main one,
specifically among summer crop farmers in Eqlid County. Cronbach’s
alpha is a measure of internal consistency, which evaluates how closely
related a set of items are as a group. It is widely used to assess the
reliability of a questionnaire, with higher values indicating better
consistency (Taber, 2018). A Cronbachs alpha value above 0.70 is
generally considered acceptable (Zandazar et al., 2025), and all variables
in this study had Cronbach’s alpha values exceeding this threshold.
Table 1 shows the Cronbach’s alpha coeflicients for the variables along
with their conceptual and operational definitions. Finally, the collected
data were analyzed using SPSS,s and AMOS,, software.

2.3 Sampling method

The study focused on summer crop farmers in Abadeh, Fars
province, Iran. According to the Ministry of Agricultural Jihad
(2024), the total number of summer crop farmers in Abadeh
during the study was 770. To ensure a representative sample and
account for the diversity in farm size, socio-economic
characteristics, and other relevant factors, a stratified random
sampling method was employed. Stratified random sampling is a
technique that divides the population into distinct subgroups, or
strata, that share certain characteristics (Glasgow, 2005). In this
case, the strata were based on variables such as farm size, farming
experience, and geographic location within the 42 villages of
Abadeh. This approach ensures that each subgroup is appropriately
represented in the final sample. Stratified sampling enhances the
precision of the results by ensuring that key segments of the
population are adequately represented, particularly when there is
significant variability across different strata (Makwana et al.,
2023). Once the strata were identified, a random sampling
technique was applied within each subgroup to select participants.
A total of 260 farmers were chosen from the 770 summer crop
farmers. The sample size was determined using the standard
formula for sample size calculation (Fowler, 2009), which takes
into account the total population size, desired confidence level,
and margin of error. This method ensures that the sample is
statistically representative of the larger population, with sufficient
power to detect meaningful differences between groups.

The stratified random sampling method not only improves the
representativeness of the sample but also allows for a more granular
analysis of the factors affecting the adoption of healthy and sustainable
agricultural practices among different subgroups of farmers in Abadeh.
By incorporating these varied strata, the study is able to account for
potential differences across farmers based on farm characteristics,
geographic location, and other relevant demographic and socio-economic
factors. This ensured a balanced and diverse representation of the farming
population, providing the necessary data to explore the key factors
influencing the adoption of sustainable agricultural practices in
this region.

n=N&%/(N-1)D+5"
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FIGURE 1

1. Problem
Identification

3. Research

5. Quality

7. Data
Collection

+ High rate of cancers in humans.

+ Searching diverse and relevant information sources related to the topic.
+  Study, classification and critical analysis of previous related studies.
+ Research variables extraction as conceptual framework.

Question

+ Review of literature, relevant questionnaire, and standard indicators from

various sources.

+ Informal Interviews with experts and specialists in organic agriculture and

healthy crop production.

Criteria

+ Study Population: All of the summer crop farmers of Abadeh county, Fars.
+ Sampling Method: Stratified random sampling.

+ Estimated 260 producers from 42 villages.

entered into the statistical software.

+ SPSS,s: Descriptive statistics and ANOVA.

+ AMOS;;: Structural Equation Modelling and present the causal model.

4+ Report writing.

9. Interpreting and
report writing

Flowchart of research methodology.

+ Sever degradation and pollution of natural resources, especially water and soil;

Highlight the urgent need to Healthy Agricultural Production

What are the factors influencing adoption of healthy and sustainable
agricultural production among summer crop farmers of Fars province, Iran?

+ Face and Content Validity: A panel of university professors and experts.

+ Reliability: Conduction a pilot study with 30 producers out of main sample
and computing the Cronbach's Alpha coefficients of research variables.

+ Research trips to rural areas, including 42 villages, took approximately 6 months.

+ The completed questionnaires were gradually weighted, and the raw data was

+ Interpreting the statistical tests and compare with the results of
previous similar studies as discussion.

2. Literature
Review

6. Sampling 4. Q":::ii;:naire

8. Data Analysis

n=(770)(95.6)/(769)(0.25)+(95.6) = 255.56 = 260

D=B%/4=(1)*/4=0.25.

N = Total number of summer crop farmers of Abadeh County;
n = Sample Size; & ? = Variance of the sample (based on pilot study);
B = Probable error (considering 1 in this study).
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2.4 Analysis methods

Path Analysis and SEM are advanced statistical techniques used
to explore complex relationships among observed and latent variables.
In this study, path analysis was applied to quantify the direct effects of
socio-psychological and environmental factors on the adoption of
healthy and sustainable agricultural practices. It estimates the strength
and direction of effects of variables through path coefficients. SEM,
which includes both observed and latent variables, allows for modeling
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TABLE 1 Definitions of research variables and the Cronbach’s alpha coefficients.

Variables

Awareness about the consequences of conventional

agriculture

Items

11

finition

This variable identifies the respondents’ awareness level about the weaknesses, shortcomings, and negative effects of the methods
applied in conventional agriculture and determine whether the negative implications of the conventional method are understood by
the respondents or not. The variable was assessed using questions about the effects of conventional agriculture on various forms of
pollution, including water, soil, and air contamination. It also considered the impact on the destruction of rangeland and forest

cover, as well as the harmful effects on human health and other living organisms due to excessive use of chemical inputs.

Cronbach'’s alpha

0.70

Environmental identity

This variable indicates the internal and mental connection with the natural and non-human factors in the surrounding
environment, which is based on the historical records, emotional dependencies, and similarities influencing the method of behaving
with the surrounding environment by humans. Based on the environmental identity, human belongs to the environment and nature
is a part of human. The variable was measured through items related to emotional connection with nature, concerns and worries
about environmental degradation, feelings of dependence and attachment to nature, a respectful attitude toward the environment,

and guilt from causing harm to natural resources.

Access to information sources

The ability to receive information depends highly on the access to the information sources. Information channels spread awareness
about new ideas and techniques, as well as encouraging the farmers in this regard. This variable determines the channels and
information sources of farmers regarding healthy and sustainable agricultural production. The variable was assessed by the farmers
gather the required information from various sources, including expert agricultural extension agents in the region, agricultural

input vendors in villages, experienced local friends and acquaintances, and interactions with plant protection clinics.

0.74

Marketing of healthy products

This variable is utilized to investigate marketing-related factors including obtaining the necessary licenses and certificates for

healthy products, packaging and branding, pricing and creating a culture for buying such products, and the like.

0.73

Social norms

This variable identifies the rules and regulations which direct people’s behavior, as well as determining to what extent the
respondents’ protective behaviors towards the environment are influenced by social pressures and expectations. The variable was
evaluated through questions addressing the individual’s perception of the importance of receiving encouragement from various
social connections. These included family members, relatives, neighbors, fellow farmers within the village, regional agricultural
experts, and agricultural input vendors. The emphasis was on how such support and recognition might influence their decision to
adopt healthy crop production practices. This highlights the role of social validation in motivating environmentally conscious

agricultural behavior.

Perceived behavioral control

This variable identifies access to all kinds of inputs, instruments, and machines at the disposal of farmers (owned or leased) to
perform their various agricultural activities in line with healthy and sustainable agricultural production. In fact, this variable refers
to the level of controllability of the respondents” environmental behaviors in this field. The variable was assessed through questions
regarding the ability to produce healthy crops under various conditions, including the availability of improved seeds, organic
fertilizers, and non-chemical nutrients. It also examined the feasibility of using biological pest control, mechanical weed
management methods, and the ability to cover the costs associated with producing healthy crops. This highlights the practical and

financial factors that influence farmers’ ability to adopt sustainable agricultural practices.

0.89

Attitude towards healthy and sustainable

agricultural production

This variable seeks the positive or negative evaluation of the farmer towards methods of healthy and sustainable agricultural
production, studies the respondents’ opinion regarding the various techniques of such production as an alternative to conventional
methods, and reviews the level of farmers’ concern towards natural resources and environmental preservation during agricultural
activities, as well as the significance, and concern which they have for their health, family members, and other members in the
social system. The variable, analyses whether the farmers pay attention to the negative consequences of using chemicals on their

health and those around during agricultural activities in the short and long term or not.

0.74

(Continued)
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TABLE 1 (Continued)

Variables

Environmentally responsible behavior

Items

Definition

Responsible behavior refers to the feeling of commitment and accepting the consequences of individual actions in performing
agricultural activities. Here, responsible behavior means accepting the consequences of the respondents’ agricultural activities on
nature and their efforts to reduce negative environmental implications. This variable was measured using items related to the
importance of crop selection to minimize environmental damage, the sense of responsibility towards soil health and water

conservation, accountability for family and community well-being, and concerns about producing healthy crops for the nation.

Healthy and sustainable agricultural production

This variable applies various methods of healthy and sustainable agricultural production during planting, growing, and harvesting
(including organic crop production as well as using Good Agricultural Practices (GAP)), and also utilizing non-chemical methods
for pests and diseases control (Integrated Pests Management (IPM)). The respondents were scored based on the level of applying

different methods of agricultural production. Then, they were divided into different groups, compared, and analysed.

Access to extension services

This variable discusses the communication of the farmer with agricultural extension institutions at the level of the village, county
and province, as well as other private institutions. The variable assesses the extent of the farmer’s access to such institutions, relevant
experts, and other specialists, as well as the quality and influence of such communication. The respondents were asked to mention

how many times they go to these centers, monthly is some direct questions.

Knowledge about healthy and sustainable

agricultural production

This variable evaluates the level of respondent’s knowledge. First, the level of farmers’ knowledge and their familiarity with the
method of healthy and sustainable agricultural production were measured. Then, the level of their knowledge about the types of
methods available in healthy and sustainable agricultural production was examined. This recognition refers to production
requirements, planting method, maintenance status, differences from other conventional products, and the type of usable or
mandatory standards in the healthy and sustainable agricultural production. The level of respondents’ familiarity with the
advantages and benefits of applying healthy and sustainable agricultural production methods plays a critical role in this regard. The
variable investigates the awareness about the relative advantage of healthy and sustainable agricultural production as an innovation

for summer crop farmers. The Good Agricultural Practices (GAP) method was employed to achieve the objective of this variable.

Ajzen (1991); Malek-Saeidi et al. (2012); Rezaei-Moghaddam and Fatemi (2013); Rodrigues and de la Riva (2014); Bayona et al. (2015); Secretario (2017); Chiamjinnawat and Garnevska (2018); Fatemi et al. (2018); Innocent and Vasanthakaalam (2018); Irianto et al.

(2019); Joshi et al. (2019); Fatemi and Rezaei-Moghaddam (2020); Hansmann et al. (2020); Kwapong et al. (2020).
All of the variables except “access to extension service” were computed with 5-point Likert scale.
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multiple equations simultaneously, capturing the complex interactions
between these factors (Almeida, 2024). SEM offers a comprehensive
understanding of both direct and indirect effects on the adoption of
organic farming practices.

Standardized total effects provide a summary of both direct and
indirect effects, indicating the total influence of one variable on
another. Direct effects are the immediate impacts of one variable on
another, while indirect effects are mediated through other variables
(Lleras, 2005). These effects are calculated by summing the direct
and indirect effects and then standardizing them, making the results
comparable across studies. In this study, AMOS,, software was used
to compute the standardized total effects, which were then
interpreted based on their strength: effects under 0.10 indicate weak
relationships, 0.10-0.30 represent moderate effects, and those over
0.50 show strong effects (Gignac and Szodorai, 2016; Fatemi et al.,
2021). This analysis provides valuable insights into the factors most
influencing farmers’ adoption of healthy and sustainable
agricultural practices.

3 Results and discussion

Based on the results, most respondents (52%) were aged
30-45 years. A significant proportion, 66.2% (172 individuals), had
education up to the diploma level, while 28.5% (74 individuals) had
university degrees. Regarding household size, 47.3% (123
individuals) had fewer than three members, 7.3% (19 individuals)
had more than five members, and 45.4% had between three and five
members. In terms of agricultural experience, 38.5% (100 individuals
each) had less than 15 years and 15-25 years of experience, while 60
respondents had more than 25 years of agricultural background.

3.1 The comparison of summer crop
farmers with different levels of activities in
healthy crop production

Since farmers exhibit a range of behaviors regarding healthy and
sustainable agricultural production and the use of related techniques, it
was not possible to categorize them simply into “users” and “non-users.”
Therefore, as indicated in the conceptual and operational definitions of
the variables in Table 1, the variable of healthy and sustainable
agricultural production was measured using 19 questions on a Likert
scale, ranging from 0 to 76. To obtain a qualitative description of the
healthy and sustainable agricultural production variable and classify
respondents among summer crop farmers, the Interval Standard
Deviation from Mean (ISDM) method was used. This method is a
popular choice for qualitative description of research variables (Amir
etal, 2020). In the ISDM method, the scores obtained are divided into
three levels, as shown in Table 2. The results indicated that the rate of
healthy and sustainable agricultural production was low for 14.2% of
summer crop farmers, moderate for 47.3%, and high for 38.5%.

3.1.1 Farmers' comparison: individual factors

Table 3 presents the results of a one-way ANOVA comparing three
groups of summer crop farmers with varying levels of activity in
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TABLE 2 Classifying the extent of healthy and sustainable agricultural
production of summer crop farmers.

A < Mean-SD A<223 Low 14.2%
Mean-SD < B < Mean 223<B<31.24 Moderate 47.3%
Mean < C C>31.24 High 38.5%

healthy and sustainable agricultural production. Significant differences
were found among the groups for education level (p=0.0001,
F=10.53) and environmental identity (p = 0.0001, F = 10.42). The
high-activity group had a significantly higher average education level
(13.69), indicating greater awareness and knowledge in healthy
product cultivation. Additionally, the environmental identity score
was notably higher in the high-activity group (24.77), suggesting
stronger environmental awareness compared to the low and medium
activity groups. Kili¢ et al. (2020) found that education level is crucial
for adopting appropriate agricultural practices among farmers in
Bafra, Turkey.

3.1.2 Farmers' comparison: structural-economic
factors

Table 4 presents the results of a one-way ANOVA comparing
three groups of summer crop farmers with varying levels of
activity in healthy and sustainable agricultural production,
focusing on structural-economic factors. Significant differences
were observed for income from non-agricultural work (p = 0.0001,
F =19.13) and the importance of product marketing (p = 0.0001,
F =376.40). The high-activity group had a significantly higher
mean income from non-agricultural work (37.95) and placed
more emphasis on product marketing (18.34) compared to the
other two groups. This suggests that the high-activity group’s
focus on healthy and sustainable agricultural production and
involvement in various activities drives their greater attention to
marketing. Hansmann et al. (2020) suggested that a sufficient
income level and economic justification are key reasons for
adopting organic products. Kili¢ et al. (2020) also reported a
significant relationship between non-agricultural income and
healthy and sustainable agricultural production, while Gokkiir
and Sinav (2020) highlighted the often-overlooked importance of
marketing healthy products.

Additionally, significant differences were found for access to
extension services (p = 0.03, F = 3.34) and access to information
sources (p =0.0001, F=62.11). The high-activity group had
significantly better access to both extension services (81.82) and
information sources (17.72) than the other groups. This suggests
that increased use of information sources to improve crop
productivity and health is linked to better utilization of extension
services. These findings emphasize the need for the Agriculture
Jihad Organization to adequately support the other groups, while
also teaching all farmers the methods for utilizing communication
channels with relevant experts. These results align with Irianto
etal. (2019), who found that greater access to information sources
leads to increased awareness and encourages healthy product
production. Furthermore, Alotaibi et al. (2021) showed that better
access to information strengthens social capital and provides
insight into production challenges.
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TABLE 3 One-way ANOVA results of summer crop farmers in triple groups of healthy and sustainable agricultural productions activities in terms of
individual factors.

Variables Moderate
Mean

Age 38.76 10.007 41.99 9.81 41.42 9.87 1.54 0.216
Household size 3.41 1.23 3.68 1.30 3.56 1.25 0.74 0.477
Educational level 12.38* 1.75 12.26° 2.58 13.69° 2.36 10.53 0.0001
Agricultural 18.76 10.007 21.99 9.81 20.75 10.04 1.58 0.207
background

Environmental identity 23.39° 2.60 24.57* 1.87 24.77° 2.15 10.42 0.0001

There is no significance difference at 0.05 level between the means with similar letters.
Environmental Identity: 6-30.

TABLE 4 One-way ANOVA results of summer crop farmers in triple groups of healthy and sustainable agricultural productions activities in terms of
structural-economic factors.

Variables Moderate

Mean SD
Agricultural annual 85.97 63.46 98.92 67.30 97.83 64.89 0.56 0.572
income
Farm size 3.56 1.11 3.84 1.45 3.65 1.29 0.89 0.412
Non-farm activities’ 10.81* 20.05 15.98* 24.98 37.95" 37.11 19.13 0.0001
income
Marketing of healthy 10.68* 2.08 11.23% 233 18.34° 1.68 376.40 0.0001
products
Access to extension 70.30* 30.97 74.11* 28.91 81.82° 26.81 3.34 0.037
service
Access to information 15.57° 1.95 14.98° 1.98 17.72° 1.64 62.11 0.0001
sources

There is no significance difference at 0.05 level between the means with similar letters.
Marketing of healthy products: 6-30; Access to information sources: 4-20.

3.1.3 Farmers' comparison:
environmentally-oriented factors

Table 5 presents the results of a one-way ANOVA comparing three
groups of summer crop farmers with varying levels of activity in
healthy and sustainable agricultural production, focusing on
environmentally-oriented factors. Significant differences were found
in awareness of conventional agricultural consequences (p = 0.0001,
F =176.68), knowledge about healthy and sustainable agricultural
production (p =0.0001, F=100.23), social norms (p=0.0001,
F=18.08), attitude towards healthy and sustainable agricultural
production (p = 0.0001, F = 152.44), and perceived behavioral control
(p=0.0001, F=104.92). The high-activity group demonstrated
significantly greater awareness of conventional agriculture’s negative
impacts (36.99), followed by the medium (30.31) and low (28.54)
activity groups. This suggests that those engaged in higher levels of
healthy and sustainable agricultural production are more informed
about the drawbacks of conventional practices. Training programs and
showcasing successful socio-economic examples could help raise
awareness in the other groups.

Moreover, the high-activity group also had significantly more
knowledge about healthy and sustainable agricultural production
(43.98), indicating a stronger commitment to improving product
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quality. In terms of social norms, the high-activity group (26.43)
displayed greater alignment with environmental protective behaviors
compared to the medium (25.37) and low (24.68) activity groups.
This suggests that the high-activity group is more influenced by social
pressures to engage in environmentally responsible practices.
Expanding healthy and sustainable agricultural practices in the
region could encourage similar behaviors among the other groups.
Regarding attitude towards healthy and sustainable agricultural
production, the low-activity group (17.22) exhibited the least
favorable attitude, suggesting the need for coordinated training and
continuous implementation to improve this attitude. Additionally,
the high-activity group (20.58) reported greater perceived behavioral
control over their environmental practices, reflecting their ability to
manage both product quality and environmental impact.
Asadollahpour et al. (2020) identified lack of knowledge and concerns
about future outcomes as key challenges in adopting healthy and
sustainable agricultural practices. Fatemi and Rezaei-Moghaddam
(2020) highlighted the importance of environmentally responsible
behavior, environmental identity, perceived behavioral control, moral
and social norms, and farmers’ awareness of organic farming
methods as critical factors for adopting healthy and sustainable
agricultural production.
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TABLE 5 One-way ANOVA results of summer crop farmers in triple groups of healthy and sustainable agricultural productions activities in terms of
environmentally-oriented factors.

Variables Moderate

Mean
Awareness of 28.54* 2.31 30.31° 2.74 36.99° 3.48 176.68 0.0001
consequences of
conventional agriculture
Knowledge about 35.68° 5.77 35.75° 4.96 43.98" 3.42 100.23 0.0001
healthy and sustainable
agricultural production
Social norms 24.68° 1.95 25.37° 1.95 26.43¢ 1.21 18.08 0.0001
Environmentally 27.14 3.03 26.24 3.12 26.37 3.40 1.12 0.326
responsible behavior
Attitude toward healthy 17.22* 1.62 20.92° 2.35 21.37° 1.79 152.44 0.0001
and sustainable
agricultural production
Perceived behavioral 15.97¢ 2.26 16.54° 212 20.58° 243 104.92 0.0001
control

There is no significance difference at 0.05 level between the means with similar letters.

Awareness of consequences of conventional agriculture: 11-55; Knowledge about healthy and sustainable agricultural production: 0-70; Social norms: 7-35; Environmentally responsible
behavior: 0-36; Attitude toward healthy and sustainable agricultural production: 7-35; Perceived behavioral control: 7-35.

3.2 Causal analysis of factors affecting
healthy and sustainable agricultural
production

Analyzing the variables of the DOI and FS models through a
socio-psychological and environmentally-oriented lens provides a
deeper understanding of the adoption process for healthy crop
production practices. Figure 2 presents the conceptual framework
outlining the key factors influencing healthy and sustainable
agricultural production, which will be tested through path analysis in
this section. This framework serves as the foundation for exploring the
relationships between these factors and their impact on farmers’
adoption of healthy and sustainable practices. Figure 3 displays the
results of the path analysis, illustrating how these factors interact and
influence each other in the context of healthy and sustainable
agricultural production among summer crop farmers. The analysis
was conducted using AMOS,, software, and standard path coeflicients
were obtained. Table 6 provides the indices for data-model fitting,
confirming the optimal fit of the causal model.

3.2.1 Causal effects of variables on
environmentally-oriented factors

3.2.1.1 Knowledge about healthy and sustainable
agricultural production

As shown in Table 7 and Figure 3, healthy product marketing has
the most direct and significant effect on knowledge about healthy and
sustainable agricultural production (p = 0.0001, # = 0.482). Increased
focus on marketing healthy products and educating farmers about
these issues enhances their knowledge. Additionally, environmental
identity has a positive effect on knowledge about healthy and
sustainable agricultural production (p = 0.01, § = 0.126). Farmers with
a strong connection to their environment tend to seek out more
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TABLE 6 Goodness of fit measures of structural equation model of
healthy products of summer crop farmers.

Index Expected Computed
Chi-square - 216.420

df - 72
Chi-square/df 5> 3

GFI 0.9< 1

NFI 0.9< 0.96

CFI 0.9< 0.95
RMSEA 0.06> 0.025

information on sustainable agricultural practices. Access to
information sources also positively influences knowledge (p = 0.02,
p =0.119), better
production knowledge.

Both agricultural (f = 0.111) and non-agricultural (4 = 0.101)
incomes directly influence knowledge about healthy and sustainable

with more information leading to

agricultural production. Conversely, the agricultural background
negatively affects knowledge (p = 0.03, # = —0.111), indicating that
older, more experienced farmers tend to have less knowledge in this
area. Fatemi and Rezaei-Moghaddam (2020) highlighted the role of
environmental identity and perceived behavioral control in farmers’
understanding and adoption of organic practices, which aligns with
these findings. Moreover, Razzaghi-Burkhani and Mohammadi
(2019) noted that a lack of communication channels and
information sources hinders farmers’ progress, consistent with this
study’s results. Hansmann et al. (2020) emphasized that more
information and sufficient income are crucial for adopting
environmentally friendly agricultural practices, further supporting
these findings.
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FIGURE 2
Conceptual framework of the study based on an integrated model combining DOI, FS and environmentally-oriented factors.

3.2.1.2 Awareness of conventional agriculture
consequences

Table 7 and Figure 3 illustrate the causal effects of various variables
on awareness of the consequences of conventional agriculture. The
results show that the healthy product marketing has a direct and
positive effect on awareness (p = 0.0001, # = 0.584). Farmers who
prioritize marketing healthy products and related issues are more
aware of the negative impacts of conventional agriculture. Access to
information sources also significantly enhances awareness (p = 0.001,
B =0.152), providing specialized knowledge about the harmful
consequences of conventional agricultural practices. Non-agricultural
income positively influences awareness (p =0.004, f =0.135),
suggesting that farmers who recognize the environmental damage
caused by conventional farming often seek additional non-agricultural
work to ease the strain on natural resources. The agricultural
background also contributes positively to awareness (p =0.01,
f =0.113), indicating that more experienced farmers tend to be more
aware of these consequences. Alotaibi et al. (2019) emphasized the
importance of marketing organic products as a critical source of
knowledge in transitioning from conventional to sustainable farming.
Similarly, Gokkiir and Sinav (2020) pointed out that the lack of proper
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infrastructure and marketing management systems for healthy
products disrupts the production-to-consumption chain. Dos Santos
and Ahmad (2020) highlighted family income and non-agricultural
employment as key factors influencing sustainable agriculture in their
study of 28 EU countries. Fatemi and Rezaei-Moghaddam (2020) also
found that awareness of organic farming methods and their
environmental impact plays a significant role in adopting healthy
planting practices. These findings align with the results from the
current study’s causal model.

3.2.1.3 Social norms

Table 7 and Figure 3 illustrate the causal effects of various variables
on social norms. The results indicate that attention to market
significance directly and positively influences social norms
(p =0.0001, g = 0.224). Focusing on the market networks of healthy
products helps shape social norms related to their production through
encouragement and persuasion from different sectors of society.
Additionally, environmental identity has a direct positive effect on
social norms (p = 0.004, § = 0.164), with a high level of environmental
concern leading to stronger societal alignment with environmental
preservation. Non-agricultural income also positively influences social
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Causal model factors affecting the healthy and sustainable agricultural production.

norms (p =0.005, f =0.161). Furthermore, the agricultural
background plays a significant role in shaping social norms related to
healthy and sustainable agricultural production (p = 0.02, § = 0.127),
suggesting that experienced farmers serve as key influencers in rural
communities, guiding the adoption or rejection of healthy production
methods. Li et al. (2016) examined 34 neighborhoods in New York
City and found that interventions aimed at social norms through
marketing and reliable models can increase the social acceptance of
healthy product consumption. Bertoldo and Castro (2016) argued that
the effect of environmental identity on social norms is stronger in
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group settings than in individual ones, with cognitive norms having a
greater influence when they are direct and well-established.

3.2.1.4 Attitude towards healthy and sustainable
agricultural production

As shown in Table 7, environmental identity has the most direct
effect on attitudes towards healthy and sustainable agricultural
production (p = 0.0001, # = 0.320). This emphasizes the importance
of enhancing summer crop farmers environmental identity to
improve their attitudes towards healthy and sustainable agricultural
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production. Farmers who are more engaged with and have a stronger
connection to the environment tend to exhibit more favorable
attitudes toward producing healthy products. Social norms also
directly and positively influence farmers’ attitudes towards healthy and
sustainable agricultural production (p =0.009, f =0.114). The
influence of peers, particularly those who excel in healthy and
sustainable agricultural practices, plays a critical role in shaping
attitudes. Moreover, knowledge about healthy and sustainable
agricultural production has a direct and positive impact on attitudes
(p =0.0001,  =0.273). Training programs that increase farmers’
knowledge about healthy products can significantly improve their
attitudes toward producing such products.

Awareness of the consequences of conventional agriculture also
positively and significantly affects attitudes towards healthy and
sustainable agricultural production (p = 0.0001, = 0.235). Educating
farmers about the negative impacts of conventional agriculture
strengthens their commitment to adopting healthier production
methods. On the other hand, a background in conventional
agricultural practices negatively affects attitudes (p =0.0001,

p

conventional methods for a long time, often show resistance to

—0.326). Older, more experienced farmers, who have used

adopting new practices such as healthy and sustainable agricultural
production. Additionally, the size of agricultural land negatively
influences attitudes towards healthy and sustainable agricultural
production. Farmers with larger landholdings tend to prefer
conventional methods, which are perceived to be more efficient and
profitable, as opposed to the lower yield and profitability associated
with healthy and sustainable agricultural practices. Williams and
Chawla (2015) examined informal environmental education programs
and found that social education theory strengthens attitudes by
improving environmental identity, which aligns with our findings.
Ranjbar Shams and Omidi Najafabadi (2014) reported that knowledge,
environmental concerns, and social norms influence attitudes toward
using organic products. Hansmann et al. (2020) asserted that
economic and social justification for using conventional food products
affects attitudes and social norms towards organic products.
Furthermore, Fatemi and Rezaei-Moghaddam (2020) highlighted that
farmers’ attitudes towards organic methods, their environmental
concerns, and opinions from reference groups significantly impact the
adoption and implementation of organic farming practices.

3.2.1.5 Environmentally responsible behavior

As indicated in Table 7, knowledge of healthy and sustainable
agricultural production has the most direct effect on environmentally
responsible behavior (p = 0.0001, = 0.425). This emphasizes the
importance of enhancing summer crop farmers’ knowledge about
healthy and sustainable agricultural practices. Improving this
knowledge increases their sense of responsibility towards responsible
agricultural production, which is crucial for encouraging related
behaviors. Additionally, social norms positively influence responsible
behavior in healthy and sustainable agricultural production (p = 0.020,
B =0.137). Societal norms and customs play a significant role in
shaping individuals’ sense of responsibility, as people tend to align
their actions with societal expectations. Access to appropriate
extension services related to healthy and sustainable agricultural
production also plays a critical role in fostering responsible behavior.
Extension services directly impact responsible behavior in healthy and
sustainable agricultural production (p =0.032, # =0.100). These
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trainings are most effective when farmers have adequate agricultural
income to cover the associated costs.

Agricultural income significantly influences responsible behavior
in healthy and sustainable agricultural production (p =0.04,
S =0.100). However, the results also indicate that an excessive focus
on market and economic issues related to healthy products negatively
affects farmers’ sense of responsibility (p =0.002, f =—0.232).
Overemphasis on economic aspects and market sales can prevent
farmers from prioritizing environmentally responsible actions to
preserve natural resources. Furthermore, the background of
conventional agricultural practices negatively affects farmers’
environmental responsibility in healthy and sustainable agricultural
production (p =0.03, f# =—0.098). Older and more experienced
farmers tend to exhibit a lower sense of environmental responsibility
in healthy and sustainable agricultural practices. Rezaei-Moghaddam
and Fatemi (2013) found that environmental responsibility, social
effects, awareness, social norms, and environmental identity are key
factors influencing environmental behavior. Badani (2021) also
suggested that the willingness to adopt organic farming, combined
with environmental identity, responsibility, and ethical norms, plays a
crucial role in promoting the behavior of producing organic products.

3.2.1.6 Perceived behavioral control

As shown in Table 7, environmental identity has the most direct
effect on perceived behavioral control (p = 0.0001, § = 0.308). Farmers
with a stronger sense of connection to the environment and natural
resources exert more effort to acquire the tools needed for healthy
product production, granting them better access to and control over
these resources.

Marketing healthy products also has a significant positive impact
on perceived behavioral control (p = 0.0001, # = 0.293). The market
and its components significantly influence the improvement of
farmers’ activities, especially in healthy product production.
Furthermore, knowledge about healthy and sustainable agricultural
production positively affects perceived behavioral control (p = 0.0001,
B =0.255). As farmers gain more knowledge about healthy product
production, their control over their activities increases.

In contrast, the background in conventional agriculture has a
significant negative effect on perceived behavioral control in healthy
and sustainable agricultural production (p = 0.0001, # = —0.258). This
suggests that farmers with conventional agriculture experience face
limitations in accessing and controlling the necessary resources and
inputs for healthy crop cultivation, likely due to support structures
favoring conventional practices. Xu et al. (2020) found that ecological
perceived behavior among local people and tourists is related to
proper education, with a positive and significant effect on ecological
behavior and environmental identity. Similarly, Prati et al. (2017)
highlighted the role of environmental behaviors, social identity, and
the ecological context, noting that perceived environmental behavior
largely predicts environmental behavior habits. Tartaro (2017)
reported that perceived behavioral control, coupled with a positive
attitude, plays a key role in protecting natural resources and meeting
environmental expectations.

3.2.2 Causal effects of variables on healthy and
sustainable agricultural production

As shown in Table 8, the healthy products market has the most
significant direct and positive effect on the activities of healthy and
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TABLE 7 Total and direct effects of research variables on environmentally-oriented factors.

Variables

Knowledge about
healthy and sustainable
agricultural production

Awareness of
consequences of

conventional agriculture

Social norms

Attitude towards healthy and
sustainable agricultural production

Environmentally responsible
behavior

Perceived behavioral control

Direct Sig. Direct Sig. Total Direct Indirect  Sig. Direct Indirect Direct  Indirect Sig.
effect effect effect effect effect effect effect effect effect
Environmental identity 0.126 0.015 0.037 0.439 0.164 0.004 0.296 0.32 —0.024 0.0001 0.115 0.086 0.029 0.124 0.351 0.308 0.043 0.0001
Educational level —0.01 0.854 —0.061 0.199 —0.079 0.166 0.03 0.022 0.008 0.586 —0.021 —0.031 0.01 0.568 —0.11 —0.099 —0.011 0.02
Agricultural
—0.111 0.032 0.113 0.018 0.127 0.026 —0.284 —0.326 0.042 0.0001 —0.122 —0.098 —0.023 0.03 —0.302 —0.258 —0.044 0.0001
background
Agricultural income 0.111 0.034 0.076 0.113 0.075 0.191 0.021 0.06 —0.039 0.14 0.133 0.1 0.032 0.04 0.068 0.03 0.038 0.49
Non-farm income 0.101 0.04 0.135 0.004 0.161 0.005 —0.02 0.021 —0.041 0.608 0.012 —0.001 0.013 0.987 0.092 0.047 0.044 0.283
Fam size —0.065 0.209 0.033 0.494 —0.062 0.282 —0.074 —0.077 0.003 0.04 —0.045 —0.024 —0.021 0.667 —0.083 —0.066 —0.017 0.12
Access to information
0.119 0.022 0.152 0.001 0.05 0.387 —0.089 —0.027 —0.062 0.517 0.108 0.073 0.035 0.195 0.087 0.042 0.045 0.335
sources
Access to extension
0.056 0.277 0.035 0.465 0.079 0.167 —0.042 —0.027 —0.015 0.499 0.111 0.1 0.011 0.032 0.033 0.012 0.021 0.773
service
Marketing of healthy
0.482 0.0001 0.584 0.0001 0.224 0.0001 —0.555 —0.311 —0.243 0.0001 —0.092 —0.232 0.141 0.002 0.447 0.293 0.181 0.0001
products
Knowledge about
healthy and sustainable - - - - - - 0.273 0.273 - 0.0001 0.425 0.425 - 0.0001 0.255 0.255 - 0.0001
agricultural production
Awareness of
consequences of - - - - - - 0.235 0.235 - 0.0001 —0.057 —0.057 - 0.419 0.082 0.082 - 0.141
conventional agriculture
Social norms - - - - - - 0.114 0.114 - 0.009 0.137 0.137 - 0.02 0.048 0.048 - 0.292
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TABLE 8 Total, direct and indirect effects of research variables on healthy and sustainable agricultural production behavior.

Variables Standardized total

effects

Standardized direct

Standardized indirect

effects effects

Environmental identity 0.203 0.198 0.006 0.0001
Educational level 0.005 0.037 —0.032 0.242
Agricultural background —-0.236 —0.230 —0.006 0.0001
Agricultural income 0.048 0.034 0.014 0.299
Non-farm income 0.129 0.087 0.043 0.008
Fam size 0.024 0.022 0.003 0.492
Access to information sources 0.172 0.118 0.054 0.0001
Access to extension service 0.042 0.029 0.013 0.352
Marketing of healthy products 0.716 0.386 0.330 0.0001
Knowledge about healthy and 0.168 0.102 0.066 0.021
sustainable agricultural

production

Awareness of consequences of 0.185 0.113 0.072 0.008
conventional agriculture

Social norms —0.022 —0.020 —0.002 0.571
Attitude towards healthy and 0.216 0.216 - 0.0001
sustainable agricultural

production

Perceived behavioral control 0.190 0.190 - 0.0001
Environmentally responsible 0.097 0.097 - 0.007
behavior

sustainable agricultural production (p = 0.0001, § = 0.386). A well-
established market plays a crucial role in promoting healthy and
sustainable agricultural production. Additionally, perceived
behavioral control significantly healthy and sustainable agricultural
production. The results reveal that perceived behavioral control
directly and positively affects these activities (p = 0.0001, # = 0.190).
Access to resources and support is essential for summer crop
farmers to engage in healthy and sustainable agricultural
production. Farmers with supplementary income sources beyond
agriculture are better equipped to produce healthy products. The
model indicates that non-agricultural income significantly affects
the behaviors related to healthy and sustainable agricultural
production (p = 0.008, § = 0.087). Access to information sources is
also vital in increasing farmers’ awareness of the consequences of
conventional agriculture and improving their knowledge of healthy
and sustainable agricultural practices. These factors, along with
perceived behavioral control, directly and significantly affect
healthy and sustainable agricultural production, with coeflicients of
0.118, 0.113, and 0.102, respectively.

Fostering farmers’ environmental identity is critical, as it directly
and positively influences healthy and sustainable agricultural
production (p = 0.0001, = 0.198). Training programs that strengthen
environmental responsibility and commitment to producing healthy
products can have a profound impact. Furthermore, the attitude
towards healthy and sustainable agricultural production positively and
significantly affects these activities (p = 0.0001, § = 0.216), as does the
farmers’ sense of responsibility (p = 0.007, f = 0.097). However, the
model also highlights the negative effect of the farmers” background
in conventional agricultural practices (p = 0.0001, § = —0.230). Older,
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more experienced farmers are less likely to engage in healthy and
sustainable agricultural production behaviors.

Since age and household size showed no significant differences
across the groups and had no significant effect on the dependent
variable in the causal model, they were excluded from the path
analysis. Some variables influence healthy and sustainable agricultural
production both directly and indirectly through mediator variables.
Environmental identity, agricultural and non-agricultural incomes,
access to information sources, extension services, and the significance
of marketing all affect healthy and sustainable agricultural production
in these ways. Knowledge about healthy and sustainable agricultural
production influences activities directly and indirectly by shaping
attitudes towards healthy products, perceived behavioral control, and
environmentally responsible behavior. Awareness of the consequences
of conventional agriculture improves healthy and sustainable
agricultural production by positively shaping attitudes and promoting
necessary improvements. Additionally, social norms indirectly
enhance healthy and sustainable agricultural production by
influencing attitudes and fostering environmental responsibility.
Asadollahpour et al. (2020) developed a model of farmers’ behavior in
organic agriculture, finding that attitudes and abstract norms
positively influenced rice farmers” willingness to engage in organic
agricultural practices, which aligns with the findings of this study.

4 Conclusion

This study aimed to understand the factors influencing the
adoption of healthy and sustainable agricultural practices in Fars
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province, Iran, by integrating the DOI model, FS model, and
environmental perspectives. The findings highlight the intricate link
between agricultural production, environmental responsibility, and
farmers decision-making regarding healthy and sustainable practices.
By examining both economic and social drivers, this research offers
valuable insights into the necessary steps for promoting sustainable
farming in the region.

The transition from conventional to sustainable agriculture
requires a concerted effort to enhance farmers’ awareness, improve
access to information, and expand targeted extension services.
Policymakers should prioritize specialized support for farmers already
practicing sustainable agriculture, as they serve as key influencers in
their communities. Their role in knowledge dissemination can
accelerate the adoption process, making it crucial to establish effective
communication channels between experienced sustainable farmers
and others. Additionally, the study emphasizes the influence of socio-
cultural norms on agricultural behavior. Farmers engaged in healthy
and sustainable practices tend to adhere to stronger social norms
supporting environmental responsibility, while others may lack
motivation or confidence in sustainable methods. Addressing these
disparities calls for cultural education initiatives, engagement of
community opinion leaders, and the implementation of regulatory
frameworks to reinforce environmental commitments. Economic and
policy incentives are fundamental to shaping farmers’ perspectives on
sustainability. This research advocates for the introduction of financial
and cultural incentives, demonstration farms, and comparative studies
to highlight the economic benefits of healthy and sustainable practices
over conventional ones. Strengthening infrastructure for the sale and
distribution of healthy and sustainable agricultural products, along
with expanding market access, can help alleviate financial concerns
and encourage wider adoption of sustainable farming.

Environmental identity and emotional bonds with nature emerged
as significant drivers of sustainable agricultural behaviors. Enhancing
these connections through educational programs and community-
based initiatives can reinforce farmers’ commitment to environmental
stewardship. Moreover, leveraging modern communication
technologies, such as digital platforms and mobile applications, can
facilitate broader awareness of sustainable agriculture’s benefits and
the environmental risks of conventional methods. A key challenge
identified in this study is the lack of coordination among institutions.
To address this, a collaborative effort between agricultural,
environmental, and health organizations is necessary to create a
unified platform for educating both consumers and producers. This
synergy should focus on increasing awareness, fostering consumer
demand for healthy and sustainable products, and cultivating a
sustainability-oriented agricultural culture.

Ultimately, adopting healthy and sustainable agricultural practices
in Fars province requires a multifaceted approach that addresses both
the knowledge gaps and structural challenges facing farmers. Through
targeted policies, improved access to resources, and a stronger cultural
emphasis on sustainability, Iran’s agricultural sector can move toward
a more sustainable future, benefiting both the environment and public
health. It is recommended that policymakers strengthen extension
services, particularly for farmers already involved in sustainable
practices, while also promoting cultural education and legal
mechanisms to elevate social norms around sustainability. Financial
and economic incentives, coupled with improved market access for
sustainable products, can help overcome adoption barriers.

Frontiers in Sustainable Food Systems

10.3389/fsufs.2025.1539777

Furthermore, fostering emotional connections to the environment
and leveraging modern communication technologies can enhance
awareness and drive sustainable farming behaviors. Finally, greater
inter-institutional coordination is essential to create a unified
approach for supporting the transition to healthier, more sustainable
agricultural practices, benefiting both farmers and consumers alike.
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