International Journal of Mathematical, Engineering and Management Sciences
Vol. 11, No. 3, 1158-1177, 2026
https://doi.org/10.33889/IJMEMS.2026.11.3.048

Cognitive Mapping of the Key Factors Influencing Blockchain Adoption in
Iran's Food Supply Chains

Zahra Mohemmi
Flinders University, College of Business Government and Law,
Adelaide, Australia.
E-mail: mohemi2005@gmail.com

Amirhossein Mostofi
Department of Management, Technology and Organization,
Auckland University of Technology, New Zealand.
E-mail: Amir.mostofi@aut.ac.nz

Vipul Jain
Department of Supply Chain and Logistics Management,
School of Accounting Information and Supply Chain, RMIT University, Melbourne, Australia.
Corresponding author: vipul.jain@rmit.edu.au

Hamed Samarghandi
Edwards School of Business,
University of Saskatchewan, Saskatoon, SK, Canada.
E-mail: samarghandi@edwards.usask.ca

Fatemeh Dadmand
Department of Management,
Payame Noor University (PNU), Tehran, Iran.
E-mail: dadmandfa@pnu.ac.ir

Maryam Mehrparvar
Mathematical Department,
Bozorgmehr University of Qaenat, Iran.
E-mail: mmehrparvar@bugqaen.ac.ir

(Received on August 21, 2025; Revised on November 25, 2025 & February 3, 2026; Accepted on March 22, 2026)

Abstract

It is worth mentioning that Blockchain Technology can enhance transparency, trust, and efficiency in a supply chain in general and
in food supply chains in particular. Nonetheless, its application in Iran’s food industry is still limited due to technological,
organizational, strategic and operational challenges. Unlike previous studies, this paper identifies and structures the key factors
influencing blockchain implementation in the food sector supply chain through expert confirmation and Interpretive Structural
Modeling (ISM). Twenty-six critical drivers were analyzed to reveal their interdependencies and hierarchical significance. The
results of this work highlight that developing efficient and effective food supply chain strategies is the most critical factor for
successful blockchain adoption, supported by components such as technological readiness, management commitment,
transparency, trust, and system quality. The findings also provided a strategic roadmap, which emphasizes aligning technology
adoption with organizational preparedness and policy support. This research contributes to the understanding of blockchain
diffusion in emerging economies and offers practical and actionable insights for decision-makers seeking to enhance traceability,
efficiency, and stakeholder trust in the complex operations of the food supply chain.
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1. Introduction

The global food supply chain is under growing strain in the 21st century (Golgeci et al., 2023). The rapid
expansion of food industries, combined with shifts in dietary habits and lifestyles, has increased consumer
awareness of food safety and quality (Hassoun et al., 2024). Today’s consumers demand food that is not
only safe but also of high quality. Meeting these growing demands for a steadily increasing global
population exerts considerable pressure on the food supply chain (Heydari, 2024). This pressure exacerbates
issues such as food quality and safety concerns, food waste, price volatility, deforestation, and carbon
emissions (Varjani et al., 2024). In addition, critical challenges like product traceability, supply chain
transparency, and the adoption of smart agricultural practices add further complexity to food supply chain
management (Latino et al., 2022). To remain competitive in today’s global competition, supply chain
managers must prioritize keeping product value and optimizing efficiency to sustain their competitive
comprehensive market position (Negi, 2021).

The agricultural food supply chain encompasses a series of sequential operations, beginning with input
supply and production and continuing through post-harvest handling, storage, processing, distribution,
marketing, food services, and, ultimately, consumption a process often referred to as "farm to table"
(Grewal et al., 2024). Effective supply chain management is vital for creating a competitive advantage,
particularly through collaboration in supplier and consumer networks (Nu'man et al., 2020). Organizational
interdependence is a key focus, with companies working together to enhance supply chain efficiency
(Fontoura & Coelho, 2022). The growing demands of consumers for flexibility, speed, traceability, and
information have fueled the rapid development of supply chains in recent years (Razak et al., 2023). This
expansion is mainly supported by technological advances that enhance the performance of systems and
processes (Dasaklis et al., 2022). In Iran, wheat plays a central role in food security planning, with over
60% of arable land dedicated to its production. Although the country has only about 1% of the world’s
population, it consumes roughly 2.5% of global wheat output, underscoring wheat’s strategic importance
in national food policy.

Agriculture is a cornerstone of Iran's food supply chain, with wheat playing a pivotal role in ensuring food
security (Karimi et al., 2024). As depicted in the Figure 1(a), much of Iran's agricultural land is categorized
as unsuitable or very poor for cultivation due to climatic and geographic constraints. Despite these
challenges, over 60% of cultivable lands are dedicated to wheat production, reflecting its strategic
importance. However, the inefficient use of resources, particularly water, presents significant issues. As
indicated in the accompanying chart, agriculture consumes around 90% of Iran’s total water resources,
whereas in developed countries the share is closer to 30% (Azadi et al., 2022). This heavy dependence on
water-intensive farming accelerates resource depletion and places additional strain on the agricultural
supply chain (Cole et al., 2023). These pressures highlight the need to adopt innovative technologies, such
as blockchain, to improve resource efficiency and promote sustainable practices across the food supply
chain (Rana et al., 2021).

The uneven distribution of water uses in Iran, illustrated in Figure 1(b), underscores the urgency of
modernising the supply chain. Only 8% of national water resources are allocated to drinking water and 2%
to industry and mining, while agriculture consumes the vast majority, revealing substantial inefficiencies.
This pattern contrasts markedly with developed countries, where industry and mining account for 59% of
water consumption, indicating a more balanced and efficient allocation (Feng et al., 2023). Such differences
point to the need for advanced technologies and improved management systems to optimise Iran’s food
supply chain (Zahedi et al., 2024). By tackling these inefficiencies and employing blockchain to strengthen
traceability and transparency, Iran can foster a more resilient and sustainable food supply chain that is better
equipped to meet present and future demand (Rejeb et al., 2024).
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Figure 1. (a) Land suitability for agriculture in Iran (Mesgaran et al., 2017), (b) Water usage distribution in Iran vs.
developed countries (Source: Statistical Center of Iran, 2024).

Outside environmental constraints, blockchain adoption in Iran’s food industry is also shaped by cultural,
regulatory, and economic factors. Culturally, the agricultural sector is dominated by traditional practices
and family-owned farms, where trust is built through personal relationships rather than digital systems.
Reliance on informal networks often opposes data sharing across the supply chain. From a regulatory
standpoint, the lack of unified digital governance frameworks and clear standards for blockchain-based
transactions creates uncertainty for both private and public stakeholders. Economically, limited access to
investment capital and fluctuating currency values make the initial implementation of advanced
technologies financially challenging for small and medium enterprises. Addressing these barriers requires
coordinated policy efforts to modernize agricultural regulations, promote financial incentives, and foster
digital literacy among supply chain participants.

According to the Food and Agriculture Organization (FAO) of the United Nations, over 80% of Iran's wheat
demand is allocated to food production, emphasizing its central role in household nutrition (Hasheminejad
et al., 2020). Key ingredients for food products, such as cereal flour, water, leavening agents, and salt, form
the foundation of Iran's food supply chain (Hassoun et al., 2024). This supply chain begins with wheat
production in fields and ends with food consumption in households. Despite Iran's long-standing history of
wheat cultivation and bread production, the overall food quality remains below international standards
(Hasheminejad et al., 2020). Addressing this gap necessitates the development of an effective supply chain
system capable of delivering food products with adequate quality from production to consumption.
Leveraging modern technologies can help supply chains achieve a competitive advantage by enhancing
efficiency and reliability (Liu et al., 2023). However, centralized supply chain management systems face
risks, including potential failures and vulnerabilities to malicious activities that could manipulate records
stored in a central database (Asante et al., 2023).

It is also worth mentioning that BT has clearly occurred as a transformative tool with the potential to address
various aforementioned challenges, thus offering a modern and capable solution for improving food supply
chain operations (Shoomal et al., 2024). Developed over the past decade, blockchain has grown into a major
trend across industries (Hussien et al., 2021). The significant advantages for supply chains include robust
data auditing capabilities, enhanced transparency, verifiability, and real-time visibility into the actions of
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supply chain members (Razak et al., 2023). Blockchain operates as a secure digital record system that
prevents data alteration, which securely stores records and data generated within food supply chain
management (Rejeb et al., 2021). With its decentralized control, minimal latency, high operational capacity,
tamper-proof data storage, and built-in security features, blockchain ensures that once data is recorded, it
cannot be altered or manipulated, even by the entity that registered it (Pandey et al., 2022). This tamper
resistance allows stakeholders to audit transactions and verify their accuracy. Furthermore, blockchain has
become highly prominent in the supply chain and logistics sectors due to its ability to support encrypted
transactions, improve transparency, guarantee the immutability of records, and foster trust among
stakeholders in the food industry (Rejeb et al., 2022).

For blockchain technology to be effectively implemented in food supply chains, it is first necessary to
identify the key drivers and barriers to its adoption and then map out how these factors are interrelated.
Despite its considerable promise, blockchain is still relatively immature in many sectors, and there is a lack
of structured adoption frameworks within the food industry. In Iran, contextual issues such as water scarcity
and fragmented regulation are not merely background conditions; they directly inform several of the
Interpretive Structural Modelling (ISM) constructs used in this study. Water-intensive farming practices
and disjointed irrigation governance heighten the demand for traceability, transparency, and reliable data
across the supply chain, which are reflected in factors such as transparency, system quality, and supply
chain traceability. Likewise, regulatory ambiguity and weak digital governance shape organisational
readiness, government support mechanisms, and the development of clear operational plans and strategies.
These contextual factors therefore operate as upstream drivers that affect the strategic, organisational, and
technological readiness dimensions within the ISM framework. Accordingly, the primary aim of this
research is to build an ISM-based model that identifies, hierarchically structures, and examines the factors
influencing blockchain adoption in the food supply chain sector. In line with this aim, the study addresses
the following research questions:

(i) What are the factors to blockchain adoption in Iran's food supply chain, and how can these barriers be
effectively addressed?

(i) What interrelationships exist among these identified factors influencing blockchain adoption in Iran's
food supply chain, and how do these relationships affect overall implementation success?

In this paper, the following organization is presented: the main concept of blockchain in the food supply
chain is provided in Section 1. The research background is presented in Section 2. Section 3 research
method and analysis of the ISM is presented in Section 4. The concluding remarks of the current paper is
presented in Section 5.

2. Literature Review

2.1 Blockchain in the Food Supply Chain

A well-performing food supply chain provides the required quantity of food while adhering to safety
standards, thus delivering high-quality, accessible, and cost-effective food (Fleming et al., 2021). Various
types of technologies have been integrated into the food supply system to mitigate risks, maximize
efficiency, and manage complexities. Technologies are primarily used to expedite processes, respond to the
growing global demand for food promptly, and trace the origin of food to assess quality and safety aspects
(Hassoun et al., 2023). The increased use of technology in the food supply system has contributed to
enhancing and maintaining the safety and quality of perishable food items (Abbas et al., 2023). Blockchain
has become one of the most popular and disruptive technologies in the supply chain domain (Frizzo-Barker
et al., 2020). Blockchain technology offers various advantages and promising prospects. It helps
organizations achieve accurate demand predictions, efficiently manage resources, and reduce inventory
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carrying costs due to its ability to create activity records (Ho et al., 2021). This assists supply chains in
reducing risks with lower costs compared to traditional supply chains, where high inventory reserves,
excess capacity, and third-party support resources are used to predict disruptions (Ho et al., 2021).

Blockchain leads to increased value for all stakeholders involved in the entire supply chain, including
producers, distributors, and consumers (Xue et al., 2021). Compared to other previously developed
technologies, blockchain technology has proven to be beneficial and has significant capabilities in
improving the food supply chain, such as traceability, transparency, security, efficiency, and cost-
effectiveness (Xue et al., 2021). With blockchain, each item in such a system has a digital identity (Sedlmeir
et al., 2021), through which digital product information such as origin details, batch numbers,
manufacturing and processing data, expiration dates, storage temperatures, and transportation details are
digitally linked to food items, and their information is entered into the blockchain at each stage (Vivaldini,
2021). The food supply chain in Iran is one of the most critical food supply chains because food constitutes
the main food for the vast majority of the population. Therefore, research on the food supply chain is of
paramount importance. According to the FAO report (2012), Iranian families, on average, obtain 47% of
their daily calorie intake from the consumption of wheat products and other derivatives. Accordingly,
46.2% and 59.3% of the energy in the dietary pattern of urban and rural residents in Iran is provided by
food. Based on this, any policymaking, planning, and action regarding blockchain technology in the food
supply chain need to be considered both technically and in terms of social studies.

2.2 Studies Conducted in the Field of Blockchain and Food Supply Chain

Akram et al. (2024) examined the benefits and challenges of blockchain technology for strengthening the
food supply chain during COVID-19. Their research aimed to create a more flexible and efficient food
supply chain system by providing a roadmap for prioritizing improvements. It is to be noted that the results
of this important study emphasized the likely benefits of blockchain, including increased efficiency,
transparency, reliability, and traceability in the Iran’s food supply chain. Pandey et al. (2022) in their work
investigated blockchain technology in the food supply chain using bibliometric analysis. This study also
discussed challenges such as scalability, collaboration capabilities, and high costs, proposing potential
solutions to the existing problems in blockchain adoption in the food supply chain. The study demonstrated
that blockchain is likely to become a dominant technology for increasing transparency and traceability,
reducing risks, and most importantly, enhancing trust among various stakeholders in the food supply chain.
Kouhizadeh et al. (2021) conducted a study on blockchain technology and sustainable supply chains. In this
research, a framework of technology-organization-environment and field force theories was used to
examine the barriers to blockchain adoption. The answers of this study show that supply chain and
technological challenges are viewed as the most critical barriers by both academic and industry
practitioners. Jang et al. (2024) examined resistance to blockchain adoption in the food service sector and
found that employee-related characteristics, including traditional behavioural barriers, as well as
technology-related factors such as perceived risks, significantly contribute to this resistance. Their study
also highlighted the important role of both internal and external stakeholders in weakening the negative
impact of blockchain resistance on adoption goals.

Tanwar et al. (2022) explored the opportunities and challenges of blockchain adoption for food safety. The
results showed that blockchain technology ensures a high potential for tracking food supply networks with
high accuracy. Cozzio et al. (2023) conducted a study on the integration of blockchain technology into the
food supply chain. The findings of this research indicated that blockchain enhances consumer trust and
increases attitudes and behaviors toward sharing experiences. However, doubts exist regarding the use of
this technology due to the increased need for organizational support and concerns about data sharing.
Bonetti et al. (2024) investigated the deployment of blockchain for quality food products from a marketing
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perspective. This study provided a comprehensive review of the marketing impacts of blockchain on various
marketing objectives, including product enhancement, brand positioning, consumer relationships, market
access, and supply chain relationships. Wamba & Queiroz (2022) observed significant differences in the
adoption behavior of blockchain in supply chains between India and the United States. They investigated
the challenges of blockchain adoption in supply chains in both countries.

Despite growing global attention to blockchain adoption in supply chain management, prior ISM-based
studies in food and agri-food contexts have largely concentrated on generic technological, organizational,
and environmental drivers, often producing similar flat or technology-dominant hierarchies across different
countries. These studies rarely incorporate country-specific structural conditions or examine how
contextual pressures reshape the relative importance and positioning of adoption drivers. In the case of Iran,
where agriculture operates under persistent resource constraints and fragmented regulatory arrangements,
the structure and dominance of blockchain adoption drivers are expected to differ from those reported in
existing food-blockchain and agri-blockchain ISM literature. However, no prior study has systematically
compared, reorganized, and hierarchically modeled these drivers within the Iranian food supply chain
context. Consequently, the literature lacks an ISM-based framework that reveals how strategic,
organizational, technological, and institutional factors interact and are prioritized under such conditions.
Addressing this gap allows this study to contribute beyond factor identification by offering a context-
specific hierarchical structure of blockchain adoption drivers, thereby extending existing ISM applications
and providing novel insights for emerging economies and resource-constrained food systems.

Table 1 presents a comparative overview of the methods, purposes, and study areas of previous research

alongside the current study, clearly illustrating the unique contribution of our work and providing a
foundation for the present investigation.

Table 1. Related literature on blockchain technology for supply chain management.

Industry

Author Methods Purpose Area
Francisco & Swanson | Squares-Structural . . .

2018) Equation Modeling Adoption of Blockchain for Supply Chain Transparency FSC
Ghode et al. (2020) Grey Relational Analysis | Adoption of Blockchain in the Supply Chain FSC

. Squares-Structural . .

Choi et al. (2020) Equation Modeling Technology Adoption Barrier FSC
Kouhizadeh et al. (2021) | DEMATEL Blockchain For Supporting Sustainability in Supply Chains FSC
Pandey et al. (2022) Bibliometric Analysis Review and Bibliometrics Analysis of the Blockchain in the Food FSC

Tanwar et al. (2022)

Systematic Survey

Various Problems and Challenges in the Food Industry

Food Industry

Dasaklis et al. (2022)

Systematically Review

Blockchain-Related SC Traceability

FSC

Squares-Structural

Investigate the Effects of Resistance on Blockchain Adoption

Jang etal. (2024) Equation Modeling Intentions FSC
Cozzio et al. (2023) Qualitative Method Consider the Traceability Offered by Blockchain FSC
Sharma et al. (2023) Squar{:s—Structur.al Inve_sti gate the Drivers of Blockcha?n Technology Adoption and | Agri-food .

) Equation Modeling Their Effect on the Behavioral Intention of Stakeholders supply chain

Mohammed et al. (2023)

Systematically Review

Identify Blockchain Enablers, Benefits and Barriers

Food industry

Wagar et al. (2024)

Interviews with Supply
Chain Executives

More Resilient and Efficient Food Supply Chain System

FSC

Bonetti et al. (2024) Conglve Mapping | Enrich the VKnowledge about Blockchain (BC) Technology | Agri-food
Technique Implementation system

Current study Interpretive  Structural Model.mg for Effective Factors of Blockchain Technology FSC
Model Adoption
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3. Research Methodology

The current research adopts a descriptive-exploratory approach and utilizes ISM, a methodology that
integrates mathematical, statistical, and computational algorithms to analyze complex systems (Ahmad &
Qahmash, 2021). ISM enables individuals and groups to systematically define and examine intricate
relationships among multiple elements in challenging and multifaceted scenarios (Sarikhani et al., 2020).
The detailed steps of the ISM methodology are outlined in Table 2.

This research employed a mixed-methods approach, integrating both qualitative and quantitative
methodologies. In the qualitative phase, the study population consisted of experts specializing in blockchain
applications within the food industry of Gonabad, located in Razavi Khorasan province. Structured, open-
ended interviews were purposefully conducted with three experts in this field to identify the key factors
influencing blockchain implementation in Gonabad's food industry. After the third interview, data
saturation was achieved as no new factors emerged.

Table 2. Steps of the ISM approach.

No. | Step Description of the activity performed in the step
1 Identifying effective factors in | The study of literature topics and conducting interviews has led to the extraction of 26
| blockchain implementation components.
Distributing the questionnaire and then entering the data into an interactive matrix format
2 Forming the structural self- | (symbol O for no relationship between i and j, symbol V for one-way relationship from i to j,
" | interaction matrix symbol A for one-way relationship from j to i, and symbol X for two-way relationship between
iandj).
The initial received matrix is transformed from an interactive structural matrix into a binary
3. | Creating the initial receipt matrix matrix with zero and one values. In this manner, the number one replaces symbols V and X,
while zero is substituted for symbols A and O.
4. | Creating the final received matrix By applying the relationship count between components, the final received matrix is obtained.
At this stage, the input and output sets for each of the components are extracted using the final
5 Determination of output and input | received matrix. The input set for each component consists of the component itself along with
© | sets other components that contributed to its creation. Similarly, the output set for each component
includes the component itself along with other components influenced by this component.
At this stage, the intersection of the received and preliminary sets is calculated for each
6. Leveling of components component. Components with identical intersections and received sets are considered level 1
components. In the next iteration, level 1 components are removed, and this step is repeated.
7. Model making Based on the output of the previous stage, the relationship between components is depicted.
3 Analysis of penetration power and | At this stage, components are categorized into four autonomous, dependent, linked, and
) degree of dependence independent groups.

Based on the insights gained from the expert interviews and a systematic literature review, a comprehensive
questionnaire was developed to identify the critical drivers of blockchain implementation. It is to be noted
that the literature review performed in this paper was steered using major academic databases such as
Scopus, Web of Science, and Google Scholar. Search strings combined keywords such as “blockchain
adoption,” “food supply chain,” “agri-food,” “drivers,” “barriers,” and “implementation,” and were limited
to peer-reviewed journal articles published between 2018 and 2024. The selection of the papers was based
on the fact that they were included if papers clearly examined blockchain adoption factors in food or agri-
food supply chains, while purely technical papers without adoption-related constructs were excluded from
this study. Further, after removing duplicates and screening titles, abstracts, and full texts, a consolidated
list of drivers was extracted. These drivers were then refined through three rounds of expert interviews to
ensure contextual relevance to Iran’s food industry, resulting in a final set of 26 critical drivers. Table 3
lists these variables alongside their main reference sources. The final questionnaire was administered to
seven industry experts, all of whom held at least a bachelor’s degree and had over 15 years of experience
in the food sector. The responses were subsequently analysed using ISM and MICMAC methods (Nazlabadi
et al., 2023) to systematically examine the interrelationships, driving power, and dependency structure
among the identified drivers.
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Table 3. Identified variables of blockchain implementation.

Code | Variable Source

A Expected performance Falwadiya & Dhingra (2022), Orji et al. (2020)
B Social pressure Caldarelli et al. (2020)

C Increase transparency Akram et al. (2020), Falwadiya & Dhingra (2022), Kamarulzaman et al. (2021)
D Increase confidence Malik et al. (2022)

E Blockchain system quality Batubara et al. (2018)

F Technological readiness Kamarulzaman et al. (2021)

G Desire for technology Bauer et al. (2023)

H Support of senior managers Kamarulzaman et al. (2021)

1 Organization readiness Ramdani et al. (2013)

J Stakeholder support Cozzio et al. (2023)

K The existence of a clear and precise operational plan | Experts’ opinion

L Expected benefits Malik et al. (2022)

M Develop correct strategies Experts’ opinion

N Data and transaction security Falwadiya & Dhingra (2022), Kamarulzaman et al. (2021), Malik et al. (2022)
[0) Ability to create comparative advantage Malik et al. (2022)

P Formulating a clear path to realize strategies Experts’ opinion

Q Government support policies Clohessy et al. (2019)

R The existence of a collaborative space between the Experts’ opinion

elements of the supply chain

S Preventing corruption Batubara et al. (2018)

T Supply chain traceability Bali et al. (2023), Reddick et al. (2019)

U Ease of use Liu et al. (2023)

\4 Saving resources and raw materials Wagar et al. (2024)
W Reduce and eliminate parallel tasks Wagar et al. (2024)

X Prevent material waste Wagar et al. (2024)

Y Increasing the health of food Wagar et al. (2024)

Y4 Competitors welcome blockchain implementation Experts’ opinion

4. Results

4.1 Case Study

The case study in this study investigates the integration of blockchain technology in Gonabad's food supply
chain, emphasizing wheat and barley production and management. Recent advancements in Gonabad's
agricultural infrastructure, including the construction of two 5,000-ton wheat silos, have expanded its total
grain storage capacity to 45,000 tons (Figure 2b), securing its position as the leading grain storage hub in
southern Khorasan Razavi province. The investment of 4.8 million USD, funded through private capital
and bank loans, not only modernized the region’s storage capabilities but also created direct employment
opportunities. Gonabad's agricultural activities include approximately 850 hectares of wheat cultivation
annually (Figure 2a). The city is implementing blockchain to improve transparency and efficiency across
its supply chain, addressing challenges such as flood-related crop losses, supply chain disruptions, and
quality control issues.

Blockchain technology aims to bring unprecedented levels of traceability and efficiency to Gonabad's food
supply chain, ensuring wheat and barley are tracked seamlessly from farm to silo and onward to the
consumer. According to the data, wheat production has shown relative stability over the years, fluctuating
between 37,257 tons in 2016 to 22,700 tons in 2023, while barley production witnessed dramatic peaks and
declines, notably spiking to 80,870 tons in 2019 before stabilizing at 1,240 tons in 2023. Similarly, rice
production decreased from 1,972 tons in 2016 to 185 tons in 2023. These trends underscore the necessity
for efficient supply chain practices. Blockchain will enable secure, tamper-proof records to build trust
among stakeholders, mitigate inefficiencies, and provide a model for leveraging modern technologies in
Iran's broader agricultural sector.
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4.2 Implementing ISM
In this paper, the data collected were analyzed using the ISM method and MICMAC analysis. The steps
and corresponding results are detailed as follows. Upon distributing the questionnaire, expert responses
were aggregated using the Mode method in Excel software, enabling the construction of the Structural Self-
Interaction Matrix (SSIM). This matrix, which represents the relationships between the identified factors,

is presented in Table 4.

2019

(a)

Figure 2. (a) Production trends and (b) cultivated area trends for wheat, barley, and rice in Khorasan Razavi (2016-
2023, Source: Statistical Center of Iran, 2024).
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Table 4. Structural self-interaction matrix.

2019

(b)

2020

2021

J Rice
j Barley
:‘ Wheat

2022

2023

Itetm A B|C|D|E|F|G/ H|IT |J|K|LIMIN/OIPIQ|R[S|T|U|V|W |[X|Y|Z
A OIX|X|X|O|O|OJA|V|IX|X|O|[V|IX]|AJAAIXIX[X|X| X [|[X]|X]|O
B | O X000 X[ X|X]|O|X]|O|]O]O]|]O]O|]O|]V]|O]|]V|V|]O]J]O]V [X]|X]|V
C [ XX XIO|OJA]J]O|O|VI|IO|X|O[X|V|IOJA|O|X|X[X|V]|]VIV|IVIX
D [ X]|O|X XX X[ X]|X|X]|A|A|O [ X|X|O|X|O|X|X|A|V|AJ|JA|JA]|O
E | X][O0O]O[X VIVIX|A|VIO|V|IA | X|V|IO|J]OJA|VI|IV|IV|IVIX |V]|]VIA
F O] X|O[X]|A X|A|X|X]|O|V]O|O|J]V|]O|X|X]|O|]O|O]JA|] A |O]O[X
G |O|X|V|X]A[|X X X[ X|A|JAJO|AAJAIX|AAJAJA|IX|A|AJA]A
H | O|X]|O0|X|X]|V]|X X X|AJA|O |AIX|AJA|IX|A|JA|JAJA| A AIX|A
1 VIOJ|O X |V IX]|X|X X |A|JA| A |JA|VIAJA|X]|]AJA|A|JIA| X |[A|JOJA
J JAIX]JA XA X[ X[ X]|X AlA|AJAIAIAIAIAIAIAIAIA]IA]JAALA
K [ X]O|O|V|O|O|V |V ]|V]V OO0 |O]V[X]|X|[V]V|V|]O]J]O]O]|]O]O]|O
L [ X|O|X|VIA|A|V ]|V V]|V]O AlJA|IX|A|IVIX|IVIAIA|IA] A ]JA|A]A
M| | OJ]O|JO|O|V|]O|O]|]O]|]V]|V]O]|V O|O|O|V|V|O|V]|]V|V|V | |V]|]O]O
N [AlO|X|[X]|X|O|V|V|V|V|]O|V]O VIAIX|X|[V]O]O|]O]| O |O0]|O|X
O [ X|OJA|X]|A|JA|VI|IX]|A|V]IA|X]O]A O[A [ X|OJA A [X| X [ X|[X[|X
P|IV|]O[O]J]O|O|O]|V |V |V |V|X|V]O]|V]|O O]|X|[O0O]|O]J]O|O]| O |O|O]|V
Q [ VIAIVIX|IOIX|X|V|VIVIX]|A]A |X|V]O X|IVIV]IVIX[ X | X[X|X
R I VIOJO|O|VI|IX|VIX|[X|V]IA|IX]|A [ X|X]|X]|X X|AJO|[X]| A |JA|V[X
S X|IAIX|X|A|[|O|VI|V|VIVIAIA[O]JA|JO]JO|A X A|JA|[V|V ] |]O|]O]|O
T | X|IA|X|X[A|O|V]|VI|V|IV|IA|V|A[|O|V|IO|JA|V |V VIiV]|V | V|V]O
U|X|O|X|VIA|O|VI|[VI|IV|IV|O|[V|A|O|[V|O|A|O|V]A VI X |V ]|V ]V
VI I XIO|JA[A|JA|VIX|VI|VI|IVIO|VIA | O|IX|O|X|X]|A|A]A A lJAJA X
WIX|A[A|VI[X|[V|]V|IVIX|V]|O|V]|]A|OIX|O|[X]|V|IA|A|X]|V VI iV |X
X [ X|X|A|[V|IA|O[V|VI|V|IV|IO|V|A|O|X|O|X|V|O|JA|A|V]A VIA
Y X X|A[V|IA|O|V|X|O|V|O|V]|O|O|X|O|X|A|O|JA|A|V]A A A
Z | OJA|X|O|[V[X|VI|VI|IV|IV|O|V]|O X[ X|A[X|X[O]J]O]JA[X]| X |V ]V
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After constructing the Structural Self-Interaction Matrix, the SSIM was transformed into the initial
reachability matrix by substituting the symbols “V” and “X” with 1, and “A” and “O” with 0 9 (Table 5).
The SSIM judgements were provided by a panel of seven experts, selected using purposive sampling. The
panel considered in this research was consisted of senior managers, supply chain supervisors, and
technology specialists from the food industry, each holding at least a bachelor’s degree and possessing more
than 15 years of professional experience in agricultural production, food processing, logistics, or supply
chain coordination. These experts were chosen based on their direct involvement in decision-making related
to adoption of technology and supply chain operations. Further, to enhance judgment reliability, individual
SSIM responses were aggregated using the mode method, which is commonly applied in ISM studies to
reduce subjectivity and ensure consensus-based structural relationships. Transitivity was then applied to
derive the final reachability matrix, meaning that if factor A influences factor B and factor B influences
factor C, then factor A is assumed to influence factor C. The initial reachability matrix was iteratively
processed until consistency was achieved, and the finalized reachability matrix is reported in Table 6. Based
on this matrix, the influence power and dependency level of each component were calculated, as presented
in Table 7. It is to be noted that the dependency level indicates how many components influence a given
factor, while influence power represents how many components are affected by that factor, forming the
basis for hierarchical ranking and MICMAC classification.

4.3 Leveling of Components

Through the input and output sets of each component, the levels of components are determined. The output
set includes the component itself along with the components it can influence, while the input set includes
the component itself along with other components that influence it. Once the output and input sets are
identified, the intersection of these sets is calculated. Components with identical intersections between their
output and input sets are assigned to the first level, representing the most influential components in the
model. After identifying the first-level components, they are removed, and the process is repeated iteratively
until all components are assigned to their respective levels. According to this table, the components are
graded and categorized into four levels, as illustrated in the Figure 3. This hierarchical structure provides
a clear understanding of the relative importance and influence of each component within the model.

4.4 Structural Model Construction

In the final step of the ISM process, following the grading of components influencing blockchain
implementation, a structural model is constructed to represent these components at their respective levels
while accounting for their interrelationships. This model visually illustrates the hierarchical and
interconnected structure of the components, offering insights into their roles and influence within the
system. The structural model of the components effective in blockchain implementation is presented in
Figure 3.
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Figure 3. Final levels of blockchain adoption.

4.5 Analysis of Influence Power and Dependency Level

After carefully constructing the structural model of the 26 components influencing blockchain
implementation, the analysis focused on evaluating the influence power and dependency levels of these
components and translating the dominant strategic driver into actionable options for key actor groups within
Iran’s food supply chain. Independent variables, led by the capacity to develop effective strategies, exhibit
strong influence power with low dependency and therefore shape the direction of adoption across the
system. For government actors, this strategic capacity involves creating clear regulatory frameworks for
data governance, offering financial incentives or pilot subsidies, and embedding blockchain-related goals
into national food security and digital agriculture policies. For agricultural cooperatives, effective strategies
involve coordinating data-sharing standards among farmers, pooling resources for shared blockchain
platforms, and acting as intermediaries that reduce adoption costs and technical complexity for small
producers. For small and medium enterprises in processing, storage, and distribution, strategic options
center on phased implementation, beginning with traceability and quality assurance modules, investing in
staff training, and aligning blockchain adoption with existing enterprise systems to improve transparency
and operational efficiency.

Linking variables, characterized by high influence and high dependency, connect these strategic choices to
operational outcomes. Factors such as technological readiness, transparency, trust enhancement, and system
quality act as transmission mechanisms through which strategies affect day-to-day practices. Dependent
variables reflect performance outcomes that improve once strategic and linking variables are aligned, while
autonomous variables play a limited role in shaping adoption pathways. By disaggregating strategy into
actor-specific options, this analysis clarifies how the most influential ISM component translates into
concrete and differentiated actions across government bodies, cooperatives, and SMEs, strengthening the
practical relevance of the proposed blockchain adoption framework.
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Figure 4. Clustering of indicators.

As evident from Figure 4, Component 13 is identified as an independent variable, while the other
components are categorized as linking variables according to the analysis. These results are consistent with
the findings of the current research in the ISM section.

5. Discussion and Managerial Insights

The present paper aims to identify and analyze the components influencing the implementation of
blockchain technology in the food industry using a mixed-methods approach. In the qualitative phase,
expert input identified 26 key components, which were further validated through a structured questionnaire.
The analysis employed the ISM method to examine the interrelationships among these components and
develop a structured model for blockchain adoption. Among the components, "Development of Proper
Strategies" emerged as the most influential, demonstrating a pivotal role in facilitating blockchain adoption
in the food industry. This component, primarily driven by environmental factors, has a relatively low
dependency on other variables, underscoring its central role in influencing the entire system.

The success of blockchain adoption in Iran’s food supply chain also depends heavily on the engagement
and perspectives of key stakeholders, including farmers, distributors, and consumers. Farmers often face
barriers such as limited digital literacy and high initial costs, which affect their readiness to adopt
blockchain-based platforms. Distributors and logistics actors emphasize data standardization and
interoperability as prerequisites for system integration, while consumers associate blockchain with greater
product authenticity and food safety assurance. Understanding these differing priorities is crucial, as
stakeholder alignment can accelerate trust formation and improve transparency throughout the supply chain.
Hence, policy frameworks and training initiatives should be designed to address each group’s specific needs
and capabilities, ensuring inclusive adoption across all levels of the food ecosystem.

Key linking components such as Expected Performance, Social Pressure, Increased Transparency, Trust
Enhancement, Blockchain System Quality, Technological Readiness, and Senior Management Support play
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vital roles in shaping blockchain adoption outcomes. These factors interact dynamically, creating both
opportunities and challenges for implementation. For example, when senior managers in agro-processing
firms in Razavi Khorasan dedicate specific budgets for blockchain trials, they strengthen technological
readiness and encourage suppliers to participate in traceability programs. Likewise, food distributors that
have adopted blockchain-based QR code systems experience higher transparency and consumer confidence,
particularly in monitoring wheat and flour quality. Development of Proper Strategies remains the
foundational driver that amplifies the influence of all other components. Organizations that establish phased
implementation plans, starting with pilot projects in storage or logistics, tend to achieve smoother
transitions and greater stakeholder engagement. Conversely, when strategy formulation is weak, adoption
efforts stagnate despite available technology. Components such as Stakeholder Support, though less
influential in the ISM hierarchy, become crucial during scaling stages when collaboration among farmers,
distributors, and policymakers determines long-term success. Here are some takeaways (TA) and
managerial insights (MI) extracted from the findings of the study:

Recognizing these interconnections and learning from emerging implementation cases allows organizations
to turn strategic goals into measurable outcomes. This understanding supports the actionable
recommendations summarized in Table 8, helping managers and policymakers move from conceptual
frameworks to practical blockchain integration across Iran’s food supply chain.

The survey findings of this study align with and extend existing literature on blockchain adoption in supply
chain management. Similar to the results of Kouhizadeh et al. (2021) and Sharma et al. (2023), this research
confirms that technological readiness, organizational support, and trust are central to adoption success.
However, it contributes uniquely by contextualizing these factors within Iran’s food industry, where
regulatory constraints, resource inefficiencies, and cultural factors present distinct challenges. Through
expert validation and ISM analysis, 26 interrelated components were identified, yielding an integrated view
that contrasts with earlier studies that typically examined drivers in isolation. By uncovering the hierarchical
influence of strategic, technological, and social factors, this research connects theoretical insights with
practical needs, providing a structured framework to support policymakers and managers in developing
blockchain adoption strategies tailored to emerging economy contexts.

Table 8. Extracted takeaways and managerial insights.

Code [Key point Description Action/Focus

TA1

Development of Proper
Strategies

Identified as the cornerstone for blockchain success.
Organizations must allocate resources and employ
skilled experts to address specific challenges.

Allocate sufficient resources, employ skilled personnel,
and create tailored strategies to overcome industry-
specific challenges.

TA2

Clear Path Formulation
and Operational Plans

"Clear Path Formulation for Strategy Achievement"
and operational plans channel strategic influence
effectively across other components.

Develop interconnected and well-defined operational
plans that align with strategic objectives for broader
impact.

TA3

Environmental and
Organizational Factors

"Ease of Use," "Technological Readiness," and
"Government Support Policies" significantly impact
blockchain adoption.

Foster a conducive environment through infrastructure
development, regulatory support, and stakeholder
collaboration.

Managers need to lead the crafting and execution of]

Ensure strong leadership in strategy formulation and

MI1 |Strategic Leadership . . . T execution to  achieve  effective  blockchain
blockchain strategies, focusing on high-impact areas. |. .
implementation.
. . |Strategic planning necessitates investment in|Prioritize funding for technology acquisition, personnel
Investment in Expertise . . . . o . .
MI2 personnel training, suitable blockchain solutions, and |development, and building supply chain collaboration
and Technology .
collaborative frameworks. frameworks.
Collaboration among governments and industry|Design and implement supportive policies to enhance
MI3 |Policy and Collaboration (leaders is essential for creating policies that support|organizational readiness and build stakeholder trust for
blockchain adoption. smooth blockchain integration.
. .. |Components such as '"Transparency," "Trust|Actively measure and improve linking variables to
Focus on Linking " " . . " . . . Lo
MI4 Variables Enhancement," and "Technological Readiness" are|ensure seamless interaction between strategic objectives

critical for bridging strategy and operational success.

and operational implementation.
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6. Conclusion

This present paper positively identified and analyzed 26 critical components influencing blockchain
adoption in the Iran’s food supply chain, with a specific focus on Gonabad's agricultural sector in Iran.
Using ISM, the study emphasized the foundational role of "Development of Proper Strategies" as the most
influential factor for successful blockchain implementation. This component serves as the cornerstone,
enabling transparency, trust, and efficiency across the food supply chain. Additionally, other critical
components such as "Clear Path Formulation for Strategy Achievement," "Ease of Use," and
"Technological Readiness" were identified, underscoring the interconnected nature of strategic,
technological, and organizational factors in driving adoption. The findings highlight blockchain's potential
to address key challenges, including inefficiencies, traceability gaps, and resource wastage, making it a
transformative tool for sustainable supply chain management.

The structured model developed in this paper provides practical guidance for managers and policymakers
by emphasizing the importance of strategic planning, targeted resource allocation, and effective
collaboration. By prioritizing these elements, organizations can create conditions conducive to blockchain
adoption, thereby enhancing operational performance and reinforcing stakeholder trust. Furthermore, the
findings highlight the necessity of aligning technological readiness with clearly defined operational plans
to ensure the smooth integration of blockchain solutions into existing supply chain systems.

The Future research in these directions should build on these findings by employing statistical methods to
validate the interrelationships among the identified components and quantitatively assess their impacts.
Comparative studies across different industries and regions could provide a broader understanding of
blockchain adoption, uncovering best practices and industry-specific challenges. Longitudinal studies
would also be valuable in evaluating the sustained effects of blockchain on supply chain efficiency,
transparency, and trust over time. Furthermore, exploring the integration of blockchain with emerging
technologies, such as IoT and Al, could enhance its scalability and effectiveness in supply chain
applications. Finally, investigating the influence of government policies and regulatory frameworks on
accelerating blockchain adoption, particularly in emerging economies, would yield critical insights for
building a supportive ecosystem.
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Appendices

Table 5. Initial access matrix.
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Table 6. Final received matrix.
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Table 7. Determining the levels of variables.

Item | Output collection Input collection Common collection

A 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

B 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

C 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

D 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

E 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

F 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

G 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

H 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

I 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

J 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

K 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

L 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

M 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 13 13
17,18,19,20,21,22,23,24,25,26

N 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

o 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

P 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,6,8,9,11,12,14,15,16 1,6,8,9,11,12,14,15,16
17,18,19,20,21,22,23,24,25,26 17,18,18,19,20,22,23,24,26 17,18,18,19,20,22,23,24,26
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,

Q 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

R 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

S 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

T 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

U 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

v 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

W 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

X 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

v 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,

z 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26 17,18,19,20,21,22,23,24,25,26

References

Abbas, H., Zhao, L., Gong, X., & Faiz, N. (2023). The perishable products case to achieve sustainable food quality
and safety goals implementing on-field sustainable supply chain model. Socio-Economic Planning Sciences,
87(Part A), 101562. https://doi.org/10.1016/j.seps.2023.101562

1173 | Vol. 11, No. 3, 2026




Mohemmi et al.: Cognitive Mapping of the Key Factors Influencing Blockchain Adoption in ...

Ahmad, N., & Qahmash, A. (2021). Smartism: implementation and assessment of interpretive structural modeling.
Sustainability, 13(16), 8801. https://doi.org/10.3390/sul3168801

Akram, M.W., Akram, N., Shahzad, F., Rehman, K.U., & Andleeb, S. (2024). Blockchain technology in a crisis:
advantages, challenges, and lessons learned for enhancing food supply chains during the COVID-19 pandemic.
Journal of Cleaner Production, 434, 140034. https://doi.org/10.1016/j.jclepro.2023.140034

Akram, S.V., Malik, P.K., Singh, R., Anita, G., & Tanwar, S. (2020). Adoption of blockchain technology in various
realms: opportunities and challenges. Security and Privacy, 3(5), e109. https://doi.org/10.1002/spy2.109

Asante, M., Epiphaniou, G., Maple, C., Al-Khateeb, H., Bottarelli, M., & Ghafoor, K.Z. (2023). Distributed ledger
technologies in supply chain security management: a comprehensive survey. /[EEE Transactions on Engineering
Management, 70(2), 713-739. https://doi.org/10.1109/TEM.2021.3053655

Azadi, P., Mesgaran, M.B., & Mirramezani, M. (2022). The struggle for development in Iran: the evolution of
governance, economy, and society. Stanford University Press.

Bali, S., Bali, V., Mohanty, R.P., & Gaur, D. (2023). Analysis of critical success factors for blockchain technology
implementation in healthcare sector. Benchmarking: An International Journal, 30(4), 1367-1399.
https://doi.org/10.1108/B1J-07-2021-0433

Batubara, F.R., Ubacht, J., & Janssen, M. (2018). Challenges of blockchain technology adoption for e-government: a
systematic literature review. Proceedings of the 19th Annual International Conference on Digital Government
Research: Governance in the Data Age, 76, 1-9. https://doi.org/10.1145/3209281.3209317

Bauer, 1., Ziolkowski, R., Hacker, J., & Schwabe, G. (2023). Why blockchain: a socio-technical perspective on the
motives of business consortia members to engage with blockchain technology. Distributed Ledger Technologies:
Research and Practice, 2(2), 1-27. https://doi.org/10.1145/3573893

Bonetti, E., Bartoli, C., & Mattiacci, A. (2024). Applying blockchain to quality food products: a marketing perspective.
British Food Journal, 126(5), 2004-2026. https://doi.org/10.1108/BFJ-12-2022-1085

Caldarelli, G., Rossignoli, C., & Zardini, A. (2020). Overcoming the blockchain oracle problem in the traceability of
non-fungible products. Sustainability, 12(6), 2391.

Choi, D., Chung, C.Y., Seyha, T., & Young, J. (2020). Factors affecting organizations’ resistance to the adoption of
blockchain technology in supply networks. Sustainability, 12(21), 8882. https://doi.org/10.3390/su12218882

Clohessy, T., Acton, T., & Rogers, N. (2019). Blockchain adoption: technological, organisational and environmental
considerations. In: Treiblmaier, H., Beck, R. (eds) Business Transformation through Blockchain. Palgrave
Macmillan, Cham, pp. 47-76. https://doi.org/10.1007/978-3-319-98911-2 2

Cole, D., Narayanan, S., Connors, E., Tewari, M., & Onda, K. (2023). Water stress: opportunities for supply chain
research. Production and Operations Management, 1-18. https://doi.org/10.1111/poms.13923

Cozzio, C., Viglia, G., Lemarie, L., & Cerutti, S. (2023). Toward an integration of blockchain technology in the food
supply chain. Journal of Business Research, 162, 113909, https://doi.org/10.1016/j.jbusres.2023.113909

Dasaklis, T.K., Voutsinas, T.G., Tsoulfas, G.T., & Casino, F. (2022). A systematic literature review of blockchain-
enabled supply chain traceability implementations. Sustainability, 14(4), 2439,
https://doi.org/10.3390/su14042439

Falwadiya, H., & Dhingra, S. (2022). Blockchain technology adoption in government organizations: a systematic
literature  review. Journal of Global Operations and Strategic Sourcing, 15(3), 473-501.
https://doi.org/10.1108/JGOSS-09-2021-0079

Feng, Y., Hu, J., Afshan, S., Irfan, M., Hu, M., & Abbas, S. (2023). Bridging resource disparities for sustainable
development: a comparative analysis of resource-rich and resource-scarce countries. Resources Policy, 85(Part
A), 103981. https://doi.org/10.1016/j.resourpol.2023.103981

1174 | Vol. 11, No. 3, 2026


https://doi.org/10.1007/978-3-319-98911-2_2
https://doi.org/10.1111/poms.13923

Mohemmi et al.: Cognitive Mapping of the Key Factors Influencing Blockchain Adoption in ...

Fleming, E., Griffith, G., Mounter, S., Hartmann, M., & Simons, J. (2021). Food value chain coordination in practice:
European and Australian case studies of the creation of chain good innovations. International Journal on Food
System Dynamics, 12(3), 196-205. http://dx.doi.org/10.18461/ijfsd.v12i3.85

Fontoura, P., & Coelho, A. (2022). More cooperative... more competitive? Improving competitiveness by sharing
value through the supply chain. Management Decision, 60(3), 758-783. https://doi.org/10.1108/MD-09-2020-
1225

Food and Agriculture Organization of the United Nations (FAO). (2012). The state of food and agriculture 2012:
investing in agriculture for a better future. Rome: FAO. https://www.fao.org/4/i3028e/i13028e00.htm

Francisco, K., & Swanson, D. (2018). The supply chain has no clothes: technology adoption of blockchain for supply
chain transparency. Logistics, 2(1), 2. https://doi.org/10.3390/logistics2010002

Frizzo-Barker, J., Chow-White, P.A., Adams, P.R., Mentanko, J., Ha, D., & Green, S. (2020). Blockchain as a
disruptive technology for business: a systematic review. International Journal of Information Management, 51,
102029. https://doi.org/10.1016/j.ijinfomgt.2019.10.014

Ghode, D., Yadav, V., Jain, R., & Soni, G. (2020). Adoption of blockchain in supply chain: an analysis of influencing
factors. Journal of Enterprise Information Management, 33(3), 437-456. https://doi.org/10.1108/JEIM-07-2019-
0186

Golgeci, L., Gligor, D.M., Bayraktar, E., & Delen, D. (2023). Reimagining global value chains in the face of extreme
events and contexts: recent insights and future research opportunities. Journal of Business Research, 160, 113721.
https://doi.org/10.1016/j.jbusres.2023.113721

Grewal, D., Guha, A., Noble, S.M., & Bentley, K. (2024). The food production—consumption chain: fighting food
insecurity, loss, and waste with technology. Journal of the Academy of Marketing Science, 52(5), 1412-1430.
https://doi.org/10.1007/s11747-024-01040-x

Hasheminejad, N., Mohammadi, T.M., Mahmoodi, M.R., Barkam, M., & Shahravan, A. (2020). The association
between beverage consumption pattern and dental problems in Iranian adolescents: a cross sectional study. BMC
Oral Health, 20(1), 74. https://doi.org/10.1186/s12903-020-01065-y

Hassoun, A., Bekhit, A.E.-D., Jambrak, A.R., Regenstein, J.M., Chemat, F., Morton, J.D., Gudjonsdéttir, M., Carpena,
M., Prieto, M.A., Varela, P., Arshad, R.N., Aadil, R.M., Bhat, Z., & Ueland, @. (2024). The fourth industrial
revolution in the food industry-part II: emerging food trends. Critical Reviews in Food Science and Nutrition,
64(2), 407-437. https://doi.org/10.1080/10408398.2022.2106472

Hassoun, A., Jagtap, S., Garcia-Garcia, G., Trollman, H., Pateiro, M., Lorenzo, J.M., Trif, M., Rusu, A.V., Aadil,
R.M., Simat, V., Cropotova, J., & Camara, J.S. (2023). Food quality 4.0: from traditional approaches to digitalized
automated analysis. Journal of Food Engineering, 337, 111216. https://doi.org/10.1016/j.jfoodeng.2022.111216

Heydari, M. (2024). Cultivating sustainable global food supply chains: a multifaceted approach to mitigating food
loss and waste for climate resilience. Journal of Cleaner Production, 442, 141037.
https://doi.org/10.1016/j.jclepro.2024.141037

Ho, G.T., Tang, Y.M., Tsang, K.Y., Tang, V., & Chau, K.Y. (2021). A blockchain-based system to enhance aircraft
parts traceability and trackability for inventory management. Expert Systems with Applications, 179, 115101.
https://doi.org/10.1016/j.eswa.2021.115101

Hussien, H.M., Yasin, S.M., Udzir, N.I., Ninggal, M.LLH., & Salman, S. (2021). Blockchain technology in the
healthcare industry: trends and opportunities. Journal of Industrial Information Integration, 22, 100217.
https://doi.org/10.1016/j.j11.2021.100217

Jang, H.-W., Yoo, J.J.-E., & Cho, M. (2024). Resistance to blockchain adoption in the foodservice industry:
moderating roles of public pressures and climate change awareness. International Journal of Contemporary
Hospitality Management, 36(5), 1467-1489. https://doi.org/10.1108/IJCHM-09-2022-1127

1175] Vol. 11, No. 3, 2026


https://doi.org/10.1108/JEIM-07-2019-0186
https://doi.org/10.1108/JEIM-07-2019-0186
https://doi.org/10.1016/j.jbusres.2023.113721

Mohemmi et al.: Cognitive Mapping of the Key Factors Influencing Blockchain Adoption in ...

Kamarulzaman, M.S., Hassan, N.H., Bakar, N.A.A., Maarop, N., Samy, G.A.L.N., & Aziz, N. (2021). Factors
influencing blockchain adoption in government organization: a proposed framework. In 2021 International
Conference on Computer & Information Sciences (pp. 366-371). IEEE. Kuching, Malaysia.
https://doi.org/10.1109/iccoins49721.2021.9497196

Karimi, F., Ghahderijani, M., & Bakhoda, H. (2024). Optimizing cropping patterns and resource allocation for
sustainable agricultural development: a case study of Ilam province, Iran. Environmental and Sustainability
Indicators, 23, 100464. https://doi.org/10.1016/j.indic.2024.100464

Kouhizadeh, M., Saberi, S., & Sarkis, J. (2021). Blockchain technology and the sustainable supply chain: theoretically
exploring adoption barriers. International Journal of Production Economics, 231, 107831.
https://doi.org/10.1016/j.ijpe.2020.10783 1

Latino, M.E., Menegoli, M., Lazoi, M., & Corallo, A. (2022). Voluntary traceability in food supply chain: a framework
leading its implementation in agriculture 4.0. Technological Forecasting and Social Change, 178, 121564.
https://doi.org/10.1016/j.techfore.2022.121564

Liu, L., Song, W., & Liu, Y. (2023). Leveraging digital capabilities toward a circular economy: reinforcing sustainable
supply chain management with Industry 4.0 technologies. Computers & Industrial Engineering, 178, 109113.
https://doi.org/10.1016/j.cie.2023.109113

Malik, S., Chadhar, M., Chetty, M., & Vatanasakdakul, S. (2022). Adoption of blockchain technology: exploring the
factors affecting organizational decision. Human Behavior and Emerging Technologies, 2022(1), 7320526.
https://doi.org/10.1155/2022/7320526

Mesgaran, M.B., Madani, K., Hashemi, H., & Azadi, P. (2017). Iran’s land suitability for agriculture. Scientific
Reports, 7(1), 7670. https://doi.org/10.1038/s41598-017-08066-y

Mohammed, A., Potdar, V., Quaddus, M., & Hui, W. (2023). Blockchain adoption in food supply chains: a systematic
literature review on enablers, benefits, and barriers. IEEE Access, 11, 14236-14255.

Nazlabadi, E., Maknoon, R., Moghaddam, M.R.A., & Daigger, G.T. (2023). A novel MICMAC approach for cross
impact analysis with application to urban water/wastewater management. Expert Systems with Applications, 230,
120667. https://doi.org/10.1016/j.eswa.2023.120667

Negi, S. (2021). Supply chain efficiency framework to improve business performance in a competitive era.
Management Research Review, 44(3), 477-508. https://doi.org/10.1108/MRR-05-2020-0272

Nu'man, A.H., Nurwandi, L., Bachtiar, 1., Aspiranti, T., & Pratama, 1. (2020). Social networking, and firm
performance: mediating role of comparative advantage and sustainable supply chain. International Journal of
Supply Chain Management, 9(3), 664-673

Orji, L.J., Kusi-Sarpong, S., Huang, S., & Vazquez-Brust, D. (2020). Evaluating the factors that influence blockchain
adoption in the freight logistics industry. Transportation Research Part E: Logistics and Transportation Review,
141, 102025. https://doi.org/10.1016/].tre.2020.102025

Pandey, V., Pant, M., & Snasel, V. (2022). Blockchain technology in food supply chains: review and bibliometric
analysis. Technology in Society, 69, 101954. https://doi.org/10.1016/j.techsoc.2022.101954

Ramdani, B., Chevers, D., & Williams, D.A. (2013). SMEs' adoption of enterprise applications: a technology-
organisation-environment model. Journal of Small Business and Enterprise Development, 20(4), 735-753.

Rana, R.L., Tricase, C., & De Cesare, L. (2021). Blockchain technology for a sustainable agri-food supply chain.
British Food Journal, 123(11), 3471-3485. https://doi.org/10.1108/BFJ-09-2020-0832

Razak, G.M., Hendry, L.C., & Stevenson, M. (2023). Supply chain traceability: a review of the benefits and its
relationship with supply chain resilience. Production Planning & Control, 34(11), 1114-1134.

Reddick, C.G., Cid, G.P., & Ganapati, S. (2019). Determinants of blockchain adoption in the public sector: an
empirical examination. Information Polity, 24(4), 379-396. https://doi.org/10.3233/IP-190150

1176 | Vol. 11, No. 3, 2026



Mohemmi et al.: Cognitive Mapping of the Key Factors Influencing Blockchain Adoption in ...

Rejeb, A., Abdollahi, A., Rejeb, K., & Keogh, G.J. (2024). Smart logistics for sustainable food industries. In Smart
Food Industry: The Blockchain for Sustainable Engineering (pp. 292-306). CRC Press. Boca Raton.

Rejeb, A., Keogh, J.G., & Rejeb, K. (2022). Big data in the food supply chain: a literature review. Journal of Data,
Information and Management, 4(1), 33-47. https://doi.org/10.1007/s42488-021-00064-0

Rejeb, A., Rejeb, K., Simske, S.J., & Keogh, J.G. (2021). Blockchain technology in the smart city: a bibliometric
review. Quality & Quantity, 56(5), 2875-2906. https://doi.org/10.1007/s11135-021-01251-2

Sarikhani, Y., Shojaei, P., Rafiee, M., & Delavari, S. (2020). Analyzing the interaction of main components of hidden
curriculum in medical education using interpretive structural modeling method. BMC Medical Education, 20(1),
176. https://doi.org/10.1186/s12909-020-02094-5

Sedlmeir, J., Smethurst, R., Rieger, A., & Fridgen, G. (2021). Digital identities and verifiable credentials. Business &
Information Systems Engineering, 63(5), 603-613. https://doi.org/10.1007/s12599-021-00722-y

Sharma, A., Sharma, A., Singh, RK., & Bhatia, T. (2023). Blockchain adoption in agri-food supply chain
management: an empirical study of the main drivers using extended UTAUT. Business Process Management
Journal, 29(3), 737-756. https://doi.org/10.1108/BPMJ-10-2022-0543

Shoomal, A., Jahanbakht, M., Componation, P.J., & Ozay, D. (2024). Enhancing supply chain resilience and efficiency
through internet of things integration: challenges and opportunities. Internet of Things, 27, 101324.

Statistical Center of Iran (SCI). (2024). Official statistics database and publications. Retrieved from
https://www.amar.org.ir

Tanwar, S., Parmar, A., Kumari, A., Jadav, N.K., Hong, W.-C., & Sharma, R. (2022). Blockchain adoption to secure
the food industry: opportunities and challenges. Sustainability, 14(12), 7036. https://doi.org/10.3390/su14127036

Varjani, S., Vyas, S., Su, J., Siddiqui, M.A., Qin, Z.-H., Miao, Y., Liu, Z., Ethiraj, S., Mou, J.-H., & Lin, C.S.K.
(2024). Nexus of food waste and climate change framework: unravelling the links between impacts, projections,
and emissions. Environmental Pollution, 344, 123387. https://doi.org/10.1016/j.envpol.2024.123387

Vivaldini, M. (2021). Blockchain in operations for food service distribution: steps before implementation.
International Journal of Logistics Management, 32(3), 995-1029. https://doi.org/10.1108/1JLM-07-2020-0299

Wamba, S.F., & Queiroz, M.M. (2022). Industry 4.0 and the supply chain digitalisation: a blockchain diffusion
perspective. Production Planning & Control, 33(2-3), 193-210. https://doi.org/10.1080/09537287.2020.1810756

Wagqar, R., Igbal, J., Abbasi, B.A., Mumtaz, A.S., [jaz, S., Ullah, Z., Murtaza, G., Igbal, R., Hussain, M., & Butt, N.I.
(2024). Climate resilience: strategies for enhancing plant and vegetation growth. In: Fahad, S., Saud, S., Nawaz,
T., Gu, L., Ahmad, M., & Zhou, R. (eds) Environment, Climate, Plant and Vegetation Growth (pp. 471-501).
Springer Nature, Switzerland. https://doi.org/10.1007/978-3-031-69417-2 16

Xue, X., Dou, J., & Shang, Y. (2021). Blockchain-driven supply chain decentralized operations—information sharing
perspective. Business Process Management Journal, 27(1), 184-203. https://doi.org/10.1108/BPMJ-12-2019-
0518

Zahedi, R., Yousefi, H., Aslani, A., & Ahmadi, R. (2024). Water, energy, food and environment nexus (WEFEN):
sustainable transition, gaps and covering approaches. Energy Strategy Reviews, 54, 101496.

Original content of this work is copyright © Ram Arti Publishers. Uses under the Creative Commons Attribution 4.0 International (CC BY 4.0) license at
https://creativecommons.org/licenses/by/4.0/

Publisher’s Note- Ram Arti Publishers remains neutral regarding jurisdictional claims in published maps
and institutional affiliations.

1177 | Vol. 11, No. 3, 2026


https://www.amar.org.ir/

