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Abstract

Purpose: In the 21st century, knowledge management is recognized as one of the key pillars of sustainable
development across various fields, including agriculture. Considering the strategic importance of wheat in the
country's food security and the effective role of the Seed and Plant Improvement Institute in this domain, the
present study was conducted with the aim of designing an indigenous and national conceptual model for
establishing and operating a knowledge management system in the wheat sector. This system is designed to
enhance productivity, facilitate knowledge exchange, and empower stakeholders in the agricultural sector.
Method: The present study was conducted using the System Analysis and Design method. This method is
particularly suitable for sensitive and mission-oriented systems. The research stages included identifying key
actors, structural analysis of system requirements, designing a conceptual model, and presenting functional
decomposition diagrams for knowledge resources, knowledge organization systems, information technology
infrastructure, and organizational structure. Additionally, reputable theoretical models such as the Nonaka and
Takeuchi knowledge spiral model, the Crossan organizational learning model, and the Siriratana and Viriyakul
knowledge sharing model were utilized.

Findings: The research results indicated that establishing a knowledge management system in the wheat sector
requires the precise identification of actors (including farmers, researchers, extension agents, policymakers, and
the consumer market), analysis of knowledge resources (tacit and explicit), formulation of knowledge organization
systems (thesauri, ontologies), provision of information and communication technology infrastructure, and
redesign of the organizational structure. Furthermore, the knowledge spiral model, as the main theoretical
framework in the proposed model, explains the process of internal and external knowledge conversion in the wheat
sector across four stages: knowledge sharing (socialization), information response system (externalization),
extension response system (combination), and information application system (internalization). This model has
been employed in designing the conceptual model of the knowledge management system in the wheat sector and
is depicted through graphical diagrams.

Conclusion: By presenting an indigenous and systematic conceptual model for knowledge management in the
wheat sector, this study takes an effective step towards enhancing productivity, coherence of agricultural
knowledge, and empowering stakeholders in this field. This model can serve as a basis for developing similar
systems in other agricultural sectors. It is also recommended that policymakers and relevant bodies in the
agricultural sector utilize this model to implement knowledge-based systems for other strategic products, thereby
harnessing the potential of Iran's indigenous and specialized knowledge in pursuit of the country's sustainable
development.
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Extended Abstract

Introduction

In the 21st century, knowledge management is recognized as one of the key pillars of sustainable development
across various fields, including agriculture. The agricultural sector, particularly in today's challenging world with
climate change, water resource limitations, and increasing food security needs, requires integrated and up-to-date
knowledge more than ever. Knowledge-based agriculture can significantly contribute to resource sustainability
and economic development by optimizing input consumption, increasing yield per unit area, reducing waste, and
improving product quality. Among these, wheat—as a strategic crop—holds a vital position in Iran's food basket
and national security. However, wheat production in Iran faces numerous challenges, including rising production
costs, low average yields compared to genetic potential, environmental stresses, and market-related issues.
Despite the critical role of wheat in Iran's food security, evidence shows that the wheat research and production
sector faces a structural knowledge gap. Valuable knowledge produced in centers such as the Seed and Plant
Improvement Research Institute often remains scattered, non-integrated, and lacks a clear path to reach end-users
(farmers and extension agents). This disconnection leads to research duplication, reduced research efficiency, and
failure to realize the actual potential of wheat yield in the field.

Although previous studies have identified general challenges such as infrastructure weaknesses, information
dispersion, and lack of theoretical and communication foundations, the central research gap lies in the absence of
an operational and indigenous framework that can systematically design and implement knowledge management
processes within the specific context of a leading agricultural research institute. In other words, the main question
is: What model can systematically design, organize, distribute, share, and utilize wheat knowledge within an
agricultural research institute and the broader agricultural sector of Iran? This gap has prevented successful
international models, such as FAO's practical research, from being effectively adapted to Iran's complex
organizational, technical, and human conditions.

Purpose

In response to this necessity and to fill the identified gap, the precise goal of this research is to design and introduce
an indigenous and practical conceptual model for a knowledge management system in the wheat sector to optimize
input consumption, increase yield per unit area, reduce losses, improve product quality, and enhance overall
productivity. This conceptual model specifically aims to integrate various types of knowledge, analyze technical
infrastructure, and propose appropriate organizational structures and processes for establishing wheat knowledge
management at the Seed and Plant Improvement Research Institute.

The research, relying on the aforementioned issues, seeks to answer the following questions:

1. What are the main end-users, stakeholders, and players in establishing and operating a knowledge-based
system in the wheat sector?

2. What requirements, essentials, and infrastructure are needed to implement a knowledge-based system for
wheat at the Seed and Plant Improvement Research Institute?

3. What are the process elements in decision-making for creating a knowledge-based system based on the
theoretical foundations of knowledge management?

4.  What is the structure of systemic communication between process elements in establishing and operating
the knowledge management system for wheat at the Seed and Plant Improvement Research Institute?

Method

This applied-developmental research was conducted using the System Analysis and Design method, which is
particularly suitable for sensitive and mission-oriented systems. This approach was selected because: (1)
knowledge management in the wheat sector involves a complex system with multiple stakeholders and diverse
knowledge resources requiring systematic analysis and integration; (2) it enables functional decomposition of
processes, identification of weaknesses, and redesign of structures; (3) it follows a clear System Development Life
Cycle, ensuring the proposed model's applicability to Iran's institutional conditions; and (4) it addresses the
research gap by combining qualitative data (observation and interviews) with structural analysis.

The research population included all key stakeholders in the wheat knowledge system. Purposeful sampling was
conducted based on access to key information, direct experience in the wheat sector, and role diversity (leading
farmers, researchers, extension agents, policymakers). Sample size was determined by theoretical saturation, and
data collection continued until no new categories emerged from interviews. Ultimately, saturation was reached
with 25 semi-structured interviews and 10 sessions of direct observation of work processes at the Seed and Plant
Improvement Research Institute.

Data collection tools included semi-structured interviews and direct observation. Interview questions were
designed based on theoretical frameworks (SECI model, Crossan's organizational learning model, and
Sriratanaviriyakul's knowledge sharing model) to cover stakeholder diversity, tacit/explicit knowledge
dimensions, knowledge sharing mechanisms, organizational structure, and technology infrastructure. Validity was
ensured through content validity (expert review), construct validity (comparing responses with theoretical
concepts), and external validity (diverse stakeholder groups). Reliability was established through data



triangulation, transparent documentation, systematic coding with multiple reviews, and comparison with similar

studies.

Findings
The research findings revealed that establishing a knowledge management system in the wheat sector requires:

>

Key Actors and Stakeholders: Five primary stakeholder groups were identified: farmers (as final users),
researchers (producing scientific knowledge), extension agents (bridging research and practice),
policymakers (setting strategic priorities), and the consumer market. Farmers and extension agents play
a central role in knowledge transfer, while policymakers hold strategic importance in institutionalizing
knowledge.

Knowledge Resources: Both explicit resources (research findings, extension materials, reports,
databases) and tacit resources (experiential knowledge of farmers, indigenous knowledge, expert insights)
must be systematically identified, collected, organized, and stored. Tacit knowledge, especially extension
knowledge and indigenous agricultural knowledge, was prioritized due to its significant impact on
farmers' practical adaptation.

Knowledge Organization Systems: Existing systems (subject headings, agricultural thesauri,
ontologies) are scattered and non-integrated. Priority was placed on using unified systems such as the
Persian agricultural thesaurus and ontology developed by the Research Institute for Information Science
and Technology (IRANDOC), as well as developing a specific wheat ontology.

ICT Infrastructure: Current hardware and software infrastructure at the institute was assessed as
adequate for initiating the knowledge management system. However, development priorities include web-
based software, expanded communication platforms, advanced hardware capabilities, and most
importantly, creating a wheat knowledge treasure for systematic storage and retrieval.

Organizational Structure: The existing hierarchical structure hinders horizontal collaboration,
especially at the national level in relation to farmers. Priority should be given to moving toward a
networked and participatory structure, with the establishment of an Agricultural Knowledge Management
Center formed through the integration of the library, documentation center, and IT units.

Gaps and Risks Identified:

>

>

Stakeholders: Lack of coordination among farmers, researchers, extension agents, and policymakers
reduces knowledge flow; risk of parallel activities without synergy and reduced trust in the knowledge
system.

Knowledge Resources: Inadequate documentation of tacit and explicit knowledge, especially regarding
wheat; risk of losing institutional memory with generational change or departure of key personnel.

Knowledge Organization Systems: Dispersion and lack of integration in classification and thesaurus
systems; lack of a wheat ontology causing significant retrieval risks.

ICT Infrastructure: Unequal access to digital tools among stakeholder groups, creating a digital divide;
risk of technology-deprived groups being excluded from knowledge networks.

Organizational Structure: Centralization in decision-making leading to slow, inflexible responses; risk
of inability to respond rapidly to emerging challenges like climate change or pest outbreaks.

Findings: Decision-Making Scenarios: Based on the findings, three decision-making scenarios were proposed
and designed:

Scenario A: Stakeholder Integration—Creating multi-stakeholder platforms for co-creation,
convergence, and synergy of solutions. This scenario reduces coordination gaps.

Scenario B: Digital Knowledge Ecosystem—Investing in information organization and ICT
infrastructure and creating an integrated digital platform for wheat knowledge. This scenario addresses
the digital divide.

Scenario C: Organizational Transformation—Moving from hierarchical structure to networked and
participatory structure. This scenario reduces the risk of centralization and increases responsiveness.

Following analysis, prioritization, identification of gaps and risks, and design of decision-making scenarios, the
findings directly support the Discussion section. These findings reinforce the conceptual model of wheat
knowledge management and its five subsystems, demonstrating that the proposed model is grounded in real data.
Therefore, the findings play a fundamental role in decision-making and presenting the indigenous model of wheat
knowledge management and ensure that the proposed framework in the subsequent section is both theoretically
valid and practically implementable. The above analysis information is synthesized in Table (1).

Table 1. Analysis of Prioritization, Gaps and Risks, and Decision-Making Scenarios in the Requirements for

Forming Subsystems of the Wheat Knowledge Management System



Subsystem,
Requirements,
and Necessities

Stakeholders and
Key Actors

Knowledge
Resources

Knowledge
Organization
Systems

ICT
Infrastructure

Organizational
Structure

Analysis and Prioritization

Farmers and extension agents
play a central role in
knowledge transfer;
policymakers play a strategic
role in institutionalizing
knowledge.

Tacit knowledge (indigenous
and experiential knowledge of
farmers) was  prioritized
because it has the greatest
impact on practical
adaptability.

Priority on using integrated
systems such as agricultural
thesaurus and ontology, and
developing a wheat ontology.

Existing infrastructure was
assessed as adequate but
requires development of web-
based software and digital
platforms.

Priority on moving toward
networked and participatory
structure and establishing an

agricultural knowledge
management center at the
institute.

Gaps and Risks

Lack of coordination among
farmers, researchers, and
policymakers reduces
knowledge flow and
institutional trust.

Inadequate documentation
of tacit and explicit
knowledge, especially in the
wheat domain, creates the
risk of losing institutional
memory.

Dispersion of classification
systems and lack of a wheat
ontology reduces efficiency
in knowledge retrieval.

Unequal access to digital
tools among stakeholders
creates a digital divide and

excludes smallholder
farmers.

Centralization in decision-
making causes slow
response  to  emerging
challenges and reduces

efficiency of the knowledge
management system.

Decision-Making

Scenarios
Creating multi-
stakeholder platforms

for co-creation and
synergy of knowledge
and policy.

Creating a  wheat
knowledge treasure and
systematic

documentation of tacit
and explicit knowledge.

Development and
integration of
knowledge organization
systems with a focus on
wheat ontology.

Investment in ICT
infrastructure and
creating a  digital
knowledge ecosystem
for wheat.
Organizational
transformation from
hierarchical to
networked and

participatory structure.

Decision-Making Scenarios Proposed:

1.

2.

3.

Stakeholder Integration Scenario: Creating multi-stakeholder platforms for co-creation and synergy of
knowledge and policy.

Digital Knowledge Ecosystem Scenario: Investing in knowledge organization and ICT infrastructure to
create an integrated digital platform for wheat knowledge.

Organizational Transformation Scenario: Moving from hierarchical to networked and participatory
structures to increase responsiveness.

Conceptual Model Design:
The proposed model consists of five interconnected system components.

1.

Knowledge Treasure (Repository): The foundational component where all wheat-related knowledge
resources (library materials, documents, extension resources, audiovisual materials, web resources, and
tacit expert knowledge) are organized through knowledge engineering mechanisms and stored for
systematic retrieval.

Knowledge Sharing System: Provides a platform for individual, group, and organizational discussion
and knowledge sharing among all stakeholders (especially farmers) regarding cultivation, maintenance,
and harvesting issues. Results feed into information and extension response systems, with feedback loops
for verification.

Information Response System: The Wheat Research Department conducts research on agricultural
challenges identified through knowledge sharing. This unit produces research findings, provides
information consultations, and disseminates selective information through user profiling.

Extension Response System: Coordinates with the Extension Deputy of AREEO to transform research
findings into extension knowledge and services. Produces extension materials, provides consultations,
and disseminates knowledge to farmers through the application portal.

Information Application System (Portal): Serves as the front-end interface connecting farmers and
other stakeholders to all system components. Enables online Q&A, access to research findings, extension
consultations, knowledge sharing forums, and selective dissemination of information tailored to
individual needs.

Alignment with Theoretical Foundations:
The proposed model aligns with Nonaka and Takeuchi's SECI knowledge spiral model:



e Socialization — Knowledge Sharing System: Individual, group, and organizational knowledge sharing
among stakeholders leads to individual knowledge formation and knowledge redundancy in wheat
production.

e Externalization — Information Response System: Wheat research group transforms tacit knowledge
from knowledge sharing into explicit research findings (articles, books, reports).

e Combination — Extension Response System: Research findings are transformed into extension
resources, disseminated through extension training, and revised based on feedback, creating deeper
organizational knowledge.

¢ Internalization — Information Application System: Practical, extension-oriented training adapted to real
farm conditions enables farmers to absorb individual, group, and organizational knowledge, forming
higher-level tacit knowledge for solving agricultural challenges.

Key Innovations of the Model:

1. Operationalization of SECI Model: Unlike the abstract SECI framework, each stage is mapped to
specific organizational units with defined responsibilities at the Seed and Plant Improvement Research
Institute, transforming theoretical concepts into practical implementation roadmaps.

2. Emphasis on Support Infrastructure: Beyond knowledge conversion, the model incorporates
knowledge treasure, knowledge organization systems (ontology), and ICT infrastructure as essential
pillars enabling the SECI cycle.

3. Feedback Loops and Network Interactions: Knowledge flow is non-linear, with continuous feedback
from farmers to previous stages and horizontal interactions between units, enhancing model dynamism
and adaptability.

4. Integration of Multiple Theoretical Frameworks: The model synthesizes SECI theory with knowledge
sharing models (Sriratanaviriyakul & EI-Den, 2016), organizational learning theory (Crossan et al., 1999),
and system analysis principles, providing a more robust composite framework for understanding
knowledge management in agricultural innovation ecosystems.

Conclusion

This research successfully designed a comprehensive indigenous conceptual model for establishing and operating
a knowledge management system specifically for wheat at the Seed and Plant Improvement Research Institute.
The proposed model features five distinct process stages:

1. Creation of the Wheat Knowledge Treasure: Systematic storage of national and international
knowledge resources through knowledge engineering processes.

2. Formation of the Knowledge Sharing System: Enabling socialization among all stakeholders, aligned
with Nonaka and Takeuchi's socialization stage and integrated with knowledge sharing models
(Sriratanaviriyakul & ElI-Den, 2016; Cummings, 2004; Wang & Noe, 2010).

3. Establishment of the Information Response System: Production and dissemination of research
findings by the Wheat Research Department, aligned with the externalization stage of the SECI model.

4. Formation of the Extension Response System: Consultation, production, and dissemination of
extension services to address knowledge needs of wheat farmers, aligned with the combination stage.

5. Establishment of the Information Application System (Portal): Providing services including
knowledge/information retrieval, online Q&A, knowledge sharing, selective dissemination profiles,
access to human knowledge resources (researchers, consultants, extension agents), research findings,
consultations, extension resources, and feedback mechanisms for all users—especially farmers—to
evaluate knowledge-based system services. This stage aligns with the internalization stage of the SECI
model.

The research transforms the SECI model from abstract theory to operational framework within the specific context
of the Seed and Plant Improvement Research Institute. By defining five main components (knowledge treasure,
knowledge sharing, information response, extension response, and information application) and creating dynamic
feedback loops, the model systematizes the tacit-to-explicit knowledge conversion cycle. Innovations in
identifying specific operational institutions and designing supporting infrastructure (knowledge organization
systems and ICT) bridge the research-farm gap, providing a practical pathway for enhancing productivity and
sustainability in Iran's wheat value chain. The proposed model has potential for generalization to other strategic
agricultural products.

The model provides practical value at three levels: (1) institutional level—a clear executive roadmap for designing
new units (Knowledge Management Center), defining workflows, and technical requirements; (2) policy level—
replicability as a pilot model for other strategic crops; and (3) stakeholder level—direct, targeted access to
knowledge through the application portal, reducing the research-farm gap.

Recommendations:

1. Systematically collect, refine, process, and store organizational knowledge resources (human and
documented) in the wheat domain to create the wheat knowledge treasure.

2. Use AGROVOC and CAB thesauri and agricultural ontology developed by IRANDOC for knowledge
engineering in indexing wheat-related documents; prioritize developing a specific wheat ontology.

3. Procure the web-based version of Pars Azarakhsh library software for accessible knowledge
dissemination to all stakeholders, especially farmers; prioritize creating and making the wheat knowledge
treasure accessible online.



4. Upgrade hardware capabilities for the Knowledge Management Center, increase bandwidth for remote
connections with end-users (farmers), and enhance the portal platform for knowledge management system
implementation.

5. Revise the institute's vision, mission, goals, and functions to incorporate knowledge management
principles; foster a knowledge-sharing culture through management support and training programs.

6. Add at least two specialists in information and knowledge management at the master's level to the
institute's human resources.

7. Establish an Agricultural Knowledge Management Center through the integration and restructuring of the
library, documentation center, and IT/computing units.

Keywords: Knowledge Management, Wheat, System Analysis and Design, Knowledge Resources, Knowledge
Organization Systems, ICT, Organizational Structure, SECI Model
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