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Introduction: Saffron is a strategic agricultural commaodity in [ran, crucial for rural employment, non-oil
exports, and value addition. Qaenat County, benefiting from optimal climatic conditions and a rich
cultivation history, serves as a primary production hub. Despite Tran’s dominant share of global saffron
production, it captures a disproportionately low share of the economic value in international markets. This
disparity indicates that the sector's challenges extend'beyond primary production, necessitating a holistic
approach to the entire value chain—from input supply andarvesting to processing, packaging, branding,
and marketing. Recent systemic issues, including, weak standardization, limited capital access, market
inefficiencies, heavy reliance on intermediaries, inadequate processing infrastructure, and poor post-harvest
management, have resulted in significant valuesleakage. Consequently, identifying key drivers and their
interdependencies is vital for strategic upgrading. This study analyzes the structural drivers of the saffron
value chain in Qaenat County using a Ruzzy DEMATEL approach to map and prioritize causal and effect
relationships among critical factors. ) \

Materials and Methods: This applied, descriptive-survey study employs a mixed-methods approach. Data
were collected via a comprehensive literature review to identify initial value chain upgrading factors,
followed by expert eonsultations to evaluate their interrelationships. A purposive sample of 25 experts—
including academics, agricultural specialists, producers, processors, exporters, and trade managers—
participated in the,study. The<Fuzzy DEMATEL method was utilized to analyze complex, multi-factor
systems and ‘quantify®the intensity of mutual influence. Following factor identification, a pairwise
comparison questiofinaire assessed the impact of each variable on the others. Experts' linguistic judgments
were convertedtinto triangular fuzzy numbers. After constructing and averaging the direct-influence
matrices, the ‘hormalized and total relation matrices were computed. Data defuzzification yielded key
indicators: Dy(influence exerted), R (influence received), D+R (overall prominence), and D—R (cause-and-
effect classification). Fifteen critical factors were evaluated, encompassing farmers' technical knowledge,
modern production technologies, mechanization, post-harvest management, quality standards, capital
access, market structure, packaging quality, international branding, processing industry development, and
e-commerce.
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Results and Discussion: Findings indicate that while all factors significantly impact value chain upgrading,
their network positions vary. Based on the D+R indicator, target market standardization requirements,
quality and hygiene standards, international branding, and farmers' technical knowledge emerged as the
most prominent factors. This suggests that success relies less on maximizing production volume and more
on adapting to market standards, ensuring quality, building commercial identity, and enhancing producer
expertise. The D—R analysis classified factors into causal and effect groups. Access to capital and facilities
was the most critical causal driver, underscoring that essential interventions—such™as equipment
modernization, mechanization, and market expansion—require targeted financial investment.4armers'
technical knowledge, mechanization, and modern production technologies also ranked highly as causal
factors, highlighting the need to strengthen foundational farm-level capabilities. Conversely, quality
standards, post-harvest management, packaging quality, and processing industry. development were
classified in the effect group. This implies that deficiencies in these areas are not,isolated iSsues but direct
consequences of underlying capital shortages, knowledge gaps, and marketinefficiencies. Furthermore,
market structure, international branding, and e-commerce were identified™as highly influential,
demonstrating that increasing value addition requires simultaneous“reforms in commercial, institutional,
and market linkages alongside production and processing infrastructures.

Conclusion: This study concludes that upgrading the saffron valhe chain in Qaenat County is a
multidimensional, systemic process requiring concurrent attention, to financial, technical, institutional, and
market factors. While surface-level variables like packaging, quality, and processing are highly visible,
their sustainable improvement is unattainable without addressing root causal drivers. Consequently, capital
access, farmer education, and technological modernization must serve as primary entry points for strategic
policy-making. Operationally, we recommend establishh]g targeted financing mechanisms, implementing
specialized farm-level training, expanding standardized processing infrastructure, and promoting
international branding and e-commerce alongside, market structure reforms. Ultimately, elevating Iranian
saffron’s position in global markets transeends mere production increases; it necessitates reforming
fundamental drivers and fostering Structural alignment across the entire value chain.
.
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Table 1. Linguistic scales and corresponding crisp and fuzzy values
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Table 3. Total relation matrix in fuzzy DEMATEL for facters affecting the saffron value chain

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 Xi14 Xi5
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Table 4. Influence, susceptibility, and causal relationship indices of factors affecting the saffron value chain
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Rank Prominence (D+R) (R) Susceptibility  Influence (D) Code Variable
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Saffron bulb'quality
4 6.481 2.974 3.507 X2 glorere 8 Al
Techplt?al knewledge of growers
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Modern production technologies
gl Oldos (ygumwl il
11 6.022 2.874 3.147 X Mechanization of production
operations
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Table 5. Classification of factors affecting the upgrading of the saffron value chain into cause and effect
groups based on the relation index (D-R)
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Figure 1. Positiening map.of the factors affecting the saffron value chain and their interrelationships
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