Optimal Nutrition of Saffron (Crocus sativus L.): A Review on the Application of
Chemical, Organic, and Bio-fertilizers and Their Integration for Sustainable
Production

Abstract
The response of saffron (Crocus sativus L.) to various fertilizer inputs is highly heterogeneous, varying significantly across different soil
and climatic conditions. Consequently, numerous studies have reported inconsistent findings regarding the effects of chemical, organic,
bio-fertilizers, integrated nutrient management (INM), and nano-fertilizers on the growth, yield, and quality o crop Particularly in
the calcareous and low-organic-matter soils characteristic of arid and semi-arid regions, there is a lack of s@
optimal type, dosage, timing, and combination of amendments required to simultaneously maximize yield, pre:

saffron. The reviewed literature indicates that chemical fertilizers—specifically
enhance corm characteristics, floral yield, and stigma productivity, provided they are

plant requirements and soil status. However, imbalanced or excessive application may di and pose
environmental risks. Organic and bio-fertilizers have also demonstrated potential in improv and quality, primarily by
enhancing soil physical, chemical, and biological properties and increasing nutrient b va| ility; s, tiggamagnitude of
response is heavily contingent upon the type and quality of amendments, soil characterisgi i o@ management
practices. Comparative analysis suggests that Integrated Nutrlent Ma i pplication of chemical,

organic, and biological resources, offers superior potential fo
long-term production sustainability compared to sole applicatio
evidence concerning their efficacy, optimal application rates, and
conclusion, fertilizer recommendations for saffron must be site-speci

| fertility, and ensuring

cts in saffron cultivation remains limited. In
il testing, corm vigor, climatic variables, field



Extended Abstract

Introduction
Saffron (Crocus sativus L.) is a high-value medicinal and spice crop whose productivity and quality are strongly
influenced by nutrient management. Despite extensive research, the effects of chemical, organic, biological,
integrated, and nano-fertilizers on saffron remain inconsistent across studies, particularly under calcareous, low-
fertility soils of arid and semi-arid regions where the crop is predominantly cultivated. A clear synthesis of the
available evidence is therefore needed to identify the most effective fertilization strategies for sustaining yield,
improving stigma quality, and preserving soil health. This review aimed to comparativ alyze published
studies on the effects of different fertilizer sources on the quantitative and qualitative tr ffron and to
highlight the main trends, limitations, and research gaps in this field.

Materials and Methods
This study was prepared as a narrative-analytical review based on a tar i#8pature on
saffron nutrition and fertilization. Relevant studies were selected from spe®gli j as well as
Iranian and international sources in agronomy, soil fertility, plant nutrition, The review
included studies that examined the effects of chemical fertilizers, organi , integrated
nutrient management, or nano-fertilizers on saffron angmreported ic, physiological,
biochemical, or quality-related trait. The literatu &a i and findings were
compared qualitatively according to the direction an i
environmental conditions.

Results and Discussion
The reviewed evidence indicates that ba ion of chemical fertilizers, particularly nitrogen,
phosphorus, and potassium, can improve i h, flower production, stigma yield, and corm
performance. However, excessive or imba reduce nutrient-use efficiency and increase
environmental risks. Organgaamendments guch ure, vermicompost, poultry manure, and humic
y, and biological activity, and often enhanced

saffron yield and quality. Biofe proved plant performance through enhanced nutrient
acquisition, rhizosphagg activity, a ici e—plant interactions. In many cases, combined use of
organic and biologica% produced g@onger effects than their separate application.

Among the strategies re d nutrient management consistently showed the greatest potential for

improving bot
fertilizers with
appear promising,
term impacts have not
depende 0i

explaining

ability because it combines the immediate nutrient supply of mineral
proving effects of organic and biological sources. Nano-fertilizers also
le evidence remains limited, and their optimal rates, mechanisms, and long-
sufficiently clarified. Overall, the responses of saffron to fertilization were highly
rties, climate, input quality, application rate, timing, and management practices,
riability among studies.

Conclusion
The current evidence suggests that no single fertilizer strategy is universally optimal for saffron production.
Instead, fertilization should be tailored to local soil conditions, crop requirements, and production goals. This
review shows that integrated nutrient management offers the most promising approach for achieving high yield,
improved quality, and sustainable soil fertility under saffron production systems. Future research should focus on
long-term field experiments, region-specific recommendations, and the combined use of chemical, organic, and
biological inputs under different agroecological conditions.

Keywords: Biofertilizers, Calcareous soils, Integrated nutrient management, Nano-fertilizers, Organic
amendments, Saffron
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