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Abstract

Background and Objective: Narcissus tazetta L. cv. Shahla is an important ornamental and medicinal bulbous plant
valued for its fragrance and cut flower quality. This study aimed to investigate the effects of natural biostimulants, sodium
nitroprusside, and melatonin on the morphophysiological and biochemical characteristics of Narcissus tazetta cv. Shahla.
Methods: A field experiment was conducted in a randomized complete blocks design with nine treatments and three
replications to evaluate the effects of natural biostimulants on growth and flower quality of N. tazetta. Treatments included
moringa leaf extract (2.5 and 5.0%), seaweed extract (20 and 40 g L), sodium nitroprusside (50 and 100 mM), and
melatonin (0.1 and 0.5 mM), applied twice as foliar sprays. The first application was made about 30 days after planting,
when the plants were 20 to 25 cm tall, and the second application was 15 days after the first foliar spray.

Results: The 0.1 mM melatonin treatment produced the highest leaf length (365.2 mm) and shoot fresh weight (29.6 g
plant™). The 5% moringa extract significantly increased leaf width (45.3 mm), root fresh weight (40.6 g plant™), and vase
life (12 days) compared to 7 days in the control. The lowest electrolyte leakage (8.75%) was recorded in 20 g L' seaweed
extract, whereas the control showed the highest value (94.8%). The highest total protein content (4.06 mg g~' FW),
peroxidase activity (2.12 AOD min™' mg ' protein), and catalase activity (3.24 AOD min' mg™ protein) were obtained in
the 100 mM sodium nitroprusside treatment.

Conclusion: Generally, moringa leaf extract and sodium nitroprusside were the most effective treatments in enhancing
quantitative and qualitative traits of N. tazetta, supporting their potential application in sustainable ornamental production
systems.
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Table 2. Variance analysis for the effect of treatment on morphological characteristics of N. tazetta cv. Shahla
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s Significant effect at the 1% probability level and ns: non-significant effect
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Fig. 1. Effect of different fertilizer treatments on A) leaf length and B) leaf width of Narcissus tazetta cv. Shahla. SNP: Sodium
Nitroprusside, MEL: Melatonin, SWE: Seaweed Extract, MLE: Moringa Leaf Extract, Control: Untreated. The means with same
letters are not significantly different (Duncan, p < 0.01).
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Fig. 2. Effect of different fertilizer treatments on A) leaf fresh weight and B) root fresh weight of Narcissus tazetta cv. Shahla. SNP:
Sodium Nitroprusside, MEL: Melatonin, SWE: Seaweed Extract, MLE: Moringa Leaf Extract, Control: Untreated. The means with
same letters are not significantly different (Duncan, p <0.01).
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Table 3. Variance analysis for the effect of treatment on leaf physiological characteristics and vase life of V. tazetta cv. Shahla
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Fig. 3. Effect of different fertilizer treatments on A) electrolyte leakage and B) vase life of Narcissus tazetta cv. Shahla. SNP:
Sodium Nitroprusside, MEL: Melatonin, SWE: Seaweed Extract, MLE: Moringa Leaf Extract, Control: Untreated. The means with
same letters are not significantly different (Duncan, p <0.01).
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Table 4. Effect of different fertilizer treatments on photosynthetic pigments, protein content, and antioxidant enzyme activity in the
leaves of Narcissus tazetta cv. Shahla.
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CAT POX Protein Chlb Chla Treatment
(AOD min™ mg™ protein) (AOD min™ mg™ protein) (mg g FW) (ug g' FW) (ug g' FW)
3.10° 1.95° 3.88° 0.96¢ 2.26% 50 mM SNP*
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2.97° 2.082 3.74¢ 2.99* 2.552 40 g/L SWE
2.82¢ 1.77¢ 3.55¢ 1.99b¢ 2.60* 2.5% MLE
3.06° 1.92% 3.84° 2.65%® 3.06% 5% MLE
1.88¢ 1.17¢ 2.35F 0.48¢ 1.15° Control
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SNP: Sodium Nitroprusside, MEL: Melatonin, SWE: Seaweed Extract, MLE: Moringa Leaf Extract, Control: Untreated. In each column, the means
with same letters are not significantly different (Duncan, p <0.01).
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Fig. 5. Hierarchical cluster analysis (HCA) of nine biostimulant treatments based on 11 morphological and physiological traits.
Clustering was performed using Euclidean distance and Ward linkage for rows and maximum distance and complete linkage for
columns. SNP: Sodium Nitroprusside, MEL: Melatonin, SWE: Seaweed Extract, MLE: Moringa Leaf Extract, Control: Untreated.
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