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 for investigation of saffron (Crocus sativus L.) flowering duration changes under 

different management strategies in north of Iran, an experiment in factorial format 

based on randomized complete block design with three replications in Astaneh 
Ashrafiyeh Township located in 37° 16' latitude and 49° 56' longitude (north of Iran) in 

2011 was conducted. Factors of experiment was consists of foliar spraying of A. 

nodosum with two levels (A1: control and A2: 2 g/L concentration), foliar spraying of 
methanol with two levels (M1: control and M2: 20% (V/V) concentration) and foliar 

spraying of iron fertilizers with five levels (I1: control, I2: pure iron, I3: chelate iron, 

I4: iron humichelate and I5: nano iron chelate in 2 g/L concentration). Results showed 
that, the effect of A. nodosum extract, methanol and iron fertilizers foliar spraying and 

also interaction level of A×M on flowering duration was significant at 1% probability 

level. Also, the interaction levels of A × I, M × I and A × M × I were significant at 5% 
probability level. 
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INTRODUCTION 

 

 One of the important factors in saffron yield is flowering duration. Ours aim from this experiment is study 

effects of different management strategies in providing nutrition needs for saffron and its flowering duration. 

We used from Ascophyllum nodosum, methanol and iron fertilizers in this experiment    

 Ascophyllum nodosum is brown seaweed known to grow abundantly in temperate countries such as Canada, 

France, Iceland, Ireland, Norway, and the United Kingdom. This seaweed is usually replaced or mixed with 

other related species such as Fucus sp. in the most exposed or iced scoured areas [1]. It is sustainably harvested 

by hand cutter rake in The Maritimes, Canada [2,3]. with an estimated 7,500 WT in 2004. Ascophyllum 

nodosum is the most important commercial seaweed in Canada and it is the dominant perennial seaweed in the 

intertidal zone along the Atlantic coastline of the Maritimes where it forms extensive beds. The extract products 

of A. nodosum, both liquid concentrate and soluble powder, are traded globally for agricultural farming purposes 

[5]. Foliar and soil applications of A. nodosum extracts have been demonstrated to increase endogenous 

antioxidant activity and subsequent stress tolerance of several turfgrasses [6]. Application of A. nodosum 

extracts has been shown to increase the yield of cauliflower, lettuce, and maize [7,8]. 

 More recently, scientists are seeking to find compounds to be used in field, to raise plant internal CO2 

concentration and to stabilize their yield. Many Researches have done in recent years on using some compounds 

such as methanol, ethanol, bothanol, propanol and some amino acids like as glycine, aspartat and glutamate, to 

improve yields of, especially, C3 crops [9]. In general, these compounds play primarily a role in preventing 

increasing photorespiration induced in stressed plants [10]. It is important, because 25% of total plant carbon 

gain is using in photorespiration [11]. It was first reported at the early 90s that foliar application of methanol 

solutions on crops will improve their yields, accelerate ripening, reduce impacts of drought and decline crop 

water requirements [9,12]. 

 In plant, micronutrients play an important role in the production and productivity. Among micronutrients, 

Iron (Fe) is a cofactor for approximately 140 enzymes that catalyze unique biochemical reactions [13]. Hence, 

iron fills many essential roles in plant growth and development, including chlorophyll synthesis, thylakoid 

synthesis and chloroplast development [14]. Iron is required at several steps in the biosynthetic pathways.[15]. 

concluded that spraying iron would cause a 38-42% increase in the peanut yield in alkaline soils. [16].  with 
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study effect of nitrogen and iron fertilizers on seed yield and yield components of safflower genotypes was 

reported that, use of foliar spraying of iron fertilizer (sulphate of iron) had significant effect on seeds per head 

and seed yield of safflower genotypes. 

 

MATERIALS AND METHODS 

 

 In order to study different management strategies effects on flowering duration in saffron plant, an 

experiment in factorial format based on randomized complete block design with three replications in Astaneh 

Ashrafiyeh Township located in 37° 16' latitude and 49° 56' longitude (north of Iran) in 2011 was conducted. 

Location of study area was showed in figure 1. 

 

 
Fig. 1: location of study area. 

 

 Factors of experiment was consists of foliar spraying of alga in two levels (A1: control and A2: 2 g/L 

concentration), foliar spraying of methanol in two levels (M1: control and M2: 20% (V/V) concentration) and 

foliar spraying of iron fertilizers with five levels (I1: control, I2: pure iron, I3: chelate iron, I4: iron humichelate 

iron and I5: nano iron chelate). Soil analysis results show that (Table 1), the soil texture was loam and pH, 7.5. 

Foliar spraying with Ascophyllum nodosum extract, methanol and also iron fertilizers was done for three times, 

at early vegetative stage, one week before flowering and two weeks after flowering. Corms planted in 

September. Three corms per each hill and with spacing of 35×20 cm2. The studied trait was flowering duration. 

The data was analyzed using MSTATC software. The Duncan’s multiple range tests (DMRT) was used to 

compare the means at 5% of significant. 
 

Table 1: some physical and chemical properties of experimental filed soil. 

Characteristics Amount Characteristics Amount 

Sand (%) 35.5 Nitrogen (%) 0.02 

Silt (%) 44 Phosphorus (%) 39.19 

Clay (%) 20.5 Potassium (%) 340.53 

Soil texture Loam Iron (ppm) 0.43 

pH 7.5 EC (dsm-1) 8.5 
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Results:  

 With regard to obtained results from variance analysis related to flowering duration (Table 2), effect of 

marine brown alga A. nodosum extract foliar spraying on flowering duration was significant at 1% probability 

level. With regard to comparison of means (Figure 2), the highest flowering duration with 13.7 days, was 

recorded from foliar spraying of A. nodosum extract with 2 g/L concentration. Also, the lowest amount of this 

trait was recorded from control treatment (without foliar spraying of A. nodosum extract) with 10.1 days. 

 Results of variance analysis showed that (Table 2), foliar spraying application of methanol on flowering 

duration had significant difference at 1% probability level. With attention to comparison of means between 

methanol application levels (Figure 3), the maximum amount of flowering duration was obtained from foliar 

application of methanol with 20 volumetric percentage concentration with 13.3 days.  On the other hand, the 

minimum flowering duration was recorded from control treatment (without foliar spraying of methanol) with 

10.5 days. 

 Effect of iron fertilizers on flowering duration was significant at 1% probability level (Table 2). 

Comparison of means related to flowering duration showed that (Figure 4), the highest value of this trait with 

15.5 days, was obtained from nano iron chelate fertilizer application with 2 g/L concentration. Also, foliar 

spraying of iron humichelate fertilizer with 2 g/L concentration statistically placed in same level with nano iron 

chelate fertilizer application. On the other hand the lowest amount of flowering duration was recorded from 

control treatment (without foliar spraying of iron fertilizer) with 8.3 days. 

 Interaction effect of marine brown alga A. nodosum extract and methanol foliar spraying on flowering 

duration was significant at 1% probability level (Table 2). With attention to comparison of means between 

interaction levels, the highest amount of flowering duration with 16.20 days, was found from foliar spraying of 

A. nodosum extract with 2 g/L concentration and methanol with 20 volumetric percentage concentration. Also 

the lowest flowering duration was recorded from A1M1 treatment (without application of A. nodosum and 

methanol) with 9.80 days (Figure 5). 

 Results obtained from variance analysis of current experiment data related to flowering duration showed 

that (Table 2), interaction effect of marine brown alga A. nodosum extract and iron fertilizers application on 

flowering duration was significant at 5% probability level. with attention to comparison of means between 

interaction levels of A. nodosum extract and iron fertilizers application on flowering duration (Figure 6), the 

highest amount of this trait with 18 days, was obtained from interaction level of 2 g/L A. nodosum foliar 

spraying and 2 g/L nano iron chelate fertilizer application. Also, the interaction treatment of A. nodosum foliar 

spraying with 2 g/L concentration and iron humichelate fertilizer with 2 g/L concentration statistically placed in 

same level with A2I5 treatment. On the other hand, the lowest amount of flowering duration with 7.33 days, was 

recorded from interaction treatment of A1I1 (without application of A. nodosum and iron fertilizers).  

 The interaction effect of foliar spraying of methanol and iron fertilizers on flowering duration was 

significant at 5% probability level (Table 2). The maximum value of flowering duration with 17.17 days, was 

recorded from interaction treatment of methanol spraying with 20 volumetric percentage concentration and nano 

iron chelate fertilizer with 2 g/L concentration. Also, the interaction treatment of methanol spraying with 20 

volumetric percentage concentration and iron humichelate fertilizer with 2 g/L concentration statistically placed 

in same level with M2I5 treatment. On the other hand, the lowest amount of flowering duration was recorded 

from M1I1 treatment (without application of methanol and iron fertilizers) with 7.66 (Figure 7). 

 
Table 2: Variance analysis table related to effect of A. nodosum extract, methanol and iron fertilizers application on flowering duration. 

0.1 Degree of 
freedom 

Source of variance 
MS 

0.217ns 2 Replication (R) 
194.400** 1 A. nodosum extract (A) 
117.600** 1 Methanol (M) 

68.267** 1 Interaction of A × M 
111.475** 4 Iron fertilizers (I) 
7.192* 4 Interaction of A × I 
6.392* 4 Interaction of M × I 
8.142* 4 Interaction of A × M × I 
2.427 38 Error  
13.06 Coefficient of Variation (%) 

ns, * and ** respectively: non significant, significant at 5% and significant at 1% probability level. 
 

 Variance analysis results showed that (Table 2), the interaction effect of A. nodosum extract, methanol and 

iron fertilizers foliar spraying on flowering duration was significant at 5% probability level. With attention to 

comparison of means between interaction treatment levels (Table 3), the maximum value of flowering duration 

with 21.33 days, was obtained from foliar spraying of A. nodosum extract with 2 g/L concentration, methanol 

with 20 volumetric percentage concentration and nano iron chelate fertilizer with 2 g/L concentration (A2M2I5). 

Also, the interaction level of foliar spraying of A. nodosum extract with 2 g/L concentration, methanol with 20 

volumetric percentage concentration and iron humichelate fertilizer with 2 g/L concentration (A2M2I4) 
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statistically placed in same level with A2M2I5 treatment. On the other hand, the lowest flowering duration with 

6.66 days, was recorded from A1M1I1 treatment (without application of A. nodosum, methanol and iron 

fertilizers).  

 
Fig. 2: Effect of A. nodosum extract foliar spraying on flowering duration. 

 

 
Fig. 3: Effect of methanol foliar spraying on flowering duration. 

 

 
 

Fig. 4: Effect of iron fertilizers foliar spraying on flowering duration. 
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Fig. 5: Interaction effect of A. nodosum extract and methanol foliar spraying on flowering duration. 

 
 

Fig. 6: Interaction effect of A. nodosum extract and iron fertilizers foliar spraying on flowering duration. 

 

 
 

Fig. 7: Interaction effect of methanol and iron fertilizers foliar spraying on flowering duration. 
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Table 3: Comparison of means between interaction effects of A. nodosum extract, methanol and iron fertilizers application on flowering 

duration.  

Interaction treatments Flowering duration 

(day) 

A1M1I1 6.667 g 

A1M1I2 8.667 efg 

A1M1I3 9.333 efg 

A1M1I4 11.33 de 

A1M1I5 13.00 cd 

A1M2I1 8.00 fg 

A1M2I2 9.00 efg 

A1M2I3 9.333 efg 

A1M2I4 13.00 cd 

A1M2I5 13.00 cd 

A2M1I1 8.667 efg 

A2M1I2 9.667 ef 

A2M1I3 10.00 ef 

A2M1I4 13.33 cd 

A2M1I5 14.67 c 

A2M2I1 10.00 ef 

A2M2I2 11.67 de 

A2M2I3 17.67 b 

A2M2I4 20.33 a 

A2M2I5 21.33 a 

Means followed by the same letter in each column are not significantly different (DMRT, P< 0.05). 
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