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 In order to investigation of saffron (Crocus sativus L.) flower length variations under 
foliar spraying of fertilizer and plant growth promoting materials an experiment was 

conducted 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. 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, iron fertilizers foliar 
spraying, interaction levels of A×M, A × I and M × I on length of flower was 

significant at 1% probability level. Also, the interaction levels of A × M × I was 

significant at 5% probability level. 
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INTRODUCTION 

 

 The plant kingdom has always proved to be an excellent source for drugs towards cure of various diseases. 

Human beings have probably used plants as medicines from antiquity. Medicinal and aromatic plants are 

presently widely studied and used for their large therapeutic potential and benefits as natural preservatives. In 

this regard, it is well known these medicinal plants contain a complex mixture of bioactive compounds covering 

a number of demands for human health. A great number of aromatic and medicinal plants contain chemical 

compounds exhibiting different biological properties and activities [10, 16, 21, 26]. The flowers of saffron 

(Crocus sativus L.), a plant from the family Iridaceae, possess red-orange tripartite stigmas. This triploid sterile 

monocot species is not known to grow in the wild, but has been cultivated for its stigma for a long time. It is 

highly valued as a culinary spice for its flavouring and colouring properties [27], and is the subject of ongoing 

scientific research for its potential medicinal properties. Interest in the impact of saffron carotenoids on human 

health is growing due to their high antioxidant capacity [1, 28, 31]. Major saffron producer countries are Iran, 

Greece, Spain, Morocco and India. Italy, Switzerland, Argentina, Turkey, Azaerbaijan and Austuralia are the 

others to contribute remarkable amounts to the total world saffron production, which is about 205 tonnes 

annualy [11]. All numerous factors affecting the development of the market for agricultural products can be 

united in groups: - economic - social; - scientific- technical and naruralclimatic factors [15]. 

 Environmental degradation is a burning issue all over the world now. The environment problem that the 

world is facing today and in future is the result of the accumulated action of individual behavior [22]. 

Sustainable development is a buzz word at present. It has come to forefront as people all over the world are now 

concerned about the effects of global warming, resource depletion, pollution and environmental degradation 

[23]. Syekhfani et al. [29] showed that organic compounds extracted from plant residue and compost have 

influenced P-dissolution from rock phosphate. The influence of organic compounds from compost is better in 

providing P-availability in soil than its compost extract. The use of Organic Planting Ribbon in direct seeding 

system increased water use efficiency and growth indexes of the rice plant [9]. 
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 Ascophyllum nodosum is a macro, brown alga belong to class of Phaeophyceae, order of Fucales and 

family of Fucaceae. Common genera in brown algae are Fucus, Ascophyllum, Pelvetia and Pelvetiopsis. Brown 

algae mainly are macrophyte and only a few of them are microscopic species with filamentous form. Except a 

few species that live in fresh water, most brown algae live in brackish waters and are from benthic communities 

(benthos). The larger species such as A. nodosum need to the constant beds such as stone. While, the smaller 

species can be epiphytic. Only a few numbers of these algae live floating on water. But, in very calm waters 

some of species that commonly are fixed, can be floating on water [7]. 

 Whapham et al. [32] with study on cucumber reported that, application of A. nodosum extract increased 

chlorophyll content in plants leaf. Nahed et al. [19] with evaluation growth, flowering and yield of chemical 

compounds in Amaranthus tricolor by application three levels of A. nodosum extract (0, 2.5 and 3 cm3/L) under 

four levels of saline water (0, 1000, 2000 and 3000 ppm), were reported that, foliar spraying of A. nodosum 

extract reduced salinity symptoms on plant growth and increased growth parameters such as stem length, stem 

diameter, root length, number of leaves per plant, leaves fresh and dry weight, stems fresh and dry weight, roots 

fresh and dry weight. 

 Bio-fertilizers and Organic cropping system has been identified as value-added soil amendments for 

improving nutrient use efficiency and increasing soil fertility and crop productivity in sustainable farming 

system. organic fertilizers particularly farmyard manure (FYM) in combination with EM have better impact on 

the yield components and nutrient availability of faba bean and maize sequenced cropping system and in turn 

improving the physico-chemical properties of the soil than the other organic amendment. Foliar feeding with 

EM and CoM in combination with organic manure has become an argument procedure to improve nutrient 

utilization through improving root growth and increasing nutrient uptake and minimize environmental pollution 

through reducing the amount of mineral fertilizers added to soil. There is need for a wider study area on the 

beneficial aspects of these significant microbes in organic farming systems. This will enable augmentation and 

promotion of organic agriculture in the region [12]. Ahmed et al. [2] showed that the combination of nutrient 

solutions and foliar spraying had positive effect on potato plants growth. 

 Growth and dry matter production in plants is dependent to photosynthesis, and the first factor for achieving 

to high yield is high dry matter production per unit area. The type of photosynthesis pathway in plants is one of 

the most important factors for determination amount of dry matter production. Saffron is a C3 plant. In C3 

photosynthesis pathway, the photorespiration is a major problem that reduces amount of dry matter production 

[14, 20, 28]. 

 One of the ways to increasing CO2 concentration in C3 plants is methanol application. Makhdum et al. [17] 

with study effect of foliar spraying of methanol on cotton plants stated that, application of methanol cause to 

increasing the dry matter, stomatal conductance and seed yield, and also decreasing the crop water requirement. 

Safarzade Vishkaee [28] with study effect of methanol spraying on peanut, reported that foliar spraying of 

methanol with 20 volumetric percentage increased leaf area index, plant growth rate, pod growth rate, leaf area 

duration, pod yield, seed yield, 100 seeds weight, number of mature pods and seed protein. Hosseinzadeh Gashti 

et al. [13] showed that, it could be demonstrated that foliar application of Methylobacterium and methanol may 

considerably increase peanut grain yield and its attributes. So it could be expected that spraying of 1012 CFU/ml 

of Methylobacterium or 20% methanol may result better physiological and qualitative characteristics, higher 

pod and seed yield of peanut. The ability of methylobacteria to stimulate the growth and yield of plants indicates 

their promise in experimental physiology and biotechnology. This non-infecting, plant-associated bacterium has 

attracted increased attention for its plant growth stimulation and environmental friendly plant protection. Babaei 

et al. [5] showed that, foliar applied of methanol had significantly effects on pod yield, seed yield, haulm yield, 

number of pod per plant, shelling percentage, Crop Growth Rate (CGR), Pod Growth Rate (PGR) and 

partitioning factor (PF) that applying of 20 %(v/v) of methanol was considerably better than the rest. But 

applying of methanol and ascorbic acid had not significant effect on Partitioning Factor. The highest yield of 

pod (5558.4 kg.ha-1) and kernel (3975.5 kg.ha-1) were obtained from 20% (v/v) of methanol. According to the 

results, application of fertilizers, such as methanol and ascorbic acid which acts as a C source for the plants is an 

important factor for enhancement of growth and yield of peanut. Paknejad et al. [24] was found between 

different levels of methanol spraying on rain yield, number of pods per plant, number of grain, 1000- grain 

weight, biomass yield, number of branches and harvest index (p>0.01). 

 In plants, micronutrients play an important role in achieve to optimum production and productivity. Among 

micronutrients, Iron (Fe) is a cofactor for approximately 140 enzymes that catalyze unique biochemical 

reactions [8]. Hence, iron fills many essential roles in plant growth and development, including chlorophyll 

synthesis, thylakoid synthesis and chloroplast development [18]. Iron is required at several steps in the 

biosynthetic pathways. Singh and Dayal [30] concluded that spraying iron would cause a 38-42% increase in the 

peanut yield in alkaline soils. Zareie et al. [33] with 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. Baghaee et al. [6] with 

study application of different iron fertilizer types (nano iron chelate fertilizer and chelate fertilizer (EDDHSA)) 
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with different application amounts (0, 5 and 10 kg/ha) on growth and yield of saffron plant reported that, effect 

of iron fertilizers usage with different levels don't showed any significant influence on fresh weight of flower 

and fresh and dry weight of stigma, but on safranal and picrocrocin concentration had significant effect. Results 

showed that, the highest amount of safranal and picrocrocin was recorded from application of 5 kg/ha nano iron 

chelate fertilizer per hectare.  

 

MATERIALS AND METHODS 
 

 For study effects of fertilizers management on length of flower 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. 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. 

 
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 

 

 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 length of flower. 

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

compare the means at 5% of significant. Location of study area was showed in figure 1. 

 

 
 

Fig. 1: Location of study area. 

 

RESULT AND DISCUSSIONS 

 

 With regard to obtained results from variance analysis related to length of flower (Table 2), effect of marine 

brown alga A. nodosum extract foliar spraying on length of flower was significant at 1% probability level. With 
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regard to comparison of means (Figure 2), the highest length of flower with 13.90 cm 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 12.62 cm. 

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

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

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

application of methanol with 20 volumetric percentage concentration with 13.83 cm. On the other hand, the 

minimum length of flower was recorded from control treatment (without foliar spraying of methanol) with 12.69 

cm. 

 Effect of iron fertilizers on length of flower was significant at 1% probability level (Table 2). Comparison 

of means related to length of flower showed that (Figure 4), the highest value of this trait with 14.25 cm was 

obtained from nano iron chelate fertilizer application with 2 g/L concentration. On the other hand the lowest 

amount of length of flower was recorded from control treatment (without foliar spraying of iron fertilizer) with 

12.01 cm.  

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

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

interaction levels, the highest amount of length of flower with 14.15 cm was found from foliar spraying of A. 

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

lowest length of flower was recorded from A1M1 treatment (without application of A. nodosum and methanol) 

with 11.73 cm (Figure 5). 

 Results obtained from variance analysis of current experiment data related to length of flower showed that 

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

of flower was significant at 1% probability level. With attention to comparison of means between interaction 

levels of A. nodosum extract and iron fertilizers application on length of flower (Figure 6), the highest amount 

of this trait with 14.88 cm was obtained from interaction level of 2 g/L A. nodosum foliar spraying and 2 g/L 

nano iron chelate fertilizer application. On the other hand, the lowest amount of length of flower with 10.94 cm 

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 length of flower was significant 

at 1% probability level (Table 2). The maximum value of length of flower with 14.87 cm was recorded from 

interaction treatment of methanol spraying with 20 volumetric percentage concentration and nano iron chelate 

fertilizer with 2 g/L concentration. On the other hand, the lowest amount of length of flower was recorded from 

M1I1 treatment (without application of methanol and iron fertilizers) with 11.09 cm (Figure 7). 

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

iron fertilizers foliar spraying on length of flower was significant at 5% probability level. With attention to 

comparison of means between interaction treatment levels (Table 3), the maximum value of length of flower 

with 15.23 cm 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 lowest length of flower with 9.45 cm was recorded from A1M1I1 treatment (without application of A. 

nodosum, methanol and iron fertilizers).  

 Similar results were reported by Bozorgi et al. [7] and Azarpour et al. [4] with study effects of marine 

brown alga extract under foliar spraying of methanol and iron fertilizers on flower tube length and fresh flower 

cover yield of saffron.  

 

 
 

Fig. 2: Effect of A. nodosum extract foliar spraying on length of flower. 
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Table 2: Variance analysis table related to effect of A. nodosum extract, methanol and iron fertilizers application on length of flower. 

Length of flower (cm) Degree of 

freedom 

Source of variance 

MS 

0.126ns 2 Replication (R) 

24.640** 1 A. nodosum extract (A) 

19.551** 1 Methanol (M) 

5.935** 1 Interaction of A × M 

8.959** 4 Iron fertilizers (I) 

0.770** 4 Interaction of A × I 

0.572** 4 Interaction of M × I 

0.278* 4 Interaction of A × M × I 

0.101 38 Error 

2.40 Coefficient of Variation (%) 

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

 

 
 

Fig. 3: Effect of methanol foliar spraying on length of flower. 

 

 
 

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

 

 
 

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

 
Table 3: Comparison of means between interaction effects of A. nodosum extract, methanol and iron fertilizers application on length of  

flower. 

Interaction treatments Length of flower (cm) 

A1M1I1 9.450 j 

A1M1I2 11.77 i 

A1M1I3 12.16 hi 

A1M1I4 12.54 gh 

A1M1I5 12.73 fgh 

A1M2I1 12.43 gh 

A1M2I2 12.87 fg 

A1M2I3 13.48 de 

A1M2I4 14.21 bc 

A1M2I5 14.52 b 

A2M1I1 12.73 fgh 

A2M1I2 13.19 ef 

A2M1I3 13.69 cde 

A2M1I4 14.07 bc 

A2M1I5 14.53 b 

A2M2I1 13.45 de 

A2M2I2 13.67 cde 

A2M2I3 14 bcd 

A2M2I4 14.42 b 

A2M2I5 15.23 a 

Means followed by the same letter in each column are not significantly different (DMRT, P< 0.05). 
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Fig. 7: Interaction effect of methanol and iron fertilizers foliar spraying on length of flower. 

 

Conclusion: 

 The current study can lead to that, the effect of A. nodosum extract, methanol, iron fertilizers foliar 

spraying, interaction levels of A×M, A × I and M × I on length of flower was significant at 1% probability level. 

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