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ABSTRACT 

 

To develop saffron planting in Urmia, West Azerbaijan, Iran, a split-split plot experiment based on CRBD was 

carried out in the Urmia University's research farm for two years (2013-14). Nanofertilizers (Fe, P, K and no-

fertilizer (control)) as main plots, saffron ecotypes (Mashhad, Torbat-Heydarieh, Torbat-jam, Gonabad, 

Ghaen and Birjand) as subplots and maternal corm weight (6, 8, 10 and 12 g) as sub-sub plots were 

considered. Throughout the two years of the study, results showed significant differences between 

nanofertilizers levels, saffron ecotypes, maternal corm weight and their interactions in terms of all flowering 

traits. Results highlighted the importance of the nanofertilizers on improving saffron yield. In addition, it was 

also clear that Fe, P and K nanofertilizers all had positive effects on the saffron flowering. The results also 

illustrated that the high yield ecotypes Torbat-Heydarieh and Mashhad in Urmia region were due to similar 

climatic conditions of these regions. These results emphasized the importance of the mother corm weight on 

increasing saffron flowering was much better than both the nanofertilizer and saffron ecotype. As the mother 

corm weight increases from 6 to 12 grams, all the studied traits, including dry saffron yield and flower number 

also increased, by 5.17 times and 4.4 times, respectively. The results of stepwise regression and correlation 

coefficients noted that flower number, dry and fresh flower weight were the most effective traits on dry saffron 

yield. In total, it was concluded that saffron flowering traits are strongly influenced by environmental 

conditions and farm management. Therefore, the correct choice of saffron ecotypes, nanofertilizer and 

maternal corm weight are vital factors in farm management and economic saffron production. 

 
Keywords: Correlation Coefficients, Saffron Ecotypes, Stepwise Regression, saffron yield. 

 

*
The part of PhD thesis results of the corresponding author, MAHDI BAYAT 

 

INTRODUCTION 

Saffron is a spice derived from the dried stigma of the 

Crocus sativus flower, which is a sterile triploid plant that 

propagated by means of corms (Botella, et al., 2002; 

Gómez-Gómez, 2012). From the ancient times, the red 

scarlet stigmas of saffron have been used mainly in drug 

applications, textile dye, incense, cosmetics and food 

purposes (Zdemür, et al., 2006; Juana, et al., 2009; Rubio-

Moraga, et al., 2009, Anastasaki, et al., 2010). Recently, 

there has been increasing interest in the biological effects 

of the components of saffron. In particular, their potential 

medical applications, especially those based on their 
cytotoxic, mood elevating, liver detoxifying, analgesic and 

antitumor properties (Ma, et al., 2001; Abdullaev, 2003; 

Schmidt, et al., 2007; Siracusa, et al., 2010). For these 

reasons, saffron is the world's most expensive spice (Kafi, 

2006). Saffron is currently being cultivated in Morocco, 

Spain, Iran, India, Pakistan, Turkey, Italy, Switzerland, 

Greece and Central Asia. Additionally, new cultivations 

have been created in Australia, Mexico, Argentine and 
New Zealand. Among the saffron producing countries, 

Iran is one of the main producers of saffron in the world 

(Jalali-Heravi, et al., 2010). 

Much information is available on the use of saffron as 

a dye, aroma and for medicinal purposes, but there is a 

lack of information on its climatic requirements, 

agronomic management techniques and their effects on its 

quantitative and qualitative traits. From an agronomic 

point of view, saffron is actually very well adapted to 

different environmental conditions ranging from dry sub-

tropical to continental climates (Azizbekova and 
Milyaeva, 1999; Sampathu, et al., 1984; Gresta, et al., 

2009). Mollafilabi (2004) and Fernandez (2004) suggested 

that the optimal climatic conditions for this species are 

rainy autumns, mild winters and warm summers. The 

effect of the corm weight at planting the saffron 

quantitative yield has been studied by Salinger (1991); 

Rees (1992); Negbi (1999); De Juan, et al., (2003); 
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Molina, et al., (2004) and Renau-Morata, et al., (2012). 

These researchers reported that the weight of the mother 

corm has a significant effect on the vegetative 

development and the production of daughter corms. The 

effect of the different saffron corms proveniences on 

stigmas yield and qualitative traits of saffron has been 

studied by several researchers such as Molina, et al., 

(2005); Castillo, et al., (2005); Rubio-Moraga, et al., 

(2009); Siracusa et al., (2010); Anastasaki, et al., (2010) 

and Maggi, et al., 2011). These authors pointed out that 

the environment and climatic conditions, for example: 
temperature, soil and water content, have severe effect on 

both quantitative and qualitative traits of saffron. 

Because of the limitation in arable lands and water 

resources, the development of agriculture sector is only 

possible by increasing of resources use efficiency with the 

minimum damage to production bed through effective use 

of modern technologies. Among these, nanotechnology 

has the potential to revolutionize the agricultural systems 

(Baruah and Dutta, 2009). Recent research on 

nanoparticles in a number of crops has evidenced for 

enhanced germination and seedling growth, physiological 
activities, gene expression and protein level indicating 

their potential use in crop improvement (Kole, et al., 

2013). In this way, Azarpour, et al., (2013) reported nano 

iron fertilizers foliar spraying had significant effects at 1% 

probability level on fresh flower cover yield of saffron. In 

addition, Studies showed that the use of nanofertilizers 

causes an increase in nutrients use efficiency, reduces soil 

toxicity, minimizes the potential negative effects 

associated with over dosage and reduces the frequency of 

the application. Hence, nanotechnology has a high 

potential for achieving sustainable agriculture, especially 

in developing countries (Naderi and Danesh-Shahraki, 

2013). 

Besides the expanding employment opportunities, 

Saffron can contribute to the economy of Iran by earning 

and saving valuable foreign exchange. Therefore, the aim 

of this study is to investigate the agricultural practices 

with the hope of improving saffron yield and flowering 

traits, in order to determine the optimum levels of 
maternal corm weight, nanofertilizer and saffron ecotypes. 

It is our hope that this work will eventually establish a 

new standard of agricultural practices which will optimize 

Saffron yields in the Urmia region. 

MATERIALS AND METHODS 

To develop saffron (Crocus sativus L.) planting in 

Urmia, West Azerbaijan, Iran, a split-split plot experiment 

based on CRBD was carried out in the research farm of 

Urmia University for the years of 2013-2014. Nano 

fertilizers (Fe, P, K and no-fertilizer (control)) as main 

plots, saffron ecotypes (Mashhad, Torbat-Heydarieh, 
Torbat-jam, Gonabad, Ghaen and Birjand) (Table 1) as 

subplots and maternal corm weight (6, 8, 10 and 12 g) as 

sub-sub plots were considered. Six saffron samples from 

different regions of Iran’s traditional saffron production 

areas were studied in this work. The geographic and 

climatic characteristics of each region are shown in Tables 

1 and 2. 

 

Table 1. Geographic characteristics of regions. 

No Region Province Country Elevation (M) Longitude (E) Latitude (N) 

1 Mashhad Razavi Khorasan Iran 999.2 38°   59´ 16°   36´ 

2 Torbat Jam Razavi Khorasan Iran 1056 58°   41´ 34°   21´ 
3 Gonabad Razavi Khorasan Iran 1450.8 13°   59´ 16°   35´ 

4 Torbat Heidarish Razavi Khorasan Iran 950.4 35°   60´ 15°   35´ 

5 Birjand South Khorasan Iran 1491 59°   12´ 32°   52´ 

6 Gaean South Khorasan Iran 1432 59°   10´ 33°   43´ 

7 Urmia West Azerbaijan Iran 1315.9 45°   05´ 37°   32´ 

 

Table 2. Climatic characteristics of regions based on the 30 years average. 

Station 

Maximum 

Temperature 

(C°) 

Minimum 

Temperature 

(C°) 

Mean Daily 

Temperature 

(C°) 

Relative 

Humidity 

(%) 

Monthly 

Total Of 

Precipitation 

(Mm) 

Days With 

Minimum 

Temperature 

Equal Zero And 

Below 

Mashhad 21.1 7.1 14.1 55 255.2 89.3 

Gonabad 23.8 10.7 17.3 37 143.6 49.2 

Torbate 

Heydarieh 
21.3 7.3 14.3 46 274.8 95.7 

Torbate Jam 22.4 8.8 15.6 45 175.6 73.6 

Birjand 24.5 8.4 16.5 36 170.8 76.2 
Ghaen 22.3 6.3 14.3 37 175.8 93.8 

Mean 22.6 8.1 15.4 42.7 199.3 22.6 

Urmia 17.6 5.4 11.5 60 341 110.6 
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In terms of the soil characteristics at the research farm, 

the soil texture is a silty-loam structure containing 1.5% of 

organic carbon and 0.03% of nitrogen, in addition to 25 

p.p.m of phosphorus and 534 p.p.m of potassium. The soil 

acidity was indicated at a pH of 7.7 at a depth of 0-30 cm. 

After preparing the field on April 15, 2013; the cultivation 

practices applied were those commonly used for this crop. 

Every plot contained 8 culture lines, each of which were 3 

meters in length and placed 25 cm apart from each other. 

The total plot area was 6m2. Corm distances on the lines 

were 8 cm and placed at a depth of 15 cm. The density of 
the corm placement was 50 corms per m2. To avoid 

marginal effects and to minimize error, plots were situated 

beside each other no closer than 50 cm. To enhance 

accuracy, margins were placed at the beginning and the 

end of plots as well as the 50 cm border between each 

plot. Nano fertilizers were sprayed twice in the months of 

January and February. Data were recorded for Dry Saffron 

Yield (kg ha
-1

) (DSY), Flower Number (m
2
) (FN), Fresh 

Stigma Weight (mg) (FSW), Dry Stigma Weight (mg) 

(DSW), Stigma Length (cm) (SL), Fresh Flower Weight 

(mg) (FWF) and Dry Flower Weight (mg) (DFW). The 

relationships between these traits using simple correlation 

coefficients were studied. Step-wise regression analysis 

was done to fit the best model for existent variation in dry 

saffron yield as the dependent variable. The cluster 

analysis based on Ward’s method was also used to classify 

saffron ecotypes. Data analysis was done using SAS ver. 

9.2 and SPSS ver. 21 programs. 

RESULTS AND DISCUSSION 

Analysis of Variance 

The results of the variance analysis (Table 3) indicated 

significant differences between years, nano-fertilizers, 
saffron ecotypes, maternal corm weight and their 

interactions in terms of all flowering traits. This result 

implicated that flowering traits and dry saffron yield 

(DSY) were strongly influenced by environmental 

conditions and farm management. Therefore, the correct 

choice of saffron ecotypes, nanofertilizer and maternal 

corm weight can be considered the crucial factors in farm 

management and economic saffron production 

 

Table 3. Variance analysis of flowering characteristics in saffron.  

  Mean Square 

S.O.V Df DSY (kg ha
-1

) FN (m
2
) FSW (mg) DSW (mg) SL (cm) FFW (mg) DFW (mg) 

Y ♣ 1 252.02 ** 69548.90 ** 109.05 ns 29.88 * 8.51 ns 1918.18 ns 146.10 ns 

Error a 2 0.12 14.41 143.69 2.86 3.29 3505.13 86.80 
F 3 3.98 ** 278.18 ** 123.51 ** 7.80 ** 8.90 ** 5908.26 ** 250.73 ** 

F*Y 3 2.24 ** 263.94 ** 113.46 ** 7.23 ** 1.29 ** 880.03 * 50.02 * 

Error b 6 0.03 8.86 8.07 0.43 0.19 197.83 11.84 

E 5 3.98 ** 234.28 ** 142.51 ** 15.51 ** 2.93 ** 3320.89 ** 47.53 ** 

E*F 15 0.18 ** 14.92 ** 23.89 ** 1.07 ** 0.44 * 581.16 ** 32.95 ** 

E*Y 5 0.10 * 16.15 * 14.37 ns 0.33 ns 2.59 ** 1139.30 ** 99.78 ** 

E*F*Y 15 0.11 ** 10.47 * 18.59 ** 0.72 * 1.60 ** 328.28 * 27.32 ** 

Error c 40 0.04 5.83 7.71 0.34 0.22 162.33 6.30 

S 3 99.15 ** 27628.20 ** 429.47 ** 13.26 ** 11.36 ** 90321.92 ** 599.54 ** 

S*F 9 0.44 ** 56.34 ** 1.18 ns 0.61 * 0.33 * 74.17 ns 2.40 ns 

S*E 15 0.33 ** 6.74 * 11.25 * 0.59 ** 0.29 * 609.94 ** 16.06 ** 

S*F*E 45 0.09 ** 8.23 ** 2.60 ns 0.24 ns 0.12 ns 80.14 ns 4.40 ns 
S*Y 3 49.37 ** 13738.30 ** 12.63 * 0.25 ns 2.63 ** 219.29 ns 4.06 ns 

S*F*Y 9 0.35 ** 50.99 ** 1.12 ns 0.27 ns 0.08 ns 36.48 ns 1.86 ns 

S*E*Y 15 0.21 ** 6.34 ns 10.14 * 0.56 ** 0.44 ** 614.61 ** 15.26 ** 

S*F*E*Y 45 0.09 ** 7.84 ** 2.99 ns 0.29 ns 0.15 ns 72.07 ns 4.43 ns 

Error t 336 0.04 3.81 5.43 0.26 0.15 108.80 5.95 

CV (%) --- 14.0 7.8 8.4 9.8 10.9 13.1 5.7 
♣
- Abbreviations described in materials and methods 

**: p> 0.01, *: p>0.05, ns: non-significant 

Mean Comparison of the Main Effects 

Year 

The mean comparisons of the results across the two 
years are shown in Table 4. The results showed that all 

saffron flowering traits especially dry saffron yield 

(DSY), flower number (FN) and dry stigma weight 

(DSW) increased in 2014 compared to 2013. However, 

the improvement of the flowering traits in the second year 

was predictable, because the saffron corms were carried 

from the easternmost province of Iran (Khorasan Razavi 

and Khorasan South) to the westernmost province of Iran 

(West Azarbaijan, Urmia). As shown in tables 1 and 2, 

climate characteristics of the easternmost province of Iran 
(average maximum temperature 22.6 °C, average 

minimum temperature 8.1 °C, average daily temperature 

15.4 °C, average relative humidity 42.7%, average 

monthly total precipitation 199.3 mm and average number 

of days with minimum temperature equal zero and below 

22.6 days) were different from climate characteristics of 

the westernmost province of Iran (average maximum 

temperature 17.6 °C, average minimum temperature 5.4 
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°C, average daily temperature 11.5 °C, average relative 

humidity of 60.0%, average monthly total precipitation 

341.0 mm and average number of days with minimum 

temperature equal zero and below 110.6 days). As a result, 

the saffron corms were highly stressed in the first year; 

consequently, the flowering traits and saffron yield were 

extremely reduced. Nonetheless, in the second year, 

saffron corms not only adapted to Urmia environmental 

conditions but also produced more daughter corms, so that 

saffron flowering traits, especially DSY and FN increased 

dramatically. 

 

Table 4. Mean compression of flowering traits in saffron. 

Treatment 
DSY  

(kg ha
-1

) 
FN (m

2
) 

FSW 

(mg) 
DSW (mg) SL (cm) 

FFW 

(mg) 

DFW 

(mg) 

Year        

2013 0.71 b ♣ 13.91 b 27.25 a 5.01 b 3.44 a 338.52 a 42.02 a 

2014 2.03 a 35.89 a 28.12 a 5.47 a 3.69 a 342.17 a 43.03 a 

        

Nano Fertilizer        

Control 1.16 c 23.04 c 27.44 b-c 5.07 b 3.23 c 336.80 b 41.19 b 

Fe 1.52 a 26.13 a 28.87 a 5.52 a 3.81 a 349.93 a 44.35 a 
K 1.30 b 24.66 b 26.64 c 5.02 b 3.52 b 336.89 b 42.22 b 

P 1.48 a 25.77 a 27.80 a 5.33 a 3.69 a 337.76 b 42.36 b 

Mean of Nano Fertilizer 1.43 25.52 27.77 5.29 3.67 341.53 42.98 

Mean - Control 0.27 2.48 0.33 0.22 0.44 4.73 1.79 

        

Saffron Ecotype        

Birjand 1.28 d 25.15 b 27.24 b-c 4.87 d 3.44 b-c 336.53 b 42.42 a-b 

Ghaen 1.15 e 22.83 c 26.25 c 4.82 d 3.37 c 336.29 b 41.42 b 

Gonabad 1.18 e 23.26 c 26.46 c 5.06 c-d 3.73 a 333.04 b 42.35 a-b 

Mashhad 1.52 b 26.25 a 28.37 a-b 5.54 b 3.43 b-c 347.76 a 42.39 a-b 

Torbat-Heidarieh 1.67 a 26.70 a 29.27 a 5.85 a 3.79 a 345.57 a 43.26 a 

Torbat-Jam 1.42 c 25.20 b 28.52 a 5.29 c 3.62 a-b 342.86 a 43.34 a 

Cluster I 1.53 26.05 28.72 5.56 3.61 345.42 42.98 
Cluster II 1.20 23.75 26.65 4.92 3.51 335.29 42.05 

        

Maternal Corm  

Weight (gr)        

6 0.47 d 9.64 d 25.53 d 4.84 d 3.26 c 307.56 c 40.00 c 

8 1.04 c 19.71 c 27.25 c 5.19 c 3.39 b 334.01 b 41.76 b 

10 1.53 b 27.83 b 28.35 b 5.38 b 3.83 a 358.84 a 43.97 a 

12 2.43 a 42.42 a 29.60 a 5.54 a 3.77 a 360.96 a 44.38 a 

Ratio 12 on 6 5.17 4.40 1.16 1.14 1.16 1.17 1.11 
♣ - Treatments with the same letter(s) don’t have significant difference 

Nano-fertilizer 

The results of the mean comparison (Table 4) showed 

that nanofertilizers had a positive effect on all saffron 

flowering traits. In comparison to the control (no-

fertilizer), the nanofertilizers significantly increased dry 

saffron yield (DSY), flower number (FN), fresh stigma 

weight (FSW), dry stigma weight (DSW), stigma length 

(SL), fresh flower weight (FFW) and dry flower weight 

(DFW) up to 270 g ha-1, 2.48, 0.33 mg, 0.22 mg, 0.44 cm, 

4.73 mg and 1.79 mg, respectively. Overall, these results 

emphasized the positive effects of all three nanofertilizers, 

Fe, P and K, in the improvement saffron flowering traits. 
Behzad et al., (1992) stated that organic matter and cow 

manure applications elevated the fertility of soils in 

saffron cultivation. Some of the earlier studies on saffron 

argued that chemical fertilization alone did not much 

improve flower yield, unless applied together with organic 

material such as cow manure and sawdust (McGimpsey, et 

al., 1997; Behnia, et al., 1999; Unal and Cavusoglu, 
2005). Rico et al., (2011) stated that nanotechnology have 

positive effects on plants included enhanced germination 

percentage and rate; length of root and shoot, and their 

ratio; and vegetative biomass of seedlings in many crop 

plants. Also Liu et al., (2010) found that nanocomposites 

were safe for wheat seed germination, emergence and 

growth of seedlings. 

Saffron ecotype 

The results of mean comparison (Table 4) showed the 

ecotypes Torbat-Heydarieh (DSY = 1.67 kg ha-1, FN = 

26.7) and Mashhad (DSY = 1.52 kg ha-1, FN = 26.25) 
were as the best saffron ecotypes in the weather conditions 

of Urmia. While ecotypes Ghaen (DSY = 1.15 kg ha-1, FN 

= 22.83) and Gonabad (DSY = 1.18 kg ha-1, FN = 23.26) 

did not thrive in the conditions and were considered the 

most inappropriate ecotypes in Urmia region. In this 

study, saffron ecotypes were collected from regions with 
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different climatic characteristics, so the observed 

differences between the ecotypes were related to the 

different climatic characteristics. With the evaluation of 

the meteorological data (Tables 1 and 2) and performing 

the cluster analysis in terms of all climatic characteristics, 

it was found that the studied regions can be classified in 

two clusters (Figure 1). Cluster I contained the regions of 

Torbat-Jam, Birjand, Ghaen and Gonabad and Cluster II 

contained regions Mashhad, Torbat-Heydarieh and Urmia. 

These results confirmed that the climatic characteristics of 

the Urmia region had the most similarity to the climate 
characteristics of Mashhad and Torbat-Heydarih regions 

and had the lowest similarity to the climate characteristics 

of Torbat-Jam, Birjand, Ghaen and Gonabad regions. In 

total, it can conclude that for establishing a new saffron 

farm, considering the climate characteristics of the region 

is very important and plays an effective role in the 

improvement of the saffron yield. Rubio-Moraga, et al., 

(2009) reported that all accessions (43 ecotypes from 11 

countries) appear as identical clones, not only because of 

morphological characteristics, but also at the molecular 

level. The observed differences in saffron quality are 

mainly due to the methodology followed in the processing 

of stigmas, independent of the species origin (Ordoudi and 

Tsimidou, 2004). On the other hand, Molina et al., (2004; 

2005) reported that the number of flowers formed per 
corm and the time of flower emergence depended on the 

environment conditions such as temperature and time-

lifted corm. 

 

Figure 1. Dendrogram cities based on climatic characteristics using Ward’s method. 

Conversely, in order to classify the saffron ecotypes 

with respect to all studied flowering traits, the cluster 

analysis was used. The results showed six saffron 
ecotypes grouped in two clusters (Figure 2). Cluster I 

consisted ecotypes of Mashhad, Torbat-Heydarieh and 

Torbat-Jam and cluster II consisted ecotypes Birjand, 

Ghaen and Gonabad. When calculating the trait mean 

within each cluster (Table 4) it was revealed that all 

flowering traits of cluster I were superior to that of Cluster 

II. Therefore, it can be concluded that the ecotypes of 

cluster I were the most compatible with the Urmia 

climatic conditions, so these ecotypes can be introduced as 

the best saffron ecotypes in Urmia. It has previously been 

demonstrated that the geographical signals and regional 
agricultural practices, especially the use of fertilizers, in 

organic and conventional agriculture (Bateman and Kelly, 

2007) effects the plant’s production ability. Lage and 

Cantrell (2009) have grown saffron in eleven different 

experimental zones with differences in the altitudes, soils 

texture and climate. These results showed that 

environmental conditions have a great effect on saffron 

quality (Turhan, et al., 2007). 

 

Figure 2. Dendrogram saffron ecotypes based on flowering characteristics using Ward’s method. 
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Maternal corm weight 

The results of the mean comparison of maternal corm 

weight are shown in Table 4. The results emphasized the 

importance of maternal corm weight on improving saffron 

flowering and yield, which was much more significant 

than nanofertilizer and saffron ecotype effects. As 

mentioned above, increasing the maternal corm weight 

from 6 to 12 grams produced a corresponding significant 

increase all studied traits. DSY, FN, FSW, DSW, SL, 

FFW and DFW in corms of 12 grams, compared with 

corms of only 6 grams increased 5.17, 4.4, 1.16, 1.14, 
1.16, 1.17 and 1.11 times, respectively (Table 4). These 

results showed that corms of 12 grams not only had more 

flower buds, but that also this corm size increased the 

saffron yield in the first year directly. Additionally, 

because of their ability to produce more daughter corms 

with higher weight, the saffron yield was able to increase 

dramatically in the coming years. In summary, it can be 

advised that saffron corms 10 grams and above are most 

suitable for establishing a new farm, while corms 6 grams 

and smaller are not recommended for use. Mollafilabi 

(2004) pointed out that planting corms above 3 cm 
diameter with an approximate weight of 10 g produced the 

highest yields. On the other hand, Negbi (1999); De 

Mastro and Ruta, (1993); Molina, et al., (2004) stated that 

there is an increase in the number of flowers per corm 

when larger corms are used at planting. Renau-Morata, et 

al., (2012) conclude that maternal corm weight determines 

if the corm will flower or not, given that if the corm does 

not reach a certain weight, it only produces leaves.  

Mean comparison of triple interaction effect (maternal 

corm weight × saffron ecotype × nano-fertilizer) 

The results of the mean comparison (Table 5) showed 

that the interaction effects 12 g × Mashhad × Fe, 12 g × 
Torbat-Heydarieh × Fe and 12 g × Torbat-Jam × Fe 

gained rank 1, 2 and 3, respectively, in terms of all studied 

flowering traits. Therefore, these interaction effects were 

identified as the most suitable effects in the Urmia 

climatic condition. On the other hand, interactions effects 

6 g × Birjand × control, 6 g × Ghaen × control and 6 g × 

Ghaen × K received the highest rank (94, 95 and 96 

respectively) were found as the weakest and had the most 

unsuitable interaction effects. In total, it was highlighted 

that maternal corm weight, nanofertilizer and saffron 

ecotype had the important roles when determining the 
potential of saffron yield, respectively. Therefore we 

recommended for establishing a new saffron farm, 

attention to the following notes: (i) The selection of better 

quality and larger saffron corms and performing the 

proper planting density. (ii) Fertilizers to be used in 

optimal times and doses. (iii) Saffron ecotypes to be 

supplied from regions where there is the maximum 

climate similarity between regions. With observing the 

above notes, saffron yield not only increases in the first 

year directly, but also increases in the coming years due to 

improved yield components. Some authors have proposed 

that an increase in the weight of the produced corms could  

 

improve saffron production (Juan, et al., 2009). On the 

other hand, corm formation of saffron is one of the 

important characteristics because the corm is the only 

source for propagation (Turhan, et al., 2007). 

Correlation Coefficients 

The results of correlation coefficients (Table 6) 

showed that there were positive and significant 

correlations between all studied flowering traits. Therefore 

any improvement in flowering traits will increase dry 

saffron yield. The results clearly demonstrate that dry 

saffron yield (DSY) had the highest correlation with 
flower number (FN) (r = 0.98**). As explained earlier, 

larger saffron corms can produce more DSY in the first 

year due to have more flower bulbs. Moreover, larger 

saffron corms have higher quality, so that these corms can 

produce more daughter corms and subsequently will 

significantly increase DSY in the coming years 

(Mollafilabi, 2004; Renau-Morata et al., 2012). Within the 

course of this study, it also became clear that the 

nanofertilizers, especially Fe and P improved yield 

components especially FN and consequently increased 

DSY. In general, it can be concluded that increasing 
maternal corm weight and the use nanofertilizers will 

increase the yield components as well as the dry saffron 

yield, both directly and indirectly. 

Stepwise Regression 

In order to determine the most influential traits on dry 

saffron yield, stepwise regression was used. In this 

analysis, DSY as the dependent variable and the other 

traits as independent variables were considered. On the 

other hand, to achieve a more realistic understanding of 

traits effects on DSY, we used step by step regression for 

each year individually, and for the two years overall. The 

results of the stepwise regression in cropping year 2013 
(Table 7) showed that the flower number (FN), dry stigma 

weight (DSW), stigma length (SL), fresh stigma weight 

(FSW) and fresh flower weight (FFW) entered into the 

regression model, was able to justify more than 91% of 

the variation of DSY. While, the results of stepwise 

regression in cropping year 2014 (Table 7) pointed out 

that FN, DSW, DFW and FFW justified more than 99% of 

the variation of DSY. The regression equation of DSY in 

2013 and 2014 were as follows: 

DSY2013 = 0.494(FN) + 0.424(DSW) + 0.179(SL) – 

0.186(FSW) + 0.215(FFW)     

DSY2014 = 0.934(FN) + 0.214(DSW) – 0.044(DFW) – 

0.041(FFW)             

At last, the results of stepwise regression over the two 

cropping years (Table 7) highlighted that the traits FN, 

DSW and DFW were the most effective traits on DSY and 

justified more than 99% of the variation of DSY. The 

regression equation of DSY in total two cropping years 

was as follows: 

DSYtotal = 0.911(FN) + 0.181(DSW) – 0.046(DFW) 
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Table 5. Mean comparison of triple interaction effect (maternal corm weight × saffron ecotype × nanofertilizer) of flowering traits in 
saffron. 

Weight Ecotype Fertilizer DSY FN FSW DSW SL FFW DFW Rank 

6 Birjand Fe 0.44 9.93 25.01 4.46 3.48 308.65 40.62 87 

6 Birjand P 0.44 10.06 25.67 4.28 3.16 301.00 37.23 91 
6 Birjand K 0.46 9.85 25.42 4.59 3.17 298.70 41.75 88 

6 Birjand Control 0.34 8.94 22.61 4.03 2.59 300.64 37.60 94 

6 Torbat-Jam Fe 0.52 10.31 25.92 5.05 3.33 323.62 42.54 73 

6 Torbat-Jam P 0.54 9.66 24.23 5.01 3.40 317.06 41.18 82 

6 Torbat-Jam K 0.44 9.56 25.23 4.63 3.44 311.50 40.41 86 

6 Torbat-Jam Control 0.50 10.59 25.52 4.86 2.79 311.37 40.54 90 

6 Ghaen Fe 0.38 7.95 24.93 4.94 3.20 308.65 41.27 89 

6 Ghaen P 0.35 8.24 24.71 4.44 3.35 301.00 38.18 92 

6 Ghaen K 0.31 7.88 22.93 3.95 2.82 298.70 34.45 96 

6 Ghaen Control 0.29 7.37 24.19 4.03 2.69 300.64 35.32 95 

6 Mashhad Fe 0.66 11.17 29.14 5.80 3.40 323.62 42.57 55 
6 Mashhad P 0.54 10.80 25.42 4.89 3.05 309.68 43.00 78 

6 Mashhad K 0.57 10.68 25.07 5.04 3.03 313.09 41.67 83 

6 Mashhad Control 0.55 10.75 26.98 4.97 3.14 317.15 38.51 77 

6 Torbat-Heidarieh Fe 0.73 12.03 28.15 5.47 3.69 327.98 42.54 52 

6 Torbat-Heidarieh P 0.66 11.37 27.22 5.49 3.48 314.79 41.80 65 

6 Torbat-Heidarieh K 0.55 10.76 24.97 5.06 3.73 298.10 39.13 75 

6 Torbat-Heidarieh Control 0.64 11.08 28.24 5.57 3.21 314.89 41.20 70 

6 Gonabad Fe 0.43 8.17 26.22 5.03 3.69 311.41 40.62 74 

6 Gonabad P 0.41 7.99 26.27 5.12 3.63 296.94 37.23 81 

6 Gonabad K 0.37 8.40 25.04 4.76 3.73 297.00 41.75 80 

6 Gonabad Control 0.28 7.77 23.72 4.64 3.06 275.39 37.60 93 

8 Birjand Fe 1.11 21.43 26.62 5.17 3.28 335.60 43.83 57 
8 Birjand P 1.00 20.13 26.97 5.00 3.52 326.39 40.74 69 

8 Birjand K 0.90 19.73 26.43 4.67 3.40 325.50 42.15 71 

8 Birjand Control 0.84 19.61 24.87 4.52 2.72 327.07 41.89 76 

8 Torbat-Jam Fe 1.17 20.70 30.59 5.48 3.47 341.00 43.83 40 

8 Torbat-Jam P 1.19 20.38 27.58 5.41 3.54 323.83 40.74 59 

8 Torbat-Jam K 1.02 19.04 28.33 5.21 3.54 334.83 42.15 53 

8 Torbat-Jam Control 0.97 19.04 29.39 5.39 2.90 321.29 41.89 63 

8 Ghaen Fe 0.96 18.64 26.81 5.17 3.13 335.60 44.03 62 

8 Ghaen P 0.93 18.79 26.64 5.00 3.64 326.39 41.73 66 

8 Ghaen K 0.89 18.59 24.77 4.67 3.30 325.50 40.37 79 

8 Ghaen Control 0.69 16.53 25.55 4.52 2.94 327.07 38.75 85 
8 Mashhad Fe 1.34 21.08 31.09 6.14 3.59 355.42 44.03 30 

8 Mashhad P 1.20 22.86 27.72 5.12 3.18 339.18 41.73 60 

8 Mashhad K 1.07 20.72 25.11 4.94 3.12 338.82 40.37 72 

8 Mashhad Control 1.17 20.17 26.88 5.73 3.05 339.00 38.75 64 

8 Torbat-Heidarieh Fe 1.45 21.81 30.06 6.14 3.99 355.42 43.09 26 

8 Torbat-Heidarieh P 1.31 21.01 29.69 5.70 3.45 346.29 40.81 45 

8 Torbat-Heidarieh K 1.11 20.52 26.41 5.33 3.54 331.39 41.85 58 

8 Torbat-Heidarieh Control 1.09 19.41 29.72 5.75 3.40 339.32 41.84 46 

8 Gonabad Fe 1.04 18.62 26.09 5.43 3.82 341.00 43.46 49 

8 Gonabad P 0.99 18.54 26.44 5.00 3.61 327.22 41.51 68 

8 Gonabad K 0.77 18.27 25.82 4.31 3.84 333.36 43.10 67 

8 Gonabad Control 0.66 17.43 24.43 4.75 3.35 319.38 39.52 84 
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Table 5. Continue 

Weight Ecotype Fertilizer DSY FN FSW DSW SL FFW DFW Rank 

10 Birjand Fe 1.70 29.52 30.00 5.50 4.14 366.41 44.54 14 

10 Birjand P 1.57 27.85 29.69 5.66 4.14 354.84 42.45 28 
10 Birjand K 1.44 28.84 26.87 5.05 3.88 352.45 44.24 38 

10 Birjand Control 1.14 26.20 27.84 4.62 3.19 362.84 42.77 50 

10 Torbat-Jam Fe 1.58 28.84 29.61 5.40 4.14 366.41 46.74 13 

10 Torbat-Jam P 1.66 29.94 26.99 5.24 4.14 354.84 45.72 29 

10 Torbat-Jam K 1.25 26.91 28.98 4.90 3.88 356.33 44.93 36 

10 Torbat-Jam Control 1.24 26.74 28.83 4.86 3.19 358.97 43.35 48 

10 Ghaen Fe 1.53 27.26 26.98 5.40 3.89 369.52 46.24 27 

10 Ghaen P 1.54 28.40 27.06 5.24 3.65 356.70 43.85 37 

10 Ghaen K 1.29 25.36 26.19 4.90 3.45 350.36 42.37 61 

10 Ghaen Control 1.19 23.47 26.92 4.86 3.54 359.62 40.75 56 

10 Mashhad Fe 1.89 28.93 32.24 6.24 3.89 372.15 46.24 9 
10 Mashhad P 1.86 31.64 28.99 5.58 3.65 351.73 43.85 31 

10 Mashhad K 1.57 28.18 27.35 5.20 3.45 358.56 42.37 42 

10 Mashhad Control 1.44 26.61 30.10 5.62 3.54 351.76 40.75 39 

10 Torbat-Heidarieh Fe 2.28 33.22 31.34 6.43 4.41 369.52 46.74 5 

10 Torbat-Heidarieh P 1.90 29.43 30.32 6.24 4.17 356.70 45.22 11 

10 Torbat-Heidarieh K 1.69 28.99 27.61 5.62 4.01 350.99 42.09 35 

10 Torbat-Heidarieh Control 1.52 26.47 29.41 5.78 3.48 358.98 46.69 25 

10 Gonabad Fe 1.53 26.98 26.98 5.50 4.41 372.15 44.54 20 

10 Gonabad P 1.54 26.87 27.06 5.66 4.17 354.60 42.45 33 

10 Gonabad K 1.29 25.40 26.19 5.05 3.74 360.24 44.24 41 

10 Gonabad Control 1.01 25.80 26.92 4.62 3.75 347.21 42.77 51 
12 Birjand Fe 2.79 48.55 31.80 5.49 3.74 362.15 46.10 10 

12 Birjand P 2.28 44.13 30.22 4.95 4.01 354.81 44.87 18 

12 Birjand K 2.25 40.46 28.96 5.49 3.36 352.51 44.30 32 

12 Birjand Control 1.72 37.23 26.90 4.47 3.21 354.96 43.70 47 

12 Torbat-Jam Fe 2.89 47.06 32.16 5.88 4.26 373.18 46.10 3 

12 Torbat-Jam P 3.11 45.88 29.58 5.98 4.16 360.13 44.40 7 

12 Torbat-Jam K 2.25 39.70 30.46 5.46 3.94 358.65 43.66 17 

12 Torbat-Jam Control 2.32 38.94 32.91 5.81 3.78 373.18 44.81 8 

12 Ghaen Fe 1.97 38.85 28.56 5.07 3.74 359.68 46.38 23 

12 Ghaen P 2.25 42.01 29.11 5.26 4.01 354.30 44.38 19 

12 Ghaen K 2.23 41.00 26.93 5.17 3.36 352.30 42.66 43 

12 Ghaen Control 1.55 34.99 27.64 4.49 3.21 354.81 41.32 54 
12 Mashhad Fe 2.95 46.14 31.80 6.19 4.18 385.48 46.38 1 

12 Mashhad P 2.48 45.04 29.25 5.56 3.69 366.35 44.38 12 

12 Mashhad K 2.79 44.08 27.85 5.81 3.41 372.98 42.66 21 

12 Mashhad Control 2.27 41.06 28.99 5.87 3.55 369.63 41.32 24 

12 Torbat-Heidarieh Fe 3.12 49.29 32.16 5.95 4.26 373.18 45.43 2 

12 Torbat-Heidarieh P 3.12 44.78 31.22 6.43 4.16 372.01 44.45 4 

12 Torbat-Heidarieh K 2.67 45.58 29.41 5.84 3.94 354.13 43.36 15 

12 Torbat-Heidarieh Control 2.82 41.53 32.31 6.78 3.78 365.81 45.37 6 

12 Gonabad Fe 2.16 40.63 28.56 5.19 4.18 360.80 46.02 16 

12 Gonabad P 2.62 42.73 29.11 5.72 3.69 339.48 44.28 22 

12 Gonabad K 2.11 43.28 26.93 4.92 3.41 360.01 46.41 34 
12 Gonabad Control 1.67 35.21 27.64 5.20 3.55 332.46 41.90 44 

HSD (5%) 2.37 38.57 6.66 1.60 1.32 31.30 7.23 --- 
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Table 6. Correlation coefficients between flowering 

characteristics in saffron. 

 
DSY 

 
    

FN ♣ 0.98 
** 

FN 
    

FSW 0.61 
** 

0.55 
** 

FSW 
   

DS
W 

0.63 
** 

0.52 
** 

0.77 
** 

DSW 
  

SL 0.51 
** 

0.47 
** 

0.57 
** 

0.55 
** 

SL 
 

FFW 0.61 
** 

0.60 
** 

0.66 
** 

0.56 
** 

0.53 
** 

FFW 

DF

W 

0.48 

** 

0.47 

** 

0.57 

** 

0.53 

** 

0.50 

** 

0.68 

** ♣
- Abbreviations are described in materials and methods 

 

Overall, it was concluded that traits FN, DSW and 

DFW were the most effective traits on DSY. Therefore, 

any increasing or improvement in these traits will increase 

DSY. Previous researches have shown that the correct 

saffron farm management including proper planting date, 

optimal use of fertilizer, appropriate planting density, 

selection of larger corms and timely irrigation saffron 

farms especially in the final stages of the growing season 

play the most effective roles in markedly improving yield 

components and subsequently increasing saffron in the 

first year and the coming years. Molina, et al., (2005) and 

Vurdu, et al., (2002) pointed out that mature and bigger 

corms gave more flowers and daughter corms. Therefore, 
one of the objectives in production of saffron is to obtain 

bigger corms (Omidbaigi, 2005).  

 

Table 7. Regression coefficients of saffron yield using stepwise method. 

Year Model 
Unstandardized Coefficients 

Standardized 

Coefficients t R2 
Durbin 

Watson 
B Std.Error Beta 

2013 

Intercept -1.512 0.242 --- -6.253 **   
FN 0.036 0.005 0.494 6.665 **   
DSW 0.207 0.029 0.424 7.149 **   
SL 0.117 0.026 0.179 4.582 **   
FSW -0.022 0.008 -0.186 -2.91 **   
FFW 0.003 0.001 0.215 2.813 **   
     0.91 1.367 

2014 

Intercept -0.732 0.295 --- -2.480 *   

FN 0.058 0.001 0.934 54.293 **   
DSW 0.398 0.023 0.214 17.256 **   
DFW -0.019 0.005 -0.044 -3.416 **   
FFW -0.002 0.001 -0.041 -2.177 *   
     0.99 1.718 

Total 

Intercept -0.901 0.145 --- -6.218 **   
FN 0.056 0.001 0.911 91.323 **   
DSW 0.304 0.017 0.181 17.486 **   

DFW -0.017 0.004 -0.046 -4.556 **   
     0.99 1.96 

a
 - Abbreviations are described in materials and methods 

CONCLUSIONS 

Results showed significant differences between years, 
nanofertilizers, maternal corm weights, saffron ecotypes 

and their interactions in terms of all flowering traits. 

Furthermore, it was clear that nanofertilizers (especially 

Fe) compared to the control increased the production of all 

these traits. Meteorological data illustrated that Torbat-

Heydarieh, Urmia and Mashhad regions have the same 

climatic. However, it was the ecotypes of Torbat-

Heydarieh and Mashhad regions that had the highest 

saffron yield in the Urmia region. On the other hand, it 

was highlighted that maternal corm weight had more 

positive effects on flowering traits rather than 
nanofertilizers and saffron ecotypes. Increasing maternal 

corm weight from 6 to 12 grams conferred an increase in 

all traits, especially dry saffron yield, at an increase of 

5.17 times and flower number, an increase of 4.4 times. 

From the results of the stepwise regression and correlation 

coefficients, it was determined that the following traits: 

flowers number, dry stigma weight and dry flower weight, 

were the most effective indicators of dry saffron yield. In 

general, it can be concluded that the yield and flowering 

traits of saffron are strongly influenced by environmental 

conditions and farm management. Therefore, the correct 
choice of saffron ecotypes, nanofertilizer and maternal 

corm weight can be considered the most crucial factors in 

farm management and economic production of saffron. 
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