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Abstract. Saffron is highly valued for its unique aroma, taste, color, and medicinal 
properties. Iran is one of the most important saffron-producing countries. The present 
study aimed to investigate the effect of climatic and environmental characteristics of 
six sites (Shirvan, Faruj, Zavareh, Torbat-e Heydarieh, Ghayen, and Birjand) on the 
yield and qualitative, and biochemical characteristics of saffron. The studied sites were 
considered as treatments. The obtained data were analyzed based on a nested design, 
where the village within the site was considered an experimental error, and the farm 
within the village within each site was considered a sampling error. The Torbat-e Hey-
darieh treatment with altitudes of ~1323.3 m produced the maximum saffron flower 
yield (0.83 g m2), stigma yield (0.098 g m2), safranal content (15.8%), picrocrocin con-
tent (30.6%), and crocins content (69.3%). Evidently that the low maximum summer 
temperature in the area is one of the reasons for its superiority. The correlation analysis 
between traits shows that the maximum summer temperature had a significant nega-
tive correlation with saffron flower yield, stigma yield, and picrocrocin and crocin con-
tent. Results showed the highest total flavonoid and phenol content and DPPH activity 
related to Shirvan and Faruj. Although the results showed that selenium could increase 
the quantitative and qualitative yield of saffron, this requires further studies to confirm 
it. Based on the findings, it is concluded that I) qualitative and quantitative character-
istics of saffron are strongly controlled by the environmental and climatic conditions 
and II) Razavi Khorasan province had a significant advantage in terms of flower and 
stigma yield and safranal, picrocrocin and crocin content of saffron and North Kho-
rasan province in terms of biochemical characteristics.

Keywords: DPPH activity, maximum summer temperature, saffron flower yield, safra-
nal content, selenium, stigma yield. 
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INTRODUCTION

Saffron (Crocus sativus L.) is one of the most expen-
sive cash crops among medicinal plants in the world and 
thus it has been called “the red gold” (Cardone et al., 
2020). From ancient times, saffron has been used as a 
dye for fabrics, a condiment to enrich food, and a drug 
to treat various human diseases (Cardone et al., 2019). 
Saffron is the most expensive spice globally, and it has 
a special place in Iran’s industrial and export products 
(Kafi et al., 2018). In addition to the stigma and corm 
yield, the spice quality represents an important param-
eter that contributes to increase the saffron economic 
value. Quality is determined chemically by three main 
secondary metabolites: safranal (C10H14O, a major com-
ponent of essential oil), picrocrocin (C16H26O7, monoter-
pene glycoside, a precursor of safranal), and crocin 
(C44H64O24, water-soluble crocetin esters), which are 
responsible for the odor, bitter taste, and color, respec-
tively (Cardone et al., 2020).

Saffron is mainly cultivated in Iran (the source of 
more than 90% of world production), followed by India, 
Spain, Morocco, Greece, and Italy (Babaei et al., 2014; 
Shokrpour, 2019). Saffron global production is estimated 
at 418 t y-1 on 121,338 ha. It is known as beneficial for 
human health due to three main bioactive compounds: 
crocin, picrocrocin, and safranal (Cardone et al., 2020). 
Saffron cultivation dates back to more than 750 years 
in the southern and central regions of Khorasan, Iran 
(Kafi et al., 2018). Although Iran is the leading producer 
of this product in the world with an annual production 
of 200 tons of dry saffron from more than 60,000 ha 
of arable land, the maximum yield of saffron in Iran is 
about 7.5 kg ha-1, and the average is 3.96 kg ha-1, which 
shows a significant difference compared to countries 
such as Spain with 15 kg ha-1 and Pakistan with 9 kg ha-1 
(Feli et al., 2018).

Recently, several researchers studied how different 
parameters such as temperature, humidity, light, sub-
strate, mother corm dimension, planting density and 
application of nutritional elements, affect stigma and 
corm yield (Ghanbari et al., 2019; Cardone et al., 2020). 
Moreover, many factors are conducing to the growth, 
development, and yield of saffron, the most important of 
which are climatic and environmental conditions (Rahi-
mi et al., 2017). Ecological and climatic conditions, e.g., 
temperature, soil, and water content, noticeably affect 
both the quantitative and qualitative traits of saffron 
(Amirnia et al., 2014). Maleki et al. (2017) reported that 
the flowering and yield of this plant are directly related 
to ecological conditions and field management. Temper-
ature is the most critical environmental factor in con-

trolling the growth and flowering in Crocus species. The 
optimum temperature for flower initiation and devel-
opment of the corms is 23–27 °C (Rahimi et al., 2017). 
Besides, saffron cultivation in the world shows that the 
adaptability to soil types, temperatures, and day length 
encourages its production from the Mediterranean basin 
to the Middle East (Baghalian et al., 2010). This is why 
some scientists believe that although saffron reproduces 
only by vegetative propagation, it displays consider-
able morphological and biochemical variations between 
and within populations (Baghalian et al., 2010; Moradi 
et al., 2020). Saffron grows well in temperate and dry 
environments, while cold weather has a vital role in its 
vegetative growth. However, some reports suggest rainy 
autumns, mild winters, and warm summers as the opti-
mal climatic conditions for this species (Ghorbani and 
Koocheki 2017; Hussain et al., 2019). In this regard, Lage 
and Cantrell (2009) reported that the analysis of the 
environment effect on saffron quality showed that just 
the altitude affects crocins. Using principal component 
analysis (PCA), Cardone et al. (2019) demonstrated that 
the cultivation site with higher temperature and without 
excessive rain during the flowering period generated the 
best stigma yield with high-quality traits. In this regard, 
Perpina et al. (2013) showed that the most suitable areas 
for biomass production in Valencia (Spain) were located 
in the vicinity of residential zones. Maleki et al. (2017) 
reported that the soil and climatic variables have a major 
role in the development of saffron cultivation.

Secondary metabolic profiles have been studied in 
different plants such as saffron (Parizad et al., 2019). 
Environmental conditions associated with the geograph-
ical origin, including altitude, temperature, rainfall, 
humidity, and soil properties, influence the plant devel-
opment and growth and may have strong effects on the 
plant’s secondary metabolite production (Jelínek et al., 
2012; Parizad et al., 2019). Parizad et al. (2019) report-
ed that more than 92% of Iran’ saffron is cultivated in 
Razavi Khorasan and South Khorasan provinces. Hence, 
this work aimed to study the yield, quality, and second-
ary metabolites of saffron in six cities of North, Razavi, 
and South Khorasan provinces.

MATERIALS AND METHODS

Experimental conditions and plant materials

The experiments were conducted on saffron cultivat-
ed (three-year-old) under diverse environments, includ-
ing six cities in North, Razavi, and South Khorasan 
provinces (Shirvan, Faruj, Zavareh, Torbat-e Heydarieh, 
Ghayen, and Birjand) during the growing seasons 2018-
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2019. Six sites (with three villages in each site and three 
farms in each village) with different climates and alti-
tudes were chosen for saffron cultivation (Fig. 1). In each 
site, geographical and climatic factors including rela-
tive humidity, maximum and minimum temperatures, 
annual frost days, average annual temperature, and rain-
fall were obtained from the nearest meteorology stations 
(Table 1).

Corms of 3.0–3.5 cm horizontal diameter and 14.0–
19.0 g weight were sown in August at each site from 
Torbat-e Heydarieh origin. Corms were placed in raised 
beds, 80 cm wide and 30 cm high from soil level, with 
three rows of corms in each ‘‘bed’’ at 10 cm depth, 20 cm 
apart rows, and 5 or 6.7 cm within rows to the adopted 
density. The studied sites were considered treatments. The 
obtained data were analyzed based on a nested design. 
The village within the site was considered an experimen-
tal error, and the farm within the village within each site 
was considered a sampling error. In all areas, the soil was 
fallow in the previous year, and no fertilizer and no irri-
gation were applied. Weeds management was carried out 
by hand throughout the experiment.

Measurement of yield and qualitative characteristics 

Whole flowers (in 1 m2 for each farm) were manu-
ally picked daily early in the morning in the first hours 
after sunrise and before the flower had wholly opened. 

Immediately after flower picking, stigmas were separated 
by hand and dried in a forced-air oven (BM-55E, Fanaz-
ma-Gostar Company, Iran) at 30 °C for 24 h. The flower 
and stigma yield was calculated per unit area of 1 m2.

To measure the content of crocins (color agent), pic-
rocrocin (bitter taste agent), and safranal (odor agent),  
stigmas related to each farm were dried at 55 °C for 45 
min, then weighed and powdered for chemical analysis. 
The chemical analysis was performed according to ISO-
3632 method, from which exactly the Iranian National 
Standard No. 259-2 has been adapted (Maleki Farahani 
and Aghighi Shahverdi, 2015). For this purpose, UV/Vis-
ible spectrophotometer (Jenway-6305, France) measuring 
the number of crocins, safranal, and picrocrocin, were 
used at wavelengths of 440, 330, and 257 nm, respective-
ly. To compare the mean of the treatments, equation [1] 
was used (Esfanjani et al., 2017).

E1% 1cm = 10000 × OD/m (100-H) [1]

Whereas: E1% 1cm is aqueous saffron extract; OD: 
specific absorption, m: the weight of sample load in 
grams per 100 ml; and H: moisture content of the dry 
stigmas, which is usually between 8 and 10%.

Biochemical analyzes

To measure the biochemical analyzes such as antho-
cyanin, total flavonoid, and total phenol content as well 
as DPPH radical scavenging activity, sampling of total 
flowers in three replications was performed by the fol-
lowing methods.

Measurement of anthocyanin content 

The anthocyanin content was measured spectro-
photometrically as described previously (Sakamoto and 
Suzuki, 2019), with modifications. Fresh samples (total 
flower) were promptly dried in an oven at 55 °C for 
six h. Dried samples were weighed and soaked in 1 ml 
methanol containing 1% HCl and were incubated at 95 
°C for 15 min. The sample was then cooled to room tem-
perature. After removing the solids, the absorbance of 
the supernatant was measured at 533 nm, and a standard 
calibration curve was prepared using cyanidin-3-gluco-
side (CY).

Measurement of total flavonoid content

The total flavonoid content of samples’ extracts (total 
flower) in different sites was determined by Esmaeelian 

Fig. 1. Different sites location of North, Razavi, and South Kho-
rasan provinces in the map of Iran.
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et al. (2020) method. A 0.5 ml aliquot of 20 g L-1 AlCl3 
ethanolic solution was added to 0.5 ml of extract solu-
tion. After one hour at room temperature, the absorb-
ance at 240 nm was measured. The yellow color indi-
cated the presence of flavonoids. Extract samples were 
evaluated at a final concentration of 0.1 mg ml-1, Total 
flavonoids content was expressed as Quercetin (QE) (mg 
QE/g DW).

Measurement of total phenol content

The total phenol content was measured spectro-
photometrically using the Folin–Ciocalteu method 
described previously (Baba et al., 2015), with slight 
modifications. The samples (50 mg fresh weight of total 
flower) were homogenized with 500 µL of 90% metha-
nol. The sample was then centrifuged at 10,000× g for 5 
min. The supernatant (20 µL) was diluted with 680 µL of 
distilled water, and 50 µL of phenol reagent was mixed. 
After adding 300 µL of 5% sodium carbonate, the mix-
ture was incubated at 25 οC for 30 min in the dark. The 
supernatant’s absorbance was measured at 765 nm, and a 
standard curve was prepared using gallic acid (GA). 

Measurement of DPPH radical scavenging activity

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 
scavenging activity was determined by using the meth-
od described by Sánchez-Vioque et al. (2012). The reac-
tion mixture (total volume 3 ml), consisting of 0.5 ml 
of 0.5 M acetic acid buffer solution at pH 5.5, 1 ml of 
0.2 mM DPPH in ethanol, and 150, 200, and 250 µmol 
ml-1 solution, was shaken vigorously with various sam-

ples (total flower). After incubation at room tempera-
ture for 30 min, the remaining DPPH was determined 
by absorbance at 517 nm, and the radical scavenging 
activity of each sample was expressed using the ratio 
of the absorption decrease of DPPH (%) to that of the 
control DPPH solution (100%) in the absence of the 
sample. The radical scavenging activity was calculated 
(%) =100(A-B)/A, where A and B are 517 nm absorption 
of the control and the corrected absorption of the sam-
ple reaction mixture.

Measurement of selenium, cadmium, arsenic, lead, and 
nickel content in saffron, water, and soil 

The samples (soil and plant) were dried in the oven 
(60 to 65 °C). One-gram sample was added to 15 ml of 
a combination of three acids (nitric, perchloride, and 
sulfuric acids with 5:1:1 ratio, respectively). The mix-
tures were then digested at 80 °C until a clear solu-
tion was obtained, which was reduced to 50 mL using 
distilled water. The solutions were measured to deter-
mine the concentration of the heavy metals (Williams 
and Lambert, 1959). Also, the soils collected from the 
farms were transferred to the laboratory after drying 
and passing through 2 mm sieve. One-gram dry soil 
was mixed in a ratio of 1:3 with 6 M hydrochloric acid 
and concentrated nitric acid and heated for 24 h at 90 
°C with nitric acid 2 M to a volume of 50 ml (Chen and 
Ma, 2001). Finally, the concentrations of heavy metals 
such as selenium, cadmium, arsenic, lead, and nickel 
in the saffron, water, and soils under study were deter-
mined using an atomic absorption spectrometer (Avan-
ta-P model, GBC-Australia).

Table 1. Details and environmental characteristics of the trials different sites of North, Razavi, and South Khorasan provinces of Iran.

Site 
number Site name* Province Longitude 

(E)
Latitude 

(N)
Altitude 
(m.a.s.l)

Relative 
humidity 

(%)

Minimum 
winter 

temperature 
(°C)

Maximum 
summer 

temperature 
(°C)

Number of 
annual frost 

days

Average 
annual 

temperature 
(mm)

Average 
annual 
rainfall 
(mm)

S1 Shirvan NK 57°99’111’’ 37°17’111’’ 1168.33 60 25.2 41.6 107 13.1 226.7
S2 Faruj NK 58°17’222’’ 37°14’033’’ 1207.33 57 23.0 41.5 89 12.6 243.6
S3 Zavareh RK 59°32’333’’ 35°16’689’’ 1370.33 45 24.0 41.0 89 14.5 245.0

S4 Torbat-e 
Heydarieh RK 59°19’178’’ 35°39’089’’ 1323.33 45 24.6 40.6 88 14.3 246.2

S5 Ghayen SK 58°95’856’’ 33°41’389’’ 1768.33 40 27.2 42.0 88 14.7 161.0
S6 Birjand SK 59°34’467’’ 32°46’078’’ 1812.66 35 21.5 43.0 71 16.5 147.4

NK: North Khorasan; RK: Razavi Khorasan; SK: South Khorasan; m.a.s.l: meter above mean sea level.
* Shirvan villages: Vorg, Razmoghan, Feizabad; Faruj villages: Siahdasht, Seghonbad, Mafraangha; Zavareh villages: Karizbala, Dolatabad, 
Safiabad; Torbat-e Heydarieh villages: Abrod, Damesk, Molkabad; Ghayen villages: Tajan, Andrik, Penhaei; Birjand villages: Nofrest, Galian, 
Chaj
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Statistical analysis

After checking the data distribution normality 
assumption through employing Kolmogorov-Smirnov 
and Shapiro-Wilk tests, data were analyzed using a Sta-
tistical Analysis System software (SAS Institute, Cary, 
NC, USA, Version 9.2) and Minitab version 19. Statistical 
analysis was performed using nested design and means 
were compared with a Least Significant Difference (LSD) 
test at p≤0.05. The p-values of less than 0.05 were consid-
ered statistically significant. Data collected from differ-
ent sites have been compared by correlation coefficients, 
PCA, and cluster analysis by Statistical Analysis System 
software and Minitab software.

RESULTS

Quantitative (flower and stigma yield) and qualitative 
(safranal, picrocrocin, and crocins content) traits

According to the variance analysis of the studied 
traits (Table 2), there were significant differences among 
cultivation sites concerning the saffron quantitative 
(flower and stigma yield) and qualitative (safranal and 
crocins content) characteristics (p≤0.05). The S4 treat-
ment (Torbat-e Heydarieh) with altitudes of ~1323.33 
m.a.s.l produced the maximum saffron f lower yield 
(0.83 g m-2), stigma yield (0.098 g m-2), safranal content 
(15.8%), picrocrocin content (30.6%), and crocins content 
(69.3%). Results showed the lowest saffron flower yield 
(0.63 g m-2), safranal content (11.7%), and picrocrocin 
content (22.2%) were achieved in S5 (Ghayen). Also, 
Zavareh (S3) and Birjand (S6) showed the lowest stigma 
yield (0.081 g m-2) and crocins content (39.9%), respec-
tively (Table 3). 

Biochemical traits

As shown in Table 2, the effect of treatment (sites) 
was significant on total flavonoid content (p≤0.01), total 
phenol content (p≤0.01), and DPPH activity in 150, 
200, and 250 µmol ml-1 concentrations (p≤0.05). Means 
comparison showed the highest total flavonoid content 
(14.01 and 14.14 mg QE g-1 DW) and total phenol con-
tent (125.5 and 126.5 mg GA g-1 DW) and DPPH activ-
ity related to S1 (Shirvan) and S2 (Faruj). Moreover, 
Zavareh (S3) site produced the maximum means of total 
flavonoid and phenol content (14.16 mg QE g-1 DW and 
126.6 mg GA g-1 DW). While S5 (Ghayen site) had the 
lowest total flavonoid (13.4 mg QE g-1 DW) and phenol 
(117.3 mg GA g-1 DW) content and DPPH activity in 
150, 200,and 250 µmol ml-1 concentrations (29.9, 39.8, 
59.6%, respectively) (Table 3). The results indicated that 
saffron cultivated in S1 and S2 sites (North Khorasan 
province) has the highest phenol and flavonoids content 
as well as total antioxidant activity (DPPH) and S5 and 
S6 sites (South Khorasan province) has the lowest range 
of mean traits.

Heavy metals content in water, soil, and saffron

The analysis of saffron, soil, and water in saffron 
cultivation in the studied areas is different in terms of 
the amount of heavy elements namely, selenium, lead, 
nickel, cadmium, and arsenic. Data analysis results indi-
cated that there was selenium in saffron, cadmium in 
soil, arsenic in saffron and soil, and nickel and lead in 
saffron, water, and soil. The analysis of variance of the 
data showed a significant difference in the saffron sele-
nium in different sites (Table 4). As shown in Fig. 2, the 
highest saffron selenium was related to S4 (2.021 mg 

Table 2. Variance analysis of yield, qualitative, and biochemical traits of saffron plant in the different sites of North, Razavi, and South Kho-
rasan provinces of Iran.

S.O.V df

Mean square (MS)

Saffron 
flower 
yield

Stigma 
yield

Safranal 
content

Picrocrocin 
content

Crocins 
content

Anthocyanin 
content

Total 
flavonoid 
content

Total 
phenol 
content

DPPH 
(µmol ml-1)

150 200 250

Treatment 5 0.0534* 0.00039* 22.07* 85.70ns 994.9* 0.052ns 0.916** 145.6** 268.2* 271.9* 472.3*
Experimental error* 12 0.0152 0.00011 8.19 36.49 357.6 0.060 0.168 19.83 68.77 76.72 133.4
Sampling error** 36 0.0022 0.00004 0.098 0.27 0.74 0.018 0.0033 0.34 0.21 0.28 0.33
CV (%) - 6.21 7.91 2.28 2.11 1.52 4.38 0.41 0.47 1.24 1.15 0.86

ns: non-significant; * and **: significant at 5 and 1% probably level, respectively.
* Village within site was considered as an experimental error.
** Farm within the village within each site was considered as a sampling error.
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kg-1), and the lowest was S5 (1.435 mg kg-1). The water 
and soil of sites lacked selenium.

The highest lead content in saffron (11.92 mg kg-1), 
water (6.75 mg kg-1), and soil (11.62 and 11.79 mg kg-1) were 
related to S2, S1, and S1 and S5 sites, respectively. The low-
est saffron lead in the S1 and S5 (1.903 and 1.824 mg kg-1) 
was observed. S4 and S2 showed the lowest means of soil 
and water lead (7.983 and 0 mg kg-1), respectively. Over-
all, the results showed that the highest lead content was in 
North Khorasan province, and the other two areas did not 
differ much in terms of the average of this trait (Fig. 3).

Nickel content in soil was much higher than water 
and plant samples in all studied sites. Also, soil nickel 

content in Khorasan Razavi province increased by 88.4% 
and 68.8% compared to North and South Khorasan, 
respectively. The highest soil and saffron nickel was 
achieved at S3 (235.2 mg kg-1) and S6 (3.761 mg kg-1), 
respectively. In contrast, S5 and S1 showed the lowest 
means of soil and saffron nickel content (19.15 and 2.088 
mg kg-1), respectively. Only the nickel was observed in 
the water sample of the S4 site (1.38 mg kg-1) (Fig. 4).

The results showed that the cadmium was observed 
only in the soil of the S1 site by 0.241 mg kg-1, and other 
sites and water and saffron lacked this element (Fig. 5).

As shown in Fig. 6, the highest soil arsenic content 
(6.985 mg kg-1) was related to the S3 site, and the lowest 

Table 3. Mean comparison of yield, qualitative, and biochemical traits of saffron plant in the different sites of North, Razavi and South Kho-
rasan provinces of Iran.

Sites
Saffron 

flower yield 
(g m-2)

Stigma yield
(g m-2)

Safranal 
content (%)

Picrocrocin 
content

(%)

Crocins 
content

(%)

Anthocyanin 
content

(mg CY g-1 
DW)

Total 
flavonoid 

content (mg 
QE g-1 DW)

Total phenol 
content (mg 
GA g-1 DW)

DPPH activity (%) 
(µmol ml-1)

150 200 250

S1 0.80±
0.02 ab

0.091±
0.003 abc

14.5±
0.22 ab

25.4±
1.38 a

59.8±
5.7 ab

3.21±
0.05 a

14.01±
0.053 a

125.5±
0.42 a

41.3±
2.13 ab

51.0±
2.63 a

72.3±
2.65 a

S2 0.78±
0.01 ab

0.092±
0.002 ab

14.0±
0.16 ab

24.8±
0.50 a

54.9±
3.1 ab

3.11±
0.04 a

14.14±
0.066 a

126.5±
0.95 a

44.5±
1.94 a

53.2±
2.11 a

74.8±
2.80 a

S3 0.69±
0.02 bc

0.081±
0.002 c

12.02±
0.28 b

24.2±
0.30 a

63.9±
0.33 a

3.19±
0.05 a

14.16±
0.014 a

126.6±
0.17 a

38.8±
0.26 abc

47.1±
0.074 ab

72.4±
0.192 a

S4 0.83±
0.03 a

0.098±
0.002 a

15.8±
1.11 a

30.6±
1.93 a

69.3±
3.06 a

3.04±
0.06 a

13.5±
0.133 bc

119.7±
1.48 b

32.7±
1.22 cd

40.1±
1.06 b

58.3±
2.56 b

S5 0.63±
0.01 c

0.081±
0.002 bc

11.7±
0.21 b

22.2±
0.38 a

52.3±
0.43 ab

3.10±
0.07 a

13.4±
0.067 c

117.3±
0.36 b

29.9±
1.2 d

39.8±
0.62 b

59.6±
0.92 b

S6 0.79±
0.02 ab

0.090±
0.004 abc

14.2±
0.38 ab

22.2±
0.30 a

39.9±
3.34 b

3.03±
0.05 a

13.90±
0.01 ab

120.3±
0.21 b

35.4±
0.53 bcd

45.1±
0.22 ab

63.3±
0.30 ab

LSD 0.126 0.011 3.11 3.40 19.90 0.25 0.42 4.57 8.51 8.99 11.86

Data are expressed as the mean ± standard error (n = 3) based on three replicates at each site. Means with different letters in a column show 
differences at a significance level of 5% according to Duncan’s multiple range test (DMRT). 
Shirvan (S1); Faruj (S2); Zavareh (S3); Torbat-e Heydarieh (S4); Ghayen (S5); Birjand (S6).

Table 4. Mean comparison of the heavy metals content in water, soil, and saffron cultivated in the different sites of North, Razavi, and South 
Khorasan provinces of Iran.

S.O.V. df

Mean square (MS)

Selenium (Se) Lead (Pb) Nickel (Ni) Cadmium (Cd) Arsenic (As)

Saffron Water Soil Saffron Water Soil Saffron Water Soil Saffron Water Soil Saffron Water Soil

Treatment 5 0.55** - - 139.1* 54.9ns 26.2** 3.78ns 2.85* 88229.4* - - 0.086* 91.9** - 15.8**
Experimental error* 12 0.080 - - 35.43 63.14 2.58 7.90 0.87 17847.3 - - 0.021 16.38 - 1.98
Sampling error** 36 0.0151 - - 0.014 0.41 0.115 0.013 0.010 3.72 - - 0.00005 0.0008 - 0.042
CV (%) - 7.33 - - 3.10 20.80 3.51 3.67 45.29 1.85 - - 18.21 1.63 - 3.68

ns: non-significant; * and **: significant at 5 and 1% probably level, respectively.
* Village within site was considered as an experimental error.
** Farm within the village within each site was considered as a sampling error.
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(3.379 mg kg-1) to S6. Water samples from the tested sites 
did not contain arsenic. Also, saffron samples grown at 
S1 and S5 sites had arsenic elements (3.08 and 7.84 mg 
kg-1, respectively).

Simple correlation coefficient, PCA, and cluster analysis

Pearson’s correlation coefficient matrix of all the 
measured variables with quantitative (flower and stigma 
yield) and qualitative (safranal, picrocrocin, and crocins 
content) traits is reported in Table 5. There were signifi-
cantly negative and positive correlations among quanti-
tative and qualitative properties as well as environmen-
tal and climatic characteristics. For example, the stigma 
yield was significantly and positively correlated with saf-
fron flower yield, safranal and picrocrocin content, and 

S1 S2 S3 S4 S5 S6
Soil 0 0 0 0 0 0
Water 0 0 0 0 0 0
Saffron 1,931 1,447 1,572 2,021 1,435 1,654
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Fig. 2. Selenium content in water, soil, and saffron cultivated in 
the different sites of North, Razavi, and South Khorasan provinces 
of Iran (Shirvan (S1); Faruj (S2); Zavareh (S3); Torbat-e Heydarieh 
(S4); Ghayen (S5); Birjand (S6)).

Fig. 3. Lead content in water, soil, and saffron cultivated in the dif-
ferent sites of North, Razavi, and South Khorasan provinces of Iran 
(Shirvan (S1); Faruj (S2); Zavareh (S3); Torbat-e Heydarieh (S4); 
Ghayen (S5); Birjand (S6)).

Fig. 4. Nickel content in water, soil, and saffron cultivated in the 
different sites of North, Razavi, and South Khorasan provinces of 
Iran (Shirvan (S1); Faruj (S2); Zavareh (S3); Torbat-e Heydarieh 
(S4); Ghayen (S5); Birjand (S6)).
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Fig. 5. Cadmium content in water, soil, and saffron cultivated in 
the different sites of North, Razavi and, South Khorasan provinces 
of Iran (Shirvan (S1); Faruj (S2); Zavareh (S3); Torbat-e Heydarieh 
(S4); Ghayen (S5); Birjand (S6).

Fig. 6. Arsenic content in water, soil, and saffron cultivated in the 
different sites of North, Razavi and South Khorasan provinces of 
Iran (Shirvan (S1); Faruj (S2); Zavareh (S3); Torbat-e Heydarieh 
(S4); Ghayen (S5); Birjand (S6).
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Table 5. Pearson correlation coefficient between environmental and climatic traits and biochemical attribute with flower and stigma yield 
and quality of saffron in different sites of North, Razavi, and South Khorasan provinces of Iran.

 Saffron flower 
yield 

Stigma 
yield 

Safranal 
content 

Picrocrocin 
content 

Crocins 
content 

Saffron flower yield 1     

Stigma yield 0.60 1    

Safranal content 0.85 0.68 1   

Picrocrocin content 0.59 0.47 0.72 1  

Crocins content 0.24 0.16 0.27 0.78 1 
Anthocyanin content 0.13 -0.01 0.09 0.04 0.04 
Total flavonoid content 0.24 -0.01 0.21 0.07 -0.04 
Total phenol content 0.24 0.03 0.22 0.19 0.14 
DPPH-150 0.16 -0.02 0.16 0.01 -0.14 
DPPH-200 0.09 -0.12 0.09 -0.09 -0.23 
DPPH-250 0.05 -0.16 0.08 -0.01 -0.08 
Se-saffron 0.40 0.28 0.44 0.50 0.32 
Pb-saffron 0.20 0.20 0.08 -0.03 0.09 
Ni-saffron -0.13 -0.25 -0.19 0.04 0.24 
As-saffron -0.31 -0.18 -0.27 -0.04 0.16 
Pb-water 0.15 0.18 0.09 -0.02 -0.07 
Ni-water 0.00 0.21 -0.03 0.16 0.19 
Pb-Soil -0.36 -0.26 -0.36 -0.21 0.06 
Ni-Soil 0.09 -0.05 0.06 0.29 0.42 
Cd-Soil 0.28 0.23 0.18 0.14 0.21 
As-Soil -0.54 -0.49 -0.51 -0.09 0.28 
Relative humidity 0.25 0.28 0.18 0.22 0.31 
Minimum winter 
temperature -0.38 -0.21 -0.27 0.05 0.29 

Maximum summer 
temperature -0.37 -0.55 -0.12 -0.55 -0.70 

Number of annual frost 
days 0.04 0.02 0.04 0.22 0.43 

Average annual 
temperature -0.12 -0.15 -0.09 -0.25 -0.38 

Average annual rainfall 0.25 0.20 0.19 0.48 0.60 
Altitude -0.30 -0.23 -0.19 -0.34 -0.44 
Latitude  0.27 0.22 0.20 0.31 0.41 
Longitude  -0.10 -0.03 -0.16 -0.09 -0.09 

 

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

High negative correlation                                                            Non-correlation                                        High positive correlation 
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Se-saffron content. However, the saffron flower yield and 
stigma yield were negatively and significantly correlated 
with the Pb-soil, As-soil, and the maximum summer 
temperature. Interestingly, Se-saffron and latitude had 
a positive effect on increasing the flowers and stigmas 
yield as well as quality. While increasing the altitude 
and maximum summer temperature leads to a decrease 
in yield and quality in saffron. Moreover, saffron’s bio-
chemical traits had no significant negative or positive 
correlation with quantitative and qualitative yield. In 

general, the results of this section showed that increas-
ing climatic parameters, average annual rainfall, average 
humidity, and latitude leads to increased quantitative 
and qualitative performance.

Regarding the relationship among quantity, qual-
ity, biochemical, environmental, and climatic charac-
teristics, all studied characteristics were analyzed by 
using PCA. Combined, PC1 (38.5%) and PC2 (23.2%) 
accounted for 61.7% of the total variance of the data 
(Fig. 7). The first PC (PC1) is characterized by relative 
humidity and latitude. This is appropriate because the 
Pearson correlation showed a significant correlation 
between yield and quality traits with relative humidity 
and latitude (Table 5). The second PC (PC2) is charac-
terized by flower and stigma yield and quality attrib-
utes such as picrocrocin and safranal content. Accord-
ing to the findings, the PC1 can be called climatic and 
environmental factor, and the PC2 can be called quan-
titative and qualitative yield.

The goal of cluster analysis is to build a tree dia-
gram where the sites that were viewed as most similar 
by the attributes in the study are placed on branches 
that are close together. As shown in Table 6 and Fig. 
8, six sites were classified into three clusters, the first 
cluster included 3 sites (S1, S2, and S3), the second had 
1 site (S4), and the S5 and S6 as the third cluster. The 
first cluster in terms of biochemical characteristics 
such as anthocyanin, total flavonoid, and total phenol 
content, as well as DPPH activity and the second clus-
ter in terms of quantitative and qualitative character-
istics including flower and stigma yield and safranal, 
picrocrocin, and crocins content had the highest coef-
ficients.

Fig. 7. Principal components analyses for yield, quality, and bio-
chemical characteristics as well as environmental and climatic traits.

Fig. 8. Cluster analysis for yield, quality, and biochemical character-
istics as well as environmental and climatic traits.

Table 6. Cluster analysis and grouping for yield, quality, and bio-
chemical characteristics saffron.

Variable Cluster 1Cluster 2Cluster 3 Grand 
centroid

Saffron flower yield 0.76 0.84 0.71 0.76
Stigma yield 0.09 0.10 0.09 0.09
Safranal content 13.55 15.84 13.04 13.76
Picrocrocin content 24.84 30.63 22.26 24.95
Crocins content 59.58 69.38 46.18 56.75
Anthocyanin content 3.18 3.05 3.07 3.12
Total flavonoid content 14.11 13.55 13.65 13.86
Total phenol content 126.21 119.77 118.83 122.68
DPPH-150 41.55 32.77 32.67 37.13
DPPH-200 50.48 40.18 42.52 46.11
DPPH-250 73.20 58.34 61.46 66.81
Se-saffron 1.65 2.02 1.54 1.68
Pb-saffron 5.57 2.58 2.17 3.94
Ni-saffron 2.82 3.58 3.61 3.21
Pb-water 1.03 0.00 3.92 1.82
Pb-Soil 2.95 3.41 3.21 3.11
Ni-Soil 0.00 1.38 0.00 0.23
Number of sites in each cluster 3 1 2 -



52 Habibioallah Farokhi, Ahmad Asgharzadeh, Malihe Samadi Kazemi

DISCUSSION

The purpose of this study was to compare the quan-
titative and qualitative performance of saffron in six sites 
of major saffron producing provinces in Iran. The results 
showed significant differences in saffron flower yield, 
stigma yield, crocin, and safranal content in the studied 
areas. Rahimi et al. (2017) reported that the significant 
difference among the cultivation areas in terms of quality 
and quantity traits confirms the findings of the present 
study. Saffron quantitative and qualitative characteristics 
depend on the concentration of its primary metabolites 
and environmental conditions. According to the mean 
comparison and cluster analysis, saffron grown in S4 
(Torbat-e Heydarieh: Khorasan Razavi province) resulted 
in significantly higher yield and quality than those pro-
duced in the other sites. It seems that the low maximum 
summer temperature in the area is one of the reasons 
for its superiority. In this regard, the correlation analy-
sis shows that the maximum summer temperature had a 
significant negative correlation with saffron flower yield, 
stigma yield, picrocrocin and crocin content. On the 
other hand, a specific climatic parameter in the S4 site 
is the low maximum summer temperature and the high 
average annual rainfall. Accordingly, the simple correla-
tion analysis shows that the average annual rainfall had 
a significant positive correlation with saffron quantita-
tive and qualitative characteristics. Kamyabi et al. (2014) 
and Maleki et al. (2017) reported that annual rainfall and 
temperature had the highest impact on saffron cultiva-
tion among environmental factors, which confirms the 
findings of the present study. Temperature is the most 
important environmental factor controlling Crocus spe-
cies’ growth and flow (Haghighi et al., 2020). Moreover, 
Gresta et al. (2009) reported that temperature certainly 
plays a role in flowering induction and flower appear-
ance. Saffron has been successfully grown under different 
geographic locations in the world (Husaini, 2014). This 
crop can be cultivated in temperate, semi-arid, and arid 
areas with 1500–2800 m.a.s.l (Rahimi et al., 2017). Ghor-
bani and Koocheki (2017) reported that the favorable cli-
matic conditions for saffron’s high yields are warm sum-
mers, autumn rains, and mild winters. 

Environmental conditions such as altitude may 
also affect saffron yield and quality (Cardone et al., 
2019; Parizad et al., 2019). In the current study, a nega-
tive relationship was obtained between the altitude and 
the quantitative and qualitative characteristics of saf-
fron (Table 5). It seems that increasing the altitude too 
much leads to a decrease in the quantity and quality of 
saffron. This study’s findings showed that an altitude of 
more than 1350 m.a.s.l decrease quantity and quality of 

the yield. In general, the altitude of 1250 to 1350 m.a.s.l 
seems desirable in achieving maximum quantitative and 
qualitative yield. However, in contrast with Al Madini et 
al. (2019), who point out that saffron cultivation is pos-
sible at altitudes of 1500 to 2800 m.a.s.l, our results show 
that the optimal altitude for maximum quantitative and 
qualitative yield was about 1300 m.a.s.l. However, saffron 
can also be cultivated with good yields in very different 
environmental conditions (Caser et al., 2019); a combina-
tion of certain environmental factors can be important 
to reach the optimum qualitative and quantitative yield 
(Rahimi et al., 2017). Finally, correlation analysis showed 
transparent relationships within quantitative parameters, 
within qualitative parameters, and between quantitative 
and qualitative traits (Gresta et al., 2009).

Biochemical properties of saffron such as flavonoid 
and total phenol content as well as DPPH free radi-
cal scavenging at different concentrations of the extract 
(150, 200, and 250 µmol ml-1) showed significant dif-
ferences at these sites. However, a decreasing trend was 
observed in the mean of total phenol and f lavonoid 
metabolites as well as antioxidant activity of DPPH from 
north to south of Khorasan. Along with this trend, the 
climatic parameters of relative humidity and the num-
ber of annual frost days from North to South Khorasan 
decreased. In the climatic data, the low average annual 
temperature and altitude in North Khorasan province 
and the highest number of annual frost days are the 
index parameters of these sites. These three climatic 
factors seem to be environmental stressors of the plant. 
In response to these conditions, the plant changes its 
physiological interactions to increase defense mecha-
nisms such as total phenol, flavonoids, and activity of 
DPPH free radical scavenging (Xu et al., 2015; Hashim 
et al., 2020). Zargoosh et al. (2019) reported that the 
effect of site on the antioxidant potential (DPPH) and 
total phenol amount of Scrophularia striata L. was sig-
nificant. Therefore, it can be stated that the complexity 
of the effect of ecological factors on the one hand, and 
the emergence of different chemical processes in the 
plant under such effects, on the other hand, has led to 
the synthesis of various compounds with antioxidant 
potential in a plant in different regions (Zargoosh et al., 
2019). Although genetic processes guide the production 
of active ingredients in medicinal plants, environmental 
factors are strongly influenced (Figueiredo et al., 2008). 
Therefore, environmental factors such as temperature 
cause changes in the growth of medicinal plants, as well 
as the quantity and quality of their active components, 
such as essential oils, glycosides, steroids, and alkaloids. 
The determinants of plant production are climate, soil, 
and geographic location. These factors can have a sig-
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nificant impact on increasing or decreasing the quantity 
and quality of plant performance (Liu et al., 2015; Zar-
goosh et al., 2019). Researchers believe that many factors, 
such as water, air, soil, altitude (m.a.s.l), and differences 
between species, extraction methods, and antioxidant 
measurements, affect the number of secondary metabo-
lites in plants, including phenol and flavonoids (Hashim 
et al., 2020; Mykhailenko et al., 2020). Overall, the anti-
oxidant properties and habitat effects the number of sec-
ondary metabolites (Zargoosh et al., 2019). 

The heavy metals content (selenium, lead, nickel, 
cadmium, and arsenic) in water, soil, and saffron culti-
vated in the different sites of North, Razavi, and South 
Khorasan provinces indicated that the results present a 
wide variation. Selenium, lead, nickel, and arsenic were 
observed in saffron samples in the studied sites. On the 
other hand, in these sites’ soil, there was lead, nickel, 
cadmium, and arsenic. Overall, the S4, S6, and S5 sites 
had the lowest averages in terms of lead, arsenic, and 
nickel, respectively. In other words, the high amount of 
heavy metals in South Khorasan province compared to 
the other two provinces leads to the conclusion that saf-
fron grown in this province due to the high heavy met-
als content is less marketable and harms the consumer. 
The correlation between traits showed that the most neg-
ative effect on flower and stigma yield was related to soil 
arsenic followed by soil lead. 

Esmaeili et al., (2013) reported that the low contents 
of heavy metals (lead, nickel, cadmium, and arsenic) are 
also important for the plant’s quality. The results showed 
that the concentration of heavy metals in plant samples 
other than lead for the S2 site was lower than the standard 
level in other cases. Uptake of various elements by plants 
through the root system from the soil depends on the 
particular plant, botanical structure of specific tissue, soil 
type, and element (Shahid et al., 2018). Besides, microele-
ments can enter the plant from the external environmen-
tal compartments (Esmaeili et al., 2013; Liu et al., 2018).

A significant point was the presence of selenium in 
saffron samples. This element had a positive and sig-
nificant correlation with the quantitative and qualitative 
yield of saffron. In this regard, various researchers have 
expressed the positive effects of selenium. For example, 
Shahverdi et al., (2018) reported that selenium is a useful 
element for plant growth and production, which plays an 
important role in growth and biochemical traits such as 
antioxidant activity. Some studies have shown that sele-
nium is an essential element for humans and animals, 
which plays some beneficial roles in higher plants (Iqbal 
et al., 2015). Selenium application caused an increasing 
growth in mung bean and wheat under both stressed 
and non-stressed conditions (salinity, drought, and heat 

stresses) (Shahzadi et al., 2017; Shahverdi et al., 2018; 
Shahverdi et al., 2020). 

CONCLUSION

The current study focused on the effect of differ-
ent climatic parameters on quantitative, qualitative, and 
biochemical characteristics of saffron in the six strategic 
saffron production regions (North, Razavi, and South 
Khorasan provinces) in Iran. Based on the present study 
results, qualitative and quantitative characteristics such as 
flower and stigma yield, crocins, safranal, and picrocrocin 
content are strongly controlled by the soil properties and 
climatic conditions in Shirvan, Faruj, Zavareh, Torbat-
e Heydarieh, Ghayen, and Birjand regions. The saffron 
flower and stigma yield were more in Torbat-e Heydarieh 
(S4) than in other sites, while biochemical attributes were 
higher in S1 and S2 (Shirvan and Faruj sites) than that 
of other sites. Low maximum summer temperature and 
high relative humidity were two features of the climate 
index in the S4 region. This study’s attractive result was 
the positive and significant relationship between selenium 
and quantitative and qualitative yield of saffron. It seems 
that the presence of selenium in the growth medium of 
the saffron increases the yield. Because there was a posi-
tive and significant correlation between selenium and 
quantitative and qualitative yield of saffron, in the saffron 
samples related to S4, a higher average of the element was 
observed compared to other sites. Based on the findings, 
it is concluded that Razavi Khorasan province (Especially 
Torbat-e Heydariyeh site) had a significant advantage in 
terms of quantitative and qualitative yield of saffron and 
North Khorasan province (Shirvan and Faruj sites) in 
terms of biochemical characteristics.

REFERENCE

Al Madini, AM., Sassine, YN., El-Ganainy, SM., Hourani, 
W., and Sebaaly, ZE. 2019. Comparative study on 
phenology, yield and quality of iranian saffron culti-
vated in lebanon and iran. Fresenius Environmental 
Bulletin, 28: 9655-9660.

Amirnia, R., Bayat, M., and Tajbakhsh, M. 2014. Effects 
of nano fertilizer application and maternal corm 
weight on flowering at some saffron (Crocus sativus 
L.) ecotypes. Turkish Journal of Field Crops, 19:158-
168.

Baba, SA., Malik, AH., Wani, ZA., Mohiuddin, T., Shah, 
Z., Abbas, N., and Ashraf, N. 2015. Phytochemical 
analysis and antioxidant activity of different tissue 



54 Habibioallah Farokhi, Ahmad Asgharzadeh, Malihe Samadi Kazemi

types of Crocus sativus and oxidative stress alleviating 
potential of saffron extract in plants, bacteria, and 
yeast. South African Journal of Botany, 99: 80-87.

Babaei, S., Talebi, M., Bahar, M. and Zeinali, H. 2014. 
Analysis of genetic diversity among saffron (Crocus 
sativus) accessions from different regions of Iran as 
revealed by SRAP markers. Scientia Horticulturae, 
171: 27-31.

Baghalian, K., Sheshtamand, MS., and Jamshidi, A. 2010. 
Genetic variation and heritability of agro-morpho-
logical and phytochemical traits in Iranian saffron 
(Crocus sativus L.) populations. Industrial Crops and 
Products, 31: 401-406.

Cardone, L., Castronuovo, D., Perniola, M., Cicco, N., 
and Candido, V. 2019. Evaluation of corm origin and 
climatic conditions on saffron (Crocus sativus L.) 
yield and quality. Journal of the Science of Food and 
Agriculture, 99: 5858-5869.

Cardone, L., Castronuovo, D., Perniola, M., Cicco, N., 
and Candido, V. 2020. Saffron (Crocus sativus L.), the 
king of spices: An overview. Scientia Horticulturae, 
272: 109560.

Caser, M., Victorino, ÍMM., Demasi, S., Berruti, A., 
Donno, D., Lumini, E., Bianciotto, V., and Scariot, V. 
2019. Saffron cultivation in marginal alpine environ-
ments: how AMF inoculation modulates yield and 
bioactive compounds. Agronomy, 9:12.

Chen, M., and Ma, LQ. 2001. Comparison of three aqua 
regia digestion methods for twenty Florida soils. Soil 
science society of America Journal, 65: 491-499.

Esfanjani, AF., Jafari, SM., and Assadpour, E. 2017. 
Preparation of a multiple emulsion based on pectin-
whey protein complex for encapsulation of saffron 
extract nanodroplets. Food Chemistry, 221: 1962-
1969.

Esmaeelian, M., Jahani, M., Feizy, J., and Einafshar, S. 
2020. Effects of ultrasound-assisted and direct solvent 
extraction methods on the antioxidant and antibac-
terial properties of saffron (Crocus sativus L.) corm 
extract. Food Analytical Methods,1: 1-14.

Esmaeili, N., Ebrahimzadeh, H., Abdi, K., Mirmasoumi, 
M., Lamei, N., and Shamami, MA. 2013. Determi-
nation of metal content in Crocus sativus L. corms 
in dormancy and waking stages. Iranian Journal of 
Pharmaceutical Research, 12: 31-38.

Feli, A., Maleki Farahani, S., and Besharati, H. 2018. The 
effect of urea fertilizer and different organic and bio-
fertilizers on quantitative and qualitative yield and 
some soil properties in Saffron cultivation. Journal of 
Crops Improvement, 20: 345-356.

Figueiredo, AC., Barroso, JG., Pedro, LG., and Scheffer, JJ. 
2008. Factors affecting secondary metabolite produc-

tion in plants: volatile components and essential oils. 
Flavour and Fragrance Journal, 23: 213-226.

Ghanbari, J., Khajoei-Nejad, G., van Ruth, S.M., Aghighi, 
S., 2019. The possibility for improvement of flower-
ing, corm properties, bioactive compounds, and anti-
oxidant activity in saffron (Crocus sativus L.) by dif-
ferent nutritional regimes. Industerial and Crop Pro-
duction, 135: 301-310.

Ghorbani, R., and Koocheki, A. 2017. Sustainable culti-
vation of saffron in Iran.’ in, Sustainable agriculture 
reviews (Springer Publisher).

Gresta, F., Avola, G., Lombardo, G., Siracusa, L., and 
Ruberto, G. 2009. Analysis of flowering, stigmas yield 
and qualitative traits of saffron (Crocus sativus L.) as 
affected by environmental conditions. Scientia Horti-
culturae, 119: 320-324.

Haghighi, R., Tabatabaei, BES., Maibody, SAMM., Talebi, 
M., Molina, R., Nebauer, SG., and Renau-Morata, 
B. 2020. A flowering inhibitor of the temperature-
dependent pathway in Crocus sativus L. Molecular 
Biology Reports, 47: 2171-2179.

Hashim, AM., Alharbi, BM., Abdulmajeed, AM., Elkelish, 
A., Hozzein, WN., and Hassan, HM. 2020. Oxida-
tive stress responses of some endemic plants to high 
altitudes by intensifying antioxidants and secondary 
metabolites content. Plants, 9: 869-877.

Husaini, AM. 2014. Challenges of climate change: Omics-
based biology of saffron plants and organic agricul-
tural biotechnology for sustainable saffron produc-
tion. GM Crops & Food, 5: 97-105.

Hussain, A., Illahi, BA., Iqbal, AM., Jehaangir, I., and 
Hussain, ST. 2019. Agronomic management of saf-
fron (Crocus sativus)-A review. Indian Journal of 
Agronomy, 64: 147-164.

Iqbal, M., Hussain, I., Liaqat, H., Ashraf, MA., Rasheed, 
R., and Rehman, AU. 2015. Exogenously applied sele-
nium reduces oxidative stress and induces heat toler-
ance in spring wheat. Plant Physiology and Biochem-
istry, 94: 95-103.

Jelínek, L., Dolečková, M., Karabin, M., Hudcova, T., Kot-
likova, B., and Dostalek, P. 2012. Influence of grow-
ing area, plant age, and virus infection on the con-
tents of hop secondary metabolites. Czech Journal of 
Food Sciences, 30: 541-547.

Kafi, M., Kamili, AN., Husaini, AM., Ozturk, M., and 
Altay, V. 2018. An expensive spice saffron (Crocus 
sativus L.): a case study from Kashmir, Iran, and 
Turkey. in, Global perspectives on underutilized crops 
(Springer), pp:109-149.

Kamyabi, S., Habibi Nokhandan, M., and Rouhi, A. 2014. 
Effect of climatic factors affecting saffron using ana-
lytic hierarchy process (AHP);(Case study Roshtkhar 



55Yield and qualitative and biochemical characteristics of saffron cultivated in different soil, water, and climate conditions

Region, Iran)’. Saffron Agronomy and Technology, 2: 
75-90.

Lage, M., and Cantrell, CL. 2009. Quantification of saf-
fron (Crocus sativus L.) metabolites crocins, picro-
crocin and safranal for quality determination of the 
spice grown under different environmental Moroccan 
conditions. Scientia Horticulturae, 121: 366-373.

Liu, J., Dhungana, B., and Cobb, GP. 2018. Environmen-
tal behavior, potential phytotoxicity, and accumula-
tion of copper oxide nanoparticles and arsenic in rice 
plants. Environmental Toxicology and Chemistry, 37: 
11-20.

Liu, W., Liu, J., Yin, D., and Zhao, X. 2015. Influence of 
ecological factors on the production of active sub-
stances in the anti-cancer plant Sinopodophyllum hex-
andrum (Royle) TS Ying. PLoS One, 10: e0122981.

Maleki, F., Kazemi, H., Siahmarguee, A., and Kamkar, B. 
2017. Development of a land use suitability model for 
saffron (Crocus sativus L.) cultivation by multi-crite-
ria evaluation and spatial analysis. Ecological Engi-
neering, 106: 140-153.

Maleki Farahani, S., and Aghighi Shahverdi, M. 2015. 
Evaluation the effect of nono-iron fertilizer in com-
pare to iron chelate fertilizer on qualitative and quan-
titative yield of saffron. Journal of Crops Improve-
ment, 17: 155-168.

Moradi, A., Zarinkamar, F., De Domenico, S., Mita, G., 
Di Sansebastiano, GP., and Caretto, S. 2020. Salycilic 
acid induces exudation of crocin and phenolics in 
saffron suspension-cultured cells. Plants, 9: 949-954.

Mykhailenko, O., Gudžinskas, Z., Kovalyov, V., Desenko, 
V., Ivanauskas, L., Bezruk, I., and Georgiyants, V. 
2020. Effect of ecological factors on the accumula-
tion of phenolic compounds in Iris species from Lat-
via, Lithuania and Ukraine. Phytochemical analysis, 
31(5): 545-563.

Parizad, S., Dizadji, A., Habibi, MK., Winter, S., Kalan-
tari, S., Movi, S., Tendero, CL., Alonso, GL., and 
Moratalla-Lopez, N. 2019. The effects of geographical 
origin and virus infection on the saffron (Crocus sati-
vus L.) quality. Food Chemistry, 295: 387-394.

Perpina, C., Martinez-Llario, J.C., and Navarro, A., 2013. 
Multi-criteria assessment in GIS environments for 
sitting biomass plants. Land Use Policy, 31: 326-335.

Rahimi, H., Shokrpour, M., Tabrizi Raeini, L., and Esfan-
diari, E. 2017. A study on the effects of environmen-
tal factors on vegetative characteristics and corm 
yield of saffron (Crocus sativus). Iranian Journal of 
Horticultural Science, 48: 45-52.

Sakamoto, M., and Suzuki, T. 2019. Methyl jasmonate 
and salinity increase anthocyanin accumulation in 
radish sprouts. Horticulturae, 5: 62-74.

Sánchez-Vioque, R., Rodríguez-Conde, M., Reina-Ureña, 
J., Escolano-Tercero, M., Herraiz-Peñalver, D., and 
Santana-Méridas, O. 2012. In vitro antioxidant and 
metal chelating properties of corm, tepal and leaf 
from saffron (Crocus sativus L.). Industrial Crops and 
Products, 39: 149-153.

Shahid, M., Niazi, NK., Khalid, S., Murtaza, B., Bibi, I., 
and Rashid, MI. 2018. A critical review of selenium 
biogeochemical behavior in soil-plant system with an 
inference to human health. Environmental Pollution, 
234: 915-934.

Shahverdi, MA., Omidi, H., and Damalas, CA. 2020. Foli-
ar fertilization with micronutrients improves Stevia 
rebaudiana tolerance to salinity stress by improving 
root characteristics. Brazilian Journal of Botany, 43: 
55-65.

Shahverdi, MA., Omidi, H., and Tabatabaei, SJ. 2018. 
Plant growth and steviol glycosides as affected by 
foliar application of selenium, boron, and iron under 
NaCl stress in Stevia rebaudiana Bertoni. Industrial 
Crops and Products, 125: 408-415.

Shahzadi, I., Iqbal, M., Rasheed, R., Ashraf, MA., Per-
veen, S., and Hussain, M. 2017. Foliar application of 
selenium increases fertility and grain yield in bread 
wheat under contrasting water availability regimes. 
Acta Physiologiae Plantarum, 39: 173-184.

Shokrpour, M. 2019. Saffron (Crocus sativus L.) breed-
ing: opportunities and challenges. Advances in Plant 
Breeding Strategies: Industrial and Food Crops, 1: 
675-706.

Williams, WT., and Lambert, JM. 1959. Multivariate 
methods in plant ecology: I. Association-analysis in 
plant communities. The Journal of Ecology, 47(1): 
83-101.

Xu, Z., Jiang, Y., and Zhou, G. 2015. Response and adap-
tation of photosynthesis, respiration, and antioxidant 
systems to elevated CO2 with environmental stress in 
plants. Frontiers in Plant Science, 6: 701-711.

Zargoosh, Z., Ghavam, M., Bacchetta, G., and Tavili, A. 
2019. Effects of ecological factors on the antioxidant 
potential and total phenol content of Scrophularia 
striata Boiss. Scientific Reports, 9: 1-15.


	Italian Journal of Agrometeorology
	n. 2 - 2021
	Firenze University Press
	Response of yam varieties to soil moisture regime in Southwestern Nigeria
	Abayomi Eruola
	Testing of Drought Exceedance Probability Index (DEPI) for Turkey using PERSIANN data for 2000-2021 period
	Emre Topçu
	Assessment of deficit irrigation impact on agronomic parameters and water use efficiency of six chickpea (Cicer Arietinum L.) cultivars under Mediterranean semi-arid climate 
	Boutheina Douh1,*, Amel Mguidiche2,*, Massoud Jar Allah al-Marri3, Mohamed Moussa4, Hichem Rjeb5
	Yield and qualitative and biochemical characteristics of saffron (Crocus sativus L.) cultivated in different soil, water, and climate conditions
	Habibioallah Farrokhi1, Ahmad Asgharzadeh2,*, Malihe Kazemi Samadi3
	Predicting symptoms of downy mildew, powdery mildew, and gray mold diseases of grapevine through machine learning
	Iride Volpi, Diego Guidotti, Michele Mammini, Susanna Marchi
	Earth observation method for an operational assessment of crop phenology metric “start of the season”
	Roman Bohovic1,*, Petr Hlavinka2,3, Martin Možný4, Daniela Semerádová2,3, Jan Bálek2,3, Miroslav Trnka2,3
	Efficacy of benzyladenine for compensating the reduction in soybean productivity under low water supply
	Ibrahim Mohamed El–Metwally1, Hani Saber Saudy2,*, Magdi Tawfik Abdelhamid1

