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ABSTRACT

To study the effect of Potassium (K), Zinc (Zn) and Iron (Fe) foliar application on saffron (Crocus sativa L.), two
experiments were conducted in 2010 and 2011 in Bam and Gonabad. The experimental design was a randomized
compl ete block with four replications. The type of elements (K, Zn and Fe) and dose of application (0, 1 and 3 lit/ha)
were the treatments of these experiments. The experiments were conducted under well-watered condition. Results
showed the effects of elements on leaf length, LAI, stigma dry weight, crocin, picrocrocin and safranal were
significant. Fe showed higher amounts in mentioned traits than K and Zn. Also the highest amount of these traits
were obtained from high dose foliar application (3 lit/ha). On the other hand traits measured in Gonabad
experiments were more than Bam. Although combined analysis of variance showed that the difference between years
was not significant. Also results showed that although there is the possibility of saffron planting in Bam, but the
amount of saffron yield, safranal and picrocrocin in this region was less than Gonabad region. Nevertheless the
amount of crocin was not significant in these regions.
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INTRODUCTION

Saffron Crocus sativa L.) is the most expensive spice and 95% of thegetion is produced in Iran [29, 33, 32].
The researches that have been conducted abounftbenice of nutrients on saffron quality and quamthave
shown that yield, stigma length, picrocrocin, croaind safranal were affected by nutrient positivélgronomic
and environmental factors affect quality of safffdh By increasing the altitude, content of phecompounds and
carotenoids increase because UV-radiation is iseat§b]. The positive effect of altitude on crocomtent has been
shown in [4]. The environmental conditions sucheasperature influence carotenoids biosynthesis,camsahtity of
carotenoids increases when temperature decredséds@ phenol compounds increases in high altiti8leCrocin,
picrocrocin and safranal content in saffron wefeaéd by altitude [1]. By increasing latitude aduwk to decreasing
temperature, amount of crocin and picrocrocin iases [1]. Studies conducted on K nutrition of sgicewed that
potassium is the second most important nutriemhefe next to nitrogen for growth and developmergmte crops
[6]. Potassium is often described as a quality elgnfor crop production. It indirectly improves thtlization of N
and protein formation, size, weight, oil contergloc etc [6]. Investigation carried out showed thdth adequate
supply of K, nitrogen utilization by various spiceops are enhanced. Field experiments showed thatewer N:K
ratio is 1:2 the yield are maximum in black pepaed for cardamom the N:K ratio is 1:1.5 and fordssgice, the
optimum ratio is 1:1 [6]. The effects of K in retat to major, secondary and micro nutrient werelisi by relating
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correlation in different spice. The correlationdias conducted in black pepper showed that soila$ wositively
correlated with soil Zn (r=0.47 and negatively with soil Fe (r=-0.39% Root K was correlated with root Fe
(r=0.30) and with root Cu (r=0.39. The leaf K was also correlated with leaf Ca () and negatively correlated
with leaf Mg (r=-0.21) and with leaf Al (r=0.29. Leaf K was positively correlated with soil AE0.27") [6].

Saffron cells can synthesize crocin, crocetin wiigdiosyl ester, in suspension cultures. The ard@mily
biosynthesis mechanism was studied using high presBquid chromatography (H PLC) to determine the
glucosyltransferase activity and to develop a metloo synthesizing medicine from saffron cells.\Foes studies
indicated that two glucosyltransferases might helived in the formation of crocetin glucosyl- anengiobiosyl-
esters. GTase 1 formed an ester bond between icram@toxyl groups and glucose moieties while GTase
catalyzed the formation of glucosidic bonds withaglsyl ester groups at both ends of the molecuiies& enzymes
can catalyze the formation of crocetin glucosidesitro. GTase 1 activity is higher during the fifeur days of
crocin glucosides biosynthesis, but decreases fafterdays. The formation and accumulation of andecicreased
during the first six days and stabilized on thehthigday [12].

The effect of different additives sodium acetatjne, glycine, polyvinylpyrrolidone (PVP) andigated charcoal

on stigma-likestructure (SLS) induction frequenay arocin production from floral organs Gfocus sativus L.
was studied. Sodium acetate, a potential precwwkaorocin biosynthesis, increased induction freqyeaf petal-
originated SLS from 16.0 to 32.7%. Moreover, crocomtent in SLS induced on medium supplemented with
sodium acetate was increased to 6.00% from 2.20. prevented browning of explants and slightly eased
induction frequency of SLS from petals. The crocimtent of SLS was also increased to 5.22% by gdBWP.
Although activated charcoal could efficiently redulbrowning of explants, dedifferentiation of allptants was
inhibited. No obvious stimulation effect had bedrs@rved with the addition of serine and glycine]l[Esmailian
reported that the main constituents of saffron éochrotenoids, glycosides, monoterpenes, aldehpitgecrocin
and antocyanins, flavonoids, vitamins, amino apiddeins, starch and minerals| 44].

MATERIALSAND METHODS

Two field experiments were conducted in GonabadBemd, Iran, (34° 21" N, 58° 41" E, altitude 105@mg 29° 6
N, 58° 21" E, altitude 1066.9m respectively) durd@d.0-1011 growing seasons. In each location sswilples were
taken from surface horizon (0- 30 cm) of the sait;dried, passed through a 2-mm sieve and analf@ethe

following properties. Particle-size distribution telemined by hydrometer method [7], soil pH and BE@ere

measured in saturated paste and saturated extesgtectively, organic compound (OC) were determibgd
Walkley- Black method [8]. Available Zn and Fe weatetermined by DTPA extraction [9,43], and phospkdry

sodium bicarbonate extraction [10]. The charadies®f the soil materials were shown in Table 1.

The treatments were compared in a factorial expartmbased on Randomized Complete Block Design (RCB
with three levels foliar application , 3 types aftrients (Zn, Fe, K) and three levels of dosesrtrd or water
sprayed, 1 lit/ha, 3 lit/ha) in four replicationaéh plot had 6 rows, 25 cm row spacing and 5 miplgth. Corms
were sown on the 25th August 2010 in Gonabad ama. Ba

Final plant density was 160000 plant in hectarsoA-oliar application were done at™20anury and 20March
with chelated fertilizers in the format of EDTA %lAll of recommended crop

Table 1. The characteristics of the soil in Gonabad and Bam.

Locator ECdsn® pH OC(% N (%) P,05(mg/l00) K,0(mg/100g Zn (ppm Fe (ppm
Gonaba 127 8.1 0.9t 0.051 17.¢ 31.2 1.0¢ 1.¢
Bam 1.04 72 083 0.042 12.6 21.3 13 15

production practices were applied uniformly to tadlatments. First irrigation was done immediatdtgrasowing
and subsequent irrigations were applied to avoidigint stress and soil water in the 1 meter depth kept above
50% of maximum available water during the all gnogvseason. Weeds were manually controlled in editinents.
Fertilizer recommendationsased on soil analysiesults(Table 1) were applied at sowing.

Plants were oven dried at 70 °C for 72 hours. Enoogield or Dry Stigma were obtained from meand@fplants
in each plot.
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Data were analyzed by Mstat-c software and multigisparisons was done through least significangeab. SR)
test at 1% and 5% probability levels. Also Grapiese performed in Excel software.

RESULTSAND DISCUSSION

Leaf Length

According to analysis of variance (table 2) effeofsplanting location, elements and dose of appbocawere
significant at 1% probability level. Also interaati effect of elements in dose of application wamidicant at 1%
probability level. Mean comparison showed thateimrts of impact on leaf length, potassium with 3488 and Zn
with 353.2 mm were dominant than Fe element (t8plelhe highest and the lowest leaf length werdeaell in
dose of application with 3 kg/h and no sprayeddaétontrol) respectively (table 3). Also the resshowed that
saffron leaf length that planted in Gonabad witht.25mm was dominant than Bam location. Although the
difference between 2010 and 2011 experiments wiasignificant.

Evaluation of interaction effect of type of elem@ntlose of application showed that only boostih§® dose could
increase leaf length (table 3). Studies conductedhutrient of spices showed that potassium is de®rsd most
important nutrient element next to nitrogen forwtio and development of spice crop [6]; besidesgtiosving parts
of spice plant contain more K than any other p#&its

Zinc is a micronutrient needed in small amountsimp plants, but its importance in crop productias increased
in recent years. Zinc is a micronutrient neededshimall amounts by crop plants, but its importanceciop
production has increased in recent years. It issidened to be the most yield-limiting micronutrieint crop
production in various parts of the world [13, 18, 16, 18, 22].

Zinc content of the soils varied significantly dagang on type of soil, management practices adoptedhe
farmers, climatic conditions, crop species plantadgd cropping intensity. Zinc content of the lithbere is
approximately 80 mg kg-1, and the common rangsds is 10-300 mg k§with an average content of 50 mg kg
1

[24].

Presumably the reason of leaf length reaction ta@plication is that, the Zn is necessary for poiaty chlorophyll
and forming carbohydrate, also it is closely inea\WN-metabolism of the plant.

Table 2.Combined Analysis of variance for quantity and quality characteristicsin saffron (the numbers are Sum of Squares)

Sources of Stigma dry

L d.f. Leaf length Safranal Picrocrocin Crocin ; LAl
variatior weight
Year (Y) 1 13.8€™ 0.004™ 0.02 0.5%" 0.007" 0.05”
Location (L) 1 302.9 0.17 0.35 0.11™ 0.003 0.1
YL 1 4.26¢ 0.04 0.02* 0.25" 0.0002 0.002¢
R(LY) 12 162.4 0.137 0.41 0.5¢ 0.000: 0.41
E 2 308.4 0.81" 477 1.87 0.003 0.06"
YE 2 0.73 0.07 0.53 0.34 0.0001* 0.0001*
LE 2 56.48° 0.79" 1.09" 0.08¢ 0.003 0.10
YLE 2 13.07¢ 0.08* 0.589 0.71" 0.0001* 0.02¢
D 2 1244.7 5.65" 23.87 2.75 0.151 1.36°
YD 2 9.77¢ 0.04¢ 1.66 0.08¢ 0.0007* 0.02¢
LD 2 19.83¢ 0.70 2.81" 0.11* 0.001" 0.04
YLD 2 3.52¢ 0.04¢ 0.66 0.13¢ 0.0007* 0.01*
ED 4 1612.2 8.68" 5.58" 3.69" 0.148 1.66"
YED 4 62.71¢ 0.02¢ 0.93¢ 0.27¢ 0.0001* 0.0r*
LED 4 111.7% 3.219 6.49" 0.57¢ 0.0001"™ 0.01*
YLED 4 18.99¢ 0.01 1.49" 0.38¢ 0.0001* 0.01®
Error 96 1554.4° 0.82 5.47 3.4F 0.00¢ 0.6F
C.V.(%) 18.37 14.33 16.25 16.91 14.27 12.93

**:p<0.01; *:p<0.05; ns: no significant.
The abbreviation: Type of element (E), Dose of application (D), Replication (R).

Leaf Arealndex (LAI)
Based on the analysis of results (table 2) thectffef elements, dose of application, year andl legperiments
were significant at 1% probability level. Also irgetion effect of elements in dose of applicatiaswsignificant at
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1% probability level. Mean comparison showed treabRd K influenced LAl more than Zn (table 3). Apation of
3 kg/h of nutrient was more effective on LAI, ahisteffect was significant. As a result, most antafrLAl (2.34)
obtained from (3kg/h Fe). On the other hand saffitéi that planted in Gonabad was more than Bamoregi
significantly. Also LAI in 2011 experiment was mdrean 2010. This result was similar to Amiri andddd reports
[28, 32 ]. Nutrients such as K, Fe and Zn are remmgsfor even growth plants [11]. Crop yields haignificantly
increased in the last few decades in developededisaw developing countries through the introducid modern
reduction technologies; as a result, supplies ofitkthe soils rapidly depleted [19]. Pretty and rigel (1985)
reported that 17% of the total land area in Afr24% of the total land area in Asia, and 29% ofttital land area
in Latin America are K+ deficient [28]. Hence, aipption of this element in adequate amount is d&defor
obtaining optimal crop yields and maintaining deittility for sustainable crop production. Also irdFe) plays
many important roles in the growth and developnudritigher plants. Iron has many functions in plahtswever,
its main role is its participation in many plant tateolic functions, and it is also a component ohynanzymes.
Uptake of iron by crop plants exceeds uptake obtier essential micronutrients except chloriney Aactor that
decreases the availability of Fe in a soil or cofmpén the plant absorption process contributdsetdeficiency [19,
23, 25]. As a result by increasing nutrient, leahdth and LAl was increased, and because of aneegis
correlation (B=0.60) between leaf length and LAl was shown (f)jg il seems that these nutrients can increase
saffron production.

Table3. M ean comparison traits as affected by element, Dose of application, Location and also some of their interactions

Treatments Leaf Length Sal;ranal Picroocrocin diftlr?l?tat‘er Crocin LAI
(mm) (%) (%) () (Ma/gn)

Elements

Fe 350.7b 37.87a 65.79b 0.580a 26.00a 2.12a
K 354.2a 37.38c 66.20a 0.577b 25.73b  2.14a
Zn 353.2a 37.46b 66.15a 0.581a 25.79b  2.09b
Dose of application
0 348.5t 37.73: 65.75¢ 0.536¢ 26.03:  1.98¢
1 354.4a 37.44b 66.01b 0.577b 25.77b 2.13b
3 355.1a 37.25b 66.56a 0.615a 25.71b  2.21a
Fe0 341.5e 38.24a 65.03f 0.487i 26.50a 1.57d
Fel 352.7¢c 37.52bc 65.70e 0.555¢g 25.76bc  2.18b
Fe3 357.9a 36.94e 66.65a 0.677a 25.73bc  2.34a
KO 355.6abc 37.37d 66.75e 0.572e 25.72¢ 2.11c
K1 354bc 37.31d 66.22c 0.565f 25.78bc  2.13bc
K3 352.9c 37.47c 66.63a 0.593c 25.70c  2.18b
Zn0 348.5d 37.57b 65.93d 0.549h 25.88b  2.07c
Znl 356.4ab 37.47c 66.12c 0.610b 25.77bc  2.08c
Zn3 354.6bc 37.34d 66.40b 0.586d 25.72c  2.12bc
Location

Gonaba 354.1: 37.50: 66.10: 0.581: 25.81:  2.13¢

Bam 351.2b 37.44b 66.00b 0.571b 25.87a  2.08b
Year

2010 353a 37.47a 66.03a 0.573a 25.78b  2.09b
2011 352.4a 37.48a 66.06a 0.579a 2590a 2.13a

Column means followed by the same letter are not significantly different at 1% probability level

Stigma Dry Matter

According to analysis of variance (table 2) theeef§ of year, location, elements, dose of appbicatind also
interaction of elements in dose of application weignificant at 1% probability level. Mean comparisshowed
that iron and zinc have more influence on stigmardatter than potassium (table 3). Also with arréase in the
dose of application, stigma dry matter increasgdificantly. Thus maximum stigma dry matter wasaited from
Fe (3kg/h) treatment (fig 2). These results wergilar to the findings of Rezaian, Jahan, Mesud Redvani-
Moghaddam [29, 31, 37]. A relatively strong cortiela (R°=0.69) was observed between yield and LAl (fig 3).
Also a relatively strong correlation 18.84) was observed
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Figure 1. Correlation between leaf length and LAI in saffron Figure 2. Effect of type of element in dose of

application on stigma dry matter

between stigma length and stigma dry matter (figi#us it seems that the factors that enhance atigngth and
LAI, can increase stigma dry matter. Applicationl@in, Zinc and Potassium, and increased dose mifcation of
these elements can increase leaf length, leaf nuarizbleaf area index. Taken together, these fmdtarease the
level of photosynthesis. Increasing levels of phgtthesis can increase saffron yield. Yield is eglex plant
characteristic and is influenced by many yield comgnts and their interactions [33]. Nutrient corr@ions in soil
solution have been of interest for many decadesdisators of soil fertility in agriculture [39]. Meral nutrition
refers to the supply, availability, absorption,nskcation, and utilization of inorganically formedements for
growth and development of crop plants [25]. Iroedsential for the synthesis of chlorophyll. Chfargl synthesis,
thylakoid synthesis, and photosynthesis are depgratethe integrity of many iron-containing protginncluding
heme and iron sulfur proteins [40]. Also Zinc isessary for producing chlorophyll and forming cdnjdrate. As
well as it is required for the synthesis of trygiape. As tryptophane is also a precursor of indetéa acid, the
formation of this growth substance is also indiseatfluenced by zinc. Likewise zinc has a possitiée in plant
metabolism involved in starch formation. Also ziimgproves root development in crop plants; furthemmainc
affects carbohydrate metabolism in plants. The ctdn of photosynthesis observed in zinc-deficiplaints can
also be due, in part, to a major decrease in chlyidbcontent and the abnormal structure of chitasts [41]. Zinc
deficiency reduces water use efficiency, which tsad to loss of turgidity and reduced growth [4Rptassium
increases root growth and improves water and mittiptake. Also it reduces respiration, prevengngrgy losses.
Potassium aids in photosynthesis and food formatitdkewise it helps translocation of sugars andctaAlthough
Potassium is not a constituent of chlorophyll, arelteristic symptom of K deficiency is the dedfiarc of
chlorophyll. This means that it is suspected that pf the function of K is related to the formatiof chlorophyll
precursor or to the prevention of the decompositibchlorophyll [20].
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Figure 3. Correlation between LAI and Saffron stigma dry matter Figure 4. Correlation between stigma dry matter and
stigma length
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Safranal

Analysis of variance showed (table 2) that elemettse of application and locality implantation eeignificant at
1% probability level. Also interaction effect ofeehents in dose of application was significant at ddbability
level. Mean comparison showed that about safré®alyith 37.87% had a higher influence than Zn \Bit46%. It
must be said that negative correlation was obsebetdieen elements and dose of application. Thisnemdaat
elements application with each concentration redusafranal(fig 5). On the other hand the effectyeér on
safranal was not significant, while the effect oifplant location was significant at 1% probabiligyél. Content
safranal in Gonabad experiment was more than Bamararent (table 2). According to researchers agmoand
environmental factors affect quality of saffron .[By increasing altitude, content of phenol compmsirand
carotenoids increase [5]. On the other hand beaafute biosynthesis of safranal start from cleavatgeaxanthin

to produce cyclic carotenoid ( safranal and piavoir), it seems that decrease in safranal witheias®e in
picrocrocin are due to competition.

Picrocrocin

Based on the analysis result (table 2), effecsleients and dose of application were significaidda probability
level. Also seeding local was significant at 5% hkability level. Further interaction effect of elemg in dose of
application was significant at 1% probability levélean comparison showed that K with 66.20% andwith
66.15% were dominant than Fe (table 3). Likewisthwvncrease dose of application, percent of picoicr was
increased. Studies conducted on K nutrition ofepishowed that potassium is the second most inmpartarient
element next to nitrogen for growth and developnwdrgpice crops [6]. The growing parts of spicentdacontain
more K than any other parts [6]. K+ is requirechttivate at least 60 different enzymes involveglemt growth
also K+ is implicated in increased uptake and frartsof Fe in both monocotyledonous and dicotyledanplants
[22]. Therefore K both directly and indirectly agted quality and quantity production. Also Iroressential for the
synthesis of chlorophyll. It is involved in nitragdixation, photosynthesis, and electron trans?@i.[As an electron
carrier, it is involved in oxidation-reduction re@ns [28]. It is required in protein synthesis dsad constituent of
hemoprotein. It is also a component of many enzyares involved in respiratory enzyme systems asra gfa
cytochrome and hemoglobin [27]. The catalytic fimttof iron depends on its electronic structure,clvhcan
undergo reversible changes through several oxidatiates differing by one electron [23]. The resoft studies on
Zn have been shown that Zinc aids plant growth temoces and enzyme systems. Zinc, along with Cubkas
shown to be a constituent of the enzyme superogidenutase [25]. Zinc is required for the synthesis
tryptophane. As tryptophane is also a precursanadleacetic acid, the formation of this growth staimce is also
indirectly influenced by zinc. With regard to thele of these elements, increase of these elemantsncrease
picocrocin. Also the content of picrocrocin in saff that was planted in Gonabad experiment was tihane Bam
one. Although the difference between years wasigaificant.
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| 266 ¢
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_ ﬂ| %64 v R®= 0.376
® 175 26.2 S
p— i a ?.D
z | 3 % et
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£ 37 | < 2538 * *
] ‘ S s

_— S 5% * 3
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~ / 2
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Fo ¢ Ty Lit/h 25
in 04 045 05 055 06 065 07 075 08
Stigma Dry Matter (gr/m?)
Figure5. Effect of type of element in dose of application on safranal Figure 6. Correlation between stigma dry matter and
crocin
Crocin

According to the analysis variance (table 2) tHeat$ of elements, dose of application and intevaatf element in
dose of application were significant at 1% prokigblevel. The most content of crocin was obtairfiesm control
treatment (table 3). Increasing concentration efrents was reduced crocin. As in the case of sfiaseems that
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there is no possibility of increasing factors afifieg the saffron quality simultaneously. Crocin tanmt in tow
location was not significant too. Crocin contensaffron that obtained from 2011 experiment wasentban 2010.
The relationship between dry weight and crocin stiba negative correlation between them (fig 6).

CONCLUSION

1- It could be concluded that, use of nutrients egtlgcFe had positive effects on saffron quality aqcantity
characteristics.

2- The amounts of picrocrocin and safranal were redibgeincreasing the dose of element application.

3- The highest of stigma dry matter was obtained wFeewas used (3 kg/ha).

4- There are relatively strong positive correlatiotw@en stigma dry matter and stigma length, alsavden stigma
dry matter and leaf area index (LAI).
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