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Table 1- Analysis of variance of fresh and dry weight of the daughter corm, fresh and dry weight of mother corm and fresh
and dry weight of the flower in saffron under foliar application of different levels of potassium and zinc

Olrypo ule
Mean squares
. Ms:.'_. MS"" . g o .. s.-n..
gl RS U IS PR L’w S &y 5 (9 T er FAok o7
o g &33! Fresh weight of "5"? Fresh weight of "5".} > F.rehsth ¢ JS.
S.0.V df mother corm Dry weight of  gaughter corm Dry weight of weight o Dry weight
mother corm daughter corm flower of flower
ok 2 4.23™ 0.019™ 0.031™ 0.114™ 0.161™ 0.001™
Block
"’“”'“’ 2 1754.08" 438.9" 970.9" 199.6™ 7144" 18.63™
Potassium
&9 2 60.44" 46.65" 182.6™ 20.8" 1246 0.298™
Zinc
e 4 48.61" 26.12" 459" 5.62" 471" 0.111™
KxZ
s
16 11.09 0.464 0.949 0.496 0.38 0.020
Error

o size BB pac s

TN g 7 oo 33 )l dxe BMS] i3 4 3 g%
* and ** significant at 5 and 1 percent of probability levels. ns: not significant.
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Table 2- Means comparison of fresh and dry weight of the daughter corm, fresh and dry weight of mother corm and fresh
and dry weight of the flower in saffron under foliar application of different levels of zinc

& Sl 0 & SWdd 09
o SFE AL 5 Oy Sred S2b 4 5 )9 Sk S Ao SIS g
Treatment Fresh weight of Dry weight of Fresh weight of Dry weight of Fresh weight Dry weight
daughter corm (g) daughter corm mother corm (g) mother corm of flower (g) of flower (g)
(2 ()
Z, 75.72 23.74 89.56 32.70 35.75 5.81
Z, 79.22 25.41 90.24 33.42 36.24 6.17
Z, 70.28 2237 85.45 29.17 37.99 6.02
LSD (5%) 0.31 0.22 1.08 0.22 0.20 0.047

315 dunlie 2o p3 B Jlaisl aw ;5 LSD 9051 b ai8las job 4 b Silee
Means were compared with LSD test at 5% probability level.
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Table 3- Means comparison of fresh and dry weight of the daughter's corm, fresh and dry weight of mother corm and fresh
and dry weight of the flower in saffron under foliar application of different levels of potassium

Ay SS9 Ay SS9
o SrEd A 5 Oy Sy SRk & 5 o Spb Aok SIS g
Treatment Fresh weight of Dry weight of Fresh weight of Dry weight of Fresh weight ~ Dry weight
daughter corm (g) daughter corm mother corm (g) mother corm of flower (g) of flower (g)
(2 (2)
K, 63.75 18.66 75.14 27.03 28.28 4.55
K, 77.30 25.00 87.14 28.48 35.68 6.03
K; 84.16 27.86 102.97 39.78 46.02 7.42
LSD (5%) 0.31 0.22 1.08 0.22 0.20 0.047

3505 dunlio 1o > B Jlais gdaw ;5 LSD 0] b 4ilSlas jgb 4 b ko
Means were compared with LSD test at 5% probability level.

Interaction foliar application of potassium and zine
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Figure 1- Means of interaction effects in saffron under three levels foliar application of potassium (K;, K, and Kj;) and three
levels foliar application of zinc (Z,, Z, and Z,) in fresh weight of mother corm. (LSD (5%): 5.51)
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[T FE R U Y
L T - T &

[EE—
(=T )

Dry weight of mother corn (g)
[ %]
L (=]

(=]

K1 K2 K3

71
m72
z3

Potassium

Zy Zy) 595355 (il Jolome g dw 5 (K3 9 K Ki) il 355 il Jolome g duw Codi 3yl b5 0lS 30 Julkie 31 oililho - IS5
(LSD (5%): 1.10) g olo &y s (39 53 (Z3 5

Figure 2- Means of interaction effects in saffron under three levels foliar application of potassium (K;, K, and Kj;) and three
levels foliar application of zinc (Z;, Z, and Z,) in dry weight of mother corm. (LSD (5%): 1.10)
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Interaction foliar application of potassium and zinc
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Figure 3- Means of interaction effects in saffron under three levels foliar application of potassium (K;, K, and K;) and three
levels foliar application of zinc (Z;, Z, and Z,) in fresh weight of daughter corm. (LSD (5%): 1.57)
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Figure 4- Means of interaction effects in saffron under three levels foliar application of potassium (K, K, and K;) and three
levels foliar application of zinc (Z;, Z, and Z,) in dry weight of daughter corm. (LSD (5%): 1.15)
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Table 4- Correlation coefficients between different traits in saffron under different levels of foliar application of potassium

and zinc
1 2 3 4 5 6 7 8 9 10 11
SFEd & 5 Gy )
1- Fresh weight of daughter 1
corm
(53 8y S g 0987 1
2-Dry weight of daughter corm
ple i 5 0jg Y 0.90%  091° |
3-Fresh weight of mother corm
le diy S 5 =¥ 081  0.80° 085 |
4-Dry weight of mother corm
P i e 094 092 090° 086" 1
5-Fresh weight of stigma
A S gy # 0.94™ 090 083 079" 097" 1
6-Dry weight of stigma
S0y 079" 0.84% 093" 081% 077 066 1
7-Fresh weight of flower
S5 S g A 0.88"  0.92" 0.95™ 0.81™ 0.84™ 0.76" 0.98™ 1
8-Dry weight of flower
S A 0.77% 0.77*  0.83*  0.86* 0.76* 0.72*  0.80™  0.82* 1
9-Crocin
oS pSe T 0.76* 0.73*  0.82" 0.94* 081" 0.77" 0.71% 0.71*  0.90** 1
10-Picocrocin
Juil -1y 092 095 0.88* 0.78°  0.86 0.83° 088" 095 083" 069" |

11-Safranal

TN 9 70 Jleisl pdaw y3 ) ne a4 ¥ K o ¥
*and ** significance at 5 and 1% level, respectively.

$9) Ol 2 oMo D950 b Sliseng S Mg (Bl o
35008 )15 I8 olS ()93l 5 (Jshe paedl e8] A5 )
olS 3 )Sos g 0950 0l (2S5 03 RalS el ()
oSole awslis zols (Fang et al., 2008) sad o ials
Gl Ky 4 K o | JS S5 g 5 g s ol
@Ky 9 Ko 4 Ky gdaw 51 5 5 059 Il ol el
gaw I J5 Sid 0jg Gl Gjee 9 403 FY 9 V8
Jo9is) 5 Jo 3 BY g YYD plyp iy 4 Ks g Ko & K,
5 aSles p 1) (aldslre cute I e ol (Y
Rabani Foroutaghehet al., 2013; ) 15,8 5,153 )l o€ 5
A3 e il 1y adyy Ad, eawly (Bozorgi et al., 2012
el uimmed amd e il 1) ol ol 5 Ol Cls

oy S o (635 gle (5 el 5l g oad il halS

S KA g 5059 o sty 9 59y il slae 3
9wl 9 S9) (Abslome 2 LI ib)ly 458 b
Taw » J5 S5 5 0js 2 el g 9y Jilite S
IS5 0jg Mbe (N Jgaz) dgr b gme do Y ez
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(Y Jgiz) casls (g yaiey ylado (p35 #1+Y) Zs o 53 (s
el el g sl il gs iy Bl G2l ) o)
olS iwgid oAb (g9 dgseS plpls wanl L 3590 Ll
o e Sl |y gy col g Sliamg S pudslie
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Table S- Analysis of variance of fresh and dry weight of the stigma, crocin, picocrocin and safranal in saffron under foliar
application of different levels of potassium and zinc

Olrypo (sl
Mean squares
sy e 15 O F 0 AV Sud . . e
Sl & &3l as Fresh weisht of 039 COmw9sS (w955 9 S Jul,s
S.0.V df ess ti‘;frlfl 0 Dry weight of stigma Crocin Picocrocin Safranal
Ssh 2 0.001™ 0.0001"™ 569.4™ 8.1™ 217.6"
Block
”‘“’L’ 2 4.16" 0.048" 5940.6" 52527 459.3"
Potassium
9 2 1.59" 0.033" 914.4™ 87.7" 64.2"
Zinc
L " "
9 YR 4 0.264 0.005 361.1™ 37.3™ 5.1
KxZ
s
16 0.015 0.0001 520.3 61.0 249
Error

o> (gxe BRI pue S

TN g 7 Jleinl ko 5 ) (re OS] (s )5 &y e g

* and ** significant at 5 and 1 percent of probability levels.  ns: not significant.
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Table 6- Means comparison of fresh and dry weight of the stigma, crocin, picocrocin and safranal in saffron under foliar
application of levels of zinc

s Aok D S o0 v S s S35 Jul il
Treatment ght of stigma  Dry weight of stigma Crocin (E'";)  Picocrocin (E'”,,) Samanal
(g) (g) (E lcm)

Z, 5.58 0.87 260.69 105.97 34.85

Z, 593 0.93 280.44 107.15 40.07

Z, 5.09 0.80 267.09 101.25 36.46

LSD (5%) 0.69 0.003 7.42 2.54 1.62

3515 dunlie 103 O Jlais] aw ;3 LSD 9051 b 6l job 4 b Kileo
Means were compared with LSD test at 5% probability level.

prlly Bl gl (ol Jglone o ()] 5 0LS 53 JUI3Lwr g (w1595 «cramg S WS S g 55 (359 (e dmmlio Y oo
Table 7- Means comparison of fresh and dry weight of the stigma, crocin, picocrocin and safranal in saffron under foliar
application of levels of potassium

- B 5 VS s s Ul 8bw
Slo Fresh wetont oo Dre weieht of st Crmis S g S 9,5 S‘Jf’ﬁ 1
Treatment resh weight ol stigma ry weight ot stigma Crocin (El%lcm) Picocrocin (El%lcm) a&ana
® ® (E " 1em)

K, 4.86 0.79 252.80 100.83 29.50

K, 5.53 0.87 256.4 99.94 38.23

K, 6.22 0.94 299.05 113.60 43.66

LSD (5%) 0.040 0.003 7.42 2.54 1.62

Interaction foliar application of potassium and zinc
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Figure 5- Means of interaction effects in saffron under three levels foliar application of potassium (K;, K, and Kj;) and three
levels foliar application of zinc (Z,, Z, and Z,) in fresh weight of the flower. (LSD (5%): 1.02)
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Figure 6- Means of interaction effects in saffron under three levels foliar application of potassium (K;, K, and Kj;) and three
levels foliar application of zinc (Z;, Z, and Z,) in dry weight of the flower. (LSD (5%): 0.234)

(Alloway, 2004) sa5_ 0 )3 3l cov |y Ol yaung S
Sladdls s g 5 i b i (1 Ske dunlio gls
NS 150550 il gwe wcails il Ks & Ky o
Olio 5 4o YA 9V 5y 4 K3 s Kb 4 Ky s
ety K g Ko K o 1S Sid (g il 38l
olis g o 3V Jgia) 392 20338 9 Ve il
rols ol yud da csl gt oS s o jp—e 2l
gy sph Sl a3y Cda ool Sl )3 g 0nd ol bawgs
iloosle 5 g ol am 50 9 03) Iy Gl
ol g jrogid (ljae )3 (hali—8l (pl 298 s 03933 oLS
g sl b AN MG e 08 w55 il
Molina et ) 545 o AN i 5 iul3—8l e el
SSIs  Jgmas sl by Byame e fal., 2005
5 Ol ST 292 JiSe )3 sy Slilger p)S oS Y /VO 3 )Slas
=il Jolwe wyy ;> (Akbarian et al., 2012) I, Ken
3538 ol o#ys Jlo 93 (b e 50 ool 5 (g sl
5 S olas oS s b il el ply 5 ol s

s Ll ccsl Gl ol s Sy aw Lasls

3929 5l S (F o) Clie e (Sier s

(/A7) U5 5 i b sdle 4 5 (g com ot (Stamad
le iy SLES (g cizmen 9 (+/207) S Sis jg
e g (/M) U5 S 59 5 (/AVT) US 5 s b
2 S99 el Cute SISl g o 1) S50 Shee il 53]

.(Sahabi et al., 2018) s> s 0LS (¢ jiiuwgid pitams

NS KD 9 5 ()9 o sty 9 9y Sl slae 5T
5wl 5 895 Shdslore b Gl b )ly 48 uls
g > AN SiS 5 15 0y 2 el 5 o) Jlie S
F 03 e e (8 Jgie) 292 ) (e 20> ) ool
2 AN 5 5 il e b sdalie 7y pdaw 3 IS
S1adMS 15 i ol g duo > £ bl 4 G Zp o
oo o AW SLis yj9 .ccily yialS 7y 4 7 pow
Py oillaop Y glie 4w Z) 4 cans 7y b Jole
iy LS (S +IAV) Zy & G (55 +IA+) Zy rbans
SdgS S8 (b )l a9 sl 59y paie (F Jsi2)
pddsilio 3 (e (BB g 0392 (5900 Al Jiw 5 Mg g

e glie plplis L 09 b o Ay Ay Sy el 9 3yl



VO oo (S 5 oo Slio 2 (65, 5 sl Sy b (o3 Jsloe 51 S0 g slibl

ool L5 cldllas 3 aIMS SLES 5 5 gy Ll 3 )
A i oldes 3y Shoe j (S @5 Sl )y 3 04
olo bl )3 (S Jolxe jg0 4 (5 395 By &S
olS b oy aei o Slae sdo 2 YY )58l Coge
S didl lgl g e B9l 3 (580 slaaiy (ée
Ay Joab asebl Sl glo culld jslate 4 5 15,5
395 Span cplply bl e Sy jriwgh & dtuly olyée
Al oo vt g S olo Ldwl 3 (S A0l &g &
.(Hosseini et al., 2004)

2929 5l St F Joio) Clio (i (Siasor b
3o (IVY) IS 5 3a b A 5 (g oom St (Stauron
03 9 (13 77) cople a5 g +IAFT) S5 SCss
NS St 5y e g (M) (o le iy S
039 (+IVFT) U5 Sezs i L s )bime g Cute (Stuson
(+1V2%) s le aty Sis g 9 (YY) (g pole a5
Sl St AV K5 g 5 (g o Adllan ol > il
A odalide (gpple aiy g J5 Clio b () (gne g Cue
Suid 5 5 iy Ol G sl 4 (g Gl cal bl
b S SES g 5 g 9 S5

9 9,8 955 (g S (i golh i pd 1 (59, il glae yailE
Il s

iels a6l ine 3l sy il Sy ons
Az (B Jgde) il JULELe 5 (g S 9,5 comg)S
W odaliin 7y pdaw & 7 pdaw 5 Gi)38] Chs dw ya 40
SIL) adlas 3 (5 Jyi2) 395 bsinn (s al s e 31
» (Maleki Farahani et al.,, 2015) ), S 5 Jla,d
g o2l i o oal L (slaoaiis i f oy
(9 )S 955w Ol 0l ) (S 5 (oS Clogad
Jlie Sl e g (liee 9 95 51 cod JUELo 5 g S
25,555 35 e 5 £

Dy olie 3)Sdas (Ll el jgd Gl g osd
il 185U e aS cul oS ) ¢l siomy i 3 Shes
Lol (il Jolore Bl o Lol s Jlito 3l 5 5 Slas
Db se ol Fiwgid Cad I3l 4 e 55 5 el
g by eud Jie laady) 4 (ide Shues S nlply
clale asei )0 09 e 0bj Al bwe olie yolie Ol
90 By sl e li8l ol 0 b X0 jolie sl
g S Laddy) 4 oad Jitie (gjttwgd &Y gase jl i
d9-dise gy B ady 5l gy 4 aSk 25 0 By o]
Oiel3l > Ln ShiamsS g (I slasenl glgl JS5 4 oS
Capma ol 331 Al 31 jamgi) 1> SB (09)See Cumer
= 5 @i polie il pali 3l sl SB (95
dgd o0y gZn Fe Ca P ol SLS5 opisy
Yassen et al., ) ,LSen 5yl (Marschner, 1995)
Shdgbre wlgd ) SB I polie Gla 8] ea (2010
dlgo g 5 s (Bl Jgtme U a5 olislyy a3 )8 ly e
Ol b5 33,5 (oo SB- Jolore 4y 4y 520 ol g 58
Sl g oad Jhwgny ) (29,5 Cullad dg0 caw dlge
3 Ao ol WL e e Gisli8l ) Llie polie s
2 g i glie; 3 Slee Gl 5 05 (A
Al ool oyl
S039 = S99 el (b Jolowe fliie 31 gy 3
(o 9d y ) g I ixe d d g L AN (SUis
FIVN) Zo 5 Ks (b st gass y3 NS 5 (59 ooy
9 Ki ol a bgpjpo iy a0 NS 5 g cyieS 9 (p)5
O (Y JS8) 92 (p)S ¥I0A) Zi 9 Ko L ()5 ¥/V) Zs
9 (55 V) Zo 5 Ky (o3l Jslone paw )3 ST S (4
29 (4al3) Zy g Ki gdaw @ bogpjo NS SS9 (2 e
2 ey 395 Cdale 358 wmy oo (i s (A JS3)
Hlopstdn (o) 9y 555 po> gdaw b olyon (Ks) pgw o



1¥R4 il Yo,led A ale ey jieg gyqlid g el asts VP

Interaction foliar application of potassium and zinc
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Figure 7- Means of interaction effects in saffron under three levels foliar application of potassium (K, K, and K;) and three
levels foliar application of zinc (Z,, Z, and Z,) in fresh weight of the stigma. (LSD (5%): 0.200)
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Figure 8- Means of interaction effects in saffron under three levels foliar application of potassium (K, K,

and K3) and three levels foliar application of zinc (Z,, Z, and Z,) in dry weight of the stigma. (LSD (5%):

0.017
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Abstract

This research was carried out with the aim of studying the effect of zinc and potassium levels as foliar
application on quantitative and qualitative traits of saffron (Crocus sativa) in Natanz city (village Badrude) in
the second year of agriculture during 2019. The experiment was done as factorial layout based on a randomized
complete block design with three replications. Elements such as KNO; at the levels of control (Kj), 5 in
thousand (K>) and 10 in thousand (Ks) and Zn-EDTA at the levels of control (Z1), 5 in thousand (Z2) and 10 in
thousand (Z3) were the treatments. The studied traits included quantitative traits of fresh and dry weight of the
girl's corm, fresh and dry weight of mother corm, fresh and dry yield of the flower, fresh dry yield of the stigma,
qualitative traits of Crocin, Picocrocin and Safranal. The results showed that K, and K3 levels increased the
quantitative traits, especially at K3 level. While spraying zinc only at the Z, level quantitative traits increased
and it had no significant effect on qualitative traits. The application of potassium fertilizer at the K level along
with the Z, had the greatest effect on increasing the quantitative traits of saffron. Perhaps one of the reasons
for increasing flower yield can be attributed to the positive effects of potassium and zinc on the photosynthetic
system of the plant. This increase in the amount of photosynthesis and metabolism, in turn, affects the amount
of stigma production and increases dry weight of the stigma. As a result of potassium spraying, amount of
Crocin and Picrocrocin increased from K to Ks by 18 and 13 %, and Safranal increased from K; to K; and K3
increased by 30% and 48%, respectively. In the present study, there was a positive and significant correlation
between the amount of Crocin, Picrocrocin and Safranal contents with quantitative characteristics in saffron.
It can be said that quality traits are influenced by quantitative traits and yield components of saffron. Therefore,
flowering and flower yield of saffron is also effective in improving its quality.

Keywords: Picocrocin, Foliar nutrition, Safranal, Yield of the stigma, Crocin.
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