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Extended Abstract

Introduction: Iran is the world's largest producer of saffron. Given the importance of
increasing saffron production and improving its quality in the face of drought conditions,
it is crucial to explore the impact of replacing some common chemical fertilizers with
biological fertilizers in saffron cultivation. This substitution should be studied in the
context of its potential to enhance the nutritional status of the plant and the quality of
stigma apocarotenoids under drought stress conditions. Such a change could have a
notable effect on increasing saffron yield and preserving agricultural ecosystems while
maintaining product quality.

Materials and Methods: The research was conducted in split plots with a basic RCBD
(Randomized Complete Block Design) over two consecutive years (2020-2021 and
2021-2022) at ACECR's research complex for medicinal plants. The experimental
treatments consisted of two levels of water availability (50% and 100% of saffron water
requirement) and six levels of fertilizer (control, 100% NPK, 50% NPK, 50% NPK with
three biofertilizers, 50% NPK with four biofertilizers, and three biofertilizers). The
impact of experimental treatments on the levels of nitrogen, phosphorus, potassium, iron,
and zinc in leaves and corms, as well as the quantities of three apocarotenoids - crocin,
picrocrocin, and safranal - in saffron stigma were studied.

Results and Discussion: Due to decreaced water availability, the nitrogen levels in
saffron leaves and corms rose, with the nitrogen content in saffron leaves averaging
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almost 15% higher than in the corms. Despite this, the phosphorus content in the corms
remained unchanged under decreaced water availability, whereas the phosphorus content
in the leaves decreased significantly. These findings suggest that decreaced water
availability can result in reduced phosphorus levels in saffron leaves. phosphorus content
in the saffron corms was almost 61% higher compared to the leaves. Potassium content
in saffron leaves remained unchanged under decreaced water availability, but
significantly increased in corms. Additionally, potassium content in saffron leaves was
almost 13% higher than in the corms. While iron content in saffron leaves and corms was
not affected by decreaced water availability, zinc content in corms and leaves decreased
with decreaced water availability. In general, saffron leaves accumulated significantly
higher amounts of nitrogen, potassium, iron, and zinc compared to the corms, except for
phosphorus. Fertilizer treatments significantly affected the levels of nitrogen,
phosphorus, and potassium in saffron leaves and stems, while iron and zinc levels
remained unaffected. The recommended amount of chemical fertilizer treatment resulted
in the highest levels of nitrogen and phosphorus in saffron leaves and stems. Since
daughter corms store phosphorus effectively from chemical fertilizers and saffron yield
depends on the amount of phosphorus in daughter corms, it is not advisable to completely
replace chemical fertilizers with biological fertilizers. The level of potassium in saffron
leaves and stems was not affected by the fertilizer treatments, suggesting that the
application of fertilizer did not impact potassium absorption. Additionally, the levels of
iron and zinc in the saffron leaves and stems were not significantly different from the
control across all fertilizer treatments in the experiment. Overall, the most effective
fertilizer treatment was using 100% of the required chemical fertilizer for saffron. This
was closely followed by applying 50% of the chemical fertilizer combined with four
types of biofertilizers, leading to the highest levels of nitrogen, potassium, phosphorus,
iron, and zinc in saffron leaves and corms.The levels of crocin, picrocrocin, and safranal
in saffron stigma varied between the two years of the experiment. Specifically, the levels
of crocin and picrocrocin were higher in the second year, while the level of safranal was
higher in the first year. Additionally, it was observed that drought stress did not
significantly impact the levels of any of the apocarotenoids examined in this study. The
levels of crocin and safranal were not impacted by the use of fertilizers. However, in
cases where the availability of nutrients increased (due to the application of chemical
fertilizers at the recommended level, or a combination of chemical and biological
fertilizers), the levels of picrocrocin decreased.

Conclusion: The overall conclusion is that it is possible to enhance the quality of saffron
and make up for nutrient deficiencies through the concurrent application of biological
and chemical fertilizers in saffron farms even under decreaced water availability.
However further research is necessary to clarify the unknown aspects of this area.
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Table 1. Soil moisture requirements for each level of water availability based on soil moisture at field
capacity (soil bulk density of 1.4 g cm= is considered)
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Table 2. Information related to irrigation treatments
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Table 3. Information related to the application of fertilizer treatments
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Bacteria strain O4 Pantoea agglomerans (nitrogen fixer)
Bacteria Pseudomonas putida strain P13 and Pantoea agglomerans strain P5 (phosphate solubilizer)

Bacteria Pseudomonas koreensis strain S14 and Pseudomonas vancouverensis strain S19 (potassium solubilizer)

(WLA.’ uLﬂJ}m AL}..J)J Olawd By o ‘0)5‘) )L..u))}o NPK XA
(&3] eausS eonzs) Pantoea agglomerans strain O4 ¢ x5

(olaws oaiss J>) Pantoea agglomerans strain PS5 4 Pseudomonas putida strain P13 s xS,

(el 0055 J>) Pseudomonas vancouverensis strain S19, Pseudomonas koreensis strain S14 ¢ s

F5 (395 003 g3 5 (59, 008 J>) Pseudomonas japonica strain FZ.21-1, strain FZ.29-1 s sl
50% of required NPK (urea, triple superphosphate, potassium sulfate)
Bacteria strain O4 Pantoea agglomerans (nitrogen fixer)
Bacteria Pseudomonas putida strain P13 and Pantoea agglomerans strain P5 (phosphate solubilizer)

Bacteria Pseudomonas koreensis strain S14 and Pseudomonas vancouverensis strain S19 (potassium solubilizer)
Bacteria Pseudomonas japonica strain FZ.29-1 and strain FZ.21-1 (iron solubilizer and siderophore producer)

(&3] eauss onzs) Pantoea agglomerans strain O4 ¢ x5

(olaws soiss J>) Pantoea agglomerans strain P5 4 Pseudomonas putida strain P13 s xS

(psliy 00255 J>) Pseudomonas vancouverensis strain S19 4 Pseudomonas koreensis strain S14 s :s|,

F6

50% of required NPK (urea, triple superphosphate, potassium sulfate)

Bacteria strain O4 Pantoea agglomerans (nitrogen fixer)
Bacteria Pseudomonas putida strain P13 and Pantoea agglomerans strain P5 (phosphate solubilizer)

Bacteria Pseudomonas koreensis strain S14 and Pseudomonas vancouverensis strain S19 (potassium solubilizer)
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ashl )3 o i Sl posisel & I 05955 o
oole 4 oljle denSg 00 o «Sligal (o3luwalsl &l
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S ey 5l peizmen 2855 el wo s iy T s
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a9 kg bk ge)l @mls pelel pCaload (315570
olalojl plosl glo Jlo sllas (il ly (050 S5 15iSs @
Olee 4 barye slo 03ls (59, <5 50 4325 (7 Jgu)
(Y Jgoz) <85 ploxl UL 5 (s S 98 g S
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Table 4. Analysis of variance of the content of some nutrients in leaves and corms of saffron

Sl e xKkes
s @b MS)
S.0.vV a4z ,o . B
N <3l oo S S5 ey Olie ool Gl 9 Olme
‘Sd? Nitrogen content Phosphorus content Potassium content Iron content Zinc content
S an Sy a Sy a Sy a Sy a
Leaf Corm Leaf Corm Leaf Corm Leaf Corm Leaf Corm
sk
: 0.3258 0.0033 0.0050 0.0555 10742.3 3338.6 122.87
Block 2 0.0172 ns ns o ns ox 0.043 ns 1S ns 51.73 ns ns
ol ool
decreaced
water 1 0.0636 ns 0.1103 * 0'9318 O.C:](;37 0.0n(;OZ 0.094 ns 232;21'8 22259'8 500.97 * 184.37 *
availability
)
Q)L LgUa}
ok 2 00035 01008 00041 00003 00126 0.021 76432 49202  157.24 18.54
Main-Plot
Error
> 0.5608 2.4224 0.0012 0.0125 0.0348 6219.0 1852.9
Fertilizer 5 e Cse ey e e 0.032* ns ' ns ' 27.83 ns 39.68 ns
]
Lo 5
Jlas 5 0.0402 ns 0.2726 0.0003 0.0016 0.0058 001 * 6436.4 1688.4 4475 ns 21.00 ns
S*E ns ns ns ns ns ns
e 20 0.0271 0.1775 0.0001 0.0021 0.0040 0.014 5802.3 2423.4 93.80 42.14
Sub-Plot
Error
o
(VAR poves 5.9106 17.31 5.1230 12.7250 5.1056 10.916 22.35 43.23 26.31 21.31
CV (%)

Ao, G gt Jdol maw 18 (5518 s o5 )ld gime pac sdims i oS 5 4y sk g % NS
In each column, *, ** and ns, indicates significant difference at 5%, 1% and non-significant, respectively.
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Table 5. Mean comparisons of the effect of water availability and fertilizers on the content of some
nutrients in leaves and corms of saffron

SR Ph)w ‘;b“‘ g:u o R 3 e
. - osphorus otassium :
Hlewd Nitrogen content content content Iron content Zinc content
treatment Sy ab Sy ab Sy a Sy a Sy a
Leaf Corm Leaf Corm Leaf Corm Leaf Corm Leaf Corm
% % % Ppm ppm

S1
‘5‘,'1 BRI R 2.7448 22576  0.2344 03573 1.2377  1.046 366.18 106.02 40.54 32.72

100% of water requirement

GJ )L._, WY R 2.8288 2.6088 0.2201 0.3777 1.2429 1.149 315.34 121.69 33.08 28.20
50% of water requirement
LSD 0.1145 0.2930 0.0081 0.0325 0.0440 0.083 52.96 34.22 6.73 451
F1
3heolaul pac) wall

.. . 24330 18450 0.2127 0.3377 1.3418 1.067 318.95 113.62 35.79 30.10
(320 00k £95 2
Control (no use of any
(nutrient material
F2
)'L.,.So)% NPK Y« 7. 3.1963 3.6053 0.2477 0.4381 1.2188 1.176 305.04 120.37 34.42 34.16
100% of required NPK
F3
)‘L.:Jb)y’ NPK &-7. 29174 23985 0.2339 0.3837 1.2241 1.130 316.77 96.40 37.94 30.08

50% of required NPK

¥ 5 5Lis,00 NPK 0.
Sy 355 28108 2.3007 0.2288 0.3317 1.1849  1.009 379.84 14530 4047 28.16
50% of required NPK
and 3 biofertilizers
F5
) 095 29412 25358 0.2323 0.3946  1.1497 1.175 347.35 102.49 35.49 32.73
50% of required NPK
and 4 biofertilizers

F6
) o95‘€“ 24222 18450 0.2082 0.3193 1.3225 1.028 376.60 104.97 36.73 27.52
3 biofertilizers

LSD 0.1984 05075 0.0140 0.0563 0.0763 0.144 91.73 59.28 11.66 7.81

F1: Control (no use of any nutrient material)

F2:100% of required NPK (urea, triple superphosphate, potassium sulfate)

F3: 50% of required NPK (urea, triple superphosphate, potassium sulfate)

F4: 50% of required NPK (urea, triple superphosphate, potassium sulfate), Bacteria strain O4 Pantoea agglomerans
(nitrogen fixer), Bacteria Pseudomonas putida strain P13 and Pantoea agglomerans strain P5 (phosphate solubilizer),
Bacteria Pseudomonas koreensis strain S14 and Pseudomonas vancouverensis strain S19 (potassium solubilizer)

F5: 50% of required NPK (urea, triple superphosphate, potassium sulfate), Bacteria strain O4 Pantoea agglomerans
(nitrogen fixer), Bacteria Pseudomonas putida strain P13 and Pantoea agglomerans strain P5 (phosphate solubilizer),

Bacteria Pseudomonas koreensis strain S14 and Pseudomonas vancouverensis strain S19 (potassium solubilizer), Bacteria
Pseudomonas japonica strain FZ.29-1 and strain FZ.21-1 (iron solubilizer and siderophore producer)

F6: 50% of required NPK (urea, triple superphosphate, potassium sulfate) Bacteria strain O4 Pantoea agglomerans
(nitrogen fixer) Bacteria Pseudomonas putida strain P13 and Pantoea agglomerans strain P5 (phosphate solubilizer)

Bacteria Pseudomonas koreensis strain S14 and Pseudomonas vancouverensis strain S19 (potassium solubilizer)
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Fig 1. Comparison of Nitrogen, Phosphorous and Potash (a), Iron and Zinc (b) in leaf and corm of
saffron.

(Sl 3l 9031) (Aol (glas il jlg (319580 (90T s F Jgusr
Table 6. Results of the homogeneity of variances test (Bartlett's test)

é?.l.n -
o;\.&dﬁfo)".\j‘ 60‘)‘ ax e & 65
df Chi-Square
Meas_ured 5.0V g
traits
. Lo
wwsj_f J 1 0.3521 ns
Crocin year
) Lo
@9)59)1._.% J 1 0.1182 ns
Picrocrocin year
b5l Lo
Jul,$ J 1 1.0678 ns
Safranal year

hed Ol Lol 3,55 i )10 (e yskar jad (lies
cil pallas,s YY) a4 aoye </YYFE IS,
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Oles Gl )3 saed Gl Gl 4 e Wl (oo
Loy o S b analio )5 lyhe) an ) jand (e 090
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warg bocwlosg yiin (i 5 e o ban e
3 0le; )3 Sl (Gans dlge Dz g Aty wl aSL
P Sl dges al> o b Glojer) livs; 2l
Behdani et al., ) wb o (zols Sos & (Lo adlas
b 4t ey 5 (59550 Ol 092 YL Yleil (2016
Dl dr 25 Gge a4y Cod (a5 25 jles 0
Loy olS b, hal>pe cpl jo polie (nl Qi o

W YN

S1 maw jl Ol ealyd malS b olaes oS )0 9,
FI0F 51 (ol 5 ae,004) S2 w (o sls asys Ve e)
YAIY - 0 ¥YIVY o o gpl o VWA ol o
» @l ol ealp S sbay (S 5 Lalys
2 og Gl Soled jo g ady) yo pole olalr (S
Kheradmand et ) aas o zalS |, oLS calisee slaplas]
AD j0 g Sd i ilpdl asl og>4 L@l 2014
o Slgoe 15 CoS QLS o jegtd g5 elS
sloplal 4 (35958 JEI GalS b g oad (350 Cadgae
ladiy )3 ()39 fide ged 4y poeie Ol yie olS lge
ol aine NS e Ll cilodgas 0, gbs, wosllas
=2l Ol Jles 99 )0 (ldes GlaS o Sl (lie
(&) 5l doyo Vev) 25 pae g (o 5l sy 00) O
wels Al 31 ey JLET o) pe Yool 45 a0 o i
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Table 7. Combined analysis of variance of quality traits of saffron.

Slayye (52l
S gl (MS)
S0V - A
ol azys CmmssS 9 S 95 Jul 3L
df Crocin Picrocrocin Safranal
L
J 1 882.00%* 249.3 %% 93.38 **
year
IS5
Jue 52 LS 4 7.44 7.44 2.36
r(year)
ol soly®
I 1 1.38 ns 2.72ns 1.38 ns
water availability (S)
ol 1,8 % Jlo
Pl 1 29.38 ns 5.55ns 1.38ns
year* water availability
i glas
Ao 4 15.30 5.64 2.22
type a error
" 5 24.65 ns 9.32* 093 ns
fertilizer
# Jlo
> J. . 5 6.83 ns 152 ns 0.48 ns
year * fertilizer
% ol {Jt:
el geals 51.62 ns 7.85ns 1.02ns
water availability * fertilizer
358 # Ol enl s Jlo
year * water availability * 5 28.28 ns 7.35ns 1.68 ns
fertilizer
b gy ol
& 40 32.01 3.49 1.01
type b error
(1) lyee ey - 251 2.19 4.00

CV (%)

Aoy G gt Jdol maw 18 (5518 s o5 )ld gime pac sdims i oI 5 4y sk g % NS
In each column, *, ** and ns, indicates significant difference at 5%, 1% and non-significant, respectively.



Vs 5 &8 e Ol OT canl b Olse Cilibes Ll 3 53 gliasd 5 (e S0 S0 ooy 2 10LKGn 5 paal !

Olae 3 o,5das b b o Slio p 4108 9 OF (o2l,8 (Jlo F1 5uSilo dummliio A Jgor
Table 8. Mean comparisons of the effect of year, water stress and yield-related traits of saffron

Cre9 S
Crocin

O35S 9555
Picrocrocin

Jul sl
Safranal

oy S o Jolme i jiSlas

oy s 2l Jolme iz piSlas

oy S o Jolme iz Sl

s Fagli FE zga sl o Fagli YOV zgaJsbo 53 Fagli TY zga sl o
treatment Maximum absorption of one  Maximum absorption of one  Maximum absorption of one
percent aqueous solutionat  percent aqueous solution at  percent aqueous solution at
440 nanometers wavelength 257 nanometers wavelength 330 nanometers wavelength
Y1
alées Gy, Jgl Juo 221.61 83.30 26.22
First year of saffron growing
Y2
olybes Giug,y peo Jlo 228.61 87.02 23.94
Second year of saffron growing
LSD 2.44 1.78 1.00
S1
NNV 224.97 84.97 24.94
100% of water requirement
S2
P NN\ 225.25 85.36 25.22
50% of water requirement
LSD 2.56 1.55 0.97
F1
g5 ;0 3l oolainl puc) walss
(e oole 22541 85.66 2491
Control (no use of any nutrient
(material
F2
5L5,50 NPK Y+ -7, 22334 83.83 25.08
100% of required NPK
F3
3L35,90 NPK O/, 227.66 86.25 25.58
50% of required NPK
F4
355V g L3550 NPK &+ 7.
s 22491 84.75 24.75
50% of required NPK and 3
biofertilizers
F5
355 ¥ 9 )’Lz.b)}n NPK (h’/
s 224.50 84.75 25.08
50% of required NPK and 4
biofertilizers
F6
Sy 055 Y 224.83 85.75 25.08
3 biofertilizers
LSD 4.66 154 0.82
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ploy Jnl aekas ooyl slo Cudlad pulas L (o siae
55 obS Comles Gl 2 S5l Ml gaz rien
» «(Hajiboland, 2012) &,l38 o st s Ll
G5 e Ll 50 (55 pais 0l o L Slalllas ol
(57-); ud.?- ‘Lb &5)) )é).a.l.c U"‘ ujalc w‘ﬁ‘)) 09)1-0
Sl o 1) 5K g ool sl yolie 5l Ko
Babaeian et al., ) sls _zl;3l (Helianthus annuus)
S Sas i Jlasl b (6,50 aslllas jo uzxen (2011
S G5 Gl L) o skl Jolss 39l 5o,
(Phaseolus vulgaris) Lug) S5 0 9,5k olic ol
5 S A5 o bl ol mls Ll el als
L as ols plas gy Sliga olyen 4 ool ol Jgle
5 Sis i pas bl 5 o8 polis ool il Jlns
)“L’U’”NPKWMU‘)M‘NWJW‘M
Ole 4ol (o Gl 59y 9 o] paie 50 (S5 Jslme
SalS 4 e Wil e (g9, 9 o] polie jleslatul Koo
595 9 Sk polic plo Qi (55, (Sid 25 shie SIS
g S i Sl gw, o (lbrahim et al., 2017)
9,1 oL lordise Slao 55y 5 ool (S5 Jsle
pi (el 4 e paie g (nl (Bl Jole w0
O oy BT pals ol Sas g ke Ol il LS
ST b sl Gl il ys olS 5l cblis> o Sas

(Chaji et al., 2013) l,Ke2 § >l> 5525 pl b
b 4y o Ld Sldllas 5 (g ks B 1 4T windies
sl an oo o8, e aloge cnl o lie; o250
s 4 oacld 5l as Ll e aiy; ol & 4 g 50k
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a) obS s LB plal baa> ol 6,850 o9 Wlgs
Sl o b g as, Jad b s as wil (ke gl
5 65 e )3 055 (o0 Djge olS Sl Jleio
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ol o nogs lS ol yap 43 o iyl s olge
Olyie; pegar 10 izen g (Chaves etal., 2002) o
il slate) o Sp e ;o b ey Ol SRl 5
S s clile (Ll ase (Sas a5 L ablie glo
DAL ablie sl gonted Wl (o0 08, (RalS &b



VY s 5 &8 ol Ol OT canl b Olse Cilibes Ll 3 53 glasd 5 (e S0 S0 oy 2 10LSGn 5 paal !

ol )0 F2 jlas 5l G 55 (FD L) (g slasgs
OVl 285 I8 a9 S )0 Sl Gliee 2 5YL pgo
F2 )l Jlesl ams jo pliej a5 Sy yaud 5
SHFB 5 sals) ol 555 086 sla,les 5 0l Jol>
Lol 28 )5 )18 ()bl 05,5 (i oy )0 yhed e L3
BB Lo 99 )0 S peliy (e iad 5 5l BN
g bjlesd plo 5l ey (FB 5 wals) olewds slasss
Slod @ ol 4 50 el (lie 2 5YL 929 0l b
sals b g,lo gime gl (Ll Loy a5 cusls 3las F5
S dells jles 285 18 .l (sdse oole aigS o il
o Ol a5 Sy ey Olies s )lel 09,5 (n YL
Jleel 5l penliy Q2 08 50 pae oatas s wilys
Oizmad AL iolesl ol 5o eoliiwl 5,90 (6355 (sloleus
lolos 5 Samn y0 pliae a5 S ss, 5 ool ol
Sl oo gl wala b iolesl ol jo 0als Jles! (5555

(Y IS8 50 Jguz) el
Rasouli et al., ) ;) Sen 5 Jow, tolice Lialosl )0
gl o ol sad, e Sy (B 5515 (2013
(NPK) &l sl sbaogS ol cilisee 5555 ailie
SlagSl ool () adsS CawseST (o0
CumgeoS (50)9 S 5 pized g skl 9 (uligegogu
@S oolol 2 aiolo S8 (g 2 0)90 1) (S sloogS
Sloogas p 1) 23U on i 635 ol sbagS 318
555 5 Sk plejer op)lS 5 wils Su3elsd)0e
g0 8 5t sping Al s, Glie p ol
AVl 5 CagnS (5055 (6L Ol )8 (eioren
1y 3B Gt (S 5 IUT bl ) pleonds 855 o
IS e Gt ol o 4z S el Sy pelie
Ol 2 6580 (ol 5 aleand) (5395 sl )lacs
oS a3l ooliisl Lol coulas e Sy oyieymes
I e B L
Sin on i Slie i lmn slassS 5 4l
Onidze cplols Al ey Sp oy Ty e 5 )
Sl Ly oldes wdy Bl sl osS g5 (B0
a8 ails bl 5 woges (Byme wb) S yme slags Sk
drogi gilrerd 095 51700 Lol (i) slodsS 5l oy
@btz GloosS olen 4y SL UL bl 2 oas
S e SewgeeS (209 b olyen (6 3L sol> (S
adllae ;o g vl Glhde; wl; Soyms sl 6058
JB9AS 5 S r Uer Ol i Ol 5 65

Sloaid 5 o (s (ulsn aie il slyme (aliEI L
OheST (5T sl 3T odlad (a3l (izen g Jslone
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Al Sy 0 sl o187 rals 5 (Sorghum bicolor)
Sodaeizadeh and ) s ,5aie 5 00l; ologm astllas 1o Lol
Salvia ) sl dg) I5 o 0 oL 59, (Mansouri, 2014
)l (Sas as ol li8l L (macrosiphon
)50 95 yolie &S (e ol); cod)b ws 0 YO
Ol sy sok 55, 9 o8]yt 90 Ao 5l aloj]
3 e 5ekes AVIOY 4 WIAY 5l 55, (e 450 9k 28l
35 e YOFIE 0 Y/ 51 56 oal oliee 5 o555l
Vigna) il oL (59, 6,500 aalllas y0 e 0,55k
Golel alad b Sas 15 Jlesl aS ol i (radiata
oL (il ab) g (20 Blo) (Siugy Wb al>je g0 o
Jafar ) o)l sle als jo (g9, pare Glhe p b
az s ysb opl ol oo ggeme o (DoKht et al., 2015
slo plil aizmen 5 it lalS 25Ty o5 288
S5y 5 (2] pais 93 pem pgas o olS Sy it
b Gl e Wl o0 O (gonlp ol g conl glite

2gh olS o yolie cpl tals
B (5395 slajlass Jloel (il )ly 325 @l ol 2
g Sp ) ey g paed (Sl Ol 2 s)logne
olis 4 s S 0 5y 5 08l Oliee Lol sedls i
o (F Jgaz) 8,55 )13 (6058 slalews juibicow
999 F2 jles 4 Blete liaes a5 S o ol (s
5 (02le) FL oy 50 @y at 9 S 5o ol liee (558
5 olond $osS 5 Hloyan colinul .cusls 3l F6



\F.¥F QMU})L@{ ) UL*:” c\“.ll?a[)‘_,icj LSLaui'“)}l, in.;\'\c

O g yhe o dble calize  Jolge ).uLs Peas y
axdllas ;o digad ylareds .l oads (5158 alisee Slalllas
Ol )b SlaS 3 e cilides (5055 (slass; RS
Ghanbari ) ais saslie islesl plol Jlo aw o Sglas
oS wols U355 oL e 5 blelowl Ll (et al., 2019
Sisis Sl aw po (e oy ae )50 e SR
aallbas jl Jol> ol b guls cnl a5 2dl aalys il
Ly @lhae oS98 5 ewsS Gl oga> o Lo
el Spbe boadlas o JUhils e ials
oo 5 Slorwlyl souew (Esmaeilian etal., 2022)
oIl e (Sas 25 Rl aS WS A1 5
JURLe 5 oS98 immnsS Olime 53 (099
(Saeidi Aboueshaghi et al., 2023) o saly=

5955 St Jlosl pibiioss (s (lyeo 45 oo
oo 355 Jlosl JJo a4 a5 olajles 0 028,55 )3
5 elbord GloosS oS 5 L g (F2) oud apog 0 o
355 3l eslul pas JJo a4 aS Slojled 4 Cod ]
L (F3) oo Aoy 355 Glie caal | oolatuwl d(all)
e polis goald FB) plosiar oy slosss” Jlosl
oW 4.»_9[) u....aalf LJ’“*’B)SBJX"’ ()‘)"’A 009 ).».QS LQJ] o
VOIBAL o b 4 5o JUI3Le (e 00 5 0mb 9 00 YL
Slesi 90 ol 5l Soee b ghlo sime Dglas colaiuls g0
rolie Glime Gm (St (o) (A Jguz) axiles
5 9595w eSOl b pldes an g S
Slao pl G (SNaaed 3925 pac cdimslis Ul sl
Sy sid Glade b S JULsle Gl m LS o
B an )0 gy lde b abdS JUl3Le olpee 5 (+/FOF)
gl 5l oolid b ogas jo ESS (pyp 09T
el 438,55 plonil ol yhe ) (slaadsiis Sl (e » 5355
5 ookl cotte b B8lge cpdie S a5 Jb o
G095 95 «Omg S Ol 2 () 9 ilend oo
Saeidi Aboueshaghi ) aciws o he; o U5 o
oS Jale 1) laogS™ 5l eolawl Koo S5 (BL al., 2023
Rezaie et ) asls o o)lyae; 456 slacdgpln ol
.@l., 2019

039755+ (GSLgish) (s lasgS I eolaial Jles )
S0 S gy olme il Bl cubisre ol ol Caws
Cix lpads; phw dang Grizes g b 8L el
LS 2 55 (e gl el else 1) S 51 0590
w05 ol 6095 sled cnl Sl eslial S s e
35 3l eslail (6,58 aslllas ,o (Kheiry et al., 2018)
3 ped Gliee o gie Gl Bl cun ¥k Sland (s
sl an o jaud Gl aShpshy wld oliae) sle an
Slosd 0 Cand V9l Slind (fas 095 Lo o i
g1 e plp VI g VIV i @y 15255500 jlad g s
Slawd s ; 05 (Bekhradyani Nasab et al., 2020)
4SS b Gad oS Jo slo 6251 5l Y sk
s Rl s Gane 5 I OlaS 5 i i
ool s (Amini et al., 2014) ssi o o) yae; 5,Slos
Ol ) 4 i (liae (e g (S g8 addllas i
el Glyae ) o (BlS Al 5s oS Jelss 5l (S
S ol pliey lo an jo j8ud 0,35 Rl (e
Sx Jlo 5o 5 5V6 o Shee Lol Jalge 51 (G e o5l
555) JT slaosS 3l ooliil a aizils Ly 5 il ogas ;55
26N e 5l (CngeS 5 CamgaS a)y ol
KoochekKi ) o,ls olae; lo an jo yaud ol i3l
2 I o0 Sles oy yion bl ol a0 (6t al., 2014
st 99 4 Blaie 5 Lo asdllae )5 olaes g e JLo
WD Ay 3 5hud 0255 Glie (il o 45 39 (5095
NPK 70+ o g 5L 0,00 olawd 55 7V e+ [los)
ool Ol oo cnlnle (G 055 £5 T+ 5l 050
0y gy yind col oogS 5l ooliciusl 45 2 ,F ams
S8 d5ute sl Olies an o paie Gal 51 I el

By aal> (55908 Ol e S

OlAe s sWadgda el oyl5me
Ol &S Slao oS o ills @ mls bl
plosl Jlo g9 58 JUlRLe 5 (ramg S 9,8 g S Ol
i @l (Y Jgu2) 09 Sglite po b il
2 0955 9,5 9 OewsyS Olee o 2l (LaS b Sk
plosl ol Jlo yo JULAL (e 5 Oliae s Giag) peo Jlo
SeplS a5 0l jastioe (eiored el 009y i ioles]
o Sps Gl 2 Sl b OT eald

A5V Jg92)



V10 g5 &8 e Olie DT canl b Olie Cilibes Ll 3 53 (gliasd 5 (it S35 S0 ooy 10LKGn 5 paal !

Ol NS (gloandgiis el (ol 5e0 9 4y jolis (lime 5y yolie Glimo (ot (Kiamod A Jgor
Table 9. Correlation between leaf elements, corm elements, and stigma apocarotenoids content of saffron

c E g S E g
%léﬁ‘él‘gl% § .8 .5 . & E
H= _ R X o £ e .0 3 B: .= .=
o we S8 JF 5L 58 DE 58 35 Is 48 5e 45 18
< S8 N5 %8 wgd 18 432 52 Ao o9 98 32 S e
) 18 28 & 5842 1% %5 82 58 1% 12 38 3§
traits D0 }Suﬁg RE .98 8 %= 4N .2 ha & 2= N
el MEvE S8 wg wg Tg 8 38 TE JE
4= s 12 @ B IS - S S
S - = - 3 5 £ E S S8
3 < 3 S8 = S
a - S8 O
Oe9S 1
Crocin
Os,¥55 075" 1
Picrocrocin
Julle * .
) : 1
Safranal 0.34 067
Sl s
SO -0.07™ -0.17™ 0.18™ 1
Leaf nitrogen conten
Sy yid x o
7 e 0.09™ 021" 045 063 1
Leaf phosphorus content
g L o *
? e O -0.06™ 029" 025™ -0.42" 0.04™ 1
Leaf potassium content
S ool ol
Leaf iron content -0.00™ -0.22" -0.22™ -0.10™ -0.33" -0.15" 1
S 69y Ol ns ns ns ns ns ns ns 1
Leaf sine confent -0.18" 0.01" 0.00"™ -0.14"™ 0.07™ 0.17"™ 0.18
RN - -
COrm:trgg:r: onten 0.07™ -0.06" 025" 070" 037" -0.27™ -0.16™ -0.29" 1
s hed s o N N x
Corm p?;,é;ﬁo?u’: content 0.15" -0.16™ 0.05™ 0.64" 0.23"™ -0.34" -0.08"™ -0.41" 0.78 1
. [COEA I * *k *%x
Corm;”‘o:;;’si;;’:omem 0.15" 0.01™ 0.14" 036" 0.15" -0.20™ -0.00™ -0.21™ 0.67" 0.65 1
sty o8l e ns ns ns ns ns ns ns ns ns ns ns
: 0.04™ 0.03" -0.00" 0.08" 0.01" -0.00" -0.00" -0.24" 0.23" 0.02" 0.16 1
Corm iron content
A 53y Olee
Corm zinc content 0.08" 0.26™ 035 032" 046" 0.04™ -023" -0.13" 0537 041" 057" 045 1

Ao, ) 50 mho )0 )b g g I Sy i A
*,** and ns, indicates significant difference at 5%, 1% and non-significant, respectively
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