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Abstract

Saffron is one of the most popular and well-known spices and medicinal plant species in the world. Limited
information is available regarding the nutritional properties and allocation of phytochemicals in this plant. The
aim of this study is to evaluate the impact of different concentrations of forchlorfenuron and potassium nitrate in
the accumulation of carbohydrates and starch metabolism on saffron stigmas and corms. This experiment was
carried out as a factorial design based on a randomized complete block design at the research farm of Zanjan
University. The first stage of foliar application was conducted in early February and the second stage in early
March. In this study, traits such as soluble carbohydrates and starch content in stigmas and corms, the activity of
the enzyme beta-amylase in stigmas and ADP-glucose pyrophosphorylase (AGP) enzyme in corms, stomatal
conductance and resistance, photosynthetic rate, sub-stomatal CO: concentration, chlorophyll a, b and total
chlorophyll, anthocyanins, and flavonoids were measured. Additionally, the percentage of nutritional elements in
stigmas and corms, including nitrogen and potassium, was determined. Based on the results, the interactive effect
of forchlorfenuron at 5 mg.L* with potassium nitrate at 500 mg.L™* resulted in increased nitrogen and potassium
in the corms, stomatal conductance, photosynthetic rate, sub-stomatal CO: concentration, chlorophyll a, total
chlorophyll, flavonoids, and soluble carbohydrates in the stigmas. Transpiration rate and anthocyanin levels were
not influenced by the treatments. Nearly all treatments, with the highest response observed with forchlorfenuron
at 5 mg.L? in combination with potassium nitrate at 1000 mg.L", led to an increase in starch content in the corms.
The activity of the enzyme ADP-glucose pyrophosphorylase in corms continuously increased with higher levels

of CPPU and KNOs, especially reaching 49.96 umol.min™t.g? protein with a treatment of 5 mg CPPU and 500 mg
KNO:s. This indicates an increase in starch storage in saffron stigmas under these treatments. This study reveals

significant insights into the role of CPPU and potassium nitrate on growth, nutrient absorption, carbohydrate
metabolism, and allocation of phytochemicals in saffron. Treatment with 5 mg.L"* CPPU and 500 mg.kg? KNO:s
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significantly improved all physiological parameters examined. This treatment resulted in increased carbohydrate
storage, improved nitrogen and potassium uptake in stigmas and corms, enhanced activity of the enzyme ADP-
glucose pyrophosphorylase in corms, and considerable increases in the qualitative characteristics of saffron such
as safranal, crocin, and picrocrocin. The results obtained can contribute to improving the weight and quality of

saffron corms to increase flower production in field conditions.

Keywords: Corm weight, Daughter corm, Number of flowers, Nutritional elements, Safranal, Stigma.
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Chl.a (mg.g-1) =[(12.7 Abs663)- (2.6 Abs 645)]

Chl.b (mg.g-1) =[(22.9 Abs 645) - (4.68 Abs 663)]
Chl.total (mg.g-1) =[(8.02 Abs 663) + (20.2 Abs 645)]
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Table 2- Analysis of variance of mean squares of stigma quality
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X WL’ «_>|).w
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ns, == and = : non-significant, significant in 5% and 1%, respectively. Table numbers are the mean of squares.
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Figure 1- Mean comparisons of the main effect of KNO5 (mg.I") on Nitrogen and potassium content of the doughter corms
(9-kg™h).
LSD 0.05 corms nitrogen = 0.964, LSD 0.05 corms potassium = 0.508.
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Figure 2- Mean comparisons of the main effect of KNO3 (mg.I"%) on Nitrogen and Potassium content of the leaves (g.kg™?).
LSD 0.05 leaves nitrogen = 0.23, LSD 0.05 leaves potassium = 0.265.
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Figure 3- Mean comparisons of the main effect of KNO3 (mg.I%) on the content of chlorophyll a, b, and total chlorophyll in
the leaves (mg.g™2).
LSD 0.05 Chlorophyll a = 0.106, LSD 0.05 Chlorophyll b = 0.011 and LSD 0.05 Total Chlorophyll = 0.108.

Slyis g ()98l )98 sl a8)F )3 x5 390 Cliniod

19 Slaen wie sl WSS (o wgid cla 1S5,
Ogo & (olond o g by |y Sligh (55 &5 S

SIS e b 5es 9 LiSly 3 NADPH 4 ATP



YAV o lyandgssS amasi 59 05 599 oy 00 i 9 anmoliy Ol i bl Jlomo 1 ()02 5 (Silg8

&l 5 (CPPU) o)) Jui-N— sy u-¥—s,I5-Y (BAP)
lis b plxil (Cucumis melo L) o35 pe—wliy
0 5D @ JboslS see i 85 315 s L ialef
odd & CPPU o 55ls" 5y p)5 (e 0 clale ) Ji3)l8
Cawl 0 )155 yizmen (Chaurasiya et al., 2016) ¢l
Cld S g 0lgls 1 aS ()Y ge Jue +/V) (S &S
85 90 Jed)l @ idg)lS sladilsSs) snSeants plyisa
03,5 Jos (5)9—b A5 cou la jlan)ly S 5> Jidg S
(Alsokari, 2017) ¢!
il s | oo 38515359 Lo o lalS 53
Ol gt o daS S gt g s | S ] (Slgime
ok 5l (Wang & Xiao, 2009) ol Ju 89,8 l5ee
230 olyen 4 S )3 5,1 5 Lidg IS clime ol
by 4 SHouwlgd sl dgps cogo Llgi 0 S (6w 40
g
039 Fs 395 SR 3 p)SolS Br By an b (5155
S 93 ool i) 3 b 8ol ke oyt
39S Hlade ol 38l b el comsas sal s Jles ;5 35 o) olie
by s gl a5 03938l b udg IS Jlade yy 59
3 Sy b gyl e 5 o) —ine Sl oy
Penuelas ) S 9 wYs s .(Heidarietal., 2014)

Oigys Cudgl e &S Wledly lis o (et al., 1994

A3l Jido)lS sl ials S e

SLas] yusa g3 S g dmrul—idis 3 Lo losh Ol il (i 3
S dstase

9 CPPU 5,8 ool &l glaly oyl (uilyylg 4500 gulis

chamg Sy awlii p oyl Blite 51 g el 2

Bt (Y Jpin) 3 (P< 0.01) o s 5y Jslow

S B Js lS Slsime dog JE Gl el pr ol
2 Jobre Sochang S (slyome Gl 4 i Loit s
25 S,
B o3 4 ol o3 > CPPU o sl oy b3S
@ gyl alox | (5 98 (oAl U ad cage sain
28 N bis S slaadsia) g JS Jdg kS b L3yl
o 5 balyd )3 VL gt 98 Al £ 4 ot don
Jedspls Cale Gulid) )3 ()58 IS 8 S pmo i 053
9 pAS (55, (Wu et al,, 2012) I, ISen g 59 by piidu
Kishikawa et al., ) ;,\Ke2 5 LogSgiS lawgs 9 (595
YL (G815 53 Canlond (B)1S (uejis ) (2018
PSS 2 p)S e Vo CPPU 53 Jidg )l clale alis
» CPPU ! (Mafeh & Hegazi, 2010) s+ oial i
Flacher & Armold, ) gl ¢ yoxls L gy Judg IS clale
Chernyad'ev & ) 1sSb e 5 ol s (g9, »» (2016
5 spSeul pas Jlals (¢4, » (Manakova, 2018
9 198uisS 5 (598 > (Antognozzi et al., 2010) 4, Sen
D)9 (swo cu—w ,d (Kishikawa et al., 2014) |,Kex
oo oS ol osel 303 ol )3 pomen 8,5 1,8 a0l
95 > CPPU Ly o3 jlas (slmogee > Jdy)lS
Amal etal., ) suejcuw o (Antognozzi et al., 2020b)
o950 0j1l 5 ()jg Cytdia 3 ()15 ) g yudy (2010
2 PSS e VO 9S8 b i85yl sl 5 e —w
58S 598 e (i g0 Ciren ol Cwd 4y p S olS
HOSSAIN ) 35: p)5'5kS" 2 p35 (e VO 35 o950 (50395 S
G LS ) de)lS clale e oYL (et al., 2023
RS ke Ve cdale b 099)58)15 508 b oad lo e jium
=hi Jmad 93 (b et Sl oy A 95 )3 5 p)SolS
sekiedy aass (Mafeh & Hegazi, 2010) a_i oanl i

O veel b3 il S et w SLS 5 3 )



VPe¥ lim) F oyl IY wlsr oyl yhe ) (6y9bd g celys 4 pis FOA

Slgime sllas yolae oo g 4 o0 b gy bty o5
13 ] s 5 Cilises (claplil ) 4l 5 Jobee (claiid
ol 3 ity omi 151 U5 85 05 samlio olej Jsb
Lo Al i peo B lel g0 Lol s 1 3939 (550l 4l jo
A L5 glgioe b odalic o (o550 Ay yd diw LS S )]
ol |y dwlss glgiome JS 5l dop A s i o S
elgl o Sy Jbo (slosis IS 51 s 5l b
3 Gy et 4 b ol s Bl (23)9)8 el g (yote
A cdl gt an p bad S jlas DAY L g s o0
clale o 1l b ol opisen (Pallotti et al., 2024)
aialS 5 Jsbe (5o (e ul3d] oy i s 5V
Pgd e Sy
4 09l Srapl @R IS e
G o 50 s o oo 42 5355 bl Jolons ehan
5 Sy lng S a5 LadlSle olS 3 0ge 5, 8kas 5 g8
Gy o ) s bodlS Lo oLS Sy Joleo (sloid g a5l
B9y a9 (bl N9 Ml o) FO o dy (49281 593
3 il 89y b o olee 4o )ST 0l Lt | ol
ol ol o3 e 2L ot 5 IS Jolone laid ol
Slaclaime S 3,8 plo 5 ooliiw | )d &g 5 ol L3
Al Amtle Sy B Gl (R o 3 9 Sy
Byo 3l oy 59) V) LodlSlo olS blas 3 IS Jolomo (slais
Loy > Gl e 555 g w8l il ())58,18 598
ot 39y Y 4Bl anolis 0t sl 4l Jsbre (gloid 5
Sg) Jg bl ials aald 4y Cui (1)5815 )98 slos |
b opl b odaliie Hlod | L 59y 50 9 YO 3 ol duljl
& Ol e 093818 398 (S (6 sl W30 (LS
G5y .(Zeng et al., 2016) 5445 oo a8l ;> Slyaing,S
=5 5l edlar__wl a S a0, SIS las; g R0

Slyds 2gsyS (Slgime i g Sloiedr oy ygginel by 5o

Gty S I age CPPU ) )5 5 e
oialS Cage o Ve o b aald 4 Cound Sy i L
56 At 59y Jg 1 S Jglore sl aims 8
g 5 3 S o Vo ey S (F S8 s
Verr g0 e maw 93 2 g Jobre slnng S 4l
b sl 5o 5 S solis Gl carge ol 2 5 p)5 e
e slolass 5 39 6o 2ol 35 Jole 55 ] i)
PR W.«_M:LJ ul)M.’é.L:_w).))MJ)J ‘D)ngLwa CPPU
L —_ Yo u,.ul)sl =90 )......J JLl P)fu‘lff" Vooo
20l 2505 9 B - prsliy Sl e g 52 )3 25 o
Ol pda w3 i 3 )5 Juo O CPPU zoka s slajlos
(% o) 2l ey ) S aa Vo 5000 il
P eSSk 8 g8l H58 pYL clale dad oo (Lt yal
Jl 5> gy 8 ) 3 p)S (e VIO & cus )
Slow oy ol 5o &8lg 5 ! dts s a4y Sy aw Lis
el bl oy s 1y alyumg S ccslil IS oS CPPU
Jsloee loaid yil o jlde bosd logs ladigy ydiw A5
L] 01)4.::’
K e w oSy oo i olyhe; g4y sl dlas
Lol el oo (8L ol L Caigusdy) bauslgl b Jolono (cloi
2 ke BB Jials dacsy Jol8 us Sis L WS
Slgzwe (Jb cpl b s o 7y Oi Jolore (sl i8 glgizs
bl jials polie ol dy coiigmd)l B30 5 Sy aew L5
&S Sloj e cpdyeyd byl &S e wl S a pY (Jb oyl
Ol 38l ey 095 Sis 1y Sl 4 (68 sladl
hio gals o s oS s samliie atwlis pdaw )3 S




YO o lyundgssS amasi o595 99 oy oS i 9 anmoliy Ol i bl Jlomo 1 (3502 5 (Silg3

.(Ghorbani et al., 2022) sl> |38l 1) baas > IS Joloro

=@=>350luble carbohydrates ==@==starch

30

4 25

41 20

4 15

4 10

Leaf starch (mg.g?)

o 155
(@]

E 150 |
[%]

S 145 |
©

S 140
=

S ~135
S

S 130 |
@

= 125 |
=

2 120
8 115
|

0 2/5

5 10

Cppu Treatments (mg.l)

LS 1 Jaboxo ] judgs S g diwlid (ggome 31 (CPPU) (908,05 198 ol 151 cpaSilo duny o £ JSU
Figure 4- Mean comparisons of the main effect of CPPU (mg.I"") on starch and soluble carbohydrates content of leaves (mg.g™).
LSD 0.05 leaves soluble carbohydrates = 4.265, LSD 0.05 leaves starch=1.428
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