[ Downloaded from flowerjournal.ir on 2026-02-14 ]

[ DOI: 10.61882/f0p.10.1.99]

NE=44 0V ((VFF) 2o olalS 5 IS

=) ol 9 J5

@-\-&ﬁjj‘.ﬁ)}:C%S}b,ﬁa&ﬁﬁ&%b&hﬁuduwgwigdwﬂju

'Ol e M e )W b e el (5505 M e T G e s e e

dgn e o s3 b o820 (65,5LES oA Eils e (gliab e 5 SLEL oo s S
QLW\ ‘QW| W aK.:J\: ng)'”L:S B ISLESs (S (:_51& e); Al

B4 tehranifar@um.ac.ir
VOBl B VEYENY 1 Sk b P TN s st

oS>

e Sl S G S kS 5 3 Shes 3 53 (epr MB a8 ole el Ol 3 Sn G S L rees S 5 S
Lo eSS Ciln Glac bl s 51 ey 2l 26 L5 e s cnl s ol 51 aals 55 S
oS 5 L slai Sels C;l’ B s s Jysst Q)M‘%&%L‘ﬂ sk ol gl s b j)ﬁf.%ﬁ-‘)
53 S e VE) TN s (S STk 3 53 8 oo A) 700 (oo D) ¢ ol S SIS s slac bl
S sl Ol mls s S plasil 1SS i U Jumilia s Samurai 55 (S5 e o) 53 G (peedS SIS 2
23 0lw Jpb izen (ol Samurai s Jumilia s Gle e 5 IS Jas g p (g Sge B peelS SIS 30 sl
Gol3 mnn ol S s Lol i 351 3N e Cle s S Sl 36 o Samurai > S mlans 5 Jumilia
)srz_..lstK:JﬁdN'/.\n L 3L Jsleee o316 Jumilia  Samurai 5, alyy 5 oslestls 5 055 4 K3 055 S
S b o Lo Samurai 5 Jumilia Bl 53 O 5 Ctla, 8 Ol S IS L slaws IYYY il 53 (s Jumilia
Sl re Sl S SIS TN e 00 Sl gs ol el Rl gobs pre sba dald b alis s S
A3 Samurai 5 Jumilia oGl 55 42y 5 S 5 oedS SBE ls pme Rl S SIS SLd e G s g
L aglie 3 JAG 5 AY Samurai gl 5 YA 5T Jumilia sl o5 4 S DS 1) 0+ 50508 b SR ol oS
5 VIS B s AT s dile ST gl 5T e (553 s oS S 5 b e Al e
O glachle 55 3l 5 36 sesd LeS] 5o duwﬂ <Jlé Ol e Samurai 3 .5 Samurai s Jumilia s 3l.S1
YYD el o iy S A V20308 BN S 553 e 3l oS A T2
ol 2als Wy s aalsdl 1) sdacasls o sla IS 036 055 sless ol .02 Jumilia s Samurai el 5o IEN LA VYA

B adsl O3s 3l S S G55 as )0 3l e eld 3 S s s el e

a4

= T g S5


mailto:tehranifar@um.ac.ir
http://dx.doi.org/10.61882/fop.10.1.99
http://flowerjournal.ir/article-1-303-fa.html

[ Downloaded from flowerjournal.ir on 2026-02-14 ]

[ DOI: 10.61882/f0p.10.1.99]

NF=44 0V (VP F) 2o oS 5 8

LV RV

(Darras, 2021) 5,15 Slgm S5k 53 1y Lo o iier b S 53 o5 Sl (55l &Y pmms s g 51 '35 IS
s .(Verdonk et al., 2023) 15515 Sl e 4 50 SVsb (68Ul gl 5 5 A Cadal 5 Shd Al Jls S0 5 b S
ot Jelse o311 Olas ity s 51 iy sla ST ol 5 (gl JS kS Ly IS 6 sls S 55 e S| S oIS
5 S K5 JES s 4 Sl i belse STt IS 06 s sl IS blS ee 5 S o cdls sl
2l 5l iy Jesl s Olps 4 4y (Abdolmaleki e al., 2015) 5,5 o )3 3 Coms Sy s IS ol es
s e 0L ) 555 adls 5l e Jsb 5o Stz W] 2 dxtes S S S (0T 2508 L 0550 Jslaze)
(Verdonk ez al., 2023) 1l o WS 55 0l 355 5 0 03,05 S S 0 sl ( Sdas 03 5 Juls &= 2l
Si(OH)s Jgdomn s dosl JSC5 & OWALS Jane 5 O ol oS il (55,3158 3 a3l 5,550 (pband olis 510 Sk
G855 ol el oL it 035 700 L o)) 058k o bale 0LalS s (Epstein, 1994) 5,8 s & 50
55 055k (Epstein, 1994) 5,15 OLalS iy 1 ags L8 055k 5usl diid s (55l o Sl 86 glabalS
Abdalla, 2009; Tofighi Alikhani ez al., ) 5,15 Cxla, g 5 lw hs (S s JS ks 5l s (s S ik OlalS
Olyee b 5840 e olS it 035 Jaal ) s OIS 5 wao clle s S L b (g3l s 5 les (2021
5 dy 5 Al s S e L) el Sl 3 & SLS (Abdalla, 2009) Al jius ol 5 S A5 5558
Lagslon ol 53 Coglie ol 8l o (g 03be a5 T~ esleeal (Wang et al., 2017) was o 0L g3le 8 5ls
(Tofighi Alikhani e al., 2021) 535 o Jsuame 3 Shas 5 CoiS 35 «(Sdrn 3150 3508 5l (5,8 5l

Halevy ) 51> 55 iz S (&S Sl (S5 250 03 ot O ool (8 Sladslme 53 5550 S0l plas (o
Lol sl atl 0503 e Olsple K Ol w0 oS ol oS 50l 5 A5 gl (G50 b s S S (et al, 2001
Sl S el ol jasie (Youssef ef al., 2017) 545 o a5 S Jai 55 iy gladn] 5 55 dadgesn 4 Ml
.(Abdolmaleki et al., 2015; Torre et al., 1999) 555 0 55 b S xS jae il ol (oils 51 i S

Bl SV s 0005 S 5 ()Ll g Sl ddy pad Jsb o S b 51 e 4 dalate eslizad (S 5k«
deslse s (S cils 3l iy S e Olals usly all (Aghdam ef al., 2012) 555 o 5, IS akex
5 peedS (Youssef et al., 2017) 515 oS Ay e piomen 55 58 Slads 5 clale S pa WS b SSLS
s 4SS o slonl SiSG gad 5050 plocizS o bl Gl IS0 se 0503 ks O 53 oS ol (gl sl o)l )
el LS o il (gl il ol 5 L e Sl s 4 S L (Paltn, 1996) 355 0 (5 4l o5l 55 tde

(ROS) O35Sl ST sl C}l:_w oealS 631.,\.,.»5152'1 LSL‘”(v-.’.;j SWi s of o s e 550 e plas

Rosa hybrida L. -\

W= oS 9 )5


http://dx.doi.org/10.61882/fop.10.1.99
http://flowerjournal.ir/article-1-303-fa.html

[ Downloaded from flowerjournal.ir on 2026-02-14 ]

[ DOI: 10.61882/f0p.10.1.99]

NF=44 0V (VP F) 2o oS 5 8

Gl OLalS s pen 5358 o a8 S a5 10 S e b paie S oS (Jl> 0l L (Sairam et al., 2011) 555 o
ol 3L dslee o b 5l 15 e «S (Amor & Marcelis, 2003) 16,1s qedS aSls ol 40 5L ada) S o ssh A
Jie oLS s el 4 G,m Ol SaS 4 s 2 Ll G b 5l eedS Jol s (Youssef er al., 2017) 53 8
b ol (Palta, 1996) Ll oedS 55008 anb 55k 4 da 8 05 G oS sbeeldil ol sLy (Bauer er al., 2011) 552
b (Abdalla, 2009) 15 o Jas i 50 s JS 51 eandS CSlomil 53 5 25l VU G5 ot 5 5 e L 0 S
e s SIS 5 g Sl s S (5 58 sl ol oS 5, sla IS Torre et al. (1999) sls inss,
23 S Sl Ol 015 o SLd sloms bo3 g oS 6lS 3 eedS S o Sl a5 L ls (6 50l S il 5l ey
Al e LS ibd e 5 b 5l gdie slge sl b33 S Ol 35S ol 5 (Youssef ef al., 2017) sls il 530 1, olS
S ol A8 e 5y Rl S 55 LR ke 4 S Gl S sl Sl 1 ol slse s a
S g e s S L S Sy adss 36 (Fageria ef al., 2009) 554 o o3lizal OlalS 55 o3 oSs Olge & Ges
o1 =S (Moradinezhad et al., 2018) olalS L. 5 ( Abdolmaleki, ez al., 2015) 5, |5 s ,8Lle jil5l 5 culs
Sl La 8 oladS ae 5ol il ud s 2alS 5 (6 3 b Gl S il s O pame 3 ol 0l
(Aghdam et al., 2012) das

Joad b 53 055k 5 odS e 0 5 ilaie el OALS 53 Ok 5 ool ey (S be U8 4 a5 L
il glaclle _abddow S0 o) Gua L G ool isu e ssg | laods iS5 s Bk s,
.,\__,._sJ§|J>.-|jf|JJo Jumilia 5 Samurai )')Jf); @%N}JJWJMJ{LAOT#)MO%

L b, g2l

30 Dlex 3 (b SlS b B s 5 LSl s a0 gt o b oKD o5 QLS SIS s s ol

331 e lS Ok o 4 b (SLdhoen 5 55 93 ol ) 2 350 Slasleg A |zl edalie 28 Ll 1SS
Sde 4y 5 LSS (e L Y=0) o 7V vy S aydd s 55 5 4 Samurai  Jumilia sl g 5 j)ﬁfG)l
LA s dis () Jades) il s 10 Jaloe b Siolo3T OLL G 5 0f 51 e cdiits ooll O U g Sl il (6l o 53 4w
OISl sl aalsl sle i e 40 5 Jlesl Cilises o les OALS i U OLSS 5 iS5l 5, T S8 Sl e
(S S 20 53 0 S e V50 TN v 5 (edS SIS 1) 3 p S e AV) 700 (oo D)+ Sl a b oS
obe Ciles palie 5 i eslized 2SI OF 5l Llie lad shows g (gl ol (6 el 5y Gl 0 65, SHis &) po 4
A e St (e A oS LIS ga Jdome g8 (6l 3L s se alie 5 (YUsd) 2SI O 55 3 se ol

e planil S bl 5l S e sl Gk 5 Seis o
sy 35S ol ((POD) a1y 5 (CAT) VUL «(SOD) 56 s> denS1 5 ) P EW L RCON PP AR RY
Gy gla il 5 S i sluss (S cil p jame i 5 0 8 planil a8 655 3 G om0 5 Sl s s
0554 S 035 omd ¢ Siala3T 0L 53 5 43,8 il belS jee 5 36 05 Dl kS dosd e A (S 5:S0310

A3 8wl 0T (ke 5 238 plonil ol (b Soe g Sl ooy b (5, S 0310 o L ls 5 aty

W= oS 9 )5


http://dx.doi.org/10.61882/fop.10.1.99
http://flowerjournal.ir/article-1-303-fa.html

[ Downloaded from flowerjournal.ir on 2026-02-14 ]

NF=44 0V (VP F) 2o oS 5 8

.\.\lf_g,h Q‘”»»Yy): J«b o g sl )40 L;i"u; MU,} -\ JJJ.?
Table 1- The nutritional program used, prepared according to the Hoagland formulation.
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Table 2- The concentration of dissolved mineral elements in tap water.
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Figure 1- The effect of different concentrations of calcium silicate on the flower diameter in Samurai and
Jumilia rose cultivars. The vertical bars represent the standard error of the mean. Columns sharing a
common letter are not significantly different at P < 5% based on the LSD test.
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Figure 2- The effect of different concentrations of calcium silicate on stem diameter (A) and stem length (B)
of Samurai and Jumilia rose cultivars. The vertical bars represent the standard error of the mean. Columns
sharing a common letter are not significantly different at P < 5% based on LSD test.
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Figure 3- The effect of different concentrations of calcium silicate on the leaf surface area of Samurai and
Jumilia rose cultivars. The vertical bars represent the standard error of the mean. Columns sharing a
common letter are not significantly different at P < 5% based on LSD test.
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Figure 4- The effect of different concentrations of calcium silicate on the dry weight to fresh weight ratio of

stems and roots of Samurai and Jumilia rose cultivars. The vertical bars represent the standard error of the
mean. Columns sharing a common letter are not significantly different at P < 5% based on LSD test.
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Figure 5- The effect of different concentrations of calcium silicate on the number of flower branches of
Samurai and Jumilia rose cultivars. The vertical bars represent the standard error of the mean. Columns
sharing a common letter are not significantly different at P < 5% based on LSD test.
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Figure 6- The effect of different concentrations of calcium silicate on the rate of photosynthesis (A) and
transpiration (B) of Samurai and Jumilia rose cultivars. The vertical bars represent the standard error of the
mean. Columns sharing a common letter are not significantly different at P < 5% based on LSD test.
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Figure 7- The effect of different concentrations of calcium silicate on the activity of superoxide dismutase
enzymes (A), catalase (B), and peroxidase (C) of Samurai and Jumilia rose cultivars. The vertical bars
represent the standard error of the mean. Columns sharing a common letter are not significantly different at
P <5% based on LSD test.
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Figure 8- The effect of different concentrations of calcium silicate on the concentration of leaf calcium (A)
and root calcium (B) of Samurai and Jumilia rose cultivars. The vertical bars represent the standard error of
the mean.Columns sharing a common letter are not significantly different at P < 5% based on LSD test.
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Figure 9- The effect of different concentrations of calcium silicate on the vase life of Samurai and Jumilia rose
cultivars. The vertical bars represent the standard error of the mean. Columns sharing a common letter are
not significantly different at P < 5% based on LSD test.
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Abstract

Roses are among the most important cut flowers worldwide. Nutrients play an important role in
improving the performance and quality of cut flowers, including roses. Therefore, this research was
designed to evaluate the effect of pre-harvest foliar spray with different concentrations of calcium silicate
on the growth and vase life of rose flowers. For this purpose, an experimental trial was conducted in a
factorial experiment based on a randomized complete design with two factors: different concentrations of
calcium silicate (0%, 50%, and 100%) applied to two popular rose cultivars, Samurai and Jumilia, with 6
replications. The results indicated that foliar application of calcium silicate had a significant effect on
improving flower diameter and stem diameter in the Jumilia and Samurai cultivars. Additionally, stem
length in the Jumilia cultivar and leaf area in the Samurai cultivar were influenced by calcium silicate at
100%, but calcium silicate did not have a significant effect on the dry weight to fresh weight ratio of
stems and roots in rose cultivars. The foliar application of 100% calcium silicate solution in the Jumilia
cultivar resulted in a 3.32% increase in the number of flower branches. The rate of photosynthesis and
transpiration significantly increased in Jumilia and Samurai cultivars treated with calcium silicate
compared to the control. However, there was no significant difference between the two concentrations of
50% and 100% calcium silicate. Foliar application of calcium silicate led to a significant increase in
calcium concentration in the leaves and roots of Jumilia and Samurai cultivars. This increase was 30%
and 13.8%, respectively, for the Jumilia cultivar and 92% and 8.5%, for the Samurai cultivar when using
100% calcium silicate concentration compared to the corresponding control treatment. Calcium silicate
caused an increase in the activity of antioxidant enzymes such as superoxide dismutase, catalase, and
peroxidase in Jumilia and Samurai cultivars. Additionally, in the Samurai cultivar, the activity levels of
superoxide dismutase and peroxidase enzymes did not differ significantly between the 50% and 100%
calcium silicate concentrations. Calcium silicate at a concentration of 100% resulted in a 22.5% and
28.4% increase in vase life in Samurai and Jumilia cultivars, respectively. However, there was no
significant difference between the two concentrations of 50% and 100% calcium silicate. The application
of 100% calcium silicate increased vase life by 22.5% and 28.4% in Samurai and Jamila cultivars,
respectively. This treatment enhanced the fresh weight of harvested flowers and delayed its subsequent
decline, whereas in the control, after 10 days, the flower weight dropped below the initial value at harvest.
Keywords: Antioxidant enzymes, calcium, photosynthesis, rose.
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