[ Downloaded from flowerjournal.ir on 2025-08-18 ]

[ DOI: 10.61186/flowerjournal .8.2.201 ]

YANY ) DA 080 Y) 25 0lalS 5 IS

=) bl 9 J5

1205 S p I8 (Sns S22l 5 Sl 51 by 0 Sk 5l S5
(Gerbera jamesonii Bolus)

s I may el bl T den S O glen  Balo 3l

Ol ol il s olSils (5598 oaStils Sl ple 25 )
St el oRzils (g 5,0liS oaSasls o SLel pole jisu Y
oS el yaly ange olKils psle oaSadls ( ulid e o ¥
oleyS cole,S ol angd olKitils «(53,5LeS 0aSisls «bls Mol § caelyj i f
B hfarahmand@uk.ac.ir, h.farahmand@shirazu.ac.ir
VEVANVA G5 b VN /TY 1 K050 b V0 V/0/YY il b

oS>

2 G S r e S SS s amd laspt  Dler a3 (VL ol el Sl G IS o
3 S 2l e e ol s Al (Seest sl (3L Coeal OF Cldls 51 ey e 3 g 5 Col Ol 5 0Ll
glackle ;5 0laws| 5T S 5 K Olpear 0 5Saw (iash opl o3 ol IS o0l Sland s 3l (S skmm 3 omilosl OIS0
Sl OeS1 ST slag 5T Cdlad oSt Glaastls (o O b i 5 A eslizal J¥ 05 o Veve 5 00
A s Stanza s Apollo Rosalin | ;)5 o3, aw s (PPO) 3luS| Jgb b 5 (PAL) 5L sl (VT Jd o 5
o5 s a5 1 ol sas 08l 5 )8 S el (6558 Sy Sm 5 s 0 b s bl Slalllas
03555 Gao WITT) plnlS e cp min 5 050hew 3 )8 050 StANZA (35 53 G35V 2belS jes c 2aS sl (2153l
5 O1S1 5T Glagy 5T lad 53 Sl ame il 53l momen ol s 4y 3V 505,00 Vo v 05k 32,8 L 5 Rosalin
055k 45 s o s a2l 58S (6513 pme Ol ss 4 Lo O el ST 5 PPO s S b5 oA oy PAL
o 551 5 oSl Gasl (il 5 PPO 5T cdlad 2alS wlie Syl Lo 3T ladISGsl, ol b
Db 105 U8 Sl 5l e Sk e

1 3l ey kS 2 S e 5 i adST (lae3l

PURY

53 0lgzr 5538 A 5l e s Sl g 3Bl 5 (oslaml B8 s 1Ol e 5o S 8 5 s OIS cis

(Darras, 2021; Meir & Philosoph-Hadas, ;s ;N5 5l Yoo b ol 3550 Ul oS gla S Xl il Caxis oy

i) obLS 9 45


mailto:hfarahmand@uk.ac.ir
mailto:h.farahmand@shirazu.ac.ir
http://dx.doi.org/10.61186/flowerjournal.8.2.201
https://flowerjournal.ir/article-1-235-fa.html

[ Downloaded from flowerjournal.ir on 2025-08-18 ]

[ DOI: 10.61186/flowerjournal .8.2.201 ]

YY) DA 80 25 0lalS 5 S

330 gls 5 o3 655l 5 Ll GBIl (i 3T Oy o0 45 ol 0Ll 0,5 31 zus LS V1,5 2021)
Coo 31y Sop Jb 508 S cl Ol S . JS 0 51 S 5 .(Manning et al., 2016) Lil o 45,8 Y
Sl Glail= S IS s w15 bl (55,0 (Zhao et al., 2020) ol osls olast] s 4 o OlalS
JS (Dole & Wilkins, 2011) Al s Sos0 5 jo3 2ol (i s 335 L5l S, 51 glaels slls oS o35 O
Cls 5l e SehS (g5, 423IS Lo iz 58S SSUS Glaasn 5 ol Olnl SBL e S g S 5105
Mirzaei et al., 2019, Abbasi et al., 2018, Sadeghi Feragheh et al., ) aas s oL 1, Jf ol el (ol ol ﬁleu'\ ol
Ly s 5 ol Lalsy 5o doestl sl oS ol S wle Sdast )5 S g S edes sla 2 5l S .(2015
oS 5 a3l 5 S Bl Siast Cle S Sl sy as b ool dunl s (Kumarietal., 2022 ) 55 8 s (s
S LS e O Slags 5 b e 4 b opl i adys b o35 pled s (St sdpy &S Tl el ol 3T S
(Perik etal., 2012) 515 b sl Saas 131 8 055 e 6,503 olye

(L5l O e (SO Pl 35008 U 550 tile S SUSS Jalse oS ol pl Sy xS gladle sl tass
mmen Ll i a8 Bl Sueest 53 (S s eIl dsle el Glacil spaS 5 wle 0 b
Bl el 5 il Sias 5 Gl LllS ee (slonlS Jlos 53 as 8L A 5168 s L a8 sl a3 3,18
o bl Siba Ll (Witt et al., 2014) 5515 545 aey opl 53 o28lie sla 518 ax S1d(Liet al., 2009) &
038 S (Schouten etal., 2018) coul odd 25158 05,5 ) atel 5 Do )5 odins 8 Bl Shax 5 Lag S
(Fazli etal., 2020) coul Coils 5 31 L oS 2818 el 31 S 55 55 Loy Al (6,05 S gla IS s
(Liang et al., 2007) Coul sdialis o) b 5 it SRS Ll il 55 olS 55 Sie e S Olpsa O ew
Hansen etal., ) 5 S (oo Bli= 5 o555 colirlo arws a4 Ol5 o 15 olS 53 0580 Jol il
b3l s QLS s s sline (glas )8 OLS sas 5 i, 55 OSUS slas SO W w0 0,800 (1976
spin M OLLS adlS o5 IRl Geames 5 S GBS b CdS 5 IS e Sl s
(Aghajani & Jafarpour, 2016) =lS e il 53l s (O 5S0heww Coils 0 5l s 5 i 3,8 (Kumari et al., 2022)
on) 03l sd 55 S s IS 5 (Kamenidou et al., 2010) stas S sladilo Culbes (il ioman
Babalar ) s 1,555 S S 55 <l el il e (2l 5l e 05 5 Sl dil Ol 5 )8
(TAA) OLSas 5 o3l Lo 55 15155 IS I8l (S p oo il 1 51 g 5 Sl B 3,008 e 3l (et al., 2016
Song etal., 2021, Zhao et ) * Slesdo IS 55 Codls 5 5l uo CatS il Col 050 3,58 ol oS 518 50
o 03k Vg0 Lo 0 Sl (WS 5 S 8 55 .l ol (Kamiab et al., 2017)° . sslu S 5 Gal., 2012

.(Bayat & Aminifard, 2018) 1s ,blS ae 5 Clils 5 5l o CukS il

Silicon - Asteraceae -y Transvaal daisy, Barberton daisy, African daisy (Gerbera jamesonii Bolus) -\
Euostoma grandiflora cv. Echo -o Paeonia lactiflora Pall-¢
Yo¥

) obLS g 5


http://dx.doi.org/10.61186/flowerjournal.8.2.201
https://flowerjournal.ir/article-1-235-fa.html

[ Downloaded from flowerjournal.ir on 2025-08-18 ]

[ DOI: 10.61186/flowerjournal .8.2.201 ]

YY) DA 80 25 0lalS 5 S

Sl s lls 48 ol QB AS b peme ge b IS Sl 55 Ol 3 5 el Olgr e S SO S S G 105

05 ¢35 a3 bl ee 08 ST BT 8B s Ry cp) 5 O by ol LS e

Sollu 5 mlia il Bl 511555 I8 S als 53 05 3 rass sl 53 .55 Apollo 5 Rosalin Stanza

e 2

TP

S she IS leerls (0o 8 bl sl SlS = b aly st LB s SIS Y 5 ol YL bl ol

Sl Sk i 515 (Ve Sea Veve 5000 OpSile CLISY Gy Sl g il Jsb e Sl T

b S 18 Jsloes 51 e 000 sl Bu b s S AT Gled e s Al 4B Sk s bl Ol 5o ki

A S s (GlS e s sl IS el 5 bt Gl 1 IS el

@S e

Sy dald gl 8 SIS ae OLL Olgeas cdisls s 311 555 (g 5150 5 Ll o3 503 dals s S &5 Sbe

S 3, Slag BTl 5 plasdgn sl bl S a3l sl sl Cos g dals sla 8 510l cpl 53 A 4B S

S as S b Sl ol e GLL s LIS ol bl ae OLL U baastls 4l A (6515 pa ged

sl s 3 s gheas 5L Bl 5 G bzfjiJngLagfjflf

P K-EP PV PR KWK { SRR 5 (R

bl S Y ass cpl b A plail (Heath & Packer,1969) % 55 « (MDA) dadll 63 0l chle o S5l

Sheslizal b Jols oslas s sidle doys +/) (TCA) Sanly S 5 Al 2 Lo 0 (g5l o O5la 53 SIS

0 Gt il 3l ol mas Jslee 51 ad e Gl Sai il VeveeX g ogs 4lds 0 S 4 5 Sl oS

Yoo 4 ol byl i il o (TBA) S0 stk dewl Ao y3 /0 (g5l 45 dsys Yo TCA Uglows 2 oo

bglses o,lss 5 3 S s & plom 03 o e Al o3ls Ol rﬁ <l plo o smdo 4253 40 glod 5 adds

Aol OTY = gadsh 5o et s xSl heslinal b dlowe cpl Codor St s 8 55ty mla Voo e Xgoa diBs Ve Do

53 ot e Gbe S5 sk oo Cnd MDATBA 50 5 oSaS 50 sb cnl 53 s 50 esle ol

L o3lizal 100 x V+* MM CMTUslee 5 5alst o 1 5I MDA aculbows (gl s 1S Jltie pl 5l 5 e e sl s

oS Wl e 5055 08 2 e S o S o3l ol S

(H202) 835,48 ST 5 Ol 50 S5 e Il

(e ol o Al el (Alexieva, 2001) 5, L 5 (KI) el b HO2 sty ulal 05554 denS1 ke
B3N 0 Side 4 fol> oslas i 0dSle s Ao y3 NV (TCA) ol Szl s S5 5 ) oo ¥ o3 SIS 3L 5l e S/
5 PHEVY oMM sl sl 5L 15 S 00 (g oslas 1 a5 See 000 w4 s o3 S5 suks Bl 00 v exg s
3 A eals 513 BB gles 55 (S0b s cele G de 4 (ST byl s S LSl Y5 SOy el 1) s 5

LS| Clale a5l s (5 Sl e 5l YA C)ﬁd).b))fﬁp)jzgtrﬂ\ oKaes 3l oslital b e gad ol s

) obLS g 5


http://dx.doi.org/10.61186/flowerjournal.8.2.201
https://flowerjournal.ir/article-1-235-fa.html

[ Downloaded from flowerjournal.ir on 2025-08-18 ]

[ DOI: 10.61186/flowerjournal .8.2.201 ]

YY) DA 80 25 0lalS 5 S

Vevn S Ve e (Yor e 00 (Ve lachle skl o ey (sl S eslimal s pllal e 510555400
208 e 05 0ds AnS1y CBle ) (Bl i Dl e 5 D 4 0555 ST Y se s S
AE SIS 5 amle 5 05505

Lo 31 Cdlad vt

95 olas 4

s sk sl oS (PHEV/0) (Vg L 0 Slivs il 3L 2 e 0 53 SIS 636 2L oS Shen 00
Sde ay baojlas w23 S ool 3 )l e pled S sl 5 Y e e S EDTA o3 S (PVP)
\Af_}j Cled o Gl 2y SBLS Jslowe S0 550k Bl e gredes a3 £ Gles 53 5 00 e XQ s adds Y
.(Gapinska et al., 2008) .3 S eslizl

(CAT) 5YLIS o Pl iov

(Dhindsa et al., 1981) =3 8 )50 a5l Yo msadsh 53 €5nSIOT G 2alS ulal r SVBIS s s
Pl obas s S Vo 5 N e e 10 w5 SICT Q¥ sn oo 00 Slindnly 3L Juls () e 1) S b sl
s b e sl V80 gadsb 03 58Il ol (1alS 5 s ST S5 (G815 b sl 650810 035381 L 3 5
Al s (6l s 5 Gl T folg b adds SO de 4 der Sk ete L (5 S a3l e g5 S
A oslizal £ mMMICMT sl 3 gals o 51w 5]

(APX) 3l p by sl cdlad iowinn

V5 5SIT Y e e /0 Sl ST dPHEY) Vg e 00 i olsy 3 (o3l (2STs Bskse o255 ol 5o
codor 3 Al 5 Sy Sl dol O gl ST il Sl Sl Cllad 35 e 5l oslae s Sea V00 5 Ve e
e ) el Als alone gl A (S o3Il (st Y Lol L) aids 5> e 4 sl YA o ped b o
.(Nakano & Asada, 1981) . eslizw! YAMM T em™ Jslee & selt

(GPX) jldemST 5 JsSLE Cllad iominn

1y Bylsen e an s cal 53 b (6 Se3ll JSUIS esle Gt 51 eslinad b SlaenST JSUS 5T el
ISUE 2l Koo Voo G w5mSIT s Sea Vo e (PHEY) [V ga o 00 Dl il 3L 33 s YWY (51>
Sde 4y el 8V 2 gedgb 53 JSUE OpnldenST B3 4 e (Rl g el elas i)y S Y do)s s
MMICM™ Jsles 5ol o o 5l oalinad b oddild 5 JSUETS Jlaie a8 e3Il (last e Lol g L) aids an
(Plewaetal., 1991) .5 S al>s Yo/0!

(PPO) jluwmSt J s A V‘J‘T I[P P

peely 3L ) oo Y/0 ol 1Sy bglsee 1Sy ol 53 eslinad o T esle h Ol e WS 51 Byl Lo
55 bdsed ol g el oslas ids S Ve 5 Naga /oY P8, 0 2ls S Yoo o(pHEV) Ve e 00 clins

et S SIS sl i 6 ABEs an Sl ey Sl 5 el GAEESG JolsE L sl ET 2 sedsb

) obLS g 5


http://dx.doi.org/10.61186/flowerjournal.8.2.201
https://flowerjournal.ir/article-1-235-fa.html

[ Downloaded from flowerjournal.ir on 2025-08-18 ]

[ DOI: 10.61186/flowerjournal .8.2.201 ]

YY) DA 80 25 0lalS 5 S

2 ppl Sl (Kar & Mishra, 1996) ol o35 VIMM™ICM™ Jslae pog 51 A5 armslons (51 sioslizal 2 salst
Sl eddoslinal sl o Al (6,803l P85 0 03558 51 ey edi il 55 I8 55550 b K, sl
(Kar & Mishra, 1996) <owil o3 5 VYMMLCM? Jslas au 51 dl 5 donlons

(PAL) 35 gal VT fud NJRCHFL RPN

ke ) 5 el 0L 55 O e /8 N e s Ve VT L s 070 sl Bl e S ol 5o
/0 03 S wlol b mSTs s (UGS ek a3 TV glos s sl O e w5 LS blses au 5l o jleas
Deunha et al., ) Ls (5 So3lll 25U Yoz gedsh s beaised Cdor 5 A8 e V50 T S0 18 el 2) L
A sl Seoliane ol 551kl ioie 3l ol A 55 Sonlirs dol dnslons (51 (1996

JS e SR P

5 AL 0353l s eslar il Koo Vor s Sime i) Jes 0 (sl ST sladl w0y Bl o (6
S B A8 0l 0 5 080 el b 53 e s Sl olSs b OT olr 435 0 5 g 3,8 S5 55 T
bk g el S 08 /N o) s S yme g slatens) (Bradford, 1976) w8 4l e sl 3 Ikl e 5l eslizal L
a5 0 ks o Ja3 A0 S sad el 2d Lo Vv 5 8 e Celu SO deas 780 U501 ) e 00 55 G250 L
e (eily Blo LB L Jool Jsloe sl 1) G & e T S8 @ Jlons IS o OLL U3 5 035330 O
(s S Glo K

bl 315

SAS l53le 3 3l eslizul b e ia sy sbaesls s plnil LI SSY L bslas Sels b al » fosSU Cpen Stags o)
A gl (o y3 ) 50 mhaw 3 STl Glaals L 35031 L o Sl 5 s JUT

O Skom Sloi 5 dald L S 55 15,5 J8 Bl wliddl 5 pu b )

2D S o8 s Sen 5 2 @ Sl el by mes Bas 4 68 e Bl SSL ol e 8l
Gl Gl s b 0303 13 ke O 3 5 g oSy 5 SOU Sl 80 Sl 23 S el (S e
L ooddoslel (glads yai il izt Jade Ol b Of 5l 5 L esls 513 07 Jsliol 3 4i3s ¥ Sode 4 4l Sl yioms
S A8 813 0V (555 edd (§50el S0 (ot gad i (5501, SIS a5 5 e s b isliae (550l SS, s
A ol Ko e ged Sl sz o S See b e oY RIS 5 S 0 a8 G L Ol

oy mli

255 J5 olite Sk, olodlS jor p 0 5Shn ST

A ls et ps S e 53 bl e 0 ol 5 o35 Ok e3le H edel sy bt 4 a5 L
5,08 L s Rosalin ;s S ae p i s ey T\ ssds 050w 5 58 05 Stanza PIPE 2SS as S

() JS) del s 0 35, WY Ol s a0 [N s So Voo e 0550k

) obLS g 5


http://dx.doi.org/10.61186/flowerjournal.8.2.201
https://flowerjournal.ir/article-1-235-fa.html

[ Downloaded from flowerjournal.ir on 2025-08-18 ]

[ DOI: 10.61186/flowerjournal .8.2.201 ]

YY) DA 80 25 0lalS 5 S

& Control W Si0/5mM @Si 1 mM
20 1

Vase life (Day)
(O50) ol see

Stanza Rosalin Apollo

I Ml bl a1 culie g slyls sla Kl 5 Dag Lls me AL Sgline Dy o Ad 455 s Lls gee

Figure 1. The interaction of silicon levels and cultivar on Gerbera vase life. Means were compared with
Duncan’s test. P<0.05 was considered as a significant difference. Different letters indicate significance and
averages with similar letters are not statistically different.
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Figure 2. The interaction of silicon levels and cultivar on malondialdehyde in Gerbera. Means were
compared with Duncan's test. P<0.05 was considered as a significant difference. Different letters indicate
significance and averages with similar letters, are not statistically different.

S e S olasles 5354 ol s Cilises glaled 5 A O gl S|y 2l L oS e il 58l candllas ol s
A ols Lol 5o Jole 3 ol Ol e Stecan S5 ol50n 5 5l 0L 288 sl (65 00l Ol e 2l il 58l
e s lale ot o B 4ol lal glalid i (Sl s plSoal Sl dadll (65 0l Ol alS
sl b mle cpl Llesls (il [ oS e lis So LG bim 5 dd OprldnS]y 2a L 4, Sa
o (Reezietal.,, 2009) ;, 5 (Kazemiet al., 2012b) s (Kazemi et al., 20128) o gl 5550 53 ol 55158
Al e

a5 J8 oslie gla 035 055)0p demS| 5 Oljoe O 9Sboms 36

058w 3,8 355 s e OT [iiSen Lol s ls e (H202) AenST y 05558 Jldie o35 5 0 pSiow o3l
ol Bl 81 i dals & s dos £8 5 8Y Ol 4w HoO2 2alS e w55 w0 N ges Sa Vo v 5 00
Stanza o3 45 el |55 Rosalin 5 Apollo sla R EQRUERES INRARS VER P W lea.,u&ﬁL;)bW <ol
sStanza 55 IS 53 Hi02 Ol bl Ll 5l a8 55505 clinls OLES 1) HoO2 ialS o ps \YW 5 YY L5 o

(Y ) sl OLEs (g4l sme &5l Rosalin

Yov

) obLS g 5


http://dx.doi.org/10.61186/flowerjournal.8.2.201
https://flowerjournal.ir/article-1-235-fa.html

[ Downloaded from flowerjournal.ir on 2025-08-18 ]

[ DOI: 10.61186/flowerjournal .8.2.201 ]

YY) DA 80 25 0lalS 5 S

205 J8 sl sl o3, (APX) 1S 5 R ﬁ}}] (KO | PSRRI B 1
5 05k shan (2iSen Ll A 5l e STy Dl Sl 3T el 035 5 05k esle 3 (rassy nl U3
g.,,;;@ﬁﬂwqwu@ljg\w‘ﬁw&\m 5000 Chle b Oyl 5 )08 Al s s s ol 035
Rosalin 5 Apollo s o3, 5 5las Qp)j&?ﬂ;iqw (O Jsd) sl 4 cad A3 b 5 VE Ol

(Y Jgds) s Stanza 51 mig Ao s $A 58V (S 5

DS 3 2 L1205 S S8 e kS o)l pbesdsn Sliv (S0l polie -\ Jg

Table 1. The means of biochemical traits assessed in Gerbera cut flower using silicon.
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Means followed the same letter in each column are not significantly different at 5 %, using DMRT.
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Table 2. The means of biochemical traits assessed in Stanza, Rosalin and Apollo Gerbera cultivars.
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Figure 3. The interaction of silicon levels and cultivar on catalase activity in Gerbera. Means were
compared with Duncan's test. P<0.05 was considered as a significant difference. Different letters indicate
significance and averages with similar letters are not statistically different.
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Figure 4. The interaction of silicon levels and cultivar on phenylalanine amino-lyase activity in Gerbera.
Means were compared with Duncan’s test. P<0.05 was considered as a significant difference. Different
letters indicate significance and averages with similar letters are not statistically different.
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Figure 6. Cross section from the upper stem of control, 0.5 and 1 uM silicon treated gerbera cut flower at
200X. A: Control stem, B: 0.5 pM silicon treated stem. C: 1uM silicon-treated stem. Induction of
sclerenchyma tissue, b) Increase of vessel tissue in silicon treated stem, c) Increase of supporting tissue,
(Pa): Parenchyma tissue, (Sc): Sclerenchyma tissue, (Fi): Fiber tissue, (Ph): Phloem, (Xy): Xylem, (Pi):
Pith tissue.
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Abstract
The cut flower industry is economically important across the world. Gerbera (Gerbera jamesonii Bolus)
is one of the most popular cut flowers in Iran and worldwide and the improvement of its postharvest life
is very important. Stem bending during the early stage of vase life is a critical problem in many cultivars
of this flower. In this research, silicon as an antioxidant compound was used at 500 and 1000 micromolar
concentrations, and the effects on some oxidative characteristics, antioxidant enzyme activity,
phenylalanine ammonia-lyase (PAL), and polyphenol oxidase activity in three colors (Rosalin, Stanza,
and Apollo) of cut gerbera flower were investigated. Histological studies also were performed by hand
sections and light microscopy. Silicon application prolonged the vase life in all three cultivars of gerbera.
The lowest vase life (6 days) was measured in the control treatment and the highest vase life (17.33
days) was gained in Rosalin using 1000 uM silicon. Meanwhile, a significant increase in the activity of
antioxidant enzymes and PAL was detected, while polyphenol oxidase (PPO) activity and lipid
peroxidation were significantly decreased. It seems that silicon improved the quality of gerbera cut
flowers by scavenging free radical oxygen, preserving cell membrane integrity, decreasing PPO activity,
and increasing the vascular and supporting tissue.
Keywords: Gerbera, Postharvest quality, Vase life.
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