YY) DA 60 2y 0lalS 5 S

=) oS 9 S5

o5 b S8 Shes oals 5 1T ST Cdled 5 0 oKhow 5o 1
(Gerbera jamesonii Bolus)

FAllne I gy e 40kl T en B O ples S ol sl g

OlesS (bo)S ol sl oliils (65,5LaS 0aSails ( GLtl pole i
I il o8l (59l oaSils ¢ GLLL pole iz ¥
oleyS eoyle,S b dpd olftils pgle 0aSails ¢ pmlid Canyj L ¥
OloyS ele,S il auged olRails (53 ,9liS ouSails (bl Mol g cael)y iz F
B hfarahmand@uk.ac.ir, h.farahmand@shirazu.ac.ir
VEVAVA S sl D E VYT sl s

oS>

33 Shp b S s B SS dL l Jlsss  Ole C]a.‘)s s E_g:\.a:é\ %:m\ S S cmes
3K oelS s e sl s il Suiest ol (0b el 0T il 5l e a8 S 5mp 5 el Ol 5 01
G bl 53 0luST ST oS 5 K Ol et O Sl (i3 a3 el ISl Sland s 5l (ol 3 sl OIS0
b OleST ST slan 5T S e sltenST slagasle 5 OF la il 5 As eslizal [V gay,Sa Vere 5 00
A sz (Zard 5 Germez Sourati) |5 o35 4w 5> (PPO) 3laest U g L 5 (PAL) SUL sa oVl s - Sl
Lo oBs a2 55 1 olnlS e 0380l 5 )8l plowil (6555 Sy S 5 s B p b lidl lalas
05 02 Gao W) oS jes o iy 5 050w 3,008 U5l 0 3 055 3 Guo V) oS as p 2aS ks 2153
OeeS1 5T sl 3T lad 3 Sl me il 33l i ol s a4y Vg0 Soa V0 v e 05k 3,08 b s 105 S0
O 55keon 45 ey o a4y 23l S5l (ol e Oljpe 4 o O gl tnS] s 5 PPO s &S Il ,5 s ss PAL
o e sT 5 Aol Szl (3l 5 PPO 5T e les el elie Kol Lo 3T ladSsly () L
B 15 IS Sl Sl ey CkS 35

il 3l ey kS allS e 5 g dS slaely

PRV

52 Olgzr L3S A0 5 o s el e a3dbal 5 (gl oS s S ller mha 5 S IS 5 ) OIS Cas

(Darras, 2021; Meir & Philosoph-Hadas, 15 ;¥s s,Lla Yoo b ol o5, dUle oS gl Sa Ll it S g

) bt g S5


mailto:hfarahmand@uk.ac.ir
mailto:h.farahmand@shirazu.ac.ir

YAY ) DA OV 60Y) 2y 0lalS 5 S

354 ol 5035 535 5 bl GIKBTsle (i 3T g o o ol TOULulus 0,5 3 w5 LS )5 2021)
Coo 31y Sop Jb 586 el Ol Sy oy 5051 S u5 .(Manning et al., 2016) Lib e 45,8 Y
Sl slasl= S I8 s a5 axlialys (i)l (Zhao etal., 2020) ol osls olass! 5 4 25 OlalS
JS .(Dole & Wilkins, 2011) il o Jo50 5 503 ol i el 335 Lile S, 5 (glaels (5115 45 035 OF
Cdls 3l e SekS (g5, 43S L i 534S SSUS Glahasn 5 ol Olal SBL e S g S 51205
Mirzaei et al., 2019, Abbasi et al., 2018, Sadeghi Feragheh et al., ) das o oLii 1, S ol Coaal (ol sl ol
Loy i 5 o el oo Il sl oS el 8 e Saas d 5 Sy b S s gba 2l 51 S (2015
oS 5 bl (55,0 e S Bl Sext e a5 Sl sy 4 b ol il s (Kumari etal., 2022 ) 55 S o (s
S LUs e O Sags 5 e e b cpl ol odys b o35 pled 3 (Sest sdiy 4 b3l Ll ool 5T IS
(Perik etal., 2012) 5,15 36 Ble Soast o031 8 055 s 5,55 elye

(ST O ey (SO Sl 3508 L 55 Ao SSULS Jalse oS ol pl Sy xS gladle sl tass
e Als 18 b S Bl Saes 3 (08 5 et ISl il alSomal Glacil 3 geS 5 Sl 0 isb
Bl il 0 sl Siat 5 Il belS e (slnlS ks 3 Lo U ity 5l (6,8 sl b8 ol s 3158
o bl Ssba Ll (Witt et al., 2014) 5,15 555 awey opl 53 o28lie sla 518 ax S1(Lietal., 2009) &
05 8 S (Schoutenetal., 2018) ol o 5158 050 4 Al y Sda d 5 ek B sl Saws s st
(Fazli etal., 2020) col ol 31 o kS 2alS el 51 S 5 55 Loy Al (505 S e IS s
(Liang et al., 2007) ol oddarslid fm b 5 e S Ll i 53 olS 55 Jie e SO Olsea "0 Sl
Hansen et al.,) > S (gtupeds bli= 5 So5505 58 (ol aiws 4w & Ol5 0 1) oS 55 0S8 Lol il
b asls s QLS s s sl sbas )8 OLLS sas 5 i, 5 OSUS slas S8 s 4 0,800 (1976
Ssdee SIS OLLS AlS o) (BIBI poes 5 Shn S SS AL CuiS 5 pllS ee I e e
(Aghajani & Jafarpour, 2016) =lS jae il 31 o 0 s Sils 5 51 s 5 i 55,8 (Kumari et al., 2022)
onl 2 Ol sl |5 S I8 s (Kamenidou et al., 2010) sdias I8 slawsle Culses (il 53l imman
Babalar ) . 1,55 Gk J8 55 Bl ploual (Rl s (3l Sl g 055k 5 Sl dol Oleson 5,08
OYAA) OLen 5 3l a5 15355 IS (6,80 (535 p g SB35 5l e 5 (gl diS 58 ke il (et al,, 2016
Song etal., 2021, Zhao et ) * Jlosdo [ 55 Sudls 5l ey kS il sl 050 5 508 Ll sd3 318 5
o Ok V50 Lo 0 Chle (S 5 S S s .l ol (Kamiab et al., 2017)° . g5l IS5 @al., 2012

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

i) obLS 9 S5



YY) (DA O E0Y) 2 0S5 JS

Sl es SLs 8l QIS e e Sl IS 51 55 Ol 53 5 el Oler e S S S 51 G 105
(Sare Sy 5> gl e 0 S S SI ST L ) sl )Gl el ALS o
ol 5 biddl sl 15 8 (Sdeast (2alS 50 058k SR onl 00 2 s G IS 508 5005
23S IR 3 i

LI TPIEIRe

S 15 Ghp S slaerla 3 S bl islat SelS b aly » JoysST IB 5s LSS Y 5 5l YL phlesT
Slssl B S 515 (Ve S Vere 5000) Ol CBIEY 5o s ) ey iy sb e sl Y
A S 13 Jale 5 Le 00r gsl= Gy b s 8 amla T Gl e s s ad S b s dald Olgea o ki
A S B s GlalS e sl S i bt Gl Gl S i

2l jes

Sy dals b I8 SdS e OLL Olgsas cdisls s 311 5550 (gl 3150 5 Ll o3 03 dals s S &5 S
S 3 Sl Pl e 5 sl g sl bl S o3Il sl sl S dals sla 8 510l cpl 3 A 4B S
Sz an S s gl oS ee 0LL s IS Ol oS e OLL U baastls s A (5515 pa se
B | PN Lo 5 S 3 JP R v - UL T (P PSS L

2L e O gl b1y (g 05100

3l 3l e S Y Jhas cal Gib s el (Heath & Packer,1969) 455 4 (MDA) sl (63 o)l clalé (g Se5ul
Sheslenal b Lol ojlae ad sdile o ys +/) (TCA) Sauls IS 65 del 2d o 0 sol= oo Osla 53 SIS
0 st e 5l ol oy dolowe 51 ) oo O ad Sak Sle VereeX g s aids 0 e e Sl oSy
Yoot a ol bl . Lol o p (TBA) o il s el Ao ys +/0 (g5l oS o y3 Yo TCA s 1) s
bolos o )bss 5 3 S 5 o plam 53 ol s A 03ls )l > 0 S thv e 45340 (glos 53 4ids
Fagl OYY sl sb 3 e gy Sl Sl eslinal b Jskos cpl Cldor odls 3 8 Janty Bl Ve v eXg s adda V0 e
2 obant b gle 15, i ol el MDASTBA (5 5 oSS sl sb onl 3 Jiin )50 esle s 0l 5
A eslial 100 x Voo MMTCM™TUslee sl o b SIMDA aislbs (gl s S jldie cpl 5l pend el e
3 S Wbl g a5 055 08 0 e See S I Jool il

(H202)35 5,8 AeeST 5 Olpe (58 0510

oy ol o3 A el (Alexieva, 2001) sy b s (KD iy ool b HZ02 (2STs bl 3 0355ded STy lukde
4235Y0 e & Jool oslas A sdli 5 Ao s /N (TCA) sl Szl s S 6 5 2 e ¥ 50 SIS sl ¢J§~/r
5 PHEV oMM sl olind 3L 25 Sa 000 (o5 oslias 51 ads Ko 000 0 o 103 S5 50 Sl 000 exg 5o
5 Adesls 13 BU1 sles 53 (Sob 5o cele G e wp (ST bl s S 6Ll N e SO by el 2 e 5

M\ﬂwww LS‘J" A dJ,:S/a)l.b‘ ‘J,:A}_,LY""\' Cjﬁd,}b)JﬂfJ);&:ﬁ*’\ ol.<§.w:)\ obw‘bu‘uw u.l;-w

i) obLS 9 S5



YY) (DA O E0Y) 2 0S5 JS

ervr Ve 0ne Yor dee 00 Yo glac kil syl pove ey sl eslizal syl geve 5105000
2308 e 055 denS 1y S ) (Bl i Dl e 5 D 4 0550 LS| Y 5e s S
S SIS g e 50550 S

b 51 Cdlab St

S n olas 4y

s b e sl a8 (PHEV/0) Ve s 00 Dlis ol 3L 2 Ja 0 5o SIS o6 sl DSTJL:A 0 e
e s baojlas e 23 S ol 5y s il e pled sl 3 Y g e SGEDTA 5 s 3 S (PVP)
Lo 31 Cdlad o sl 55 BlS Jloms 510 gk Blo g 453 £ (slas 55 5 0000 Xg 55 «ids Yo
(Gapinska et al., 2008) .3 S sslew!

(CAT) ;368 o Pl el v

(Dhindsa et al., 1981) =3 8 &ypm gl Yo mged b 53 wiiSIol Gl als bl 5B cdlad o
ol obas s Ko Ve s Ve e 10 @5 SIOT GV e 00 Sliedalsy 3L Juls () e 1) 2815 b sl
o L o sl V8o g gadsb ) €SIl ol s 2l 5 s ST 2S5 (ST b sl s 650810 035381 L s 5
Ay arnlms gl s Gl lB Y ol L alds O Dde a4y Cdr Dl asd e A (6, S eIl e gy 1Sl
A oslizal £ MMICMT sl b gals o i 5l e oou 5]

(APX) 3lagmS| p b Sl Cdlad iovins

N & aSTOT QY e s /0 Sl Sl (PH V) Y g0 e 00 Silans el 3L sl ST bl (B, cnl )3
ol 3 alS 5 Sy Sl el 0l ST il Sl Sl Sdlad sy o T o jlae 25 Sea V00 5 Y e
i 3 el s ailos (6l A (5 Se3I (Gl T ol L) iy 53 e 4 el YA 2 ged b 5o
.(Nakano & Asada, 1981) . eslazwl YAMM™Tem™ Jsles 2 sol

(GPX) jlapSt 5 JSLE Cdled o

STy bogloe il Joo an s cpl 3 Sl USLE esle hy Sl esliad b ST JSUE T el
ISUE s Koo Vovido s G w5eSIT 25 Sea Vo v (PHEY) [V gn o 00 lid ily 3L 23 s YWY (51>
Sde 4 050 8Vr zged b 53 UL OsmmlhenSt s 0 der (il s a5l o slas a5 S T 5 Ao 5
MMECM™ Jsles 5ol o i 5l eslizad b eddld 5 JSUETS Jlaie s (8ol (glast e Lol g L) 4ids aw
(Plewaetal., 1991).15 5 aul>s Yo/0!

(PPO) jlusST J 5 Vﬁsi Cdlad o

el L s Y0 Jols 1Ty bdse STyl 53 s sslinad a5l esle i Olgea P850 51 Ghas a2
53 Wdgas dm g el ejlias 2y e Ve 5 Nge o/ U8 0 2y S Yoo o(pH=Y) ¥ 5e o 00 Sl

e A IS sl i S AREs aw Sl e e 5 A8 sl (leiaSy ol b sl £T £ ped b

i) obLS 9 S5



YY) (DA O E0Y) 2 0S5 JS

2 eyl ol (Kar & Mishra, 1996) <ol o35 VYMM™ECMT Uslee cas 51 dml g alome (511 sddionlinal o3 gols
Sl eddoslinal st o Al (S eIl W5 0 03558l 5l e el 5 I8 555 s sl K ol el
(Kar & Mishra, 1996) <oul 35 VYMMLCM™ Jsles au 5T Ay docslos

(PAL) WL gl VT Joid v‘-i‘ﬂ O[PSR PE

Ak ) 5 e s ST e GV e e Ve VT b i e /0 el 3 e S el 2
/0 35S WLl b STy s IS ek 433 YV les 5 sl SO e w0 5 s bglss e 5T o slas
Deunha et al., ) s (s Se3lll e sl Yo o gadsb 3 baisad Sl 5 8 iBgne V50 VS0 18 el 2] L
A oalita] Saaliawe dowd 5510kl somie 5l ol 1 55 Senliros donel dnslons (51 (1996

JS S an e o

5 Ad 033l s oslar s Koo Vo wossm Some i) e 0 (gl (el slad ) (s B i
s Sl A el el 080 £ gadsh s eyt Kl oo b OT ol 4 051 g s S S5, ey
bk g ple S 0 S /N o) g e ag  latews) (Bradford, 1976) dus S aulous e sl 3 Il ot 3l eslizal L
o o i TAO S g ol I a Vot e i3 S o el S0 ety 180 01 2 ke 00 53 G250 L
ol eily Blo LS U Jool Jsloe it atil; 1) G & e T S8 4 lons IS o OLL U3 5 035331 O
(s S Gl K

bl 3815

SAS 1 8lp 5 3l eslial b et ssy slaesls s plnil 5 ST YL sl Sels b al 2 osSt S pen Shags ol
A alie o3 0 prlawr 53 STl (glanels A Oga3T b b Sla 5 A 3L

Ok slass g dald sla 8 )3 15,5 8 Bl bl o (o 5 w) p

) g S o8 oS Ser 5 03 8 Sl elial by a8 B Bl Sl gl ) sl
Gl (Gl e LS 0305 15 ke Ol 55 5 agd Gl 5 S3U Jl b0 G S 23 S plomil (5K s Sin
L oddeslel (glad yod Ll it oo Ol b 0T 51ty 5 5 esls 513 07 Jsliel 3 433 ¥ Sode 4 4l ol yiome
Sy X S 513 0N ) 0l (65l S5y Slad god LS (55l S5, SRS 503 5 e 5o b sl (650l K5 )
S TS Y AL PO PRSP AT ST RUP- VPP W PRy P SN U PSR L g o JE VR FUR I

Cou g mls

s J8 wosline K, ol sy 0 5Kk A

Al e doss Sl g3 pblS es 0 b 5 35 O pSiew osle el S 4 a5 L
3086 5105 Gose 8 3 2blS ee ip i 5 500 Vs Sk 5208 O e 3 IS s glelS e o kS
(O JS2) el s 0 30, WIPY Olps o NV gas o Vo 050k

i) obLS 9 S5



YY) (DA O E0Y) 2 0S5 JS

& Control M Si0/5mM @SilmM
20 1

Vase life (Day)
(0350) HaB e

Germez Sourati Zard

SNl Ol gie 4 P<0.05 i amslis S51s 09031 b b Kl .lﬁ,j,g}fwlgdf,wﬁrj, 3 058k 7 ghu JiSen Y SS
I M bl 5 alie G glols e il 5 D5 Jls re aili ogline Dy S 4 S S 45 Lls e
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 have no significant difference.
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Figure Figure 2. The interaction of silicon levels and cultivaron 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 have no significant difference.
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Table 1. The means of biochemical traits assessed in Gerbera cut flower using silicon.
APX Activity
(Unit mg™* protein)

GPX Activity P
; 1 ; b, mpl Sl
(Unitmg E)roto.a_m) . Hydrogen peroxide Silicon
M1 JSLE 0l ol M-Sy (umol g FW) (Micromolar)
05 el Sl aly) 05 2 Al cds a1y O35 deuS1 ke
(552 (552 (5 03505 52 dpe,5) Y505 ,5)
0.55a 3.64c 1.65a 0
0.71a 4.81b 0.95b Si (500)
0.67a 6.1a 0.92b Si (1000)
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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 Red, Pink and Yellow Gerbera colors.

GPX Activity APX Activity Hydrogen peroxide
(Unit mg™* protein) (Unit mg* protein) (umol gt FW) Colors
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Means followed the same letter in each column are not significantly different at 5 %, using DMRT.
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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 have no significant difference.
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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 have no significant difference.
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Figure 5. The interaction of silicon levels and cultivar on polyphenol oxidase 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 have no significant difference.
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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.

bolgin 5 2l S ens
oS by cled il LUls 5 ey LE’U‘Z‘”'S‘J:’T Sy sl asy H8a 05w oS sl 0L Jragn ol sls asl
b Al OS] ST Glags 5T e (I slie i L1 st S esle cpl ey e 0 a3l Ll )

a8 a ke )l o 3k plowial L S A s 5 PAL 5 e led il ST d g b s

Y\Y

i) ol 9 S5



YAY ) DA OV 60Y) 2y 0lalS 5 S

L;LQQ)" ULJ.’ w%ﬁjwbj‘)‘wc‘)jb).ﬁ JL:Jl Q‘j.‘.‘.:'".; Juj) W] st)ljéjla.:.k.a .a\.lb}w‘.ﬁ d)LL) W‘
g g slgiin cn ool 55 Db eSS gl (&K sl slaiil Wy 4 b s

Ck;.a

Abbasi, J., Hassanpour Asil, M., Olfati J. A. (2018). Improvement of some growth traits of gerbera flower
(Gerbera jamesonii) by using mineral nutrition at different stages of plant growth under effect of salinity
stress. Iranian Journal of Horticultural Science, 50, 865-878. (In Persian).

Aghajani, N., Jafarpour, M. (2016). Effects of pre- and postharvest treatments of silicon and rice hull ash on vase
life of Gerbera. International Journal of Horticultural Science and Technology, 3, 77-87.

Alexieva, V., Sergiev, |., Mapelli, S., Karanov, E. (2001). The effect of drought and ultraviolet radiation on growth
and stress markers in pea and wheat. Plant Cell & Environment, 24, 1337-1344.

Ansari, M.S., Misra, N. (2007). Miraculous role of salicylic acid in plant and animal system. American Journal of
Plant Physiology, 2, 52-58.

Babalar, M., B. Edrisi., Naderi, R. (2016). Evaluation of the mechanical strength of Gerbera flower stem in
response to silicon and salicylic acid application. Journal of Ornamental Plants, 6,163-171.

Bayat, H., Aminifard, M.H. (2018). Effects of different preservative solutions on vase life of Narcissus tazetta cut
flowers. Journal of Ornamental Plants, 8, 13-21.

Bharti, A.K., Khurana, J.P. (1997). Mutant of Arabidopsis as tools to understand the regulation of
phenylpropanoids pathway and UV-B protection mechanism. Journal of Photochemistry and Photobiology,
65, 765-776.

Bradford, M.M. (1976). A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principles of protein dye binding. Analytical Biochemistry, 72, 248-254.

Darras, A. (2021). Overview of the dynamic role of specialty cut flowers in the international cut flower market.
Horticulturae, 7,51. https://doi.org/10.3390/horticulturae7030051.

Datnoff, L.E., Synder, G.H., Korndorfer, G.H. (2001). Silicon in Agriculture (pp.285-290). Elsevier Sciences.

Dhindsa, R.S., Plumb-Dhindsa, P., Thorpe, T.A. (1981). Leaf senescence: correlated with increased levels of
membrane permeability and lipid peroxidation, and decreased levels of superoxide dismutase and catalase.
Journal of Experimental Botany, 32, 93-101.

Dole, J.M., &Wilkins, F. H. (2011). Floriculture, Principles and Species. (Pp: 356-360). Prentice Hall.

D’ciinha, G.B., Satyanarayan, V., Nair, P.M. (1996). Purification of Phenylalanine ammonialyase from
Rhodotorulaglutinis. Phytochemistry, 42, 17-20.

Edrisi, B., Babalar, M., Naderi, R. (2019). Effect of silicon and salicylic acid on lignin formation and antioxidant
enzymes in gerbera flower. Iranian Journal of Horticultural Science, 50, 77-89.

El-Serafy, R.S. (2015). Effect of Silicon and Calcium on Productivity and Flower Quality of Carnation. Ph.D.
Thesis. Horticulture Department, Faculty of Agriculture, Tanta University. 235p.

El-Serafy, R.S. (2019). Silica nanoparticles enhance physio-biochemical characters and postharvest quality of
Rosa hybrida L. cut flowers. Journal of Horticultural Research, 27, 47-54.

Fazli, M., Ahmadi, N., Babaei A. (2020). Improving the postharvest quality characteristics of cut rose
(Rosaxhybrida L.) ‘Red Alert’ in response to light intensity. Flower and Ornamental Plants, 4, 74-86.

Ferrante, A., Albrici, A., Antonacci, S., Serra, G. (2007). Effect of promoter and inhibitors of
phenyalanineammonialyase enzyme on stem bending of cut Gerbera flower. Acta Horticulture, 755, 471-476.

Gapinska, M., Skodowska, M., Gabara, B. (2008). Effect of short and long-term salinity on the activities of
antioxidative enzymes and lipid peroxidation in tomato roots. Acta Physiologia Plantarum, 30, 11-18.

Guo, Y., Liu, L., Zhao, J.,, Bi, Y. (2007). Use of silicon oxide and sodium silicate for controlling
Trichotheciumroseum postharvest rot in Chinese cantaloupe (Cucumis melo L.). International Journal of
Food Science and Technology, 42, 1012-1018.

YV

i) obLS 9 S5



YAY ) DA OV 60Y) 2y 0lalS 5 S

Hansen, D. J., Dayanandam, P., Kaufman, P. B., Brotherson, J. D. (1976). Ecological adoptions of salt marsh
grass, Distichlis spicata (Graminae), and environmental factors affecting its growth and distribution.
American Journal of Botany, 63, 635-650.

Heath, R. L., Packer, L. (1969). Photoperoxidation in isolated chloroplast. I. Kinetics and stoichiometry of fatty
acid peroxidation. Archive of Biochemistry and Biophysics, 125, 189-198.

Kamenidou, S., Cavins, T.J., Marek, S. (2010). Silicon supplements affect floricultural quality traits and elemental
nutrient concentrations of greenhouse produced gerbera. Horticultural Science, 123, 390-394.

Kamiab, F., Shahmorazadeh Fahreji, S., Zamani Bahramabadi, E. (2017). Antimicrobial and physiological effects
of silver and silicon nanoparticles on vase life of lisianthus (Eustoma grandiflora cv. Echo) flowers.
International Journal of Horticultural Science and Technology, 4,135-144.

Kar, M., Mishra, D. (1976). Catalase, peroxidase, polyphenol oxidase activities during rice senescence. Plant
Physiology, 57, 315-319.

Karlidag, H., Yildirim, E., Muran, M. (2009). Salicylic acid ameliorates the adverse effect of salt stress on
strawberry. Scientia Agricola, 66, 180-187.

Kazemi, M., Zamani, S. &Aran, M. (2011). Effect of some treatment chemical on keeping quality and vase-life of
Gerbera cut flowers. American Journal of Plant Physiology, 6 (2), 99-105.

Kazemi, M., Asadi, M., Aghdasi, S. (2012a). Postharvest life of cut lisianthus flowers as by silicon, malic acid and
acetylsalicylic acid. Research Journal of Biology, 25, 85-90

Kazemi, M., Gholami, M., Bahmanipour, F. (2012b). Effects of silicon and acetylsalicylic acid on antioxidative
activity, membrane stability and ACC-oxidase in relation vase life of carnation cut flowers. Biotechnology, 2,
87-90.

Kazemi, M., Gholami, M., Hassanvand, F. (2012c). Effects of silicon on antioxidative defense system and
membrane lipid peroxidation in gerbera cut flowers. Asian Journal of Biochemistry, 6, 125-187.

Kumari, P., Shrama, R., Panwar, S., Paul, S., Banyal, N. (2022). Silicon as vital element in flower crop production.
Journal of Plant Nutrition, https://doi.org/10.1080/01904167.2021.2020820

Liang, Y., Sun, W., Zhu, Y. G., Christie, P. (2007). Mechanism of silicon-mediated alleviation of abiotic stress in
higher plants. a review. Enviromental Pollution, 147, 422-428.

Li, X., Yang, Y., Yao, J., Chen, G., Li, X., Zhang, Q., Wu, X. (2009). FLEXIBLE CULM 1 encoding a cinnamyl-
alcohol dehydrogenase controls culm mechanical strength in rice. Plant Molecular Biology, 69, 685-697.
Manning, J.C., Simka, B., Boatwright J.C., Magee, A.R. (2016). Revised taxonomy of Gerbera sect. Gerbera

(Asteraceae: Mutisieae). South African Journal of Botany, 104, 142-157.

Meir, S., Philosoph-Hadas, S. (2021). Postharvest physiology of ornamentals: processes and their regulation.
Agronomy, 11, 2387.https://doi.org/10.3390/agronomy11122387

Mirzaei Esgandian, N., Z. Jabbarzadeh & Rasouli-Sadaghiani, Mir H. (2019). Investigation of some morphological
and biochemical characteristics and vase life of Gerbera jamesonii cv. Dune cut flower using humic acid and
nano calcium chelate. lranian Journal of Horticultural Science and Technology, 20, 157-170. (In Persian).

Mittler, R. (2002). Oxidative stress, antioxidants and stress tolerance. Trends in Plant Sciences, 7, 405-410.

Nair, S.A., Singh, V., Sharma T.V. (2003). Effect of chemical preservatives on enhancing vase-life of gerbera
flowers. Journal of Tropical Agriculture, 41, 56-58.

Nakano, Y., Asada, K. (1981). Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach
chloroplasts. Plant Cell Physiology, 22, 867-880.

Ohe, M., Rapolu, M., Mieda, T., Miyagawa, Y., Yabuta, Y., Yoshimura, K., Shigeoka, S. (2005). Decline in leaf
photooxidative stress tolerance with age in tobacco. Plant Sciences, 168, 1487-1493.

Perik, R.J., Raze, D., Harkema, H., Zhong, Y., Van Door, W.G. (2012). Bending in cut Gerbera jamesonii flower
related to adverse water relations and lack of stem sclerenchyma development, not to expansion of the stem
central cavity or stem elongation. Postharvest Biology and Technology, 74, 11-18.

i) obLS 9 S5



YAY ) DA OV 60Y) 2y 0lalS 5 S

Plewa, M. J., Smith, S. R., Wanger, E. D. (1991). Diethyldithiocarbamate suppresses the plant activation of
aromatic amines into mutagens by inhibiting tobacco cell peroxidase. Mutation Research, 247, 57-64.

Reid, M.S., Jiang, C.Z. (2012). Postharvest Biology and Technology of Cut Flowers and Potted Plants.
Horticultural Reviews, 40, 1-54.

Reezi, S., Babalar, M., Kalantari, S. (2009). Silicon alleviates salt stress, decreases MDA content and affects petal
color of salt stressed cut rose (Rosa x hybrida) cv. Hot Lady. African Journal of Biotechnology, 8, 1502-1508.

Sadeghi Feragheh, J., H. Farahmand, F. Nasibi., Hosseyni Torbati, F.A. (2016). Effect of exogenous nitric oxide
application on physiological and antioxidant responses and scape bending reduction in Gerbera cut flower.
Iranian Journal of Horticultural Science and Technology, 17,193-208. (In Persian).

Song, J., Y. Li, J. Hu, J. Lee., Jeong, B. R. (2021). Pre- and/or postharvest silicon application prolongs the vase
life and enhances the quality of cut peony (Paeonia lactiflora Pall.) flowers. Plants, 10, 1742.
https://doi.org/10.3390/plants10081742

Song, J., Yang, J., Jeong, B. R. (2022). Synergistic effects of silicon and preservative solution on promoting
postharvest performance of cut flower of peony (Paeonia lactiflora Pall.). International Journal of Molecular
Sciences, 23(21), 13211; https://doi.org/10.3390/ijms232113211

Tofighi Alikhani., S.J. Tabatabaei, A.M. Torkashvand., Talei, D. (2021). Silica nanoparticles and calcium on the
histological characteristics and stem bending in gerbera cut flower. Ornamental Horticulture, 27, 334-343.

Shigeoka, S., Ishikawa, T., Tamoi, M., Miyagawa, Y., Takeda, T., Yabuta, Y., Yoshimura, K. (2002). Regulation
and function of ascorbate peroxidase isoenzymes. Journal of Experimental Botany, 53, 1305-1319.

Witt. Y., Harkema, H., Van Door, W. (2014). Effect of antimicrobial compounds on cut gerbera flowers: Poor
relation between stem bending and numbers of bacteria in the vase water. Postharvest Biology and
Technology, 91, 78-83.

Zhao, D., X. Yang, S. Wu, H. He, Q. Tan, X. Chen., Shi, L. (2020). First report of Fusarium proliferatum causing
root rot of Gerbera in China. Journal of Plant Diseases and Protection, 127, 279-282.

Zhao, D., Hao, Z., Tao, J., Han, Ch. (2013). Silicon application enhances the mechanical strength of inflorescence
stem in herbaceous peony (Paeonia lactiflora Pall.). Scientia Horticulturae, 151, 165-172.

AR

i) obLS 9 S5


https://doi.org/10.3390/plants10081742

Flower and Ornamental Plants (2024), 8(2): 201-216
Research article

Flower and Ornamental Plants

Effects of silicon on antioxidant activity and the decrease of bending in cut
gerbera (Gerbera jamesonii Bolus) flowers

Javad Sadeghi Feragheh?, Homayoun Farahmand?, Fatemeh Nasibi®, Roohollah Abdolshahi*

1. Department of Horticultural Science, Faculty of Agriculture, Shahid Bahonar University of Kerman, Kerman
2. Department of Horticultural Science, School of Agriculture, Shiraz University, Shiraz
3. Department of Biology, Faculty of Science, Shahid Bahonar University of Kerman, Kerman
4. Department of Agronomy and Plant Breeding. Faculty of Agriculture, Shahid Bahonar University of Kerman,
Kerman
B hfarahmand@uk.ac.ir, h.farahmand@shirazu.ac.ir

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 (Sourati, Germez,
and Zard) 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 colors 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 pink color using 1000 mM 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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