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Fig. 1. Germinated seeds on MS medium after 15 (a) and 30 days (b).
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Fig. 2. Callus tissues obtained from the E1IH5L treatment or leaf explants under light conditions, using a growth
regulator combination of 2 mg/L BAP + 2 mg/L 2,4-D.
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Table 1. Comparison of the mean interaction effect of hormone, explant, and light conditions on callus percentage,
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similar letters are not significantly different at the 5% probability level.

e SAS 0k P o LTG ol (oyd) whtiey  seysp e Miseii, £5 (oyp Lyt
o hee) (p55) a5 amn Goy) ol5m Callus Hormone Explant Light
(sSe Callus Callus Time to formation (%) type type conditions
Callus dry fresh onset of
volume weight weight callus
(mm?) (8) (g) formation
(days)
.c .d . .8 g H, L Light
.e d e e e H,
- . € - -8 Hj
ARALCEEYER oJyod VYo t5/55° H,
AR A A ve e Hs
[oY® TARRY WALRU RTARE SYIYYP H; S
JAYYde oAt yae y¢a .f H,
.e d e e e H,
- - -¢ .8 .2 H,
JYTREafATed Y ae .8 Yo H;s
.© .d .e .8 g H, L Dark
- - € -8 -8 H,
- -4 -© AEVARE .2 H;
.e d e e e H,
YA afadaed LYY AJRRe y.d H;
Jyged o/« AAed VAR ATARE Vet H, N
- - € -8 -8 Ha
.e d e e e .
.e d e e e H
e d e e . H5

AY


http://journal-irshs.ir/article-1-724-en.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

(VFF) 38 6V sloamio ) o)lais 1F als sl GLEL a8 5 pole ale

sty TG olboj

o edalie ((olidg, 2,4-D p,5 Lo g0+ BAP o5 Lo 90 «5,) EIHsL Jles ;o oljas 56T by oylime (o e
o yge 90 cdale g g4 5 5 Galises Sladllae (Zhou et al., 2018) wisl g,55 byl g (i, oaisS s oS 5 zdl
99 92,4~ d 0 88 Lo <10 Jles b any W oy S s Piper betle L. js .los,S ol Iy odlls @l oy
VO 5l e eSbes ysbay 4y Wl Piper retrofractum > (Junairiah et al., 2020) o cowsay BAP ) 5 6,5 L
(Arofah et al., 2021) sls #, ;s

L ¥ 039

J992) 28b lBl s bl jobay 4 5 (59 (2lidg) 2,4-D o5 los 93+ BAP p,5 Lo 93 5 ) EiHsL Jles o
ol oS 5 el Ay Wb g Sl el S5 10 2,4-D g BAP olidles 5151 S50 Ylas | iolidl cpl ()
de Oliveira ) Cuwl ooy dig 0y Co gl o go Ay 00aS puddtd (6o js (g5l Je8 b )l ol 10 ainS giew g (S|
S 1y iy ay SIE opns Sl 5 sl oli5 (5ihgis Spate 1, Sl 55 (glibs, Ll et al, 2022
Fowbo 8L Lale Jods ) sboaisS pulais g slo 3 min ylaicds Sy cpl pogdle (Yuetal,2019) sl oo ,S
o bl sloadl, (Khan et al., 2018) s )ls a8le 4y cos olaig ;o (g ymion Jeily 0ol OLoS 5 yieS ol g
Arofah et al.,) s)ls Slg>en 5.0 Justicia gendarussa g Piper retrofractum siile lizxe odisS 1o cpien Slados
.2021; Wahyuni et al., 2017

Sy S (59

Jguz) cbls (g lobine (Aaljfl iy Si2 (59 (2lidg) 2,4-D o5 oo 99 + BAP 05 s 90 45 0) EiHsL Jles )0
e 5 ISy s S 50 eS| 5 S s it e JolaS 5 5 1 5] 53 s e 3l el O
g iy b (6o e (giludled L (gud ) 00 it oS 5 cpl pizes (Andaryani ef al., 2019) ol glasl
Sl ool s Cogdi b s )95 bl (Rybin ez al., 2024) Dguds o0 0987 Gy iuli8l 4y yorie 4y gl slocgilie
Piper oS siile Galizee sloaisS o aslice gloasl L guls opl.(Yueral, 2019) sy co dgua |y din ol y 6553 (sl g
(Arofah et al. 2021; Pacaldo & Arradaza, 2021) s,ls Sls> oo Stevia rebaudiana g retrofractum

ol odslive ((olidgy 2,4-D o5 Lo 90+ BAP 5,5 Lo 50«5 ) BiHsL jlows o aiy poe Slo dxe iul38l o iy
08l s Ll 5 sy 08 a5 laged Sl a5 Loy il gn ot ol 3 i o al381 ) Jpaz)
Mayerni et al., ) ¢ o Q—l > il 8l g Ay by o pud Gl (gud;y 0uiiS e oS 5 ol (André et al., 2015)
2y sl Y (aleord oy 5 (Sl sloanl B il oo Fge ame ol G Glsrear Ly cnl 2 ogdle (2020
allas G bl ool o ogdle (Tariq et al, 2014) oS SeS ol a8l 4 Coles 50 9 00,5 S | diy g
Cely g ooy alidlly ay JSCas oIS (g lolias jobays TDZ g NAA 2,4-D aiile (gals) ouisS podais a5 ol jlas
{(Febriani et al., 2025) so Zingiber officinale ol 4y 5 (il

doy ilideo b (S50 (59) Sl dwl 15U b))

Isre doyd gy Jiol mhaw jo any SaS (455 5 dey0 S Jlil mhaw )0 aig 02 5 5 059 2 Skl ol Sl

.Q?.?

A ¥ 039

slcdale jo jlade opyion g 8L JlBl 6 lolae jbas a5 59 Shewdlo aenl cdale ol L bl olul
e S5 5 Skl el 2 4 Sl S Gl ol (Y SE) 0 sl Vgos oo 1O+ 5 Vet
Sgb 03ld Lo iy b lai e o Ol S g 5 ST aile g0 00l il Gla s o 5 sl

AD


http://journal-irshs.ir/article-1-724-en.html

e 5 550m0

G,y 0aiiS ol (gld s Jraw [0 (LS 0l ouiS i G laaeay SOl Il ol ((Aazami ef al., 2021)

Sl lacalled (al38l g gulapnsT (i (el Gyl 51 Sl 5ed Lualpd S50 iz 5 GaeS s 3 e 2o
5 ol Ll ypo LS alisee slaaiss [0 iy Slalllas b Jool> s .(Pal ef al., 2023) sl by o Slaens]
(Golkar et al., 2019; Magbool et al., 2023) &S .o 2l 1 any a3t (b8l 5o oS5 onl She abs

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

Al 25 o 1.4
a a a
= o 37 1 o
= i 3 = ]
25 i ) = ¢ o
33 15 - 4 08 u
Nz e E o
o 0.6 o
I 1 et s P i
2 I L) P = i
9 Fd 3 = 04 Bt
%= s & N o
< = U i Y, = 0.2 i
- E L) = i
= [ - =8 i
8 0 F Q 0
Control SA1  SA2  SA3 Control SA1 ~ SA2  SA3
(5¥ 909 350) vl Sl Lus (5¥ 909 y50) | Sl L
Salicylic acid (um) Salicylic acid (um)
z 14 a
1.2 g
—_~ ]
gL 1 o
£ :@
3 E 08 %%
) E
3 2 v
= 04 [
° i
i > i
%) 0.2 ';\Q;'}
= i
\% —1 0 [y
<
2o Control SA1  SA2  SA3
(5Y 909 y50) | S L
Salicylic acid (um)

eSlee (835518 JF () ai poe (0) S () 5 3 0 2 ] Skl Gilisie slaclale 1 Silos anglie -Y S5

Al ase iy Jlisl mhaw jo (65l pixe Dglds aslive g,
Fig. 3. Comparison of the mean effect of different concentrations of salicylic acid on fresh weight (a), dry weight
(b), and callus volume (c) of the Chrysanthemum flower. Means with the same letters are not significantly
different at the 5% probability level.

doy S 59

2ol g Vgeg,See 1o v Cbale b Selecdlo vl les o iy S (439 Ol (255 9 (e @l 4 4z L
Ol (il ol S 55 )0 Sl sl gordas 285 (0 ¥ USS) 050 05 JA e g WNTE (lieds o e
pedais Jobss 530 b Sl Il ansl 0gd o0ls s glaizly slo,lislu o 50 mals g Jlad can; OlS 5 el
Torun et al.,) 3gi oo 0395 Cumyy gozs 9 05y (¥l e go e e 9 ST L Jolas 250 5l oRge cgud; oo
yd 30 05 e < IYO cdale o Stevia Glycosides ys (p,5 ;0 0,5 oo YIT) aiy Stz 59 Siali8l Adms 10 (2022
Givotia moluccana ayy Sz 59 il ¥ s Sl Il 0l b Jles 8850 4o (Golkar et al., 2019) ol osaliv
oy iz 59 ol e Sl anl b e glasdlae o .(Woch et al., 2023) ol sals b awslas jo (L)
.(Magqbool et al., 2023) a5 5 Aerva sanguinolenta

(S yio oo VYY) 095 jlade (2 s a9 b (al Bl dig on Vg09,S0 Vo b STl sl clile 21531
o Ylaixl o8l ol (z 7 USS) al sdslice (oS yio he +/AYY) wall [0 poe (eSS Jlo o o

AP


http://journal-irshs.ir/article-1-724-en.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

(VFF) 38 6V sloamio ) o)lais 1F als sl GLEL a8 5 pole ale

guilonnST i mals g ol S eudas Jole Jow glasl blad! 5 g SO, 50 Sl sl ondass
SIpl 5 ool Wlgh go a5 ol Hlas malS any ez (Vaes, S VO cdale o Ll (Woch ef al., 2023) cowl lag e
alizes HalS jo paliv mls .(Nazir ef al, 2021) ail SGjeles 58 (i obml g oS 5 ol YL slacdale ous o5l
(Woch et al., 2023) Givotia moluccana y> di 0555 s § (il 381 s Silucdls sl Jlio jgboay cnl onls (3158
(Dong et al., 2010) cesl 0als S. miltiorrhiza gl cuisS o ol uals o

S 53T 9 (Sl gilin ¢S 5930 b oluor y Scrdunnd s sl 51

Sy Jio s 33 A2y SIS 5 e < Seiolid i gy Sellr ol 025l 31 il ly 43505 0l 34k
Dgr o yd

a4 o

@ anjew SRl G Y509, S0e 100 9 e B slacdale o Sl sl Jles ol (LA e S0lee Al s
JS5) il eawlie (Va0 ,See (VY/AY) 1O+ 5 (VY/AQ) Ve v lacdale (o a aijew jlade oy yiion ()l FUSE) ol asy
ok 5o Sl Il ol 185 5l LU Yletsl ag e oldl (I F SE) aslas [ KuSG b (s )lo g glas a5 (I F
(Yang et al., 2022) sl jlodss jow slops 31 Codled Cusis 5 (Sgilie 6l pe S yo5 sy GrooisS oulass Joles
Sl ol 53 08 o 108 AL Sl s 3 ol 1,5 13 (e o iy Slallne
Sl Hles g Al )38l yeen (Mohit Rabary er al., 2020) o ' Sl )| bgyse J5 olS 0 @ al juw
Niyazazari et al., ) cuol 0055 ,5 o)|58 Catharanthus roseus L. 4 (Alam, 2024) Calotropis procera > Slwdlos
2021

&
Y
S

C

=

a
a b
l 13 b <+' 2 { § 5 &
3 o 1= o
b S oy 6 Ea)
= 10 o 3w o
~ s f b
- i E 4 9
D s i Y, = 22
\ L - -
X i =2 4
e b a2 = e
Py 0 iz = %’ﬁ*
N o2 9 =
\ =
A Control = SAL ~ SA2  SA3 = 5 Control SA1  SA2  SA3
A D =
3 (3Y 909 5500) ol Sl Lo oy 5 (3Y909,500) ol Sl Lo
Salicylic acid (um) = Salicylic acid (um)
e 2.5 S 60
c 5 a a d 50 b a
“3 Fered]
[y . e
2 o 3 _ 40 %Y
3 s A S g u
¥ o FE 3 u
3o, 1 i Ny, L v
3 > i < 8 20 W
w ios o % £ o
< " 23 10 -
K e < = 2
w0 32, 0
by Control  SA1 SA2 SA3 DA
=N N Control  SAl SA2 SA3
2 (¥ 909 5550) ol Sl o ~ (Y 309,,500) ol Selnnd Lo

Salicylic acid (um)

Salicylic acid (um)

AY

Echinacea purpurea -\


http://journal-irshs.ir/article-1-724-en.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

e 5 550m0

° a s 70 .
e% = f a
60
25| 4 R
¥ 2 == LRS-
3 r 9 2 40 | Ed
-i; o 20| B } = ==
BLE- = 35 30| &=
> E = 2 F 2| [
g 10| 32, .2 ==
v © = = e
2F LB iz "5 ;
AR 0 0
g Control SA1  SA2  SA3 Control SA1  SA2  SA3
- = (¥ 909 y50) ol Sebcdd L ()Y 909 5550) sl Slncd Lo
Salicylic acid (um) Salicylic acid (um)

() 5 (6) Sgisdlé o() 28 () 333 IS () b () @ o ) Sl il slacale il Sl alio -F IS

3,105 o0 e Jleis ] w50 (6o sae gles aslie By, 1 Kile L s099ls U5 oS
Fig. 4. Comparison of the mean effect of different concentrations of salicylic acid on chlorophyll a (a), b (b),
carotenoids (c), phenols (d), flavonoids (e), and antioxidants (f) of the Chrysanthemum flower. Means
with the same letters are not significantly different at the 5% probability level.

33 eS8 g Sebecdlo sl (5 039 5 59 )5 (ee VIAY) V909,500 Ve v jlod 0 b s s (i @l olal
Voo cdbale b Sebecdlo el jlens jo b a e Rl (0 F JSD) wl esaline (5 (59 £55 50 p,5 (ke VITO) aals
by e @\Mléﬂ Codled Doy 9 A o 4355 (1alS ailaSs,) cws ) Cole oudas (o ol L a0 Yleas! )Y g0q 50
olS o anjen Gl coge Sihawcdle aul 25 0,8 a5 wlosls lis Sldlas ((Jahan et al., 2019) ¢!
.l 0ol (Mohit Rabary ef al., 2020) Echinacea purpurea o (Song et al., 2020) Pistacia chinensis doz> ;| calizeo
Sigdg)l8

(z ¥ JSD) 0l 08s59)5 Jlogime Jialidl el V00 gV - slacdale b Sl ol Jlad a5 ols lis by gy
Ol ) (7 B USE) Cuslas 099 (gl gire OB o] s g 0l samlie laclale ol 50 05,8 e o s
S0lS 5 bl IS 5| Cblin s 3t SloalaSs, ) Sl s oo 50 Sl dl 25 4 Voo
wilos,S 5158 souy ollS jo plive mls 56 iy Sldlas ((Janda et al., 2014) cul lag o gslonnST s
Ram et al., ) Rosa hybrida (Mohit Rabary et al., 2020) Echinacea purpurea «iyy ;> 3.54:59,I5 yil33l a5 s sboay
(Tafreshi et al., 2025) o sawlice Sdwcdlus ol 0 IS 51 s Rosa canina L. 4 (2013

S

5 YPIFA Olieeds i par vl g Vseg,S0e 100 cdale b Sl sl Lo 5o (B8 Slgiome (0008 5 0y
b Yleiz] Vg S 1O+ cdale b SClawcdlo awnl jlad o iol3dl (o -F JSK8) 09 5 (39 p5 2 2,5 koo YFIVF
S 28 b Sehendle sl el (A5 @ Gl 9 (8 SLaS 5 (Sdple o s ;0 Sehinddle sl (ooplas 28 ]
Sharma ) wiS oo S |y (L SleS 5 wdg iy sl 3T cudled (Rl 5 dsilg p Jed yemms 30 S0lS Slogss Ol
sobas s (ioliEl blS ol 1l sl wilgh co dul Sl a5 losls lis 55 iy Olllas (et al., 2019
S o 8 wlisl (Mendoza et al., 2018) ol cawlie Thevetia peruviana szl gmuilawgw SuiS o Jlo
(Anusha et al., 2016) o cawlice Selwdl ol Jleus b Celastrus Paniculatus glaizly -y gpnilow gus

Sgigds

ASeigMd ok oy s (0 ¥ USE) ol suslice vl 4y Canns Scdencdlos ol cdale ]38l L abeigdld (slgsore iulil
S5 Gl (o F JS2) 09 5 (359 5 2 S (Shee YYITY jladods j¥gag SV -+ clale b Selawdlo gl e 3o
(rani et al., 2019) cowl 0593 ol b Lo o slays o ouda 5 0Seiligp Juid e (g5l Jlad 51 250 Yoo

AA


http://journal-irshs.ir/article-1-724-en.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

(VFF) 38 6V sloamio ) o)lais 1F als sl GLEL a8 5 pole ale

2,10 25 guilonnST 23 pl 50 el cbilas g y5enST Jlad slaaiss (o5l 5 50 (loST ST lsieas laaSgigls
3 Jlo jebas tailos,S 5,155 sy LS jo ) badegdd iolidl 5.5 iy Slalhe (Hasanuzzaman e al., 2020)

Solewcdls sl 0 5 )8 51 s (Tajodini et al., 2015) Centaurea cyanus 4 (Pacheco et al., 2013) ,lpy aien |5

] 00 oo lics A.»jys)'lﬁ axgd J.‘lﬁ u,...ljs\
1 T o

FUSE) cl ioli8l o)l e jgbar SlanST 5T cud )b Va0g,Sia 10+ 5 Vo0 b Sibewcdlos ol cdale zol38l L
sleadale b Selandlo sl slojlos o jlade Gial38l o iien 5 (5
3 el ol Jlezsl ap aolidl cpl (o ¥ JSS) ol ol (aueyo F/0F) vl o )l (eSS a5 Jb o ol casli
Syl i Jlad slaaisS 5l Lol caml Lzals o a5 ol SlownST 5T slaps 5T o Jlad g olS o8 s o ,50
ilos )5 W ) G;l.x,,...flc;’:.ﬂ Cad b Sl dlo sl cu685 Jl 50 olalS (g9, alive Olalllae .(Nauman et al., 2018)
o Sl 8T cdled 201580 o bl sl Yoo Lo Y b 5L Jsle Rosa canina L. >« Jlio sl
W G;l.xi....fls’:ﬂ b o pme Gl o SClwdl aul 55 Achillea gypsicola > (Tafreshi et al., 2025)

(M)o VAR 9&V/7?) )Y};og)i:n VO~ 9 Voo

(Acikgdz, 2025)

A (o oot o ) GBS 39 5 Sobimad b s i1

S gre ao 0 S ol e 5o dig  oliond G Gl Ty Solewdlo sl Slas ols (las il g 4 550 ol

.é}g
2wl g0 polle

9 MDA Jlsie s 5aS 5 oy (Gl O JS3) il (ialil ary ,o MDA e el Selodles cdale l31 L
(ANOJSE) 092 55 039 05 2 JseaSen Vol o 0 g VFION L plp sl 5 V09 ,See 10+ Jlord )3 o s sl sl los
OieST JUd sladisS wdgi Jald a5 aiS (oo Jd 1) oS (2o (sla e (2180 (90590 S plpreds Silcdlo a]
Sl 5 i sloind ool & ol Ko ST b (slosisS 055 ool gl ol b ablis sl
(Ding & Ding, 2020) oS 5 |, eS| Jlad sloaisS wilgs ol SlowST 5T g 51 05940 398,200 MDA
OS] Jlad sloaisl G o 10 Sl sl 25 oaims lis a5 o0l 3,155 Galanthus elwesii >  police golis

&

P35 1 Jo909,5) ssull g0 yalle

e (039

o
=

e T e L Tt et e

o

Control SAl SA2

SA3

(5Y 909 550) vuw! Sebnadd v

Salicylic acid (um)

A4

039 P25 30 J9095we) (uibaw ]

[N L L )

S

(3

[T

(Kirgeg et al., 2023) ool MDA jiol38l 4

1

—

2

]
SRR

T

ooy
S

I

Control SA1 SA2 SA3

(¥ 909 y50) ! Sl L
Salicylic acid (um) <


http://journal-irshs.ir/article-1-724-en.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

[
9]

&%
5

o

R

I

I3
I

I3
I

[
=

I3

R

I

I3 I3
i

2

I3
I

I3
I

I

S = N W A T

B

)

Control SAl SA2 SA3

(—]

Control SA1l SA2 SA3
(5Y 909 550) ! S b (5Y 909 550) ! S b

Salicylic acid (um) Salicylic acid (um)

(¥ 039 e 59 p 5 h) oo
033 5 2 P25 kol a2lg) VG

2.5

2 b

T

=

77
e

o
n
T

S

—
T
5

T
S

T
5

I

£

«

I+

=]

Control  SAl SA2 SA3
(¥ 909 y550) ol Sl Lo
Salicylic acid (um)
5 (9) YU (@) o () bl () wsilliss alle 1 sl Sl cilize glaclile Sl Siko anglin -0 JS0
Al ey gy Jleis! mhaw 10 (glo sire Dol aline By > . Skeo 595915 JS () jlansST
Fig. 5. Comparison of the mean effect of different concentrations of salicylic acid elicitor on malondialdehyde

(a), anthocyanin (b), proline (c), catalase (d), and peroxidase (f) of the Chrysanthemum flower. Means
with the same letters are not significantly different at the 5% probability level.

(55 0339 P25 oo [9219) jlassT
S
9]

Oyl g1

VO Lo 58 jlade o i a5y jebay (0 0 JS0) b aty 50 uiliwsil Gl Corge Selandlo sl clale ]33!
O (0 JS8) wl Sl (5 0js p05 00 JsessSes VIVA) walls 55 0 5aS 9 (5 (335 055 59 JgessSee F137) V509 S
cdled o8l b as abl St dlo snl gy Sleondisind (g5iwgm o e G0 1 00 Gl e ]33
Olsgisl oy iy daghy ,o (Scheit & Bauer, 2015) aoo (il 3811 b yilowsil (6 5imgn e 10 g0ulS (slae 3]
(Ram et al., 2013) o oumlice dalis b anslae o SClowcdlo ol cdale o381 L Rosa hybrida «cy y»

2 Odon Hlade (p eSS g i (g Y JSD) <l g b sae il Sl spnl cldale al38I L g jlade
JS8) ad eamlive 55 (39 055 )5 b AN 9 1O/ ) iy a5 Vg9, e 10+ bl b Sl al Lo
2 Oddon Sl Gl carge g 03,5 Joe (g mesdplie )3 0aiiS 0lals SO lyieds Wil oo Selrandle sl (2 0
A badl jl cblis g el Jola L a5 03,5 Jos (235 b 5k Sodsanl G pliear (g 0ph olS
oil38l (ol b (Hussain ef al., 2024) &S o S (Sid b (5,08 (i85 aile Jame sl i 5 ool slacw]
O pln e s el S plprear Sl (Sen Vg9 ,Se 100 clale 53 Selecdle vl e 3 (en e
Cenei Echinacea purpurea sy, sl o Sabowrdls sl b 50 Jobons 3l aoma Ll 5| 30 siilanes]
.(Danesh-Shahraki et al., 2023) o salis 4


http://journal-irshs.ir/article-1-724-en.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

(VFF) 38 6V sloamio ) o)lais 1F als sl GLEL a8 5 pole ale

e
Sl Jless 0 e ydon (0 0 JSKB) 0l aig 50 VB T cudlad ol 8l o Sl sl cdale o538l
5o 5o 9219 VVA) walls 5o (p 1eS 5 (5 0jg p5 2 o5 (shee 5o 923 F17) Vgeg,Se V00 cile b Sl
oS ams ial3dl 1y YBLS asle SlaenST 25T slaey 35T colled conl 1ol Sl Il ad (5 8 JS5) 53 (3 035 po5

S5 i aile ame sla i 5l (Lib glonST Glacaw] 5 5,055l 5 5enST Jlad sladisS als o ol jsba
Givotia moluccana. aiy o YU jlidl o Slawdle ol alin 36 (Hasanuzzaman et al., 2014) ails s

Zoysia o (Manivannan et al., 2016) Scrophularia kakudensis gl guiliwgw <iS o (Woch et al., 2023)
Lol o 5,155 5.5 (Dong et al., 2010) japonica

s

Cdled o i (50 JSB) ab laenSTyy cldlad jlo sime Goli8l Coge Vo090 V00 U Sl anl clale ]33l
BYA) als 4y g po e (350 oS o 3 i 0anlie 5 539 05 1 o5 koo y3 9515 VI0) fsao o (5o
Saleem et ) clds 2o JlSw sl pons (g5Ldled b SClowcdlo ol (5 0 JSK0) 990 (5 (39 p5 2 p,S oo 4o 0>lg
SNy 5 Ot Jlb sloaiss (1al8 g STy wiile (SlaST 5l slam 3T slags ole w5 (al., 2021
o2l el a3l s Sl ol b Taxus baccata aiwy s i (POOT, 2020) 995 o g5l slaawl |
sl b Givotia moluccana 4y o5 ;o jlacnSly w3l Glidl pizes (Sarmadi ef al., 2018) ol jlasTy,
.(Woch et al., 2023) o soaliv sals 4 Cas Solewcdle

S 4%

IRl £ Glapunile S Byl ay wb, 5 W giledige 50 6B A el Seledle 655
oobwl g glasad yg,e ciS o gaggle 55l oo adei slaaiy casllas Cpl o LS o | si,)yy).s sladdles
s 9 A A (ol 2,4-D 6,5 Lo 90 + BAP 5 5 Lo 90 « 5 (E{HsL) o &.lﬂﬂ Golowd S 5 oy e
ouSlal SO lgreds Solwc Il anl aS ols ylid gudod =L 28,8 )18 Sl vwl calizs slo Lo o
399> IS5 5l ot g slaary (Slalio 5 Su3slon o8 e omlididn ) aliond Conj Glo Sy » slalide LB 3
aizilyd ((Ygeg,Sae 10+ ) Selwcdlo sl 5L lacdale pioran ol diy o> 5 « Sl 5 5 ()9 ‘@‘)“-‘:ﬁl WIS
5 SYBLS) a1 T gl 3T Eadld 5 cyailonsstil irlg s osialligs opalle aiile s Sl 5 5l oz ss b pelans
chale golidl cepl g ogdle ogs b i ply 10 olS £lds (oo punilSo Cuss ouimoylis a5 s il 1) GlawST,
gz yol oyl 45 asipiia 15 g s joms aile (6 yitnsi (sloo s, Lial33l el ;Y ang,Seon Vv v b Sielaallis ]
2 bl gladadiyg,s cuis bl o olS giiwsis Slle il s (So3sle 58 slaoilb ey 5l patll (lsea
9 d ged g A dgee )0 S Jule S plgredy Wl oo Selencdlo sl &S wias o0 LS gk (nl @l e
Slg sleanl b sileainge sl @)l Olseas Ol ol 3l s WS Jos sladedng,s cutS o ealitul 3,50 (s095ls JS
oyl e 30 e Sl S plyieas Wil o ST Slalllas ;5 0ol Gl 0 )5 el il 050 0502 25 slacdsilie

5 R e Soglhe (Sdnle 5 (Soieln s sl S b OYsparme 4 obdwes 5 S8 CiS o )y
References &b

-

Aazami, M. A., Rasouli, F., & Ebrahimzadeh, A. (2021). Oxidative damage, antioxidant mechanism and gene
expression in tomato responding to salinity stress under in vitro conditions and application of iron and zinc
oxide nanoparticles on callus induction and plant regeneration. BMC Plant Biology, 21(1), 597.

Abd El, H. A. H. M. (2012). Lipid peroxidation end-products as a key of oxidative stress: effect of antioxidant on
their production and transfer of free radicals. In Lipid peroxidation. IntechOpen.

Acikgdz, M. A. (2020). Establishment of cell suspension cultures of Ocimum basilicum L. and enhanced
production of pharmaceutical active ingredients. Industrial Crops and Products, 148, 112278.

Aebi, H. (1984). [13] Catalase in vitro. In Methods in Enzymology, 105, 121-126.

)


http://journal-irshs.ir/article-1-724-en.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

e 5 550m0

Alam, M., (2024). Physiological and biochemical responses in Calotropis procera callus under salt stress and
signalling inducers.

Andaryani, S., Samanhudi, S., & Yunus, A. (2019). Effect of BAP and 2, 4-D on callus induction of Jatropha
curcas in vitro. Cell Biology and Development, 3(2).

André, S. B., Mongomaké, K., Modeste, K. K., Edmond, K. K., Tchoa, K., Hilaire, K. T., & Justin, K. Y. (2015).
Effects of plant growth regulators and carbohydrates on callus induction and proliferation from leaf explant
of Lippia multiflora Moldenke (Verbenacea). International Journal of Agriculture and Crop Sciences, 8(2),
118.

Arofah, J., Manuhara, Y., & Nurhariyati, T. (2021). Effect of 2, 4-D and BAP on Callus Induction of Piper
retrofractum Vahl. Research Journal of Pharmacy and Technology, 14(3), 1390-1394.

Basit, A., Shah, K., Rahman, M. U., Xing, L., Zuo, X., Han, M., & Khalid, M. A. (2018). 15. Salicylic acid an
emerging growth and flower inducing hormone in marigold (7agetes sp. L.). Pure and Applied Biology
(PAB), 7(4), 1301-1308.

Bates, L. S., Waldren, R. P. A., & Teare, I. D. (1973). Rapid determination of free proline for water-stress
studies. Plant and Soil, 39, 205-207.

Boonprasop, S., Saetiew, K., Teeralak, M., 2023. Induction of calluses from petal of three chrysanthemum
cultivars in vitro, IV Asian Horticultural Congress-AHC2023 1404, pp. 347-354.

Biirkle, S., Walter, N., & Wagner, S. (2018). Laser-based measurements of pressure broadening and pressure shift
coefficients of combustion-relevant absorption lines in the near-infrared region. Applied Physics B, 124, 1-
12.

Butova, V. V., Bauer, T. V., Polyakov, V. A, Rajput, V. D., & Minkina, T. M. (2024). Analyzing the benefits and
limitations of advanced 2, 4-D herbicide delivery systems. Crop Protection, 106865.

Chang, C. C., Yang, M. H., Wen, H. M., & Chern, J. C. (2002). Estimation of total flavonoid content in propolis
by two complementary colorimetric methods. Journal of Food and Drug Analysis, 10(3).

Danesh-Shahraki, H., Pirbalouti, A. G., Rajabzadeh, F., & Kachouei, M. A. (2023). Foliar application of salicylic
acid and proline to mitigate water deficit impact on purple coneflower (Echinacea purpurea (L.)
Moench.). Acta Scientiarum Polonorum Hortorum Cultus, 22(5), 89-97.

de Oliveira, L. S., Brondani, G. E., Molinari, L. V., Dias, R. Z., Teixeira, G. L., Gongalves, A. N., & de Almeida,
M. (2022). Optimal cytokinin/auxin balance for indirect shoot organogenesis of Eucalyptus cloeziana and
production of ex vitro rooted micro-cuttings. Journal of Forestry Research, 33(5), 1573-1584.

Dong, D., Yang, Z., Ma, Y., Li, S., Wang, M., Li, Y., & Chao, Y. (2022). Expression of a chlorophyll b reductase
gene from Zoysia japonica causes changes in leaf color and chlorophyll morphology in Agrostis
stolonifera. International Journal of Molecular Sciences, 23(11), 6032.

Ding, P., & Ding, Y. (2020). Stories of salicylic acid: a plant defense hormone. Trends in Plant Science, 25(6),
549-565.

Eisa, E. A., Tilly-Mandy, A., Honfi, P., Shala, A. Y., & Gururani, M. A. (2022). Chrysanthemum: A comprehensive
review on recent developments on in vitro regeneration. Biology, 11(12), 1774.

Elshahawy, 1. E., & Abd El-Wahed, M. S. (2025). Efficacy of plant resistance elicitor salicylic acid against
Magnaporthiopsis maydis and its exogenous application for controlling late wilt disease of maize. Cereal
Research Communications, 1-14.

Fazeli-Nasab, B. (2018). The effect of explant, BAP and 2, 4-D on callus induction of Trachyspermum
ammi. Slovak Journal of Food Sciences/Potravinarstvo, 12(1).

Fazili, M. A., Bashir, I., Ahmad, M., Yaqoob, U., & Geelani, S. N. (2022). In vitro strategies for the enhancement
of secondary metabolite production in plants: a review. Bulletin of the National Research Centre, 46(1),
35.

Febriani, P. F., Susanti, R., Nazreena, O. A., & Ab, R. Z. (2025). Induction and Regeneration of Ginger Callus
(Zingiber officinale) in Malaysia by Administration of 2, 4 D and NAA. Journal Agronomi Tanaman
Tropika, 7(1), 98-107.

Golkar, P., Taghizadeh, M., & Yousefian, Z. (2019). The effects of chitosan and salicylic acid on elicitation of
secondary metabolites and antioxidant activity of safflower under in vitro salinity stress. Plant Cell, Tissue
and Organ Culture (PCTOC), 137, 575-585.

Gupta, R., Gupta, A., Jain, S., Singh, D., & Verma, N. (2021). Chrysanthemum production, viral diseases and their
management. Virus diseases of ornamental plants: characterization, identification, diagnosis and
management, 261-275.

Handayani, R. S., Yunus, 1., Sayuti, M., & Irawan, E. (2019). In-vitro callus induction of durian (Durio zibethinus
Murr.) leaves using kinetin and 2, 4-D (dichlorophenoxyacetic acid). Journal of Tropical
Horticulture, 2(2), 59-64.

Hasanuzzaman, M., Alam, M. M., Nahar, K., Ahamed, K. U., & Fujita, M. (2014). Exogenous salicylic acid
alleviates salt stress-induced oxidative damage in Brassica napus by enhancing the antioxidant defense
and glyoxalase systems. Australian Journal of Crop Science, 8(4), 631-639.

ay


http://journal-irshs.ir/article-1-724-en.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

(VFF) 38 6V sloamio ) o)lais 1F als sl GLEL a8 5 pole ale

Hasanuzzaman, M., Bhuyan, M. B., Zulfiqar, F., Raza, A., Mohsin, S. M., Mahmud, J. A., & Fotopoulos, V. (2020).
Reactive oxygen species and antioxidant defense in plants under abiotic stress: Revisiting the crucial role
of a universal defense regulator. Antioxidants, 9(8), 681.

Hazrati, S., Mohammadi-Cheraghabadi, M., & Mollaei, S. (2023). Threats and conservation of the medicinal
plants. Phytochemicals in medicinal plants: Biodiversity, Bioactivity and Drug Discovery, 27.

Heath, R. L., & Packer, L. (1968). Photoperoxidation in isolated chloroplasts: 1. Kinetics and stoichiometry of
fatty acid peroxidation. Archives of Biochemistry and Biophysics, 125(1), 189-198.

Hemmati, N., Cheniany, M., & Ganjeali, A. (2020). Effect of plant growth regulators and explants on callus
induction and study of antioxidant potentials and phenolic metabolites in Salvia tebesana Bunge. Botanica
Serbica, 44(2), 163-173.

Hemphill, J. K., & Venketeswaran, S. (1978). Chlorophyll and carotenoid accumulation in three chlorophyllous
callus phenotypes of Glycine max. American Journal of Botany, 65(10), 1055-1063.

Horton, P. (2012). Optimization of light harvesting and photoprotection: molecular mechanisms and physiological
consequences. Philosophical Transactions of the Royal Society B: Biological Sciences, 367(1608), 3455-
3465.

Hussain, M. 1., Danish, S., Naqvi, S. A., Jaskani, M. J., Asghar, M. A., Khan, 1. A., & Muscolo, A. (2024).
Physiological, biochemical, and comparative genome analysis of salt and drought stress impact on date
palm (Phoenix dactylifera L.): tolerance mechanism and management. Plant Growth Regulation, 1-23.

Irani, S., Todd, C. D., Wei, Y., & Bonham-Smith, P. C. (2019). Changes in phenylpropanoid pathway gene
expression in roots and leaves of susceptible and resistant Brassica napus lines in response to
Plasmodiophora brassicae inoculation. Physiological and Molecular Plant Pathology, 106, 196-203.

Jahan, M. S., Wang, Y., Shu, S., Zhong, M., Chen, Z., Wu, J., & Guo, S. (2019). Exogenous salicylic acid increases
the heat tolerance in Tomato (Solanum Ilycopersicum L) by enhancing photosynthesis efficiency and
improving antioxidant defense system through scavenging of reactive oxygen species. Scientia
Horticulturae, 247, 421-429.

Janda, T., Gondor, O. K., Yordanova, R., Szalai, G., & Pal, M. (2014). Salicylic acid and photosynthesis: signaling
and effects. Acta Physiologiae Plantarum, 36, 2537-2546.

Kapoor, S., Raghuvanshi, R., Bhardwaj, P., Sood, H., Saxena, S., & Chaurasia, O. P. (2018). Influence of light
quality on growth, secondary metabolites production and antioxidant activity in callus culture of Rhodiola
imbricata Edgew. Journal of Photochemistry and Photobiology B: Biology, 183, 258-265.

Karabulut, F., Mir, M. Y., & Kamili, A. N. (2024). Production of Secondary Metabolites from Endangered and
Commercially Important Medicinal Plants Through Cell and Tissue Culture Technology. In In Vitro
Propagation and Secondary Metabolite Production from Medicinal Plants: Current Trends (Part 1) (pp.
182-200). Bentham Science Publishers.

Khan, T., Abbasi, B. H., Zeb, A., & Ali, G. S. (2018). Carbohydrate-induced biomass accumulation and elicitation
of secondary metabolites in callus cultures of Fagonia indica. Industrial Crops and Products, 126, 168-
176.

Kirakosyan, R. N., Sumin, A. V., Polupanova, A. A., Pankova, M. G., Degtyareva, 1. S., Sleptsov, N. N., & Khuat,
Q. V. (2022). Influence of plant growth regulators and artificial light on the growth and accumulation of
inulin of dedifferentiated chicory (Cichorium intybus L.) callus cells. Life, 12(10), 1524.

Kirgeg, Y., Bati-Ay, E. and A¢ikgdz, M.A., 2023. The effects of foliar salicylic acid and zinc treatments on proline,
carotenoid, and chlorophyll content and anti-oxidant enzyme activity in Galanthus elwesii
Hook. Horticulturae, 9(9), p.1041.

Kumar, S. S., Arya, M., Mahadevappa, P., & Giridhar, P. (2020). Influence of photoperiod on growth, bioactive
compounds and antioxidant activity in callus cultures of Basella rubra L. Journal of Photochemistry and
Photobiology B: Biology, 209, 111937.

Kurepa, J., & Smalle, J. A. (2022). Auxin/cytokinin antagonistic control of the shoot/root growth ratio and its
relevance for adaptation to drought and nutrient deficiency stresses. International Journal of Molecular
Sciences, 23(4), 1933.

Li, J., Cao, X., Jia, X., Liu, L., Cao, H., Qin, W., & Li, M. (2021). Iron deficiency leads to chlorosis through
impacting chlorophyll synthesis and nitrogen metabolism in Areca catechu L. Frontiers in Plant
Science, 12, 1-17.

Magbool, M., Ishtiaq, M., Mazhar, M. W., Casini, R., Mahmoud, E. A., & Elansary, H. O. (2023). Enhancing
bioactive metabolite production in Aerva sanguinolenta callus cultures through silver nanoparticle and
salicylic acid elicitation. Sustainability, 15(13), 10395.

Materska, M., & Perucka, I. (2005). Antioxidant activity of the main phenolic compounds isolated from hot pepper
fruit (Capsicum annuum L.). Journal of Agricultural and Food Chemistry, 53(5), 1750-1756.

Mayerni, R., Satria, B., Wardhani, D. K., & Chan, S. R. O. S. (2020). Effect of auxin (2, 4-D) and cytokinin (BAP)
in callus induction of local patchouli plants (Pogostemon cablin Benth.). In IOP Conference Series: Earth
and Environmental Science, 583, 1, p. 012003). IOP Publishing.

ay


http://journal-irshs.ir/article-1-724-en.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

e 5 550m0

Meena, M., Yadav, G., Sonigra, P., Nagda, A., Mehta, T., Swapnil, P., & Marwal, A. (2022). Role of elicitors to
initiate the induction of systemic resistance in plants to biotic stress. Plant Stress, 5, 100103.

Mekapogu, M., Kwon, O. K., Song, H. Y., & Jung, J. A. (2022). Towards the improvement of ornamental attributes
in chrysanthemum: recent progress in biotechnological advances. International Journal of Molecular
Sciences, 23(20), 12284.

Mendoza, D., Cuaspud, O., Arias, J. P., Ruiz, O., & Arias, M. (2018). Effect of salicylic acid and methyl jasmonate
in the production of phenolic compounds in plant cell suspension cultures of Thevetia
peruviana. Biotechnology Reports, 19, 00273.

Miao, Y., Li, H., Pan, J., Zhou, B., He, T., Wu, Y., Zhou, D., He, W., Chen, L., 2024. Salicylic acid modulates
secondary metabolism and enhanced colchicine accumulation in long yellow daylily (Hemerocallis
citrina). AoB Plants 16, plac029.

Miler, N., Tymoszuk, A., Rewers, M., Kulus, D., 2023. In vitro regeneration of chrysanthemum from ovaries and
ovules treated with thermal and chemical stimuli: morphogenic and cytogenetic effects. Agriculture 13,
2069.

Mohit Rabary, P., Movahedi, Z., Ghabooli, M., & Rostami, M. (2020). Exogenous salicylic acid improves
photosynthetic pigments and morphological traits of four medicinal plants in an aeroponic system. Journal
of Plant Molecular Breeding, 8(1), 1-9.

Morini, S., D'Onofrio, C., Bellocchi, G., & Fisichella, M. (2000). Effect of 2, 4-D and light quality on callus
production and differentiation from in vitro cultured quince leaves. Plant cell, Tissue and Organ
Culture, 63, 47-55.

Murashige, T., Skoog, F., 1962. A revised medium for rapid growth and bio assays with tobacco tissue cultures.
Physiologia plantarum 15.

Munawarti, A., Nurhury, R. L., Arimarsetiowati, R., Prastowo, E., & Hakim, L. (2024, June). Induction and
multiplication of callus of AS2K clones Coffea arabica L. through 2, 4-D and BAP combination. In /OP
Conference Series: Earth and Environmental Science, 1356, 1, p. 012035. IOP Publishing.

Nauman, M., Kale, R. K., & Singh, R. P. (2018). Polyphenols of Salix aegyptiaca modulate the activities of drug
metabolizing and antioxidant enzymes, and level of lipid peroxidation. BMC Complementary and
Alternative Medicine, 18, 1-12.

Nazir, S., Jan, H., Zaman, G., Ahmed, N., Drouet, S., Hano, C., & Abbasi, B. H. (2021). Synergistic effects of
salicylic acid and light stress on bioactive metabolites in basil callus cultures. Biocatalysis and Agricultural
Biotechnology, 37, 102176.

Niazian, M., & Sabbatini, P. (2021). Traditional in vitro strategies for sustainable production of bioactive
compounds and manipulation of metabolomic profile in medicinal, aromatic and ornamental
plants. Planta, 254, 1-22.

Niyazazari, A., Chalavi, V., & Kabirnataj, S. (2021). Effect of salicylic acid and methyl jasmonate on production
of phenol, flavonoid and pigments of Madagascar periwinkle (Catharanthus roseus L.) callus. Iranian
Journal of Horticultural Science, 52, 1-10.

Pacaldo, F. O., & Arradaza, C. C. (2021). Influence of plant growth regulators and UV light exposure on the
formation and phenolic content of Stevia rebaudiana Bertoni callus: a preliminary study. Annals of Tropical
Research, 43(2), 88-101.

Pacheco, A. C., Cabral, C. S., Fermino, E. S., & Aleman, C. C. (2013). Salicylic acid-induced changes to growth,
flowering and flavonoids production in marigold plants. Journal of Medicinal Plants Research, 7(42),
3158-3163.

Pal, P, Ansari, S. A., Jalil, S. U., & Ansari, M. I. (2023). Regulatory role of phytohormones in plant growth and
development. In: Plant Hormones in Crop Improvement (pp. 1-13). Academic Press.

Podr, P. (2020). Effects of salicylic acid on the metabolism of mitochondrial reactive oxygen species in
plants. Biomolecules, 10(2), 341.

Puad, N. I. M., Zulkifli, W. M. W,, Fathil, N. A. M., & Amid, A. (2023). Response of auxins and cytokinins on
Citrus suhuiensis adventitious shoot culture initiation and growth. Journal of Agrobiotechnology, 14(1),
21-31.

Purwianingsih, W., Febri, S., Kusdianti, 2016. Formation flavonoid secondary metabolites in callus culture of
Chrysanthemum cinerariefolium as alternative provision medicine, AIP Conference Proceedings. AIP
Publishing LLC, p. 030005.

Ram, M., Prasad, K. V., Singh, S. K., Hada, B. S., & Kumar, S. (2013). Influence of salicylic acid and methyl
jasmonate elicitation on anthocyanin production in callus cultures of Rosa hybrida L. Plant Cell, Tissue
and Organ Culture (PCTOC), 113, 459-467.

Rybin, D. A., Sukhova, A. A., Syomin, A. A., Zdobnova, T. A., Berezina, E. V., & Brilkina, A. A. (2024).
Characteristics of Callus and Cell Suspension Cultures of Highbush Blueberry (Vaccinium corymbosum

a¥


http://journal-irshs.ir/article-1-724-en.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

(VFF) 38 6V sloamio ) o)lais 1F als sl GLEL a8 5 pole ale

L.) Cultivated in the Presence of Different Concentrations of 2, 4-D and BAP in a Nutrient
Medium. Plants, 13(23), 3279.

Saghirzadeh Darki, B., Shabani, L., Pourvaez, R., & Ghannadian, M. (2019). Effects of CuSO4 and AgNO3 on
artemisinin and phenolic compound in shoot cultures of Artemisia annua L. Plant Function, 8(31), 1-8.

Saini, N., Anmol, A., Kumar, S., Wani, A. W., Bakshi, M., & Dhiman, Z. (2024). Exploring phenolic compounds
as natural stress alleviators in plants-a comprehensive review. Physiological and Molecular Plant
Pathology, 102383.

Saleem, M., Fariduddin, Q., & Castroverde, C. D. M. (2021). Salicylic acid: A key regulator of redox signalling
and plant immunity. Plant Physiology and Biochemistry, 168, 381-397.

Sarmadi, M., Karimi, N., Palazén, J., Ghassempour, A., & Mirjalili, M. H. (2019). Improved effects of
polyethylene glycol on the growth, antioxidative enzymes activity and taxanes production in a Taxus
baccata L. callus culture. Plant Cell, Tissue and Organ Culture (PCTOC), 137, 319-328.

Scheit, K., & Bauer, G. (2015). Direct and indirect inactivation of tumor cell protective catalase by salicylic acid
and anthocyanidins reactivates intercellular ROS signaling and allows for synergistic
effects. Carcinogenesis, 36(3), 400-411.

Serrano-Martinez, A., Fortea, M. 1., Del Amor, F. M., & Nufez-Delicado, E. (2008). Kinetic characterisation and
thermal inactivation study of partially purified red pepper (Capsicum annuum L.) peroxidase. Food
Chemistry, 107(1), 193-199.

Setiawati, T., Ayalla, A., Nurzaman, M., Kusumaningtyas, V.A., Bari, 1., 2020. Analysis of secondary metabolites
of shoot, callus culture and field plant of Chrysanthemum morifolium Ramat. Jurnal Ilmu Dasar, 21, 1-10.

Sharma, A., Shahzad, B., Rehman, A., Bhardwaj, R., Landi, M., & Zheng, B. (2019). Response of
phenylpropanoid pathway and the role of polyphenols in plants under abiotic stress. Molecules, 24(13),
2452,

Sidik, N. J., Agha, H. M., Alkamil, A. A., Alsayadi, M. M. S., & Mohammed, A. A. (2024). A Mini Review of
Plant Tissue Culture: The Role of Media Optimization, Growth Regulators in Modern Agriculture, Callus
Induction and the Applications. AUIQ Complementary Biological System, 1(2), 96-109.

Sjahril, R., Haring, F., Riadi, M., Rahim, M. D., Khan, R. S., Amir, A., & AR, T. (2016). Performance of NAA,
2iP, BAP and TDZ on callus multiplication, shoots initiation and growth for efficient plant regeneration
system in Chrysanthemum (Chrysanthemum morifolium Ramat.). International Journal of Agriculture
System, 4(1), 52-61.

Sofian, A. A., Prihastanti, E., & Suedy, S. W. A. (2018). Effect of IBA and BAP on shoot growth of tawangmangu
tangerine (Citrus reticulate) by in-vitro. Biosaintifika: Journal of Biology & Biology Education, 10(2),
379-387.

Song, X., Guo, H., Liu, Y., Wan, F., Zhang, J., & Chang, X. (2020). Effects of salicylic acid and sucrose on pigment
content in Pistacia chinensis leaves. Scientia Horticulturae, 259, 108783.

Spaargaren, J., & van Geest, G. (2018). Chrysanthemum. Ornamental Crops, 319-348.

Srivastava, S., & Dwivedi, U. N. (2001). Plant regeneration from callus of Cuscuta reflexa—an angiospermic
parasite—and modulation of catalase and peroxidase activity by salicylic acid and naphthalene acetic
acid. Plant Physiology and Biochemistry, 39(6), 529-538.

Tafreshi, Y. M., Eghlima, G., Hatami, M., & Vafadar, M. (2025). Exploring the potential impact of salicylic acid
and jasmonic acid in promoting seed oil content, vitamin C and antioxidant activity in rosehip (Rosa canina
L.). BMC Plant Biology, 25(1), 249.

Tajodini, M., Samadi, F., Hasani, S., Hashemi, S. R., & Samadi, S. (2015). Influence of artichoke (Cynara
scolymus) leaf powder on growth performance, carcass traits and blood parameters in broiler chickens.
Iranian Journal of Applied Animal Science, 52. 141-146.

Tariqg, U., Ali, M., & Abbasi, B. H. (2014). Morphogenic and biochemical variations under different spectral lights
in callus cultures of Artemisia absinthium L. Journal of Photochemistry and Photobiology B: Biology, 130,
264-271.

Teshome, S., & Feyissa, T. (2015). In vitro callus induction and shoot regeneration from leaf explants of Glinus
lotoides (L.)-an important medicinal plant. American Journal of Plant Sciences, 6, 1320-1340.

Torun, H., Novak, O., Mikulik, J., Péncik, A., Strnad, M., & Ayaz, F. A. (2020). Timing-dependent effects of
salicylic acid treatment on phytohormonal changes, ROS regulation, and antioxidant defense in salinized
barley (Hordeum vulgare L.). Scientific Reports, 10(1), 13886.

Torun, H., Novak, O., Mikulik, J., Strnad, M., & Ayaz, F. A. (2022). The Effects of exogenous salicylic acid on
endogenous phytohormone status in Hordeum vulgare L. under salt stress. Plants, 11(5), 618.

Upadhyay, R., Saini, R., Shukla, P. K., & Tiwari, K. N. (2025). Role of secondary metabolites in plant defense
mechanisms: A molecular and biotechnological insights. Phytochemistry Reviews, 24(1), 953-983.

Wafai, A. H., Mokhdomi, T. A., Amin, A., Husaini, A. M., Bukhari, S., Wani, Z., ... & Qadri, R. A. (2017). An
efficient method for development of callus and suspension culture in Crocus sativus. L (Saffron) using 6-

0


https://www.scirp.org/journal/journalarticles?journalid=207
http://journal-irshs.ir/article-1-724-en.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

e 5 550m0

BAP, 2-4 D and NAA enriched media. International Journal of Current Trends in Science and
Technology, 7(12).

Wahyuni, D. K., Andriani, P., Ansori, A. N. M., & Utami, E. S. W. (2017). Callus induction of gendarussa (Justicia
gendarussa) by various concentration of 2, 4-D, IBA, and BAP. Biosaintifika: Journal of Biology &
Biology Education, 9(3), 402-408.

Woch, N., Laha, S., & Gudipalli, P. (2023). Salicylic acid and jasmonic acid induced enhanced production of total
phenolics, flavonoids, and antioxidant metabolism in callus cultures of Givotia moluccana (L.) Sreem. In
Vitro Cellular & Developmental Biology-Plant, 59(2), 227-248.

Yang, W., Kang, J., Liu, Y., Guo, M., & Chen, G. (2022). Effect of salicylic acid treatment on antioxidant capacity
and endogenous hormones in winter jujube during shelf life. Food Chemistry, 397, 133788.

Yu, Y., Qin, W,, Li, Y., Zhang, C., Wang, Y., Yang, Z., & Li, F. (2019). Red light promotes cotton embryogenic
callus formation by influencing endogenous hormones, polyamines and antioxidative enzyme
activities. Plant Growth Regulation, 87, 187-199.

Zaman, M. A. K., Azzeme, A. M., Ramle, 1. K., Normanshah, N., Shaharuddin, N. A., Ahmad, S., & Abdullah, S.
N. A. (2021). Prolonged incubation of callus on auxin herbicide 2, 4-D displayed significant effect on
alkaloid production in callus of the woody medicinal plant Polyalthia bullata. In Vitro Cellular &
Developmental Biology-Plant, 57(5), 749-759.

Zhou, L., Li, S., Huang, P., Lin, S., Addo-Danso, S. D., Ma, Z., & Ding, G. (2018). Effects of leaf age and
exogenous hormones on callus initiation, rooting formation, bud germination, and plantlet formation in
Chinese fir leaf cuttings. Forests, 9(8), 478.

a5


http://journal-irshs.ir/article-1-724-en.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

Iranian Journal of Horticultural Science and Technology 26 (1): 79-96 (2025)
Research article

Morphophysiological, Biochemical, and Metabolite Responses of
Chrysanthemum plant under In Vitro Conditions to Growth Regulators,
Light, Explant Type, and Salicylic Acid Elicitor

Younes Mahmoudi, Mojgan Soleimanizadeh®, Alireza Yavari
Department of Horticultural Science and Engineering, Faculty of Agriculture and Natural Resources, University
of Hormozgan, Bandar Abbas, Iran.
*Corresponding Author, Email: m.soleimanizadeh@hormozgan.ac.ir

Elicitors, particularly salicylic acid, by stimulating plant defense pathways, can enhance the
production of secondary metabolites and improve morphological, physiological, and
biochemical traits. This study aimed to investigate the effects of growth regulators and salicylic
acid elicitation on callus induction and its various characteristics in Chrysanthemum plant.
After seed sterilization and culture on MS medium, leaf and stem explants from young plants
were prepared and cultured in media containing different growth regulator treatments,
including H1 (control), H2 (1 mg NAA + 2 mg BAP), H3 (0.2 mg 2,4-D), H4 (0.2 mg BAP +
0.5 mg 2,4-D), and H5 (2 mg BAP + 2 mg 2,4-D). The experiment was conducted as a factorial
arrangement in a completely randomized design with three replications, two types of explants,
and two light conditions. After selecting the optimal treatment, different concentrations of
salicylic acid (0, 50, 100, and 150 uM) were applied to the obtained callus. After four weeks,
traits such as callus induction percentage, initiation time, fresh and dry weight, and callus
volume were measured. The highest callus induction percentage (99.66%), shortest initiation
time, and greatest fresh weight, dry weight, and callus volume were observed in treatment
E1HSL (leaf explant, 2 mg BAP + 2 mg 2,4-D, light condition). Furthermore, the effects of
different salicylic acid concentrations on traits including chlorophyll content, carotenoids,
flavonoids, phenolics, antioxidant capacity, malondialdehyde, proline, anthocyanin, and the
activity of catalase and peroxidase enzymes were evaluated. Results indicated that increasing
salicylic acid concentration up to 100 uM significantly enhanced fresh weight, dry weight, and
callus volume, reaching maximum values of 2.04 g, 1.134 g, and 1.22 mm?, respectively.
Salicylic acid treatments also increased photosynthetic pigments, including chlorophyll a and
b and carotenoids, with the highest levels observed at 100 uM. The amounts of phenolic and
flavonoid compounds, as well as antioxidant activity, were markedly elevated, especially at
150 uM. Additionally, malondialdehyde content, proline, anthocyanin, and antioxidant enzyme
activities (catalase and peroxidase) increased in response to salicylic acid, indicating its
potential role in stimulating defense mechanisms and stress tolerance in callus. Overall, the
100 uM salicylic acid treatment had the most positive impact on callus growth and biochemical
traits, whereas the 150 uM treatment showed the greatest effect on activating defense plant
mechanisms.

Keywords: Callus formation, Growth regulators, Salicylic acid, Secondary metabolites.
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