Iranian Journal of Horticultural Science

The Univefsity of Tehran Press

Online ISNN: 2008-482X

Homepage: http:// ijhs.ut.ac.ir/

Investigation of the Effect of NaCl Elicitor on In Vitro Callogenesis of
Chrysanthemum indicum var. indicum

Younes Mahmoudi !

, Mojgan Soleimanizadeh?>'), Alireza Yavari®

1. Department of Horticultural Science and Engineering, Faculty of Agriculture and Natural Resources, University of
Hormozgan, Bandar Abbas, Iran. E-mail: younes_mahmoodi@yahoo.com

2. Corresponding Author, Department of Horticultural Science and Engineering, Faculty of Agriculture and Natural
Resources, University of Hormozgan, Bandar Abbas, Iran. E-mail: m.soleimani380@gmail.com -

3. Department of Horticultural Science and Engineering, Faculty of Agriculture and Natural Resources, University of
Hormozgan, Bandar Abbas, Iran. E-mail: yavari313@gmail.com

Article Info

ABSTRACT

Article type:
Research Article

Avrticle history:

Received: 31 May 2025

Received in revised form: 29 August 2025
Accepted: 9 September 2025

Published online: Atumn 2025

Keywords:

antioxidant activity,
elicitation,

explant,

plant tissue culture,
secondary metabolites.

In vitro culture and callus production are important tools for trait
improvement, secondary metabolite production in medicinal plants, and the
propagation of ornamental plants. Chrysanthemum indicum var. indicum,
owing to its high medicinal and ornamental value, has attracted considerable
attention from researchers in the field of tissue culture. The use of elicitors
such as NaCl can influence callogenesis and the production of defense-
related compounds by inducing osmotic stress. The aim of this study was to
investigate the process of callus induction and the effects of different NaCl
concentrations on various morphophysiological, metabolic, biochemical,
and antioxidant traits of callus in in vitro cultures of Chrysanthemum
indicum var. indicum. Seeds of Chrysanthemum indicum var. indicum were
cultured in vitro, and explants were prepared from the leaves and stems of
the plants. In the first experiment, a factorial experiment was conducted in
a completely randomized design with three factors: explant type, plant
growth regulator combination, and light conditions. The highest callus
induction percentage, the shortest time to callus initiation, and the greatest
fresh and dry weights of callus were obtained from leaf explants treated with
2 mg/L BAP + 2 mg/L 2,4-D under light conditions. The second experiment
was conducted in a completely randomized design to investigate the effects
of different NaCl concentrations (0, 50, 100, and 150 mM) on callus traits.
The results showed that NaCl treatment significantly affected the metabolic,
biochemical, and antioxidant traits of callus. Treatment with 150 mM NaCl
significantly affected some biochemical traits and antioxidant activity and
increased the levels of secondary metabolites, including phenols,
flavonoids, and anthocyanins, under stress conditions. Therefore, this
elicitor can be used as a tool to simulate environmental stress and stimulate
the production of secondary metabolites.
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Extended Abstract
Introduction

In vitro culture and callus production are considered important tools for trait improvement and the
production of secondary metabolites in medicinal and ornamental plants. Chrysanthemum indicum var.
indicum, owing to its high medicinal and ornamental value, has attracted considerable attention from
researchers in the field of tissue culture. Chrysanthemum indicum L. is recognized as one of the important
ornamental and medicinal plants worldwide and, in addition to its ornamental uses, is utilized in the
pharmaceutical, food, and cosmetic industries. Its secondary metabolites, such as phenols, flavonoids, and
terpenoids, play important roles in its antioxidant and anti-inflammatory properties. The levels of these
compounds increase in response to biotic and abiotic stresses. Callus induction is a key stage in breeding and
propagation programs, and its success depends on factors such as explant type, culture medium, and plant
growth regulators. The use of elicitors such as NaCl under in vitro conditions can stimulate the production of
secondary metabolites and influence callus growth. Accordingly, the present study was designed to investigate
the callus formation process and evaluate the effects of different concentrations of sodium chloride (NaCl) as
a non-biological elicitor under in vitro conditions in Chrysanthemum indicum var. indicum. This study
evaluated callus formation, growth, and metabolite production to advance the understanding of salt stress
responses in tissue cultures of Chrysanthemum indicum var. indicum.

Materials and Methods

In this study, two separate experiments were conducted in the plant tissue culture laboratory of Hormozgan
University.

In the first experiment, a factorial experiment was conducted in a completely randomized design (CRD) to
evaluate the effects of plant growth regulators (PGRs), explant type, and light conditions on callus induction.
The MS culture medium was prepared according to the formulation of Murashige and Skoog (1962), and the
following PGR treatments were applied: control (without PGRs), 1 mg/L NAA + 2 mg/L BAP, 2 mg/L 2,4-D,
0.2 mg/L BAP + 0.5 mg/L 2,4-D, and 2 mg/L BAP + 2 mg/L 2,4-D. Leaf and stem explants were cultured
under light and dark conditions. After four weeks, the measured traits included callus induction percentage,
time to callus initiation, callus fresh and dry weights, and callus volume.

In the second experiment, the effects of different sodium chloride concentrations (0, 50, 100, and 150 mM)
were evaluated in a completely randomized design. Physiological and biochemical characteristics of the callus
were assessed, including photosynthetic pigments, phenol, flavonoid, and anthocyanin contents, proline
content, antioxidant activity (DPPH), malondialdehyde (MDA) content, and catalase and peroxidase enzyme
activities. Measurements were performed using standard extraction protocols and a spectrophotometer. Data
were analyzed using SAS software, and treatment means were compared using Duncan’s multiple range test.

Results

The results of this study indicated that the combination of BAP and 2,4-D under light conditions (E1H5L)
significantly improved callus induction in Chrysanthemum indicum var. indicum, resulting in the highest callus
induction percentage and the shortest time to callus initiation. These findings highlight the importance of
optimizing plant growth regulator combinations and environmental conditions for efficient callus induction.
The control treatment showed superior performance in terms of biomass accumulation and chlorophyll content,
suggesting that under non-stress conditions, the plant can allocate resources more effectively to growth. In
contrast, treatment with 150 mM sodium chloride induced notable stress responses, as evidenced by increased
antioxidant activity, anthocyanin content, and other biochemical markers, suggesting its potential for enhancing
the production of secondary metabolites. This study emphasizes the dual role of hormonal treatments and
osmotic stress in promoting both callus growth and the accumulation of valuable compounds in plant tissue
cultures.

Conclusions

The most effective treatment for callus induction and formation was the combination of leaf explants, 2
mg/L BAP + 2 mg/L 2,4-D, and light conditions, which resulted in the highest callus induction percentage, the
shortest time to callus initiation, and the greatest fresh weight, dry weight, and callus volume. The results
indicate that sodium chloride elicitation can significantly improve certain biochemical, antioxidant, and
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metabolic traits. This study shows that under stress conditions, the levels of medicinal metabolites in this plant
increase. Therefore, this elicitor can be used as a tool to simulate environmental stresses and stimulate the
production of secondary metabolites.
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Teshome & Feyissa, ) kai wollS poe dvg b ialisl el oluS 5 ol &S sal cawsas BAP ) )3 5,5 Lo
(2015
S bma 3 oy geos Gl g (jaml (A5 05 L3131 B0 (6yed G5 bl )3 wsllS 5 39 talS
oo il yg GEalS el g 03,8 dg0a |y o sk bausgs o Gl gjoml G5 3Ll b K 5 s (sl -l
9 b gy Ale (6y9y0 dlge s ialS Jods WlgS o pimen 5 59 LialS (Flowers et al., 2015) ko o

2 0 5 0js Ll G matod IS j9an Lgtl CulS )3 it L8 3590 (Johe a5 Ay gl o 231 a3
0o 5 059 LRl s s IS jlews &S ol LS ol gladlles 4> (Gupta et al., 2014) s sals b dwslie

RUMEX olS p mdwd S jlas o5 o olis 50,500 ados wls (Yousef et al., 2024) i ouojcuw
Sew b w8 Wl abss > (Gozdur et al., 2024) 15,5 uglS 5 59 (ialS” cuw thyrsiflorus Fingerh
o 45 (Ahmadpoor et al., 2022) .. Melia azedarach L. oS > (wollS 35 (59 il coms modwsy S
(Rafig etal., 2008) ui sle LwglS Sid 59 LiblS o w81l

ol pd G5 e Sl Jdod WIg e mtwi)lS clale Gl S cov Jshe pre ials
oS sk 331y O G eszaml 15 3l b 555 (Shahid et al., 2020) 4zl Jsbo (Sl 5 (So3slsed
d9dioe FenS| Jb ladieS g5 el (6)98 (A5 el 3 oMo 9 o0 e Jsho @ (Al 4 g 03,5 g0
<o 5l (Miller et al., 2010) xS o S |y Joko 0y 5 s (slasio] 3 g 0silory o] Jobo (slo)lislo 4y oS
G5 LS 5 s e (£ S8 5 A s 4] 395 (551 5] i (25 bl b abllie sl olalS oS3
(Ragaey et al., 2022) s> jials 1) (oS ui) cunl Son (Sglio slacogsl 3 o cpl & 4GS o Colin
sl (S (gla sl 2S5 9 28 2 wateots IS (e 30 oAU ()98 (slylass )3 (S o RS (ol b
Sab Mie g pyi o pgllS g 4l (ialS (g boline psbody o gl o> uadusds IS (VL slacdale )5 b )
20,5 w8 o (il mutwilS GBI gl olS g9y S odegly o (Liza et al., 2013)
.(Razavizadeh et al., 2019)

oL (g0 sleo 0+ 9 )+ +) oty IS (VL laclale )3 o394 «(5y9 (A5 U cod @ by IS ials
P 5w Slapg g & e 9 G (A 5 JS) Col olS gimogd slasnld g )9 e 50
Db e maiee 9 o9 Mo (6y908 (S polis Cla (el g g Cuew dbml el & 298 o0 (LS (Sl S5k
Cakmak ) &8 o 35400 |y 8 Lidg) 5" s cpolis ol &y (o yid (il it (590 Jido)lS i (sl polie
Wle ST b sladseS as i Mg el (698 i (& Yazici, 2010; Rashad & Hussien, 2014
<o,55 .(Sachdev et al., 2021) si5loy o coml Judg)lS g b puiigp dalic 4 b JoSgo cpl 395 oo 159 )b
(Cuddy et al., 2013) cusl (555 a5 baslyd > yiwgid als Lol LYo 5l G ROS ioliél Jsasa Lbg,l8
Jido, IS slgime (Safari et al., 2020) s )35 950 )0l 13 (5590 s Cod Judg IS (slgime ialS ( slaslllas 4
oiels”.(Sharuti & Narender, 2014) > 5" |, ials” Stevia rebaudiana oS ,» wwy 5 clale (il L a
S g Ll (69 (5 (site p3b oaimd LS ety IS VL aclals 3 035 (6558 slaslasi 3D Jds)lS
9 g )lS 50 4 a8 dad o ST b sladisS wgr il Coge YU (g5 ((Ma et al., 2017) cul olS
0 cbile b w8 s Jb cpl b (Tammam et al., 2011) 5,5 o e S MG clié 4 ol
G 5| it 15 ablie )3 olS U1 oy ool Koo o 43 sanlie (608 RIS (1pty JS) Vs s
o)l Vsa Jo e ) 5V lackle tagh 5> a3l baglieSI ol Mg Gl e (S5 lapuslSe
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Prtulaca oleracea L. oL (s5) mwsds S L jlass 1 ookl 35" o 50 | Stevia rebaudiana cusdMyg JS° s b
(Savari et al., 2024) a5 Judg 8" ialS o 35

353 351401 G253 plie 53 (LS (slagbo 3] cliblone 5 5SSl sladisS (IS 5 g B ladsgiig S
3 (Bb S (1pedwts JIS) SV g0 oo B clale b modusds S jlas )3 o odmlie 21331 .(Shen et al., 2018)
S oo Cagis |y a1 8l S8 5 ol g5 oS A8l i (698 S5 plp 3 ol (218 lapunslSe (gl Jlb
sl b ablia 13 0LS obly5 (alS g aadgis)lS o 56 4 pomie (6ppd 2ad G5 VL slacdalé o ¢l oyl L
Oil38l (6yei 5 oml zelaw 45 Pennisetum alopecuroides S, j3 ol i idgh zobs .ol ol gl
2 LAl cbile mals el g5 g ol 5w Sl YL (g9 (ad>s ) (Mane etal., 2010) il
(Azzam et al., 2021) 1 L gwl oS

b 8 g5 L L ye (gitimgn (sl e S o8 Jdoa Ylain] oot 5L ol jlogs lals > b lade il
5 550 glacensl (1ol L &5 08k (658 A5 plp 3 oS ol (slapunlSe | oty Wl e Fusly ol
Yo o V0 clale b piwn S jles > ((Hao et al., 2021) S o SaS olS liy 4 ( Jokw jisle o
Ylais] yol cpl el ol (2185 (gt (giloJld 13 (6)58 SV 36 o gl 6 5lade 55 2ol ((rpeaiuos yIS)
Hajam ) a8’ o SaS (30mST Jib sloaisS (53l 5 41 & Col 8 i b laipo slom 31w tal381 e
tdow il Coge JS jebas aduis IS 51 b sld) 4 onds ooy LS 400 ,0b (g9, d>S o (et al., 2023
bylys > wollS cuis” > Artemisia arborescens ¢, adss ,> ((Hawrylak-Nowak et al., 2021) . s
(Rejebetal., 2022) si sali b dwslio ;o Jid jlude )0 aog JB il el pdwdy JS 5l eolatwl ¢ gladiad o9
SIS R ()9 Wle (asme (i 4 Gl 3 oS s (LS )3 490 slacdplie o pere S| aaSgige
=185 Zal G laisdy Blg¥ o s ST L ot e LS o laaSeaMs Hlade 158l .(Yang et al., 2018) )l
el (2ol g 3T sla )y il s 4098 (eI Bl (o155 b aadgighe 595 s (4595 (15 pln 5
Uil 38l s IS 5L clale gl)b sl los ,> ((Ahanger et al., 2018) S’ o SaS (g9 3l b gl
b basye (stimgn (sl e S50 ) (6)98 yida U odmd LS &S A5 sanlie baadgigd jluie 3 a2y JB
551081 G55l 53 gl 5l cblis (gl olS (sorla sl g5k 5 (cims Wl oy ol ol LoigigB w5
CulS 1y baSgeMs i ko BB Hebas miwy IS sl . (Sharma et al., 2019) Wil Jolw Jols Laas 4
By Wb Cod A59eMo glgie i3l ,Sod (slasllas > (Hawrylak-Nowak et al., 2021) sls isl58] 4 5.5 3L
(Golkar et al., 2019) wis )I55 wo,> zU slo wglls 5

$S ool dg B (Vso oo 107) maeoss 5 5L Clale b (slajleg 55 o2t Tl clled o iul3d
e glysa g oS w3 e LS dddlae ol gl sl ()98 5l (U gl Sla i 4 olS Gl eias s
sljloss )3 o gts ST ol Cudled I3l 5 LS 5> il ol b (I3 coge Sl a oo 5
el b ablie 33 (6185 (slagiums g3 Jlb oxmdplis dlyie (Voo VD7) padwiyls 5V clalé
295 15l SlS 5 5 o 3T adg Ghaljil 4 855 jgboes (lalS «(5)9d Laalpd 53 Al (694 51 b sls]
cJks .(Jamshidi Goharrizi et al., 2020) 43S (¢, Ssls Joho o595 9 gwilins] slacauwl 5 G 48 o plasl
2 B sk 1 CBlis )3 are (2 5 15 o S8 ST sla IS0, 51 8L sl (2alS &) GlalS > sl
oy IS YL slacdale b glajlos jo (o5 jebay .(Das & Roychoudhury, 2014) 5l Jleoxe sba yiis ol y
sl gt (i b olS yidey dplye 0imd GUES ruiiune o jobody & bl oo Ay 8l CAD 4 (2B sy
Jos (5555 51 (U lacaml ply 13 olS (gly (lablre piolSe G laicas SlasST ol cldld y> iliel ol plo
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Sy SlaST ol cud b 4l5se ial;8 Salvia macrosiphon oS g, (slasllas s .(Kibria et al., 2017) 15 o
09 klyd 3 S cuss” > Artemisia arborescens ¢y, i > (Valifard et al., 2017) ai oanlie
(Rejebetal., 2022) 1i aalis b awlio > Sl sl cdld ang BB (il el 5l oslamnl ¢ gladus

Singh ) cusl Joho slalic o, 50 § golis] i35 pdaw ialsdl odiad Lis Jgeme yobds MDA e yiol58l
bl oI5l 35 MDA e (s IS sl jloss) (650 i iol38l b 4 A ssalive adlllas oyl 55 (et al., 2014
rroztwds HIS) madwds IS claloss 3 MDA a0 iol53] sl lalS 55 guilawns] (clacauwl iol53l o Lis ol &8
6255 sl (659 G35 Jda oS o (gl 1Sy g sl yidi S0 0aimd L oSl dggede (et IS
Mg GRIBl 4 e 05 g 4 il & sde LS ) sslansT (a5 SR g AT eIl Wy g
a5, (Hasanuzzaman et al., 2012; Khan et al., 2024) 545 0 MDA 15l g5laS] Sl &Y game
Golkar et ) . oanliv (gyed gdaw (138 L MDA (glgizee lgicd dand oSy > a8 LB 5l
odnlie als 4 cuus Stevia rebaudiana oLS (g pdwis S s bawgy MDA ilsl iaet 4o .(al., 2020
(Suetal., 2024) 1,5)5 Lgw oLS 1> MDA j5158] Caw w8 L lews (Gerami et al., 2020) .

odimd s oS b oo Il LS ) Cilissil lise matws IS Clale (1331 oS 00 osalis (Gudow w5
ablio (gl (£ £l SO laisa Wilgi o iulj8l cpl(Jeon et al., 2020) cul (g)gu 5 4 oLS B> iiSTy
48 ol Lt Byj S 59y (ol 25 i oo o1 il 53 oS Cunglio 5 9 (6y98 1 oAU (slocnl L
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sty BB Gl aagh 4o (Hawrylak-Nowak et al., 2021) 1 odnlie 45000 0L (slaculS §5 myduwdy IS
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(etal., 2020

S S8 (9 ) BU Giemsl JUiB g s8lanST slacaul 0 il (S5 Sy plsiea ooy
ois 4y olS STy odiad L (YL s S L glajles 3 ey Jlade iulisl (Abdelhamid et al., 2013)
2 peded)lS clale (Rl L oS ol lis gladlhe gols .l (5l plp > (2B SlapislSe Cagi g )98
&S Wlod)S" 5yl58 a3l sk (Azzam et al., 2021) ol iulidl ooy BB jsbas ey jlade MS Lo
CHAUM &) o, 4 (Koca et al., 2007) 1ouS sl calisee bS5 mdwd S il cod gp xesd
Gl a8l 5ol58] (Kirdmanee, 2010
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I G (LS clo ok 53 05y g (ialS 5 o al el T Sl o yiage 51 S YU
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w355 ieST 9 ol 4 395 1S b a8 o K8 oS 4 5YBIS 5YL clled ol (Anjum et al., 2016) 344 oo
L ,lws Stevia rebaudiana (cs, a9y ,> (Nandi et al., 2019) wls (¢ pSols glins lacanl 5 1S
cble 2l L YBE cllé gladlhs (> (Zeng et al., 2013) ws jYBE o5l cdld Lili8l cel mtw IS
G prdwdy ST L5 g o .(Muchate et al., 2019) ol (il58l ald 4 Caus (i blpd j3 padady IS
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a3l 5l oolil b olblS (gyed Li5 4 b, J(Alharbi et al., 2022; Lu et al., 2021) cul (¢)gi
w3l Called Gl el s IS jles (RdnS )3 il 008 2y ST o IS0, b ablis @ (Slass] ol
$Sy94565 ol 55 5laSly il el clasdlas 45 (Zeng et al., 2013) us Stevia rebaudiana > sty
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