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Effect of Iron Nanoparticle and Salicylic Acid on Regeneration and Some
Morphophysiological Indices of Hypericum perforatum L. In Vitro

9.‘..\.2;.».0 (S0 Ol (s 9™ 445) o J.a.CLo.m‘ ‘).ﬁb ‘snb.u)y LY 55.1&.5 ‘5").’ WO
Ol e e od )| Gimme olKails « camds qolio g (6),9LaS 0aSLiils ¢y (sLad 5 SLEL pole 0g,5 -
(younes_ph62@uma.ac.ir) :Sis xS Cony ¢ Jgims odinsgs *
VEVIVIY b go b VEYIVIYY il o o b

oS>

S ,ore g Ol,3g50 0l co ()58 B 5 Caen b dlax 310350 LS 5 (lls (Hypericum perforatum L.) ¢l, |5
i ool plil 5l Baa onlply Wsd oo OaLS (Sojgln b lagatll e 5 @l Coalie adg Rl carge
sl 331318 p08) Skimaclos ol § (Vg09,800 Vo v 900 2,15 5 (52T 0,356 3,5 pas) (ol 0,356 0,57 36 oo 2
Jsb b5 el 5 (39 2li3k e y9) (il dedion Slio (S (Vgeg S Ve g Ar Fe 05 5 Sibowdle
Slyme 5 (IS J8 Glyime) (plordsind 5 (Grwsd ooy, sz Iy mhaw Sy sl sy ol iy
Sy olass iy el weye Sl il uml 0,395l LiiSan p a5 oy lis ol og ey U5 (auSeigds
S 0 05l gre do ) Sy Sl w0 039N 5 S lgme (S 35,15 (Slgime ala; Job o5y e
Sl 59 S 54 5 (59 9 (213l Mo yd T 45 0l (L ISl sl ivg Hlo dme o8 dy ) Slas g olS elis)|
Sl (IS jeboas s eaalice Sl sl V509, Sea VY- 5 5ol 0,0 5l V55,50 B0 (glad S5 5 sals
Olae p g)ls gine )“L‘ (Vsos,Sen Ar 5 T slaclale) Silowdlo apl 5 (Ygo5,800 00) ol &l3gilh olojen
aidls gely 5 ploondatd 5 (Soiel 585850

D390 s gt oS (S Sl 5 2k« Sekendle sl 1 guadS sl

£

400

ol pb L oy Sl S 18 eslizal 9,50 i Jls 0I5 51 oS Wl i o pte 3l St aisilo oS
5 gy b, sl Jol Jlo jo ol pl .ol o Hypericaceae goslgls 5l LL g ale oL3 Hypericum perforatum
Sl FSopmdlas plss Jdoar (oly IS 09800 ST a4y pg0 Jlo 5 0T (28 5 wosllae 0l 5 00y 003>
Oszed 490 slacdgln 3l orews asls g5l> £l 5 (Zandavifard and Azizi, 2021) cesl o9yl (LS o e
A F A 1 . e . RS \ s . A
5 Tost ) BsimsslSsy5ls sl ol ylgo5m 5 et al®) oy 3ki092is Tl pailinssly ¢ LaaSgigdls
u.u.w).ule ML!‘SA u.‘.w.»).uLb 9 04)93).*.’& J.aoL.u oL:f U"‘ ‘_“J,o‘ L§°)"§‘° 0‘940 (Kubln et al., 2005) Can| (u.,)p),uuml
sleplasl 59y a5 () ol sloakads ;o aS 0l oo bl oly J5 0,550 00l (1 St (lgieds g el SeiS (slosle
(Walker et al., 2001) s 5429 Wgd oo oS oLS calizes

Hyperforin -f Pseudohypericin -¥ Proanthocyanidin -v Flavonoids -



Ohles 5 S80S ol

Wz 5 ot GBSl 5 ol el il sloc o 0l alidl (sl arlio sy S e 5l eolial o o
o b lals o 698 T s Sl JoUge SO Glgieds Shiwlonwl oS o Wl 45l sbeddale adg
9 ‘So.u.u_') J.n‘s.c L OL.S M » LS';L'; u‘).ul_v 9 a)lo u,....a.a 60[30 L_SLbﬂ,.u.ulS.o )Q ‘S:L..o.....u}..a 9 (;4)9"9’)‘3 6L®0)S.L<;L
B i gile s a5 sog LS o vemge T LS GlLS 5 5l TSl Iloagw! (Shah, 2003) sl e s
Fwgid o calio Joles Lad> g Same Slge Cundg (6 jlwaings dacud genl Fiiw gl glacudplie odgs o SlowST T
o8 (Chenetal, 2009) &S oo SaS s Lol Jaos 4y a5 all o LS o Sl dloannl sl ids o) 4
05 oz 5 Sl Sed leietisn «HlaeST ST slam il ey nle 0aiiSaS Glags Selemdls sl 45 Cel 0
Shah, 2003) Shah « y.ooxes (Miura et al., 2014) wuiS' oo pudas wiwn J30 4550 slacad gl puadgilio jo a51) Ko
Sl iomen g Ju8g IS (slaize yiol38l i gid Ogaps (] S Siei a4 ymie Siiwcdluanwl jles a5 clils bl
Bed o HLS 53 5y

o] (olonds Codled iol38l Cmgo Ayl 4 ag jlaws 09 o Judods 55 oyl alex 5 (gdaes, Iy ¢k oy IS
12555 5 HRLS i 5 con 35T s 50 (535 Cunenl 5 g il Jiiugid 5 Jdg IS LSS 50 (sadS i el 00 8 o0
Sl (o] 058 SIS g el blie 5o .cubls algs oL i eole oy e 1 T 0,08 cpl b aib e
S e g0 45 0393 Judg ST L daslie ;0 a4 I s 2ol381 T g4z a5 el (g 5wgid sladilaSs ) slgioe
SloaisS das (iul38l o ge ool a5 Col ool 3,155 (Briatetal., 2007) aao o 2alS | lapy] (65wt ylgi 5 s
B a4y (5t 5 7tsi dlge 9 b oo (aal ] Fngtd 4ol ;0 5 998 o0 Oz S 2 5o Jedg S i SRl 5w,
9 bl Luly cpl jo (Heidarizade et al., 2016) wb oo ial38l glas )l Coles ;o 5 098 o0 0y a8l alax 5l olS Calizes
Slyze (ol Cundy S5 ok 5l ol 0,350 alax 5l D136l 0,5 a5 Wis S L (Babaei et al., 2017) )l ISen
Redse Ol (65500 SR wse 6 iwsid llyd 5 Ji8g 1S

3925 ol axlge ol (233L g (5 0k olS Cudgazme dlez l gouaie MU b pwi e ST S slo g,
Osd 3l eolatwl a4y 1) pdame d> g8 (29,0 LS 0 4l OloS 5 ol cdale g b mle o slbiudgase
50 Slasdlas 5iSU asiyl 4y a5 b .l 00,5 o (gladed (g0 S Ll b o S e 0 )5 5 oLS cél s
GBS 50 agy ol 5l el 48,5 el ol IS S o lgre a4 Sebewcdls ol g 0] 0,350 lojen 3,15 aie;
b B I s el JF Iy Sl 5 e 5 il il sk & 5 e 50 (ol 5l

gy glge

o3l 5o Lo 5 (ALS Slge

(#ly IS (Seislsnid 5 Sadslstise Slao (S s 2liil p Sebearllo sl 5 01 0)356 558 36 (o j5laien
Sl pole 05,5 5550555 5 <l S ALalegl 5o S5 5 b B0l SlS oo arly S ysiSTE 0 o]
Spaead Hohiie 4035 (gl B pledal Hh UL ES 8 Gl el) S5 ed b el (ool Bhoe oSty e (LS
o Vo IS alisg 4 553y s 58,5 518 (55l O el ) Do 4y g G did 588,88 e b ey (el
Lo 1o ¢ Jaaeds I s ayd Wud Jeieds 4880 Ve Dok 4 a0 ¥ mdi Co IS e 5 430 Ve Dol 4y
atd Sz 9 S 290 Grdisal ) bl wl) slaazalS l 5o, P 5l ey ol ciS (MS) SeSul § Sl g0 oS
0,3636 0,35 Jolds sy 0 3550 (Lo, 9x5 axidl Ll Sl sl 5 5581 0,350 (g9l S slalas 4y 5 dias
Solcdlos sl 0,055 5 (0,396 Y g09,50 Voo g0+ 00,15 9 (FESO4) ol lgicas 0,356 0 15 )5 sue) pelas as jo el
03ls ole ¥ 5l Ly 509y ((Y 909,50 VYo g Ae Fe 015 5 vald lgie 4y sl Sl 05315 poe) mhaw Lz 5o
R alerdgnd Slandll sl Al o 5 wiad sezie mlbe 03550 b (LS sleplal plas 5 0 plosl (sl

Phenolic -f Salicylic acid -¥ Signaling -¥ Elicitor -

YAA



(VFF) P ¥ b PAY (sloamio 1 oylais T8 als lnl SLEL 5335 5 pple ala

5 NP50 FeS04 50t 0] 0,35l Vang,San Voo g 00 o slocdilé ¢ Jglaz 5 lologes callia ta JS o id S
el 0 251 SA120 5 SABO SALD SAD &, 50 4 Saloanalls sl Vgos,Sa 1T+ g A+ Fo oo (slacdalé s NPL0O
P90 glrpsls

J5 5 0998 B 5l o S olasd g aa) Slasl izmed 35 et (AS b3 Sl ool b ada ) Jsb g olS el
231 F0s S xSl pe el g pSeslail e fe e} CES (555l b nazalS 555 e 5 WAL GB)led 9l g el
S Jelos 5 a5 o 5eSlee 5 0295 azalS @y LSS
S 3owgis oSS (i

SreS e Ve gsbate ol o eolizl AMMON, 1949) 1y5i,T (o) 51 S Jedg,lS 50 5@ L3515 it 4l
@ Jol> bolue b oumlo oo Ar fginl b (o gl 50 G 9 039 205 100 ) Jlims 53l5 b ey S5 03
slagoe Job 3D 58 J35)5 6,9 Qi 5wl lax Blad Jolowe (e ol Gondy yHle Ve e X y0 adBs Ve S
Sade ol jo .ol csl,3 (HACH company, Loveland, USA) yiegdeSawl oliws 5l oolaiwl b gl #7Y 4 #0
1 el 2y sladee Gasb 5l o3l Gig 05 R S e o 2 JS 29,5 9D 5@ by kS

(12.7%(A663)—2.69%(A645))xV

17a Jebo)ls = 1000xW
) . (22.9%(A645)-4.68%x(4663))xV
V- b Jidy)ls = 1000xXW
) . (20.2x(A645)-8.02x(4663))xV
Yo I e = 1000xW
()5 ) (2LS Ggad 5 58 W g (id s ) o solasul gl pox> V conls <8l 8 sae A SUI 558 (slo Jge,8 )0
J’ﬁ l - > .

Ao S pgal uired 9 S pgal oS jsb 4y ol bl Imaged [lidle sl eolainl b S e (6 .8 o5l
RGB a5 51 S p polas .o 0 w33 JPEG e yd 10 g sl s 4y Jlizus (o y90 5 oolaiwl b (e ool VXY) sb
Chaudhary et al., ) o dewle dubw ambo Corlus jl ooliiwl L Sy mhaw colys jo 250 S5, o5 CIELAB &

(2012
JS b lgins o

bl pl o pleil a5 oS5 L Folin Ciocalteu's o xe jicSTy wlwl 5 2l ojlac IS Joi8 (glgiome yioiw
A e MalS g adlol T s aopo Ar Jgilie i (Lo Vo e g o odsl golo 51 L Sy diges 2,5 (o Vot
oo yid (e VT afB0 0 a5l ey ol bgliee (Vo 4y V) 0.l g pdsd ool 5.8, Byae i) L VO L Jol
o 9 0D (6,055 (LU 0 el s Do 4 bglie .l 00 v g 0,5 a8l T & (el o> o yn V) Sl ,S
sbate (ol 4ol solatul o lailiwl Gleie 4 I ol 1ol 13 2egil YOO zge Job 10 ladiges wda oliae o] 5
3, laliw] gomie ) 5w 0,8 A (Pl e Y- ) @B slacdale 5 0l > Joilie o SIB ol o5 /N
039 55 2t ST sl 235 5,500 e (BLT o jlas S5 R lyime by o Las alsles (0,51 cass & 5 S 0]
.Slinkard & Singleton, 1977) o acwlxe
S5 9o slgixe (purminw

Wges 5l 0,5 o1V jelaie cpl 4ol plol (Krizek et al., 1998) ), Ko 5 S5 )5 (o, 5l eolatuwl b laadgigdd ioxiw

Aol (V4 A% o a4y Setl sl 5 5D (el Joill yid (oo Y b (o (sl (950 00 008 deie (BLS
Jie 959,500 (9,0 4 g 0310 jgue (Blo I ojlac ol G il Fer e jeo b adds Ve Daeay Jol> olas
O Sy 3 e Bdiged Gz e 28,5 18 015 il az 0 Ar sleo b p 5 Ol ples 10 aiBs V¢ Sowdy g 03905

s 238 el PYe 5 Yo e TVe zon Jsb dus , yiogidy iSsul Lags

YAQ



Ohles 5 S80S ol

Sl 3IbT
5051 b ools 1 Sile duslie (28,5 |15 4525 0,90 V& a5 SPSS 180e 5 51 oolaiwl b islesl 51 Jol> slaosls
A oolaiwl YoV 2 ase s EXCel 138l 5 5l o logad puo,y (sl o plosl aojo G Jloss ] o 5o SSls (glacals wix

Eh I (59890 s s lh y Sedmadlo vl 9 o_QT 0,9 )_._,L

ik ey Sdedlo apul g ol Dldeil (o )lesd oS 5 50 a5 ol las baosls il jlg &y 525 51 Jol> s
o) S e a5 ol Hlis 55 besls ke aslie () Jguz) 05 o gxe woj0 ) sl maw o el S5 oS
S 5 99 Sebealo apnl sloclale saen 3 5 (FESO) (ol 0,356 Yans ,Suo oo cdale 15 <l, IS olS 2155k
ssalice (SA40) Sbewdlo sl Jgog, S Fo g (NP100) a1 0,350 jYgeg,500 Voo clale jo el, J5 oS 550
() JS8) cails o gme ST wals sla Lo L aS 0l

=l 5 (Sisle8 90 Slio p Sekewdle sl g o1 0)3536 136 il jlg 4325 -V Jgu
Table 1- Analysis of variance of iron nanoparticle and salicylic acid on morphological traits of Hypericum
perforatum L.
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Fig. 1. The effects of iron nanoparticle and salicylic acid on regeneration percentage of Hypericum perforatum L.
Different letters indicate significant differences at P <0.01.
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Fig. 2. The interaction effects of iron nanoparticle and salicylic acid on fresh weight of Hypericum perforatum L.
Different letters indicate significant differences at P <0.01.
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significant differences at P < 0.01.
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Fig. 4. The interaction effects of iron nanoparticle and salicylic acid on leaf number of Hypericum perforatum L.

Different letters indicate significant differences at P <0.01.
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Fig. 5. The effects of iron nanoparticle and salicylic acid on leaf area of Hypericum perforatum L. Different letters

indicate significant differences at P < 0.01.
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Fig. 6. The effects of iron nanoparticle on roots number of Hypericum perforatum L. Different letters indicate
significant differences at P < 0.01.
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Fig. 7. The interaction effects of iron nanoparticles and salicylic acid on root length of Hypericum perforatum L.
Different letters indicate significant differences at P <0.01.
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Table 2. Analysis of variance of the iron nanoparticle and salicylic acid concentration on physiological traits of
Hypericum perforatum L.
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Ya¥



(VFF) P ¥ b PAY (sloamio 1 oylais T8 als lnl SLEL 5335 5 pple ala

sl U5 0 b b s e 5 Sl q,,.w‘ao.as—l 31,3k 6L4au.la.l:.)...>l.> alo las b lg 425 51 ol glis

D 89,05 yliue 5 i a5 ol lis ools nSKilie duslae pizmon (Y Jgoz) o9 Sesme vy S Jlisl mhau (o
03550 (g 5land S 5 50 55 b 89S e (0 S 9 )Y 509,500 yho Selwcdlis aul 5 (FESOs) valls (g5l oS 5 50
S0 g BB (5 5los LS 5 plo b aslie )0 a5 0 sualive Ygeg,S0 o Selowclo sl 5 V509,500 Vo o (0]

(A S asils
11 SAO
2T & ', SA40
2, ~ 15 & SA80
iE1S T
£ b b #+ SA120
< o
_l'J -E' 1 + nh c
\,,_-5 Cd c I :
<= e cd L
v B D=4 ,I, e Nt de
< 205 + (&4 rT4 (L
32 Wed HHE 3¢ "OL
) & " oed | o0 " ed
> l:l s l'l:“ | ||:|:°¢
O ol —— _'-'_’_’__ _'AL_,’_Q_ " P— _.liy_o_’; —
(-«P,SGA neso Nvloo
les
Treatments

e o 1y 6l gire Dol walize B9y 2l S b Lég IS Glgmme p Schancdlo ol (,QT 0,3450 Joldse ,...L. -1 K
s oo Hlad de eVl
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perforatum L. Different letters indicate significant differences at P <0.01.
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Fig. 10. The interaction effects of iron nanoparticle and salicylic acid on total Chlorophyll content of Hypericum
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Fig. 12. The effects of iron nanoparticle and salicylic acid on flavonoids content 270 (nm) of the Hypericum
perforatum L. Different letters indicate significant differences at P < 0.01.
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St. John's wort (Hypericum perforatum L.) has effective compounds such as hypericin and
hyperforin. Nanoparticles and elicitors increase secondary metabolite production and improve
the physiological indicators of plants. Therefore, the purpose of this research is to investigate
the effect of iron nanoparticle (no iron nanoparticle application and application of 50 and 100
M) and salicylic acid (no application of salicylic acid and application of 40, 80 and 120 uM)
on some morphophysiological indices (percent regeneration percentage, fresh weight, plant
height, root length, root number, number of leaves, leaf area, content of photosynthetic
pigments) and phytochemical (total phenolic and flavonoid content) of Hypericum perforatum
L. The results indicated that the interaction effect of iron nanoparticles and salicylic acid on
regeneration percentage, fresh weight, number of leaves, leaf area, root length, total chlorophyll
content, phenol, and flavonoid content was significant at the probability level of 1%. In contrast,
plant height and number of roots were insignificant. The comparison of the averages revealed
that the highest percentage of regeneration and fresh weight was observed in the control
treatment and the treatment combination of 50 uM iron nanoparticles and 120 pM salicylic
acid, respectively. In general, the simultaneous application of iron nanoparticles (50 uM) and
salicylic acid (40 and 80 uM) significantly positively affected the morphophysiological and
phytochemical characteristics of Hypericum perforatum L.

Keywords: Nanoparticles, Phenolic compounds, Photosynthetic pigments, Regeneration,
Salicylic acid.



