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The effect of nano-iron oxide on growth, physiology, and callogenesis
IN pepper in vitro
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Abstract. The aim of this research was to study the effect of iron oxide nanoparticles (FeO NPs) on the growth,
differentiation, anatomy, and physiology of pepper (Capsicum annuum L.) on the basis of a completely randomized
design in vitro condition. Seedlings were cultured in MS medium containing four concentrations of FeO NPs (0, 1, 10,
and 20 mgl?). Also, the effect of the different concentrations of FeO NPs on callus formation under two various
hormone conditions (0.5mgl* 2,4D+0.5 mgl™* BAP or 0.5 mgl*t BAP+1 mgl! Kin) were assessed. The results showed
that the application of FeO NPs significantly increased biomass accumulation in both roots and shoots. Moreover, FeO
NPs enhanced the concentrations of photosynthesis pigments (chllrophyll a, chlorophyll b, and carotenoids). The
presence of FeO NPs in culture medium affected calus formation in a hormone-dependent manner. Different
concentration of FeO NPs induced the calus formation under 2, 4-D and BAP treatments. However, it did not
significantly increase callus formation under the kinitin and 2,4-D. The findings of this research indicated that the
application of FeO NPs at optimized doses may improve plant production, especially in vitro condition.

Keywords. callus, culture medium, growth, nanoparticle, nanotechnol ogy

Received 19.06.2018/ Revised 28.07.2019/ Accepted 16.09.2019/ Published 01.07.2020 WAL/ F/N LS /WA /YO oy /YA /Y 1Sl /AFAV/Y/YA 3l 5

219/714


http://dx.doi.org/10.52547/nbr.7.2.219
https://dorl.net/dor/20.1001.1.24236330.1399.7.2.9.3
https://nbr.khu.ac.ir/article-1-3276-en.html

[ Downloaded from nbr.khu.ac.ir on 2024-03-20 ]

[ DOR: 20.1001.1.24236330.1399.7.2.9.3 ]

[ DOI: 10.52547/nbr.7.2.219 ]

Iranbakhsh and Gaderi. The effect of nano iron oxide on pepper in vitro

aied o Jals el 0T gl 51 (5,00 5 sl

gy ol (Barberon et al., 2011) s s g;L

S Sl 5 300 S8 b e S jpo a J 915
Togas ol (6552 c 39,18 i o0le Gy 0553502
a0 50 48 Cowl Cudlg IS 0 S ol Slgie do o £
Blakrishnan, ) sgo e 59,45 a0 yomie oyal Jloie 0gueS
SgaS 3l 5 5y 59,05 a5 el ol Lol S iS5 (2011
Slg3 e 45 el QBLT 13 00 F layiir Slelals G 0]
S8k s (65,9la8 SYg—ame gl 6 ha @l
S LS ols s wlasss (Lombardi et a., 2003)
Sleodi; p cuite SISl Ll oSt &l 340 calises slaclale
(sly J5 oSy (Sharefi et a., 2013) s ,ls Lwglls o3lasl
sl b o |y 3 G St VO MO lile L il o )15
Mgl cobile (Jlo 1o 4 coils LegllS Sleows; g 2l
sessy 5 @BILS wuld s 1 e sl ooyl V-
e 30 zlal oLS o (Sharefi et d., 2013) 54 wgllS
o ool 0T 9l e SRl L a5 4l Jsbo 5 masn
Jeyasubramanian et al., ) csl iol;dl 4> BB ek
L o) pbl sloazals (Lo (5,50 asllas 4o (2016
oS elis ) 5 iy Job e moser ial38l crgo (2 lunSToil
2lg oo a5 ez plply (RUI et al., 2016) o
39S olgre @yl O3k 5l eolawl jo |, asas slaolEass
S ol Sl (65,8liS o
e o Sl M (j350d 5 polo aslllas 5l San
SemeS1 0,3 6 calizee glacdale S1 gy n Gy 5l HsS e
balyd o Jald oS (s5glesed 5 0y (2lHS anld ol

Dgr gl 9,0

L 595 g Slgo
BT aaanST 93U S giaw] dng

oyigmd ol i (e Voo o palannST gl o SN e
L Soil o 0l boloie LelS jsb 4y a8 Ve s 4
9o il Ked aiBs ¥ Sow 4l (Sea ) oolaiul
o ool alap ST §U calide glacdile coly cqx
.(Dhokeet d., 2013)
Lyl Jlocl g cls’ byl s

ol ;o aa3s V0 gaw,o Ve JSU o Al ¥ Goe a bn,dy
sbie OTL ai80 V0 B 4y s 5 (Soheas oo O sl
oolat ol anlllas pl ;o MS S lame 5050 eols gitiiuns
ol Jsacas sba,d (Murashige & Skoog, 1962) .
P Gl glac il gols (30,50 (g CudS Lame )

dodo

0,5 4o 3lae Capsicum annuum L. _ole o L Jalé
Cenl A S il Slals 45 > «Solanaceae) L il=isl
Slols (2 lg o050 oLl o ls g0l Jlan olde g0l
ey« 2lid Caeal pogdle Jalb .ol oo al 5 00 S el
(Ghasemnezhad et d., 2011) s ;5 Slo—uST
B enle Gl Jals oS 2S5 ) 5 i slasts,
b5 Sl Se e (dn0mly aaalS jee (3505
Lo iSL dag B aile Loyl glsl o laazals’ (Sodll
50 Cudgdte w3 Lo Giuli 8l ol baasled g o yug g
7SS Glahsy 65 A & Cul o (nl s oo a5
L)l s (oS il g «s3elsSim b Sl 5 o
(Hussain et a.,1999) s4i o Jyamo 25

Lald jo plals sbssl sl conlin (89, 8l cas
ooy ,o Jilglyd slas )5 05g el a5 conl L]
L ol glaiad g aaiS Gkl plals 2S5 i
e Sl 000 )35 SLS ol 5 ol (sl ol
beoe (39 6)le latadings slacaS )3 ax g BB 350
L aS cnl (2,8 5 2L ySL sla Sogll 5l wigain; g coss
Shoslil 5 (pEtylejl by 5 ol Jals” g5l (195
b 05-dge J S S g s b Sk (T oleS
S 395 5l oo 5y o Wlghy 4 (S 5 5 ool
Wil atsles bdigad sy by 4o 5 gloas losh ol Sl dae 4o
(Phillips & Garda, 2019) 545 &8y duie ;L Wilgi o

el rans (o wnaz (6,08 SO s $590eSS gl
2 E=te DYgamme a g Ly aS conl i85 15 4z g e
2,18 Sl (glao )l Jazme g (655 e ot Sl i
la gy diiwe ol Voo LY olsl 4 51,5 (l,d 4k
olals sbojl g ol jo 8l g Joho <t 6005 5 (g
S0 OLBLS Sl Dl 48T 08 e mal B ) s B
Sl an gl SLeS 5 5l 6 e HlEe 4 5 05 (5 GEe
an wilg oo il (5,53 b ol jor Jalge dcgorme cpl LBl Cuws
Asgari-Targhi et ., ) 055 ;e adgy anwg g iol33l
Wlgs o (glaiads (yg,0 Jame yo @l)3 6l o LS (2018
Spde an il glacud gl wdgs (il ln Ghe) Ko plgreas
5o olyd gl ol 5l eolawl aizmen 5 8 )13 colatils g0
@olFan )0 o )lS (i) lie A laindig)e Lo
S yaie ol (Rizwan et al., 2017) 55 5 o apogs oyllS
5 yimgid DNA i ol S Sglie ool b 6l 5902
5 g Sl STy p0 oS (18 aie (pl el s

220/YY -


http://dx.doi.org/10.52547/nbr.7.2.219
https://dorl.net/dor/20.1001.1.24236330.1399.7.2.9.3
https://nbr.khu.ac.ir/article-1-3276-en.html

[ Downloaded from nbr.khu.ac.ir on 2024-03-20 ]

[ DOR: 20.1001.1.24236330.1399.7.2.9.3 ]

[ DOI: 10.52547/nbr.7.2.219 ]

Nova Biologica Reperta 7(2): 219-227 (2020)

oeSTsl sl jloss S50 0,5 g0 Lol ol wals s & o
hoo 1 les (7 USE) aals wels b gl ne Sglis (pal
ST 5l 2l oS oo Yo ot 5 ol a1 6l 2l 05
ols s olS B J3g )15 (aalidl 59, 4 1y S e 0]
e Sgl crge @lannSTol il pSbe Ve ol
(FJS8) ws wals jles 4 Cons B b I8 clale o ()l
YL gyl g lade 4 55 Ve cdale oo Lo (sladiges
Pl el pal 0T gl il p oS (e VLo 090 vl
Al el jled 4 Cod ol 0 05e5 )5 maw s o
Sl palacnSlol iy aF e Yoog Ve slacdal
(Y JSS) wisls las sels o 4 1y (g )ls ge
woolls Wl

ol onas BAP - /o mgl™ + 2,4-D - /o mgl™? slaclak
ouSTgl Ve Mgl clale pal anSTel Cilies slacaale
525 4 bajles plo g sals Jles a4y Cond | ugllS 08 pal
+ Mgl sl o (F JSTi) ol ialydl (6 puSei

Gl slaclilé o, an 4y 2,4-D-/o mgl™ Kintin
s izman 5 5l 0Tl Yo MOIT L ool 0ol
o MO e 51 olales 5 i samlie g0l s dalis
VMGl Seeyen slaless 5o (O JSE) WS Wb, atia O
G, 5 atan O csdS 5law 2,4-D -0 mglt 4 enls
oy s ol anSTel Yo Mgl 5 sals sla Lo cozS
el Ve Mgl e 4 comd Y M Lo Ll cis S5
Logl e ) losmine sl Ll o ugllS” 5 359 al
b, zd Yo Mgl g aals slsles wogdleds .ais snalie
VMg L o ugllS Sas o3 b alaly o (8 JSE) s ,S5
Sz G39 Ghalil ecsl Ve MOl e alusTal
STy o saalise ooyl o (618 cne glis Lol s Luglls
A mgl™ 9 92ll sl o (uglls Lame 950 50 (F
Lo el Gial33l el ) MO e g ol las 1) oo,
(a8 b ogas s s Ve MG JLas an cos udlS
Ll asiolas s 1) gk jialidl e Yo MOl 5 vl sl Lo
oogLS k8 Gl el Ve Mgt Lo 4 e Y MO Lo
mgl™ + 24-D /o Mgl Sesyem sla o yo (5 JS) 0
oosllS o bb oy al o STel G lise slacdale s BAP +/0
Solar Lol ols flis 1 (g,lo cre Siol38l aalis 09,8 a4y
Orzmen (Y JS2) aid esalin (ol slo)less les (5 1o
S_is g 55 0y ol sl ol apnSTgl Glie glacdale
Lol oo (5l sine Sglis Lol e wals 09,5 4 Cavs ugllS
(Y JS8) ais ovslin

OFRD) YVANYY Y o lad o alo o s psle s cng sloazily

‘SLQ)‘.ILJ rbL’U‘ t5|)" 039, O 6L®w)<b‘& A ClS J.v».w]
=5 sbaiy, slasi g Lol ads) Jsb «alsn slaplal Jsbo
pm 3l eolitwl L CM? v (5 o s (5 5 ol
ool 8 el FA Gae 4 a0 VY sles b gl yo lals
HAD 39 e § S
J9,l5 i

o, A gl Pl jleolaiwl b (g 5iiwsid sloo 155,
u"’ﬁ) 4 Lg)""—“"‘e"j 6L¢o)_54) u|)_».o R C‘):b_..q‘
39 ldiges wdz L(ANON, 1949) i ross (5 fegidy iSn!
Al Cud FRO 5 FPY Y0 slazge Jobo
SIS Gl

SeeSlgl alie locdale (6,55 ) Jl g jskaie @
apd é“)_o 0)9, Y. J.vf._..u| Lguw)m‘o )| “51‘).”5 » U’QT
Lyl i g0 30 QIILS (isu ol )0 ol eolaiul cuiSTas
0.5 mgl™* 2,4D+0.5 mgl™ BAP LoLis Sgsen cilises
slaciSlas as vy, 0.5 mgl™ BAP+1 mgl™ Kin,
moale 5 598 b, seoniiS e gol> e 9o 0 S
G 0 oy (e Ve Ve ) ) alanSTel el slo
08 3518 bl o )ge b wlls o, T lam el cns
(Asgari- Targhi, et d., 2018)
&bl 36T

a0l sy SleMbl gy )85 ¥ L Solai DalS ( ialel 2,1
T 3T 5,50 PSS il o5 Lo 55 5061 250
A ool b Sl dulio gy SIS 9031 510 S )18

wbed Cou y g o)

t)} JRIpYE TV UAT M‘yb IVESN Lng&Ja’lé ‘5);)54.3
~ebile S A gy () JSE) 0D ol (S59l58 )90 9 0
clalé aw o aS ol lis ege g ol aenST b it gla
039 i) 5 Oj9 PS009) s s alfl crge on 285 IS
— opizmed (Y JSE) ol il Sis 59 9 S, S Sis
S sire il Coge Q.:J ST gl alizee glacdale 5,5
(¥ JS5) 55 s, oo 5oL JS gl il Jobo (PO.05)
S g (5o 353

oIl eel i p e S Ve a5 o las b
QJJ AT gl alizes glacdale oy o @ Judg IS )‘ou’.«’uua

221/YY)


http://dx.doi.org/10.52547/nbr.7.2.219
https://dorl.net/dor/20.1001.1.24236330.1399.7.2.9.3
https://nbr.khu.ac.ir/article-1-3276-en.html

[ Downloaded from nbr.khu.ac.ir on 2024-03-20 ]

[ DOR: 20.1001.1.24236330.1399.7.2.9.3 ]

[ DOI: 10.52547/nbr.7.2.219]

Iranbakhsh and Gaderi. The effect of nano iron oxide on pepper in vitro aind o Jalb  oal ST gl 51 g0l 5 il

o2laST b Ve MO Les .C L palacaslolh Y MOIT JLes B salis A wlS (65505390 5 0, o8l arnSTeil calises slacdale 51—V Jsi

oolaSTylb Yo mglt Les.D

Fig. 1. The effect of the different concentrations of FeO NP on plant morpholgy and growth; A. Control. B. FeO NPs of
1 mglt. C. FeO NPs of 10 mgl. D. FeO NPs of 20 mgl.
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Fig. 2. The effects of the different doses of FeO NPs on the various growth-related traits. A. root fresh mass. B. dry

mass of total leaves. C. stem dry mass. D. stem length. E. plant total height. F. root length. Treatment groups: C.
Control. nFel. FeO NPs of 1 mglt. nFe10. FeO NPs of 10 mgl. nFe20. FeO NPs of 20 mgl.
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Fig. 4. The effect of the different concentrations of FeO NPs on callogenesis under 0.5 mglt BAP+0.5 mgl* 2,4D. A.
Control. B. FeO NP of 1 mgl. C. FeO NP of 10 mgl't. D. FeO NP of 20 mgl .
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Fig. 5. The effects of the different concentrations of FeO NPs on callogenesis under 0.5 mgl* BAP+1 mgl Kin. A.
FeO NP of 1 mgl™%. B. FeO NP of 10 mgl™.
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Fig. 6. The effects of different concentrations of FeO NPs on various traits under 0.5 mgl-* BAP+1 mglt Kin. A. callus

fresh mass. B. Callus dry mass. C. callus diameter. D. callus area. Treatment groups. C. Control. nFel. FeO NPs of 1
mgl. nFe10. FeO NPs of 10 mgl. nFe20. FeO NPs of 20 mgl.
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