[ Downloaded from ncmbjpiau.ir on 2025-12-08 ]

49

NCMBYJ, volume & issue, 15/59, July 2025-1 - f - Liwals VOO o)las 5 0,50 IS0 — ok (5395 0m sloo;b aslibas
Research Article- _iag3 4l

Effect of Cold Atmospheric Plasma and Zinc Oxide Nanoparticles on Seedling of
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Abstract

Aim and Background: This study was conducted to investigate the effect of zinc nanoparticles and
atmospheric cold plasma on the physiological characteristics of wheat during the germination stages. According
to previous studies, seed treatment with atmospheric cold plasma affects the germination rate and the
morphology of plants, while the use of zinc in nano dimensions leads to increased growth rates.

Materials and Methods: In this study, the effects of different concentrations of zinc oxide nanoparticles and
zinc oxide (control without treatment, 10 ppm, 25 ppm, and 50 ppm) were examined every three days, along
with atmospheric cold plasma at three time points (0 seconds as control, 60 seconds, and 90 seconds) on 14-day-
old wheat seedlings.

Results: According to the results obtained, plasma treatment for 90 seconds significantly increased germination-
related indices but resulted in reduced root and shoot length. Additionally, treatment with zinc oxide
nanoparticles at a concentration of 25 ppm showed the greatest increase in fresh and dry weight of the seedlings
compared to the control.

Conclusion: Plasma treatments elevated germination indices, but the addition of zinc oxide nanoparticle
solution to the plants limited this increase. Conversely, nanoparticles at the studied concentrations led to
increased dry weight of the seedlings and the length of their roots and aerial parts.Considering that increased
wheat seedling growth means more energy is available for root, stem, and seed development, the use of
atmospheric cold plasma on wheat seeds and the treatment with zinc nanoparticles at optimal concentrations can
enhance plant growth and ultimately improve crop yield.

Keywords: Wheat, Germination, Zinc Oxide Nanoparticles, Atmospheric Cold Plasma.

*Corresponding Author’s:
Department of Plant Biology-Physiology, Tehran Science and Research Branch, Islamic Azad University, Tehran, Iran.
E-mail: iranbakhsh@iau.ac.ir


https://ncmbjpiau.ir/article-1-1773-en.html

[ Downloaded from ncmbjpiau.ir on 2025-12-08 ]

NCMBYJ, volume & issue, 15/59, July 2025-1 - f - Liwals VOO o)las 5 0,50 IS0 — ok (5395 0m sloo;b aslibas
Research Article- _iag3 4l

WIS 32 (595 w5 18,5950 g 198 (6 ymmnil & pw (LoDl Hload' S (v 2
o5 o8, (Triticum aestivum) euss slacww)
B syl SBlol 125 sole ilaao < paio 00l5 e lown] cpmuzmo T il Lo pule 655 adble

Ol el e sod! ol3T ol&islo ¢y 5 Sladoigpgle axly cwliscanog,5 )

Ol 0l oMl ST olStsls ¢l 5 Sliizigasle axly alS (5als b owlidsiunyj 09,5 ¥
Ol S «s3,9laS Slea )lz9 v s Jlob ol dnhe ¥

ol elials o odlal ol T olSils coylials g puslidiiuns; 09,5 F

ol T ool o131 olSils Jlne§ aly (oliiins ) 09,5

US>

53 PS5 Sa3elr 528 (S S 2 (5 rhmeadl 3 o0 Slowsdly 5 (55 853956 13T oy 2 s5laress gl ol 1R g sl
Oeed g (Si8lex £ p Sheedl 0w Sledly biwg [d led iy laadlae Bk b bl iallex Sl
il ad) Sty Gl 4 e el sl )3 59, paze Sl esliiul g 03g 5SS LS (55905890

O PPM Glas ey wali) (5o, dunST 8 5 (g9, wnST 5,360 olite slacidale 156 adllas ol o by, 9 Slge
sl &l adl A 7 (wald) oo (loy duw ;3 (5 humadl 0 p Glowsdly 9 LS, 59, 4w 2 (B PPM 5 YO ppM
WAL (w09, VT pasS

O3l g loline mhaw (o 1) Siailsx 4 bgype slaasli asl A Goeds lewdly e sdnlcwwsas mls 5.b :basdly
L Gali8l o itin YO ppm cdale b (g9 90T 8,550 jlod (pizran ol a8l g aly; Job ialS 4 oxie Lol ol
ol glad bew)als Sis 5 059 0 deld 4 o

OBl & ST S 8,350 Jslome 0,5 Lol Ll esyy 5V 1) (Gjlyz slogasls Lasdly (slojles 15 yuSazed
Jsb 5 bewsjals Sz 59 G384 e dalllass g0 slacdale [0 Ol )35l lae o 9 ayled oo dgaome 1) yol3dl oy
Ay ly st 551 ol pald e 4 paS Alsx wl) Gl Sl @ 4y b ogde gl Slse plal 5 4y,
10 59, 5,350 Jlowd pizmen g paiS slo )0y (g5, p (6 pRenodl O s Glewsdly ookl pl by el wls g A8l iy,
2005 Jpame 233l Gl Coles ;0 5 ol al, GhlEl 4 e il e algy laclile

1§ o] & s Slonsdly (519, wemsST D135 Sjails ¢ Shloms] pasS 1g0lS 155l

2L S5 s - wlidblan) 09,5 i Jgmo ooyl
‘U‘J‘ef su;a)l.w‘ O‘)—‘ olim.»b ‘Q‘)’e” uLD..JJuslajl.c J}‘a
ol

Sy ySUl ey -
iranbakhsh@iau.ac.ir

VEY/-AVE el o fu,b
VECYV /YA iy gl


https://ncmbjpiau.ir/article-1-1773-en.html

[ Downloaded from ncmbjpiau.ir on 2025-12-08 ]

NCMBYJ, volume & issue, 15/59, July 2025-1 - f - Liwals VOO o)las 5 0,50 IS0 — ok (5395 0m sloo;b aslibas
Research Article- _iag3 4l

315 ol sged Al po (ol Gl Sjals>
So g olelS (s 452 )0 wles g e S
698 9y Sl azmalS (0l fs 50 (gadS a8
oy 0b) lp Sl 655 D eal B ey e
i S Aagh b el ioren ol alls 5 4l
s ol wiz sl Aty (al g oo olyen Higed Ay
oS (oal) 5 (sugy S S o0 Sgue |y (30 Sl
Lyls o olS (6,5 5ke 4 a5 0 S WS oo Zugdi |
S S e S (6558 b oK wiile s
9 Sl g 5 esliinl (Sl (alidl sl
4255 (APCP) ji sl )Lt 50 slowsdly 3l oo
Jlooas cwl oo ,5 o vezas | laceiils b0 ,0u8
bl (55,5158 8515 dowdly (K553 ot da
(PS5 sba)bon S G0 03,5 Ja sl dlex
ol Cuaglie ualfl g azalS ad) 9 5d (G5eilex g
Sl Hops o y0 Sty s alizre gl iis ol jo
(YY)

Voo ) Ly (oldie o wlss doalllas il e
Lot 9 Lalil 9,5 5 0dgs jobiran o yegil
e ) 3 (O e 515 ol ia o J 58
5 S piqSly adex 5l olys azrgi B Slogas
S5 o o shol oo o 355 oo sanlin saiadsn
oo gl b iz (V) w5l e Ll oyl o YL
S (LS geisnd; 59, 1, S ol (e g
Sl s g (S b 5oy 5l Sl oS S o
1545 ol slaaddlias pé, e (ENPS) ool ol 351k
o pladl 2lS sla Jolo jo Ol3gil Cianw 090
355 a8 laeailSo 3,50 45 o5 sloaslllae
Jiesel b o1 51 Lol geigas, 3 1) 355 sl il
RUWW UL SISVl gy

oS S (lgiedn paiS baee 4 axgi b
SmdsS al il g ol il s sls g SOl
g 2iS slaghs, pdlol S (ml dils )0 lagdiern,
o 3l 5 S (Sas L allio gl olo 1Sl 2,
aled e (§y9-0 S5 () oo 5o DY gae (23
S Gl LB )| jetatedy Gdod (ml 53 ey
S il 8y Slodly (5599935 Sl puS slacasj il
ol e 45 (59, ymare JSAa) o 555l
s oy JULE L 5 ogy 25 Ll 4 (ol Jas
ol 00l oolanl (Al oo 3

doddo —

aS el oLS (Triticum aestivum L) oL puss
9 9980 SiS ez pulpe 3 Gl slalase o
RSP RIS (NPT T IR Sy
Al Lo eiS (V) wleice el 1) (e Conex
wsbyosesS meldl Lz o alsrscl 5 edldl Lulyd
Sy Jume gy S g 05 G5 ol
Byl gblie cnl 5l Sope p0 a5 S9h e (G
Sl baze b 1) )55l i o5 pasS alide
Blgls 5l a5 cul LS aaS Wb e cuiS
3y ks o 0318 Tiriticum i I jPoaceae
do g pslS 5 5l JSase azlii S Ygane T 65 a
Ol paiS Lol @y azgi b wlee Sezsa axls
Ol odes (ll wisF e calil (i aie SO
bl axel> ol el (59; (senins 13U Wilgs o
5 8es dge lp plagts, drwss (plnly sl
A dgige Gl ghe s paS caly il
G@izs jshie Gres a all atily g pSeis
oz 5l el 00l ploxil paiS 3 Shos dgeg sl 50k
Fe o gyl edlitul 4 Glgiee lagty,
T Slge 51 oolinul ws,bal slo s, Seuge conizdlol
o Lal s g S, slaagS 5l ooliwl (S g sl
oeals cel wlg o palS o Sles oli8l g0
SOl paS o ,8as (ll L osd algs slaasyse
$9) 995 3,5 Solex (65)slaS Cario drwg g Cd iy
chle s ly seeloaiise lagilivl dex
Lo Zn Glagygs (V) cusl oog pusS &l jo (g9,
S sladsle 0 yae 5 ashe ST sla il
aile [l Sailie glaanld o baih ol s
denSTpgw dajleds RNA Ll _wpl ool
redlio g (g p 3 ljg 00 JSI dailigenss
s fFo sl SalSy 0z Slaen S
Zn eolyls Jol laidn (g5, sloog oeizes
Foho ples g IS5 BanS S slaygnS finger
5SS g eaS Jld lpiear (59, yare (A) v
doluil S S oz 5l olS Gl lampl (S
Geay preedsilio 5o bsliecly daslilavsd dajlisy oo
5 Sy slaaul 5 lajldsins RNA dawid s
o Ol ST s 5 ol ey dag
AVN) 05 oo 25 (sl) 03y STpome (190590


https://ncmbjpiau.ir/article-1-1773-en.html

[ Downloaded from ncmbjpiau.ir on 2025-12-08 ]

03 jals> (gl ydy slass

NCMBYJ, volume & issue, 15/59, July 2025-1 - f - Liwals VOO o)las 5 0,50 IS0 — ok (5395 0m sloo;b aslibas
Research Article- _iag3 4l

&i4ler sl i -Y-Y
3l oamlin BB sloas, ;) a5 oK) oojaile> sla )iy
=529 595 (BT L g (eaiip ) Ls Hd &g,
D a18 )5 8 gy 2090
s oolaiwl  dlal, 5l Sidilex as jo Al sl @
*)

X Yoo
o,y JS olass

ookl 3 dlayly 5l 50 Sidilen e sy (gl @
W

Slowd 52 50 cuiS oiia U pgw sbajg, (b oojailsx sla dy slass
7 (Uoyleds oy, olass)

Ay
2y Al 5l Ky ele e Glp rimen e
10 oolawl
azalS Job x (Jjdiler w0
o)

SS9 ¥ (339 o —T-Y
o g oad )l 6 5l oo, VT slacasjals
955 SeS @ Lasdlgs 058 1 Slo L o5 Sas
& Hygmodn Lacewjasly Lol o Seslail kern Ll
slocsh o Ladiges S 59 opsd Sl lBlas
A+ slos L SLE6LL Jao Memmert sl jo 3 <lS
Laaigas JolS” s St oLl b ol 5l 20
(Lol ol ugh, Glyiome cdeas ol Y oww)

D oy 598 ‘om.\.‘usw‘ EVER gt

29 Ladilyz dzaly) g azadle Job duglio -Y-F
Syload sloeg S

Vo 5o VT walse il Jobo g azads, Jsbo
S Sygo pl 4285 I3 s n g aslllaesyge Lo
L 08 Sl g 0ad )5 6 5l il
L1y Ll pslas 5 ools )13 (S5 (slsio (5, SBlo 325
Digimizer dsb, ;| colaswl b L g 48,5 p0yg0
A (5 S oladl
Skl sl 3IUT —b-Y

WelS 2yl JB 5 il 3o iulejl (>
bty 5T Al gay oMbl olas sl o ol
Graphpad Prism (V ,l53ls 5 5l eolawl b g (ANOVA)
318 ez 285 18 (5 Ll () 2950 10)
sobod o5 Jlogi ot il 5o v Lol Sl ais 5o

o g, g olge =¥
8y do Blate (25 05 (L pasS olS (sla
00l 4t 7,5, 9 Jls el Ao 5l Gramineae
S5 &S, (Ve pS it Joe) DBD oSi_wo .o
it il L3 53 Lol 5 (ol sy 5159
oo 99,80 g0 a5 ale flgieas glaid das g0
GBI g oo dloul (B/0 CM glel) (598 j5oe dxaw
B8 SO gleeas 3L Glga wcnl F MM Ble 0
Wy gadds o 50 Y by Ll o gop)8
P 93 )3 5e LSV LS B g dgelSY

A 4,8 S asl A 54l

3 Lol 31 o0lisiuol L o yiy Konnsf g Y-
159 ST 1,34 31 oolisiu!

Yoot e olal 4 Loy, dunST 8,350 5 caslllas ol 5o
B35 sla s 35,5 115, Ly ysogil
(FE- s Ll (o 55 2501 gy im0l 35505
UV-Vis (s jagisy 25l Gl (L55 Jily SEM)
(FTIR) =2 ogole (il 9 X dal LSl
Ll 00 oolazwl

O 00 08l w5l el FA Doy Lo )iy
ceiS lagmme 4 Lowdy Hlod 5l g e oy Leudly L
gV ol 93,0 L9y dunST 8,550 sy Jate
Olgmrean S {55y 2T 518 5 12 5y 5 e YO
el S e 00 9 VO w93 50 Cte J S
iy e J S plear jlesd G 0 g 0 oolinl
0955 93 50) 3y Sl Glsjen jlod ol 42,5
Vo sk )3 (g, ST 8,35k 5 (6 phanes] (Sl
sl Ogim ydm b ooy B4y i S e YO g
Som bydoad asd) S iy e JS plyiea
e ] lags oot e sla dlo RIS 4y Ly sl
V0 L by 51 (o 3o s g oo it
a5 wiad Jless alSsm 5 (g9, STl Joloo il Lo
Lot iy ol 1S5 )L 55 aw o bajles
ANE (559 6590 9 01,5 il A= 0 YO+Y slas o
ST 5l sk plnil 12 &5 (S0 58 e
P lapaiid S 18 Cenl coulie (ol
9§ S Ojgo iy (Blo 32 L g Lagiass
5 byled g ol 1>l Bolai alS 7,k LJB o ioles]

00,5 S5 A e an


https://ncmbjpiau.ir/article-1-1773-en.html

[ Downloaded from ncmbjpiau.ir on 2025-12-08 ]

VoY

NCMBYJ, volume & issue, 15/59, July 2025-1 - f - Liwals VOO o)las 5 0,50 IS0 — ok (5395 0m sloo;b aslibas
Research Article- _iag3 4l

ploi o Jiailex do o a5 was oo lid A=) loges
Sl 09,5 g 4l Gralidl vall 09,5 4y Cod o )locs
=5alez ao o o YL aall 05,5 4y i P90S
Jecplb (C-) i) el ools lis |y (aus,0 AA/YY)
(10ppm) ;) Lojp o5 3 P60S PI0S (sla Lo Ly
Ao, YAIY g YO/IF YYIV L o5 ,5aP90-ZNO(NPs)
30 &, lolime BT glyls ol U anslio jo ulidl
2-C S ol ) Wlosgy doyo o+ gl mlaw
L P90S 09,5 ;0 s Sjailex ce s (2-H 4 2-B
Slolire glas cwalis 08,5 d s il 38l sy YO/
Sa az Slaculaiils soye o/ ) glas mhaw o
YO ppm cdale g0 2 L PI0s o5 5 sl Lo g P6OS
dald 09,8 a4y o | (Siailezr Sae e Rl 53 ) ¢
ol 00903 (5 lolixe s jo B!l Lol wssls L
AlS )0 550 el (s eizren (B) loged)
3 sl (Rali8l 0395 5 Lawdly (oS 5 sl Lo
oddlio wal il 09,5 4 Cand duo o /\ sl mhao
o 5 595 9enST 8,556 Ve PPM Lo crizmon
ol 1y ylobime rol38l vals 4 Cawnd 55 Lawsdl 90s
(CY loges) wials

g_;)e_,a BEE) 0 ) ng.Jl_a)J u?“’)i Ja.w}’ ools
i plol Lsools ol i 5 5o 5L
dl_a,os)f UL..A Lg)LoT LgL(bu_)chu :Lw.sLM 6‘)‘.’

3,8 138 oLl se TUKey soguse

-y

b L ey Jloges 4 bgpe polas ) (SO
9 X dail LSSl ((€) UV-Vis (g agidy il
SRS o ul_..u |) (FTIR) o 9 Qg«bLn @h—wd—»-b
bgs o) pg—ai Ly (g9, )3l bl (rizran
VoY (FE-SEM) Sl jLastl (S92l gSg See
A 6)-*-?")‘*" ).:.A}al.:

55159550 5 (DBD) 50 slawdly Lo iy 53b
Jsdme g5l Gy lulyd jo lals &gl us)
US55 ZNO (NPS) calises slacalé 5 ailSsn la

!l 00 00l OL““ Y

Si¥lee b asll wyp-Y-)

o2 U
) =
2w an C
2 o
~ y
R o s
= |
= " m
-2m 100 " 1ne .
Zeta Potential (mV)
b
=
100 100
o \
b 4
- IF ] Y
w ] »
= : : i
= - £ 2
= o 8
= . g g%
B - £ -
g “ s ’ £
=
-
N a0 5 " 7
" w » ] L “w 0 W00 IS ol 1900 100 o 3500 oo i ik 100 1on wn
20 e Wis tmutihens (o 1) f Wavenumbers {em-1)

(D) b ooty 95 (@) el Yoo sbal & 53, 5t (FE-SEM) ilie Ll g 550 s Son s -1 JS5
F5©) (FTIR) 30,5 gssbe il 5 (0) X il LS (€) UV-VIS (s gty o5l il


https://ncmbjpiau.ir/article-1-1773-en.html

[ Downloaded from ncmbjpiau.ir on 2025-12-08 ]

NCMBJ, volume & issue, 15/59, July 2025-1 ¥+ ¥ ;liwsls VOB o)les 50,98 ¢ Jsg0 — Jolos (6555555 g0 (sloo; anlilad
Research Article- _:ags allis

lowdly Sl 5 59, %....Sfol)é,sls it glacdale b oads)los lacusiails 5 VE g5 50 azalS Job duslin -V S0

& yiadl 3 ys glomasdly Ly 00 Lo oS ((A) aalis Liged sglie 5log ¥ 4o by il ceelis FA 51 dmy (6 phncail 35
V- PPM s, ST 3,39 L o )los b5 ((C) 908 andy (5 piuneil 0 oo (slowdly jlos b 00 jlacs oS (B) 605 e,
5608 aeasy (g piansil 0 slowdly lojen jlesicos oS ((E) YO pPpMedile L (s, ST 3,396 L ot las oL (D)
L G55 oeaST 8,550 5 608 ety (5 pmnedl s o (slowsdly Slesp slescos olS (F) V- ppm cdale b (o, ST 8,330
LH) Ve PPM bl U {5, smT 5,358 5 905 oty (6 il 50 sl plojo slasicons o5 (G) Y6 PPM cale
(1) YO PPM clalé b (55, 90T 8,350 5 908 Dooay (5 yinnedl 3 jos slowsdly lojod Jloiicns oS

15+ £ 100-

CAESS LSS |
of Q Q ff & e F
c 4 'ff’j’#’# g ¥ :"f ‘ .'f

20004

.

- L 2 #
-] 15004 =
£ : s
z 3 E
= = 10004 =
= é =
= =
: -
2 =
B

»

Pl e

slocdale b il Lo alises slaog 5 o 53 oS (C) 15K (als 5 (B) (gjalem (A) (Sialsm ey dglin =) Jlogas
Sglite oles ¥ 50 (6 yhamad] 8y Slowdly )3 Kiasl s g 159, ST S350 Cilisea

Aib s Holse as s o /o) gl mhaw jo 3
02 5 H2 S5 i o)

Al o 4ty Job BT Jloged 4y 4z b (rioren
s Ly 3815 55 iy s i oS
LalS il 4l il 8l L g anilas glalisle Lt
YO o Ve ppm clale U (g9, 0uwnST 5,340 b onds Lo
Cblale b s, aenST 8,356 4 PBOS oS 5 Lews pPM
pPm L p90S (oS 5 sl slers 9 PIOS Lo (YO ppm
Oty a5 (59, ST 8,345L5 YO ppM 51 -
Slidlocs,s AF/F g AN FVY FY A VEA VYT
Sl as s o[+ lhas mlaw jo BB plas aidl
(-2 gH2 G2 E-2 D2 JSb) asb o

2 baly Ay 3 s2lop Al Jobo dunylia ~Y—Y
Sl slveg S

plosl Jobo 043 oo oanlice A=Y loges o asuli>
cdale b (g9, 5,390 b oudjla slacasiails jo olse
a5l 3 Suedy bomudy jlod (puizren g V¢ ppM
Dol 09,8 4 S 20,3V 5 VO (liedy o
Aoy o) lhs mhaw o B! pl aS adl el
Oe—izee (C-2 4 D-2 S s jau) abily oo loline
o 5 PO0S oS5 e b aLS s lsa bl b
aali 05,5 ay Cund YO ppM g V- ppm e lalé 4o
OS] ol aS @Bl o8l oy YVAIY 5 VIV ol pceas


https://ncmbjpiau.ir/article-1-1773-en.html

[ Downloaded from ncmbjpiau.ir on 2025-12-08 ]

\ .0

NCMBYJ, volume & issue, 15/59, July 2025-1 - f - Liwals VOO o)las 5 0,50 IS0 — ok (5395 0m sloo;b aslibas
Research Article- _iag3 4l

2009 4
!130- b % “
|
i
” < G (5’
y"’g;"f:: il :"

Root length (mm)

1509 p
oot - [ ~~:
N
wl <N
N
N
N
N

AT 3 i chlisee glacdale b 4l o ilise sloog 5 o 50 (B) 4oy Usb 5 (A) olse plasl Jsb aulin =Y jlagas

e o B ol aS ail malS wals og 5 4
039 AT Jlog o) ail oo jlolixe o js o/0) sl
PI0S oS 55 Lo 09,5 51 b n Lo G jo St
Gal8l 2als 09,5 &) S YO PPM (55, 9enSToil 5
59y STl sl Lo o Loz D ol Lol aisls
Gl o fizmon o (]38l s 0 #1) YO ppm
YO ppm g Ve ppm o lalé 9o , 2 L, PB0S S5
o 50 (il ooy FA L g0 1) (sg, dunSTail
(B-Y J0503) Cowl lobize ausyo o/ ) gl

29 Loa sl S 5 55 (359 dmalio Y-
Solesd ey ,¥
a1 8,395 L 00 o lalsS 50 o5 5 0339
09,5 A o Az, V)
o) gl s 5 YS! oyl a5 azil ilial asls
Siloss loog, S 50 5 (539 Ll il slolins 0oy
Soless slweg,S ) - ppPM Al L (69, w1 8,540
5,355 5 PBOS oS 5 (sl less (yrizmo POOS 5 PEOS
Comnd YO PPM 51+ PPM Sl 55 1 15 (55, denST

Olyeds YO ppm clale b (54,

0257 B

0.204

L 4
- .
o o
A A

FW(g plast™)

0.054

0.004

DWig plant™)

0.04 4 A

o
W

0.03+

0,02+

0.01+

.00~

f,,fq yﬁ,a & ¢ ﬁ&"

(v"e*e' .p'.o'

5 59y ST D350 Calizeo (slacdalé b axdly o caliseo (slaog,S o o (B) Sz (339 5 (A) 5 (559 dmliia -1 o9

(ERF, bHLH, RZR3MYB, :55LsS —usis,
sl ;s MAPKL -5 s WRKY1 and HSF-34)
2 izt (00) aii A5 5T i,
s WRKY1, bHLH, HsfAla, ERF layj 55 b4z 5
D9t (9 ST 39l (53938 4 Conns MKK2

N sisls 5l 5T, oS 55, 2 (sl Jolons
9y = O3l L a8 a0 S )b
il il Sl 5 aaiS calizes o8] 0, olee
3L g dpasl Sogan 3l oy Lo aslllas Sy 4o
(VL V2, V3) L puiS od, dw 55y 5 85 65lac
ot dmlie o] (a3l g o) Bliee (s 5 (Sl
Laaigs Job ol S £lis ) a5 ool ol gl .cun

o -¥
e Sl S &l ganleld ;3 sl iogh S
Sl Glals (man i 50 gl oS 5 a s
adozx 5l S5glen b slacJlad 5 40 ol (54l
2 &lS Slae 3T s (al38l g Fingid slacdlad
O Oaiored o o lis 1) SCdglne sl yus
a5 Wgdoe Lok 5 Fute Sl Sl OloS S
g Sl (5592 olS 0l 5 (Jeks ks (51—
il oo Jgmamo Sgge ;0 Lagl Juily saimsjlis
crge 5y weeST 35U L plgicar (YFAY A -)

Slo,5iSLE 5 90,5 oo Liges slaails Jgamo (2050


https://ncmbjpiau.ir/article-1-1773-en.html

[ Downloaded from ncmbjpiau.ir on 2025-12-08 ]

NCMBYJ, volume & issue, 15/59, July 2025-1 - f - Liwals VOO o)las 5 0,50 IS0 — ok (5395 0m sloo;b aslibas
Research Article- _iag3 4l

pPM Cbale a 0,363 (S 5 Jleed 5 PO0S b oS 5
Loy jlos Laid a5 SlalS' L aslie ,5pBOS L YO
asle iali8l ws ST sl o
S ypazsS gla,dy (Y+Y+) ol Kes 5 Adhikari
Slowdly Gl (oyme ;0 aBSs Ve 9 0 ) Doy )
69y 1y LS sleaddlas 5 0ols 18 (6 hunil 55
doails Saeagly a8 ausil o o] iols el lag)]
el przes oadSy s | Sl plend],
Slooioks  dengejseyid  daglasTul 3l
By oS 3 (Sad A5 Jeod Jely 5 sl
ghe 3 L (b)) 2 iSly slaaiss byl ()l
aliza slajlil WL o5 wls (ml3dl JsSUse
St 5 lberbon sloyell Jole (poply
(1) s o )3 pbicss 1, Hlals
olals (Sialex olaoy 53 (59, ymaie 5l eoliiul
sl S ST a5 5 g <20)9)
Ay A4S ds e il LS A o |, (IAA)
Dgbee Jypame Sl g ol S 0l il 4y e
ol Sl e 53 (sgy ST 51 oolisal 31 ¢ 5r00s
S ol 5 98 (e Sloml (6 ol il o8
ST 513 5 s L3y 4 N IS
(V) 358 655,k 9 (wlidie )3 (s,
» (VoY) o, Koo 4 Fateling slsga>s  3,b 5
aS ols plas el o (Eragrostis tef) s e (g,
lowdly b ooads Jad Ol b olS cpl slayds Siel
oo o oS Canglin 5 Jasd (2l 4 2ie (5305
SVl oad o Jpame Gl a0 5 o
Slowdly S gwyp Ban b &5 Laaghy 0 (pimen
AAA - Sil Seb el ole 4 el oy
G5 i ply 0 pdiS Caglia g ais, (HFFA4A)
£ oY CBAS 5l ey | HSFASA oLy sl s ol
Ol obS &y )0 (g yhadl 3y slowdly ST 51 sl
Jsb L33l el Lt Loadly 45 ad mseiie ol
Sk sgdoe Sy ghe § K2 5y ORIP! @l

(\Y) RE R u‘l:..mlf‘) oLS)o 6)9"“"0“‘"")“‘""6&’)"‘

L Llooy YU, Siale> slayally sl A+ l;
Dlazdly 2alS oy, aeaST 8,350 sloylons (0d oS 5
Gl 4 slodly Sialy b 0,358 oS5 ot 5
(Jlio o Lol ols 5a0 byles b o |y aigy o Slec
5 e pll Jsbo iy, sk ialiél el o5l
el b, 0 a5 whas low)als Sas o

V3 o3, ,0 asle o, Slae 1o g ddigm ,0 &l slaws
OF) caly o8l oo 08, 90 4y G

O ool o U olydgh 0ds g Jlas! caess
&l «ly35U i g ojluil ¢ LS A wiile Lalge
g Sl iy, Lo oldgls jiiSen 0y g ol )34l
oo ool (Jlo olgieds 018 (Kins bapanslS )l Koo
soban 4ty o ol s oSt o 353k Fos a5 Zul
Lalyd 5 Sldgl glos ol ibeos g bl
() el olS Jaors

8,595 5l a5 (Sl p3)) paS (59 anlllas SG o
W ooliiwl (5 %egil B0 4 YO (slaoslasl b (g, senST
Grte 5l 6yl YO olal jo aljd plas wl aseioe
(0) als pas wly e

idlez Oyud a5 cunlools las egh opl mls
gl (s, dunST O35 Ly 4l Lo sla,d
22l slatisas b jlaricos HalS o (slalimdla 15
oo ylord (LS a5 559 (ALl (liee e wiS ey
L 55 Oogods a5 2leiSa 4z 0,356 ) - ppm L
losloss o Lol arsls (g lobine (aldl Ll los
35 i o5 on slowl Gslize @l Lol b (o5 5
3 Siailex a5 ke 398 oo cunlice AL jloges
LoDy a5l A0 g 0,355 Vo ppM L ooy )las lalS
L 0,350 (s5boed 09,5 L dunlie )5 (oS 5 & 50
5 =il do o (Sl Lol 0ogy YL Y - ppm cdale
b oS5 olesd sloeg S yo Giailszr Sy izmen
L 69y ST 5,356 YO ppm ¢ V+ ppm cdale g0 40
L amlie ol A0 57 oloj 50 0 4 Ldly
o=l sl 4l pals wlie by b Ldly slajles
il ol ol Leadly lajles o5 popde
eSS 8,350 Jolome 0,5 a8l Ll 03 YL 1,
ladge dgaza |y Ll ol lals 4

Jsb 4 boye slo il (ow)p @i 4 4295 L
Ll Josi Ly 55 sl 59 5 (oln ol
b ) Jsb oefln Ll cdly (il i 4+ sy
YO ppm g Ve ppm clale g0 L oo e lals o
Slaloss 5 a5 4l s 8 aal 5,8 4 o
S 75 42 -0

Sype 0 g andllae pl j0 sdslcwwsas slaasil
syl obls Sialer sla)eSl o
Gjlos S8 Sl S jsbay 5 oS5 5 Alike
S)lae iy j0 A& Sjge ol 4 il e cadoslatul

o °}.’.54‘. ng.a.w.u‘ Sy Lgl.o.w)l.: &.ia.».o)‘).’ ‘OMW


https://ncmbjpiau.ir/article-1-1773-en.html

[ Downloaded from ncmbjpiau.ir on 2025-12-08 ]

NCMBYJ, volume & issue, 15/59, July 2025-1 - f - Liwals VOO o)las 5 0,50 IS0 — ok (5395 0m sloo;b aslibas
Research Article- _iag3 4l

Sy gledly Sl ceiponle sl
Gial8l 4 e Logos el A+ o 15 o%gts (5 ]
5 SAS (339 Oliwe YL g 0ol Gialex byl
L 2gg, duaST 5,356 Jolomo 5l oolitl U lacasyasls 5
adllaed g0 (slog,S pluw b awslio ;o YO ppm clale
Fas 00,5 oo oloiing rogiy nl bl o
) aizman 9 ol (2l 5 5 (s, ST 3530
P (595 = s 3k )36l 5 s, ST e
355 )18 aslllaes 90 55

Sl a0 g GlalS ds ) wb, ol °~*~5ML’
55 (1AA) sl Sl Jsoi) ST 0dgs 5 o5, paie
0,566 YO PPM jlos ,0 K g 5 (y)9 Cpiored

Wils (5 lend (sleog S den 4 i |y (e 0 YL
sle)los AlS o bewial Sis (5 Sl 4 31

Ol L g aillas (6 ymdi b g ol 5o calplodl

S ol -5
3, las

e‘a)ﬁs g«.n_v

ol ez Sliimigasle axly ool Sl olSails pyims (lstens 511y 093 (Glojad 5 Sa5 il alews e

e 3l i Gl plal sl ctgsy SUISal o s

&L ()l —A

Syl 0y 28l ol Wijls co el iy


https://ncmbjpiau.ir/article-1-1773-en.html

[ Downloaded from ncmbjpiau.ir on 2025-12-08 ]

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

NCMBJ, volume & issue, 15/59, July 2025-1 ¥« ¥ -,Lesls VB0 o L 50,99 « Jsg0 - Jskus (655)5:S5 90 slool anlilad
Research Article- _iag3 4l

&bo -1

Abdul-Baki A A, J. D .A. J. D.Vigor Determination in Soybean Seed by Multiple Criteria. Crop Science
1973; 13 (6): 630-633.

Adhikari T, Kundu S, & Rao A S. . Zinc delivery to plants through seed coating with nano-zinc oxide
particles. Journal of Plant Nutrition, 2016; 39(1), 136—146. https://doi.org/10.1080/01904167.2015.1087562
Adhikari B, Adhikari M , Ghimire B, Adhikari B, Park G, Choi E. Cold plasma seed priming modulates
growth, redox homeostasis and stress response by inducing reactive species in tomato (Solanum
lycopersicum), Free Radical Biology and Medicine,Volume. 2020; 156, 57-69,
ISSN08915849,https://doi.org/10.1016/j.freeradbiomed.2020.06.003.

Ali EF, EI-Shehawi AM, Ibrahim OH, AbdulHafeez EY, Moussa MM, Hassan FA. A vital role of chitosan
nanoparticles in improvisation the drought stress tolerance in Catharanthus roseus (L.) through biochemical
and gene expression modulation. Plant Physiol. Biochem 2021; 161: 166-175.

Amiri, F. A., Mozafari, H., oloumi, H., Salari, H. Interaction effect of size and type of zinc oxide
nanoparticles with iron nanoparticles on increasing the growth of wheat plants under drought stress. Journal
of Ethno-Pharmaceutical Products, 2024; 4(1): 10-31. doi: 10.48306/epp.2024.2033185.1066 [In Persian]
Bajji M, JM Kinet, S Lutts. Osmotic and ionic effects of NaCl on germination, early seedling growth and
ion content of Atriplex halimus (Chenopodiaceae). 2002; 80: 297-304.

Cakmak 1. Enrichment of cereal grains with zinc: Agronomic or genetic biofortification.Plant Soil .2008;

302: 1-17.

Cakmak I, Pfeiffer WH, Mc Clafferty B. Biofortification of durum wheat with zinc and iron. Cereal
Chemistry. 2010; 87(1): 10-20.

Fatelnig L M M, Chanyalew S, Tadesse M. et al. Seed priming with gas plasma-activated water in
Ethiopia’s “orphan” crop tef (Eragrostis tef). 2024; Planta 259, 75 https://doi.org/10.1007/s00425-024-
04359-5

Husen A, and Muhammad I, .Nanomaterials and plant potential: an overview. Springer International Publishing.2019
Iranbakhsh A, Oraghi Ardebili, Z, Oraghi Ardebili, N, Ghoranneviss, M, & Safari, N. Cold plasma relieved
toxicity signs of nano zinc oxide in Capsicum annuum cayenne via modifying growth, differentiation, and
physiology. 2018; (40), 1-11.

Joshi N, Hayasaka T, Liu Y et al .A review on chemiresistive room temperature gas sensors based on metal
oxide nanostructures, graphene and 2D transition metal dichalcogenides, Microchim Acta.2018b;
185:213. https://doi.org/10.1007/s00604-018-2750-5

Lin D, Xing B. Phytotoxicity of nanoparticles: inhibition of seed germination and root growth.
Environmental pollution. 2007 Nov 1;150(2):243-50.

Manzer HS, Mohamed HAW, Mohammad F, Mutahhar YAK Role of nanoparticles in plants. Nanotechnol
Plant, 2015; 19-35

Mirakhorli T, Ardebili ZO, Ladan-Moghadam A, Danaee E. Nitric oxide improved growth and yield in
soybean (Glycine max) by mediating physiological, anatomical, and transcriptional modifications. J Plant
Growth Regul. 2021; https:// doi. org/ 10. 1007/ s00344- 021- 10389-0

Noaema, A H, AlKafaji, M H, & Alhasany, A R. Effect of nano-fertilization on growth and yield of three
varieties of wheat bread (Triticum aestivum L.). International Journal of Agricultural & Statistical
Sciences, 2020; 16.

Pagter, M, Bragato, C, and Brix, H . Tolerance and physiological responses of Phragmites australis to water
deficit. Aquatic Botany, 2005; 81(4): 285-299.

Pejam F, Ardebili ZO, Ladan-Moghadam A, Danaee E .Zinc oxide nanoparticles mediated substantial
physiological and molecular changes in tomato. 2021;16(3):e0248778. https:// doi. org/ 10. 1371/ journ al.
pone. 02487 78

Raskar, Shilpa & Shankar, Lawre. Effect of zinc oxide nanoparticles on cytology and seed germination in
onion. International journal of current Microbiology and applied scineces. 2014; 3. 467-473.

Reddy, K R, & Hodges, H. Climate Change and Global Crop Productivity. Wallingford: CABI. 2000;
https://doi.org/10.1079/9780851994390.0007

Rion, B & Alloway, J Fundamental aspects of zinc in soils and plants. International Zinc
Association, 2004; (23), 1-128.

Sinha R., Karan R, Sinha A, & Khare S K. Interaction and nanotoxic effect of ZnO and Ag nanoparticles on
mesophilic and halophilic bacterial cells. Bioresource technology, 2011; 102(2), 1516-1520.

Wang VY, Li B, Shang H, Ma R, Zhu Y, Yang X, Ju S, Zhao W, Sun H, Zhuang J, Hen Jiao, Z. Effective
inhibition of fungal growth, deoxynivalenol biosynthesis and pathogenicity in cereal pathogen Fusarium
spp. by cold atmospheric plasma. Chemical Engineering Journal, 2022; (437), ,135307,

Yan Jun, et al. A multicenter study of using carbon nanoparticles to show sentinel lymph nodes in early
gastric cancer. Surgical endoscopy , 2016; (30): 1294-1300.



https://doi.org/10.1080/01904167.2015.1087562
https://doi.org/10.1007/s00425-024-04359-5
https://doi.org/10.1007/s00425-024-04359-5
https://doi.org/10.1007/s00604-018-2750-5
https://doi.org/10.1079/9780851994390.0007
https://ncmbjpiau.ir/article-1-1773-en.html
http://www.tcpdf.org

