[ Downloaded from yujs.yu.ac.ir on 2025-10-31]

[ DOR: 20.1001.1.23831251.1395.3.2.8.9 ]

[ DOI: 10.29252/yujs.3.2.119]

VWAL /090 0 )lods [pguw Jlw [yl ! you b gy aloxo

92 Pl (B Fidlex B S 9 ¢ (T G Pl 9 pguilind w5 il WU

(Hordeum vulgare) ,lsauisy

Y # .o
ey doxo ¢ e Lo o gexe
555 s olStils (55,5lieS suStils el )5 05,8 Ll

55 e olRils Sy (§590555 5 psle wd ) (bl (g9l
tadayyon-m @agr.sku.ac.ir : Jgtus sdiemw g5 g oSl ™

YR/ YIVO 15y gyl ¢ VYRE/F AN il o & )

oMS

(CNT) 9,5 g8 il g (Nano TiO2) pguilivd snSTsd &3 il yil (o (Gidg Ry o) 31 Suan
855 el o8l ol lo3T )2 WWAY Jluw 50 (fulejl 091 92 ol o)l )y Jiailexr s Fho S x5
Sloylos ol y0 21 & 4155 ez b (Bolas Sols g5k B 53 JygS g0t ool b 12
(il 32 05 (oo £o Fe Ve o) CBle Sl 50 (32 aed 93U 9 pawilind dmnSTigo 05580 Jolid (i Lo
Srojlul )90 Glho .0)F Jlosl G pai 9 (295 (o Hoaiaby 92 pB)l o)l 53, 2 &5 o9
W23« Fiailge Gloj (uRileo o il Cas o Fdilex o0 Azl Job azals SiS (359 1 Jol
Foclile b ()8 g 9l Hled ol (LA gl widg ja A (Fi9 9 Jeb rSlh wanddy; Cuglie
3 Job PFL (Sl ks ( Fiale woyd p e il jlewd ple 4 Comd yid g 05 e
s (539 ALl Az Ay ) Caglio wo o (o e (Slejl ol o Clls azalS LS (39 3 Ay (S
Sl 4 o yid g )8 (oo P CBE b ()F o 9l sl i O pai of) azelS SS9 9
Fo ChUe U ()5 gn 95U Hlowd omizod .ol Cawd 4 o0 FF/A g ITY/Y Ve Joleo cud 5 a4 sl
Wl Hlowd 4 Comnd w2y YAIA Glino 4 (295l 8 50 53 duy (LS Gl com J 2 oS (o
SUS (339 «azalS Job d dxt (F39 3 Jeb (pSLh Glao ;0 Wpai pf) 45 CO 5 Al gl o0 b
bylpd 5o sy Seigledrge o, es (295b g (e PB4 o dzali ) Cwglio wo)s g azalS
B oyLis K Lol

azals LS ()9 azblS 5 (059 ((yade 18y Dyl 85 ¢y A 1 gualS slaelg

wirog (Ll o8 4 gl 6)ld (Voo ¥ (ol Ken dodio
b ojlail jo beailels 5 Il sl 0,5 5 odes OlessS oolgls 51 (Hordeum vulgare) o>

5 oolial (Yoo F (o LlKan g " g) o oo 4 sl 3l o s OYAY 3 ,me,0 o Lisuzl) Poaceae
J& 50 65,5leS dex 5l lads e adS o oL 5,5L8 dypnye g Giouzl) Cwl ol ol ey lS
aosly (Ve TSy Siise) Cel S ady =y oS lsieds Cuwal Bl 5l o> (VYAY

Ve . . e .
5 D cwl Blo 1y mip g &) asS 5l o)z

2 .
Weiss

3 . .. 1
Monica and Cremonini Akar



http://dx.doi.org/10.29252/yujs.3.2.119
https://dor.isc.ac/dor/20.1001.1.23831251.1395.3.2.8.9
http://yujs.yu.ac.ir/jisr/article-1-169-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-10-31]

[ DOR: 20.1001.1.23831251.1395.3.2.8.9 ]

[ DOI: 10.29252/yujs.3.2.119]

oyl (Piailez G Sis 2 ()5 o $U 9 penilind wnST 65 9l ST 1 ponmy 9 (o

L g, 9 dlge
WelS 5l B 53 oS & pg0y Giale] !
2 SIS g pele 098 elKaulesl o ola
5 oolazul 050 slo las 300,81yl 5 5 p oKl
FU e 5 528 Slacss 9l L Jols olSislej]
el 0)39b yo 5l clale an jo pailid anSTles
oy a9 jd p S Fe 0 Glacdile
IS5k 5o s slands o2 08 g vald las
Ex29e (il (omyp Jodinds o2 o)) LI Cle o
oy w5, 5o 35U Slge 395 Sl LT a5 sl 058
3 St 8l 08y plaS 5 Al e Sglite K08 L
Jabs 2 laydy laml o 0pdy 0 g9d50 ()
5 ol Slidod duge 5l (55 50 (9)) e
5 ook by o> Bl 5 25 )y Jb 4
b gl g ylas Slides Sy 5l osSle
Lo slayde lal o5 ags (STD 635 0 bl
o ColS g g Al Ve Dol @ wopo Ve S
O 5 (Saeds addo ¥ Loe 4 (g, w0 10
ol Syheas s,k o eold gt Hhaie Ol L
odls JI3 Blo &l gol> s gy B,k Ul
SR s ey BB o 0 sae YO slaw adad
Splas o gols Jaloo 5l id Lo A l5ue .0l 0lo
Sy AlSlar &gty Oglite laclale b wld b
LAl (93 (s Bgsb @ g2 iz pB)] Sl el 58
39 esb,dy (0329) Miey) (lsd b e 40,5
s Voo gl oy 6 Ggb JBb
I8 s9laeys JB1s 50 59, Cde Do 4y 5 ol 5 il
g0 Lateine glp ialej] pgd jg, 5l .ol el
50l bl o ydy Lo wonjaile> (sloydy olass
SaS (9 egalS Job b Slae s 59, L
20,8 (s pSojlail g5l g Sl 5l eslinal b azals
ol oSk (Sidler Ce iy (Sialex we)e
Voo ) (A 55%s cazaiy,; Suglie (e (Sials>
5 S50l (o) 0590 25 sladge® jleolisal L
4 Sialer aoys dolee Voakuly i85 18 alxe
Ni 5 jailsz woys GP oy a5 il o 05 20

JS olaws S g el 1 39, ,0 e0jalyx sla,ds slass

°ISTA

o, Sles Lol g (gdie dlge Slal aile, Jlas
2ibse 5 dlge 3,5 o e 4y LS ely; lalS
4 wlazdly ;o cpediizs (YN0 oo)ySan 5 ' (g5Km)
oLS anwgi 5 &b, p o3 gl e 5 cute ol
5 b el g ol il oSS 4 (S
Sl (BlS AT g izes 9 S U alerd
a8y Sl stalesl po VoV oKen 5 T )
rolie 5l o a8 (0 azdlle @ s wzady,
g azady) ol )0 Dgll (eizmen § el iy iU
@ Ces Zn0 ¢ TiO; @lyd ¢l ol o asadle
(Ve ool a s glamis) canl oud oomlive wals
Sb 4 Wo,S 5L (YY) ol Ken 5 Tesl s
cos ol o Slee gl g pasS oy Sgue e TIO,
Gl oole )8 Cgd b el oo ol i Ll
FEs slaalgnl IS8 a5 @l So k8 b (p)S oS
0y Lazulgooles g 129Y Jlo o sabazsle
S (Vo0 S Somdy 5 955 Jae) cudl ond
98y 5 byl (Giallex bl sl (05 slocss
TN e 5 ShaY) 3580 LS arws
3si e @y ()5 (slacssd i stalesl ) izmen
adsl ad) 5 Gialsr Gl el od slid @ g
Sen 5 LSsSleg) ol sas K jparsS
51 oS5 45 00,5 Laduia (ghagky 5o (V00 d
Sl mpl cdld Lgw 4o TiO, 4 Si0, il
5" Obles) wmsioa Sl 1) a5 S5l LS,
5 ol (SoyS a axg L (V) ) Sea
5 olalS adsi 5 (65,9laS (A5 50 U slge 5l eslinul
on gk (nl 5l Bae (olae DYsame 5l 0
2 S osd $U g el wSles U ol

el 035y 52 08, iz Hd (Sl

! Siddiqui

2 Ma

3 Wenchao

4 Jaberzadeh,

> Abdel-Goad

® | ahiani

7 Khodakovskaya
¥ Mahajan


http://dx.doi.org/10.29252/yujs.3.2.119
https://dor.isc.ac/dor/20.1001.1.23831251.1395.3.2.8.9
http://yujs.yu.ac.ir/jisr/article-1-169-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-10-31]

[ DOR: 20.1001.1.23831251.1395.3.2.8.9 ]

[ DOI: 10.29252/yujs.3.2.119]

YWY

VWAL /090 0 )lods [pguw Jlw [yl ! you b gy aloxo

slasls Luib,ly a5l cdslcwsd s
i sl oo ools flas (V Jgaz) jo Siails>
ety Coglin w23 il 5 57 o)) 5 5l las
ezl Gig 9 Jsb o 4 (Sig 9 Jsb aSLo
O g jo Sialsz Gloy (ke 5 2oy So mlan
Sidlem e g as,ye Olas g o e dsyo
Ll 2,5 15 92 al)l 5 6l jlas o gine 3l cow
0,5 b gme ol pl iy ool bl
Sl deye b ¥ Jgax Gk () Jga)
Foochle b oS osd $U ks 4 bape 0
sl & 38l 2y S 5 5 05 o
2 sk P SIE L gl a0 5 anl
b o oad e (sl o ales el 3l 2l
=l b al Sialer ey Gl cow wall
“ ok Sz wep (neS 5 il & Jgax
Syal 18, Geigred (Ll Gl Spal s ey pB)
D Sialez Sy (0768 Gl B pl 4 Cod
olej oefles e G ot 8y F Jgozr G
Oeizen oy el ple a4 el )dy (Sialex
Pl & azaty; Cowslie woyd (S 5 (n e
(V' Jgaz) cols Glad oy 5 & pad
4 azads; Cwglie oy (i ¥ s Gb
PRk Prog ¥ ekl b S o 9 Lo
4 azady; Cuglie 0o)d (p S WDpai 08, 5 7
5 5 e Ske Ve bl b n)S s U e
(FY) o Kan 5 SlaY sl 3o oSl o,
o oS A Sl doyo o ey a5 wisle ol
Voo chle b onS osd $l yaie 4 bgy
(Slsz woyd eSS nop 555

o 009 Jald )Lo...: O .Iay).o

(YooY oo 5 ' b) il e oud coaS sla,dy
(Yeo¥
GP = (N¥/S) x 100 ) ala
GR 4l o a5 Ssalsr oy dolee ¥ b,
35y oo el slaydy oy Nio giailss cs ju
Eg )| oA (G paw Lg[;b)'e) slass Di P ).ED’Q)j,o
GR=%i> X aba,

1p;

Ol 2 & Syl ooy Sles olao ¥ alal,
sloyd slass noy Sl ol Ske MGT
asbioe 39y JS ol D g Llais g0 3, d g oojalg>
TN LS 5 Vg ,05)
[n1 %di)+(n2 xd2)+.-

MGT = Y d.lml)
Ly

Ol &5 k4t Job jasls dolee ¥ b,
Jsb RL ez Jol> o iz Jsb o505 SV)
Sl woys GP o azailes Jsb PL g azasy,
AT (Gl 5 ssihaas) wil o
SV1= (PL+RL)xGP ¥ ala,

ol )0 aS Jh 4t gy oasls Aol O ala,
059 RW goame &y 4y g3 a3ls SV2
Salsr woys GP o azdile (55 PW g azasy,
e g o mws SLL 122 ) wib e
VVF o an 5" ok A YAY

SV2=(PW + RW) x GP O alayl

2 TrE 4 azaly; Cwglic ol £kl
XY Sl 5 Kl asl e

Jdob [ oals o azaty, Jsb) xVe # dal,
Glos )3 azraty,

s SAS  ldley L ool &Lo)'—‘ ol e
5 285 8 s 5 a3 9,50 MSTAT_C
A ooy isles EXCEL l3dle i b bools .55k
G Blas yze5] ool s baools uSilis anglie
23,5 all (LSD) s e

! Bajji

2 Gairola

? Azimi

* Raskar and Laware


http://dx.doi.org/10.29252/yujs.3.2.119
https://dor.isc.ac/dor/20.1001.1.23831251.1395.3.2.8.9
http://yujs.yu.ac.ir/jisr/article-1-169-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-10-31]

[ DOR: 20.1001.1.23831251.1395.3.2.8.9 ]

[ DOI: 10.29252/yujs.3.2.119]

\YY

oyl (Piailez G Sis 2 ()5 o $U 9 penilind wnST 65 9l ST 1 ponmy 9 (o

@zl Jsb azasy, Suglie o) (il Sepe o Giallsr ol Sl (Gallz wops (Slupe (eSike) ib)ly e - Jgu
<l gl cdale 36 cod g2 o)l azelS SS9 ok A G99 ok aSLe

S0y Jek Sl (Jib atls Cueglie vo o » e oy Az .
aalS  amls han 4 azasy, T Sl Gl el T
Sl
ARVATRASEENS /70 S 4 0427 ¥ SN SR L | i fivae® FYYIVEE VYN VOFIVF 4 PO,
(TS7A M C VAR 00 25 715 SR U & T/ 2R VYN 4 VAT A /L S 2 77 NA (N7 2 A o5y &9
VIET YUY VRATAWTT NaRRT aveeyTt st S A7A SR A SRS FEE
-If - VOYYE - A/E YeYPYIY AY/Y f4/4 -/ OAN Y Uas-
#1 A3 /g VelY Y /g Vely AI# (1) &y oy

Ao, 0 5 ) Jlaol e ;o ()l cire o dy g i (g IS Jixe pac IS

52 oLS Sralezx S ¢ Sailez w0 Sl 5 )3 gU e Lol Sl anslie -Y Jgus

Sl cep . S
) (22,3) @}al? _

Gy 5o %) G 2 p S )
£I15Y b AO/-+b aals (+)
a/f0 a Ad/vvab Tioy (V+)
4/-ba AAIs$ ab Tioy (¥-)
AS4 a AYI55b Tio, (5+)
AAY a A4/s7 ab CNTO )
q/f- a Q) /sra CNT-)
Ufd a ¥/ a CNT¢-)

olis 1) byles G 0oy O mhaw 0 LSD (yg03T bl 5 lo e GBS pae (g ;o 40 alie g,
(S w3 $6) CNT(pgolis anSlss 556) Tiop ams o

s e 5l 9y il 57 cilie alB,) Lol il aglie Y Jgus

57 okS Saile
Gy o ) Sialez e (229) Fj4ils> P
a/vb a AA/YAa rode o8
s a AS/YEb =Sk o5,
VY b VANt c &y o3,

20,0 0 o o LSD ygeT bl o 1) o Jless oy Slo sime GBS pae (ygim 5o 40 dlie g,
s oo ol


http://dx.doi.org/10.29252/yujs.3.2.119
https://dor.isc.ac/dor/20.1001.1.23831251.1395.3.2.8.9
http://yujs.yu.ac.ir/jisr/article-1-169-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-10-31]

[ DOR: 20.1001.1.23831251.1395.3.2.8.9 ]

[ DOI: 10.29252/yujs.3.2.119]

\YY

VWAL /090 0 )lods [pguw Jlw [yl ! you b gy aloxo

Ay g 4zl iS55 9 Job daady; Cuglie do o ( Siale oy xSl sl 2 pB)1 50 b slo las blie Sl anolie —F Jous

PRy
TEon b sl e oS ) 2
azalS aelS A o L 2 eSSk
(5 o) (el iy Pl ] (a2,9) (9)) &5l i Gl
YIAY k Vol ava¥ de VYV g Voo fg AY a Oyl
ARY ij Vo/a- gh vegaf yyov d-f Voo fg YY' b ek aals (+)
/%) hi VAL v-faf Af-¥ h V.- fg gl cf & pai
a/av h V#IAs ef VeVA- de \£0Y be V0A/A be 03/6- c-f o
\+Nogh \0/aY gh \-0F- c-e VFAY cd ANIYE gh 00/vo ef Sl Tioy (V)
AAZARN:) YAIAY © \YYP- b VFoA cd \##/4 b o ef &y
a/A+hi \o/AYgh VV¥4- b-e 100Y cd VOA/Y be #0 b-e ol
Vo fg volorhi - vveg-b-d yyoo d-f AB/VA hi ovia- f =Sk Tio, (v+)
\Y/-V de V\IVY ef VVof- b-d yyov d-f VFV/- ed ovivo f &y
4/Yvhi \o/a0gh aagA de VoA cd \#YIY' b oAV d-f Cyodg
VWivaef \VIYY de V10V -b-e VEVY de ay/-¥ gh ov/e- f Sl Tio, (£-)
\Y/AY cd yeivvfg e b-e VVA- fg \£4/f b ovvo f & i
FIVAL V-/0A m vysy f V-0 g Veaaf #A b-d ol
Al+A jk VWval avsae VooV g FEIYE ] ovef Sl CNT(-)
WY C yiayd \Y\F- be VFVF de \EIsb £ OAIS- d-f & i
ViAo k \YIVY k VoVFe de \YY5 e-g ey d £V b-d ol
/¥y hi AN Varge de yyoo d-f VXY ij oo f =Sk CNT(+)
\fa- b Y-/ada \oY--a \Y#Y ab VAY/- a #¥/vd b-e &y
Ay jk VE/AD ij V-4V b-e VEVY cd \#-IAb #¥IV0 b-e Oyl
\YIVY cd Y-M'b V-Ad- b-e YA a \YYIfe ovef sk CNT¢-)
VO/AO a Y-/VY ab \INZ | \AY4 ab VAY/-fa #4 be &y

auSlss $ib) Tio, o0 o ol ) byl (e 2oy O mhaw 40 LSD 39y elel Sogae B pae giw o ,0 alie By,

boonyS s ol Jlesd @ oy a4 ,d 4y Jsb
@S le jlodindis 52 03, 9 Sl p S dee 7o il
il Blad Dpal jlands g 08, 5 seld Jled
SS9 9 N Ak Py pald e (n e
FogVe slacdile b on)S ©os 6l Lo 4 azalS
RS g Sl loaniler 92 08, 9 S p e S e
Dpas oande o> pB)l 5 alh jles a4 ¥ a4
plGke Ve Chle b )8 s U Jled 5 255be s
Ot 0,10 Bl gy Jloaiiliy 92 08, 9 s
Voot b S o5 b Jlesd & azalS Job
OpreS g Dpal loailsy o2 08, 9 Sl p e S ke
Bl b S end U sl @ azels Job e
Bl ot Hloands 92 08, 5 S e Sk Ve

(1S w5 50 CNT(esibis

oy ol a4 Cad ()S ogd 9 Cute 5L

o U")S uy.: yb el 0dls oolo UL\M) Q):) oLz.f
2 opSeSee Yooy Yoo V) dilise lackile
M Gl weys il cel Gl
9 L:Liug}flé}}) Sl 00l dalls O Coowd ‘;:)Sb;
A Zod paled anSlge b (V-0 S
Sidler ey g Siailer doyo ]38l o el
0ol (Ko sy Siailez by (Sl 228
oSl b (YVF o Kan 5 | seils) el
o ey eSS B cdale o pglis
ol ey 059, 00 dale o g 2l
Glg¥ g JKwl) a3l oS Siailex doye rals
L (S g ki F o Bl (VY

! Hatami


http://dx.doi.org/10.29252/yujs.3.2.119
https://dor.isc.ac/dor/20.1001.1.23831251.1395.3.2.8.9
http://yujs.yu.ac.ir/jisr/article-1-169-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-10-31]

[ DOR: 20.1001.1.23831251.1395.3.2.8.9 ]

[ DOI: 10.29252/yujs.3.2.119]

\YY

oyl (Piailez G Sis 2 ()5 o $U 9 penilind wnST 65 9l ST 1 ponmy 9 (o

Pl Cond & pai jlodiilgy 92 08, (IS ebas
2oy el o ol et lanly
Jdob od 4t Gis 5 Job aPlh wzay; Cuslie
e Wil ge e azelS S g 5055 azalS
Foog Ve glachle b nS <o b oles (n e
Ll O pai loatilisy 92 08, 5 % 5 e )5 oo

25,5 IE (Vo) | ily o SSL (F Jsaz) ol
w72z azmy) Gl 9y5e el e TiO, 56 il
9 KW OL; )0 Comouw OL?U‘ MQL} ()L..> 9 ;_))o syolf
P TiOs b o pzman 0305 aiy) ob, @y el
el yid e S VO 5 VY YL ol
4 Comd IS ol azdile 5 azady) Jsb 15
Y e Yobl)'bs.w) KVRJCIIR VM
Voo ) e el 0pSTgs b cilizee glacale
2 g5 o i, s Gl s i) 5 5 s
TiO; 5 cialo)] 1o (Y VY (), Sen 5 ' (s, Kml)
odls &, azald Job yioldl cow wald 4y cos
oS el 00 55 (VY oo Kan g 6580) el
O pd e S de V0 gYeee clale 0TiO; 4b
oLS Hh 4 e (pteS g i c2ge oSS
Y )Ken 5 ooljogemme) ol ool 35
o 20Ls e @ Caed TM0; gb jaie puman
‘Ql)&o.b 9 o)‘y) Sl 00l g_J)O );).g ao wl)ﬁl
@ bope azaty, Coglie ol oyt (Ve
25 e S Voo e b oS Cpd 9 pate
(\V‘W ‘ul)&@ 9 LT“)") Sl 00 u»)‘; ){.5[) oLﬁf
Gl ads Gl cel vals 4 cas TIO; &b
b 5 g (VoVF o) 5 ail>) A es 0 sl
ol paiS A dy ol 8l cow wall 4 cos TIO,
$U stale)] ;o (V) ° Lic 5 osljog0me) Cansl
Foog Yoo ) dilise glcdile o S s
apalS (s oS el Grdhe 2 eSS
5 LiSugsSToem) ol ouds valis 4y Cond S 8448
o 22ls 4 Cas T10; 66 (Y401 o) K
‘ul)&o.b 9 0)5:) W PR g_;)b WLf 39 wl)ﬁl
VWeo g \Yer slackale o TiO, b (Y--V
a8 a8 azalS 5o5s GRlBl e S n S e
poles anSles ¢l (Y- VF (Lac g ooljogesce)
aalS Sz 5 55 sl e walds 4 cas

' Yang and Watts

2 Mahmoodzadeh

? Adhikari

* Buzea

> Mahmoodzadeh,and Aghili


http://dx.doi.org/10.29252/yujs.3.2.119
https://dor.isc.ac/dor/20.1001.1.23831251.1395.3.2.8.9
http://yujs.yu.ac.ir/jisr/article-1-169-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-10-31]

[ DOR: 20.1001.1.23831251.1395.3.2.8.9 ]

[ DOI: 10.29252/yujs.3.2.119]

\YO
VWAL /090 0 )lods [pguw Jlw [yl ! you b gy aloxo

&bw

2 e g 59y sbsle o (Sis mas U YA e ((Shed Gl g e pinadl 13 e (60 s L
YY-28 (VY el lals gy a4y 185 00l & pud (S pm Qy}islo}a)é Loyl jd cods

Ao YVY Ldeg,l oBuils oloz ol jlacsl.aode cely; AYAY Le i, 9.0 (idugl

AFAVAY (DI alS 5,515 5 T 5 alome DL olS Syslsd 0 5 Suielsnped slo sl

FYV-YOY PN ol ool pole dlme amo Lol o janl o8, 9 ails o Sles
ST oS o8) ez 50 ol slagasly g Sialz » yeh b cwyn YN e (lyae 5 E (sibas
AYYAYY (DA cobls 2ol g el aloes

Abdel-Goad, M., and Potschke, P. 2005. Phenological characterization of melt processed poly
carbonate multi walled carbon nanotube composite. Journal Non-Newtonian Fluid
Mechanics,128(1): 2-6.

Adhikari, T. Kundu, S., and Subba Rao, A. 2013. Impact of SiO, and Mo Nano particles on seed
germination of rice (Oryza sativa L.). International Journal of Agriculture and Food Science
Technology, 4: 809-816.

Akar, T. Avci, M., and Dusunceli, F. 2004. Barley: Post-harvest operations. The Central Research
Institute for Field Crops, Ankara, Turkey.

Azimi, R. Jankju Borzelabad, M. Feizi, H., and Azimi, A. 2014. Interaction of SiO, nanoparticles
with seed prechilling on germination and early seedling growth of tall wheatgrass Agropyron
elongatum. Polish Journal of Chemical Technology, 16(3): 25-29.

Bajji, M. Kinet, J.M., and Lutts, S. 2002. Osmotic and ionic effects of NaCl on germination, early
seedling growth, and ion content of Atriplex halimus Chenopodiaceae. Canadian Journal of
Botany, 80(3): 297-304.

Buzea, C. Pacheco Blandino, I., and Robbie, K. 2007. Nanomaterials and nanoparticles: sources
and toxicity. Biointerphases, 2(4): 17-71.

Gairola, K.C. Nautiyal, A.R., and Dwivedi, A.K. 2011. Effect of temperatures and germination
media on seed germination of Jatropha curcas L. Advances in Bioresearch, 2(2): 66-71.

Hatami, M. Ghorbanpour, M., and Salehiarjomand, H. 2014. Nano-anatase TiO, modulates the
germination behavior and seedling vigority of some commercially important medicinal and
aromatic plants. Journal Biological and Environmental Science, 8(22): 53-59.

ISTA. 1999. International rules for seed testing. seed science and technology, 27, Supplement.

Jaberzadeh, A. Moaveni, P. Tohidi Moghadamh, R., and Zahedi, H. 2013. Influence of bulk and
nanoparticles titanium foliar application on some agronomic traits, seed gluten and starch
contents of wheat subjected to water deficit stress. Notulae Botanicae Horti Agrobotanici Cluj-
Napoca, 41(1): 201-207.

Khodakovskaya, M., Dervishi, E., Mahmood, M., Xu, Y., Li, Z., Watanabe, F., and Biris, A.S.
2009. Carbon nanotubes are able to penetrate plant seed coat and dramtically affect seed
germination and plant growth. American Chemical Society, 3(10): 3221-3227.

Lahiani, M.H. Dervishi, E., Chen, J., Nima, Z., Gaume, A., Biris, A.S., and Khodakovskaya, M.V.

2013. Impact of carbon nanotube exposure to seeds of valuable crops. ACS Applied Materials
Interfaces, 5(16): 7965-7973.


http://dx.doi.org/10.29252/yujs.3.2.119
https://dor.isc.ac/dor/20.1001.1.23831251.1395.3.2.8.9
http://yujs.yu.ac.ir/jisr/article-1-169-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-10-31]

[ DOR: 20.1001.1.23831251.1395.3.2.8.9 ]

[ DOI: 10.29252/yujs.3.2.119]

\Y#

oyl (Piailez G Sis 2 ()5 o $U 9 penilind wnST 65 9l ST 1 ponmy 9 (o

Ma, X., Geiser-Lee, J., Deng, Y., and Kolmakov, A. 2010. Interactions between engineered
nanoparticles (ENPs) and plants: phytotoxicity, uptake and accumulation. Science of the Total
Environment, 408(16): 3053-3061.

Mahajan P., Dhoke S.K., and Khanna A.S. 2011. Effect of Nano-ZnO particle suspension on
growth of mung (Vigna radiate) and gram (Cicer arietinum) seedlings using plant agar method.
Hindawi Publishing Corporation Journal of Nanotechnology, 1-7.

Mahmoodzadeh, H., Nabavi, M., and Kashefi, H. 2013. Effect of nanoscale titanium dioxide
particles on the germination and growth of canola (Brassica napus). Journal of Ornamental and
Horticultural Plants, 3(1): 25-32.

Mahmoodzadeh, H., and Aghili, R. 2014. Effect on germination and early growth characteristics in
wheat plants (Triticum aestivum L.) seeds exposed to TiO, nanoparticles. Journal of Chemical
Health Risks, 4(1): 29-36.

Monica, R.C., and Cremonini, R. 2009. Nanoparticles and higher plants, Caryologia, 62(2): 161-
165.

Raskar, S.V., and Laware, S.L. 2013. Effect of titanium dioxide nano particles on seed germination
and germination indicws in onion. Plant Sciences Feed, 3(7): 103-107.

Siddiqui, M.H., Al-Whaibi, M.H., Firoz, M., and Al-Khaishany, M.Y. 2015. Role of nanoparticles
in plants. In nanotechnology and plant sciences. Springer International Publishing, 19-35.

Weiss, J., Takhistov, P., and McClements, D.J. 2006. Functional materials in food nanotechnology.
Journal of Food Science, 71(9): 107-116.

Wenchao, Du., Yuanyuan, S., Rong, Ji., Jianguo, Zhu., Jichum, Wu., and Hongyan, Guo. 2010.
TiO, and ZnO nanoparticles negatively affect wheat growth and soil enzyme activities in
agricultural soil. Journal of Environmental Monitoring, 13(4): 822-828.

Yang, L., and Watts, D.J. 2005. Particle surface characteristics may play an important role in
phytotoxicity of alumina nanoparticles. Toxicology Letters, 158(2): 122-132.


http://dx.doi.org/10.29252/yujs.3.2.119
https://dor.isc.ac/dor/20.1001.1.23831251.1395.3.2.8.9
http://yujs.yu.ac.ir/jisr/article-1-169-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-10-31]

[ DOR: 20.1001.1.23831251.1395.3.2.8.9 ]

[ DOI: 10.29252/yujs.3.2.119]

127
Iranian Journal of Seed Research, Vol: 3(2), 2017

Effect of Titanium Dioxide Nanoparticles and Carbon Nanotube on Seed
Germination Characteristics of Some Hordeum vulgare Hulled Varieties

Mahmoud Reza Tadayon " *, Mohammad Rahimi *

! Associate Professor of Seed Science and Technology of Shahrekord University, Shahrekord, Iran
? M.Sc. Student of Seed Science and Technology of Shahrekord University, Shahrekord, Iran
*Corresponding author, E-mail adders: tadayyon-m @agr.sku.ac.ir

(Received: 05.11.2015 ; Accepted: 14.06.2016)

Abstract

The purpose of this study was to evaluate the effect of Nano TiO, and Nano CNT on some
germination indices and growth parameters of some hulled barley cultivars. The experiment was
conducted in a laboratory at Shahrekord University during 2014. The study was a factorial,
adopting a completely randomized design with four replications. Treatments consisted of titanium
dioxide nanoparticles and carbon nanotube (CNT) in four concentrations (0, 10, 30 and 60 mg.l’l)
which were applied to seeds of hulled barley cultivars such as Bahman, Makoii and Nosrat. The
traits measured were dry weight of seedling and seedling length, germination percentage,
germination rate, mean germination time, the percentage of resistance of radical, seedling vigor
length and weight index. The results showed that carbon nanotubes treatments with 60 mg.1" had a
significant impact on germination percentage, germination rate, seedling vigor length and weight
index and seedling dry weight, as compared with other treatments. In this experiment, the highest
percentages of resistance of radicle, seedling vigor weight index and seedling dry weight of Nosrat
Cultivar were obtained under 60 mg.l'1 carbon nanotube treatment, which were 70, 122.2 and
64.9%, respectively, as compared with control treatment. In addition, 60 mg.I"" carbon nanotube
treatment increased the seedling vigor of Makoii cultivar by 39.8%, as compared with the control
treatment. The findings were that in terms of seedling vigor length and weight index, seedling
length, seedling dry weight and the percentage of resistance of radical, the Nosrat Cultivar showed
better morphological characteristics than Bahman and Makoii cultivars, under laboratory
conditions.

Keywords: Seedling vigor, Nosrat cultivar, Bahman cultivar, Seedling fresh weight,
Seedling dry weight
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