”oe

J’/a&’!

) Pele GJQ:SAAO%.:A..IE
Fnvironmental Stresses in Crop Sciences
1TAL Ol (90 0 lod (i3 jaw N>
Tor-11o
http://dx.doi.org/ 10.22077/escs.2019.1992.1487

0gu> W i i Ob P (o lowign Olao (S g 9 Ols 10l SOS Ol (wi »

Tl Jels T ogolsi dpmes ! i 459>
OB 5 65,9liS psle 5 (rb mlio o8ty (65515550 5 SULS Mol 05,5 +(55,5LiS (555l5aSgm )| (olid )5 (gommiils )
ST 6555 psle 5 nab qulis oSl (555liSTans 5 LS oMol 05, Jluils ¥
O 6555 psle 5 xmabs qulio olSiils (635)5i50s 5 LS 2ol 05,5 ozl ¥

AVIV NP 1 5h ey gyl AV ALoF 1l yo o,

v

"

S 30 g b ogar 0,1 i 03 o990 50 i 9 Conows Ol g Lo (TN )3 (s (3 pais Sy lgieds 0gux
ool (il 5109 50 09219 & 0S4 35 313 5 LS 3 1 (1L~ Conogauans § 39 00 3y (1AL 0,502k 5 42 0L Abrwsgas oir
Jols (oo (5o los ks sl Sy 0ial e 3300 53005 alS asly 50 B 55 5 sl 3300 o]
S 5l 50) o i i 555 9 kol 1935 lancts (Vgag,Sens 10 31+ o bl (lgicds yhao) SBCAAE b ogezr g IS
SB35 ol Olimo 09a2 9 1S Lo UNDT08 g 0 5lg 50 Lo 95 50 o1 L gl 092 (o8 8 9556 lgic s (N9108 (Y
i i YV 9 AT i35 42) o9z 0515 ¥ 305,500 10 slens S 55 32! 3l oo ot it 9 S a1 331 (gl 5
o Wyl ogdledy .ud ouslive iliss Glacais] Judg LS Blime 50 G100 (AL 0guar g IS Clalé (o l33IL 09 (aald &
Cd 5 amii lg o0 01 (381wl b duan Lo 50 oo Lo gLaazalS 10 1y (Jokw (ygwliausT (A5 LS Gl (5510 S0 ysbas

010 HLiS 395 51 WS 08 ) 4y S (5 ik SS9 cogur W ST i i NIT08 isnal ¥ 9 0yl 0 o3

lazalS Al o ((rigai Lo Ui w0guzr W I (Sigy g b CldS GBS S outnls Lol

Gzl o g oatd g (5l G & g5 3l ey e
9 b lon 5on czge ol Gren oS e anilil o
(slam et al., 2007) 598 co oy ;0 (G320 (o,lse
o)lpd 53 e b oo DI I (S plieas 0gu
45 o gelaanST AL o madbigions 4 99,9 9 (Joko
LS 53 1y 55 STy 5eeST Jlsb sloisS ol Jloo &
sload Ll o ol caw anld oyl g g0 g
Dol 5 oo S s |y Jsho edilie 5 ot lud
Sloise By |) lag S gine Collid (pizmen jaie
yare ol Gl 3158 eg> cousw (Zhou et al., 2007)
2 DS Jeley alS el ol 5, o 5o

ddo ) ab) aBei ( Jolw slie olgls o s olS 4

doddo
S peiiee g peitee SO 4 1) 095 sl ples p2y
3las ole it sl iz sl oo caws 4 LS
60k Coond g 6 I cha Lo y85 Al o aiel S 00lgils
Irannezhad ) anles oo ool 1) ladl lié slasls )
alozjl s e slo i (and Shahbaziyan, 2005
g oo piS 4y (6oL Ollus byl cely (K ©l3ld
ol oo LSy iluslil el alsr ud (o
Olyeds 092 (oS Sl Gl 5l el ond gy 5
S8l oglge a8 )5 Al )0 e )0 58 5 sews
S 4 3980 Cgme arme slros VT o Soses
e e 5 laydas o JLlSS «Sy3slssT Yo a4 o
olpls a8l ys (Amani, 2008) 55, o i 4 S5

navabpour@yahoo.com : iy xS s ol drw 5550l 003 )55 ¥



ARl O al> e pole 53 ae (sla i

so¥

B Lo @ o ysadgllie il S &l5ls u’«‘*’)ﬂr‘“’
95 0594 S8,k 93 (sloy58lS alilgs o 18 Jlasl YL
1) omgs) b, 5 g slgllie sl 5L5s 50 o g
ol owimes (Blindauer et al., 2008) oS el
G g oS AW L oae B b,
o glacbale ol S sl ogez aile (559,08
550 5l (Hassinen et al., 2011) wles > Sl oyl
-JS5l; leSh bydgslle (ol golgiiny slo i
(Akashi et al., 2004) .l

Ol o8l (b3l sekiear o (ul L) (e o
SrSoill (mizmen 5 (asellie 5 VLU lag
@ Jov o asls (g o5 olardsn sl aslo
995 y)lg0) pAS gl du )3 Wigdh oo arSLLL S
Coons &5 S )] Jos gy g (NO108 Y
s pll ogr 518

g, g olge
SIS s o ol 55 ol g8y ool
saSizils Sbls Mol olKiole;l jo 15 aw b dolas
58 b i 5 53155 ke oS5 AL s
o aado ¥ oo 4 Gleyl oyee slacaigly jody ol |2
JB pebar 5 (Sedead ao)d o w3 S g Jolowe
29 IS 18 1as (55 50 5 gdstand ojins Sl L
259, 0 S (b (Sob Ll o g az e Ve sles o
BRSSP KPH PESIR VR P IR R AP H PE S O
4) Singyded Ghign peyatte GCLS 4 i) e
Ly oS Jise ailSga Jolo 2V (gol> (FOXTY ola
O JSE) ab ools 5 SaSy 5 el ¥ alols
o) Gckle b oogz w)ls Jols ctalojl slojlos
kol )9S Glyieds ((Vge9,Se 10 51+ B (wald o)
Olear NOT08 5 0S5 1) U oS slacesisss o
2 (25 ) alesl aly o sl oS 0g 03,551
ol Sl i e o slp Sl cpl o ad a5l
392 S92 ge diged ki yp ;0 S oS

aibie )3 1) CutS e (p i S 5 Wl e £
oS asb o isuisael slacpY I NO108 Y 4wl
Sogd 9 (SdS SBRT 4 Coad g 0092 YL 0 Shos g0
V) (Fiamy aleye 4 GlalS o, b sl e Joxie

2S5 o0 (Gialz g (Bgn Wy 3 ShelS 5 Ble
£ 9,50 ¥ S 10 0gu> jle 9> (Zhao et al., 2008)
Gl 00l ;d ‘a)fbi.m AR uLﬁl:.f ..\.M:) ‘_g‘}: 9
(Solhi et al., 2005)
Jus & e Jsbo 5 o] b slosisS g
a1 L a8 o polaisl 23 L 6o e (33,5
e iy Jolse p U 5 Al lacnisn 008
Calesyd 5 ond (i A Fly yo o ol o8N s
S e ool war Lld 4 @S5 sl 1, Jole
5l lacgeme slyls ol (Salehi et al., 2014)
o sl 5l JSeie oo o1 s sl
g dile ou T il T wis Jols slans ol
Sharma et ) o jlonsSTy cw 5wl 3 (CAT) VB
90 how a5 ol ob (soime oo 31 S VB (al., 2012
WS o 5B ) 5T 5 O @ gy JsSge
Jd sleasss Lol jolie i (Foyer et al., 1994)
SYBL o351 50 onge 4y Jokos elass )0 CBo 5 (5]
L) 5550 i axmej cl 5o YU o5 ol jlaeaSTy
o gsgales iy oo sl 52 55 SYBIS J5Slgo Sy 08 oo ]
WS oo 03T g ol a1y (59000 STy J5SUse
La> 4 YBIS a5 ol (Chelikani et al, 2004)
odj b g oy Slais Gloj 4o JWb (5T (5limgen
O a4 olS 50 5 o cudled cplply S o SWS
o5 ol o .(Magbanua et al., 2007) sgds so yiion
5 CATL loj & comd (25 e Lly o CAT2
sote s CAT2 g CATI 005 o b i CAT3
CATI1 9 .>)L> Gla...?uy Lchbu;';.;.}" ﬁ‘ﬂ BN cLsf Lg)Lf)‘L.q BN
Coatl ) 5emS] Jlab (sokisS (sla Ui walsss (sl
GLQM‘W] )‘ ‘;..C 9 L;}L“’Uﬁ)‘) Lgl.ao.).,..f IS
@ gl 50 e B gl ol it
ols o (Cobbett et al., 2002) oS oo iyl i
28 NI 3gzy lapisdgllie 5l gousite slap 393l
JA‘?—C— L&l ).J| )O 9 oltf s L;M) J>|}.o 9 LQMSLJ
o-is (Freisinger et al., 2007) gl oo oyly calize
R el Eoud g0 jeaa aSgp ool (e B30
5 Silbwgegn lacpisn (nl ln ot slogid



FOL 0ge> o i Co o pasS pleenlipn Slio (B 5 GlenSIak slap)) Ol (o) 10 en 5 (i

Jol=e as sl (Cailin et al., 2008) s 5 & s
2P b Vses S 10 5 ) B slacale )3 05> w15
Slewloro 5l 092 )5 YVVIB 45 0502 9IS JsUge 2,2 &
e a5 0 o e O )3 egz w I8 oolil 55
S gl Jodomo oS ilel 3l b o5 050 S (598
STl g sl i oo Vo Syl 5 s 100 X

b okiluy ol G e 4 ke

0902 SIS Jolowe (Seigg e Laome ;5 St 5l s 59
Slp 959 Jolme i8S azms 4 003 878 glaclile o
e Jsloe H ayo 8 Jlael (i 5 0 adlol Jlogs o
VO 595 sk IS bapzs glos w0 a5 DIA GO (e
0,95 Job 5 w8 ooty ol 8 il ax 0 VA Gl o g
2 Jseg,See YO-Ye ey Dol b celn V7 oLy,
Lo Cogby jlade 09 S0 celu A g asl )0 a0y
Pgp oy aliwgas 15 laad ) (20lga g ao 0 PO L F-

QS ga CulS Jumo 50 oubClS pulS gbrazals ) o

Fig.1. Wheat seedlings cultivated in Hoagland culture media
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Fig. 2. Melting curve of catalase and metallothionein genes in Real Time PCR
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Table 2. Analysis of variance of traits as split plot in a completely randomized design
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Abstract

Mercury, as a heavy metal element, plays an important role in contaminating the environment and
causing toxicity and stress in living organisms. Among heavy metals, mercury is considered to be the
most toxic metal in the environment. This metal is considered as the major environmental pollutant.
Base on this, a split plot experiment was conducted in a completely randomized design with 3
replications in hydroponic condition. The treatments consisted of mercury chloride with concentrations
(0 as control, 5, 10 and 15 pm) as main factor and bread wheat genotypes (Morvarid, Gonbad cultivar
and N9108 line) as sub factor. Results showed that the expression of catalase and metallothionein gene
was increased in Morvarid and N9108 genotypes by mercury chloride and the highest expression of
these genes was obtained by treatment with 15 uM mercuric chloride (9.2 and 2.7 times more than
control). By increasing the concentration of mercury chloride, there was a significant decrease in the
chlorophyll content of different genotypes, as well as mercuric chloride significantly increased the
TBARM (cellular oxidative index) in the treated seedlings compared with the control. It can be
concluded that the Morvarid cultivar and the promising line N9108 under heavy metal stress showed a
better response than the Gonbad. According to the results of this experiment, it seems that the antioxidant
defense system plays an important role in the defense strategy of the wheat plant against the tension of
mercury metal and this defense system is induced and activated at the transcriptional level to help the
plant.
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