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Table 1 Soil characteristics used in the experiment

Unit Value
Characteristic T u>lg Jlado
pH A3 S| - 8.1
Clay o) % 13
Sand O % 33
Silt o % 54
0.C ST oS % 0.63
N 359 % 0.064
ECe o S colun cobls dSm'! 0.95
P (Available) oo JB yaud mg kg! 8.4
K (Available) o wd BB iy mg kg! 219
Zn (Available) o yewd BB 59, mg kg! 1.58
Mn (Available) o s BB 30 mg kg! 10.28
Fe (Available) oy 9B ol mg kg! 443
Na (Soluble) Joloo oo mg kg! 18.4
Cl (Soluble) Jolow H5 mg kg! 17
Ca (Soluble) Joloro pomnds’ mg kg! 36
S04 (Soluble) Jolo il g mg kg! 72
Se (Available) oo yewd P il pg kg'! 2.63
Cd (Available) o e B neslS ngkg! 30
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Table 2. Analysis of variance for measured traits of wheat as affected by selenium and cadmium

Mean Square Olas po (5Kileo
4?): . !~l‘ . l~|': . !0": . %JL”: s EIe O}j
GT @ Jadels b Js yis g5 O el
) L df Chlorophylla Chlorophyllb  Carotenoids Proline Catalase Shoot dry
SOV Yl g concentration concentration concentration concentration activity  weight
Cadmium — weedls 5 1597 0.75" 0.32" 189547 013  31.83"
Selenium ke 3 0.42" 0.25" 0.07" 1174.36™  0.84™  8.04™
. il °‘_'. 6 0.03" 0.04™ 0.002" 133.10™ 0.007" 1.34"
Selenium x Cadmium
(1) Oy 3.94 6.34 5.21 2.45 2.57 46

CV (%) -
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* and ** means significant at%1 and%35 probability levels, respectively.

* Extinction coefficient
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Table 3. Mean comparison of photosynthetic pigments concentration, proline content, enzyme activity and shoot dry

weight in different levels of experimental treatments

Tote Jubo s cdile by b5 cdals 03
Slesd slowd a b Agidg)ls ROIY) YO codled 43l
Treatment Chlorophylla Chlorophyllb Carotenoids Proline Shoot dry
Treatment levels concentration concentration concentration concentration Catalase activity weight
(mg g (mg g (mg g™ (pgg")  (umolmin g FW?)  (gpot")
Cadmium 0 2.558 0.99° 0.56° 74.8° 0.86° 9.87¢
pools 5 2.43b 0.89b 0.47° 74.5b 0.78 9.34
15 2.14¢ 0.70¢ 0.37¢ 87.2% 0.74° 8.04¢
Selenium 0 2.40° 0.86° 0.49° 71.09¢ 0.86° 9.50°
s 0.5 2.432b 0.942 0.50? 75.72b 1.032 9.41%b
1 2.47%b 0.932 0.49* 84.28* 0.67¢ 9.16°
4 2.19¢ 0.72¢ 0.38° 84.41° 0.65° 8.30°
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Means with common letters in the same column and in each treatment are not significantly different at P<0.05, according to

Tukey’s LSD test.

o5 bl o lS Caglie o (Jobw slid g lub
(Yao etal., 2009) 54 o

JYGE oy 5T cedled p podlS” 451

SYBLS o 5l cudlad (i 10 (6)lo sire gl edlS Lo
ol ooles 1 Silee laslie gl (F Jsaz) o5 ol
ot Cadled e opedlS pelas iglal L a5 ol Lt Lo
& re WS iz jo il rals aals 4 Cod o 5]
J9u2) oS esalive easlS 5 (oo V0 5 & golaw o
o YL (o yme 50 HlalS o 55 e T codlad (Y
VYW o bl (S b auslin ;o (p,5 Joo VO) ppoolS
Qutab et ) | Ken 5 CbsS s,y cudls 2als as o
30 VB 51 cdlad p euelS aS by yLis (al., 2017
ool slaclale [s aS s sba o)l wlFes o,ub )3
Glclile 15 Js oas 550 mupl colled alS o
OSan 5 old gl (e p bl gSan 3B SV
sladale o neolS a5 ols Lis (Shah et al., 2001)
SIS 5T ol 3 el (YpagSn Vo +) oo
0rr clale) meodls Vb golaw (g 0d @i oS o
6o ol em 1) 35l llad alS (¥ 509,5n
Ohen 5 oz Lagi VB o5l collad (l5ee 2 mreolS
Arshad) | )Ses g o)l gz o (Chen et al., 2007)
ol 00 sy 5 paiS o (et al,, 2016

Oar S5 g0 ol )
0,5 olenl g cdale o glo e Dol puedlS Lo
olas L ol ooles i1 (Sl Slelin gl (¥ Jsa)
oL el Jlade (peedlS 5,8 Lo VO o Jlosl aS ol
Silogime BT Lol ols ioldl vals byl 4y cod |
Jgu2) ais ovalin 05 Lo O 9 o meedlS gobaw (o
peedlS gl 0 3VL (oyme p3 lalS g lade (Y
aoy VPP sals lals L oawlis o (p,85 e V0)
Lo Jloss foleS 55 ol olime el Etls il
9 ULS)C Gl 00l d.».jl.l Sladlase )l G>)" Be MOL;
éf.;ﬁ )| wolS i C?‘L’"" R B (Y’ \Yl) u‘)lio.{b
Brassica juncea ol ;o sy gexi p peedlS 0y IS
i weedlS S dea 1o Jloel L a8 wo S 558
bl ali8l oo 0 AY vals lalS b avslis 4o s p
9 o9 Somel g meedlS jpax o g Gl
&Ko 5 paiS o (Asgharipour et al., 2011) l,Sen
o5 5 Jals s (Shekari et al., 2017) ., 4
Balys 50 elsn Jas il sl b o o 51 S
o Je ol cwl asliol Sl g ke 1 i
Gk 3l OLLS jo dn pex 45 o)l vgzg ak



vay oedlS 2 Lyl 8 S ias e s piF Gl ooyt 1 Sam 5 (50, llae

b s ls cdale a5 wis 5 3,155 (Keivanfar, 2012
5 2 PSS PO 5,50 28l il a5 (oS olS
e il 59,500 Ve Jled Jlael b (Jg 39 5 039
o5 ks VA & 5 Gl (s fosine ssbay o,
Olie GBI epiime cnl 5l 6,50 (315 ey 05 2
RSP COPURTIIRL G I SN ST
sl o,lis el .(Hajiboland et al., 2014)
Hajiboland and ) ,ails.S" § auly >l lawgs oo piitio
Jiang et al., ) .,Kea 3 KL= 4 (Keivanfar, 2012
5 yaie ol cblis ohsas el sblis i (2017
Soaloy liee Gl s by lantsis 3,0
el i jga> 0 lalS (g miwgid

5 Ol el YL lacbale 5 )57 it &l
u‘)li.o.ﬂb 9 k_i»..l G IV ).AM L@L}J)|)f )l L5>J" o
ab, g Shaler a5 wis ST 5,155 (Peng et al., 2000)
2 ke £ S e VF 1 Gl gl slaSE 0 puS
25 s 28l lS (glalisNa 1B jobay S 5L
YL cdale o5 e Ol pgas 0 (6,500 ouisS
lg ke Lasgs i (g jimgid soailocss ) mals ;5 gutles
yiiwe (Molnarova and FargaSova, 2009) 1gw(5 5 4
ke i Sl esla )l 5l 6ok (ol el o
5 yais ol 45 spiee o5 LTyl SWUIGe Slas
ool ate ol CGix pals Lo 4 colpiye 5 0
Molndrova and ) il o 3Ll g 5wed sleasls s,
.(Fargasova, 2009; Guerrero et al., 2014

oo s5xe g il i)
Jlixl waw )3 el a0l plas (bl 4520 s
J3oz) cals (s n s p 6ol b ws s S
a5 ol 5l b osles 1 Sile sl gl (Y
SB o FokS e Sk SO U el o 18I L
Syas Jy cabls Gl aals e &y Cod (rdgn liee
caal Sdyonl ol il (6506 ik YL e
ol Ol GRIB psas 0 plie @l (F J5u2)
OhSe 9 61l lawgi el b ool Jlod paiS o Codgen
055 5B el .l s yaiie (Yao et al., 2009)

Wl KiS (5 j5 o puodl5 4/

S ol plas ale SaS (g lp bl 4 bl
S92 S s )gb do 0 S i maw jo ppeslS
OeSilee Sl o 5l Jeols zuls (V Jgaz) clils cio opl
Lg p.:.o.)ls J.w C.la.w ‘M.oalf C}]a.w O as olo QLw;
039 M i (SIS SES (39 0,5 VAV (2 0Le
DS (Jilde (o g ols plaisl sem 4 1, adle Sis
O (GlalE 5 Sz 59 0,5 ALY a8l Sas 5 lake
@ (sl o5 o V0) (Fras meedlS mhaw VL
paiS o Sl p peodlS shine ).,.,L Y Jgoz) Sl Cawd
oo 5 (6,85 alezjl (gouwie pdiore lawgs
eodlS el oals 5,158 55 (Shekari et al., 2017)
Sl e Sl g 050 Dl LS by Slula
Fosedlgn sloog 5L pare ool (Jlaglgiear 015 oo
) olS ool cudlsd g oaiscaS 5 aLS slacnsyn
B imS] s sladiss (uuedlS jga> 10 080 o kS
5 @l polie Qi 3 webioe adg plBLS o (6
Gl Culed,s 5 00gs,F sbml Pt Il slié s Shee
Qutab et al., ) widl o Gl lS Jolo Fpo 5 o,
.2017; Wu et al., 2003; Dong et al., 2006

SFwsid Glbdi Sy sgimo y il ]
s b @ Jodo)ls chile o ()b sine Syl puikes o
Sleglio b (¥ Jsiz) 3,5 sbml oS 055555,5 o300
ke a5 SlalS a5 ols lis e ol sl Sl 5eSilia
oy (ST oSS 5 oS 1) paila Sl a5
i D g IS el ls wmls ol b awylie o wis,S
35959, Jlade 1 g @ L39S (e p b Ll g
Gpan (Sep (¥ Jpaz) cbly ke b lalS
A5, a5 sy (p5 e F) il (VL 2lale
oh el wals (blS L awlie o |, ow)no,9e
shlpd o Al aw ol clale oy S Koo ledy
2 ke S e B o o QS a5 s 5 el
(F Jpaz) a5 ady S 55k

Cdlo S, chle il o ewile ol LA
el oad s BSOS 5l ke 50 st
Hajiboland and ) ,aile.S o ol >l> Jleclsica

® Reactive oxygen species



WA oy VY als s psle 5o laee sla i

YaA

olis (Sida-Arreola et al., 2015) ol e ¢ VY, Tl
S r A Se dael (oS lacdale o il oS ol
Olgieds 2] 4T s 4 g oo 5 el ohgar ol yolic
a9 g0 gmime STl Glag 5T 55 lsS
SVBIS 3 Callid T3 il b olalS s s

Wl K85 (g p poiew 7]
Bl S (39 Hlaie )3 )l gme Sgl ek Lo
ool 1 Sl Sluglie bl (Y Jgaz) 9,5 sbul s
P pS ke T b w0 YL a5 obs (LaS Lo
e ok sald 4 S | Ble K2 5 (p Sk
S o aile i s WS pbay s alS s
ol LS b aglio ;5 quuike o8 oo F L ond [l
Cts pgas ;5 (V Jsoz) il 2als as o VY lsgas
el o Sles 285 5 ek (VL slacdale 5 50
Gupta) Ly g5 5 LS o (Turakainen, 2007) 515 5 )]
—edale o paie ol aS asly Wbl (and Gupta, 2017
9 Ot dgel glaaeul b olS 3 s ok sle
Ogeegihr 9 (rattmmgil a5l g odbuS 5 (rmigate
Gl o etis n plaislos & s o3l S 5 90 035 (o0
gl oo gl o5 el g wisd s

4D 58 Lo IS Cle y rosls x il Jlise 51
J992) 092 o sime wo ) SG 5 0 Jletal gl o i 3
B roolS % otk it | eSibs mlis (Y
oS SlS 5 alscs, ol clile as ol plesa s lS
e g WA 15 pedlS 05 (s iy b jho (om0
boanolie ;o w05 @l o 5 meide 0,5 oo 10 (o
Cedls Gl (S5 el 38 58 28k )0 peithe &5 JlalS
OA JS8) 5955 Jfaisimn sylel 51 alidl () S0
20 Jebg IS Cle il e 518 by IS B
S8 ol 09 Sgpien pedlS (A5 2 me )3 lalS
Cel il o5 o 10 Bpan ouedlS Ui 5 B
392 90nll 20,5 dalds 4y s b by I clale o8l
0) sl lawgio mhaw (Syme o ol a5 alyd o
(5 oo 20 s 31 6 i im0 15 (o5 o
abg e ol Jled 4 Cos D A5, clale b og oY

WS eSS etk oS ke ¥ Gpae b o5 wio S
PO eS reSesee Vot @ Ad sga 5l g (e
Hajiboland et ) ), Sen 5 oils > .28l l58l oS
g |y il odop cdale  auile 56 50 l, 2014
DB sonosge Coad 5 €Ll slagl 4 a5 (sl
€l 4 lg 4o puides 0,157 a5 Ws ST 5155 4 wssle
Sael Cloa 4l )3 (Jg w0 S olgp Sdale (aal8l o
Yao et al.,) o,Ken 5 gL 0d opdgyp cdale alS
oS SLS s Gl Gialidl a8 amals Ll 2009
3l eSTly @8lyye Wgdos Jled puibeo b 25 Ll o
Gl G5 Lld b b oS g oS L

5 Jol> sy Sl

YO oy 5T cdlled s ol 131
3 ke Jles Jlesl aSmoly plas (uil)ls 4528 @bl
Cellad Glie 2 s)losne )-‘-'l‘ 2oy S Jliol mlaw
ool il (il Slaglin (¥ Jgaz) cusls SYBIS o5
10 s 5 w3l ol edld e a5 sl lis el
209 V8 55 i o b denlie 5 il o5 s
s ppolde B pas Al S 5 (Y Jgux) Cul iy
AL 338,55 155 e 5 ol 33l el s il
A e dald oS L oawlie o ol ol o5 cel
- e T a5 Sl o el cldld i o Jlieglsiea
SLS 5l S as 0 YT sgas wis )5 cdly o guides 6,5
5B Jgam) 0,55 cdl e senihe A mn 4 o
Olisios gedge oS ooyl colld Al 0 puile
SIS 4 Glsie dlex o] 5l a5 col 0oy souae
«(Hasanuzzaman et al., 2011) -,Ken 5 logins
ohl%en 3 Kb> ¢ (Wu et al,, 2016) ) Ken g 929
2,5 o,Lal (Jiang et al., 2017)

Jus cely el o8 wlosS ol e 5l 5y
SRl 4 e Gk cnl 5l g ead VB sl 00,8
Jub slatisS i (sl ol 7 FaS Cplr b
-0 (Wl g0 9929 4 olS j0 5 Lyl 50 48) (5]
a=>g , (Yao et al, 2011; Lin et al., 2012) .54
Feng et) ) Kon 5 S8 ladllas o STy ol ounslSo
5 (Tobiasz et al., 2014) |,e2 5 ;LU «(@l., 2013

! Scavenging capability



vaq oedlS 2 Lyl 8 S ias e s piF Gl ooyt 1 Sam 5 (50, llae

B L L 5 i sl 5 ot s 5 oL sl
(S pSekS » p S e 0) bangte muedlS 5 ¥ ool
2ol GkS 4 Cuns bl wdebg)ls clale wal Lo
Sy cbls Juals as o 18 sgas (ho peidw) dbg e
s 10) 55 sadlS L s e (a3 o8 oL
o] iy lS e 6t Lo (S5 o S5LS 5 05
20,3 VY (Gho eile) abgypo vl LS L anylie 5o
e i b GKeo lea (YAUSE) cuisls uals
3 aSeg)lS chile als (S e ) el VL
B sl VL shaw (Byme )3 olS o a5 ailpn

Vb ok o (blis abi ,o (OB JS&) b a3l
IR p Gt b eile (e Ske V0) predls
sl b Lég s
chle popele b ool SIS Sl annlie
o b o5 lee B ke a8 ols las wSeiss )5
O Ll (Y Jguz) a5 olS o dlo XS, pl cdale als
Clle 5 eeeslS x eeile Bline 1 aST s
J9a2) 292 o gime wo o S Jlai] mhaw )5 039598
Ol 2 ke 3B 0925 b 5 ol Dbl (slp 1 (Y
SE e 55 1) S eedlS Glime b ol 089518
Olas yais 99 (nl iSen 4 Loy e :Sile anlie ol

A Statistical significance: Se (**); Cd (*¥*); Sex Cd (*)
: 3 § o . °
é - - T 0% 2§ s
3 = 25 e e
3 g .
< © 2
35
‘1. § 15
\$ § .
% <
\ O
2
~ 0.5
e o
-73 L] 4 2 o 7
i Y— -cl’ © Y—
. g 1 3 5
—~ § (=]
12
W © 0.5
25
% <
v, O
b
0
Cd
Se| 0 J0o5( 1 4 0 [05] 1 4 0 [05] 1 4

s d3litno B 52> (51,10 45 S cpuSibuo .(B) D g (A)a Judg pls Clile 59 auodlS g i Joliiio 51 (6L cyuKiloo duumss Lo Y St
015 o w33 @uodlS g puids (B jlows Clilé 05,410 (610 Sxe (5 lel glas wuoys & Jloio] b 10 (Sei yg05] wlel p

dboo S eSS

Fig. 1. Chlorophyll a (A) and b (B) content induced by selenium under cadmium stress conditions. Se 0, 0.5, 1, 4 and
Cd 0, 5, 15 indicate mg selenium and cadmium added to kg soil. Mean (£SD) was calculated from three replicates
for each treatment. Means followed by different letters are significantly different (P<5%) according to Tukey’s LSD
test. Significant effects for the main factors and for interaction between them are indicated with asterisks.
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Fig. 2. Carotenoids (A) and proline (B) content induced by selenium under cadmium stress conditions. Se 0, 0.5, 1, 4
and Cd 0, 5, 15 indicate mg selenium and cadmium added to kg soil. Mean (+SD) was calculated from three replicates
for each treatment. Means followed by different letters are significantly different (P<5%) according to Tukey’s LSD
test. Significant effects for the main factors and for interaction between them are indicated with asterisks.
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Fig. 3. Activity of catalase induced by selenium under cadmium stress conditions. Se 0, 0.5, 1, 4 and Cd 0, 5, 15 indicate
mg selenium and cadmium added to kg soil. Mean (£SD) was calculated from three replicates for each treatment. Means
followed by different letters are significantly different (P<5%) according to Tukey’s LSD test. Significant effects for the
main factors and for interaction between them are indicated with asterisks.
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Fig. 4. Shoot dry weight induced by selenium under cadmium stress conditions. Se 0, 0.5, 1, 4 and Cd 0, 5, 15 indicate
mg selenium and cadmium added to kg soil. Mean (£SD) was calculated from three replicates for each treatment. Means
followed by different letters are significantly different (P<5%) according to Tukey’s LSD test. Significant effects for the
main factors and for interaction between them are indicated with asterisks.
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