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ABSTRACT

Silicon (Si) is the second most abundant element in the earth crust. Silicon has been shown to ameliorate the adverse
effects of heavy metals on plants. In order to investigate the effects of silicon nutrition on tolerance of mint (Mentha
spicata L.) to cadmium stress, a factorial experiment based on Completely Randomizad Design was conducted in
four replications in research greenhouse of Mohaghegh Ardabili University at 2014-2015. Experimental factors
included soil contamination by cadmium (0, 50, 100 and 250 mg/kg soil) and silicon nutrition (0 and 1 mM). The
number of pots was 32 also in each pot one spearmint stand were planted. During this experiment, traits such as: plant
height, plant dry weight, root and stem dry weight, leaf and stem number, leaf area, chlorophylls index, electrolyte
leakage, relative water contents, chlorophylls a, chlorophylls b, total chlorophylls, enzyme activity of peroxidase,
polyphenoloxidase, as well as proline, carbohydrates, caretenoids were measured. Results indicated the intractive
effects of cd stress and si on plant height, leaf area, plant dry weight, stem dry weight, root wet weight, proline,
activity of peroxidase, polyphenoloxidase, chlorophylls a, chlorophylls b, were significant. The highest value for
carbohydrate, peroxidase, polyphenoloxidase, chlorophylls a, chlorophylls b, plant height, plant and stem dry weight,
leaf area, root wet weight were obtained by foliar spraying of 1 mM concentration of silicon and without cd stress. In
general, it can be concluded that foliar spraying of silicon is effective to increase total chlorophylls, plant dry weight,
and stem dry weight under cd stress.

Keywords: Heavy metal stress, physiological traits, sodium metabisulfite.

* Corresponding author E-mail: behsmaiel@yahoo.com


WWW.SID.IR
WWW.SID.IR

P RTST LTS SRR GNP PR ASTIUUIN WL VD AR E 01 PRI\ P L OV PP PR VS VAP

0507 (PD) oy Ni) JS5 (oK sla3ld el
s (Cd) pguedls 5 (Cr) pg,5 «(CU) o (HY)
G yidils s a4 peeols” (Kafi et al., 2009)
slcdle ;5 Coon cnl g cdle G 5 5L
Balestrasse ) <ol 48,5 |18 ol a>g5 5,50 YU
ke oLS £55 can p pgmeslS 3G (et al, 2001
o IS A s Jg (Das et al., 1997) el
(o5l Ll 25 gl g 0D, RalS
Slge Lix o P oledl slae o s
.(Balestrasse et al., 2001) 05 o0 LS o olde
bl e Sl slas lom dbomy! s 55 s o
B Sl S 5 balS Gl e i
Rahimi & ) sso00 (95)led 058, YU g (Bgye
o 5,5 S oly 3l yaie ol .(Ronagi, 2012
lgo o)l gmio Oluls 5 Jd slbacsgw
Slaalob Wlgs oo l9a )3 poredls’ slaceS 5 0gb o
WS b S L Ol & sy 5l e |, SYsb
oS ool Ole srAed ladsS (izen
50 0a Yl K 8l ol mes el a5 0 ls
3 pemesls (Lefevre et al., 2009) ol winly> S
s3ds Byl o ly Skt Slald i, b
WS (oo obml SB oS 5 L a8 W
Ay glyp 4z 51 vsmeals .(Jafarnejadi et al., 2013)
Sy ol 3l lolay 38 Gl Ll ccasdis j9,2 oLS
b dlorms ol 5 Gl g 5098 o0 i Ay
Sanita & ) Sgbe sz 8l oly Sdbgl
(Gabbrielli, 1999
g w5l ouiS ST Slge adgi L pawesls
Blle cdld 5l oSl s S
oSy g (ST Sansisl
cel Silfs glaswl 5 baatgn  dass
(Hsu & Kao, 2007) 04 oo sioluST slo i
sl 3 Sles Sl (Son 2lospdy et iz
loos e s K oisa) (S Jolu 5 pllewdly
@) pdbgiow jo (Gl slad (pye S e
Gzl slag o Slee o Pl cel g 08) oo
ool b paie ol (Pandey & Sharma, 2002) wig
oy 51 0395 (e lie) Slagcdgm po LS

4odo

Slogzg oGl ks 5l s 5 (a9l plalS cuss
ol soasls Glal gylas e laplla s
ol agn B (55l 5 55 olmal i 5l Lol
Mentha spicata ) sl (Zargari, 2004) Wlos S
gl 6,5 4 3lae Spearmint . Sl oL L (L.
s,y L odl ws (ale 2LS Lamiaceae
4 45 Sl G5 e Bl e (g S
Ddge odd i S5 4 builwstl sgzy e
solacwl o 4y olS cpl Lowl orlan ol i, g
ol Glong Cuootl (Shho> (6 rizeod § (29,00
(2l mlio (gilug)ls mlio joielias 5,550 olge
gleo 5 il (spshd (sl - il
(Omidbeigi, 2005) 5g.5 o oolail glay g0l

O oogll ¢ azmacian ) Plue 51 (Ko 05,4l
O sl 4 e oS cas )y S
.(Bohnert et al., 1999) ..l

Sl oS slasls ilges SL Soll
030% Oes Sl3ls &Sz el glis o b O
sy Ko 4 Cod g Yeb Do 4 S
St sl g plys S 50 g wileon (b hwsn
sloils 4 by Jol Jase (Lasat, 2002) o )ls
By JTeé slooan¥T cpl a5 canl o S
woally e plyaps 1 gleeandl
SRR (OER I PR A SIPISTE
Sl 00)S b heoeden; GleeasY!
4 oS lesls 55ls .(Kabata-Pendias, 2001)
2 eSO G S & Slaslat s lajls
Adriano, ) sgd oo a8 Wiyl caSe e gilw
5 reeb ssbtr e slasls s Siali3l (2001
oot £ly; w2l Ho gladl sl dled dons 0 b
Loy bascdl 5 olad glasgs o5 clea,
51 (Keller, 2000) ol o glacollss 51 5k
Zel &S Gy a4 Sy bl ol Gl
Srodol 1ol (0950 95 5 Sulled hals
4 99,9 b bl Sl s> 5 ol 4 dwio (S
cely «(Azevedo et al., 2005) sgs  olaé 6o

S ogdise S slojls i 5l AL slaca]


WWW.SID.IR
WWW.SID.IR

VAY VWAVl ) 5,Les PR 8,00 o)l SLEL psle

Fo a bpae Ko b oS5 Jds 4 S
oLE 5 009 Jaloeal a5 ouel 1o 0T b g lSkns
sl 58 Jyeraysbas Lol oo (qwytws o] @
2 (HiSOp) snlSihwgige JSo 4 56 S
ollS g o4ls 5929 Voo Lo < /F L /) lacdale
lom S (o0 @iz S8 e 4 ) pate ()
Sl S8 a4 jae Gl ol bey Ol
Sy b shgel IS e S ()
Wb ezt e ol 5 (py0m]) Cavgys,
.(Epstein, 2009)

gyl als el & raie Glyedr el
5 A (Sph dajaie Cuew wile laas
Sz by ol onds wiSlis g (S5l pes
EISTERMINCINC Y R TR PO N TR
aile laplail 4y (S oL dajls JUisil 5 (i
5 o5 S el cel (ol szl ST
59 Oliire 095 0 LS o (S b3l oo
poeedls & W8S (6 S A (i S9> Saow) 2
@lor slaplal g ady) SaS ()39 s)losne Hobay
5 s b podlS o3 5,018 5 ol zalS 1, &y
Bras god)S S pSelr D)5 olS ;0 presls Can
Liang ) ai &)3 ol o ,Slae iolidl el gl
S Lwlin g 3l el 0 5557 (et al., 2005
lapazly g ad) » preoliConn Slinals el
Behtash et al., ) o ood jos> SGjels5d
(2005

2 e Sk (LBL sl (sl ol plas
38 3l 3l (5 5 Caaglie I3l 5 305 J S
Gao et al., ) baije, oS, » 56 ol 5l ol
G shals 4 e byl ddlis Lk zals (2006
(Datnoff et al., 2001) 4% o

30 b Brae diedgw S LYo ladse
wp a ]y peeesls @ min ol Cueglis sl
JEsl 855 paesls Jl 5 i Sl 555k
P55y & pedlS JUiil 5 cedlysyl o Sl poeools
(Chen et al., 2000) wlos S Lo |y puadis Jawsgs
WS IE R Slam,n @l o pliie
a5 p3eedlS gam GRlS el pand

St el sile el (S Solled Jles
Sl B Geizes g 550, Sl g sl Slbsls
g ond bty n oy fall cow Sl sl
Owes (Zhang et al., 2002) oS by |, o,
dor 5 ol B slapsl el e L
O N TST T I |- B Je S RP L ey
Grwgd) cola,g ol cel (glasjy, slaasl
5o bYs 5l .(Wang et al., 2008) 04 co i) g
2 pyadls 5B (Al 5 paradls | (AL Coons
S il olS 0 e slajaie @y g Ol
LS s laymie slasyaS By s il
5 lid sloymie Jolis 5,55 o el oS a5l
(Dudka etal.; 1996) 545 s oLS (5,9,L Lials

e s34 555liS oS o ooyl
S¥garme SS9 0D [n) sl G0z Wi S
Iy odiiS B pae Jodlw g ools ol |, (65 5lis
sl Sogl zals cplpls ojlal e yhas a4
ol (650liS brgi 9 (coge (B oS )0 (S
wr S bs (Cheng & Huang, 2006) oS o
S ay Sy bl clbsls Sogll b akyl, 4o
S Sl ol wls lis pgesls uKow
=) e S Pl Ve dgu> poadls @ (2l
>3l o)l 5l (56 (Sosll cnl i s os
@ly ool oo 5l oslinul 5 sl slossS
.(Bahrampour et al., 2013) og (s ,Lo]

T oyt g s bty 5l eslital b oyl
235l S > 5l (Sosll &, sl b slaid
§ S o5 ol ol azgs BB &S5 Ll oS
o551 SlaS s Plol gl ki oo, o g, o
Colld giluange lp Sl (See el g 0090
w3l e Ghey el G G sl
L oweSTlsd pumadiws b ol (Tabande, 2015)
oS oS5 o Fllp SI02 oleerd Jgej8
29 Sl G5ST Sl ey g )3 S92
Al Sy Opgen b obl Ojgoa Cuab
30 jaie  pl (Sposito, 2010) o,ls 8425 oS

1. Insitu
2. Non-in situ


WWW.SID.IR
WWW.SID.IR

P RTST LTS SRR GNP PR ASTIUUIN WL VD AR E 01 PRI\ P L OV PP PR VS

S bS5 s pgs Jale plyieas Ypo s
Ol SLbl sl 5w 5 oolatal )90
(gt Ghyy 4 Sl g ab 4 Jwo)
Nelson & ) b S by, & JT sobe olpee
Sl ¢ epH owo b asasw! (Sommers, 1982
(EC) g 5o ;S colan olliws b (S aSUl colan
S Gy 4 Jolas el Sl fiee 5 s
Sldigas )5 d4>40 (LOeppert & Donald, 1996.)
@ 4 arg Loy Wb gpSelal SB
Sl wgllae S daales] ol 5l sdeleassay
el 0o oV Jgo y0 o &m0 b ol

5 Pyt WIS Jolme (S Sogll jslareas
SIS T 1 PR S
P d9zge Sy, Sl jsba eadans
B s 5 (Labsle (0 SokS Ve slaglals
win g o oogl] S ol ws bgle S L
I3 g 5 45 sbye orins ol b LS
T O olite ol s g i ol alh Sas
5 Sl Sogll lld a4 b owd LSS adye
sae S5 (Noha et al, 2013) 048 5 Suo 5 rmb
@ Joo)l dihie (oo gl lategn;) Stas |l
RSB e le 7 gee j5 yegble Ve Jsb
YV los L aldS |5 5 8,8 ogo oybaly b5
9 wey Ve b e s Zush) cugenda 420
ERTRCAPS I JERIIR AR 4 & S UCR I < I
LS o i 5 Sl cilS 5l L ol
Syge Yseshes VChlE b el S8L Jsloee
sl Yoo oo Vo Jole A gln 285
T 4o (S105Nay. 5H0 4 & s SlSeloaslin)
sl 5o 5 wbilam )z el o ud o jhais
hsle oS lsn slaplail e 5 Sl
DD e a5 oLE oSy 4T sbody it Jlos
s 8l Jolone e T L 5 sl lalS

YAA

3)‘51.) e r:j...oolf D) u.cl.u ‘1,......41.....4 d}.a.a 9 0l
p...m.l.....ud).m La;).lo u.ubsou\.w CUJJ oLjlec\.»DlJ
O pgedlS ply o gn Glalis Cwglie sl el

.(Wang et al., 2000)
@ Sogll s 9 55,5l sl a o msesl
|y analy 213 Cdl el pa3) (aSim (slasle
o Olyieas plans Sl S o IS8T Gyl ten

preiins o8 g pdine g0t (29500 oLS 5 (i
O axg bog ooyl I8 dscl> o8l olde a0
4 oogll (glacya; ;o oLE (ol S 5 YL b pas
Aligadr et ) Joosl sliw oo Blbl Ko sla3ls
oy 5 bloi GlosS 5,5 a5 (al., 2007
Ll o 5o b g &85 &)90 Jlo cnoiz sl
s LAl S Clay 5 odol bl slac]
5 o gloyaie gexd b (Jaio glaaxly
Sl (oDl 5 b o a3l oLS 50 pgredlS 055
2 leiss gy oz 8,bbe L) saS S ae
e Ly R R
3 pgels S 5B Caan olS 50 el

s bl glin oS

b 599 3Mg0
Hhdslxe o3 pmyp skiea Gl ol
2 pgedl S 5B o RalS 0 pendiw
o B s dest Gilesl ©jgon glin oS
S ool 058 ik M 5 ok JlS
S5 ez LAYAY o o oo, gime olSails
SIS ppmesls ol plegl sloJele wa ol
YO- 5 Ve e (anld) + slacdile s (pgmeols

el 9 ol ol plsear 0 55lS n oS ke
Vs (als) ¢l g0 0 (i SlSGhl)

SE plard 5 (S5 e s Sy Sl ) Jsox
Table 1. The physical and chemical properties of soil

EC H CaCO; Organic carbon  Nitrogen  Potassium (%)  Phosphorous Soil Clay Silt Sand
@m?b P (%) (%) (%) (ppm) (ppm) texture %) () (%)
4 7.3 19.1 145 0.12 0.05 3.8 Sandy loam 14 36 50
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Table 2. Analysis of variance of Silicon foliar spraying and cadmium stress on Morphological, physiological and
biochemical indexes of spearmint

Mean Squares

S.O.V. df Plant Leaf Leaf Plantfresh  Plantdry Semdry Rootdry Relative water
height number area weight weight weigh weight contents
Cadmium stress 3 601.047 13269058  71644.05®  8548.11° 24135  60.63"  51032" 0.009™
Silicon 1 142.25” 2964.5™ 28590.38™  275653" 266117 24677  139.36™ 0.022"
Siliconxcadmium 3 76257 8167.91™  340036.76~  812.36™ 534517 817" 94.44"™ 0.001™
Error 24 1014 4032.31 69005.15 330.46 9.98 0.52 96.92 0.0039
CV (%) 12.47 20.52 19.35 20.05 17.98 15.8 21.02 1.37

SIS sre WS 855 g o )3 ) 50 phaw jo o e S g

*, ** ns: Significantly differences at 5 and % of probability levels, and non-significantly differnec, respectively.
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Continued table 2. Analysis of variance of Silicon foliar spraying and cadmium stress on Morphological,
physiological and biochemical indexes of spearmint

Mean Squares
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Cadmium stress 3 11197 31™ 845 56435.12° 0.008° 411995397 24.35°  1.49 0.187 46.89™
Silicon 1  4659™ 16.81™ 19.39™ 40246.66™ 0.013  8099.46" 137" 0.02™ 005 1547
Siliconxcadmium 3 10.14" 3.05° 5.86° 22583.46™ 0.014~ 91207.74” 049" 244 003" 111"

Error 24 3.62 2.37 2.68 9211.38

0.0007 574341 0.51 0.22 0.22 0.15

CV (%) 2935 1265 2151 21.14

21.02 8.22 1420  25.33 29.45 135
Sld e WS 555 g ao )3 ) 50 mhaw ;o jlo e S g s

*, ** ns: Significantly differences at 5 and % of probability levels, and non-significantly differnec, respectively.
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Table 3. Mean comparison effects of cadmium stress for physiological and Morphological indexes in spearmint

Cd concentration (ppm) Leaf number Plant fresh weight (gr) Root dry weight (gr) Carotenoids (mg.q)
0 466.5% 123.75° 36.06% 577.45°
50 293.38" 80.54° 53451
100 325° 49.45° 461.38°
250 152.63° 21.25¢ 339.02

a0 Bl [ LSD a0l &b oo ;0 O Jlaxs jo lo e M glise slads >

The same letters do not differ significantly (p < 0.05); LSD test.

gl ol olrerdon 5 Sl b Slogals p pemdiw 230 (ke Ayl F Jgor
Table 4. Mean comparison effects of cadmium stress physiology and biochemical indexes in spearmint

Silicon (Si) Plant fresh weight (gr) Relativewater contents (%) Carotenoids (mg.g)
0 81.37 33.82° 37713
1mM 99.93° 34.71° 579.05°

s o olis [ LSD 503l &b 5 as;0 8 Jlail jo jlo e M glie slacs >

The same letter does not differ significantly (p < 0.05); LSD test.
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Table 5. Mean comparison of interaction effect of Silicon foliar spraying and cadmium stress on Morphological
indexes in spearmint

Silicon (Si) Cd (mg/kg) Plant height (cm) Plant dry weight (gr) Leaf area (mm?)
0 28.66° 19.97° 1352.2%
0 50 26.58™ 16.38™ 1200.1°
100 18.75° 12.59¢ 1030.5°
250 9.08¢ 8.16" 860¢
0 39.74° 28.47° 1709.9°
1mM 50 37.20° 26.76% 1625.3°
100 29.08° 22.28% 1358.5%
250 15.16" 18.89" 1150.7°

s o i [ LSD 503l &by ao,0 B Jlas jo lo e M glise slads >

The same letter does not differ significantly in each column (P<0.05); LSD test.
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Table 6. Mean comparison interaction effects of Silicon foliar spraying and cadmium stress on physiological and
biochemical indexes in spearmint

+ S == o L
s 2 2 & £8 § g =& 5-\‘2 S
Silicon E’a E‘a 5'3 é’a E‘T‘Q_ %_“-‘Q g E E E §
G) Cdmok9 S 52 22 fg2  3E  2F 2 £¢  ED
2= 2% 3% §% &= 5% s 58 5=
= c 3
= 53
0 742  268° 101°  025° 4625°  0167° 736.67° 02° 0.18f
50 5719 228%™  799° 00169  45.25° 0.02°¢ 1218392 027° 1.29¢
0 100 285  167°  3.52° 017° 73.8° 01° 79505 053? 409°
250 135" 085% 2 .24 02" 75.49° 0152 782.16° 065° 714°
0 9.02° 328° 123*  0.25° 88.57*  0.16° 688.73° 0.23° 0447
50 763°  306® 1042° 0.24®  76.86° 0.162 1135232 027° 145°
ImM 100 544%€  272°¢ 8169 0.27* 71.64®  018? 70258°¢ 0.22° 258¢
250 2.66° 1.59° 4.25° 0.15° 70.36° 0.09° 1223012 056° 6. 2°

s o Bz [ LSD ae3l &b pdo 10 O Jlaxzh o lo sme M glise slads >

The same letter does not differ significantly in each column (P<0.05); LSD test.
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