[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

IF40 50l AV olead @ di ¢ alS 3 5,18 5wl

S olS g Jailss 5 S s 0e Sleo gt 51 (oSS U8k 5 S0 58 15 5

Vo ot e Vg Lo R i
&L"'rﬁhﬁ@)‘, O g Loy ¢ Shedar ol (g IKE Wy 3 ¢ glaks a5
obu) e&ﬁ‘: cdj))ms LM ‘CJUb C?\“AJC'&LU e";\

OYAL/raANA sl Bl é,ls AYAL/0Y/Y sl s c‘g)l?)

oS

Ne0) ool O o £ dalosT b (3,5 d3IS Gladis 5 S5905 0 Sluogast (#1105 5 Sopd 86 5ol g
3708 G55 Ogky Tty 5 23 8 plawil BLIS Lyl 5o (St p S kS 0 08 4/8 5 /N ) s IS e £ 5 (Vge o Yy Y
Sl 9 4 g1 9 Sy S 059 oSy o S Crge (6508 5 Jlesl Bl 0l (6,803l Sline (2l a5 A 0 5Sh
W5 5 K5Pshe Slio cp il 3,8 0dd S5 glayatl 55y o Ady James 4 0Kdew 035 6LS1 05 8 (LAR) Sy o
Fhdd G Sl 45 15,8 LAR 2alS Corge (5598 b oy 4) S 4 0p8Gh myla 5 e 08 01 (0Dl (5055 53 03 i
Ok 5,58 Qg 5 553 o Jailp 53 (SLW) Sy o gasin 359 Vb ol 03 553 A 35 g auglin 5 Sy 3 28 5 o
b kil S S 53 05k 31 Sy 4 6y 288 (558 Ll H3SLW Ol b 3 sl O gSilon 3 )18 Jlio 3 el s 4y
O G g rlens 3,015 L LS @odS g sy il g Rl e GBS gl 55155 O slasles 5o (6508 Sl
reeedS 5 ks 47 ity g 03 S s BB (gla e b aalie 53 @andS  enlty Oljn SRl Bl 5 0l Qo dar Sldde 53 Sl ine
37208 O3 SLasles b gl 3 urdeos SIS B 05,5 o gr rrerdees 2,518 010 OLES (201531 (b jeme rnbens oo plaS 53 s 4,
21 0L (6513 gma SRl 33l O 5o

g;)._! c‘d.u C;«_w..v' cr:‘-.ls c‘}ls cu_,gcl:-.d ‘r.l-lu “'.:ullfr 6..‘:15 olds

5 el OIS 3l mews amels s e NaT ool 4edie

55U Gusd S e Obey 3 s e oSy (S sl 35 daboms LSl S L o 3505 40 Sy St (g5

Ll 5l 2t sl oyl gen LS 4 o3yl ol Na
Qwugﬁ)b(cl-})Na+MCQ.?JOTL‘U)}CM‘
39S asie sk 4 NAT 5 550 oK ol laay
Na™ Olsen el 15 s sl 58 e sobe il
S ol shd slgiy S e e 1 Lobe sl Gl
el s bty 4 oM ole Clx s P

J>'\.U &J‘b )‘ gf.pt& uJo— Br) v.:i?.....a Il (N :)_,.».f:dﬁ

Joo nl 5 LS Iy me 4y ane s adlate 3 VLl
ol s 8 e 1 olS 3 Shes ialS Wil e
Lgd o AUV gl o b bl ol 5l b !
Loy Sals J g L;LAWKSA (Rhoades et al., 1992)
Gl 35 =) Sl lzes Sole (o5 A5 Cow LS
-t ol sl ol pde Y S osatie e Y
oS ozl plll s (Anser et al., 2012) yolaST

shekari@znu.ac.ir : S5z Gy S5 ¢ s ok 57


https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.17.14.1
https://jispp.iut.ac.ir/article-1-421-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

1¥40 Jlu IV o5le @ s LS 5 5,18 5 il A0

03 g 5 e Ol 5 e WIS S ol 505

D S Gl

s gy g3l

b B s st ok s w gleblS hll
Ml GlS s ST s sl S slasS b wl
ey S 56 a3l ol 3 s S bl Ol
L3S R on s Sosd 5 s IS LS s,
ok 5 e g 5 Pl anse Sl adll (35 IS gl
Es Gosd Jold mlesl Glajles LS w28
L dsbee S oSS 5 08 0/ 5 /N o o) e
ool S8 5 (e wiasy (oed VOV 5 A V0T
Loombol sg (Vg oo ¥ 5 Y ) ) o b
A S 1l Sl o 8 LSV b8 L (Sadly sbolils
Al 5sS 5 aale ol Sl bl as, LG S
Lor SIS 23 S e VP e b sk
05,85 Wl 5l oy 5 A58 byl JI558 5 anle by
St b Lol (el Ol il g 5 S
Ly Ssie b 5l e 50 Y0 sl i by e sled
Ao 53 5 A3 adlS OIS a3 pl S WSS ISE B
Sl de s S el Gy sear slaazalS S UYL Y
Lo U OIS a5 6 gy sla 038 S

axils p OIS 53 32 50 SALS ( AUS 55,0 a0
G5 pagas S 5 Sl (SN S e 5 0l
33 5 Bk atnd Jade Ol U e 5 Jsems ol b il 0
Slp Jos men Ls S Sl ol S Sl am s Ve gles
S bl 5 S S U5 5 L35 plnil 5 Gl
S e a;};o’ﬁ@mc,w..@ﬁ il a8l
{(Hunt, 1982) s S acsles 3 Lol 31 eslixal L

Leaf Area Ratio (LAR) = Leaf Area (cm?)/Total Dry
Weight (g)

Specific Leaf Weight (SLW) = Leaf weigh (mg)/Leaf
Area (cm?)

‘uSﬁ 03 D9 40 u.s.b.a f,al.'& Q\};.a L;J,;aj‘.)d\ S

gfL:A v/0 &.H )‘))Jﬁ WLS §f I &.w} du‘u}‘u

Ll (Jho slze Pl 5 Ks ol JUml oK s
L) 5 S (Y 5 el e polantl s sladUls
oy S platle js Na™ o 59 Sl 31 al s el
2B NaT 5 (st 53 0p ol 3 SE e
Cdor s Dl s w5 eals JialS 1, O Gl oS e
ssdoue 1y olS i, (g5 5 ool i b)) lde olie
Ly, Sy KOsy el 4 el
ol b s S il (S die 6%;4@,@,@»
Loy o e DIl o g &S Ll e e Dl
.(Tester and Davenport, 2003) 3,138 » OlS

5 SIS Gyl s (sols pme 5 plese B 05k
@3daze Slb b S e o3k LS w5 S g,k
OLLS (o5d & Cuslie g5y Jd e Sl s s
(V s ol o5 (V3 s ol a8 551 525
(8 ool dlas 2al33 (F KTINAT sl o 51531
e o a5 (0 i sl > Jlowe sle 13
Cooms ol 55 SO cbli= (Vo =YL 5 QLS Law i
(Matichenkov, 2008) a3 oo plwil 55 |5 K ol
I I i P I S B e
s prraRe e Slp g 65 AL s S
spms A sbds 53 85 sl Seblis (o e
Somdowr b S5l (SIUE ol dows 0 8 200
Coeal (L5 51(Matichenkov, 2008) .5 r.al,‘e el
B i e e
ISR o sk 4 S ssd e kb LS el
5 ibe OS5l ol ole L) Gl e glasl
(Quasi essential) s, 5 ,.» ¢S b 2o Olge 4 asl
oo G (JooSS s ol 0 (BU1SS 5k sl
S 58 2l g0 (glais sy Colda ¢ b IS g 581 5o
LS b A kil e SblS plewl
(Anser et al., 2012)

GRS S IS oS jote bl 5 S5l Slis


https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.17.14.1
https://jispp.iut.ac.ir/article-1-421-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

TV iSSP Sles past g (IS OS5 o0 25

Sl e sk (Sl b s ke o0S5 5 o3l
Gl ok (02 S5) Ad; o Wl il o 3L 1 25
g iy 5 S Ay e SRS 4 el L
o e Jsho @ 5 sk Ay s Dl ey b s
Ygare 55 00 oo 70 S ol plondl o 5 S S 5
b OWlS 53 3,8 o o3 b o alyy ady J 2ig Sy as,
DL & o ool (Kon Sy oS 2 SV slie
Ly ) nilos daatin SIS ey iled gn gl oo 0315
(Sad der (VL slan b OlalS s 50l 30 b (glaail
Slidss (Munns, 2002) & s LS 5 5l ol Cal Sas
S Sl 5 ol Lol )58 5 I s das e OLES
oA i 5 S5 sl sl Sl S e
5 oAl s Ul Jool S osle e g bl
o5 b (Munns, 2002) L3 ALS oS g s
4 e &S el S e Ol alS 53 sosd A 4
B o Shle L Sy xS B
SealS 4 e (g 5d 1D aamen (Geccoli et al., 2015)
S5 3 olS s akyy 5 dle S, 3 S 0
@y g5 Ol 53 ialS (Hernandez et al., 2001) .5
Cola (35S Ol S gl a8 Gib Sl ess
Cod D gt g3 SLS 3 Slals (o= U 5 gl
5 Hossein (Netondo et al., 2004) =55 3 3
2 OSe 38 s S S (YY) OKes
e ks s S 5l Sl sl e Y 5 0
L olsgme S sl S s Jeyols sl 65s s ks S
55 ehs a1y b el Ll eyl sad sl ol
slal s ek sdalie jolsl sl 0L S glaly Caand
sbal Gl 1 4 o b alaas Rl 1 S
OAE esb 3 05k I Sy o8 S el Jshe
R = Y VS S Y SO R N S P
sk o Jske oles (extensibility) i xS oG
S 2 4Bl SR e S sl 4l o sls e

Sl e g A 3 O SAS S e Sl ediasolis

BJLAA:I E) 425:.1) )\J%)‘)b ;Bj‘)} BEEE) L eals Bl LSJ‘:"
akcf B (..:..15 9 (":“”Lli cv.i.,\.w ),.pL..C« é;ﬁ)‘v\.}‘ RSN W 03
Sl s ol Sl — dead Spsdlpr b 5 a5 4
F3 0 4 g b SRS (Emami, 1996) 4« 5.5!
(Elliot and Snyder, 1991) L& (5, Sejlbl Ll Sk
(Jenway-PFP7) Jue s yi5. L oK L ety 3 e Sl
GRS o3l el Sl olas Sl eslinal b 35 wedS Ol e
oKaws 3l eslizal L o SRSl gl s S
Rl L s Jes Sied ladse SIS Alen e gy Sl
A3 SIS el b mae dsb 0 g ode S ol
rbu‘ SAS )‘Jﬁ‘ rj.: )\ salaia! L: CJL&LA U’“"‘Jli)b ‘u“)>=’;
Slasls d Qyﬂ 3heslasd Lo bajles J..<;La PGt
5,5 MSTATC Sl Sl eslaal L JA Cla.ﬂ 05 SKls

CL.:-.’J@L‘D
o 5 st s el S Glajles Llie
chww‘dy&}u))‘fj&}gw‘ﬁjchd
E) é)yj JJ‘ Juhj.v )‘bw gff u.ﬁjwu Q)} 9 jj.a
Al e Ao s

e ¥ ke s S b Jlie o VL 1S peda
Ol &S s edalie Vo dS/M g 55 5 ST Y se
Lfﬁc]d.wo\}:ﬂLﬁf.&s_}ﬁbdwu)wjiul{tﬁj\}w
Lo sdalive \'/VdS/m d)}&jsl Jﬁ)GO}J{)Lﬁj)J}g
Sos 581308 Ok Jles L1 ol gme M
r?w:.l?w 45 &L&)L«;ﬁ @Lq.! DL 4&)(}- DL J.c.:r o.)\..v'J dl.&l.:g
P s e VO Gosd s ay ad, LS 4 gl s
S s cpl 1515 s s ad el S e s 15
ngﬁu;iﬂﬁflafﬁdlbj..)gsjfaMLisfﬁckw)s
s It O lad g alsl 365 L laast 3 2,8 o 3


https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.17.14.1
https://jispp.iut.ac.ir/article-1-421-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

1¥40 Jlu IV o5le @ s LS 5 5,18 5 il Yot

Ot 5 S35 iliten g b 33 gty 3550 GBI 30 blite Sl 5SSl avolis ol =) S

Spoprate sy Spghe s 6pSis0y SpSEE0 Spghe NaCl Si
/e U o/80Y P Y/\AY &8 V40Y/A © .
e FALV/\Y g y/aq of Wwye © /o
/ey ® Yov/vy @ Y/Yov © Y/vsy AYgv @ A .
Y% YoV/Aod Y/YYq @ Y/\o ! dValk Vol
Y\ vsa/ov ® o/yoy bd Y/yyyce YAWY © .
oA e YoY/AL ® v/eve £/8TA P YivAA P Vo
ofeay? Yy VY 0/AY P° YivY P YAEV/QC A \
evo© yYe/vy P 0/¢ YA DI /A YAVAY © A
oA Pe YVy ® $/vve @ YIYyY ©° YVAY/S © .
e e YVe/yg ® £/AA PO YIVYYY &9 VALY © Vo
ofeay? YAV B o/ Y bd ¥/eq YWWV/o © A '
oo © ¥Y /o) P 0/AA\ ° y/ay o EN Vo ly
oA e Vi A o/ 2 Y/\ Yo ce YAAO/A © .
ey e gev/vi? V/YOA® o/yYy @ YaoA/s @ /o
feayg e yya/av P 0/¢) P4 Yy ce YVAA © A i
ey e YY§/oq 0/Y70 04 VAR YVoo/s © Yoty

I (63 imn B SIS b oy N e 53 STl Oge3T G LBl S e

Ok Jlpd 5o 50 G 5 S Sax 035 S e
S sl QL Glata sy LEalS Wy, 05w 508
S A e oS Al B 4 050 055 LS
o3l Olsas 5 AS Iy L2alS olS 53 S ol Olpe sas
G S Dol glajles boanslis o el g S
S s ams OLEL olsmn bl il O 308 05
el G e e Vot e > s (e
o S esle e 5 il 31 05 3,08 slasles
Cobam 53 3ls Jlml s sl sms 4 S 5 S s il
e Sledas spe Ol KOs, sbackle 5oL
AL anils sz s ol S 53 e 5 e

Spbe sladnl b ples et Jpeme 5ok o oS A,
gl b sk e (S e GBI L s S el
L, rals (Amal etal., 2010) das o 0L ad sk

G K syl Jilis S ol Sile

S OLS s 050k 38 (plie 218 s
228 Sopd SR A0 ol alS car e (S5
S g 0w 28 Lo 5 Gosd RS S OLLS
(Jlie 5o ol GLS Jals dons oA el s 4 s
S e 288 Ol b 3 S g 00k 03 5 LS
05 el s b B o B pl 58 s pdoe Ao 3 YY
(Romero-Aranda et al., 2006) s, oLS ;5 T Curss
2 e SEF 03 Vb Wiy g S K2 05y
sdalin VO dS/M (6,55 5 ST Vse o ¥ 5,5 L les
3 ST Vs eV Dl L (ls e Ml oS s S
23 58 Wy S Ui S sl OLi Vo dS/m (g5
S a5 edalis VoV dS/M 6555 5 Sis,8 Osd e
Sosps 5 SEap )8 05k sles L1y (ol pme B
Sy ot sdalie Gl i () Jsie) 5l 0LES A dS/m


https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.17.14.1
https://jispp.iut.ac.ir/article-1-421-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

AR L V5 P P YT R WP X PO W T ST IO

Ot 5 S50 iliten g shas 33 gty 3550 GBI 3e blite B 5SSl avolis ol =) S

Spoerate sy Spgheced Gy Siplyy SpSisoy Sk NaCl Si
/e YA P o/80Y P Y/\AY &8 V40Y/A © .
rante YALVYY At /a4 ¢f YW © Vo
vajeay? Yov/yy © ¥/Yov © \ATAR AYE/V O A .
vy Yo\/A0 © Y/ © Yoo vy e %
v via/ov® o/ oy P4 AR VAWV © .
G Abe Yov/AL ® v/ Vo ? /8NP YEVAAP Vo
aax® ¥y e o/AV P ¥y P VAEV/AC A \
o © YYE/vY P 0/8 YA PO /S YAVA/Y © %
oA e Yy ® g/vve @ \ASR VWAY/E © .
g e YVe/rg® £/AA PO YIVVYY &9 VALY © Vo
eax P ¥V e YAt i ¥/Aeq YWvyye © A '
eave© ¥Y. /o) b° 0/aAY P y/av o VAT © VoIV
e APe Yio o A® 0/08\ ™ AR YAAO/A © .
ey e geviv @ V/YOA® o/yYy @ YaoA/L @ /o
reng e ¥Ya/ay 0/8) P9 ¥/vqy oe YVAA © A i
ey e YYe/oq® 0/Y0 P4 Y/y Yy ce \Voo/s © VeIV

I (63 imn B SIS b oy ) e 53 STl Oge3T G Bl S e

5,08 L WS S (YY) OLes 5 Kaori s
St 055 Sl Ol oS g adyy e 55 0550
oA der S 58 g JalS (g)5d S5 S 4l
o 15 s (S ramel il 058k 3,208 35 T
b (S ol s s o OLES S 315 2alS O (gl gms 1 i
sls oL (Y2 +7) Moussa .ol osls &5 of ol (51531
S s dan |y S ol o (ke 033330 &S
53 NaCl 5,58 sl (5l (ghss A5 Cod &b olS
esle mamd 3 glalamdle LB EalS 4 e gl Sl
s Kis oole e IS CIC TS S e S
o S AL Gasle 5558 Sge (Soh A Ok 2
sbsl NaCl Laew g5 oS g, Sijlasl  glde Jolme s
b Sl 5 ol Glel b s e RaIS 1 550 e

258 e Ohll s oS syl 1 eas S5 nll mls

G K syl Jilis S ol Sile

ol lad gl alal JralS s 0 i 055 5 s

5 S Ui o 3 A3k n el a3 ) il S
Slp Sl odd JLbl s Il 3 ) g slaanalS b
Sl slae S 055 s 4 Sl 0315 0L
{(Ekiz and Yilmaz, 2003) ail o azalS Job o ool
oS s s g8 r.u§ 55 (Yvoo) Galiba 5 Kerepesi
IS Cr @55 A Sl G D aae 5 0l T g8 - gha
¢lr NaCl e molssl 51 sl gy5 20 31 ials
3 L0 Coew 5l S sl 5 el 5 S Dol 515 2
s Shee 5S sdas Jle S K5 b ol Bim 5
bsady s g 5 T ol SRS L (5)50 A3l S5 osls
Sl ol B8 s 8 S ol mensd sl sl
5ol S 03y Ay sl bl S Camse s
(Kaydan, 2007) f.x;f 5 (Tayeb, 2005) 4> oS ;5 (aiu,


https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.17.14.1
https://jispp.iut.ac.ir/article-1-421-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

1¥40 Jlu IV o5le @ s LS 5 5,18 5 il Yo

dS/ms 5o glackals 5 Sio5 08 Ot slajled <Y
clackle 5Si Vo oo ¥ 5,5 L glajlas Y/F 5 V0
LYs 5 (V Jde) sl Ol YV Ve A dSIm (g5
Sl SosS e GRIPIL S o e 035 Sl
o yae Ui e A3l S s i D e
SEe 31 aS il cpl sias QLIS Wlg e AL i S
el 0 T 3l Sdae slge 5 0dd oS Sy T sl
s &S cal Clas ol Sl SLW ill (pimean
ol Gl S e S Iy il S Ldsse sl
Ol Sialsdl (Hunt, 1982) as dsl g 50 S Cwlbies
Loaslin 3 of 3508 25 cou 1S b8, s SLW
OLan 5 Bolojle) il sds i)1S dals olalS
ol 3L (SLA) S 5o rlaw gladsle Huaar s (1FA
alS Ao TS i 5 5 Aoy BV L g0
Ois Ll cwdls ollS s (Niazi, 2007).csl
5 S e P s 4 o5 A I S o st
(Flowers et al., <ol ol 2158 S 5 Culis il
b5 Sy sl Sy mho Wige Siospls 1977)
Al Gl 5 Spons phv 5 S culihs gl
SLls S marsd o V| 8 Wiy 05 1) S
(et AL slis bl el Kos 5 S 4 s e
A N e R C T SRTIT T
Si 5,05 Jlis & Sy posate gl 5 Sy Calis
Wl e bl gt a4 b ol (S
(Ahmad et al., ol,Kea 5 sl .(Farshidi et al., 2012)
Si 5,8 Ws S a8 LS cos 6u¢j§),w 55 2011)
S35 05 3 S ke patls (Sl G4
G e Bl e LAL 5 SLW a5l T b & s § S,
335 oS 5o St esle W5 55 5 o5 o Ole 21
Sr a5 3N s Rl L el bl s
Slsless 5l gslaas 3 0 035 blde 53 Js 5.8 1y JRals
S Ssyo S b oS Ll 5Bl B0 Sk 3,8
SalS as o S5 1 SLW S &y S5 055 s LAR

ol 5o 1 A 08k 2,08 (5558 lesl 05 Ll
AL e LSy Sit esle

Lobes 03 S b ol 0 5L 1S el
S 45,8 edalie V0 AS/M (5555 5Si N Lo V5,08
23 SEools Osl bl L1 (ol pme D
Ve Jeo ) 5,08 L slales V0 5 Y ASIM slas, 5
e e ¥ o8 b glasles 5 o8 sk plad 02 S
e Vs, 8L slasles 50 5 Y/Y AS/IM slag s s
7S 2 e il e8I OLE ()55 05 ST Y e
S A edalin VoV AS/IM (5,58 5 ST s, 8 O sl s
Sosd 5 SEoap)8 Osds e L1 ol pme N
() Jsds) sl oL A dS/m

S G e 08 Ol (LAR) Sy e o
oS SISl S ek s gl L S Sy
335 S 0 kim0l LAR (pizean .ol oLS 055 b oS
o sla i cl sds Slebl (Hunt, 1982) ol oLS
A 5 s s Sam @ Gk O Gusby 5 R
I T
L3 (Silim et al., 1993) wS o ke 1, S ol o
e 55y ki bl Bl s Ca 63 S Ay ay LS
L8 edalin i5 dlesl 1 1y golsgee a8 LAR
Sl 58 (Y))) 0l,s 5 Oliveira (Noreen et al., 2013)
Sslie glagsypd b T L oS Olmasl o3, Vo OLS 55 s S
WS i 035 S sl il a3 plisf Wiy e ol
A st Bl Sy b Sl 5 S ok e
2 S e g slad g5 U G pde Js S

oAVl AAS ) 3 e 53 1S e pase 035
dS/M (o555 5 ST 508 Oad sled 53 Sy o sasie 055
Osds Slas U 1y (oolspme OGNl &S A sdalie VogY
05 oppwS 5 ol olis A dSIm (6,55 5 SIS
35S ¥ e ) 58 L Sl s 5 S ot
ol sme Ol oS s S sdaline VoV AS/M (5,5
Vo dS/Im s s slackale 55 Si Ve de ) slajlas L


https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.17.14.1
https://jispp.iut.ac.ir/article-1-421-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

TV iSSPy s Sles gt g (heSS OS5 o0 25

3 Goss 0sk 5 ST ¥ e ) Jles el sl Lo
Soss pake 5 ST Vs e Yoo L lales
S 31 OLES 1y (gls sme SVl VoY 5 A Y/F dSIM
Sozs w5 SIS Ok Dles 5o eesly Olge
L olsgme M) Lajlas b b A ois Vo/V dS/M
2 sadsde 3 paie (p ege ey (Y i) ol DL
P Syl Jeily GRS 3 age SN 5 Sl oS T
2 gl el JUElJsha gl 555 L w¥ oS 5l 4y
(Liang et al., 2005) coul oLS F oyt dslaze 5 g2 L5
S 3 e b slde LS & e (6550 Lyl 0 5o
s 4 Sl U8 o ol b als) dewy 4 ey
el Dl sl OF sl foe 5 035 ol 58 ke
Jlsl wibe S sl glal )5 u;‘}!n\sﬁw 4 s s
(Flowers and das o o5 |, sl Graml  Jidss
23 e Rl S das e OLLS Olallas Dalmond, 1992)
S sl S e el 151 Lk, s
S T T = A U e S
(Y++Y) Yilmaz , Ekiz .(Flowers and Dalmond, 1992)
Lo il lacss) slaasalS s L5 S 25058
PICRCCE S ORNE At
o Sl s 4 e a8 3L R e ol
Lol odd LUl man Sl ol 4 S
peelS 5 ey 2l 5 GBI e ol (505 SR8
3 e e .(Ma and Takahashi, 1993) L . ials
oo ls e ST BLS,I oS slacsl s ey
s Olge Sl 531 4SSz 315 3 95 Lol g e B3 s
5 —J .(Epstein, 1999) >3 roelty Ol S Csl,
4 ol ATP- drivenH” Lis s Jleb il S ol Jlis!
» (Matoh etal., 1986) il oo olewdly g L L3I s
Yoz ko 52,87 31 55 (1444) Liang Sl el
ey e Sl el H-ATPase ey cllad )53
b gt oo Ol (il Gl oLl o a5 00

LL;LEA L;::!:u“ UJJ 6[}4 .))J cL;g DL Wbﬂ 6‘_}:9;/3 J:".’.‘)'e\

Sl LB S 55 035 SRlil s 6o LRl b S
Che @ qops il s s oS S O3y alS Lol
S osle oS 3 e Oljer 4yt 53 goals JalS 1, )4
.(Orcutt and Nilsen, 2000) L .o :al

Sz g 5 SEools Oy sles 5o el CBLE
AL oS @ el ol (ks Jldde o i VoV AS/M
s QL:..; LA)LQ.J j.iL\N L b 6)‘2&») gJ}’\..}-l S LS edalis
ehald Hlad b5 s sdaline (6558 dlesl Oy 5 ST Ve
508 L sles (opd O 5 ST Y50 ) 58 L LS
LS)‘JL;:*‘ oMl Ko :ﬂ)Li Q_}.l.: E) Si )V}A ‘-SLA Y
K K8 gl SRl S b 4 (Y Jsdr) Ll sdalis
AL sl s 354 e Ol Rl 8l o g 4,
plad 3 4ty Lo 4 edew 035580 (Jlas 3 4 S
slacsl js sl Ol e malS 4 e (555 Cjb"“
39945 Sl ol gt Lg)j\,\.ujfe u(lv_lv\,wdlfajl A S als
s s s NaTHT oy STl i B804 0
s H™-PPase (Leidi et al., 1991) 5,5 .« & js0 olewdl
slewd slis 3 H-ATPase s ol 5 55 ,sH-ATPase
LS o al 1, NaTH' Copsl ¢l sV G
Ol Pl Eols o oS el sl .(Marschner, 1995)
H'-ATPase ; =™\, 5 5 H'-ATPase , H'-PPase <.l
32550 Sosh RS GE e  g adyy 0 pledly (LS
s 514 H-PPase 5 H-ATPase <l ol oyl
5 oyl o Na' z s el S 63 S SasNa'/H?
JUsl a5 5 odd alyy P81y o Na' s ooman
(Lazof and &l o Gals Gle o 4y, R
el 3 s Eol & enslSe Ll Bernstein,1999)
s By 3 e

éa.szl )Y_}A&ﬁv.}f)lsb)w e r:.«r[;;g‘;]élé

LE oy o o el Jlis op i VO AS/M (5552


https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.17.14.1
https://jispp.iut.ac.ir/article-1-421-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

1¥40 Jlu IV o5le @ s LS 5 5,18 5 il YA

D5k 5 (5o s sl 3 s 350 GG Jlise S Kile aglie s -Y o

pomles CBLE T pd g S Gl S Gl e el ol el cBle il c e NaCl o S
A Vovyy 0 YV/+ g0 % VE/VOAC WAt v .
At \yo/ov YV/gY % Ve/gy o y/goy ¢ ATAR Vo
vy e Yo/ vo/gan| g/o Ny Y/EAY JOAP A
oy ® wf AT ARES VAAY NAEE VY
\IYAL © 140 ° AR \Arath S AV /Y049 .

VAVY @ VYvyy P v/ o \Y/r00° YIVA ¢ AT Vo
VA Yooy @ Ye/osy e A AY Yl Vinnds A \
\voq ® ANA Yo/gay © AR Yo ! dYVE Ny
\WAY ® Yvy/y e Yo/a4 " VAVIA® Y/OAA a9 '

VIAAY @ ATy O YUhg4° AoY'E ©¢ YAV ¢ Jyyy Vo
\Ivoy @ Wy AR 4/v0 YAy b ey Ao
VAR @ VAY Y be VAL Vy/any © Y/AYQ YRRy
Vaay? YA/t YV/Aeg WATRS ¥/ooy ¢ WYY 9 .
\IVeA® VY8 P YE/VYY e VW/YVE © ¥Iver @ IYAYE e
\/gA0 P Ao/ ¥y/yva e 4/04A % ¥/o)\12e JYARE A i
\x 2 /0% YV /vy AU dYVEE NN

I (63 gimn B SIS b oy ) e 55 (Sl Oge3T G Bl S

Ls S edalie gy S 55 1y KING G hals 2004)
Rl 4 e olee gleelll s i O mb OIS
Sl 3 KINa s sls Jlazmt 2Bl 3 05 o el
L) Condl i O SRS S el 5o S
.(Tester and Davenport, 2003) il acils
boles 00 pelS e e o il S B
L e dalie VoV ASIM (g 55 o 5 ST Y se e Y58
Sle o zeS sl 0L Lajles b b gyls ome 3Dl
Sosi gl 5 S8 Osh el s S e
clm 5 S 35l8 Osb sl b5 Ad sdaline dS/m VeV
(Y Jsas) sl OLES 1 (gl gme Ml A ASIM (g, 5
2L e DI dS Sl s 3l s SLES
Sl s oS S o 2 L 2 S
e Gl by O e SRl 5 e LB, G b

.>.>J§ Sopn o5 5 B cbde Al cel (..«ML%

e G S sl il oS e Kla

el (1444) 01, 5 Liang glaasl
@ by S G2V e 4 eally 05y Sl
Sozs Ok 5 81 Ve do Vo8 Ll 5o e
Vsl L ot 5l O Dl by s S sdalis
S oy S 3l OLES (g5l e | ST N e s
dS/m (g, a5 S )8 Oy Hlad 53 e 4 eslsy
cobw 53 S35 Oad bl b s A edalie VoY
o e (Y dader) sl olis Vo 5 A dS/Im (g, 5
Ll sl ey s 53 el b ks 050 0l (555
2 pebe Ol (Rl el aly sXsy b 4
G a8 Esly 55 w4 50 opl 5 250 e oS 2
(Maathius and Amtmaan, 1999) % . Jsle ;5 K/Na
e S G T g
s «bsl,  (Bayulo-Jimenez et al, 2003)

(Rameeh and et al., 13s 5 (Ashraf and Akhtar, 2004)


https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.17.14.1
https://jispp.iut.ac.ir/article-1-421-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

T LSS Py s Sles past g (heSS OS5 o0 25

AASIM (5555 s 5 ST Vge o T 555 L les 5 V0
Lim 5 o500 5 e B S (Y i) Sl 0L
csb ol ool 3 raman 5 il cLiS Jaes Sl L
Dl Syl S s U8 5 0 Ul bl s
L Ysexs (Murillo-Amador et al., 2006) LS ol Jsls
Sl e 5 el S Ol e 2Bl 2
sasl 4 4> g L .(Murillo-Amador et al., 2006) uL .-
o5b & 55515 SIS iy Gy yb ) S (Y42 0) Plieth
S mSTy 3l ol Il Jp0 520 IS i it 8
sl DL 53 S 5 e S b (g5d ol
5 by JEl 5 4da G A dile alS sl b
ol 2003 53 endS 5 e bline (1S b css O
23 o lS L s S0 b s BLIL s Lagaly ol )
e 51 ol 3y ams 55 5 bty sli o
(Cramer, 1997) 1iL . VMLS
308 L sle 53 b A3 1 VL s BB
Ml oS s S edalis (558 Ol 5 Si Vs L ¥
cobe 5 S ¥V se (L ¥ o8 L slajled Ll (s)ls sne
Ve Ao ¥ o 58 L slasles VO 5 VvV ASIM (5
e eV o8 L lasles 5 o5 sk pled 5o S
S Bl Ol Ve g A NV dSIm (g5 C)JM o Si
dS/M (g5 pdavs 5 Si 2,58 D5 Sl 3 mnces Lo
Tl 53 SH 2,08 05k slajled Lo LaS Al edin VeV
(Y Jsdor) sl 0L 1) (sl ome OBl (658 ilisee
o SO s QLS Wg 5 A, gl bus sl sdes
©ClI s Na™ oy w0 Ll = 5 io ol L 4 dizes
ple Lol o520 ol s 5 odr 055 e dews
(Hu and Schmidhalter, 2005) . o gladss Jsles
53 SalS s 4 s kil pd o oS el sl 55158
Lo eSS Rl W 4 ST Ol
5> 5,8 (Chinnusamy et al., 2005) &S » Iy fals iy,
sP s bais, p K chle cllly (g8 s o Si

joer 85l oo e s Sl il 5 ealy; 5 |, Fe

ol Zhls Jals ol G 5o (Ashraf etal,, 1989)
Ju‘};@ 45 A aMl..iA Sl ;)))Lf QJJ‘: (_;)}.;J U:M: DL
(}.Jé J\.\;b GL”§ L LS)}“:’ 4 JA}J d‘_}t’“ )‘ 6)))T)J
ol 3 mals (Yeeo) OLea 5 El-Hendawy )5S
Mbb‘fag)é&mwdbx‘ﬂﬁ.lsjw@
ok 1S 58 5 (o5 dlasl Sl oS Ol5s R0
BY (,,M.ks —d> ilssl (Grattan and Grieve, 1999) ..
A ede (144Y) Takahashi 3 Ma L.y 5o ks
ol JiylS (Yo oY) 0, en 5 Stamatakis law 55 (s
Ols 54wl 4= > (144Y) Takahashi 5 Ma ..l
Q\ﬂﬁgpbu)\):wélwﬁgwéxaﬁ
Lol .3l e (Y470) Takahashi  Okuda 5 (Y44Y) O,)Sen
ke 315 0L (1449) O1SGs 5 Yeo Sialesl =
ol s s | A5 S LS gl s, colus
O, 5 Ahmad @)@oMQLﬁ&Q:Q:LAJJULJlJ-f
MKA .ol (Y40) Takahashi 5 Okuda 5 (Y44Y)
s oS UL 5 Sl (S e S (S5 S50 50
PE IR kSJJ}L‘"’ SJ\ﬁJL;LaJJ»):ij.M C....ab oLS
b Rl AlS Sl s S gl L S A
oo 308 L Sl a)llas 45 (Ghoulam et al., 2002 )
SO ICH [t PO Cppee
e T Ll D3 e 4 pedS Sla0 g s
e & S Sl e Gosd Osdk 5 ST Y e
d}JujSl )Y}» &.@ Al Jﬁ)kfl.:)l.o.:; lJ S Ju“bjg sdalis
@ (.»M.\Sw S AL ey (gols gae U] (5540
Se \'/VdS/ngjjJC]a.ij| Jﬁ)lfdj.k:)l.a.;ﬁ)) VJ“JM


https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.17.14.1
https://jispp.iut.ac.ir/article-1-421-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

1¥40 Jlu IV o5le @ s LS 5 5,18 5 il K

sl sl cpioman UL Al ol Sas 558 e 3l
L S a Jlasl ol OS5 s gy &S il
Sl il 4 baaty; ) Ll JUsl engs 3 5 03,5 sl

(Yeoetal, 1999) .l .

(S 6 S
f@f@@t%:ﬁ%}»l)ﬁolﬁfﬁéjﬁﬂdw\
52,5 ) 0 e Sud 4 S B S s bl s
Sbedd Oade 5 Sosd e (YL D3 Aoy W asd
38 J;Lu 55 b uiA\S JALLA{MW:JH)[S
Sogi Lol S 5 Sl Carpe el DSl
s Vo s Ol Ve Lo ¥ s s o s A S

Al edalie S 5 5 nl8 i (SHsd e o pes)

Sy ol Pl s Na adss Jlis 4 4y 5o d;.,u‘)ki};j
L5 Gosd L g e sl e al s b s
(Tuna et al., 2008; Ashraf et al., 2010) sl 0580 50
035 Laim 1y slie Ol Cdlw Sis S3 S &5 Olea
Sogs o5 Cod 1y ey glis s H'-ATPase s
L Ko« Joos (Liang et al, 2006) was o 2l
cc:f CQ).J 9 J.:..} )\ Calises QL&L; BE ml.wq g)bj).‘)‘
&:Mw‘ ol g}:')\ﬁ 4>j§ 9 )L> ncLJLw‘ 4‘;15
ol » slael (Tuna et al., 2008; Hashemi et al., 2010)
gj"‘)‘) J“SL;“ gy r)J\:.i\) (:)J)J',f\)b djgnlm S ol
b Al bl dows 4 e 20 5] Sl ol
gy s 4 2Dl s S| .(Gong et al., 2006)

B e T

£0 o MAY oyl 01l Ol S S 5 Ol Slidos dago . 0 40,55 . alS @m0 gla iy, N YVO bl
,)a.i‘}& BL) lJ,lS dquﬁt:f J.,.J:) 9 4 » .l,:.w\ wu L )L«éﬂ J:JU AYAQ ‘JK") 9 LCJ)S.B b ud)&.& “Cor ‘L;;JL&)L:.&
Ve—00 Y | alS eliiCn ) o u] 3 4aS

Ahmed, M., Hassen, F., Qadeer, U. and Ageel Aslam,M. (2011) Silicon application and drought tolerance mechanism
of sorghum. African Journal of Agricultural Research 6: 594-607.

Ahmad, R. Zaheer, S.H. and Ismail, S. (1992) Role of silicon in salt tolerance of wheat (Triticum aestivum L.). Plant
Science 85: 43— 50.

Amal, M. Matter, M. and Saker, M. (2010) Effect of salt stress on some defense mechanisms of transgenic and wild
potato clones (Solanum tuberosum L.) grown in vitro. Nature and Science 8: 181-193.

Anser, A. Shahzad, M. A. Basra, S. H. Javaid Igbal, M. Ahmad Alias, A. Bukhsh and Sarwar, M. (2012) Salt stress
alleviation in field crops through nutritional supplementation of silicon. Pakistan Journal of Nutrition.11 : 637-655.

Ashraf, M. and Akhtar, N. (2004) Influence of salt stress on growth, ion accumulation and seed oil content in sweet
fennel. Biologia Plantrum 48: 461-464.

Ashraf, M., Bokhari, M. H. and Mehmood, S. (1989) Effect of four different salts on germination and seedling growth
of four Brassica species 35: 173-187.

Ashraf, M. Rahmatullah, KS. Afzal, M. Ahmed, R. Mujeeb F, Sarwar, A. and Ali, L. (2010) Alleviation of detrimental
effects of NaCl by silicon nutrition in salt-sensitive and salt-tolerant genotypes of sugarcane (Saccharum
officinarum L.). Plant and Soil 326:381-391.

Bayulo-Jimenez, J. S. Debouk, D. G. and Plynch, J. (2003) Growth, gas exchange, water relations and ion composition
of Phaseoluse vulgaris L. under saline conditions. Field Crop Research 8: 207-222.

Chinnusamy, V. Jagendorf, A. and Zhu, J.K. (2005) Understanding and improving salt tolerance in plants. Crop Science
45; 437-448.

Cramer, G. R. (1997) Uptake and role of ions in salt tolerance, in P. K. Strategies for Improving Salt Tolerance in
Higher Plants, Oxford and IBH Publishing Co. Pvt. Ltd., New Delhi p: 55— 86.

Ekiz, H. and Yilmaz, A. (2003) Determination of the salt tolerance of some barley genotypes and the characteristics
affecting tolerance .Turkish Journal of Agriculture. 27: 253-26.

El-Hendawy, S. E. Hu, Y. and Schmidhalter, U. (2005) Growth, ion content, gas exchange, and water relation of wheat
genotypes differing in salt tolerances. Australian Journal of Agriculture Research 56: 123-134.

Elliot, C. L. and Synder, G. H. (1991) Autoclave induced digestion for the colorimetric determination of silicon .in rice


https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.17.14.1
https://jispp.iut.ac.ir/article-1-421-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

T eSS Do gt eSS 05k 5 S8 S5

straw. Journal of Agricultural Food Chemistry 39: 1118-1119.

Epstein, E. (1999) Silicon. Annual Review of Plant Physiology and Molecular Biology 50: 641-664.

Farshidi, M. Abdolzadeh, A. Sadeghipour, H.R. (2012) Silicon nutrition alleviates physiological disorders imposed by
salinity in hydroponically grown canola (Brassica napus L.) plants Acta Physiolologia Plantarum. 34:1779-1788.
Flowers, T. J. and Dalmond, D. (1992) Protein synthesis in halophytes: the influence of potassium, sodium and

magnesium in vitro. Plant and Soil 146: 153— 161.

Flowers, T. J. Torke, P. F. and Yeo, A. R. (1977) The mechanism of salt tolerance in halophytes. Annual Review of
Plant Physiology 28: 89-121.

Gong, H. J., Randall, D. P. and Flowers, T. J. (2006) Silicon deposition in the root reduces sodium uptake in rice
seedlings by reducing bypass flow. Plant Cell and Environment 111: 1-9.

Geccoli, G., Bustos, D., Ortega, L. I., Senn, M. E., Vegetti, A. V. and Taleisnik, E. (2015) Plasticity in sunflower leaf
and cell growth under high salinity. Plant Biology 17: 41-51.

Ghoulam,C. Foursy, A. and Fares, K. (2002) Effects of salt stress on growth, inorganic ions and praline accumulation in
relation to osmotic adjustment in five sugar beet cultivars. Environmental and Experimental Botany 47: 39— 50

Grattan, S. R. and Grieve, C. M. (1999) Salinity—mineral nutrient relations in horticultural crops. Scientia Horticulture
78: 127- 157.

Hashemi, A. Abdolzadeh, A. Sadeghipour, H. R. (2010) Beneficial effects of silicon nutrition in alleviating salinity stress in
hydroponically grown canola, Brassica napus L., plants. Journal of Soil Science Plant Nutrition 56:244-253.

Hernandez J. A. Ferrer, M. A. Jiménez, A. Barcelo, A. R. and Sevilla, F. (2001) Antioxidant systems and O,/H,0;
production in the apoplast of pea leaves. Its relation with salt-induced necroticlesions in minor veins. Plant
Physiology 127, 817-831.

Hossain, M. T., Mori, R., Soga, K., Wakabayashi, K., Kamisaka, S., Fujii, S., Yamamoto, R. and Hoson, T. (2002)
Growth promotion and an increase in cell wall extensibility by silicon in rice and some other Poaceae seedlings.
Journal of Plant Research 115, 23-27.

Hu, Y. and Schmidhalter, U. (2005) Drought and salinity: A comparison of their effects on mineral nutrition of plants.
Journal of Plant Nutrition and Soil Science 168: 541-549.

Hunt, R. (1982) Plant growth curves. A functional approach. Edward Arnold Pub. Ltd. London UK.

Kaori, S. Hattori, T. An, P. Tsuji, W. Eneji, A. E. Kobayashi, S. Kawamura, Y. Tanaka, K. and Inanaga, S. (2011)
Effect of silicon application on sorghum root responses to water stress. Journal of Plant Nutrition 34 71-82.

Kaydan, D. (2007) Effects of salicylic acid on the growth and some physiological characters in salt stressed wheat
(Triticum aestivum L.). Tarim Bilimleri Dergisi 13 114-119.

Kerepesi, I. and Galiba, G. (2000) Osmotic and salt stress-induced alteration in soluble carbohydrate content in wheat
seedlings. Journal of Crop Science 40: 482-487.

Lazof, D. B. and Bernstein, N. (1999) The NaCl induced inhibition of shoot growth: the case for disturbed nutrition
with special consideration of calcium, Advanced Botany Research 29: 113— 189.

Leidi, E. O. Silberbush, M. and Lips, S. H. (1991) Wheat growth as affected by nitrogen type, pH and salinity. II.
Photosynthesis and transpiration. Journal of Plant Nutrition 14:; 247— 256.

Liang, Y. C. (1999) Effects of silicon on enzyme activity and sodium, potassium and calcium concentration in barley
under salt stress. Plant and Soil 209: 217-224.

Liang, Y. C. Wong, J. W. C. and Long, W. (2005) Silicon-mediated enhancement of cadmium tolerance in maize (Zea
mays L.) grown in cadmium contaminated soil. Chemosphere 58: 475-483.

Liang, Y. Zhang, W. Chenc, Q. Liu, Y. Ding, R. (2006) Effect of exogenous silicon (Si) on H*-ATPase activity,
phospholipids and fluidity of plasma membrane in leaves of salt-stressed barley (Hordeum vulgare L.).
Environmental and Experimental Botany 57:212-219.

Liang, Y.C. Zhenguo, S. Q. and Tongsheng, M. (1996) Effect of silicon on salinity tolerance of two barley genotypes.
Journal of Plant Nutrition 19:173-183.

Ma, J. F. and Takahashi, E. (1993) Interaction between calcium and silicon in water-cultured rice plants. Plant and Soil.
148: 107-113.

Marschner, H. (1995) Mineral Nutrition of Higher Plants. Academic Press Limited: London. P: 889.

Maathius, F. J. and Amtmaan, A. (1999) K" nutrition and Na* toxicity: The basis of cellular K*/Na® ratio. Annual of
Botany 84: 123-133.

Matichenkov, V. V. (2008) Silicon deficiency and Functionality in Soils, Crops and Food. 2" International Conference
on Soil and Compost Eco-Biology, November 26" -29" | 2008. Puerto de la Cruz, Tenerife. Spain.

Matoh, T. Kairusmee, P. and Takahashi, E. (1986) Salt-induced damage to rice plants and alleviation effect of silicate.
Soil Science and Plant Nutrition 32 295-304.

Moussa, H. R. (2006) Influence of exogenous application of silicon on physiological response of salt-stressed maize
(Zea mays L.). International Journal of Agriculture and Biology 8: 293-297.

Munns, R. (2002) Comparative physiology of salt and water stress. Plant Cell and Environment 25: 239-250.


https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.17.14.1
https://jispp.iut.ac.ir/article-1-421-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

1¥40 Jlu IV o5le @ s alS 5 5,18 5 il YAy

Murillo-Amador, B. Jones, H. G. Kayac, C. and Aguilar, R. L. (2006) Effects of foliar application of calcium nitrate on
growth and physiological attributes of cowpea (Vigna unguiculata L. Walp.) grown under salt stress. Environmental
and Experimental Botany 58: 188-196.

Netondo, G.W. Onyango, J.C. and Beck, E. (2004) Sorghum and salinity: 1l. Gas exchange and chlorophyll
fluorescence of sorghum under salt stress. Crop Science 44: 806-811.

Niazi, B.H. (2007) The Response of Fodder beet to Salinity: Introduction of a non-conventional fodder crop (Fodder
beet) to salt affected lands of Pakistan. PhD-thesis, Vrije Universiteit, Amsterdam.

Noreen, S., Athar, H. and Ashraf, M. (2013) Interactive effects of watering regimes and exogenously applied
osmoprotectants in cotton (Gossypium hirsutum L.) crop. Pakistan Journal of Botany 45, 1873-1881.

Okuda, A. and Takahashi, E. (1965) The role of silicon. In: The Mineral Nutrition of the Rice Plant. Proceeding:
Symposium of the International Rice Research Institute. Baltimore, MD. USA.

Oliveira, F. de A. de; Campos, M. de S.; Oliveira, F. R. A. de; Oliveira, M. K. T. de; Medeiros, J. F. de; Melo, T. K. de
(2011) Nitrogen, phosphorus and potassium development and concentration in leaf tissues of eggplant in function of
salinity. Revista Brasileira de Ciencias Agrarias 6: 37-45

Orcutt, D. M. and Nilsen, E.T. (2000) The physiology of plants under stress, soil and biotic factors. John Wiley and
Sons Inc. New York.

Plieth, C. (2005) Calcium: Just another regulator in the machinery of life? Annual of Botany. 96: 1-8.

Rameeh, S. Rezai, A. and Saeidi, G. (2004) Study of salinity tolerance in rapeseed. Cmmunications in soil science and
plant analysis 35: 2849-2866.

Rhoades, J. D. Kandiah, A. and Mashali, A. M. (1992) The use of saline waters for crop production. FAO. Irrigation
and Drainage. Paper 48. Rome, Italy..

Romero-Aranda, M.R., Jurado, O. and Cuartero, J. (2006) Silicon alleviates the deleterious salt effect on tomato plant
growth by improving plant water status. Journal of Plant Physiology 163: 847-855.

Silim, S. N. Saxana, M. C. and Singh, K. B. (1993) Adaptation of spring-sown chickpea to the Mediterranean Basin. Il.
Factors influencing yield under drought. Field Crops Research 34: 137-141.

Stamatakis, A. Papadantonakis, N. Savvas, D. Lydakis-Simantiris, N. and Kefalas, P. (2003) Effects of silicon and
salinity on fruit yield and quality of tomato grown hydroponically. Acta Horticulture 609:141-147.

Tayeb, M. A. (2005) Response of barley grains to the interactive effect of salinity and salicylic acid. Plant Growth
Regulation 45:215-224.

Tester, M. and Davenport, R. J. (2003) Na+ transport and Na+ tolerance in higher plants. Annual of Botany
91: 503-527.

Tuna, A. L. Kaya, C. Higgs, D. Murillo-Amador, B. Girgin, A. R. and Aydemir, S. (2008) Silicon improves salinity
tolerance in wheat plants. Environmental and Experimental Botany 62:10-16.

Yeo, A. R. Flowers, S. A. Rao, G. Welfare, K. Senanayake, N. and Flowers, T. J. (1999) Silicon reduces sodium uptake
in rice (Oryza satival L.) in saline conditions and this is accounted for by a reduction in the transpirational bypass
flow. Plant Cell and Environment 22: 559-565.


http://www.cabdirect.org/search.html?q=au%3A%22Oliveira%2C+F.+de+A.+de%22
http://www.cabdirect.org/search.html?q=au%3A%22Campos%2C+M.+de+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Oliveira%2C+F.+R.+A.+de%22
http://www.cabdirect.org/search.html?q=au%3A%22Oliveira%2C+M.+K.+T.+de%22
http://www.cabdirect.org/search.html?q=au%3A%22Medeiros%2C+J.+F.+de%22
http://www.cabdirect.org/search.html?q=au%3A%22Melo%2C+T.+K.+de%22
http://www.cabdirect.org/search.html?q=do%3A%22Revista+Brasileira+de+Ci%C3%AAncias+Agr%C3%A1rias%22
https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.17.14.1
https://jispp.iut.ac.ir/article-1-421-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-17 ]

[ DOR: 20.1001.1.23222727.1395.5.17.14.1 ]

TV S5 P00 Sles past 5 (JnSS 09Kk 5 o33 25

Effects of salt stress and supplemental silicon on morphological and ionic relations

of rapeseed
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Abstract:

To study the effects of salinity and complementary silicon on some morphological traits of canola, cv. Talaiie, an
experiment was done in greenhouse. Treatments included four levels of potassium silicate (0, 1, 2 and 3mM) and four
levels of chloride sodium (0, 0.3, 0.6 and 0.9 g/kg soil). In normal condition application of silicon did not have a
significant effect on measured traits. Salinity decreased leaf area, leaf and plant dry weight and leaf area ratio (LAR).
Application of silicon to growth media enhanced mentioned traits. The highest morphological traits and biomass were
found in mild salinity, 0.3 g NaCl, and all applied silicon levels. Salinity decreased LAR values which showed salinity
had strong effect on leaf expansion than biomass production. The highest specific leaf weight (SLW) was found in
highest salt level and non application of silicon. On the other hand, supplementary silicon reduced SLW in salt
treatments, which showed positive effects of silicon on leaf expansion. Sodium concentration was increased with
increasing salt levels in non-applied silicon treatments, but potassium and calcium concentrations were decreased.
Application of silicon induced a reduction in sodium and potassium and calcium uptake compared to non-applied
silicon treatments. The ratio of K/Na andCa/Na increased in all silicon treatments. Si concentrations in salted and
normal condition were higher in silicon treated soils.

Keywords: Calcium, Leaf area ratio, Rapeseed, Potassium, Silicon, Sodium.
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