AT ) o les TV

a5 olS 55 el Jodly 5 b S penl (5 gl 2l 5L el Skl S

Soss i > (Raphanus sativus L.)

T laaks ol JWS 5 M esliible ol s g 1) e e

P i Sy 05 8 Ol 3T e dugd ol &ls (5"

. é 5 < B . é - < w (& an R
K555 QLS (59 5T (a5 09,8 Obmlydl Gobe dgd o RNs 4

dal:S/ ewld S 058 Xy el el S15T ol &sls ‘.\Sjar

/ANy b

TNV il s b

0 S

)'\éw\%bﬁ;dyjl.;)bdukf@jjj.Lijﬂdiu)ﬂaswlékdla@m&;fuL;)}J:

adllas ol ol s sL f@fof)ﬁ@&;)\};ngle el oS WAL e 5 S s sl Jae sla 4.‘_:_15

w5 olS Gl Cdgand 5 s gla el (7 Y MMl Sedle s QA mMM) (g5 25 6T ) Cogr

e 0ol Sy s p (osd ST s denl Sl &S isls Ol w8 .2 S o) 50 (Raphanus sativus L.)

L St ol 5 Gt oledd 3 s Sl SLLS L) (5 Aol Kbl bl (5058 S5 S 55k 4 dizdls

Slye Sy Gosd ax SIS b alsy 5 b S s dsloes bl Hllie il Comge ol Sl o on

O sn Glge dd bs aay 5 e S s 0F Ll o e el Sl U les Js il (6,006 13T anel (glaand

doily OS5 e Crse Dlad 5o a3l L1 el Sledle Slas by el qosd il s ps e sla

Lds by S (g e

Aol Shedls (655 etz 5 ) i sanl 1A 5o o315

nchapar@azaruniv.ac.ir Sy xS Gy ¢ FAV-FFYVOFY 35 (J gies ooy 55 3%

5 P 5l Cilen (S pbe Coen (Sl lalis
LS s helpe S gl sl Ol JRals
g (V9) s o e oS 2 sllasl slasly g
e s Shda S al Sl Jled J e sl
Olpe @ «gops 55 b ol awl glaaad 5 b
e odd 1B (oysd a sl 3 g eilSe
S S S VW polis 4 AL gl 45 850
S Dolome el Joily OAS 5 e 4 e
dlpon DL 53 LSS cpl e 5 M L oss
sl ol Jomily 0 5 e (YA 5 YY) 25 5 s

OLLS 55 Caeslie sl 6l s (S Ul @ o

vy

4o o

S el e Jilse 5 e S S S0sE O
S b Gt S e o | OLS W 5 A,
sl G5 S o se Sl (el Jrlly 035
Os chle LBl L pramas ()50 S5 (YF) 550 s
Mg Ay el 4 e oS S 50 e gl
o5 d oo S 0y VL olis (YY) 538 e olS
ladul 3 5l ol s lislssl s 55 CIy Na'
DBl e sty L3 e O cnl s el b (S ile
S O3eeS| Jld gl 8 W5 (VY 5 8) Wl e

A s oL (S s Ois eedsbe o



AT ) o les TV

Dl 3l e LS e3ls 18 sl Kl a3 YO glos s
osls JWsl o 5 sl e OIS @ s ey &ils (5
gl 52 > Sl Jlas (S sl s L
gows Lo g5 555 4w (b o3 Ve e /Y 5 (1) dals
OF 31 oy s dlasl a2 5l el Sl S 5a 10
dald mhaw 55 55 de LIS Jgle )55 sl
W3S s s s Vs e VA 5 (0)
AL 5 055 xS ol Gl sy S OLLS
eslical 5550 GLSS T 1) Lo (5,8 sl Ko 5 (S0

S 13

5 PRIl oS A Slas a sl iy gl o

Sl 3 s OIS sls Gl 5 e S s aly

Lod et lade OT L o glan 5 Sl Gl gl

033 5 St o O Cosby OBl IS 1 eslinul

LSy b i (6,5 ol s el Koy

25 bl 5l ads sla bl 5 (S n e el oo

b ks Sl S LSS el K S s

LS B8 Do (a3 les o)ss pladl Gl e K
A a8 L s egg, 3 0,05 G Ulge

Relative Growth Rate (RGR)= (1/W)(dW/dt)

Net Assimilation Rate (NAR)= (1/L,)(dW/dt)

Leaf Area Ratio (LAR)= L,/W

Specific Leaf Area (SLA) = La/Lpw

Leaf Weight Ratio (LWR)= Lpw/W

Leaf water content per unit Area (LWCA)= (Lgw-
Lpw)/La

J.'? S3%) =Lrw ck.fj.z S 5P =Lpw ;gfj.! ch—dzLA
a\.&f&.‘i}-djj=w ufj.g

F AL Sl S Jhoe sl g s sl s Sor
¥ sbed) Sak sl 5l day 5 (Kea TRIS-HCL L
Yo Sode s aidy 3 0 Werr G ol Sl ax o
sl Gome b sy mle 5l pasia plie (adds
03,5 s 00 MM e J5b 3 b O Gl 5 bl

\ng

J).l;w J\jﬁ Cq.>£ 9 dT .)a{b) V.:Jaﬁ ol 4¢3 90
ST Gl JGsl, Gl (gl stepa baim 4y Xl &
LS Sas blis 5 a8 sl IS5 Sl

(YA 519)
g del S5 St siosl bl Sl
Slor o el 5 M, i 53 (Jgd S5 S e
Rl b GBS ey SIS s mesm ek G
e o QLS Jae cla [R5 4l 5 Do s
Sl Sys sldie Ll (YA 5V) 48 e Ll
4 s L sled Sl e o5 gl oy Wby sl
3,08 (00 sl el enls o O Jlans| 2T s
Er V) b 5315 050 Sse 4 el Sl
> (Y0) Brassica juncea 5 (*f) 3 4> 8 (YY)
038 (gosd Jalpd s e Dk 5 A3, Gl w

.waﬂl

Gl Ky e L s O e bl
Oeomed 5 e S Sl Came 5 s S
S Gosd el o5 0Ll Sl s @ sl sl
b O0) Kos s 30T i8S oeal 5 a5 alex
Sl 5 g5 25 6T & w2 e anllas oyl
oS (SKidnpd LS Fn Al
orl 53 5,8 413 ey 3,50 (Raphanus sativus L.)
Sl S s SIS 4 5 0s a a3
sor (b mle) SLLS 55 o luls 5o A

.))—.ﬂ
Ledsy o 3l g0

oS sopd A5 5 el Sl J s 0 550 @
e b ol SlS b B s lesT e
(Raphanus sativus L.) ax 5 sla,d .as > b I S
M)\wjodﬁdd)&ww)b \/0 C,.vjls},.hl.v

5 Sb ps s $m Oa ks OT L S g0



AT ) o les TV

Sl 55 (S sl Sl (el Jemily O oo o
il Sl Jshe o i JolS pilal, s Al s sole
o ) Santy Sl 5 o A5 5 slessil Sl S sl
5 oglAsel (4835 10 Do 5 oaids 5o s Yoo
OSMOMAT ) gsbamsl 25, Sl osbized b 42l yael
Jely aloes (51 i3S e (030 GONOTEC
Il @l s S eslinel Gosgnly ables 56 and
Fas JoS ledss S s el ol oS
O35 s 4 gl b S Js w5 dlesl WL
35 3 b 3 cele s Ve O PR P

(A) B osls Gl )3 lade gj

Sl sla w5 plonil sl tgolel Judows 5 4 2w
Ll oSl avslis i o3lizal Excel 5 SPSS 155 o5
BB Ao 53 0 Jlezl o 53 LSD Oga30 51 eslial

A el b a5 s Sl

Sldis 658 e sl o 3 2okl e s L (V)
05 eSS bl U Jsbe b s 2l
A3 S I8 50

L5 kS ol a3l al gladel gl goms o
3 o5en PHV/O) 3 Jsn oo O ol Slicd 3L,
o ol Sl s Fosles) Sab sl 51 am
gl Ol palie (4435 Yo e 5 adds 53 550 VW
Sobe (p 03 e s bl s 0 e b o)
05 el der DS 5w 3 A ey 18 0L g
e s b L00) L3S ad OV m g b
ool T ael ladead s S 51 skl
S IS 505 e S ne S S

bl 5 alS il id o o A gl gie iomiw
3 A3 53 555 00 S ) S Sl Sl dm 5 Sen
050 domo b g5y mle 51 (g polie (423510 ke
Adesls Gl 3 g db s ol e s s bl
b € gad odom o O 3 STy B 1 ey Aloidl
o ooy b TY) 3 S s SYO MM e Ik s
8 SO T VR [N PP PO T I PR C QN L IR EW
A PSS 5055 e S e S

slie S 5 S 53 (s5ed oty 5 (530l oy LWCA LWR SLA LARRGR o5 o sslie =) s

A3 o PO.05 s 3 s ime Mt e SOb 0L Gy s Hlrs Gl sl 2 1SS F KL

S L

Al S L

ke S

Jals

b

£/08 £ \/\§ O/YY £ +/AVS

C

VAVEE /Y avE g ¥

b

oY /Y N CE R

a

YY/Y £ ¥/fvq \P/YEE Y'//\?/\b

a

VOONEY £ TYA0Y VAP £ oy

ab

YV E /ST Y £ 5P

a

VEA £ o /0EY N SRV n

b

SV SAV £ /00 N EIO

vy £t ey ey

VJAVAE o /e

NN RN

/7y £ oAY?

\cab

a

WAVSY £ ¥/xqP
VYA F Ve
OYE0 £ eyst?

JVEE A /v

VYR RN

VANV

2 2\ #
AERVAAs EM)S » o

SRV (KgKg' day") RGR

AR TR (Kgm™>d")NAR

W/A0) £ Y/1AQ° (m*Kg") LAR
55/ve5 + 4/9\° m”Kg')SLA
N ETIAS (Kg Kg") LWR
CAGY £ /e (Kg.m?) LWCA

AN (MPa) (s jousl Jomslsy

S0t N il s S s el Jedls

vt



AT ) o les TV

O K8 anals o 5 elio El 5 Al Shedle
Gls 43 Ol als Ll s s sla sles OV
Aol Sl Lol jon (5555 slad 3 e aly ) J sl

Sela &Ll miy
53 ol ael ladul O s s Syl gladal
S e 5 5 S p s del Sl U les
Lls o ol s ol Sl s e
s S ks S5T asl cladal Olses 55 (Smis (Sos
Skl Lol jon (6558 Slos 5 25l s 4 4ty
oor 4 6ot S5 ml b oalle ml sl

(Y L) el

(5 s p 8 o R ) IS a1l 4l slasgl

Control

NaCl 180 mM SA0.2mM NaCl + SA

b, 5 Sy s JS o1 aal gladad (gl -7 2
Sl 0l G s slne Ol sl LSS Y (Sl slis
el P<0.05 T 3 s e BV s
IS Jsle sl 0850 Ol 1 JS Jghome lo (555
BEINCIIIWRPp JUFS SN VO [E W SN S PO IV TS SRR
BL Rl b pae Dose w4 aly, 0 S0
iy 5 S 1SS 5l aes ol Olies (655 Sles
Lol copd Slad s JIalS Sl pme D50 4
aslie 53 IS Jsloe b 5 Ol Aol Sl

Lol Gopd 5 ) dodr s ool 4 ax g Lo,

DL J;U L)'i‘ ‘-5!} Lis RGR )L)\.E.A BL) )') ;-SM u;..MS

Yo

@L:S

(Goys oled Vsl o ar S bl o 5 4 d
Looler o5 Dl 5o 5 Al Sl Sl
Ol iy sl eyl s glize BT dml Sl
S 5 RGR (555 o5 Sl me 6 pds s
35 el 3 g denel Sl Jles 3 O Iy e
s G ls ims Sose 4 NAR 5 RGR <
3SLA Js a8l el dnl Sdeedle Lol o (555
@ o LWCA sl 0l 6ls ixe Ll LAR
L e b les G s

25 ele S ;Jf sl C8b (el sty
il del Sl Sl ¢ ol bl 5 Sl
53 ol sl 3 ey BelS ulads s Sl s (el
2 Sy Gl el 53 g S o S
Soss e 5 o sled sl s 4 ol -
@ole Il 5o (el Jomily ol Sl ol o
el e Do |y JoS il 5 s

O Jsdr) 5505 5

(55 o5 o8 o p R ) IS Jsbaa slans

Control

NaCl 180 mM SA0.2mM NaCl + SA

slie s ey 5l S s S e (slacs (lgime —) IS0
pde Sl 0Ly g s Slons Sl il £ 1SS Y (Sl
ol P<0.05 g 3 Jls e DA
Lol o3 S Jsowe slaa3 Ol 1 S J ghome slaud
s e Do ada; s Sp o el Sl

bosler gosn Sl 5 o Ll 3L Al



AT ) o les TV

e i b les adllas cpl g das e OLES 1 elS
Sl 55 86 ) S Wl es S Jlesl LWR (g5,
3 aS als ol e alb s e denl Sl
sl 3 el s w4 ajles S mla 3 aalllas
odaline 235 4 c,.;b_ 23 0blS s &S el s sl
A el Sl Sl 5 o5 (Y54 A) 558 o
sAadls sy 6oy o S0 adlae ol o Ll 4 9o
Aol Skl b ol o (5550 Slasd 53 Ay (0 B0 0
25 Sl ey bl RGR) ws;y gy, Wl ol
ol pde 5 oo (S35 (Ko o5 Lyl
A ol s (Spke e e Jals 4 S
3 slaesSt 2 B 51LYY) 558 e gme olS A,
sl Il il b oS ol ()58 Dl gladaly
Sl s 5 Sy oK 4l b Sl
0) kS ocielian |y a5 Ady 5 e Ll

Jusl b5 L ol bt ol Sl b BL3) s
05 a8 ol e Brassica juncea el Sl
23Ue 5 o 55w e S 5 o) VL sl il O
OY) 4585 oS condy Gl & e OF Sl
ol Sl € 235 i i 05 e e
clle js CS 5 ol ol oS Hﬁtﬁﬂé‘ S84 il
5 03ga5 Jld b OleeSt 3T S Do 4 by gl
3 ol dlé gl 655 olast 5T gl mj ol 5!
Condy S & e 5 03,5 ol 1) silhlSt
cbale 3 blie 3 LIL(YF 51) 335 o i 5l ol
S S b Jas OS] 5T Ol w0 L @ VL sl
b osls) goldnst 25 obel b Ol SO Olss @
el ke Gl B0 s (Whetd esls 0L
O 51) 538 o e olS o

\)egwlujuﬂéjﬁ&ﬂw “RGR)J]::.UFJ&

V Jsde 3 S b Oles das e 0L gy plp 3

vs

Sl ol er (6555 Sled 5 el Sl Sles

NGIU P VR ot

O, By

(5 005 a R 8 ) IS Jisbaa sla i g

NaCl 180 mM

Control SA02mM NaCl + SA

leaiyy sl S ps IS sle la 55, Glyme - S
Sl 0l Gy e lns Sl sl £ 1SS F Sl slis

.ol P<0.05 s 3 I e Ml pe
4:L .« LAR 3 NAR o alol- RGR &l s «
Iy 5 5e RGR Sl 55 Ll o ol 5580 55 36 11
Looler o Llew Lo LS &S col Sl W osls .S
Iy Sls e i LAR s NAR slie sl Sldle
6 KL NAR sl els Sl ol oo ol o0 S
Ll e ey gladil B Ll by gy
&S LiL . LAR 5 SLA S zie 5 Shs Jol~ LAR
4 RGR (g5, LAR e 56 SOl ) U sla ools
S Sl el Sl ol pon (558 Sled 53 e
5 Sl o SLA Gib Sl edes sk b
Iy Jls gme 2alS LWR LS sl Sheedle [l
ol 2 L olS S Olsee SLA Lol 65 S
Al oS s s e Ol e S Sas 0
L SLA il Js esns WS LS5 L SLA
ol sl ol 3 el ol jen S gl S S5
Aol Skl b elen (6558 Sle 53 SLA e
DalS s Lol S culis s SL
ol SEalS sy 5U Sl SLA (2l b S e
LWR cole Sl b oaglis 53 s S0 S
BSlanlis 3l &0 SKis ol ol Ol



AT ) o les TV

ST ael sladeal Olen 53 (6 5eid OF s &y o 4228
D ooy

B T I RN v R b alis
ML 55wl sladeal (gl gmn Sl 4 ) Sl
Gl SLE Bl L s S pand cpl ool ol e
Sl s Jabe s O 5L (Rl s et s
o BT 3 g & e LIS e cile gla oll 5 s
e ST 5V st w5 L (D) 338 i 5l Jols
oS Ll a4 sy gla bl el Sl
ol bWl Bl a8 S iy s 1y (8ol
b e 565 ol Ll e s e S s
LS Cailes Aol Sl

aMT@;@@Lﬂgu}.\fl{:JS Jaloes sla pi59
22 sl SlagnSs g e o5 5 XSS 5o
Coge 4 Gopd S5 b Gl b a5 S,
o A Rl S e S 8 e e e
S @S OFan P A W ow Al
P OAS iy U s ealp wal gladad 53 RalS
893 S 31 (Y0) W3k S s 55 S 53 sla
P2 el 4 s (VU il 5 s (VL e
P N | N B T PRSP R
S o0y s gla u:)lj-f L e 13 50 Ces
el @ ke YL el Lo 4 Cnles
w5100 5l e el L(0) 3,13 s BLSI S5 s
o ol & S R 53 g Sl 2 S b )
o b s e 5o SRl ol (YY) T
AL oS B s e S Sl Ulpe w0 Ol
A e S e 50 Fge Sl sl
Raphanus sativus s alis b ool ol Ol &l i

sl s o daline 50 (14) Phaseolus vulgaris 5 (Y0)

Ly Jale gl 5y, ul5el Y Ji,.« L solks
Shedle b oo (GHso slad 35 5 A Skl

A%

LWCA, LWR NAR Olpe 53 55 cpl ol ool
0 6,86 5 SLA LAR

055 3 Jsbee gladd il 1S J o glaad
Sl (S 0ty (el oS 5 CBls s (6550
sbo la iy 5 Wlad 5l cbli> ol3l s,
Sl s me Al 5 ot om0 gla
old 1S war e YY) ks ol AB 4zl
S Dlid 358 s w5l Olger (S555 25 b el
0 sl (leu'l): awlll kS w5 sla v—ljj}
RS chle IS L wss Al e SR et
o Ll il s el g 4 ek W i
5 S dsbe o Ole O S gl () el
ARl o S s Al Sl les (bl
Oryza u.iuugfﬂ)“m@wg@upsag

AYV) Ll e il sativa

25 el Sl Sles (b Jlos gland 1530
G 503 03 $ost A Lol ea S S nl bl
0t Sedle 8 pla 215 s (Yol o
Sl 355 oo 0LS (il ool sins 35 ole Ol s
GBI 0T Clate 5 35S Ole Rl s 4 a3
b on Ll Y0 5 YY) il gme s o&aws es3l
Sl el Sl e LT a5 b e,
Skl (S8 AL Ol e 1 Jsbome sladk3 Ol

3 gad a5 analld oS 5 sla T A

S5 b S (gl wel gladend 1S 5T al gladau!
I N ol o IR P
3 O5s5 Slp e 53 e Olpe a5 adls oige
Sl Y USE @ s LLOA) Wl e ol S
23 G ool Sl Lol s ()55 Slad 5 (555
Ly o B sl s 4 ael sladeud Olss
2y 5 S dloe e s Sl alS

u&ﬁjﬁ)@c@wqﬁm(m}&i) s dal



AT ) o les TV

Sl & b Sad clle s JlBl (OF 5 0Y)
GBS S S s e e S Y e
s by Co e il e b il s Loy
Sl Jradliy 035 5 e U155 5 ol By, i
Foote (1) e o) e ol oS el Julse
Loolen o5 Sl 3 s S el Juuily Cu2
e s b Og g 0 U5 o 5 b e Sl
o 5 Sl Jslme Gladd (1Y) (s Ommes sl

Sl e

ol kil s S U5 e S S et Ol w
e & 5l Gl dend Sl 51 ol 4 0
BT el sl a5 5m gla ey i i 0
syls Jlea| by aldse Cud il o Sl el
chle (AlS 68 @ s S s S5
G Al Joe A5 g8 L S 5 eslinal 5 4
CatS GlE )1 5 ol S oS 5 ol 5l e clals
S o la 25 ol 55 6lS 55 Caslis sl
oty 3| ool s @ a5 bl el 5095
i b s SIS palS (gl 4z 5 olS (g el
G S o et sbml T Loy 53 Sramel Jouslty 058

AL s (68 A o sl

Syosr Gloxl o G Gmse p LS Dhsige Y
Gl Sl by st Sedle 3 AYAY

oS A3 sl bl a5 (5 il SRS g il
Ol ki Sy alme (CapSicum annuum L.) Jals

CAYA = AVA(0) Y

3. Ajmal Khan, M., Ungar, [LA. and Showalter,
AM. (2000) The effect of salinity on the
growth, water status, and ion content of a leaf
succulent perennial halophyte, Suaeda fruticosa
(L.) Forssk. Journal of Arid Environments 45:
73-84.

YA

SMRe 53 (Ll 50 s ed e edalie aly) 53 Al
Sl b Sl 5 1 olS sla S5 sla o255
Wy e del Sdle ((Y) cl sds 18 5
Seias s WOLS 51 sl gl 5 oy sla 55
s by G e sl sl HE L Kl
adls Sy b g, Ol SRl s s s

AL

ol g A s esle S s (el il
Sl ol es (Grenl leily OXE 5 e 1 alS
bl Slp e oo Ol @ Jhoes 3l e
Syl SLES 2053 ol a5 3550 OLALS s Caslie
Lile ey e et L5 o S5 S QLS o
sl S ol e S 3 L 5o 5 IS (i
o Jsbe slse w5 ol s el i AL
T gl s, Gl (sl stesa Lis o Lly

YV 5 18) a8 SaS Walie 5 s 8 bl

23 (S e J.\,ML:{ 5 Sl J.»...;L:._' ol aadles s
Sost sled 5 Soxd Ruld g LS Gl 5 -
«6)).‘:: .12._:_\]«3 DL ijw.l:ﬁﬂl wbba‘ﬁ

Gl ol odalin 3o s 0L 55 S Luilul, s

@L:.c

M1 T lgmr 5T OYM g s Ol od L2
Oly (pped aded 3 SAS 0 WSO s Spd oSS
5 Slsenl e 5l eslizal L (Glycyrrhiza glabra L.)
—£4Y (F) VY Ol el ) e cdond Sl
VY

4. Azooz, M. (2009) Salt stress mitigation by seed

priming with salicylic acid in two faba bean

genotypes  differing in  salt tolerance.

International Journal of Agriculture and Biology
11: 343-350.

5. Bhutta, W.M. (2011) Antioxidant activity of
enzymatic system of two different wheat



AT ) o les TV

10.

11.

12.

13.

14.

15.

16.

17.

(Triticum aestivum L.) cultivars growing under
salt stress. Plant, Soil and Environment 57:101—
107.

Blumwald, E., Aharon, G.S. and Apse, M.P.
(2000) Sodium transport in plant cells.
Biochimica et Biophysica Acta 1465: 140-151.

Bradford, M.M. (1976) A rapid and sensitive
method for the quantization of microgram
quantities of protein utilizing the principle of
protein-dye Binding. Analytical Biochemistry
72:248-254.

Chaparzadeh, N., Khavari-nejad, RA., Navari-
1zzo, F. and Izzo, R. (2003) Water relations and
ionic balance in Calendula officinalis L. under
salinity conditions. Agrochimica 47: 69-79.

Chartzoulakis, K. and Klapaki, G. (2000)
Response of two greenhouse pepper hybrids to
NaCl salinity during different growth stages.
Scientia Horticulturae 86 247-260.

Curtis, [.S. (2003) The noble radish: past,
present and future. Trends in Plant Science 8:
305-307.

Dubay, RS. and Singh, AK. (1999) Salinity

induces accumulation of soluble sugars and alter
the activity of sugar metabolizing enzymes in
rice plants. Biologia Plantarum 42: 233- 239.

Fariduddin, Q., Hayat, S. and Ahmad, A. (2003)
Salicylic acid influences net photosynthetic rate,
carboxylation efficiency, nitrate reductase
activity, and seed yield in Brassica juncea.
Photosynthetica 41: 281-284.

Ghorbani Javid, M., Sorooshzadeh, A., Moradi,
F., Modarres Sanavy, S.A.M. and Allahdadi, I.
(2011) The role of phytohormones in alleviating
salt stress in crop plants. Australian Journal of
Crop Science 5:726-73

Gimeno, V., Syvertsen, J.P., Nieves, M., Simo,
1., Martinez, V. and Garcia-Sanchez, F. (2009)
Additional nitrogen fertilization affects salt
tolerance of lemon trees on different rootstocks.
Scientia Horticulturae 121: 298-305.

Harding, V.J. and Maclean, R.M. (1916) The
ninhydrin reaction with amines and amides.
Journal of Biological Chemistry 25: 337-350.

Hasegava, P.M., Bressan, R.A., Kung Zhu, J.
and Bohnert, H.J. (2000) Plant cellular and
molecular responses to high salinity. Annual
Review of Plant Physiology and Plant
Molecular Biology 51:463-99.

Hayat, Q., Hayat, S., Irfana, M. and Ahmad, A.
(2010) Effect of exogenous salicylic acid under

¥q

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

changing environment: A review.
Environmental and Experimental Botany 68:
14-25.

Kaya, C., Tuna, A.L., Ashraf, M. and Altunlu,
H. (2007) Improved salt tolerance of melon
(Cucumis melo L.) by the addition of proline
and potassium nitrate. Environmental and
Experimental Botany 60: 397—403.

. Khadri, M., Tejera, N.A. and Lluch, C. (2007)

Sodium chloride-ABA interaction in two
common bean (Phaseolus vulgaris) cultivars
differing in salinity tolerance. Environmental
and Experimental Botany 60: 211-218.

Khan, W., Prithiviraj, B. and Smith, D.L. (2003)
Photosynthetic responses of corn and soybean to
foliar application of salicylates. Journal of Plant
Physiology, 160: 485-492.

Khodarry, S.E.A. (2004) Effect of salicylic acid
on the growth, photosynthesis and carbohydrate
metabolism in salt stressed maize plants.
International Journal of Agriculture and Biology
6:5-8.

Kumer Parida, A. and Bandhu Dasa, A. (2005)
Salt tolerance and salinity effects on plants: a
review. Ecotoxicology and Environmental
Safety 60:324-349.

Mabhajan, S. and Tuteja, N. (2005) Cold, salinity
and drought stresses: An overview. Archives of
Biochemistry and Biophysics 444: 139—158.

Marcelis, L.F.M. and Hooijdonk, J.V. (1999)
Effect of salinity on growth, water use and
nutrient use in radish (Raphanus sativus L.).
Plant and Soil 215: 57-64.

Muthukumarasamy, M., Dutta Gupta, S. and
Panneerselvam, R. (2000) Influence of
triadimefon on the metabolism of NaCl stressed
radish. Biologia Plantarum 43:67-72.

Mutlu, S., Atici, O., and Nalbantoglu, B. (2009)
Effects of salicylic acid and salinity on
apoplastic antioxidant enzymes in two wheat
cultivars differing in salt tolerance. Biologia
Plantarum 34: 334-338

Nemati, 1., Moradi, F., Gholizadeh, S., Esmaeili,
M.A. and Bihamta, M.R. (2011) The effect of
salinity stress on ions and soluble sugars
distribution in leaves, leaf sheaths and roots of
rice (Oryza sativa L.) seedlings. Plant, Soil and
Environment 57: 26-33.

Parvaiz, A. and Satyawati, S. (2008) Salt stress
and phyto-biochemical responses of plants.
Plant, Soil and Environment 54: 89-99.



AP ) oyl TV Al (O ) ol g3 o) ALS slgdin sy dloma

29. Popova, L., Pancheva T. and Uzunova, A. 33. Sakhabutdinova, A.R., Fatkhutdinova, D.R.,
(1997) Salicylic acid: properties, biosynthesis Bezrukova. M.V. and Shakirova, F.M. (2003)
and physiological role. Bulgarian Journal of Salicylic acid prevents the damaging action of
Plant Physiology 23:85-93. stress factors on wheat plants. Bulgarian Journal

30. Popova, L.P., Maslenkova, L.T., Yordanova, of Plant Physiology, special issue, 314-319

R.Y., Ivanova, A.P., Krantev, A.P., Szalai, G., 34, Stevens, J., Senaratna, T. and Sivasithamparam,
Janda T. (2009) Exogenous treatment with K. (2006) Salicylic acid induces salinity
salicylic acid attenuates cadmium toxicity in pea tolerance in tomato (Lycopersicon esculentum
seedlings. Plant Physiology and Biochemistry cv. Roma): associated changes in gas exchange,
47:224-231. water relations and membrane stabilization.
31. Razack Mohammed, A. and Tarpley, L. (2011) Plant Growth Regulation 49:77-83.
Characterization of rice (Oryza sativa L.) 35. Yusuf, M., Aiman Hasan, S., Ali, B., Hayat, S.,
physiological responses to a-tocopherol, glycine Fariduddin, Q. and Ahmad, A. (2008) Effect of
betaine or salicylic acid application. Journal of Salicylic Acid on Salinity-induced Changes in
Agricultural Science 3: 3-13. Brassica juncea. Journal of Integrative Plant

32. Roe, J.H. (1955) The determination of sugar in Biology 50: 1096-1102.

blood and spinal fluid with anthrone reagent.
Journal of Biological Chemistry 212: 335-346.

Effect of salicylic acid on growth parameters, osmolytes and
osmotic potential in radish (Raphanus sativus L.) under salt stress

Hosseinzad Behboud E.!, Chaparzadeh N.'* and Dilmaghani K.
!Plant Biology Dept., Azarbaijan Shahid Madani University, Tabriz, I.R. of Iran
Halophyts Biotechnology Center, Azarbaijan Shahid Madani University, Tabriz, I.R. of Iran
® Plant Biology Dept., Marand Branch-Azad Islamic University, Marand, I.R. of Iran

Abstract

Soil salinity is a serious environmental problem that has negative effect on plants
growth and production. On the other hand, salicylic acid is one of strong candidates for
stress ameliorators that have been recently recognized as a plant hormone like
substance. This study was conducted to investigate effects of salt stress (180 mM) and
salicylic acid (0.2 mM) on growth parameters and osmolytes in radish (Raphanus
sativus) plant. Results released that salicylic acid and salt stress had negative effect on
growth parameters. The effect of salt stress with salicylic acid on growth of plants was
obvious. Salt stress and also salicylic acid increased soluble sugars of leaves and roots.
Whereas salt stress didn’t have any effect on amino acids, salicylic acid caused to
increase that in leaves and root tissues. Content of soluble proteins decreased under salt
stress and increased by salicylic acid treatment. Both of treatments caused more
negative osmotic potential.
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