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Soil Sample  pH EC OC OM CaCO3 Clay Silt Sand Texture K P
- dS/m % % % % % % - mg/kg  mg/kg
796 1.09 068 1.17 12.0 24 40 36 Loam 218.96 16

pH: potential of hydrogen; EC: electrical conductivity; OC: organic carbon; OM: organic matter; K: potassium;
P: poporus.
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s Moaveni .(Y) 1L o R8s aanl Aol
Sl Slas e edis JS Ll s (M) O Kes
o M 1 saies e B5 o ls e
L8 S el a8 el s ol 65 S5 sanlis
53 ekl J S Gleae 3 s et e &S
b Sondl Sl polazm ) Jormte Sle i) pards

me‘ )\))}5-}3

00

Ols ST 55 53 o enSilbe tmlie ol ol
L edaline s oae Ol (dS/M) g3 (555 da.d 33
sty (Ao 3 YAYE) s o e s 5 (S5b &
s I s 53 O UK 5 Jamie 5 4
153525 3L Sledol S o sd SR o OLaLS s
(YF 59) 0l ksl 5 s Sldllas & ol 55 e ahar |
oaie 585 Ll (19) amiy 5 (10) S (V) 1348

o Olges Lo 53 (58 50 dlesl b &S il sils



RCCRUIIER o T (Ol ol g3 aloe) S50 m 5 Jgbor sletin sty e

45 - 12 days after salt strass

40 -
35 -
30 -
25 -
20 A
16 1
10 -

—o— Suscaptible
—i— Tolerant

Proline coment (pg/g FW)

S0 82 54
NuCl (d/m)

e dms o O 5 6)5b S el G o X pon 3 55 013, UBT s ) Olien Skl (55 i85 5 Sopd Blize 1) IS0
bl 5 (L) CO4 g ains OLis T Lo e ey g A 55 F Y @ S5 le oS Aas o LI 15 (5500 o S 5l an

| (Standard Error: SE) s.as olis W g 55, Brror bar .l (Jams) C86 55 stins oli

12 days after salt stress
1.2 -

E 1
= o8 - b
‘g' 05 - ke ke
E 04 - ¢ _
é 02 - - l

0

Oclgfm 2ds/m Lelsim 6ds/m 8cs/m
NaCl (da/m)

2> S e g Gy (S35 S5 il a3 2 Ol KT s AT30 e Dk 6o sd i il sk LY IS
Al o SNK 05051 L o3 0 Jlezl o 3 Sl e sl L L 52 VL

0L il sl (3 0o Ol 1S 3 (gypd 55
YY) sls

2dS JBe kS s A e Ol e
Fe g Ui Gops Pl bl 4 @l el
iSan e 5 S8 5 Guss Sl LRl
O e S s IS Ol 655 2 st X S S5
e Al 6osd S5 dlesl e (Y i) L
o So5h e &y Lomd (Rl s g3 Ol 55 5l

1 UKE) s S edaline

Yor

Ui o lp el Olpen alisa0 e
Sl 5 el woo)ly Slds 5 Lo o Oplins]
@ bl (P s5d e S s s b
L5165 O Olge o5 S il a3 Jsdr
Sl LY Jsd) ail e ls e bl Ll )
038 My SR T (63 0l Olpe (5558 o slan
gl 5L L3 (Ao AT) JlRe o 2y &5 (55 5ba
53 (Y SK8) s S edaline (e s pmieg j gmd A) (550
@adaze gba 5158 5wl (g3 o dle Ll b da

Odd il Lol edd jize olalS s (Tr 5 )



144 F o e XY W

(Ol gl ol G o) J ST 50 5 J s sletin 3y aloms

12 days after salt stress
=9 a
gs-
1. .,
B3 X
2 - b
L -
Ods/m 2ds/m ddsfm 6dsfm 8ds/m
MaCl {dsfm}

3SRk gk Gy (Syph 5 e e 53 e, Ol KT s el i g3 Olge Ol o s 55 e s 3L Y IS
Al o SNK 05051 L o3 0 Jlezl o 3 Sl e sl Kb L 52 VL

e Ol 5 ol o s Co S e oS
Ohalesl 53 ppamen AL e RalS Ol ST glaiss,
Ve o 3l Sl SR L (Y) 0K s Lin
Slyms 5 als jmes o e p e S o
2 Slallae mls 3L Sials Ol ST s L ls
Gogs R84S 2l DL 58 (F0) i 5 (V)
S sk il J85JS Gsme o e DL
L) ol 8 30,5 o S AS s oS Sl i
03 Gemed AL e Gt pl glaasl L8l s
S (f400) puS 53 (6o A5 4 el OLLS
S Eed Jdp s chle s (YA) = 5 (0)
Co S e U5 e cplpl ol el edalin (55
23 (JulS dlor 5D (S gle G5, Ol S
e Slp Sl LIS e Ol ST sle 83
5 Mittal 3L 53 25 0 Wl ol b Jass
Goss o8 Cod &S LS sdaline (V) O,Kea
> S 5 osd a Jomte U1 s LIS (s
s S Olsee cpl by el SYL ol 2B L aslie
Cnslie ol (5ly Al Jlne K Olge 4 M5 e

Dphan Sl s o504

fov

Gosb 4 2sd o abaadsn ST 4 Doy ol
J}Q}o SR oJ:.mS\ r.lﬁ ‘_},:J: “ U‘:""? Ja.'r"f.ﬁ BE Ly
w05, il s g NADP' G ,es NADPH/H'
u—_{‘jl-d v\.‘l—i ~° u,:,alS djj'«'gl u;_L@.v a,\.;ﬂf Q‘j&«
Q\},&MQ}J‘&“ JLE:J °.)’3'?°;J.J3"""‘)'> u}:..,.Sl J}gja
S5 S 4 e 5 S (o Joe 05,8 ol oS
Je sla 4.2)§ (\F) s4i s OS] Jé sla djf
BTy O o gp (e J,ol}o Olge 4 03551
b 4 ool OF w5 a5 L eS|y aher
2 eSSl amlis 2l 6 g b SIS Ol
ot Lta B ie o5t Sl et 55
J}M@Mwﬁyﬁﬁd‘ﬂ):wngM
Ad)ﬂch..ﬂjét}sc}:}jjls‘)lm wLM} g:.:;j;j‘))
Sls 0L fals Ao s AP Ol 4 2o g ey 5 o
BL Ja}ﬁﬂ wy B YL ckw BL J:}}JLS .]u;— p"-’-‘fl'"

(Y Jgﬂl) J}.‘iwaMLﬁ.& u»:Lw} uﬂ&bwu}

oS 53 (fV) Omami ollas L 3815 s =k o
ozt e I L 350 Oy & Al e 0l Kol

sl wlﬁf CLL?)\ (J:AJJM)J&J\Y 9 Yo ld Y ‘Jw)



1744 (F ol FY Al

—¢— Suscaptible
=i Tolerant

(D) (ol o lomn) J S50 5 I s Sletin sy ads

12 days after sak stress

—

S0 82

84 s8 88

NaCl {ds/m)
sde Ams e OLES 1) (6558 S N G X gomn 53 by 010, KT 3 IS Ly JS Sl o (555 w33 5 (505 Jolie i1 =¥ [Ss

jﬂ}k}"ﬁ(ml—«;‘)c64%ﬁjc“}ou&ib.ﬁﬂwjfﬁl\}9‘f&* o :J'IJ;JJ\T;ASJ@:&QLJ:HJ&)}JCEMSJ,L&,

2l (Standard Error: SE) s.as oLz W s 55, Brror bar .l (Jams) C86 o555 stns 0L

2o s Sk U ke g0 5L Js o el
ol a3l (s Y 0l 5T b Ol e
) e Jass Gl Jole e Yzl (0 IS2)
L G8ls oo mli cpl Al gosd S5 4 ol €86
mam S 5 B 5Y) Lses oS s 0l plsl | Slalllas
(YA) Ol &es 5 Pouresmaeil ..iL .« (VYY) S
Gl A g leds S bl
Al Slem 5T Sl Olse Sl 5 Ly 25 i
S NS Oly rames 5 Lpd o ilshe OS]
ol A ek OLES 25 Ll b 5o B8 sleme 5T SRl A
OF o 5 0581 Jlad sla €8 L alie s a3

AL ST 5 sl hals

,:owwﬁw@@u:owwq;ﬁ
O o N R S A PR TSP PR
rmen 5 Al a5 AT 6 0l Sliv
e s e (Saen S L35S 5 15T (65 0l
A g o S LIS o A cdalie (gls
Odle Ol o Al sdaline Jls re 5 Coie  Steen
Siad S SUE 5Tl s sl s
..x,.:a.x.aL::.»MﬁMJL‘,:;-\CEM);)l;J:ML»\w

fOA

85 Gl S pdSLE w3l cdls o
e SslSe S S ROS) O3-S e s
e sl (7)ol Ol 55 (oo pd A5 a4 Caglis
A O3S s x5 ek LW polast BT
- At Sl 0SS ST Gl ST e
Slellst sl lals &5 auS o eslite] sl Jliens)
Slem T 5 SeusSaltd ol 55,8 Jio a5l 8
(P 59) Wil e 5IS), JSLE e ROS Ko
ilen Jyb SUS 5 O gelianS] 51 5lanSt, JSLE
Oisodked A1y w5 ooy e sl (JSLE
ol oMy s 53 Vsame 5Tl S o ealinad
Ll p b s pramen 2sd ek LTy 5 Il
LSl a0 05 280 ekias Olge 4 JSLE S o5 e
OLLS wilisly 4 s cu () &S e oslanal 055,008
D3 Sosd X GBS MSKeap Gramed 5 555 M ol
ol 3 g 3T C b (555 Aoz ) bzl e
G5 0% Sl amlis B 4 ax g b (Y i)
55 Olaml kS eiew) s S U o S el
U oo o3 03 (s A8 bl gl ol

Gy alle Sy (e p et et Dl o



1744 (F ol FY Al

. 0.05 4
E 0.045 4
o 0.04 -
E 0.036 -

—p=— Susceptible
—i— Teolerant

(D) (ol o lomn) J S50 5 I s Sletin sy ads

12 days afie- sal stress

80 82

84 S0 88

NaCl {ds/m)

o O 5 558 S S G X g 3 g5 013 KT 3 3lenS|pd SUE o 5T ks (555 G35 5 sosd Blize 31 -0 I

5 (la) CO4 s okins 0L T Lot e s e A 58 F Y o :)'14;:)[.'945.»5;_;«;;1.;:;I)ngﬁ:ck.wsj'l.m.;,w._x.u

.ol (Standard Error: SE) s.ss 0Li L 52 555 Brror bar .ol (Jamze) C86 i 55 odins OLiS 3 3 Lot

53 SlaanalS S s alls g 5 IS LIS GleST JSUE o 5T il (65 0l s Slpome iy (San =V Ik
Soss 5 Jlas! 3l da 555 VY gy Ola Kl feste 5 ol 555

Character Proline MDA NP GPX TCh
Proline 1
MDA 0.235 1
NP -0.226 -0.818" 1
GPX -0.163 0.462 -0.324 1
TCh -0.150 -0.733" 0.681" -0.053 1
Ol 3150 Lem o OsmeillenST Ol e Sl OD Slalgiing 5 5w

Condy bl e S Olpe 4 oS (3T (o
kfbuj_}layéﬁgfaabukw‘ﬁj@“}i)bé}wi)}):
Sl a8 sy, e el I ol aBl mll s
Al G pde 51 L Je gl slid 4 o
S5l dlse i sl aSl SIS, JSLE
S i D) Sl el Sl
G aalsl sl p'\) S LS & aslaul e ((YAN)
SleamsilSe U 5,8 ool e cnl 03 i Slews
et S Olpe 4 asd G Jeste G55 sl
Jbs S Ol 55 ls pme alS &S Ll 5l g 8
Loaslis jo (gopd S5 Layld Cod Jamie i 5
Oy 53 ialS oS Jl 5wl sdalie J S Ll 2
wb&k)\}MaMwww%fj)zJ:ﬁles

f04

il gladle oS cl ) el S5 o5
ol 5 M8 e Ll oS bt 5 SSsse
T RIBIL GRS 03 55 (0 olS A, SalS
R opl Bl el el g Ol g0
S s S AeS| 63 el el el Yz
il gy s o opl ol Al Ll s o SIS
65 ¢l Wy hisl s NADPY/NADP-H™ oo
Ol donSl s Olgae JAul38l 55 0 O5ST Jlad sla
sl pl ol S 355 (AT (65 Ol Ol5e) e
S ISUE st T 5T s 2l
Ll s diles oS 03, e LWl g8 L Ll o
5 05eSt b s 65 WS e sl
Ll il adls sy dolo ol lpamslSe Clad



1744 (F ol FY Al

opn aged oalp bl aes )l o8I (555l e
4 50 il B 55 s ST Olides a5l a3 8 e
s ol Kbl slenY jadh 0sls 13 Ll s bl

’>JJ§L5°

1- Arora, N., Bhardwaj, R., Sharma, P. and
Arora, H.K. (2008). Homobrassinolide
alleviates oxidative stress in salt-treated
maize (Zea mays L.) plants. Brazilian
Journal of Plant Physiology, 20: 153-157.

2- Arshi, A., Ahmad, A., Aref, 1. and Igbal, M.
(2012). Comparative studies on antioxidant
enzyme action and ion accumulation in
soybean cultivars salinity stress. Journal of
Environmental Biology, 33: 9-20.

Arzani, A. (2008). Improving salinity
tolerance in crop plants: biotechnology
view. In Vitro Cellular & Developmental
Biology- Plant, 44: 373- 383.

4- Ashraf, M. and Foolad, M.R. (2013). Crop
breeding for salt tolerance in the era of
molecular markers and marker-assisted
selection. Plant Breeding, 132: 10-20.

5- Ashraf, M. and McNeilly, T. (2004) Salinity
tolerance in Brassica oilseeds. Critical
Reviews in Plant Sciences, 23: 157-174.

6- Ashraf, M. and Tufail, M. (1995). Variation
in  salinity tolerance in  sunflower
(Helianthus  annuus L.). Journal of
Agronomy and Crop Science, 174: 351-362.

7- Bandeh-Hagh, A., Toorchi, M., Mohammadi,
A., Chaparzdeh, N., Salekdeh, G. H. and
Kazemnia, H. (2008). Growth and osmotic
adjustment of canola genotypes in response
to salinity. Journal of Food, Agriculture and
Environment, 6: 201-208.

8- Bates, L. S., Walderon, R. P. and Teare, 1. D.
(1973). Rapid determination of free proline
for water stress studies. Plant and Soil, 39:
205-208.

¥5e

(D) (ol o lomn) J S50 5 I s Sletin sy ads

ol O S oSN L g K b S (5] i
Gl omlin e S Olpe 4 O 51015 e 03 S5
g0 el Wb sl s 5 0 s 55 JL 2

;;HJJJ..; K} JS.\:J

GM.“ alfs.:u.‘.) u}.a.a t;Lﬂ.MNN” 5 leﬁ J‘ Jlae w_\ @L’b

Sl g5 5 hasi Sosbee Sl b Ll ol

@Lu

9- Beltagi, M.S. (2008). Exogenous ascorbic
acid (vitamin C) induced anabolic changes
for salt tolerance in chick pea (Cicer
arietinum L.) plants. African Journal of
Plant Science, 2: 118-123.

10- Bhattacharjee, S. and Mukherjee, A.K.
(2002). Salt stress induced cytosolute
accumulation, antioxidant response and
membrane deterioration in three rice

cultivars during early germination. Seed
Science and Technology, 30: 279-287.

11- Celic, O. and Atak, C. (2012). The effect of
salt stress on antioxidative enzymes and
prolin content of two Turkish tobacco
varieties. Turkish Journal of Biology, 36:
339-356.

12- Dongan, M. (2012). Investigation of the
effect of salt stress on the antioxidant
enzyme activities on the young and old
leaves of salsola (Stenoptera) and tomato
(Lycopersicon esculentum L.). African
Journal of Plant Science, 6: 62-72.

13- Ebrahimi, R. and Bhatla, S.C. (2012). Ion
distribution measured by electron probe X-
ray microanalysis in apoplastic and
symplastic pathways in root cells in

sunflower plants grown in saline medium.
Journal Biosciences, 37: 713-721.

14- Ebrahimian, E., Roshdi, M. and Bybordi, A.
(2011). Influence of salt stress on cations
accumulation, quantity and quality of
sunflower cultivars. Journal of Food,
Agriculture and Environment, 9(2): 469-
476.

15- Ehsanzadeh, P., Nekoonam, M. S., Azhar,
J. N., Pourhadian, H. and Shaydaee, S.
(2009) Growth, chlorophyll, and cation



1744 (F ol FY Al

concentration of tetraploid wheat on a
solution high in sodium chloride salt: hulled
versus free-threshing genotypes. Journal of
Plant Nutrition 32: 58-70.

16- Esfandiari, E., Shakiba, M.R., Mahboob,
S.A., Alyari, H. and Toorchi, M. (2007).
Water stress, antioxidant enzyme activity
and lipid peroxidation in wheat seedling.
Journal of Food, Agriculture and
Environment 5: 149-153.

17- Farzaneh Behelgardi M., Motamed N.,
Rastgar Jazzi F. and Ebrahimzadeh H.
(2014). Increase of P5CS gene expression
in olive plantlets under salinity stress.

Journal of Molecular and Cellular Research,
27(1): 119-124.

18- Fita A., Rodriguez-Burruezo A., Boscaiu
M., Prohens J. and Vicente O. (2015).
Breeding and Domesticating Crops Adapted
to Drought and Salinity: A New Paradigm
for Increasing Food Production. Frontiers in
Plant Science, 6: 978. doi:
10.3389/1pls.2015.00978.

19- Foyer, C.H. and Noctor, G. (2005) Oxidant
and antioxidant signaling in plants: a
reevaluation of the concept oxidative stress
in a physiological context. Plant, Cell and
Environment, 28: 1056-1071.

20- Gunes, A., Inal, A., Alpuslan, M., Fraslan,
F., Guneri, E. and Cicek, N. (2007).
Salicylic acid induced changes on some
physiological parameters symptomatic for
oxidative stress and mineral nutrition in
maize grown under salinity. Journal of Plant
Physiology, 164: 728-736.

21- Hasanuzzaman, M., Mahabub Alam, M.,
Nahar, K., Al-Mahmud, J., Ahamed, K. and
Fujita, M. (2014). Exogenous salicylic acid
alleviates salt stress-induced oxidative
damage in Brassica napus by enhancing the
antioxidant defense and glyoxalase systems.
Australian Journal of Crop Science, 8: 631-
639.

22- Heath, R. L. and Packer, L. (1968).
Photoperoxidation in isolated chloroplasts.
Archives of Biochemistry and Biophysics,
125: 850-857.

\a

23-

24

25

26

27

28

29-

30

31

(D) (ol o lomn) J S50 5 I s Sletin sy ads

Heidari, M. (2016). Physiology and
mechanism of resistance to environmental
stress in crops. Shahrood University of
Technology Press, 232 pp.

Heidari, A., Toorchi, M. Bandehag, A. and
Shakiba, M.R. (2011). Effect of NaCl stress
on growth, water relations, organic and
inorganic  osmolytes accumulation in
sunflower (Helianthus annuus L.) lines.
Universal Journal of Environmental
Research and Technology, 3: 351-362.

Heidari, M. and Mesri, F. (2008). Salinity
effects on compatible solutes, antioxidants
enzymes and ion content in three wheat

cultivars. Pakistan Journal of Biological
Sciences, 11: 1385-1389.

Hebbara M., Rajakumar G.R., Ravishankar
G. and Raghavaiah C.V. (2003). Effect of
salinity stress on seed yield through
physiological parameters in sunflower
genotypes. Helia, 26(39): 155-160.

Horie, T., Karahara, I. and Katsuhara, M.
(2012). Salinity tolerance mechanisms in
glycophytes: an overview with the central
focus on rice plants. Rice, 5: 11-29.

Kanawapee, N., Sanitchon, J., Lontom, W.
and Threerakulpisut, P. (2012) Evaluation
of salt tolerance at the seedling stage in rice
genotypes by growth performance, ion
accumulation, proline and chlorophyll
content. Plant and Soil, 358: 235-249.

Khan, M.S. (2011). Role of sodium and
hydrogen (Na'/H") antiporters in salt
tolerance of plants: present and future

challenges. African Journal of
Biotechnology, 10: 13693-13704.

Kuznetsov, V., Shorina, M., Aronova, E.,
Stetsenko, L., Rakitin, V. and Shevyakov,
N. (2007). NaCl and ethylene dependent
cadaverine accumulation and its possible
protective role in the adaptation of the
common ice plant to salt stress. Plant
Science, 172: 363-370.

Lichtenthaler, HK. and Wellburn, A.R.
(1985). Determination of total carotenoids
and chlorophylls a and b of leaf in different
solvents. Biochemical Society Transactions,
11: 591-592.



1744 (F ol FY Al

32

33

34

35

36

37

38

39

40

Liu, J. and Shi, D.C. (2010).
Photosynthesis, chlorophyll fluorescence,
inorganic ion and  organic acid

accumulations of sunflower in responses to
salt and salt-alkaline mixed stress.
Photosynthetica, 48: 127-134.

Maas, E. V. and Hoffman, G. J. (1977).
Crop salt tolerance, current assessment.
Journal of Irrigation and Drainage Division,
ASCE, 103: 115-134.

Mazahery-Laghab H., Nouri
Abianeh H.Z. (2003). Effects
reduction of drought stress using
supplementary irrigation for sunflower
(Helianthus annuus L.) in dry farming
conditions. Pajouheshva-Sazandegi, 59: 81-
86.

F. and
of the

Melchiorre, M., Quero, G.E., Parola, R.,
Trippi, Y.S. and Lascano, R. (2009).
Physiological characterization of four

model lotus diploid genotypes: L. japonicas
(MG 2000 and Gifru), L. Filicaulis and L.
burttii under salt stress. Plant Science, 177:
618-628.

Menzi, M., Albuchi, A., Biziad, E. and
Hamza, M. (2010). Mineral uptake, organic
osmatica content and water balance in
alfalfa under salt stress. Journal of
Physiology, 2: 1-12.

Mittal, S., Kumari, N. and Sharma, V.
(2012) Differential response of salt stress on
Brassica  juncea Photosynthetic
performance, pigment, proline, DI and
antioxidant enzymes. Plant Physiology and
Biochemistry, 54: 17-26.

Mittler, R., Vanderauwera, S., Gollery, M.
and Breusegem, F.V. (2004). Reactive
oxygen gene network of plants. Trends in
Plant Sciences, 9: 490-498.

Moaveni P., Ranji Z. and Noor-Mohamadi
G. (2004). Study of some physiological,
parameters and organic composition for
selecting of salt tolerant and sensitive
genotypes in sugar beet. Iranian Journal of
Crop Sciences, 6(1): 12-24.

Molazem, D. and Bashirzadeh, A. (2017).
Investigation of the antioxidant enzymes
and proline in varieties of maize (Zea mays
L)) under salinity stress. Journal

5y

41-

42-

43-

44-

45-

46-

47-

48-

49-

(D) (ol o lomn) J S50 5 I s Sletin sy ads

of Molecular and Cellular Research, 30(1):
77-90.

Morsali Aghajari, F. (2015). Identification
of QTL controlling traits in sunflower under
different levels of salt stress. M.Sc. Thesis,
Urmia University, Urmia, Iran, 192 pp.

Mostajeran, A. and Gholaminejad, A.
(2014). Effect of salinity on sodium and
potassium uptake and proline,
carbohydrates of turmeric plant parts.
Journal of Current Chemical
Pharmaceutical Sciences, 4(1): 10-21.

Motohashi, T., Nagamiya, K. and Prodhan,
S.H. (2010). Production of salt stress
tolerant rice by over expression of the
catalase gene, katE, derived from
Escherichia coli. Asia-Pacific Journal of
Molecular Biology and Biotechnology, 18:
37-41.

Mudgal, V., Madaan, N. and Mudgal, A.
(2010). Biochemical mechanisms of salt
tolerance in plants: A review. International
Journal of Botany, 6: 136-143.

Munir, S., Siddiqi, E.H., Bhatti, K.H.,
Nawaz, K., Hussain, K., Rashid, R. and
Hussain, I. (2013). Asesment of inter-
cultivar variations for salinity tolerance in
winter radish (Raphanus sativus L.) using
photosynthetic ~ atributes as  efective
selection criteria. World Applied Sciences
Journal, 21: 384-388.

Munns, R. and Tester, M. (2008).
Mechanisms of salinity tolerance. Annual

Review of Plant Biology, 59: 651-681.

Omami, E.N. (2005). Response of amaranth
to salinity. Ph.D. Thesis Horticulture.
Faculty of natural and agriculture science,
The University of Pretoria.

Pouresmacil P., Habibi D. and Tavassoli, A.
(2009). The effect of water superabsorbent
polymer on yield and water use efficiency
of different bean red varieties under drought
stress in greenhouse conditions Agriculture
Research Journal, 1(2): 1-16.

Poustini, K., Siosemardeh, A. and Ranjbar,
M. (2007) Proline accumulation as a
response to salt stress in 30 wheat (Triticum



1744 (F ol FY Al

aestivum L.) cultivars differing in salt
tolerance. Genetic Resources and Crop
Evolution, 54: 925-934.

Qadir M., Ghafoor A. and Murtaza G.
(2000) Amelioration strategies for saline
soils: a review. Land Degradation &
Development, 11: 501-521.

Qasim, M. and Ashraf, M. (2006). Time
course of ion accumulation and its
relationship with the salt tolerance of two
genetically diverse lines of canola (Brassica
napus L.). Pakistan Journal of Botany, 38:
663-672.

Rani, C. R., Reema, C., Alka, S. and Singh,
P. K. (2012). Salt Tolerance of Sorghum
bicolor Cultivars during Germination and
Seedling Growth. Research Journal of
Recent Sciences, 1: 1- 10.

Rauf, S., Jamil, N., Ali Tariq, S., Khan, M.,
and Kausar, M. (2017). Progress in
modification of sunflower oil to expand its
industrial value. Journal of the Science of
Food and Agriculture, 97: 1997-2006.

Sairam, R. K., Rao, K. V. and Srivastava,
G. C. (2002). Differential response of wheat
genotypes to long term salinity stress in
relation to oxidative stress, antioxidant
activity and osmolyte concentration. Plant
Science, 163: 1037-1046.

Saxena, S. C., Kaur, H., Verma, P., Petla,
B. P., Rao, V. and Majee, M. (2013).
Osmoprotectants:  potential for  crop
improvement under adverse conditions. In:
Tuteja N, Gill SS (eds), Plant Acclimation
to Environmental Stress. Springer Science,
New York, USA, PP. 197-232.

Seiler, G. and Jan, C. C. (2010). Basic
Information. In Hu, J., Seiler, G. and Kole,
C. (eds.). Genetics, genomics and breeding
of sunflower, pp. 1-50.

57- Shah N., Xu J., Hou Z., Salah A., Khan S.,

Gong J., Shang Z., Qian L. and Zhang C.

(D) (ol o lomn) J S50 5 I s Sletin sy ads

(2018). The response of transgenic Brassica
species to salt stress: a review.
Biotechnology Letters, doi:
10.1007/s10529-018-2570-z.

Shahbaz, M. and Ashraf, M. (2013).
Improving salinity tolerance in cereals.
Critical Reviews in Plant Sciences, 32: 237-
249.

Teakel, N. and Tyerman, S. D. (2010).
Mechanisms of Cl transport contributing to
salt tolerance. Plant, Cell and Environment,
33: 566-586.

Ueda, A., Yamamoto-Yamane, Y. and
Takabe, T. (2007). Salt stress enhances
proline utilization in the apical region of
barley roots. Biochemical and Biophysical
Research Communications, 355: 61-66.

Umar M. and Shaheed Siddiqui Z. (2018).
Physiological performance of sunflower
genotypes under combined salt and drought

stress environment. Acta Botanica Croatica,
77 (1): 36-44.

Upadhyaya, A., Sankhla, D., Davis, T.D.,
Sankhla, N. and Smidth, B.N. (1985). Effect
of paclobutrazol on the activities of some
enzymes of activated oxygen metabolism
and lipid peroxidation in senescing soybean
leaves. Journal of Plant Physiology, 121:
453-461.

Weisany, W., Sohrabi, Y., Heidari, G.H,
Siosemardeh, A. and Ghassemi-Golezani,
K. (2012). Change in antioxidant enzymes
activity and plant performance by salinity
stress and application in soybean (Glycine
max). Plat Omics Journal, 5: 60-67.

Zeng W.Z., Xu C., Wu J.W., Huang J.S.,
Zhao Q. and Wu M.S. (2014). Impacts of
salinity and nitrogen on the photosynthetic
rate and growth of sunflowers (Helianthus
annuus L.). Pedosphere, 24(5): 635-644.



HNQQfo_)\».\ig\“YJl;_- (Qiﬂ\qu)M)JﬂfjJ}lwéLM}}M

The effect of salt stress (NaCl) on physiological and antioxidant
activities in salt susceptible and resistant lines of oily sunflower
(Helianthus annuus L.) at seedling stage
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Abstract

Salinity stress is one of the most important abiotic stresses that restrict growth and
productivity of crop plants worldwide. In the present study, the effects of salinity stress
on physiological activities of two sunflower genotypes were investigated at seedling
stage. The experiment was conducted as factorial (first factor, genotype at two levels:
C64 and C68 and the second factor, salinity at 5 levels: 0, 2, 4, 6, and 8 dS/m) based on
completely randomized design with three replications. Analysis of variance showed that
genotype X salt interaction was significant on proline, total chlorophyll and guaiacol
peroxidase activity. With increasing salinity level, the content of proline and
malondialdehyde increased. On the other hand, net photosynthesis rate and total
chlorophyll content decreased. In this study, by applying salt stress, the total chlorophyll
content decreased in both genotypes, but the reduction was higher in susceptible
genotype (C64) than tolerant (C86) one. Also, with increasing salinity level, the
amount of guaiacol peroxidase increased in tolerant genotype (C86) compared to
susceptible (C64) one. According to the results of this experiment, different responses
of C64 and C68 genotypes under salt stress are confirmed at the molecular level.
Therefore, the above mentioned genotypes can be used in developing tolerant hybrid
cultivars.

Key words: Enzyme activity, malondialdehyde, net photosyntesis, proline, salt
tolerance, sunflower.
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