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Extended abstract
Introduction
The growth of chickpea plants is severely affected by salt stress, leading to a significant reduction in their
performance. Therefore, identifying salt-tolerant genotypes of chickpea can greatly help improve plant
resilience and enhance productivity under stressful conditions.

Materials and methods

This research was conducted with the aim of studying the salt tolerance of Kabuli chickpea genotypes
under field conditions in 2021-2022. Salt stress was applied at two levels: 6 and 9 dS.m, along with a
control level of 0.5 dS.m*. The genotypes were evaluated based on their response to these salt stress
levels. The irrigation treatments were applied uniformly and complementarily in three stages for 12
genotypes: before flowering, during flowering, and pod filling. Sodium chloride was used to induce salt
stress levels. The volume of irrigation water given to each plot was measured using a water counter, and
the same amount of water was considered for all treatments.

Results and discussion

The investigation demonstrated changes in the levels of secondary metabolites and leaf chlorophyll
content under salt stress conditions, depending on the plant genotype. In genotypes MCCs2, MCC65,
MCC77, and MCCo2, salt stress reduced the content of plant pigments. The reduction in chlorophyll
content in plants under the influence of salt stress is associated with an increase in the activity of
chlorophyll-degrading enzymes, alterations in nitrogen metabolism, and the utilization of glutamate due
to its involvement in the proline synthesis pathway. Increased scavenging activity of the free radical
DPPH was observed in genotypes MCC12, MCC27, MCC28, MCC72, MCC9g2, and MCC108 under salt
stress of 9 dS.m-1. The activity of the enzyme catalase increased in most studied genotypes under 6 dS.m-
1 salt stress, but decreased with the increase in stress level to 9 dS.m-. The highest activity of the enzyme
ascorbate peroxidase was observed in genotype MCC29 under 6 dS.m salt stress. The decrease in the
osmotic potential in plants is a consequence of cellular water conservation under stress conditions. This
is because, under salt stress, the plant needs to maintain a more negative water potential in order to
absorb water. Therefore, there is a greater need to increase the concentration of compatible osmolytes.
Plants with higher antioxidant capacity demonstrate better resistance to oxidative stress due to their
ability to detoxify free radicals. The application of salt stress at a level of 9 dS.m led to a significant
increase in sodium content in all genotypes compared to the control treatment. In over 65% of the
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studied chickpea genotypes, applying 6 dS.m-1 salt stress resulted in an increase in potassium content in
the plant, while 9 dS.m salt stress reduced leaf potassium content. The reduction in potassium content
in plants is due to the substitution of sodium in place of potassium and calcium. The competition
between potassium and sodium ions for uptake sites in the roots is one of the factors that increases
sodium content and decreases potassium content. Plant dry weight increased by 25% in genotype
MCCy2 and more than three times in genotype MCC108 under the highest level of stress compared to
the control treatment. In genotype MCC108, the application of the highest level of stress also increased
seed weight in the plant by approximately 73% compared to the control treatment. With the imposition
of salt stress and the decrease in water potential within the plant, the weight of the plant is affected and
decreases. Additionally, due to the disruption of nutrient balance and the effects of osmotic stress,
growth is reduced, and the dry weight of the aerial parts also decreases.

Conclusion

In general, the results showed that the imposition of salt stress affected the growth and physiological
traits of chickpea genotypes. Seed weight and plant dry weight decreased in all genotypes under salt
stress conditions of 6 dS.m* compared to the control treatment. The studied genotypes were able to
maintain their survival and growth under salt stress conditions through various mechanisms such as
increasing antioxidant compounds, preserving relative leaf water content, increasing leaf chlorophyll
content, enhancing the activity of antioxidant enzymes, and increasing the content of metabolites.
Generally, there was a high diversity among the studied chickpea genotypes, suggesting that their use in
improving salt tolerance in chickpea plants could be beneficial.
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RwWC Control  79.7%9 78.0°9 745¢h  76.4%9 72.6%h 81.3% 744%h 7659 80.6%f
e (Slgsomo 6 66.79" 80.2¢f 84.0%¢ 86.7*¢ 75.0°h 825% 77.7°9 g7.4Fh  7109N
(1) Syl 9 70.0"  90.5% 80.5%F 77.2¢9  92.62 62.0" 79.9%9 78.6°9 86.9%¢C

Al ge o gre Dyl pae Sily Che o 0 alie By >
Similar letters in each trait indicate no significant difference

(o2eh ol s b bwljee cuils casliél wig, i
plo o i bl 0 Sp ol s Glgizme Ll
(Heidari et al., 2011) ceul sais 00l 35 b iaeh
20 G35 Ll 30 S o (o Sy talS
535 e g i ) 5l T e e Dl sl
wl Qa5 Sp G anlB g0 o Jobs 0,5 mee
Ol s Glgime 2alS ] s @ g ol Gis als
seels L (Fallah et al., 2015) o,ls Jlss 4 1, Sy

9 Sded sbanlp S ol el Gleie

ol b e a4 o s Ll s a5 glals

30 (6 ki oz ‘..\...wl;b_a S¢> ufﬁ u] o 6‘93-7“’
Hassani Moghadam et al.,) as,ls o cascaws 51 ol
O s 0 Sy Ol s lgiome Laa> (2015
BLS sladiss, i o 4 Of Slils zals L Yl
Gy g Slady s S50t (2 50 Siiar 2l
Uipg ol yo (Cornic and Massacci., 1996) .l
bt oisy olod 0 Sy ol (o Slyime 5
b VL s MCCT2 5 5 o g9 50 MCC12
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\fas

ey a5 b las ol Gdon Sl (o)
2oty o0 Ve i Jlesl Luls o MCCS2
sy yalo S oS50 (g lgiome (it o
7 65 i Jleel 55 MCC28 5955 40 0 Lyl )
2bo b anslio jo 1, olS (o n Jlade o eieny (owd
D Jgaz) ol (ual¥l (g jsbar Galojl slo Lo
JLad bl 5o (42 g8 BB A g a5 Sl oals ()18
)l |y Mg slap T g Lid I cdadlns (e
ohals ) (555 i ol gla IS, iz b oS ol
sikgi o (Bybordi, 2012) sjls g,eh mas ol 3l
> ) 5 gl (5L 3 6598 A Jles] 5yl
SlaS 5 5 Oedon sleoee SRl a4 e (o i
Slyoee al ol aslllass 90 slacaioy el jo L
OiS Ll 50 (65,18 ple 4y okS o (el DLaS S
Sl 5 ol e 200,50 OLALS Jood (Ml 3l 4 onie
el i ool 8B L anlie jo Jesie a6l o
> s Slsime Gl &S el 3 ol
Ashraf and) cool oS o 255 51 2ol caml ks 0 )l5e
Slyizme Liulsl o img i b Ll,ea (FOOlad., 2007
Sl o3 S SIS 8 iagh ple S sy
Abdolinejad et al., 2014; Rahnemoun et al.,)
(2013; Zarei et al., 2016

Cicek and ) o5 oo 5,09, JECI L olS )0 (Su55058, 50
o dals ol e olE ws, g,00l;l «Cakirlar., 2000

205 oo Jiteo

oL slacedgolic

slcdalie b lage glaosly uib)ly 4 mlbs
s iSenpy aS ol las oS o axdllaesse
Sl el 5 Gdgp ol (b OlS 5 slpione
OleS 5 Ol a5 ols lis mls (F Jgo) o9 Slo sixe
Slocassis ) y98 5 il o 293 olS o b
MCC12 slacwsigy 0 o Sglate adlass,ge
Ui Jleel MCC108 4 MCC92 MCC72 MCC28
R oS )0 (8 SlaS 5 ey e (g0 P 550
oty o A (6 )ed i e a5l bl ol
O Jyoo) b oS jo (L B8 5 il ey i i
bl 50 olS Jazd Gralidl jo ol jo (L LS 5 092
» olS s ol (Al et al., 2007) cwl pie i
Al-Amier ) wleaiods HlS o 6,e8 (i bl s
wl.S 5 (and Craker., 2007; Firoozeh et al., 2019
Sod G5 Ll s s o lses (sl Gl b s
cble 5 )08 A5 plp o Soid e obml 4 e
(Adil etal., 2007) wgd oo S YU

o S5 ot il o 095 50 (il T T LS 5 g eadsilie (Sla yo (uSilie) il ylg 4325 . F Jgur
Table 4. Analysis of variance (mean square) of metabolites and antioxidant component in chickpea under salinity stress

Osmotic
Oyl g df potential APX DPPH
sov 42 phenol  Prolin  J=&  pox CAT  “lysswl ol e
ey J3 odan Gl lawaSly YU lasasTy olT JBG,
L A 13.8  449™  0.03™  00002™  0.27" 0.32" 0.01"
Replication
N o 3235 375" 041 002" 035" 384" 0.58"
Salinity (S)
aks 35.5 0.45 0.0002 0.10 0.11 0.03
Error a
w93 g 1792™ 878"  1.10™ 003" 026"  10.91" 1.42
Genotype (G)
SopPxeids g 1014™ 430"  0.89™ 002 033"  10.63" 172"
SxG
b 48 132 0.30 0.0003 0.05 0.12 0.30
Error
Ol 11.61 14.67 14.66 45.78 66.68 10.23 16.72
C.V%

Sl @olas pae NS sy N Jlaim| mhas jo (gl pxe i o0 O ozl o (o (5 )lo sixe it
zsignificance at the 5% probability level, ** significance at the 1% probability level; ns: no significant difference
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Table 5. Effect of salinity stress on metabolites and Antioxidant component in chickpea genotypes

Traits Salinity Genotype (MCC) OIS
iy 3T
wlhe @smy 12 27 28 52 65 72 77 92 108
Phenol Control  86.9%%  755Mk 11520  124%0  113*h  113%1  131®  1256°¢ 847k
e 6 4787k 827  945bi  126¢1  995bi  g0.8ek 102+ 83.3Fk 77,09k
(mg.gfw) 9 72.84K 1362 11459 Q7.9 744k 121af  g7gel  12pee 93.3
Proline Control 2819k 39501 38101 3057k 317°k  649% 40497 263k 2330k
e 6 212Wk 249k go9Ec  550¢d 46609 358+  1.90k  3.73% 1.63
1 9 228 344tk 358 6720 48307 4967 3350k 4619 4,000
(mg.gfw™)
Osmotic  Control -1.76°F -1.32¢f .190bf -176bf -242ac 3258  .1g2cf p17bd 1 gobf
otential
6}2“' it 6 12080 -1.420F  pgpab 1420 _134f D79 poghe .1.350f .1 75¢f
(MPa) 9 126 -215bd  _198f po7be 1007 -155¢f 174 275 .1 g1cf
POX Control 0542  001° 0043 002° 0015° 0023° 0032° 0016° 0.019°
oS 5y 6 0.04> 0016 0.06° 0011 0013 0016 00120 00120  0.18b
S 9 004> 0037 0.021® 0017° 001> 003" 0018 0032  0.006
(unit.gfw™?)
CAT Control 058  0.10°  013° 038 015 009  021° 013  0.47%¢
VBl 6 0.69%¢ 1208 024 019  0.82%¢ 071  0.09¢  0.16°  0.23¢
(unit.gfw) 9 0.59:¢  0.17¢  0.10°  1.10% 008 005 007  0.63¢ 037
APX Control 153"  2.75M  292Fh 172" 4879 133 6820 2684  216M
bS] .
6 271 2549k 429v¢ 3499 22 379¢f  294fh  g3m: 1 9gM
Hlossy _ _
(unit.gfw ) 9 2850  379¢f  362¢9 503  7.718  2.84H  147¢  433cc 135
el Control  22¢¢  291e¢ 7@ 3gpad  33gee  3gad  37gee  374a¢ 2 3pbe
o31 Jisol, 6 356%e 323  23gbe 4028  411®  341%e  325%e D A7ae D 11de
DPPH
(ma.gfw) 9 373 416%  406®  3.37%¢  196° 3972t 257%¢ 4128 3 Qe

Similar letters in each trait indicate no significant difference

MCC12 slocsgy ;o oS oS o DPPH ol
MCC108 4 MCC92 MCC72 MCC28 MCC27
Mes Fo gy eeny (o0 A (S9d S )0 obS (518
e b aglie yo 1, oS o DPPH of51 JGo!, cullad
OB (e o (w3 7) Lawgite (5550 mlans g 2ol
Codlad g yiion oS ol lis et ol (O Jeux) ol
o5 Jles!l pae Loyl (s MCCI12 55 50 axlllass g0
23 Mg o addlaesjge slacadsis ple al ool (65
lscsine sl ol Jlael oy (59 25 Jlael bl
Sy o 31 Cedlad sy (0 Jgom) arilas K0S b
oo Jlesl a5 oy las 0956 lacaiely o lawS]y,
oRlBl a4 e aslllaes e slacadsy ST 0 )80
Jheel 50,5 oL o jlawnsTy SbysSwl mpl culles
G 90 40 Sy eker) (o0 A mhaw 3 (69h S
ol cdlad s xe iyl 4y e MCCB5  MCC52

Al e o pre Dglas pae Sl Cho o 0 alie B>

2 MCCT2 55 55 ol Joily (5 s
Gy g (Wl les) (5558 (5 Jlesl pae Lalyn
50 &b edsline 55 MCC12 s MCCB5 55 40 aline
oYl 5o el Jeily (i shie MCCBS (oisiy
ALE pad e (B Jsuz) 23,5 cdaline 45wl
o5 Ll 5o (Joke bl Lads olS 55 (g el iy
Di Hehiteds (6,58 AL plSin 4 aSTy2 0)ls JLis 4,
5l gyl bl it oS o Ol Jeuily wb o
S oo o il 5 Bl slacdgenl cdale ]
Sl demily (o Jhie 4 OlaSy Gl cbale ol
 Joho Szl Li> 5 O a5 00,5 SaS eudlgias
(Parvaiz and Stayawati., 2008) s ls o, ,o

s ] ol
Jlesl dallass jso slocadisss 2ST 50 a5 ols las mls

JSesl, ol g il o i ol 3 55
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ol 4 e 698 25 Jlesl Wiz ya a5 ols lis oS
3 obS 5l 8 ad 950 SlacaTe) 4o i lyie
2 PR GRlBl e p i) (w0 5550 B
2ol jlerd b anlie )0 bacudss) plod ;o o slyiow
ol cnl g wdls g 50 ) (6r9d A5 Jlesl pae)
GRIB e & (Shge 4 Og Slite T 4 A
9 MCC52 (slacuisiy ;553 Ll il 5o 1) oo (slgima
o b dglie 13l 99 51 o Uil 330) aisls MCCT72
Sil38l oo 0 YE)Y MCCB5 sy jo o] oS g (calis
(Y Jgoz) o ooslie (aols jled b auslin o
aoys PO 1 G jo aS ol gl uegh @l
=3 7 et G Jlesl anlllaes)ge 2955 slacasss
2 olS 50 ey (slgione ol yamie e ke
> MCCBS o35y ) 525 kS pamly lsiome (i
Golass 5o 0l cdwlive e peies) (gwd £ S e
MCC52 s MCC27 MCC28 545 aisle lacusgs
2oy o0 7o 50 6e0 5 Jlesl wiz e 5
Je ol als olS 5o el lgoee (ialiEl 4 e e
Sl yio p ier) (o0 A gl ;0 (6)98 5 Jloe!
3 el 1S (Y Jgaz) wlo als ] olS o el
peelS g ol Slras o 0B a3l s @ oS
y3ee Liali8l b cdgs> s (Pinheiro et al., 2001) el
Sl 25l né Gl 5 G535 S ) mas G5
boegnl 2 ogdle bioo (Rl s plal )3 o g
role iz Uil i) )0 maw o cdile Gl
Sl S I3 5 55 o5 al 5 sad ke i
Rajabi Dehnavi and ) cusl 5o olga plail jo jaie
o g el 9 90 olb, (uizen (Zahedi, 2020
lyime Gl Jelse 50 5l ada 8 iz slaglSe
ooy S A8 Sl sl (slgione (2alS g pad
5oty JLSTL olS 5o (ool cudlid obS 50 o &
.(Redouane and Mohamed, 2015) s 5 .o

Ul (g 9 obS SS9
5 Goph GRS GdSeny a5 ols (lid (uilyly 0525 b
Al o gre gy o Al (39 9 olS SS9 i s
LS 0 0 i Jlesl 4 8450 slacussss (F Jgo)
Geig) ,0 A5 Ojygocpd sl Glas Jglate slazwl

pac) aals jles b awslie ;o olS o jlacnsTy @b, oSl
SlygSl ool lad iy Al (6ed 85 Jlae!
2 ooty 00 F 690 3 MCCOZ sy 5o slanS]
(¥ Jgaz) o b e

slocaisy lel o a5 ol lad egh @b
5 MCC28 MCC65 MCC72 MCCT77) aslllass g0
2oy o Vgl 53 )98 25 Jlesl (MCcC27
Lol 00l oL j0 VB oo 5] codlad ralS 4 e e
MCC28 MCC27 MCCI12 slacuisy 5,08
P o) S P 5 e Wl ;0 MCC72 4 MCCE5
Sz B RE jsbar ) olS o YLK 05T culled 55
2 VB 3l Clad o 2ty aSg by ol Sl
S ey o B ge0 lys o MCC2T (s
= o, g5l (n Segn 1 (S0 O Jgox) 0 osaline
sl 5l Cdlad (T3l ilanST (25 ol JLds 4y oS
GV slam il colls il el st 25T
Sl & gl 53 Sy 5 STy oS
(Alhasnawi et al., 2014) 5,5 » )50 o
B a0 S|l bl iy slyime b ol
O iy )0 e Seaglis Sl5T la JISGol; (205
Garratt et al., 2002; ) sies oo ylis 095 5l guilanns]
L 8 ol s slae il (Mittler et al., 2004
Sial38l el b e LS 5o SlawnST 5T slaes 3T cdled
lawa 3l 51 09,5 ol cellad (ial38l SlaS 5l (slyiome
Sl 4 e g909e (ul a5 905 (g 53 1) VB (ygeen
iz g 331 o Josl; (g5lucsy o b T ol ol
St (Smmra 3 L igsy il ;0 00,5 oo aifenSTIo
DPPH ofj1 Jool; collsd loe pial¥l b (Jud olas 5
Aliabadi-Farahani et al.,) col 05,5 3,55 5
2 2550wl 90 jlaSTy g VB slaes 51 (2009
w23l 55 Gl Vb clale il oo ()00 STy S
)18 (ol 2ol 50 (39,008 a1 g B 50
Canslie 45 SlS 15 bye 3l ol colled 5 by ames o
Caverzan et al., ) ol oo (aol38l wijls o 4 oo
.(2016; Abogadallah., 2010

al,.,fj.: p..q..wl.‘.v 9 otk ‘_;/}.«ao
el g o Slgiome p (6 0h (EIS g Cugl LS p
23 ke Slgtoe (o) 2 (F J992) b I3 e 3558 S
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Table 6. Analysis of variance (mean square) of sodium concentration, potassium concentration, ratio of sodium to
potassium, shoot dry weight and seed dry weight in chickpea under the salinity stress

Na K Na/K Shoot dry weight  Seed weight
SOV Ol S’ o af o by el 4 i Comd olLS LS (439 als 39
Replication S5 2 3449 3.81m 0.12™ 0.23" 0.08"
Salinity (S) Sued 2 198.977 148.82™ 0.55™ 3.87™ 4.02™
Error a albks 4 7.00 3.21 0.01 0.61 0.10
Genotype (G) wig; 8 11647  10.33" 0.05™ 8.56™ 0.73™
SxG g xeigij 16 6.417 49.73" 0.02" 5.90™ 0.46™
Error s 48 1.29 1.72 0.01 0.47 0.03
CV% [C JUUE s VR 14.54 5.64 16.40 18.33 17.76

S gme Solas pas NS o 0V Jlaizl mhaw jo (g ls gime
** significance at the 1% probability level; ns: no significant difference

0950 Saisi] )o ol 10 dild ()9 9 oL SUUS (339 9 rawliy 9 o ClalE 1 (5598 A 1Y Jgua
Table 7. Effect of salinity stress on sodium and potassium concentration, shoot dry weight and seed weight in chickpea

genotypes
Traits SaliniFy Genotype (MCC) i 98

wlio (d‘é):l) 12 27 28 52 65 72 77 92 108
Na Control 6.13¢0 5.15" 5.00" 5.889n 5.550 528" 8.43¢h g5dh  752dh
e 6 5.849 5.95fh 6.99¢h 9.72b-f 4.88" 5.02" 5.06" 6.99h  g.54d¢h
(mg.gdw™) 9 10.0bd 10.2bd 9.50¢9 14.42 7.56%h 135® 979be  119,, 11.5%¢
K Control 16.8¥ 24.5%9 23.849 20.3%1 192" 257>fF  2g5bd 1867k 25.60f
poww 7} 6 29.3% 25.2b-f 28.5%¢ 25.0bf 31.82  24.4%9 21.9¢F 232¢h  233dh
(mg.gdw) 9 24971 2144 147K 1807k 2364 20591 233+ 262v¢ 20491
Shoot dry weight  Control 45529 45729 3.76¢1 3.08%1 45429 534> 308% 3.84°% 1.86+
ol i 439 6 2.93f 2.85fk 5.85%¢ 3.18%1 2409k 5744  3.11¢ 2.2k 1.69Kk
(aplant) 9 3514 437¢h 2096 055K 3064 6660 493 4111 641
Seed weight Control 2.102 1,712 1.502d 1.2300  1.79% 2142 1.23%9 1532¢ (. 74¢
FHENSTY 6 0.88¢h 0.854h 1.852 0.94¢h Q. 72¢1  1.728b  092¢h  Q.66cT  0.51N
(g.plant) 9 0.70¢1 0.87¢h 0.599i 0.111 0.61% 133 (0.98ch (0.82¢h 1.280f

Similar letters in each trait indicate no significant difference

e 65 it Jleel MCC77 4 MCC92 MCCT72

4.3‘\) U)5 u.‘,...of W) ol.:f )o 4.;‘\) U)5 )b . wblf "
5o 0 oaslive i mhaw o 3YL o MCC52 Csgi5 jo

Py de 0 &l g (S s YL e )
i o ol el wsye Y sals les b oawglas

Gl (39 e g omie; s 1 6)95 5 MCCL08

P g 5 oS (55)),8 MCC28 oigis o

O OB Sl ey 1y ol S SaS 59 fhe g e (o
ols Hlis gl (V Jgaz) ols Gialidl aals jles b avglas
3 ok o ails s RelS a4y i (690 A5 Jlesl &S
Slaeriy )3 i 3555 slaaisis J doys A0 sgan

MCC65 MCC52 MCC28 MCC27 MCC12
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Spodon Slgme 9 S p (i OlS 5 slyime DPPH
... osjﬁw_lw&‘ - L}d)‘o . 5 ...:. S/.. .

LJ-«-MJLA—) l) °L.5 S U)5 w‘é rh.....uLu LE] p.nxw 6‘5..24
e (Swmo sllo slaSTy,y QLU}in 5 YIS M;T
Shls wgr o als (459 b ol Sas (459 5 sl o35
B9 e sxe g st (Shaen sl jlaSTy QL”SMT
5 S p B85 dan Slee b s ol )0 o (glgioe
5 Cde (St lyls DPPH ol5T JIGol, codlad los
5 s M shylo olS jo el chale b g o s

S35 e ol ol 5 G0k, Cundg saaslis
Zarandi-) cool o, LzelS ol ol 5 (g,90 (iS5 45
sielS g 5,90 i Jleel L (miandoab et al., 2019
5 48,5 )1,5 3l o oS (59 b5 (950 50 ol il
Jolss (50,95 oy Jedo 4 (nl 2 edle lioe ialS
adly als ol el s ) (AL SI STy plis ol
Dkhil and ) sl oo zals 55 slen plasl iz 59 4
SoalS o 55 olS eogicun; Ligee (Denden., 2010
(Wang et al., 2012) oS o low 2alS 56 O Jasly
2 86 L i e Rl @ e (5500 5 Jlos!
Rahnamaetal., ) 55,5 oo slaijs, e g slaijs, Jolgs
Gyss LS (ol p egdle (2010; James et al., 2008
) Fogtd plml g Jokw oy sl oY Slyoeeg S oy
Slas uels (Parida and Das., 2005) aas oo Sials
b iogs nlo 39 6595 (55 Jlasl 4z olS )5 (g0

(Tarietal., 2013) cuul suls 3,155 55

(A J592) 092 o gire g Cute (Kot sl 55 g wlio Kiuws adlbo
Ol o Glgime aS ol lis Slaw  Swod oy p
8 Jdg IS Slao b Jlagine 5 site (Sien T)ls S
G390 bl s 50 9955 (g gif Clho (yuy (Sowod axllae A Jgu
Table 8. Correlation between traits of chickpeas in salinity conditions
Trait Slho 1 2 3 4 5 6 7 8
1 RWC Spol omiglygme 1
2 Cha a Judg s -0.30™
3 Chb b g5 -0.13  0.76™
4 Cartenoieds badess,s  -0.17  0.78"  0.61™
5 Cha/Chb baadgls cems -0.32 065" 0.04 0527
6 Total pig Fab&, -0.27° 098 0.82™ 0.85" 056"
7 DPPH ol JWuoly cadled Jo  -0.07 0517 0.53™  0.46™ 0.10 0.53™
8 Phenol Js 011 0.18 0.33™ 0.17 -0.10 0.22" 0.54™
9 Proline odem 022" -0.13 -0.02 -0.07 -0.19 -0.11 0.13 0.23"
10 Osmotic Gl Jsily 020 -0.31"  -0.05 -0.28* -0477 -0.28" 0.10 0.32™
11 CAT M -0.01 -0.00 0.04 0.10 -0.08 0.025 0.13 -0.27"
12 APX Sl wlyeswl  0.02 -0.00  0.007 -0.11 0.02 -0.02 -0.11 0.04
13 POX Slawwsty  0.01 -0.05 0.01 -0.056 -0.09 -0.05 -0.24" -0.09
14 Dry W. obF Sis s 0.11 0.14 0.18 -0.004 -0.02 0.13 0.10 0.17
15 Seed W. 4l 39 0.03 -0.03 0.10 -0.007 -0.17 -0.00 -0.007 0.18
16 Na mow  -0.02 0.14 0.04 0.00 0.10 0.10 0.24" 0.22"
17 K by -0.04 -0.14 -0.09 -0.18 -0.13 -0.15 -0.02 -0.27"
18 Na/K b/ o -0.01 0.18 0.08 0.07 0.15 0.16 0.22" 0.26"
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Table 8. continued

alol.A Jous

Trait ole 9 10 12 13 14 15 16 17
10 Osmotic Gl Jumiliy  0.277
11 CAT ;Y6 -0.08  -0.05
12 APX SlawuSTy olyeswl 026 -0.10  -0.11
13 POX Slawwsty <012 -0.01 -0.19
14 Dry W. olS s 53 018 0.28™ -0.25° -0.22° 0.10
15 Seed W. als oy 012 0417 -0.23" -0.24" 0.36™ 0.73"
16 Na oo 0337 -0.06 0.10 -0.09 0.04 -0.34™
17 K bty 011 -0.07 0.04 -0.27° -0.02 -0.02 -0.27*
18 Na/K eswliy/pow 0277 -0.03 0.006 0.06 001 0.008 -0.31" 0.91™ -0.59™

do,n ) il mha 5o (5508 g i o0 O Jluiz| maw jo (g lo gime 1
* significance at the 5% probability level, ** significance at the 1% probability level

Ol (S Ol s Glge Laas> ( SlonST ol
byl cddld LB Sn B8l Slyee
) pgl g iy aeedglis (slyime (alil s Sl 2T
o Jlesl 50,5 baas gyeh il lall g0 1) 0gs
Sy Gl 4 e 5 e YL 50 6oed
) S S b ol sla gl 5 o 3555 slacal sl
F o mhaw b awslie 1o 6568 o3k 5l Ll s ol o

D92 19,97 52 fo p eny (o0

Abdolinejad, R., Shekafandeh. A., 2014. Salt
stress-induced changes in leaf antioxidant
activity, proline and protein content in ‘Shah

Anjir'and  ‘Anjir  Sabz’fig  seedlings.
International Journal of Horticultural Science
and Technology. 1, 121-129.

https://doi.org/10.22059/ijhst.2014.52782

Abe, N., Murata, T., Hirota, A., 1998. Novel
DPPH radical scavengers, bisorbicillinol and
demethyltrichodimerol, from a fungus.
Bioscience, Biotechnology and Biochemistry.
6, 661-666. https://doi.org/10.1271/bbb.62.661

Abogadallah, G.M., 2010. Antioxidative defense
under salt stress. Plant Signal Behavior, 5, 369-
374. https://doi.org/10.4161/psh.5.4.10873

Adil, H.I., Cetin, H.l., Yener, M.E., Bayindirh,
A., 2007. Subcritical (carbon dioxide +
ethanol) extraction of polyphenols from apple
and peach pomaces, and determination of the
antioxidant activities of the extracts. The

sl (5 4o
2 Gyse i Jleel a5 ol las mlbs U5 eba
v 1y ol (Sofslsnsed g oy Slao 956 slacaisi)
lacaigij (olod ;0 olS Sis 39 9 ails 59 0l 1,3 15T

boalio )0 ey uien) (w0 # ()b (35 Ll il yo
Gk 3l adlaes se slocaisiy il rals wald jles

OlaS 5 olpl Gemen e glolSg5le e

&l
Journal of Supercritical Fluids. 43, 55-63.
https://doi.org/10.1016/j.supflu.2007.04.012

Al-Amier, H., Craker, L.E., 2007. In vitro
selection for stress tolerant spearmint. In:
Janick J., Whipkey, A., (eds.), Issues in new
crops and new uses. ASHS Press, Alexandria,
VA. pp. 306-310

Alhasnawi, A.N., Kadhimi, A.A., Isahak, A.,
Mohamad, A., Doni, F., Yusoff, W.W., Zain,
C.M., 2014. Salinity stress in plant and an
important antioxidant enzyme. Life Science
Journal. 11, 913-920.
https://doi.org/10.7537/marslsj111014.143

Aliabadi-Farahani, H., Valadabadi, S.A.,
Daneshian, J., Khalvati, M.A., 2009.
Evaluation changing of essential oil of balm
(Melissa officinalis L.) under water deficit
stress conditions. Journal of Medicinal Plant
Research. 3, 329-333.
https://doi.org/10.5897/JMPR.9000606


https://doi.org/10.1271/bbb.62.661
https://doi.org/10.1271/bbb.62.661
https://doi.org/10.1271/bbb.62.661
https://doi.org/10.4161/psb.5.4.10873
https://doi.org/10.1016/j.supflu.2007.04.012
http://www.dx.doi.org/10.7537/marslsj111014.143
https://doi.org/10.5897/JMPR.9000606

\f-f }_:SL;‘\/\ ..\l?a‘sc‘))' |a9l: X lanzg,du&;;

AliDinar, H.M., Ebert, G., Ludders, P., 1999.
Growth, Chlorophyll Content, Photosynthesis
and Water Relations in Guava (Psidium
guajava L.) Under Salinity and Different
Nitrogen Supply. Gartenbauwissenschaft. 64,
54-59.

Ashraf, M., Foolad, M.R., 2007. Roles of glycine
betaine and proline in improving plant abiotic
stress  resistance.  Environmental  and
Experimental Botany. 59, 206-216.
https://doi.org/10.1016/j.envexpbot.2005.12.0
06

Ashraf, M., Ozturk, M., Athar, H.R., 2008.
Salinity and Water Stress: Improving Crop
Efficiency. Springer, Netherlands.

Bates, L.S., Waldren, R.P., Teare, I.D., 1973.
Rapid determination of free proline for water-
stress studies. Plant and Soil. 39, 205-207.
https://doi.org/10.1007/BF00018060

Bray, E.A., 1997. Plant responses to water deficit.
Trends in Plant Science. 2, 48-54.

Bybordi, A., 2012. Study effect of salinity on
some physiologic and morphologic properties
of two grape cultivars. Life Science Journal, 9,
1092-1101.
https://doi.org/10.7537/marslsj090412.166

Cakmak, 1., Kirkby, E.A., 2008. Role of
magnesium in carbon partitioning and
alleviating photooxidative damage.
Physiologia  Plantarum. 133, 692-704.
https://doi.org/10.1111/j.1399-
3054.2007.01042.x

Caverzan, A., Casassola, A., Brammer, S.P.,
2016. Antioxidant responses of wheat plants
under stress. Genetic molecular and Biology.
39, 1-6. https://doi.org/10.1590/1678-4685-
GMB-2015-0109

Chartzoulakis, K., Klapaki, G., 2000. Response
of two greenhouse pepper hybrids to NaCl
salinity during different growth stages. Scientia
Horticulturae. 86, 247-260.
https://doi.org/10.1016/S0304-
4238(00)00151-5

Cicek, N., Cakirlar, H., 2002. The effect of
salinity on some physiological parameters in
two maize cultivars. Bulgican Journal Plant
Physiology. 28, 66-74.

Cornic, C., Massacci, A., 1996 Leaf
photosynthesis under drought stress. In: Baker,

N.R. (ed.), Photosynthesis and Environment.
pp. 347-366. Kluwer Academic Publish.

Yv-

Dere, S., Gines, T., Sivaci, R., 1998.
Spectrophotometric determination of
chlorophyll a, b and total carotenoid contents of
some algae species using different solvents.
Turkish Journal of Botany 22, 13-17.

Dkhil, B.B., Denden, M., 2010. Salt stress
induced changes in germination, sugars, starch
and enzyme of carbohydrate metabolism in
Abelmoschuses culentus L. (Moench.) seeds.
African Journal of Agricultural Research. 5,
408-415.
https://doi.org/10.5897/AJAR.9000614

Fallah, A., Farahmanfar, E., Moradi, F., 2015.
Effect of salt stress on  some
morphophysiological characters of two rice
culitivars during different growth stages at
greenhouse. Applied Field Crops Research. 28,
175-182. [In Persian with English abstract].
https://doi.org/10.22092/aj.2015.105720.

FAOSTAT. 2021. Rome. Available online:
https://www.fao.org/faostat/es/#data/QCL
(accessed on 17 December 2021).

Firoozeh, R., Khavarinejad, R., Najafi, F.,
Saadatmand, S., 2019. Effects of gibberellin on
contents of photosynthetic pigments, proline,
phenol and flavonoid in savory plants (Satureja
hortensis L.) under salt stress. Journal of Plant
Research (Iranian Journal of Biology). 31, 894-
908. [In Persian with English abstract].
http://dorl.net/dor/20.1001.1.23832592.1397.3
1.4.12.4.

Flowers, T. J., Flowers, S.A., 2005. Why does
salinity pose such a different problem for plant
breeders? Agricultural Water Management. 78,
15-24.
https://doi.org/10.1016/j.agwat.2005.04.015

Garratt, L.C., Janagoudar, B.S., Lowe, K.C,,
Anthony, P., Power, J. B., Davey, M.R., 2002.
Salinity tolerance and antioxidant status in
cotton cultures. Free Radical Biology and
Medicine 33, 502-511.
https://doi.org/10.1016/S0891-
5849(02)00838-9

Hassani Moghadam, E., Esna-Ashari, M.,
Rezainejad, A., 2015. Effect of drought stress
on some physiological characteristics in six
commercial iranian pomegranate (Punica
granatum L.) Cultivars. 7, 1-11. [In Persian
with English abstract].

Heidari, A., Toorchi, M., Bandehagh, A,
Shakiba, M.R., 2011. Effect of NaCl stress on
growth, water relations, organic and inorganic
osmolytes  accumulation in  sunflower


https://doi.org/10.1016/j.envexpbot.2005.12.006
https://doi.org/10.1016/j.envexpbot.2005.12.006
http://www.dx.doi.org/10.7537/marslsj090412.166
https://doi.org/10.1111/j.1399-3054.2007.01042.x
https://doi.org/10.1111/j.1399-3054.2007.01042.x
https://doi.org/10.1590/1678-4685-GMB-2015-0109
https://doi.org/10.1590/1678-4685-GMB-2015-0109
https://doi.org/10.1016/S0304-4238(00)00151-5
https://doi.org/10.1016/S0304-4238(00)00151-5
https://doi.org/10.5897/AJAR.9000614
https://www.fao.org/faostat/es/%23data/QCL
https://dor.isc.ac/dor/20.1001.1.23832592.1397.31.4.12.4
https://dor.isc.ac/dor/20.1001.1.23832592.1397.31.4.12.4
https://doi.org/10.1016/j.agwat.2005.04.015
https://doi.org/10.1016/S0891-5849(02)00838-9
https://doi.org/10.1016/S0891-5849(02)00838-9

VY as)ye bl il )0 (6,08 (T 4 0958 ST ss Sufslsned el (oL Sen 5 s

(Helianthus annuus L.) lines. Universal Journal
of Environmental Research and Technology. 1,
351-362.

James, R.A., Caemmerer, S.V., Condon, A.G.,
Zwart, A.B., Munns, R., 2008. Genetic
variation in tolerance to the osmotic stress
component of salinity stress in durum wheat.
Functional Plant Biology 35, 111-123.
https://doi.org/10.1071/FP07234

Jukanti A.K, G.P., 2012. Nutritional quality and
health benefits of chickpea (Cicer arietinum L):
a review. British Journal of Nutrition. 108, 11-
26.
https://doi.org/10.1017/S0007114512000797

Kibria, M.G., Hossain, M.A., Murata, Y., Hoque,
M.A., 2017. Antioxidant defense mechanisms
of salinity tolerance in rice genotypes. rice
science. 24, 155-162.
https://doi.org/10.1016/j.rsci.2017.05.001

Kochaki, A., Zand, A., Banayan Aval, M,
Rezvanimoghadam, P., Mahdavi Damghani, A,
Jami Al-Ahmadi, M., Vesal, S.R., 2015. Plant
Ecophysiology. Ferdowsi  University  of
Mashhad Press. pp 271. [In Persian].

Koyro, H.W., 2000. Effect of high NaCl-salinity
on plant growth, leaf morphology and ion
composition in leaf tissues of Beta vulgaris ssp.
Maritima. Journal of Applied Botany and Food
Quality. 74, 67-73.

Kumar, S., Beena, A.S., Awana, M., Singh, A,
2017. Physiological, biochemical, epigenetic
and molecular analyses of wheat (Triticum
aestivum) genotypes with contrasting salt
tolerance. Frontiers in Plant Science. 8, 1151.
https://doi.org/10.3389/fpls.2017.01151

Maliro, M.F.A., McNeil, D.L., Redden, B.,
Kollmorgen, J.F., Pittock, C., 2008. Sampling
strategies and screening of chickpea (Cicer
arietinum L.) germplasm for salt tolerance.
Genetic Resources and Crop Evolution. 55: 53-
63. https://doi.org/10.1007/s10722-007-9214-9

Masoumzadeh, B.M., Imani, A.A., Khayamaim,
S., 2012. Salinity stress effect on proline and
chlorophyll rate in four beet cultivars. Scholars
Research Library. 3, 5453-5456.

Mittler, R., Vanderauwera, S., Gollery, M., Van
Breusegem, F., 2004. Reactive oxygen gene
network of plant. Trends in Plant Science. 9,
490-498.
https://doi.org/10.1016/j.tplants.2004.08.009

Parida, A.K., Das, A.B., 2005. Salt tolerance and
salinity effects on plants: a review.

Ecotoxicology and Environmental Safety. 60,
324-349.
https://doi.org/10.1016/j.ecoenv.2004.06.010

Parvaiz, A., Stayawati, S., 2008. Salt stress and
phyto-biochemical responses of plants — a
review. Plant, Soil and Environment. 54, 89—
99. https://doi.org/10.17221/2774-PSE

Pinheiro, C., Chaves, M.M., Ricardo, C.P., 2001.
Alterations in carbon and nitrogen metabolism
induced by water deficit in the stems and leaves
of Lupinus albus L. Journal of Experimental
Botany. 52, 1063-70.
https://doi.org/10.1093/jexbot/52.358.1063

Rafael, M., Enez-Diaz, J., Castillo, P., Jimenez-
Gasco, M.D.M., Landa, B., Navas-Cortes, J.A.,
2015. Fusarium wilt of chickpeas: Biology,
ecology and management. Crop Protection. 23,
1-12.

Rahnama, A., James, R.A., Poustini, K., Munns,
R., 2010. Stomatal conductance as a screen for
osmotic stress tolerance in durum wheat
growing in saline soil. Functional Plant
Biology. 37, 255-269.
https://doi.org/10.1016/j.cropro.2015.02.023

Rahnemoun, H., Shekari, F., Dejampour, J.,
Khorshidi, M.B., 2013. Salinity effects on
some morphological and biochemical changes
of almond. Journal of Crops Improvement. 15,
179-192. [In Persian with English abstract].
https://doi.org/10.22059/jci.2013.36108

Rajabi Dehnavi, A., Zahedi, M., 2020. Effects of
foliar application of different ascorbic acid
concentrations on the response of sorghum to
salinity. Plant Process and Function. 9, 223-
241. [In Persian with English abstract].
http://dorl.net/dor/20.1001.1.23222727.1399.9
.35.13.4

Redouane, E., Mohamed, N., 2015. Adaptive
response to salt stress in sorghum (Sorghum
bicolor). American Eurasian Journal of
Agricultural and Environmental Sciences. 15,
1351-1360.
https://doi.org/10.5829/idosi.aejaes.2015.15.7.
12683

Sabaghpour, S.H., 2001. Major diseases of
chickpea In Iran. In proceeding of symposium
on Grain Legumes in the Mediterranean.
Agriculture, (LEGUMED), 25-27 October
2001. Rabat, Morocoo.

Sabir, P., Ashraf, M., Hussain, M., Jamil, A.,
2009. Relationship of photosynthetic pigments
and water relations with salt tolerance of proso
millet (Panicum miliaceum L.) accessions.


https://doi.org/10.1017/S0007114512000797
https://doi.org/10.1016/j.rsci.2017.05.001
https://doi.org/10.3389/fpls.2017.01151
https://doi.org/10.1016/j.tplants.2004.08.009
https://doi.org/10.1016/j.ecoenv.2004.06.010
https://doi.org/10.1093/jexbot/52.358.1063
https://doi.org/10.1016/j.cropro.2015.02.023
https://doi.org/10.22059/jci.2013.36108

\f-f }_:SL;‘\/\ -\l?'s‘sc‘))' r:9l: X lanzg,du&;;

Pakistan Journal of Botany, 41, 2957-2964.
https://doi.org/41(6): 2957-2964,2009

Shahid, M. A., Balal, R. M., Pervez, M. A., 2012.
Differential response of pea (Pisum sativum L.)
genotypes to salt stress in relation to the
growth, physiological attributes antioxidant
activity and organic solutes. Australian Journal
of Crop Science. 6, 828-838.

Shobeiri, S., K. Ghassemi-Golezani, A. Golechin
and J. Saba., 2007. Effect of water limitation on
growth and yield of three chickpea cultivars in
Zanjan. Journal of Agricultural Sciences and
Natural Resources. 14, 32-43. [In Persia].

Singleton, V.L., Rossi, J.A., 1965. Colorimetry
of total phenolics with phosphomolybdic-
phosphotungstic acid reagents. American
Journal of Enology and Viticulture. 16, 144-
158.
https://doi.org/10.5344/ajev.1965.16.3.144

Smart, R.E., Bingham, G.E., 1974. Rapid
estimates of relative water content. Plant
Physiology. 53, 258-260.
https://doi.org/10.1104/pp.53.2.258

Soori, N., Bakhshi, D., Rezaei Nejad, A., Faizian,
M., 2019. Effect of salinity stress on some
physiological characteristics and
photosynthetic parameters of several Iranian
commercial pomegranate genotypes. Plant
Process and Function. 8, 155-170. [In Persian
with English abstract].

Srinivas, N.D., Rashmi, K.R., Raghavarao,
K.S.M.S., 1999. Extraction and purification of
a plant peroxidase by aqueous two-phase
extraction coupled with gel filtration. Process
Biochemistry. 35, 43-48.
https://doi.org/10.1016/S0032-
9592(99)00030-8

Tari, I., Laskay, G., Takacs, Z., Poor, P., 2013.
Response of sorghum to abiotic stresses: A
review. Journal of Agronomy and Crop
Science. 199, 264-274.
https://doi.org/10.1111/jac.12017

Turner, N., Colmer, T., Quealy, J., Pushpavalli,
R., Krishnamurthy, L., Kaur, J., Singh, G.,
Siddique, K., Vadez, V., 2013. Salinity
tolerance and ion accumulation in chickpea
(Cicer arietinum L.) subjected to salt stress.
Plant and Soil. 365, 347-361.
https://doi.org/10.1007/s11104-012-1387-0

Yvy

Vafadar, Z., Rahimmalek, M., Sabzalian, M.R.,
Nikbakht, A., 2018. Effect of salt stress and
harvesting time on morphological and

physiological characteristics of  Myrtle
(Myrthus communis). Plant Process and
Function. 7 33-44.

http://dorl.net/dor/20.1001.1.23222727.1397.7
.23.18.1

Velikova, V., Yordanov, I., Edreva, A., 2000.
Oxidative stress and some antioxidant systems
in acid raintreated bean plants. Protective role
of exogenous polyamines. Plant Science. 151,
59-66. https://doi.org/10.1016/S0168-
9452(99)00197-1

Wang, C.J., Yang, W., Wang, C., Gu, C., Niu,
D.D., Liu, H.X., Wang, Y.P. and Guo, J.H.,
2012. Induction of drought tolerance in
cucumber plants by a consortium of three plant
growth promoting rhizobacterium strains. Plos
One, 7, 1-12.
https://doi.org/10.1371/journal.pone.0052565

Yamaguchi, K., Mori, H., Nishimura, M., 1995.
A novel isoenzyme of ascorbate peroxidase
localized on glyoxysomal and leaf peroxisomal
membranes in pumpkin. Plant Cell Physiology.
36, 1157-1162.
https://doi.org/10.1093/oxfordjournals.pcp.a07
8862

Yamaguchi, T., Blumwald, E., 2005. Developing
salt-tolerant crop plants: challenges and
opportunities. Trends in Plant Science. 12, 615-
620.
https://doi.org/10.1016/j.tplants.2005.10.002

Zarandi-Miandoab, L., Chaparzadeh, N., Fekri
Shali, H., 2019. Interactive effects of salinity
and magnesium on water and ionic relations of
Zygophillum fabago L. Journal of Plant
Research (Iranian Journal of Biology). 32, 72-
85. [In Persian with English abstract].
https://dor.isc.ac/dor/20.1001.1.23832592.139
8.32.1.18.1

Zarei, M., Azizi M., Rahemi, M., Tehranifar, A.,
2016. Assessment of salinity tolerance of three
fig cultivars based on growth and physiological
factors and ions distribution. Iranian Journal of
Horticultural Science and Technology. 17, 247-
260. [In Persian with English abstract].
https://dor.isc.ac/dor/20.1001.1.16807154.139
5.17.2.10.8


https://doi.org/10.1104/pp.53.2.258
https://doi.org/10.1016/S0032-9592(99)00030-8
https://doi.org/10.1016/S0032-9592(99)00030-8
https://doi.org/10.1111/jac.12017
https://doi.org/10.1007/s11104-012-1387-0
https://doi.org/10.1016/S0168-9452(99)00197-1
https://doi.org/10.1016/S0168-9452(99)00197-1
https://doi.org/10.1371/journal.pone.0052565
https://doi.org/10.1093/oxfordjournals.pcp.a078862
https://doi.org/10.1093/oxfordjournals.pcp.a078862
http://doi.org/10.1016/j.tplants.2005.10.002

