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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 withthe 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 complementarilyin 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

Theinvestigation demonstrated changes in the levels of secondary metabolites and leaf chlorophyll content under
salt stress conditions;.depending on the plant genotype. In genotypes MCC52, MCC65, MCC77, and MCC92, 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,
MCC92, and MCC108 under salt stress of 9 dS.m. 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 studied chickpea genotypes, applying 6 dS.m* 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.
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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 MCC72 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 amongithe studied chickpea genotypes,
suggesting that their use in improving salt tolerance in chickpea plants could be beneficial.
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Table 1. Chickpea genotypes and their origin
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Table 2. Analysis of Variance (mean square) of relative water content (RWC) and. chlorophyll in chickpea under the

salinity stress
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Table 3. Effect of salinity stress Chlorophyll a, b and carotenoids and RWC of chickpea genotypes
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Table 4. Analysis of variance (mean square) of metabolites and antioxidant component in chickpea under salinity stress

Osmotic
oy ko df potential APX DPPH
sov % phenol | Prolin  Jesis  pox CAT  ©bysSwl  cullab e
&3l S oen Gl JlawaSTy YU lawasTy ST JGl,
U N 13.8™ | 4.49™  0.03™ 00002  0.27" 0.32" 0.01"
Replication
N 3235 375 0417  0.02™ 035"  3.84™ 0.58"
Salinity (S)
alat, g 35.5 0.45 0.0002 0.10 0.11 0.03
Errora
wPi g 1792 878"  1.10™ 003~ 026"  10.91" 1.42*
Genotype (G)
S ek s S SHNET, 1014™ 430"  0.89™ 002~ 033"  10.63" 1.72"
SxG
ST 132 0.30 0.0003 0.05 0.12 0.30
Error
sl S 11.61 14.67 14.66 45.78 66.68 10.23 16.72
C.V%
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ssignificance 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

Salinity

Traits . Genotype (MCC)  <uigi}

T S

wlhe @smy 12 27 28 52 65 72 77 92 108

Phenol Control  86.9%%  755Mk 11500 124%0  113#h [ 118%L_131® 1256  84.7°K

Jss 6 4787% 827  945bi 126 hg9shi 808k 102+ 833tk 77.00%
(mg.gfw?) 9 72.84Kk 1362 1149 Q7.9%F 744 1918t g7gei 120 9330

Proline Control  2.819% 39581 38101 305K 347K 649% 40497 263" 2330k

oo 6 212 249" 09t 55020 466" 3584 190k  3.73% 1.63%
(mg.gfwY) 9 228"k 344ek 358 6722 . 48307  4.96% 3350k 4610 4,000
Osmotic  Control -1.76°F -1.32¢f -2.90bf _ .1.7601 4 -2.42¢¢ 3252  -162¢f 21700  .1.9obf

otential

6}1‘ ity 6 12080 14201 p.godl gt 134 p79®  popbe 1350  _175¢f

MPa) 9 1260 215bd  _19gbf p07be  109f 155 -1.74f 2.75H  _1g1cf

(MPa)

POX Control  054%.. 001° 0043 002 0015° 0023 0032° 0016° 0.019
ST 6 004> 0.016® ©.06® 0011 0013* 0.016° 0012 0.012®°  0.18
(unit.gfw?) 9 004", 0037 0021 0017° 001> 003> 0018 0.032° 0.006

CAT Control 058  0.40°. 013 0.38® 015 009  021° 013  0.473¢
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APX  Gontrol w158 2758  292Fh 1724  487% 133 6820 2684  216M
ol |

' ’”&r 6 2717 2549k 4200 349¢9 220 379¢f  p94th  g35a  1.96h
(URit.gfw) 9 285H  379%F 36200 503  7.71® 284 1479 433 135
culldylee  Control  2.2¢¢  291%¢ 7%  3gpad  33gre  3Qxd 37 374%¢ 2 3pbe
o3T J&of; 6 356%¢ 323  23gbe 408 4118  341%e  325%e  A7ae D 1]de

DPPH

X 9 373 416  406®  337%¢  196°  3.97¢¢ 257% 4128  3(Q
(mg.gfw?)

Similar letters in each trait indicate no significant difference
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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

S.0.V Ol i 20 f o by Ly, A o e S ol s (439 &8 ¢y39
Replication SIS 2 34497 3.81m™ 0.12" 0.23™ 0.08™
Salinity (S) Cys 2 198.97°° 148.82™ 0.55™ 3.87™ 4.02™
Error a als 4 7.00 3.21 0.01 0.61 0.10

Genotype (G) g5 8 11.64™  10.33" 0.05™ 8.56™ 0.73"
SxG Soghxeadis; 16 6.417 49.73™ 0.02m 5.90™ 0.46™
Error Us 48 1.29 1.72 0.01 0.47 0.03

C.V% (5] JOUE | U 14.54 5.64 16.40 18.33 17.76
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** significance at the 1% probability level; ns: no significant difference

(Joinll ol oS s meliy Slgtoe Al 4 2 e
Slgime yio p i (oo A gl )0 )50 (A5 Jlos!
3 el 1S (Y Jgaz) wlo alS ] olS o el
peedS g ool Sl mro ol (3Rl S 4 ol
s sial3dl b cié> o (Pinheiro et al., 2001) el
Slgme ol sl 5 G530 sl JUIS 5 maans (552
boeonl 2 ogdle lioe Gl (2lso il jo o

Aoy POl Gl jo as ol plas legh mls

=3 P o9t G Jlosl aalllans g0 295 (slacaisi)
5 0L 3 iy lome Galidl 4 e ey i
5> MCCE5 55 53 525 oS by (Slyioms (n it
@olass )5 0l odslice yie p wies) (owd £ S o
MCC52  MCC27 MCC28 545 assbe lacusgis

2o o0 P a5 90 S Jleel wiz e S



Slyime il Jalse (e 5l 4y 3 iz slaglSe 5
ooy S (LS L ol ol (slgione 2alS g o
5oty PESTL olS 5o ool cudled obS 50 s &

.(Redouane and Mohamed, 2015) s5 5 o

rolie Qi Bgile iy, ;0 mow g clale aol38l
ol cdale bl jo 58 gadge (pl g el e olad
Rajabi Dehnavi and ) cusl j5e olga plasl jo jaie

3955 GLroaiai] )0 oS 53 4ild (39 9 obS LS (459 9 iy 9 o Clile (559 S SV Jgur
Table 7. Effect of salinity stress on sodium and potassium concentration, shoot dry weight and seed weight in chickpea

genotypes
Traits Salinity Genotype (MCC) i 935

olao ( d‘gﬁ) 12 27 28 52 65 724 77 92 108
Na Control 613" 515" 500" 5889 555" 528" 848" 650"  7.520
orhas 6 5849  5.95¢  6.99%h 972 488" 502" 4,506\ 6.9%h 654
(mo.gdw ) 9 1000 10259 95059 14.4%  756¢h  135%. O798% 110, 115+
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il 6 203 2500 285w 2500 3LEA 24490 219+ 2320 233
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Shoot dry weight _Control  455%9 457+ 37651  3.08%. 45479 534 3081 3841 186
oL i 3 6 2034 285  5gsvc 3184 2400kl B74%¢ 31181 22k 160k
(a.plant) 9 35141 437*0  206H 055 wB06°T 6660 493 41141 641
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15 53 6 088" 08541 1850, 094ch 07261 172% 092h 066 051
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Similar letters in each trait indicate no significant difference
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Table 8. Correlation between traits of chickpeas in salinity conditions

Trait lao 1 2 3 4 5 6 7 8
1 RWC Sl omdiglyize 1
2. Cha a g5 -0.30™
3 Chb b Jsgls -0.13 0.76™
4 Cartenoieds budeis,s  -0.17  0.787  0.61™
5 Cha/Chb baa hdgpls e -0.32"  0.65™ 0.04 0.52™
6 Total pig Jahb, -0.27° 098 0.82” 085" 0.56™
7 DPPH ofiT ool cudlsd ;e -0.07 0517 053" 0.46™ 010 0.53™
8 Phenol Js 011 018 033" 017 -010 0.22° 0.54™
9 Proline odeyw <0227 -013  -002 -007 -0.19 -011 013 023"
10 Osmotic Gl Jewity 020 -0.317  -0.05 -0.28* -0.477 -028" 010 0.32"
11 CAT W6 -0.01 -0.00 0.04 0.10 -0.08  0.025 0.13 -0.27"
12 APX ShaSTy obyesw! 002 -0.00  0.007 -0.11  0.02 -0.02 -0.11 0.04
13 POX Slewsty, 001 -0.05 001 -0056 -009 -0.05 -0.24~ -0.09
14 Dry W. oS s 039 0.11 0.14 0.18 -0.004 -0.02 0.13 0.10 0.17
15 Seed W. alb e 003 -0.03 010 -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 sty -004 -014 -009 -018 -0.13 -015 -0.02 -0.27"
18 Na/K pelis/ o -0.01 0.18 0.08 0.07 0.15 0.16 0.22" 0.26"




Table 8. continued

alol.A Jgus

Trait ol 9 10 12 13 14 15 16 17
10 Osmotic Gl Jumiliy  0.277
11 CAT ;Y6 -0.08  -0.05
12 APX SlamuSTy olyesl 0267 -0.10
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 027 -0.03 0.006 0.06 001 0.008 =0.31" 0.91™ -0.59™

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