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Fig. 1. Number (A) and frequency distribution of chickpea genotypes (B) in different survival ranges,
four weeks after imposing 12dSm NaCl salinity stress
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Table 1. Effect of sodium chloride salt stress (12dSm™) on studied traits in different chickpea genotypes in the survival
range of 100-76%
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e stage Fagils  lateral N wex oy S S ml (g plant?)
(%) branche (%) Na/K
(cm) s (%0) (%) (mg.gdw) (mg.gdw)
18 100 1 37 4 47 53 42 20 58 0.35 559
22 100 1 38 3 16 84 31 16 52 0.31 956
29 100 5 44 3 37 63 10 19 45 0.43 783
59 100 1 48 2 56 44 44 25 65 0.38 873
136 100 1 19 3 60 40 16 22 37 0.61 421
430 100 1 14 2 61 40 37 9 35 0.26 247
643 92 1 14 1 50 50 10 44 33 1.32 243
539 86 3 24 1 46 54 16 39 28 1.40 339
658 86 1 15 1 54 46 24 55 31 1.79 317
16 85 2 31 3 47 53 38 17 50 0.34 600
20 85 1 35 3 28 72 44 22 55 0.41 802
179 85 3 16 2 58 42 51 33 31 1.07 380
868 85 3 27 3 27 73 35 8 38 0.21 439
122 82 1 24 3 56 44 24 6 36 0.16 609
32 80 1 33 3 29 71 24 22 46 0.48 582
216 80 1 18 2 59 41 8 28 40 0.71 544
309 80 3 26 2 63 37 12 31 31 1.03 436
100 79 3 21 2 39 61 6 45 33 1.38 491
870 79 1 20 3 33 67 13 9 35 0.25 367
43 76 4 44 3 43 57 30 17 46 0.36 1058
606 76 3 21 1 54 46 10 44 31 1.43 535
LSDops 4 0.003 3 1 14 14 10 9 13 0.30 87
Geoypes  ** e i i i e i e o o i
CV% 12 0.2 16 30 57 21 99 40 108 24 23
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MCC: Mashhad Chickpea Collection, Growth stages: 1: Before flowering, 2: Early flowering, 3: Flowering, 4: Early podding, 5: Podding. MSI:

Membrane Stability Index, LSD: Least Significant Difference in 5% probability level. **: Significant at 1% probability level, CV: Coefficient of
Variation
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Fig. 2. Plant height (A) and number of lateral branches (B) in chickpea genotypes in different survival range,
four weeks after imposing 12dSm* NaCl salinity
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Table 2. Effect of sodium chloride salt stress (12dSm™) on studied traits in different chickpea genotypes in survival
range of 75-51%

s s L S Sy = wels mw CBLE el cllE L Sisole
T SrES euss T 1 ow M K T on
S5 - o, '?;;'g tt =P Remained 3B el P Sk P eS o~ weight
Survival an No. of Shed leaves < . & s
Mcc Growth i leaves MSI odlo o8 ook )5 5 o
WS o Gl lateral e by ;
stage R oy s s pow LY} aigs
(%) (cm) branches (%) J Na/K N
(%) (%) (mg.gldw)  (mg.gldw) (mgplant’)
49 75 1 42 4 34 66 48 22 53 0.42 890
177 75 3 22 3 73 27 9 33 31 1.06 467
256 75 1 17 1 22 78 8 44 39 1.20 247
325 74 5 19 2 44 56 2 33 31 1.05 519
121 73 1 22 2 63 37 22 4 27 0.16 271
884 72 1 16 2 29 71 21 12 30 041 158
10 71 1 36 4 44 56 35 25 55 0.45 629
873 68 1 20 3 33 67 21 10 31 0.35 301
4 67 4 33 3 56 44 33 18 47 0.38 1068
867 65 3 30 1 27 73 2 11 34 0.34 380
88 64 1 30 3 31 69 7 11 36 0.29 569
104 63 1 22 2 46 54 17 10 34 0.30 294
310 61 3 19 2 61 39 8 36 30 1.22 410
96 60 1 25 3 31 69 14 12 37 0.33 477
364 60 3 17 2 70 30 19 23 23 127 321
187 59 3 21 3 36 64 12 35 36 0.98 409
623 59 3 23 2 60 40 9 39 32 1.22 332
891 57 2 18 2 30 70 33 9 28 0.31 224
155 56 3 29 2 75 25 31 27 34 0.83 513
34 53 1 35 3 34 66 52 26 57 0.45 436
151 53 2 23 2 46 54 9 33 35 0.92 488
259 53 3 18 2 63 37 28 39 119 0.77 387
371 53 3 20 3 51 49 4 35 42 0.84 444
LSDg.05 4 0.003 3 1 14 14 10 9 13 0.30 87
@WE *x ** ** **k **k **k **k **k *k *k *k
CV% 12 0.2 16 30 57 21 99 40 108 24 23

sloe gl asls :MSI S ol oo (Sl RWC (23 B0 (20 B slanl:F ( palS Y aulS gl Y paulS 5l L) rgad; e wgie 930 3 SOL :MCC

Sy g0 CV o yo o Jloio! mlaws po s ima 5

oy gy Jleix | mhaa 5ol g ST Blas LSD

MCC: Mashhad Chickpea Collection, Growth stages: 1: Before flowering, 2: Early flowering, 3: Flowering, 4: Early podding, 5: Podding. MSI: Membrane
Stability Index, LSD: Least Significant Difference in 5% probability level. **: Significant at 1% probability level, CV: Coefficient of Variation.
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Fig. 3. Remained and shed leaves (A) and membrane stability index (B) of chickpea genotypes in different survival
ranges, four weeks after imposing 12dSm NaCl salinity
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Table 3. Effect of sodium chloride salt stress (12dSm) on studied traits in different chickpea genotypes in the survival
range of 50-26%

et eSS Sy S e CBIE el il
slis w0 al> 50 Sn Wl Sl sl owilo oS my Gl Na K S S oole

vy Survival G rl]:;l{agr;]tt = Remained  Shed (il PSSk peSse 4 waw  Dryweight

MCC o )d Growth il No. of leaves leaves MSI oslo p )5 odlo o )5 oy g o5 ko

(%) stage ﬁ(ac;“) blra;tr?crﬁ:as 223 2 w0 S s Na/K  (mg.plant™)

(%) (%) (%) (mg.gldw)  (mg.g’dw)

212 50 1 15 2 45 55 9 51 33 157 435
438 50 1 23 3 32 68 10 8 41 0.20 309
452 50 1 18 2 49 51 4 49 39 1.25 357
382 47 3 20 2 63 37 35 37 30 1.22 365
424 47 1 25 3 35 65 19 9 27 0.33 341
45 45 1 36 3 44 56 38 22 55 0.41 757
379 42 3 17 2 43 57 21 37 34 1.09 316
39 40 1 36 3 38 62 24 26 56 0.46 702
40 40 1 29 4 39 61 42 33 55 0.61 444
307 40 3 19 2 51 49 6 45 38 1.21 289
401 40 3 20 2 40 60 12 39 34 1.14 442
349 39 1 24 2 21 79 20 9 34 0.28 365
198 38 5 20 2 45 55 17 42 32 1.29 342
246 38 1 16 1 23 77 4 32 31 1.05 689
509 38 1 19 1 54 46 37 25 32 0.77 432
680 38 1 17 1 62 38 0 39 32 1.22 280
516 36 2 18 2 52 48 0 21 32 0.66 331
536 36 3 22 2 40 60 1 40 29 1.38 396
99 35 1 24 2 22 78 37 12 39 0.30 251
389 32 3 23 2 66 34 5 40 33 1.22 617
540 31 1 20 2 36 64 21 43 31 1.44 480
514 30 1 17 2 28 72 4 27 34 0.80 333
376 28 3 24 3 40 60 46 39 34 1.17 419
872 27 1 23 2 36 64 10 11 40 0.29 245
280 26 5 26 2 60 40 24 29 32 0.91 324
322 26 3 22 2 47 53 38 32 35 0.91 301
LSDogs 4 0.003 3 1 14 14 10 9 13 0.30 87
Gmmym *x *x *%* *x *%* *%* *x *%* *%* *%x *%
cV 12 0.2 16 30 57 21 99 40 108 24 23

Jla> :LSD wlie o uly axls MSH S 5 T s glgzme RWC . 20 M 10 ¢ o0 e (glaz) :F ¢ 0alS ¥« aalS (glal ¥ oaalS 51 L8 ) rgud) Jolpe oo 9956 3 SSL:MCC

s g o CV o j0 S Jloio gl (o jlo cine ¥ cao o iy Jloio| has ol sime S

MCC: Mashhad Chickpea Collection, Growth stages: 1: Before flowering, 2: Early flowering, 3: Flowering, 4: Early podding, 5: Podding. MSI: Membrane
Stability Index, LSD: Least Significant Difference in 5% probability level. **: Significant at 1% probability level, CV: Coefficient of Variation
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Fig. 5. Concentration of Na and K (A) and Na/K (B) in chickpea genotypes in different survival ranges,
four weeks after imposing 12dSm™ NaCl salinity
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Table 4. Effect of sodium chloride salt stress (12dSm™) sodium chloride on studied traits in different chickpea genotypes in
the survival range from 25 to 0%

sl o yo al> o g el L sluss SbSy S uﬂ"l‘: MANN;HS WLHKHH‘ ﬂ‘;"-“ s oolo
el Sunival o ges,  Plantheight o e . “§:1wdﬂ’ S Pefeks S peSie o DYVedNt
mcc %o Growth el 0.0t Remained ¢ . o . P e

(96) stage (cm) lateral leaves leaves MSI Sisodlop S S oolo iy (mg.plant?)
branches %) (%) (%) (mg.g™dw) (mg.gldw)  Na/K '

534 25 1 15 2 19 81 0 40 31 1.33 286
560 25 5 22 3 37 63 9 42 28 154 439
410 24 3 19 2 50 50 0 40 34 1.16 539
567 24 3 21 2 38 62 12 30 32 0.93 373
328 22 1 28 2 33 67 7 9 34 0.27 514
148 21 1 16 2 53 47 0 34 32 1.08 308
159 21 1 20 2 46 54 8 37 34 1.08 362
265 20 1 15 2 12 88 0 38 19 1.93 256
549 20 5 21 2 30 70 12 94 67 1.60 446
237 19 3 17 2 18 82 0 59 26 2.25 162
515 14 3 18 1 12 88 0 50 29 1.70 139
101 13 3 16 2 47 53 0 31 37 0.82 308
455 13 1 14 1 19 81 0 48 31 1.59 260
564 13 1 21 2 20 80 0 45 31 1.46 505
548 12 3 19 1 27 73 0 40 37 1.07 429
416 11 1 22 2 38 63 17 42 35 1.20 498
554 11 1 19 1 10 90 0 74 32 2.36 263
666 11 1 17 1 26 74 11 44 47 1.12 242
196 9 1 19 2 14 86 0 48 33 1.54 322
205 9 1 25 2 10 90 0 41 30 1.39 365
194 7 1 26 2 0 100 0 38 31 1.22 511
377 7 1 26 1 16 84 0 35 39 0.91 463
199 6 1 23 2 8 92 0 38 31 1.25 456
576 6 3 18 1 8 92 0 50 36 1.38 435
388 5 3 25 1 14 86 0 30 31 0.99 411
406 5 3 24 2 7 93 0 38 33 1.15 677
876 5 1 19 1 46 54 5 11 23 0.49 139
125 0 1 8 1 0 100 0 52 30 1.72 225
195 0 1 10 2 0 100 0 41 28 1.48 219
335 0 1 24 2 0 100 0 36 26 1.47 425
385 0 1 17 1 0 100 0 38 31 1.22 292
408 0 1 15 1 0 100 0 49 28 1.78 218
411 0 1 18 1 0 100 0 44 31 1.52 267
418 0 1 8 1 0 100 0 37 36 1.03 443
428 0 1 8 1 0 100 0 44 34 1.26 467
431 0 1 8 1 0 100 0 45 34 1.34 437
433 0 1 8 1 0 100 0 39 31 1.29 320
435 0 1 8 1 0 100 0 61 24 2.60 372
437 0 1 8 1 0 100 0 69 27 2.60 234
439 0 1 8 1 0 100 0 45 27 1.43 398
451 0 1 8 1 0 100 0 71 21 3.38 197
504 0 1 14 1 0 100 0 47 31 1.51 288
517 0 1 9 1 0 100 0 42 31 1.34 305
532 0 1 9 1 0 100 0 44 28 1.55 310
535 0 1 11 1 0 100 0 39 36 1.06 381
553 0 1 12 1 0 100 0 61 43 1.49 457
555 0 1 16 1 0 100 0 39 24 1.97 325
580 0 1 15 1 0 100 0 40 26 1.54 375
584 0 1 15 1 0 100 0 41 34 1.22 404
585 0 1 15 1 0 100 0 42 30 1.37 479
600 0 1 18 1 0 100 0 56 36 1.58 589
601 0 1 12 1 0 100 0 48 33 1.52 294
603 0 1 15 1 0 100 0 35 25 1.37 279
607 0 1 13 1 0 100 0 47 30 1.57 345
609 0 1 16 1 0 100 0 57 25 2.33 411
615 0 1 13 1 0 100 0 33 26 1.32 305
629 0 1 15 1 0 100 0 43 33 1.27 396
631 0 1 18 1 0 100 0 39 31 1.30 303
632 0 1 14 1 0 100 0 38 26 1.47 312
633 0 1 15 1 0 100 0 51 36 1.44 438
634 0 1 14 1 0 100 0 41 30 1.34 295
661 0 1 13 1 0 100 0 47 27 1.78 253
672 0 1 15 1 0 100 0 47 29 1.59 258
675 0 1 7 1 0 100 0 52 21 2.36 97
677 0 1 13 1 0 100 0 58 35 1.67 304
678 0 1 10 1 0 100 0 61 25 2.42 201
690 0 1 16 1 0 100 0 49 29 1.72 348
710 0 1 11 1 0 100 0 42 31 1.36 193
711 0 1 11 1 0 100 0 32 27 121 160
713 0 1 8 1 0 100 0 37 12 2.99 44
LSDo.0s 4 0.003 3 1 14 14 10 9 13 0.30 87
Genotypes Ex3 Ex3 Ex3 Ex3 Ex3 EX3 Ex3 *K Ex3 *K EX3
CV% 12 0.2 16 30 57 21 99 40 108 24 23

Jleisl gl o s ime M JBlas:LSD lié g lasly Lasls MSH iS5 O o glgime RWC . 2 M2 10 (00 e (slal iF aalS ¥ ¢ palS (glal Y ¢ 2al8 5l L8 1) rgasy Jopo cageio 0556 ,4 SSL:MCC

Sy sy CV oy o Jlazo] s o o ime % wo s iy
MCC: Mashhad Chickpea Collection, Growth stages: 1: Before flowering, 2: Early flowering, 3: Flowering, 4: Early podding, 5: Podding. MSI: Membrane Stability Index, LSD: Least
Significant Difference in 5% probability level. **: Significant at 1% probability level, CV: Coefficient of Variation
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Fig. 6. Biomass of chickpea genotypes in different survival ranges, four weeks after imposing12dSm NacCl salinity
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Table 5. Correlation coefficients of studied traits in 140 chickpea genotypes under sodium chloride salt stress of

12dSm*

1 2 3 4 5 6 7 8 9 10 11
1 RV Survival% 1
2 Gy al> e Growth stage 0.27" 1
3 Gy glas)l Plant height 059"  0.26™ 1
4 &8 a5l olass No. Of lateral branches ~ 0.59™  0.23™  0.61™ 1
5 oxle b S 5 Remained leaves% 0.66™ 040" 0427 0477 1
6 03,5 oy Sy Shed leaves% -0.66™  -0.40" -0.427 -0477 -1.00™ 1
7 slee g lul el MSI 054™ 012" 050" 047" 040" -040" 1
8 (o200 Na -050™  0.02"  -0.44™ -042™ -035" 035" -0.37" 1
9 ey K 0.26™ 0.09™ 0.35™ 0.28™ 0.19™  -0.19" 0417 0.01 1
10 ool 4 oo S Na/K -0.56™  -0.08™ -0.57" -051" -042" 042" -046" 0.80™" -0.38" 1
11 S 9 Dry weight 0.40™ 0.20™ 0.66™ 0.44™ 021" -021™ 031" -0.24™ 034" -041" 1

oy ) sl o 55 s e g I ire i 5 4" g NS
ns and **: Non-significant and significant in probability levels of 1%, respectively
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Introduction

The agricultural sector needs to reduce the use of freshwaters and using low quality waters instead of
increasing demand for domestic and industrial water uses, along with the reduction of groundwater level.
Therefore, using saline water in the future for agricultural production is unavoidable. The soil fertility has
been reduced due to decreasing the quality of water resources and increasing salinity in agriculture lands.
Saline water and saline soil contain high concentrations of salts such as calcium sulfate and sodium
carbonate, although sodium chloride is the dominant salt. Salt stress affects various physiological and
metabolic processes in plant and may eventually impede crop production depending on the extent and
severity of the stress. In the early stages, a high concentration of solutes present in the soil brings about
osmotic stress which reduces the capacity of root systems to absorb water and, that start the loss of leaves
water. This is accompanied by ion-specific effects that cause the accumulation of toxic concentration of Na*
and CI~ in the cells, which manifest in the form of chlorosis and necrosis. Planting legumes in saline soil is
important for conservation of sustainability of production. However, legumes, including chickpea, show low-
salinity tolerance and loss yield in saline conditions. To permit crop growth on natural saline soils
considerable enhancement of salinity tolerance could be required for the chickpea which is a relatively salt
sensitive legume. Therefore, identification and introduction of salt tolerated chickpea cultivars help
sustainable crop production in moderate saline areas.

Materials and Methods

This study was carried out under hydroponic conditions in the greenhouse of Research Center for Plant
Sciences, Ferdowsi University of Mashhad. The experiment was conducted as a completely randomized
design with three replications to evaluate salinity tolerance of 140 Deci-type chickpea genotypes during
seedling stage in a salinity level of 12 dSm™ NaCl. Hoagland solution had been used in the sand culture
method. Recirculating nutrient system was applied, nutrient solution was replaced weekly and salinity of
nutrient solution was adjusted daily, but no acidity adjustments were made in the Hoagland solution. Four
weeks after salinity application, growth stages, height plant, branch number, survival percentage, remained
leaves, shed leaves, membrane stability index, sodium and potassium concentration were measured.

Results and Discussion
Results indicated that survival percentage of 21 genotypes was more than 76% among which, six
genotypes of MCC18 .MCC22 MCC29 MCC59 MCC136 and MCC430 showed 100% survival. In the

survival range of 76-100, 51-75, 26-50 and 0-25%, 43, 57, 42 and 16 percent of genotypes were in the post-
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flowering stages, respectively. Plant height increased with increasing survival range, so that the genotypes in
the survival range of 76-100% were 4, 5 and 12 cm higher than the survival range of 51-75, 26-50 and 0-
25%, respectively. The highest plant was observed in MCC59 genotype with 100% survival range. The
lowest number of branches per plant was observed in the 0-25% survival range. With increasing survival
range percentage of shed leaves decreased and the percentage of remained leaves increased. The same
percentage of shed leaves and the remained leaves were observed in the survival range of 76-100% and 51-
75%. In three survival range 76-100%, 51-75%, and% 26-50, the shed leaves were about 50%. The highest
percentage of remained leaves (73%) was observed in MCC177 genotype with 75% survival. The membrane
stability index increased with raise up survival range. There were no difference in survival range of 26-50
and 51-75% in membrane stability index, but in the survival range of 76-100%, membrane stability 6%
increased compared to the two previous survival ranges. The highest membrane stability index observed at
MCC34 (53%) and MCC179 (52%) with 85%, 51% survival, respectively. However, among genotypes in
100% survival some genotypes, such as MCC29 and MCC136, had a relatively low membrane stability
index. With rising up survival range, sodium concentration decreased and potassium increased. Sodium to
potassium ratio was also decreased with increasing survival range. Dry matter productions per plant
increased with improving survival range. Dry matter from 0-25% to 26-50%, 51-75% and 76-100% survival
range, increased 16%, 24%, and 38%, respectively. MCC4, MCC43, MCC22, MCC49, MCC59 and MCC85
had the highest dry matter productions.

Conclusion

The correlation between traits showed the positive correlation between survivals and remained leaves
which is depended on maintaining membrane stability and decreasing sodium uptake in plant. Based on this
information, chickpea genotypes have salt tolerance mechanisms and it is possible to use these genotypes for
breeding programs for moderate salinity stress conditions.
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