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Figure 1. Number (A) and frequency distribution of chickpea genotypes (B) in survival ranges, four weeks after
exposing with Salinity stress
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Table 1. Efff%cé 02 sodium chloride salt stress (12dSm) on studied traits in chickpea genotypes in the survival ran
of 100-76%

(MCC) igs A B C D E F G H | J
1236 100? 18 19.0mP 3.67 67.0" 14.9%° 80749 7.8291 113%d 0.070™"
1299 100? 2 28.8% 3.00¢ 76.9%k 50.01 74359 17.2¢¢ 70.0%! 0.246%
1298 100* 12 19.9'™ 2.67% 71.0¢m 50.4"1 75809 20.8% 124 0.168°"
1297 100? 18 20.8 5.00% 61.0° 18.3%° 8617 6.49" 85,0 0.076™"
1296 100* 12 19.0™ 2.33% 81.7%¢ 67.3%¢ 950%¢ 9.93% 94.7°f 0.105¢"
1291 100? 18 19.3'° 4.00° 74.0%k 53.1>" 962% 6.21" 58.5¢M 0.106™"
1280 100* 12 19.8M 2.67% 79.1%3 29.4"° 825%9 4.28' 80.55 0.053"
1254 100* 2b 27.0° 2.67% 79.1%3 15.6%° 787%9 25.3% 72.5% 0.349%¢
1300 100? 18 21.5¢ 3.67% 70.59° 33.691 712¢9 8.38" 97.5° 0.086™"
1214 100* 12 22.8¢ 3.00 75.1%% 30.4" 7549 9.33¢ 455 0.205%9
1148 100? 18 21.3¢f 4.00° 76.5%k 16.6%° 7969 4.80" 775 0.062"
1141 100* 12 18.37 2.67% 70.0Fm 8.57m 705%9 4,71 59.5¢M 0.079™
1139 100? 18 19.81m 2.00¢ 68.11 14.9%° 800%9 11.6% 90.5°" 0.128™"
1135 1007 18 18.8™d 3.00¢ 71.04m 70.0%¢ 769%9 5.60!" 56.0%m 0.100""
1134 100° 2b 28.5° 3.67% 61.4"° 17.6%° 829%9 3.93 67.5% 0.058%"
1131 100? 18 22.3% 4.00° 83.1% 27.1M° 848 4.01' 46.0m 0.087%"
1128 100? 12 20.3% 3.00% 73.3" 17.2k0 7639 4.22! 59.4¢m 0.0719"
1127 100? 18 10.3¢ 2.00° 81.7%¢ 15.0%° 9004 6.521 70.3% 0.093"
1122 100* 12 19.8im 2.67% 77.0% 17.0k° 7289 25.0 119%¢ 0.210%"
1100 100? 12 18.8™1 3.00% 74.5% 28.0™° 810*9 5.72!! 61.0% 0.094"
1037 100% 12 19.0™ 3.67% 67.5™" 17.9k° 7719 17.9% 71.5+ 0.251°¢
1061 100? 12 20.8M 2.67% 69.0m" 65.0*4 78229 13.841 32.0m 0.431%®
1059 1007 18 17.597 2.67% 81.5%d 18.4k° 887%d 5.081 39.5km 0.129""
1058 100? 2 29.82 2.00¢ 76.6%* 24.6"° 983° 12.8% 77.0°% 0.166™
1057 100? 18 18.8™d 2.00° 75.0%k 62.4%¢ 6749 8.93% 18.5" 0.483°
1041 1007 18 19.5%n 3.67% 68.4"" 33.19° 777%9 9.90%" 126% 0.079""
1039 100? 12 19.81m 3.00% 63.3° 72.7%°¢ 75129 17.6°¢ 79.3¢¢ 0.222¢f
1038 1002 18 19.81m 4.00° 79.6%1 59.5% 877%¢ 483" 55,50 0.087%"
1030 100? 12 20.8M 3.67% 69.09" 41.0% 805%9 7.779 74.0+ 0.105""
1284 90° 18 18.097 4.00° 73.3> 33.79° 8059 11.0% 57.3¢M 0.193%9
1250 90° 12 20.5M 3.67% 72.0% 47.0%9 8119 5.421 48.0Mm 0.113""
1209 90P 12 23.34 3.67% 69.19" 76.1% 892xd 7.52¢! 67.0¢ 0.112f
1145 90° 12 19.7i0 2.33¢% 71.3¢m 11.3"° 776%9 4.464 77.3%% 0.058"
1144 90° 12 17.8%" 4.00° 68.0'" 32.69° 826%9 10.3% 76.5%« 0.134%"
1143 90° 12 15.2° 2.00° 54.0° 7.33° 853*f 9.05¢" 74.0+ 0.122f"
1113 90° 12 21.0" 3.00% 72.1°™ 36.07 6229 28.6% 93.50 0.306°¢
1075 90° 12 20.0" 2.00° 56.3° 17.3k° 815%9 414 50.09™ 0.083""
1072 90° 12 18.5%9 3.00¢ 81.1%¢ 67.5%¢ 830*f 13.1% 1442 0.091%"
1043 90° 12 17.8%7 2.00° 70.0Mm 35.6%7 912%d 11.4%k 92.5%9 0.123"
1040 90° 12 17.1" 2.33¢% 77.3% 12.7%° 787%9 4.21' 55.09™M 0.0769
1077 83°¢ 12 17.8%7 2.00° 83.1% 21.9° 7469 14.5%9 100°¢ 0.145""
1294 80! 12 21.3%9 2.67% 61.9%° 20.0k° 6649 490" 55.09™M 0.089""
1286 80¢ 12 20.0" 3.67% 73.6% 9.60™° 836% 9.80%" 76.5%« 0.128™
1278 80¢ 12 18.5%4 3.00% 70.9%m 64.0*4 8029 13.0% 88.5% 0.147%
1249 80! 12 19.8m 2.00° 77.0%% 115" 7739 8.73¢ 47.0" 0.186°"
1246 80! 12 21.5¢ 2.33¢% 84.0° 7.00° 811%9 5.29H 64.5% 0.082¢%"
1211 80! 12 18.8™ 3.00% 76.5%% 50.5% 7619 6.73" 64.5¢1 0.104""
1147 804 12 18.8™ 2.00° 59.0™° 57.0%9 77159 16.8%f 79.5¢« 0.2119"
1136 80! 12 18.5%9 3.00¢ 75.5%k 79.6° 81429 8.38¢" 113%d 0.074%"
1130 80! 12 19.0™ 3.00¢ 80.0%f 27.5M0 81129 7.08M 79.5¢k 0.089""
1036 80¢ 12 20.0" 2.67% 62.54° 34.09° 715%9 10.9¢ 89,50 0.122f
1277 78¢ 12 20.3% 2.67% 71.5% 37.4¢ 838%9 5.00" 66.0¢ 0.076""
1276 78° 12 18.8™ 2.00° 60.9m° 23.2i° 774%9 6.99"™ 62.0° 0.113

Mean squares &l po (1 Ske
Genotype g} 216%*  0.122%* 2707 139%*  142**  1374** 640857  106**  1008**  0.02**
L3 Error 46.8 0.140 0.590 0.210 26.40 178 9397 10.27 366 0.004
CVBO jois oy 16.9 24.8 3.8 16.5 7.01 38.6 12.9 324 251 44.2

i gyl (asls F (£) Sy eli aopd B o b a3Ls slas D (o k) g gli5)) 1C gy Als yo B /L) gy 2l duo)d A cpeio 3556 SIS :MCC
ol oy & s Cod 3T {23 035 35 1 p S shee) emeliy (S5 (39 £ 1 S k) e H (i 5 £ )5 le) (s Pl S35 G 7))
b o)bsime olds oy gy Jlois! pdaw )3 b pSile (gt 2 1 ailiie g oy G Jlain] o 55 ) gime ** ( BAIS (glanl ¥ (28 5l LB ) s g,
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MCC: Mashhad Chickpea Collection, A: Survival (%), B: Growth Stage, C: Plant height (cm), D: Branch No, E: Leaf survival (%), F: MSI (%), G:
Shoot dry weight (mg.plant™), H: Na (mg.gdw™), I: K (mg.gdw?), J: Na/K, MS; mean squares, CV: Coefficient of Variation , Growth stages: 1: Before
flowering, 2: Early flowering. Different letters indicated a significant difference at 5% probability level, C.V: Coefficient value, **: Significant at 1%
probability level.
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Table 2. Effect of sodium chloride salt stress (12dSm™) on studied traits in chickpea genotypes in the survival range

of 75-51%
G595 (MCC) A B C D E F G H | J

1295 702 12 18.3%9 2.67® 79.18° 22.4%9 541° 98.0% 6.69° 0.068%9

1289 70% 12 18.8°f 2.00° 82.54% 10.19 7542 80.0° 3.99¢ 0.050¢

1236 70? 12 19.3% 2.00° 75.19%4 30.5%¢ 296¢ 49 5 5.69¢ 0.115¢d

1138 702 2b 20.904 2.67® 72.73*4 60.1¢ 618 1192 25.1° 0.212°

1087 70? 12 18.8¢f 2.67% 83.81° 43.1¢¢ 566 82.5° 15.5¢ 0.188°

1042 702 12 21.3%¢ 2.67® 69.55% 15.9% 808 1072 27.5%® 0.258?

1037 70? 12 29.32 2.67% 76.11%¢ 63.6> 782° 118% 12.42 0.106%4

1035 70? 12 19.09f 2.67% 67.61¢ 19.47 752 37.01 5.27% 0.1424¢

1090 67° 12 22.0 3.00% 78.17%¢ 83.5% 7992 108 8.78% 0.082%4

1302 60° 12 17.3f 2.67% 74.38%¢ 37.0%9 7972 78.5% 8.59° 0.109%

1213 60° 12 16.59 2.67%® 74,1224 45.0%¢ 7812 71.0% 5.91° 0.083%

1140 60° 12 20.0°¢ 2.67% 86.01*°¢ 87.6% 707%¢ 39.5¢ 9.47¢ 0.240%

1132 60° 12 19.6%¢ 3.00% 80.072 17.4% 8682 49.1% 9.32¢ 0.190°

Slaypo 5:55ke
Genotype oy 2160  0122%% 2707 139~  142**  1374*% 64085 1908~ 106"  0.02%*
L3 Error 46.8 0.14 0.59 0.21 24.4 178 9397 366 10.27 0.004
CVBO pois i 16.9 24.8 3.8 16.5 7.01 38.6 12.9 324 25.1 44.2
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MCC: Mashhad Chickpea Collection, A: Survival (%), B: Growth Stage, C: Plant height (cm), D: Branch No, E: Leaf survival (%), F: MSI (%), G:
Shoot dry weight (mg.plant™), H: Na (mg.gdw?), I: K (mg.gdw™), J: Na/K, MS; mean squares, CV: Coefficient of Variation , Growth stages: 1: Before
flowering, 2: Early flowering. Different letters indicated a significant difference at 5% probability level, C.V: Coefficient value, **: Significant at 1%

probability level.
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Table 3. Effect of sodium chloride salt stress (12dSm) on studied traits in chickpea genotypes in the survival range

of 50-26%

55} (MCC) A B C D E F G H I J
1115 50 T 20.3° 2.00° 75,58 17.9% 3120 915° 12.0° 0.131°
1235 508 12 21.8° 2.00 69.0% 15.0% 806° 47.0¢ 6.36% 0.135¢
1234 502 12 16.8¢ 3.00° 77.0% 36.0° 344b 118.5° 5.32% 0.045%
1063 44° 12 18.5° 3.008 745 444 3640 66.0° 5.27% 0.080°
1212 40 12 20.8° 2.00 725 20.4b 3820 96.5% 11.6° 0.120°
1129 38¢ 12 18.5° 2.00 77.9% 13.4% 363 90.0° 9.88% 0.110°

Mean squares clayyo 4, Sle

Genotype oy 216** 0.122** 2707** 1.39** 142** 1374** 64085 106** 1908** 0.02**
L3 Error 46.8 0.140 0.590 0.210 26.40 178 9397 10.27 366 0.004
CVWC) puss g > 16.9 24.8 3.8 16.5 7.01 38.6 12.9 32.4 25.1 44.2
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MCC: Mashhad Chickpea Collection, A: Survival (%), B: Growth Stage, C: Plant height (cm), D: Branch No, E: Leaf survival (%), F: MSI (%), G:
Shoot dry weight (mg.plant™), H: Na (mg.gdw?), I: K (mg.gdw™), J: Na/K, MS; mean squares, CV: Coefficient of Variation , Growth stages: 1: Before
flowering, 2: Early flowering. Different letters indicated a significant difference at 5% probability level, C.V: Coefficient value, **: Significant at 1%
probability level.
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Table 4. Correlation coefficients of studied traits in chickpea genotypes under sodium chloride salt stress of 12dSm

A B c D E F G H | J
A 1
B 0.15™ 1
C 0.13™ 0.63" 1
D 0.36™ -0.01™ 0.15™ 1
E -0.15™ 0.06™ -0.02™ -0.07™ 1
F 0.01™ -0.01™ 0.08™ 0.16™ 0.11™ 1
G 0.62" 0.07™ 0.10™ 0.27" -0.08™ 0.07™ 1
H 0.04™ 0.32" 0.22™ -0.1™ -0.02™ 0.14™ -0.08™ 1
| -0.11™ 0.05™ 0.01™ -0.03™ 0.02™ 0.11™ -0.13™ 0.44™ 1
J 0.13™ 0.23™ 0.18™ -0.15™ -0.03™ 0.21™ -0.03™ 0.64™ -0.25" 1

4 prdes Camd W qupolly | qoaiio tH ( olop pliil Sid 501G sl gyl (adls F Sy & E (o8 a8ls dlawi D Wiy gl :C gy dl> e B llay A

oy S Jlais] pdaw )3 I gixe g dod gy Jlein] pdasw p3 )b gine o yd my Jlein] e 3 JB bze pE iS4 T 9 T NS (euliy
A: Survival, B: Growth Stage, C: Plant height, D: Branch No, E: Leaf survival, F: MSI, G: Shoot dry weight, H: Na, I: K, J: Na/K, n, and **: non-

significant and significant in the probability levels of 1%, respectively.
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Table 5. Factor analysis for chickpea genotypes under salinity stress

Slao Traits Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Dy sy o> Survival% 0.466 -0.699 0.024 0.160 0.175

by dls ye Growth stage 0.710 0.119 0.110 -0.522 -0.154

S £l Plant height 0.687 0.004 0.019 -0.508 -0.272

PRI, Branch No 0.188 -0.584 -0.456 0.018 -0.123

Sy sl ao Leaf survival % -0.092 0.233 -0.114 0.101 -0.753

ié o)l sl MSI1% 0.274 0.052 -0.386 0.550 -0.413

s Pl Sis g Shoot dry weight 0.325 -0.737 -0.007 0.148 0.029

ks Na 0.669 0.528 -0.157 0.236 0.325

sl K 0.102 0.343 -0.828 -0.139 0.302

roliy 4 e Copens Na/K 0.619 0.334 0.438 0.499 0.040

ojs polie Eigen value 2.258 1.950 1.286 1.215 1.081

JEC U Cumulative% variance (%) 22.58 42.08 54.95 67.10 77.90
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Figure 2. Distribution of chickpea genotypes based on the first and the second factors
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Figure 3. Cluster grouping of chickpea genotypes based on studied characteristic under salinity stress
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Table 6. Analysis varation of multi varables based on unbalanced completely randomized design (CRD) Wilks'
Lambda in chickpea genotype under salinity stress

Function df Wilks' Lambda Chi-square Probability level
&b el as liseY uShig 8Ll S mpe Jleis! oo
1 60 0.007 309.606 0.000
2 45 0.265 83.080 0.000
3 32 0.564 35.776 0.296
4 21 0.735 19.254 0.569
5 12 0.836 11.184 0.513
6 5 0.925 4.880 0.431
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Table 7.The results of discriminant function for clustering validity of chickpea genotypes under salinity stress
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Table 8. St?_ndardized canonical discriminant function coefficients measured groups in chickpea genotypes under
salinity stress

Canonical Function  SiglS sl yusie

Slaw Traits
1 2 3 4 5 6

g £liy Aoy Survival% 0.324 -0.211 0.033 0.213 0.165 0.705*
by A yo Growth stage -0.199 0.141 0.661 -0.133 0.294* -0.481
Gg el Plant height 0.198 -0.192 -0.646 0.416 0.646* 0.089
PSP RN RE Branch No -0.309 -0.032 0.082 0.130 -0.545 -0.654*
Sy eldy o yd Leaf survival % 0.038 0.261 0.504* -0.391 0.171 0.388
slig gylul jasls MSI% 0.338 0.422* 0.332 -0.055 0.301 -0.289
lop plul Sad 3 Shoot dry weight 1.102* 0.010 -0.001 -0.038 -0.021 -0.061
PR Na -0.072 -1.493 1.322 -0.127* -0.523 -0.057

oy K -0.305 0.373* -0.586 0.559 0.322 0.245

ol 4y (o3 s Cnnd Na/K 0.138 1.69 -0.766 0.716* -0.141 0.158
059 polio Eigenvalue 36.5 1.13 0.303 0.138 0.106 0.081

(055 ke o yd Cumulative % 95.4 98.4 99.2 99.5 99.8 100
SwglS  (Siuwar Canonical Correlation 0.987** 0.729* 0.482" 0.348" 0.310™ 0.274"

Soyd gy 5 Sy Jlain] pdaw j3 )b e 9 (Sl pusio g Chio (0l obliie (Siuad pie Cud iy ¥ 9™ NS
ns, ** and *: non- correlation observed between each trait and the canonical variable and significant probability levels of 1% and
5%, respectively.
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Figure 4. Cluster grouping of chickpea genotypes based on significant canonical variable under controlled conditions
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Table 9. Analysis of variance (mean square) cluster grouping based on measured traits in chickpea genotypes under

salinity stress
o Trai Between Groups Within Groups
=l raits < ¢
- oS Wog)S 09y

ll as )y df 6 65

Goy sl Aoy Survival% 1591 181
gy Al ye Growth stage 0.073™ 0.065
Gg i)l Plant height 9.6"™ 8.99
8 e ls ol Branch No 0.518™ 0.459
Sy sldy aopd Leaf survival % 77.5™ 44.0
lid glul jadls MSI1% 947" 412
lon plul s 54 Shoot dry weight 243905™ 837
PR Na 64.5™ 327

oty K 1454* 563
oy 4 prdes o Na/K 0.021™ 0.006

oy S5 g gy Jlein] gl )3 ()15 xe (g )b gixe pis S g4y I g % NS

ns, * and ==: non-significant, probability levels of 5% and 1%, respectively.
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Table 10. Compare means of groups in cluster analysis for traits in chickpea genotypes

Grmip Genotype (MCC) s
295
1 1236, 1115, 1234, 1063, 1212, 1129
2 1113, 1295, 1138, 1087
3 1127,1059, 1038, 1209, 1043, 1132
4 1296, 1291, 1058
5 1057, 1140
6 1141, 1122, 1077, 1294, 1036, 1289, 1300
1299, 1298, 1297, 1280, 1254, 1214, 1148, 1139, 1135, 1134, 1131, 1128, 1100, 1037, 1061, 1041, 1039, 1030, 1284, 1250, 1145,
7 1144, 1143, 1075, 1072, 1040, 1286, 1278, 1249, 1246, 1211, 1147, 1136, 1130, 1277, 1276, 1042, 1037, 1035, 1090, 1302, 1213,
1235, 1236
Traits Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7
o K L K L K L K L K L K L K L
A 486 356 750 927 90 573 100 157 800 427 876 335 877 351
B 100 -007 125 018 100 -007 133 026 100 007 100 007 107 000
c 190 -100 197 -028 180 -196 226 267 193  -0.63 196 039 203 034
D 233 050 275 008 289 006 278 006 233 050 262 -021 296 013
E 754 225 769 377 769 381 774 424 805 733 725  -067 714  -168
F 27.1 -7.51 40.3 5.78 36.9 2.37 48.3 13.7 74.9 40.3 20.7 -13.8 34.2 -0.39
G 343 -407 586 -164 889 137 964 213 690 -60.8 717 -33.6 796 45.3
H 8.29 -1.61 18.9 9.07 7.45 -2.45 9.64 -0.25 9.20 -0.69 10.3 0.44 9.60 -0.29
| 85.3 9.15 98.1 21.9 62.3 -13.8 76.7 0.53 29.0 -47.1 85.7 9.60 75.4 -0.7
J 0.10 -0.04 0.19 0.06 0.12 -0.01 0.13 -0.01 0.36 0.22 0.11 -0.03 0.13 0.00
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MCC: Mashhad Chickpea Collection, A: Survival (%), B: Growth Stage, C: Plant height (cm), D: Branch No, E: Leaf survival (%), F: MSI (%), G:
Shoot dry weight (mg.plant™), H: Na (mg.gdw™), I: K (mg.gdw?), J: Na/K, K: Group mean, L: Deviation from mean.
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Extended Abstract

Introduction and Objective: Chickpea is known as a plant with high nutritional and economic
value; however, it is sensitive to salinity stress. Nowadays, a lot of research has been done to
identify cultivars tolerant to salinity stress in chickpeas to increase their yield in saline soils. In
general, due to the economic value of chickpeas, including chickpea as an important and useful
food for humans, the need to grow chickpeas in areas that are less stable and obtained for
resources, soil and cultivars of salt-resistant chickpeas selection of salt-resistant cultivars is
needed. Results: In the present study, 72 cable-type chickpea genotypes were selected and
studied in terms of tolerance to salinity stress.

Material and Methods: In this study, seeds of 72 chickpea genotypes were prepared from the
seed bank of the Plant Science Research Institute of Ferdowsi University of Mashhad and
cultivated in a greenhouse under hydroponic conditions. The study was conducted in a
completely randomized design with three replications at salinity stress of 12dSmsodium
chloride (NaCl) one week after grow. Four weeks after stress, different characteristics were
examined.

Results: The results showed that 53 genotypes (equivalent to 74%) were in the range of survival
of more than 76% and most of them had 100% survival. Also, none of the genotypes survived
less than 25%. Most genotypes were in the vegetative stage at harvest time and only MCC1299,
MCC1254, MCC1134, MCC1058 and MCC1037 genotypes were in the flowering stage and
had a survival range of more than 75%. As the survival percentage increased, the number of
lateral branches increased. Leaf survival percentage in the survival range of 75-51% showed the
highest value of this index (76.78%). The highest amount of sodium (11.09 mg. g*. DW) was
observed in the survival range of 75-51%. But the amount of potassium showed an insignificant
decrease with increasing survival percentage. With an increasing survival percentage, the
amount of dry weight increased significantly and increased from 50-26 to 75-51 and 100-76%
by 1.6 and 1.8 times, respectively. The results of cluster analysis showed the relative superiority
of the forth group genotypes including MCC1058, MCC1291 and MCC1296 in most of the
studied traits.

Conclusion: In general, the results indicate that the genotypes belonging to the fourth group are
more suitable to use their superior traits in tolerance to salinity stress.
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