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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. Effi%cg % (;odium chloride salt stress (12dSm) on studied traits in chickpea genotypes in the survival ran
0 - 0

(MCC) igi; A B C D E F G H | J
1236 100* 12 19.0™P 3.67™ 67.0'" 14.9%° 807%9 7.8297 113%d 0.070™"
1299 100* 2b 28.8% 3.00 76.9%% 50.0°1 74309 17.2¢¢ 70.0%! 0.246%
1298 100% 12 19.9"m 2.67% 71.0%m 50.4% 7589 20.8% 124% 0.168%"
1297 100* 12 20.8 5.00° 61.0"° 18.3%° 861" 6.49" 85.0%1 0.076™
1296 100% 12 19.0™ 2.33% 81.7%¢ 67.3%¢ 950%¢ 9.93¢ 94,7 0.105¢"
1291 100* 12 19.3"° 4.00° 74.0% 53.1°" 9622 6.21 58.5¢M 0.106™
1280 100* 12 19.8™m 2.67% 79.1% 29.40 8259 4.28' 80.5¢ 0.053"
1254 1002 2b 27.0° 2.67% 79.1% 15.6k° 7879 25.3® 72.5+ 0.349%
1300 100* 12 21.5° 3.67% 70.5%° 33.69" 71249 8.38"f 97.5°f 0.086™
1214 1002 12 22.8¢ 3.00¢ 75.1% 30.4M0 7549 9.33¢ 4551 0.205%9
1148 100* 12 21.3°f 4.00° 76.5%k 16.6%° 796%9 4.80" 77.5" 0.062"
1141 1002 12 18.377 2.67% 70.0%m 8.57m™ 705%9 4,711 59.5¢M 0.079""
1139 100* 12 19.8™ 2.00° 68.1" 14.9%° 800%9 11.6% 90.5>" 0.128™
1135 1002 12 18.8™4 3.00% 71.0%m 70.0%¢ 769*¢ 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* 12 22.3% 4.00° 83.1%® 27.1™° 848" 4.01' 46.0m 0.087%"
1128 100* 12 20.3% 3.00¢ 73.3% 17.2k0 7639 4.22! 59.4¢Mm 0.071%
1127 100* 12 10.3" 2.00¢ 81.7%¢ 15.0k° 900%¢ 6.52" 70.3¢ 0.093""
1122 100* 12 19.8m 2.67% 77.0%% 17.0k° 7289 25.0® 119*¢ 0.210%"
1100 100* 12 18.8™ 3.00¢ 74.5%% 28.0M° 810%9 5.72 61.0¢ 0.094""
1037 100* 12 19.0™P 3.67% 67.5"" 17.9%° 77109 17.9% 71.5% 0.2571°¢
1061 100% 12 20.8" 2.67% 69.0M" 65.0%¢ 782%9 13.8%" 32.0m 0.431%
1059 100? 12 17.5%" 2.67% 81.5%d 18.4° 8g7%d 5.08" 39.5km 0.129""
1058 100* 2b 29.8° 2.00¢ 76.6%% 24.6™° 9832 12.8% 77.0%% 0.166""
1057 100? 12 18.8™4 2.00° 75.0% 62.4%¢ 6749 8.93¢" 18.5™ 0.483%
1041 1002 12 19.5k" 3.67% 68.4M" 33.19° 77779 9.90¢" 126% 0.079""
1039 100* 12 19.8m 3.00¢ 63.3° 72.7%¢ 751%9 17.6%¢ 79.3¢k 0.222¢f
1038 1002 12 19.8m 4.00° 79.6%1 59.55f 877**¢ 4,83 55.59™ 0.087%"
1030 100* 12 20.8" 3.67% 69.09" 41.0% 805%¢9 7.779 74.0+ 0.105""
1284 90° 12 18.0%" 4.00° 73.3" 33.79° 805%¢ 11.0¢ 57.3¢™ 0.193%9
1250 90° 12 20.5M 3.67% 72.0%% 47.0%1 811%9 5.421 48.0Mm 0.113"
1209 90° 12 23.3¢ 3.67% 69.19" 76.1% 89224 7.52¢! 67.0¢ 0.112"
1145 90° 12 19.711 2.33% 71.3¢m 11.3% 776%9 4.464 77.3%k 0.058"
1144 90° 12 17.8%7 4.00° 68.0" 32.6%° 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°™ 36.0" 6229 28.6° 93.5>f 0.306"¢
1075 90° 12 20.0" 2.00° 56.3° 17.3k0 815%9 414 50.09™M 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 91224 11.4%k 92.5%9 0.123"
1040 90° 12 17.17 2.33% 77.3% 12.7° 78729 4.21" 55.09M 0.076%
1077 83¢ 12 17.8%7 2.00° 83.1% 21.9° 746%9 14.5%9 100°¢ 0.145""
1294 80! 12 21.3%9 2.67% 61.9%° 20.0k° 6649 4.90" 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%9 3.00% 70.9%m 64.0%¢ 80229 13.0% 88.50 0.147%"
1249 80 12 19.8im 2.00¢ 77.0% 11.5'° 7739 8.73%! 47.0"m 0.186°"
1246 80! 12 21.5¢ 2.33¢% 84.0% 7.00° 81129 5.29" 64.5¢1 0.0829"
1211 80! 12 18.8™ 3.00% 76.5% 50.5% 7619 6.73" 64.5¢1 0.104%"
1147 80! 12 18.8™ 2.00° 59.0™° 57.0%9 7719 16.8%f 79.5¢k 0.211%"
1136 804 12 18.5%9 3.00% 75.5%k 79.6° 81429 8.38¢" 1134 0.074%"
1130 804 12 19.0™ 3.00% 80.0%f 27.5m0 8119 7.08M 79.5¢« 0.089""
1036 80! 12 20.0" 2.67% 62.5K° 34.09° 715%9 10.9¢ 89.5" 0.122"
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° 23.2° 77429 6.99™ 62.0%" 0.113%

Mean squares cla yo 4, Ske
Genotype g 216%*  0.122%* 2707**  139%*  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
C.V%olmﬁ o po 16.9 24.8 3.8 16.5 7.01 38.6 12.9 324 25.1 442
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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%
<53 (MCC) A B C D E F G H [ J

1295 700 g 1839 26/®  7918°  224°° 541° 9%80%  669°  0.068°C

1289 70° 1 188 2000 8254 10.19 7540 80.0° 3.99° 0.050°

1236 700 1 19.3¢% 2000 7519 3050 296¢ 495% 569 0115

1138 70° 2 209 267 72739 601 618 119° 25,12 0.212°

1087 700 1 188% 2670  8381*  431% 566° 82.5" 15.5° 0.188°

1042 70° 1 213 267 §9.55%  159% 808* 107 2750 0.258

1037 700 1 29.3° 2670 76.41% 636 7820 118* 124 0.106%

1035 700 1 19.0% 2670 6761 19.4% 7528 3700 527%  0142%

1090 67" 1 22,00 3000 78.17*t 835 7990 1080 878® 0,082

1302 60° 1 17.30 2670 7438 37.000 797 7859  850° 0.109%

1213 60° 1 16.59 2670 7412%0  450° 7810 7L0%  591° 0.083%

1140 60° 1 200 267  86.01° 876 7072 395% 947 0.240%

1132 60° 1 19.6°¢ 3000 8007 17.4% 868° 491% 9.3 0.190°

Sluye Sl
Genotype iy 216%*  0.122%%  2707**  1.39%%  142*%  1374**  64085**  1908**  106**  0.02**
s Error 468 0.14 0.59 0.21 24.4 178 9397 366 10.27 0.004
CN%l,is cups 169 248 38 165 7.01 38.6 129 324 251 442
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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%

&ie; (MCC) A B C D E F G H | J
1115 50? 12 20.3° 2.00° 75.5° 17.9® 312° 91.5° 12.0 0.131°
1235 50% 12 21.8% 2.00* 69.0 15.0® 806° 47.0 6.36% 0.135%
1234 50? 1? 16.8¢ 3.00° 77.0 36.0° 344° 118.5° 5.32% 0.045%
1063 a4p 12 18.5¢ 3.00* 74.5% 44.4® 364° 66.0% 5.27% 0.080%
1212 40° 12 20.8° 2.00° 72.5° 20.4° 382° 96.5% 11.6° 0.1207
1129 3g¢ 12 18.5¢ 2.00* 77.9% 13.4% 363° 90.0% 9.88% 0.110%

Mean squares Ol po (1o

Genotype g 216** 0.122** 2707** 1.39*%* 142** 1374** 64085™ 106** 1908** 0.02**
=3 Error 46.8 0.140 0.590 0.210 26.40 178 9397 10.27 366 0.004

CVWC) s oy 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
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
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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

lio Traits Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Sy sl Aoy Survival% 0.466 -0.699 0.024 0.160 0.175
5y s e Growth stage 0.710 0.119 0.110 -0.522 -0.154
Gy gl Plant height 0.687 0.004 0.019 -0.508 -0.272
s b 45Ls Sl Branch No 0.188 -0.584 -0.456 0.018 -0.123
Sy ol wo Leaf survival % -0.092 0.233 -0.114 0.101 -0.753
id ol asls MSI1% 0.274 0.052 -0.386 0.550 -0.413
g Pl Szs Shoot dry weight 0.325 -0.737 -0.007 0.148 0.029
s Na 0.669 0.528 -0.157 0.236 0.325

ool K 0.102 0.343 -0.828 -0.139 0.302

oy & e G Na/K 0.619 0.334 0.438 0.499 0.040
o529 polio Eigen value 2.258 1.950 1.286 1.215 1.081
5055 s > 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 @il 4 IaeY eSlyg 8Ll & mpe Jloss) s
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

Group Group Membership 4,5 slasl Total S ze>
Se0g)S 1 2 3 4 5 6 7
1 6 0 0 0 0 0 0 6
2 0 4 0 0 0 0 0 4
Total 3 0 0 6 0 0 0 0 6
4 0 0 0 3 0 0 0 3
Lo 5 0 0 0 0 2 0 0 2
6 0 0 0 0 0 7 0 7
7 0 0 0 0 1 0 43 44
1 100 0 0 0 0 0 0 100
2 0 100 0 0 0 0 0 100
Percent 3 0 0 100 0 0 0 0 100
s 4 0 0 0 100 0 0 0 100
) 5 0 0 0 0 100 0 0 100
6 0 0 0 0 0 100 0 100
7 0 0 0 0 2.3 0 97.7 100
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Table 8. Steimqardized canonical discriminant function coefficients measured groups in chickpea genotypes under
salinity stress

Canonical Function  Sgls" (sbs yusie

Slas Traits
1 2 3 4 5 6

G slly doyd Survival% 0.324 -0.211 0.033 0.213 0.165 0.705*
Sy A ye Growth stage -0.199 0.141 0.661 -0.133 0.294* -0.481
Gy gl Plant height 0.198 -0.192 -0.646 0.416 0.646* 0.089
55 4L olaws Branch No -0.309 -0.032 0.082 0.130 -0.545 -0.654*
S psldy doyd Leaf survival % 0.038 0.261 0.504* -0.391 0.171 0.388
sl gl yasls MSI1% 0.338 0.422*% 0.332 -0.055 0.301 -0.289
lop plul s 54 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

ool K -0.305 0.373* -0.586 0.559 0.322 0.245

ol 4 oy e s Na/K 0.138 1.69 -0.766 0.716* -0.141 0.158
039 polde Eigenvalue 36.5 1.13 0.303 0.138 0.106 0.081

(55 ke o yd Cumulative % 95.4 98.4 99.2 99.5 99.8 100
Sl (Sinnsor Canonical Correlation 0.987** 0.729** 0.482" 0.348™ 0.310™ 0.274™

Loy iy 9 Sy Jloin] pdaw )0 )b bze g (Sl yukio g Clio by 0ld ol liie (S pie i Sy I %NS
ns, ** and *: non- correlation observed between each trait and the canonical variable and significant probability levels of 1% and
g p y
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

Between Groups Within Groups

el Traits oy S o bog)S (190
T as df 6 65

G oldy duoyd Survival% 1591™ 181
5y dls e Growth stage 0.073" 0.065
Gy, glis)| Plant height 9.6 8.99
=0 LS ol Branch No 0.518™ 0.459
Sy ey 2o yd Leaf survival % 77.5% 44.0
lig ylul pasls MSI% 947" 412
o plul s 3 Shoot dry weight 243905™ 837
oW Na 64.5™ 327
sl K 1454° 563
sl & e G Na/K 0.021™ 0.006

Woyd S5 g gy Jlein] ok p3 ()5 pixe (g gime pis (S Sy 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

GrOlip Genotype (MCC) g5
095
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
liw K L K L K L K L K L K L K L
A 48.6 -35.6 75.0 -9.27 90.0 5.73 100 15.7 80.0 -4.27 87.6 3.35 87.7 351
B 1.00 -0.07 1.25 0.18 1.00 -0.07 1.33 0.26 1.00 -0.07 1.00 -0.07 1.07 0.00
C 19.0 -1.00 19.7 -0.28 18.0 -1.96 226 2.67 19.3 -0.63 19.6 -0.39 203 0.34
D 2.33 -0.50 2.75 -0.08 2.89 0.06 2.78 -0.06 2.33 -0.50 2.62 -0.21 2.96 0.13
E 75.4 2.25 76.9 3.77 76.9 3.81 77.4 4.24 80.5 7.33 725 -0.67 71.4 -1.68
F 27.1 -7.51 40.3 5.78 36.9 2.37 48.3 13.7 74.9 40.3 20.7 -13.8 342 -0.39
G 343 -407 586 -164 889 137 964 213 690 -60.8 717 -33.6 796 453
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
1 85.3 9.15 98.1 219 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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