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Introduction

Salinity stress is one of the most vital abiotic stresses which limits the production of crops. In recent decades, the
area under chickpea cultivation in Iran has tripled, but unfortunately, its yield has decreased from 610 to 500 Kg per
hectare. The main reason for this reduction is the allocation of marginal lands under rain-fed conditions to chickpea
cultivation. However, environmental stresses are the most critical factors of yield loss that can decrease chickpeas
production significantly. The growth of chickpea is susceptible to salinity, and salinity stress affects their yield by
affecting plant growth and symbiotic bacteria. Considering the current extent of salt-affected lands in Iran and in order
to maintain and increase the area under chickpea cultivation, it is necessary to select the salt-tolerant genotypes.
Therefore, this study was carried out to determining the salinity tolerance threshold of Kabuli -type chickpea genotypes.

Materials and Methods

The experiment was a split-plot randomized complete block design (RCBD) with three replicates at the research
greenhouse of the faculty of agriculture of Ferdowsi University of Mashhad, Iran, in 2020. Chickpea germplasm,
including 70 Kabuli type chickpea genotypes, were provided from the Mashhad chickpea collection at the Research
Center for Plant Science, Ferdowsi University of Mashhad. Two weeks after seed planting, the salinity treatments
included 12 and 16 dS.m sodium chloride and 0.5 dS.m™* (tap water) as control was applied. The recirculating nutrient
system was applied, the nutrient solution was replaced weekly, and the salinity of nutrient solution was adjusted daily,
but no acidity adjustments were made in the Hoagland solution. The plant height was measured before and after four
weeks of applying salinity stress, and then the difference in plant height was calculated. Four weeks after salinity
application, survival percentage, leaves survival, plant height, leaf electrolyte leakage, osmotic potential, shoot dry
weight, and Na to K ratio were measured. Salinity tolerance indexes, including stress tolerance (TOL), mean
productivity (MP), stress susceptibility index (SSI), geometric mean productivity (GMP), and stress tolerance index
(STI), were calculated based on the shoot dry weight and separately for 12 and 16 dS.m™ compared to the control
treatment. Data were analyzed using Minitab 16 software, and the mean comparison was performed by Duncan
Multiple Range Test (DMRT) at a 5% probability level. Interrelationship among different traits was calculated using
Pearson's correlation analysis. STATISTICA 8.0 and SPSS 27 soft wares also performed a cluster analysis (based on
Euclidean distance) and principal component analysis (PCA).

Results and Discussion

The results showed that for the salinity levels of 12 and 16 dS.m, 65 and 28 genotypes had a survival between 76
-100%, respectively. With the decrease in the survival percentage in 16 dS.m™, the average percentage of leaf survival
also decreased. With increased salinity levels from 12 to 16 dS.m%, electrolyte leakage in the survival range of 76 -100,
51 -75, and 26 -50% increased by 8, 25, and 12%, respectively. With increased salinity levels from 12 to 16 dS.m?, in
survival ranges of 0 -25, 26 -50, 51 -75, and 76 -100%, shoot dry weight decreased by 15, 11, 36, and 14%. With
increased salinity levels from 12 to 16 dS.m, the shoot Na to K ratio in the survival range of 26-50% did not change,
and in the survival range of 0 -25, 51 -75 and 76 -100%, it increased two and nine times and 22% respectively. The
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highest average shoot Na to K ratio was also observed within the survival range of 0 -25%. In 12 and 16 dS.m, two
genotypes, MCC1467 and MCC1394, were superior to other genotypes in most studied traits. The genotypes of the
third cluster had a higher relative advantage for salinity tolerance.

Conclusions

In general, the results showed the diversity between chickpea genotypes under salinity stress. In 12 and 16 dS.m!
salinity, MCC1467 and MCC1394 were superior to other genotypes in most studied traits. In saline conditions plant
survival had a positive and strong correlation with leaf survival. In the saline condition, genotypes that can maintain
their normal physiological function can maintain and expand more leaf area, which ultimately leads to more biomass
production. The genotypes of the third cluster had a more advantage for salinity tolerance. Due to this study being
conducted in greenhouse conditions, it is recommended to check the salinity tolerance of superior genotypes in field
conditions.
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Table 1- Effect of salinity stress on survival percentage in chickpea genotypes

- 0.5 12 16 . 0.5 12 16
o (o y1 (0s 3 (ow9) T (%0 y2 (01 3 (ow9)
Genotype (ds.m) Genotype (ds.m)
MCC1303 100 100 14.7 MCC1526 100 78.0 13.3
MCC1311 100 90.0 80.0 MCC1529 100 100 4.67
MCC1312 100 100 57.0 MCC1545 100 100 19.3
MCC1314 100 100 100 MCC1551 100 100 90.0
MCC1320 100 100 100 MCC1553 100 100 100
MCC1348 100 100 100 MCC1557 100 100 13.3
MCC1354 100 100 0.00 MCC1558 100 100 13.3
MCC1356 100 100 14.7 MCC1567 100 100 30.0
MCC1357 100 100 100 MCC1578 100 100 100
MCC1358 100 100 14.7 MCC1580 100 100 4.33
MCC1372 100 100 3.33 MCC1584 100 100 100
MCC1381 100 100 3.33 MCC1585 100 100 100
MCC1390 100 100 0.00 MCC1587 100 100 100
MCC1394 100 83.0 5.67 MCC1606 100 100 100
MCC1395 100 100 60.0 MCC1613 100 100 3.33
MCC1431 100 100 70.0 MCC1625 100 100 3.67
MCC1447 100 100 100 MCC1626 100 100 100
MCC1449 100 100 3.33 MCC1631 100 100 13.3
MCC1451 100 100 3.33 MCC1636 100 100 100
MCC1452 100 90.0 19.3 MCC1639 100 58.3 17.0
MCC1458 100 100 3.33 MCC1641 100 90.0 16.7
MCC1465 100 89.0 70.0 MCC1646 100 100 89.0
MCC1466 100 100 3.67 MCC1692 100 100 100
MCC1467 100 90.0 80.0 MCC1730 100 100 100
MCC1473 100 89.0 3.33 MCC1760 100 100 4.67
MCC1478 100 100 50.0 MCC1782 100 100 100
MCC1484 100 100 13.3 MCC1808 100 100 100
MCC1489 100 26.7 4.67 MCC1828 100 80.0 80.0
MCC1501 100 13.3 0.00 MCC1834 100 100 90.0
MCC1512 100 100 13.3 MCC1865 100 100 80.0
MCC1514 100 19.3 0.00 MCC1966 100 100 100
MCC1515 100 100 50.0 MCC2122 100 100 89.0
MCC1516 100 333 333 MCC2166 100 100 11.0
MCC1518 100 100 90.0 MCC2168 100 90.0 80.0
MCC1525 100 100 13.3 MCC2190 100 100 3.33
Ol @il s g agls iyl i 95 X (539 s Ol gy L SDoos
S.O.V. Replication Salinity Error a Genotype Salinity x genotype  Error C.V (%)
5°'a' f“?"’ 2 2 4 69 138 414 5.918 3.093
Sl yo (ke
Mean of 582** 165017** 286 2535** 1926** 22.7
squares

Soys S Jloil grlas o ls sime § do s mty Jlein pmlans )3 jlo ciae oy gty Jlain gl )0 o cixe yub o s s g NS (s ime Sglis JBla LSD cagtia 53 Gl 095 (508t MCC
MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ** and *: Non significant and significant at 1% and 5%, respectively.
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Table 2- Effect of salinity stress on plant height (cm) in chickpea genotypes

0.5 12 16 05 12 16

w55 o o w55 o s

Genotype Sl NS e SR Genotype S B NS L SR
(dS.m™) (dS.m™)
MCC1303 21.0 11.2 10.3 MCC1526 23.3 17.0 3.80
MCC1311 19.7 155 12.3 MCC1529 19.8 125 12.2
MCC1312 145 12.0 9.30 MCC1545 12.7 11.7 8.7
MCC1314 17.0 11.8 10.3 MCC1551 17.2 13.8 12.7
MCC1320 25.2 147 14.3 MCC1553 17.3 125 7.00
MCC1348 16.0 13.8 8.20 MCC1557 21.0 14.8 15.0
MCC1354 20.8 14.3 10.2 MCC1558 22.2 135 10.7
MCC1356 17.8 16.7 14.0 MCC1567 15.7 9.70 13.0
MCC1357 175 9.30 10.7 MCC1578 20.5 15.3 133
MCC1358 23.7 15.5 12.3 MCC1580 18.3 11.3 10.3
MCC1372 19.0 11.0 9.30 MCC1584 17.0 147 10.0
MCC1381 16.2 14.0 11.2 MCC1585 24.2 13.8 12.3
MCC1390 16.7 133 9.50 MCC1587 14.3 14.0 10.0
MCC139%4 233 16.8 8.20 MCC1606 19.0 135 11.7
MCC1395 24.2 17.8 9.70 MCC1613 24.7 13.0 10.3
MCC1431 253 19.2 13.0 MCC1625 20.3 14.2 8.70
MCC1447 27.7 15.3 10.0 MCC1626 21.7 13.7 8.70
MCC1449 18.7 12.3 9.70 MCC1631 215 11.8 9.00
MCC1451 17.3 11.0 8.00 MCC1636 19.2 12.7 12.3
MCC1452 185 12.7 11.3 MCC1639 175 15.1 11.7
MCC1458 17.3 11.7 11.3 MCC1641 19.3 11.8 9.70
MCC1465 25.2 12.3 8.70 MCC1646 18.3 14.8 14.8
MCC1466 295 23.2 185 MCC1692 18.7 12.7 8.00
MCC1467 25.7 18.3 14.3 MCC1730 14.8 13.7 10.3
MCC1473 19.0 12.3 12.7 MCC1760 225 14.3 12.0
MCC1478 18.0 13.8 13.7 MCC1782 16.3 10.0 12.0
MCC1484 225 143 8.50 MCC1808 233 13.2 13.2
MCC1489 15.3 113 6.80 MCC1828 18.0 12.0 12.3
MCC1501 155 9.70 7.00 MCC1834 16.8 12.8 10.3
MCC1512 22.0 13.0 10.0 MCC1865 213 12.2 8.70
MCC1514 19.3 11.0 3.50 MCC1966 15.3 13.7 8.70
MCC1515 345 20.7 17.8 MCC2122 23.2 133 9.70
MCC1516 20.8 133 13.0 MCC2166 24.7 14.0 8.00
MCC1518 20.3 14.7 9.00 MCC2168 215 12.2 13.0
MCC1525 20.3 12.3 10.7 MCC2190 26.0 19.8 135
Ol 2o NS g agls cuig) T SRR s Syl g LSDoss

S.O.V. Replication ~ Salinity = Errora Genotype Salinity x genotype Error C.V (%) '

@"d' :?” 2 2 4 69 138 414 17.917 2.95
Slarye el 7.64" 4834.54™  22.89 55.83" 14.34™ 7.13

Mean of squares

oy

MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ™ and *: Non significant and significant at 1% and 5%, respectively.
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Fig. 2- A plant height (A) and leaf survival percentage (B) of chickpea genotypes in survival ranges, after four weeks
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Table 3- Effect of salinity stress on A plant height in chickpea genotypes

05 12 16 05 12 16
w555 R w5 T
Genotype 0 32 02y (o Genotype 0 3 s o
(ds.m?) (ds.m™)

MCC1303 15.67 483 567 MCC1526 16.17 12.33 3.00
MCC1311 14.67 717 5.67 MCC1529 13.17 5.00 2.83
MCC1312 8.00 6.67 2.67 MCC1545 6.50 6.00 2,67
MCC1314 13.67 6.50 417 MCC1551 733 5.67 3.00
MCC1320 15.00 8.67 5.50 MCC1553 10.50 5.67 0.17
MCC1348 7.83 6.33 167 MCC1557 15.83 9.83 750
MCC1354 8.00 3.17 0.33 MCC1558 11.50 5.00 3.00
MCC1356 6.83 233 217 MCC1567 9.83 317 583
MCC1357 7.33 2.17 167 MCC1578 9.83 467 3.50
MCC1358 15.17 6.00 517 MCC1580 7.50 167 0.33
MCC1372 7.67 2.83 133 MCC1584 8.83 6.33 3.83
MCC1381 8.33 5.67 2.83 MCC1585 15.00 5.83 567
MCC1390 13.83 7.17 550 MCC1587 8.17 7.67 5.00
MCC1394 16.33 14.27 5.67 MCC1606 9.83 5.67 3.67
MCC1395 21.33 14.00 6.83 MCC1613 17.17 6.33 433
MCC1431 14.17 9.50 517 MCC1625 11.83 5.83 4.83
MCC1447 19.50 7.83 133 MCC1626 16.83 8.50 550
MCC1449 9.17 467 0.33 MCC1631 14.33 417 167
MCC1451 6.83 250 0.33 MCC1636 14.00 5.83 517
MCC1452 9.33 2.00 167 MCC1639 15.00 10.40 5.83
MCC1458 8.00 050 150 MCC1641 14.67 5.83 467
MCC1465 19.50 9.17 2.50 MCC1646 14.83 9.17 8.00
MCC1466 20.83 1267 9.67 MCC1692 13.00 8.17 3.00
MCC1467 15.83 9.67 8.17 MCC1730 8.33 5.67 2.83
MCC1473 9.17 3.83 267 MCC1760 17.67 5.67 317
MCC1478 13.83 9.33 6.33 MCC1782 7.67 217 2.83
MCC1484 14.83 7.33 250 MCC1808 14.50 7.83 567
MCC1489 7.33 8.67 1.83 MCC1828 11.00 9.83 450
MCC1501 583 3.17 0.33 MCC1834 8.17 5.33 3.33
MCC1512 10.00 2.00 067 MCC1865 15.00 483 167
MCC1514 12.33 6.50 2.00 MCC1966 8.00 717 3.33
MCC1515 19.17 10.67 250 MCC2122 16.33 7.83 3.83
MCC1516 15.00 7.33 2.00 MCC2166 17.67 10.00 3.67
MCC1518 13.33 9.00 150 MCC2168 13.50 433 583
MCC1525 7.50 233 150 MCC2190 2217 11.17 5.83

oS iln A Gt Asks s s s Shedees

S.O.V. Replication ~ Salinity Errora  Genotype Salinity x genotype Error CV (%) '

‘95; f’” 2 2 4 69 138 414 33.478 2.967

Sl =Ss 15.4m 4302 234 66.4" 135" 6.35

Mean of squares
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MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ™ and *: non-significant and significant at 1% and 5%, respectively.

oo obS )3 (590 5 ST 50 S p sl ws s rals
Nabati ) wib oo aslllae ol gl alive a5 canl 00l L3155
VY (60 i 50 Slae  Swod ooy -(eT al., 20220
deo)d o sine g St (Saren il flo (e o
O 0 (Ve Jgaz ) 09 (=2 10F**) g a0 L Sy slas
S Sae g Sude (Saed 5 e p oS VP (590
Jsoz) o samlice (=2 JAY*) Ly ao o b Sy (gliy auo o

(Ve

Gy Sy olaws Lass> Hllgs a5 slacaigis oe2 g

30 ol RKaegh a4 wlgh so il alils (gyh s Layl il yo
S S8 2955 ol (6,98 A 4 Jeod polaieds (oS
5 MCC1578 «<MCC1467 595 L uieiy ol yo

SlogtB g 5 OIS 35 O Seddle (35,1 a5 098 o0



VBT pgs fous oF §)lod IF alor oyl ol g (clo ik gy 4 pide 140

LU 295 i el )d Sy gl wwo)yd i (5y9h i ST -F Jeua
Table 4- Effect of salinity stress on leaf survival percentage in chickpea genotypes

0.5 12 16 0.5 12 16
kD] o023 (o) D) 3 el ) (o)
Genotype (0 5 Genotype (%0
(ds.m™) (ds.m)
MCC1303 100 57.3 42.0 MCC1526 100 75.0 48.0
MCC1311 100 64.0 57.3 MCC1529 100 72.3 18.3
MCC1312 100 75.7 63.0 MCC1545 100 71.0 39.0
MCC1314 100 69.7 63.0 MCC1551 100 83.0 86.3
MCC1320 100 70.7 65.7 MCC1553 100 68.3 64.3
MCC1348 100 85.7 68.0 MCC1557 100 70.3 36.0
MCC1354 100 77.0 0.00 MCC1558 100 82.7 52.7
MCC1356 100 67.0 42.7 MCC1567 100 56.3 64.0
MCC1357 100 90.7 85.0 MCC1578 100 97.3 89.0
MCC1358 100 68.7 52.3 MCC1580 100 72.0 18.0
MCC1372 100 1.7 22.3 MCC1584 100 95.7 85.0
MCC1381 100 61.7 18.3 MCC1585 100 76.3 75.0
MCC1390 100 60.3 0.00 MCC1587 100 89.3 70.0
MCC1394 100 69.0 23.0 MCC1606 100 81.3 77.0
MCC1395 100 66.3 57.7 MCC1613 100 67.0 25.0
MCC1431 100 93.0 63.3 MCC1625 100 69.7 19.0
MCC1447 100 78.7 68.3 MCC1626 100 82.7 67.0
MCC1449 100 60.0 27.3 MCC1631 100 57.7 44.7
MCC1451 100 65.7 24.3 MCC1636 100 75.0 72.7
MCC1452 100 71.0 45.0 MCC1639 100 68.6 59.3
MCC1458 100 65.3 21.7 MCC1641 100 64.0 60.7
MCC1465 100 66.0 63.0 MCC1646 100 71.0 73.3
MCC1466 100 73.0 19.7 MCC1692 100 717 61.7
MCC1467 100 77.3 90.3 MCC1730 100 85.3 68.7
MCC1473 100 65.3 25.0 MCC1760 100 62.0 20.7
MCC1478 100 64.0 64.7 MCC1782 100 82.3 73.7
MCC1484 100 74.3 39.0 MCC1808 100 82.0 82.0
MCC1489 100 50.3 22.3 MCC1828 100 75.3 67.3
MCC1501 100 49.3 0.00 MCC1834 100 66.3 71.0
MCC1512 100 78.0 44.7 MCC1865 100 63.3 66.3
MCC1514 100 38.7 0.00 MCC1966 100 93.3 80.3
MCC1515 100 73.0 70.0 MCC2122 100 81.3 717
MCC1516 100 39.7 35.7 MCC2166 100 67.7 22.3
MCC1518 100 73.7 63.0 MCC2168 100 59.0 61.3
MCC1525 100 71.3 48.0 MCC2190 100 58.7 21.0
. . .. a |n|ty X o 0.05
S.0.V. Replication Salinity Error a Genotype genotype Error CV (%)
‘95; f” 2 2 4 69 138 414 20.038 3.145
e e Geile 6453 131541 3730 1074™ 560™ 219

Mean of squares
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MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ** and *: Non significant and significant at 1% and 5%, respectively.
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Fig. 3- Electrolyte leakage (A) and shoot dry weight (B) of chickpea genotypes in survival ranges, after four weeks
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Table 5- Effect of salinity stress on electrolyte leakage in chickpea genotypes

05 12 16 05 12 16
)
LT D] L G 95 P e (owd)
Genotype el Genotype (5o
(o (ds.m?)
(dS.m™
MCC1303 28.0 54.0 42.3 MCC1526 29.3 333 81.7
MCC1311 18.0 64.7 46.0 MCC1529 41.0 477 30.0
MCC1312 16.7 29.3 65.0 MCC1545 12.3 47.0 72.0
MCC1314 453 41.0 77.0 MCC1551 18.0 56.0 71.3
MCC1320 19.0 453 68.3 MCC1553 12.3 40.3 61.7
MCC1348 15.0 32.0 69.3 MCC1557 25.7 50.0 58.0
MCC1354 12.3 56.7 3.67 MCC1558 46.0 62.7 713
MCC1356 19.3 54.3 34.7 MCC1567 9.33 51.7 49.7
MCC1357 10.3 63.7 66.0 MCC1578 55.7 48.0 44.0
MCC1358 40.3 68.0 68.0 MCC1580 19.3 76.7 78.3
MCC1372 10.0 56.7 48.3 MCC1584 14.0 39.3 48.3
MCC1381 14.0 48.7 453 MCC1585 29.3 55.7 46.7
MCC1390 17.7 46.3 40.3 MCC1587 12.3 52.7 70.3
MCC139%4 36.0 66.3 47.3 MCC1606 53.0 54.7 76.3
MCC1395 38.0 68.0 76.7 MCC1613 35.0 51.3 50.7
MCC1431 26.0 56.3 71.0 MCC1625 15.3 50.0 76.3
MCC1447 20.7 41.3 30.0 MCC1626 17.3 38.3 72.7
MCC1449 30.0 51.3 323 MCC1631 38.3 30.7 41.0
MCC1451 18.0 52.3 46.7 MCC1636 22.7 59.7 41.0
MCC1452 133 343 43.7 MCC1639 12.7 41.0 69.7
MCC1458 15.0 65.3 7.7 MCC1641 41.0 46.7 67.7
MCC1465 18.0 35.0 54.0 MCC1646 23.0 55.7 75.7
MCC1466 28.7 56.0 41.7 MCC1692 16.7 40.0 73.7
MCC1467 443 41.7 54.7 MCC1730 8.67 55.0 46.7
MCC1473 12.3 54.3 43.0 MCC1760 56.3 58.0 74.3
MCC1478 21.3 56.0 55.7 MCC1782 18.7 56.7 66.7
MCC1484 8.33 9.33 65.0 MCC1808 8.33 23.7 24.7
MCC1489 11.3 25.0 50.3 MCC1828 25.7 38.0 44.7
MCC1501 13.0 40.3 27.7 MCC1834 52.7 62.3 56.0
MCC1512 16.7 42.7 64.3 MCC1865 43.7 343 57.0
MCC1514 16.7 63.0 7.00 MCC1966 20.3 26.3 42.7
MCC1515 37.0 51.7 65.7 MCC2122 16.0 34.3 68.3
MCC1516 22.7 65.0 60.7 MCC2166 23.0 76.7 39.3
MCC1518 12.7 22.7 453 MCC2168 17.0 50.3 51.3
MCC1525 14.3 23.0 56.3 MCC2190 15.3 44.3 49.7
Ol 2bo NS Sog aglas 93 L ST s b o 05 LSDoos
S.O.V. Replication Salinity Errora Genotype Salinityxgenotype Error CV (%) ’
@')('j f” 2 2 4 69 138 414 44.169 2.932
Slazpe (eSle
Mean of 1401* 57255** 538 808** 539** 347
squares
S oz gl ol gine 5 sy iy Jlool el ol gias ko) gy Jlatol gulans ) s e yud o ey s 5 % NS oo Sglis JBlas LSD wage ,3 UL 2555 (Sl :MCC
.M)J

MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ", ™ and *: Non significant and significant at 1% and 5%, respectively.
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Table 6- Effect of salinity stress on shoot dry weight and salt resistance indexes of chickpea genotypes

2055 il plil SiS (459
T (4595 TOL GM TOL GM STI

MP12 SS112 STI12 MP16 SSI116
Genotype Shoot dry weight (g.plant?) 2 P12 16 P16 16
0.5 12 16

MCC1303 0.338 0.217 0.199 0.12 0.28 0.12 0.27 0.42 0.14 0.27 0.19 0.26 0.40
MCC1311 0.417 0.316 0.193 0.10 0.37 0.08 0.36 0.76 0.22 0.31 0.25 0.28 0.47
MCC1312 0.176 0.220 0.151 0.04 0.20 0.07 0.20 0.22 0.03 0.16 0.07 016 0.16
MCC1314 0.352 0.217 0.217 0.13 0.29 0.13 0.28 0.44 0.14 0.28 0.18 0.28 0.45
MCC1320 0.476 0.253 0.225 0.22 0.37 0.16 0.35 0.69 0.25 0.35 0.25 033 0.63
MCC1348 0.366 0.342 0.231 0.02 0.35 0.02 0.35 0.72 0.14 0.30 0.17 029 0.50
MCC1354 0.538 0.256 0.090 0.28 0.40 0.18 0.37 0.79 0.45 031 0.39 022 029
MCC1356 0.320 0.180 0.261 0.14 0.25 0.15 0.24 0.33 0.06 0.29 0.09 029 049
MCC1357 0.441 0.298 0.243 0.14 0.37 0.11 0.36 0.76 0.20 0.34 0.21 033 0.63
MCC1358 0.487 0.305 0.238 0.18 0.40 0.13 0.39 0.86 0.25 0.36 0.24 034 0.68
MCC1372 0.432 0.336 0.176 0.10 0.38 0.08 0.38 0.84 0.26 0.30 0.28 0.28 0.45
MCC1381 0.206 0.326 0.236 0.12 0.27 0.13 0.26 0.39 0.03 0.22 0.06 022 0.29
MCC1390 0.246 0.229 0.268 0.02 0.24 0.02 0.24 0.32 0.02 0.26 0.04 026 0.39
MCC1394 0.511 0.208 0.110 0.30 0.36 0.21 0.33 0.61 0.40 031 0.37 024 033
MCC1395 0.242 0.178 0.174 0.06 0.21 0.09 0.21 0.25 0.07 0.21 0.13 021 0.25
MCC1431 0.350 0.323 0.191 0.03 0.34 0.03 0.34 0.65 0.16 0.27 0.21 0.26 0.39
MCC1447 0.427 0.347 0.173 0.08 0.39 0.07 0.39 0.85 0.25 0.30 0.28 0.27 0.44
MCC1449 0.397 0.185 0.125 0.21 0.29 0.19 0.27 0.42 0.27 0.26 0.32 022 0.29
MCC1451 0.555 0.326 0.160 0.23 0.44 0.14 0.43 1.04 0.40 0.36 0.33 030 0.53
MCC1452 0.466 0.258 0.179 0.21 0.36 0.16 0.35 0.69 0.29 0.32 0.29 029 049
MCC1458 0.499 0.192 0.242 0.31 0.35 0.21 0.31 0.55 0.26 0.37 0.24 035 071
MCC1465 0.401 0.235 0.219 0.17 0.32 0.14 0.31 0.54 0.18 031 0.21 030 0.52
MCC1466 0.469 0.320 0.190 0.15 0.40 0.11 0.39 0.86 0.28 0.33 0.28 030 0.53
MCC1467 0.650 0.388 0.420 0.26 0.52 0.14 0.50 1.45 0.23 0.54 0.17 052 161
MCC1473 0.555 0.360 0.240 0.20 0.46 0.12 0.45 1.15 0.32 0.40 0.27 037 0.79
MCC1478 0.302 0.212 0.286 0.09 0.26 0.10 0.25 0.37 0.02 0.29 0.03 029 051
MCC1484 0.532 0.300 0.188 0.23 0.42 0.15 0.40 0.92 0.34 0.36 0.30 032 059
MCC1489 0.346 0.302 0.136 0.04 0.32 0.05 0.32 0.60 0.21 0.24 0.28 022 0.28
MCC1501 0.236 0.170 0.089 0.07 0.20 0.10 0.20 0.23 0.15 0.16 0.29 015 0.12
MCC1512 0.447 0.241 0.156 0.21 0.34 0.16 0.33 0.62 0.29 0.30 0.31 026 041
MCC1514 0.392 0.287 0.107 0.11 0.34 0.09 0.34 0.65 0.29 0.25 0.34 021 0.25
MCC1515 0.652 0.319 0.292 0.33 0.49 0.18 0.46 1.20 0.36 0.47 0.26 044 112
MCC1516 0.302 0.242 0.214 0.06 0.27 0.07 0.27 0.42 0.09 0.26 0.14 025 0.38
MCC1518 0.403 0.287 0.091 0.12 0.35 0.10 0.34 0.67 0.31 0.25 0.36 019 0.22
MCC1525 0.462 0.267 0.220 0.20 0.36 0.15 0.35 0.71 0.24 0.34 0.25 032 0.60
MCC1526 0.433 0.268 0.208 0.17 0.35 0.13 0.34 0.67 0.23 0.32 0.24 030 0.53
MCC1529 0.350 0.311 0.221 0.04 0.33 0.04 0.33 0.63 0.13 0.29 0.17 0.28 0.46
MCC1545 0.264 0.266 0.201 0.00 0.27 0.00 0.27 0.40 0.06 0.23 0.11 023 031
MCC1551 0.406 0.413 0.253 0.01 0.41 0.01 0.41 0.96 0.15 0.33 0.18 032 0.60
MCC1553 0.391 0.354 0.197 0.04 0.37 0.03 0.37 0.80 0.19 0.29 0.23 0.28 0.45
MCC1557 0.301 0.331 0.335 0.03 0.32 0.03 0.32 0.57 0.03 0.32 0.05 032 0.60
MCC1558 0.552 0.269 0.342 0.28 0.41 0.18 0.39 0.86 0.21 0.45 0.18 044 111
MCC1567 0.543 0.232 0.192 0.31 0.39 0.20 0.36 0.72 0.35 0.37 0.30 032 061
MCC1578 0.468 0.287 0.366 0.18 0.38 0.13 0.37 0.77 0.10 0.42 0.10 041 1.01
MCC1580 0.524 0.185 0.212 0.34 0.36 0.23 0.31 0.56 0.31 0.37 0.28 0.33 0.66
MCC1584 0.354 0.386 0.202 0.03 0.37 0.03 0.37 0.79 0.15 0.28 0.20 027 042
MCC1585 0.395 0.471 0.244 0.08 0.43 0.06 0.43 1.07 0.15 0.32 0.18 031 057
MCC1587 0.201 0.287 0.201 0.09 0.24 0.10 0.24 0.33 0.00 0.20 0.00 020 0.24
MCC1606 0.388 0.313 0.300 0.08 0.35 0.07 0.35 0.70 0.09 0.34 0.11 0.34 0.69
MCC1613 0.498 0.186 0.166 0.31 0.34 0.22 0.31 0.53 0.33 0.33 031 029 0.49
MCC1625 0.362 0.304 0.240 0.06 0.33 0.06 0.33 0.63 0.12 0.30 0.16 029 051
MCC1626 0.412 0.278 0.195 0.13 0.35 0.11 0.34 0.66 0.22 0.30 0.25 0.28 047
MCC1631 0.554 0.221 0.257 0.33 0.39 021 0.35 0.71 0.30 0.41 0.25 038 084
MCC1636 0.410 0.348 0.306 0.06 0.38 0.05 0.38 0.82 0.11 0.36 0.12 035 0.74
MCC1639 0.307 0.250 0.254 0.06 0.28 0.06 0.28 0.44 0.05 0.28 0.08 0.28 0.46
MCC1641 0.335 0.184 0.266 0.15 0.26 0.16 0.25 0.35 0.07 0.30 0.10 030 0.3
MCC1646 0.352 0.315 0.272 0.04 0.33 0.04 0.33 0.64 0.08 0.31 0.11 031 0.56
MCC1692 0.380 0.237 0.203 0.14 0.31 0.13 0.30 0.52 0.18 0.29 0.22 0.28 0.46
MCC1730 0.420 0.386 0.274 0.03 0.40 0.03 0.40 0.93 0.15 0.35 0.16 0.34 0.68
MCC1760 0.263 0.167 0.206 0.10 0.22 0.13 0.21 0.25 0.06 0.24 0.10 023 0.32
MCC1782 0.355 0.165 0.259 0.19 0.26 0.19 0.24 0.34 0.10 0.31 0.13 030 0.54
MCC1808 0.732 0.343 0.246 0.39 0.54 0.19 0.50 144 0.49 0.49 0.31 042 1.06
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Table 6- Effect of salinity stress on shoot dry weight and salt resistance indexes of chickpea genotypes, Continued

£55) 2lew plail SiS (3359

9 (4391 5 Tlo?_'- MP12  SSI12 Efg STI12 TIOGL MP16  SSI16 gi\g SlTs'
Genotype  shoot dry weight (g.plant™)
0.5 12 16
MCC1828 0.494 0.276 0.296 0.22 0.39 0.15 0.37 0.79 0.20 0.40 0.19 0.38 0.86
MCC1834 0.377 0.281 0.296 0.10 0.33 0.09 0.33 0.61 0.08 0.34 0.10 0.33 0.66
MCC1865 0.475 0.198 0.244 0.28 0.34 0.20 0.31 0.54 0.23 0.36 0.23 0.34 0.68
MCC1966 0.403 0.441 0.196 0.04 0.42 0.03 0.42 1.02 0.21 0.30 0.24 0.28 0.47
MCC2122 0.332 0.249 0.239 0.08 0.29 0.09 0.29 0.47 0.09 0.29 0.13 0.28 047
MCC2166 0.474 0.273 0.099 0.20 0.37 0.15 0.36 0.74 0.38 0.29 0.37 022 0.28
MCC2168 0.463 0.269 0.288 0.19 0.37 0.15 0.35 0.72 0.17 0.38 0.18 037 0.79
MCC2190 0.401 0.283 0.177 0.12 0.34 0.10 0.34 0.65 0.22 0.29 0.26 0.27 0.42
Ol s’ oo S Sib agls s i g s ClmEFeerd g
S.0.V. Replication Salinity ~ Errora  Genotype  Salinityx genotype  Error CV (%) Doos
ol ez 2 2 4 69 138 414 33,011 2.96
d.f 9
Sl Sk 0.071** 2.01** 0.038 0.028** 0.017** 0.01

Mean of squares

S Jloz! o o o cire g oy gy Jleil s 1o o sire o iy Jleil i (o o cixe b o ey s g % NS lo xe Dol JBlas (LSD gt 3 Sib 9556 gl :MCC

2,0

MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ** and *: Non significant and significant at 1% and 5%, respectively.
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Fig. 4- Osmotic potential (A) and Na.Kratio (B) of chickpea genotypes in survival ranges, after four weeks salinity
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Table 7- Effect of salinity stress on absolute osmotic potential (MPa) in chickpea genotypes

05 12 16 05 12 16

e S e e ST e BB Nt Sl
Genotype (ds.m ) Genotype (ds.m)
MCC1303 1.46 3.95 3.79 MCC1526 1.55 3.69 5.81
MCC1311 1.23 2.56 463 MCC1529 1.34 3.11 1.99
MCC1312 1.50 2.64 3.55 MCC1545 1.74 347 428
MCC1314 1.43 3.12 5.60 MCC1551 1.42 3.01 3.16
MCC1320 2.68 3.28 5.28 MCC1553 1.41 2.26 3.94
MCC1348 1.67 1.92 5.38 MCC1557 1.46 2.68 5.31
MCC1354 1.38 463 0.00 MCC1558 1.56 2.61 2.56
MCC1356 1.64 5.35 2.69 MCC1567 1.74 4.37 423
MCC1357 1.38 2.77 3.78 MCC1578 1.58 2.45 2.71
MCC1358 1.38 2.79 408 MCC1580 1.70 3.46 1.23
MCC1372 1.36 3.88 1.36 MCC1584 1.41 1.94 425
MCC1381 157 6.78 2.73 MCC1585 1.55 2.66 497
MCC1390 2.46 6.88 0.00 MCC1587 1.43 2.19 454
MCC1394 1.28 5.56 1.58 MCC1606 1.55 2.34 2.84
MCC1395 1.58 4.04 6.29 MCC1613 1.42 3.87 2.18
MCC1431 1.65 2.82 4.49 MCC1625 1.37 2.95 471
MCC1447 1.26 2.52 7.09 MCC1626 1.26 3.05 473
MCC1449 1.44 3.49 1.99 MCC1631 1.50 5.34 3.65
MCC1451 1.30 2.48 1.82 MCC1636 1.46 3.11 3.00
MCC1452 1.45 3.16 3.14 MCC1639 1.30 2.99 6.08
MCC1458 1.53 3.86 2.56 MCC1641 1.40 3.34 433
MCC1465 1.14 3.08 5.48 MCC1646 1.59 4.61 3.82
MCC1466 1.50 5.05 3.00 MCC1692 1.44 2.28 3.59
MCC1467 1.45 2.56 3.11 MCC1730 1.69 2.40 456
MCC1473 1.36 353 2.17 MCC1760 1.36 2.37 2.12
MCC1478 1.58 3.70 3.11 MCC1782 1.71 2.68 2.86
MCC1484 1.37 2.84 4.26 MCC1808 1.28 2.49 457
MCC1489 1.60 2.53 2.22 MCC1828 1.40 3.63 407
MCC1501 1.40 2.86 0.00 MCC1834 1.49 3.28 461
MCC1512 1.50 3.47 2.39 MCC1865 1.48 3.85 436
MCC1514 1.74 3.15 0.00 MCC1966 1.40 2.02 3.39
MCC1515 1.69 2.31 7.07 MCC2122 1.63 3.07 455
MCC1516 1.61 1.88 2.29 MCC2166 1.41 3.03 1.99
MCC1518 1.32 3.05 5.92 MCC2168 1.56 4.61 3.74
MCC1525 1.49 2.57 412 MCC2190 1.35 3.72 1.69

O reets iln S ed Ak waips cwgixssd e SheSeed L SDoce

S.0V. Replication ~ Salinity Errora Genotype Salinity x genotype  Error CV () }

5*')(; f” 2 2 4 69 138 414 49.678 3.167
Shasye oefiles 40.3** 257%* 36.2 2.74% 4.20%* 1.9

Mean of squares

S Jloil s 58 o g 5 do s iy il mha )8 o poe oo iy ekl mdaw (o s gxe i oy

2,0

# 1S o gime Sglas J8las L SD wgtie 130 SGb 5556 y5nSIS MCC

MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ** and *: Non significant and significant at 1% and 5%, respectively.
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Table 8- Effect of salinity stress on Na.K™ in chickpea genotypes

0.5 12 16 0.5 12 16

S 20y (o § w5 PO g3 e g
Genotype (ds.m?) Genotype (ds.m™)
MCC1303 0.050 1.36 1.02 MCC1526 0.090 0.993 2.13
MCC1311 0.073 0.657 0.967 MCC1529 0.110 1.03 1.79
MCC1312 0.103 0.767 1.30 MCC1545 0.127 0.797 2.03
MCC1314 0.137 0.883 1.40 MCC1551 0.233 0.783 0.600
MCC1320 0.377 0.703 1.05 MCC1553 0.093 0.443 1.08
MCC1348 0.080 0.343 0.900 MCC1557 0.110 0.843 1.04
MCC1354 0.130 0.820 161 MCC1558 0.083 1.27 0.800
MCC1356 0.047 0.697 0.603 MCC1567 0.563 0.587 0.683
MCC1357 0.163 1.05 0.930 MCC1578 0.160 0.417 0.683
MCC1358 0.080 0.913 0.940 MCC1580 0.093 0.580 1.48
MCC1372 0.193 0.700 0.987 MCC1584 0.093 0.167 0.707
MCC1381 0.113 0.897 1.74 MCC1585 0.067 0.660 1.28
MCC1390 0.193 1.15 1.73 MCC1587 0.367 0.370 0.907
MCC1394 0.120 1.19 0.120 MCC1606 0.070 0.357 0.733
MCC1395 0.097 0.990 143 MCC1613 0.110 1.13 141
MCC1431 0.160 0.243 1.23 MCC1625 0.073 0.673 1.32
MCC1447 0.090 0.333 1.10 MCC1626 0.077 0.677 1.04
MCC1449 0.260 1.14 121 MCC1631 0.080 0.863 1.23
MCC1451 0.187 0.513 1.39 MCC1636 0.167 0.860 0.693
MCC1452 0.070 0.623 1.07 MCC1639 0.097 0.580 1.75
MCC1458 0.087 0.877 1.13 MCC1641 0.107 0.853 1.83
MCC1465 0.223 0.813 0.887 MCC1646 0.093 0.627 0.657
MCC1466 0.093 1.38 0.977 MCC1692 0.077 0.420 1.01
MCC1467 0.460 0.577 0.773 MCC1730 0.117 0.760 1.40
MCC1473 0.153 0.703 1.18 MCC1760 0.093 0.493 1.32
MCC1478 0.087 1.56 0.777 MCC1782 0.103 0.427 0.867
MCC1484 0.060 0.480 1.98 MCC1808 0.810 2.37 0.880
MCC1489 0.167 0.823 1.16 MCC1828 0.140 0.953 0.707
MCC1501 0.220 1.14 1.49 MCC1834 0.097 0.967 1.15
MCC1512 0.220 0.773 0.863 MCC1865 0.077 0.750 1.20
MCC1514 0.083 1.34 2.15 MCC1966 0.303 0.240 1.06
MCC1515 0.137 0.497 0.857 MCC2122 0.083 0.707 1.27
MCC1516 0.290 1.01 1.35 MCC2166 0.080 0.657 2.30
MCC1518 0.073 0.673 0.840 MCC2168 0.070 117 0.827
MCC1525 0.213 0.677 0.743 MCC2190 0.090 0.980 1.45

Ol st 23lio IS Sag aglks  Guig) Gl gl X (5 98 s Sl 08 LSDoos

S.0.V. Replication Salinity Errora Genotype Salinity x genotype  Error CV (%) '

“5°')(; ‘:fﬁ 2 2 4 69 138 414 40.786 2.937
Slas o 5 Skeo
Mean of 0.315% 55.0%* 0152  0.338** 0.308** 0.082
squares

S Jloiml o )3 o g g auo )0 gy Jloix mhans 10 o poe o ys iy Sl mhaw (o I8 xS gy

o )o

# NS o re oglis JSlas L SD wagie j3 il 056 505Ul :MCC

MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ™ and *: Non significant and significant at 1% and 5%, respectively.
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Table 9- Coefficient of correlations of measured traits of chickpea genotypes in control
o lad olie L 2. 3. 4. 5. 6. 7. 8
NO. Parameter
1. L“ 1
Survival
Sy &L“")l 0.00" 1
Plant height
@y glis | Bl 0.00% 079" 1
APlant height
4. ks ‘5L§" 0.00" 0.00™  0.00™ 1
Leaf survival
el s 000" 033" 032 000% 1
Electrolyte leakage
S5 ot R
6. ©R S 059 0.00™ 0.46 0.11™ 0.00™ 0.07™ 1
Dry weight
Lt
S &“"L” 0.00" -0.06™ -0.09" 0.00" -0.04™ -0.13™ 1
Osmotic potential
8. Na.K* 0.00 -0.02 -0.10™ 0.00® -0.18" 0.33" 0.12® 1
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Table 11- Factor analysis for chickpea genotypes

olio Vailge  Vailge  Yadlje  Failge O ale
Traits Factorl Factor2 Factor3 Factor4 Factor5
ey -0.316 0.707 0.201 0.050 0.448
Survival percentage
Sl -0.397 0.728 0.211 0.109 0.347
Leaf survival percentage
Gy ) 0457 0188  -0519  -0511  0.009
Plant height
g iy} S 0108 0265  -0.541  -0.704  -0.007
APlant height
Sels S 0.016 0429  -0520 0283  -0.149
Electrolyte leakage
Syl doily 0066 0428  -0431  -0301  0.368
Osmotic Potential
S5 03 0956  0.159 0131  -0009  -0.182
Dry weight
oy & s S 0168  -0494  -0214  -0260  -0.456
Na.K?
e e T e e 0600  -0515  -0447 0319 0218
TOL 12dS.m*
P et o3 VT by (550 0 2L 0941 -0121 0248 0152  -0.025
MP 12 dS.m
P s o3 WV G Sl (a2l 0343 -0513  -0564 0422 0296
SSI 12 dS.m*
Fer o e Vo e e 22 000 o040 0337 -0225 0,066
GMP 12 dS.m'
PP oy e VG 4 oot el 0903 0032 0323 0223  -0.098
STI12 dS.m
P e o3 VP Jed 22l 0609 0709 0038 0134 0281
TOL 16 dS.m™
" o lawg o W)
ot ity 2 VP Lo 9000 22 -0.950 0.039 -0.150 0.190 -0.140
MP 16 dS.m"
P ey o3 VP A Sl 22 0366  -0.770 0148  -0.209  0.342
SSI16 ds.m™
P e o3 P gt i oSlee 220 060 0979 L0471 0251 -0.241
GMP 16 dS.m*
P2 e VP A oo a2 0856 0253  -0173 0247  -0.267
STI 16 dS.m™
3 )L)JLe
, 7.297 3556 2.069 1635 1214
Eigenvalue
e 2y 405 60.3 718 80.9 87.6

Cumulative (%)
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Fig. 5- Distribution of chickpea genotypes on the basis of the first and the second components
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Fig. 6- Classifying dendrogram in chickpea genotype based on studied traits
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Table 12- Analysis variance (mean of squares) of multi variables based on unbalanced completely
randomized design (CRD) Wilks' Lambda in chickpea genotypes

Jole ST 4y fosed s g Sl sl Jloso! s
Function d.f Wilks' Lambda Chi-square Probability level
1 45 0.030 210 0.001
2 28 0.260 80.1 0.001
3 13 0.682 22.8 0.045

0958 sLrcaig uieg S Come sl padd @b @l -1 Jgus
Table 13- The results of discriminant function for clustering validity of chickpea genotypes

09,5 »0 Lygac

09,5 . &gz
Group Group membership Total
1 2 3 4
1 3 0 0 0 3
Egome 2 0 2 0 0 2
Total 3 0 0 31 1 32
4 0 0 0 33 33
1 100 0 0 0 100
RV 2 0 10 0 0 100
Percent 3 0 0 96.9 31 100
4 0 0 0 100 100

Sl 00l Pl;u' Tto Oy0d Lb‘_gd...; 05; )l RS AP
98.6% of original grouped cases correctly classified
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Fig. 7- Cluster grouping of chickpea genotypes based on significant canonical variable under controlled conditions
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Table 14- Standardized canonical discriminant function coefficients measured groups in chickpea genotypes

Olao Sl b i
Treats Canonical varieties
1 2 3
& 1.13* -0.113 0.022
Survival
Sl -0.063* 0.021 -0.007
Leaf survival
o £l
R aad) -0.152 0.807* -0.052
Plant height
5 ] S 0.263 -0.594% 0.170
Delta plant height
el S e -0.242 0.789* 0.216
Electrolyte leakage
el Jeily -0.147 0.724% 0.318
Osmotic potential
SO 0.441 -0.057 -0.294*
Dry weight
reel ; f":-::’ S 0.067* -0.151 -0.224
a.K"
P oot @ Y Jes 22l 151 0.827* 5.20
TOL12 dS.m*
Pt ey o 1T Lasie g0 a2l 0773 206 5.63*
MP12 dS.m*
e L e A e 145 -0.121% -3.37
SSI12 dS.m*
Fo gy omiery 3 VY (650 00 (it (5 Sile el _1.27% -0.224 -2.16
GMP12 dS.m*
ot ey o 1T 5 & Jood el 0.305* 11 7.38
STI12 dS.m
Pt oty 3 VP Jod a2 la 0.321* 4758 472
TOL16 dS.m*
o et 5 VP R Sl 2 -0.34% -2.966 4.08
SS116 dS.m'
o5eg olade 7.80 1.622 0.466
Eigen value
(o 2y 78.9 16.4 4.70
Cumulative %
A (Fomren 0.94%* 0.79%* 0.56*

Canonical correlation

Sl e 5 Lo 2 (s o o0mliie (Sawan 5L P
*: Largest absolute correlation between each variable and any discriminant function
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Table 15- Analysis of variance (mean of squares) based on measured groups in chickpea genotypes

wlio Wog,S (e Wog 5 (5959 Jloso| gl
Traits Between groups Within groups Probability level
ERHETSS 3 66 _
d.f
[V o -
: 16857 2572 0.000
Survival
Sx gsL'fe 5173™ 3064™ 0.000
Leaf survival
g ?.Uf")‘ 119" 310™ 0.000
Plant height
Sy glis,| S 62.9" 446" 0.033
Delta plant height
- - ‘ w - x
=55 1003 5204 0.008
Electrolyte leakage
syl oy 581" 15.2* 0.000
Osmotic potential
S 0o 0.022" 0.190" 0.061
Dry weight
ey 4y 2o S 0.484™ 2.09™ 0.003
Na.K?
Fo gt ety 53 VY Jos (el 0.054™ 0.615™ 0.134
TOL12 dS.m™*
Fo gy mier) o VY agie (650 00 a3 0.012"™ 0.322" 0.480
MP12 dS.m*
Ao ey o2 WV Sseste siis (Siles 25 0.017 0.224" 0.181
SSI12 dS.m™t
St ety o VY 55 & Jood el 0.013™ 0.292" 0.420
GMP12 dS.m™*
o e oo VY Jod a3l 0.202" 4.45m 0.399
STI12 dS.m*
S g ey o VF Ly 5550 540 2>Ls 0.039™ 0.842" 0.384
TOL16 dS.m™
P ey o VP A ) Cales a3 Lo 0.031™ 0.280™ 0.070
MP16 dS.m*
S g oy (503 VP 6590 4 i 5eSile 3L 0.052" 0.539" 0.103
SSI16 dS.m™
Ao oy oo VP A Jeod 22l 0.042" 0.255" 0.018
GMP16 dS.m™*
o ey 53 VP Jed el 0.459" 3.749" 0.053
STI16 dS.m*

o) s Jlaio mha o o sine g o) gy Jleisl o jo s e wao o gy Jlaisl s j3 o cime pé s g4y g S
Ns « and **: No significant at probability level of 5% and probability level of 1%, respectively
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Table 16- Cluster analysis in chickpea genotypes

Yoy ¥ Y 09,8 YogS Fog,S Egozxo
sl Group 1 Group 2 Group 3 Group 4 Total
Traits i) ol
Genotype number
3 3 32 33 70
& -
'_M’° 40.5%+3.06 85.0°+2.36 95.9%+7.13 68.9°45.51 80.5+16.8
Survival (%)
S &
7S _'M’d 51.2°45.80 77.8°+4.48 82.3%+6.78 67.5°+6.96 73.9£10.9
Leaf survival (%)
S slas )|
=5 &5 111540225 2084502  14.6°+1.84  152°42.37  14.9+2.49
Plant height (cm)
W gl )| BB

. 5.33+1.99 12.4°42.32 7.56"°+2.06 7.40°+3.07 7.53+£2.72
Delta plant height (cm)

ooy mSIl cutd as o
Electrolyte leakage (%)

28.3°+1.09 56.2°+6.68 41.7°+8.67 43.0+9.4 42.2+9.48

‘5_’ i _L”" 1.72°40.354  3.83°+0.198  2.85°+0.422 2.73"+0.542 2.77+0.552
Osmotic Potential (MP)

SEZ 539
Dry weight (g.plant?)
ol 4 o S

0.229°+0.056  0.310°+0.158  0.315°+0.059  0.297*+0.04  0.303%0.055

0.953%0.235 0.670°+0.240  0.625°+0.186  0.757%+0.163  0.703+0.193

Na.k*

P ety @3 WV Jood a2l 007240031  0.198%0.19  0.124°+0.088 0.169%+0.103  0.145+0.098
Tol12 dS.m™

Pt e o3 VT g (5590 0 a3 0.289%40.075 0.348%4+0.195 0.3530.07 0.341%0.061  0.345:0.07
MP12 dS.m*

P e o3 WV G 4 Sl 2L 0.078+40.029 0.134%0.061 0.010+0.055 0.128%40.062  0.113+0.059
SSI12 dS.m™

7o ety o3 U S eekin 5Fle 25 e 075 033240175 0.3450.069  0.327%40057  0.334+0.066
GMP12 dS.m™

P ety o3 VA 4 oo el 049240228 0.723+0.671 071340281 06330213  0.666+0.26
STI12 dS.m

PR e o3 VP Jed 22 021440070 021440206 0.168%0.095 02160126 0.193+0.113
TOL16 dS.m*

P ey o3 VP b g0 2L 0.218+0.048  0.34040.187 0.323%40.071  0.316*+0.052  0.315+0.067
MP16 dS.m*

P e o3 VP A 4 Sl 23 0.305%40.031 0.195%0.091 0.183+0.082 0.219%0.100  0.205+0.093
SSI16 dS.m™

P e o3 VP Soso e ein 0oSle 22 10ani0 039 0301940163 0.309%40.069  0.200%0.049  0.295£0.066
GMP16 dS.m

7R o) L;“T’Tl‘;df N Jozs 2l 0.217°+0.082 0.685%+0.616 05880274 0.5109+0.179 0.538+0.247

.m-

el Galizee gloog S e o ire igles saims L iglie g,
* Means with the same latter are significntly differences.
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