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Introduction

Chickpea is an important source of energy and protein of the Iranian people’s diet. Iran is one of the main centers of
genetic diversity of this crop. The cultivation of chickpea nowadays is practiced using irrigation or supplemented
irrigation in many parts of Iran, as more challenging by climate change, precipitation decline, and salinization of
underground water resources. On the other side, there is no enough fresh water to meet the full water requirement of
chickpea. Although chickpea consider as a salt sensitive crop but there are some reports that show some variable
reaction to salinity amongst different chickpea genotypes. A collection of cold and drought stress tolerant chickpea
genotypes are maintained in Mashhad Chickpea Collection (MCC) in the Plant Science Research Center of Ferdowsi
University of Mashhad. Therefore, testing the tolerance of different genotypes and landraces of this crop to salinity
stress is of important, and this experiment is arranged to test salinity tolerance of chickpea genotypes in this collection.

Materials and Methods

In order to identify and assess of chickpea genotypes salinity tolerant, seeds of 206 Mashhad Chickpea Collection
genotypes were kindly prepared by Plant Science Research Center of Ferdowsi University of Mashhad (FUM). The
experiment was carried out in the research green house of Faculty of Agriculture of FUM at the spring of 2021 which
light was normal, and temperature and humidity were controlled. A randomized complete block design was used with
three replications and each treatment consist of 10 plants for each genotype. Seeds were sown in the shallow trays in the
lab at 25 degrees centigrade and emerged seedling were transplanted in the sand culture medium. Saline water prepared
by adding NaCl to tap water till its EC reached to 12 dS.m™. Salinity imposed after a week of transplanting through the
Hoagland nutrient solution and continued for four weeks. Nutrlent solution was renewed each week and 12 dS.m™ NaCl
dissolved in that solution. Measured traits included the height difference at the beginning of the imposing of salt stress
and for weeks later, number of branch per plant, survival percentage, and biomass accumulation. Sodium and potassium
content of shoots. Data were analyzed using Minitab for windows 17 and standard error and cluster analysis arranged
using JMP4 software.

Results and Discussion

The results showed that 31 genotypes have a survival rate of 76-100% which 10 genotypes showed survival rate of
100%. Plant height, biomass, and number of lateral branches per plant decreased as survival rate decreased. Significant
increase in shoot Na* concentration was only found in survival range of 0-25% while the shoot sodium content was the
lowest in in group of 57-100% survival compared to the other three groups. Biomass accumulation also reduced more
rapidly in low survival group (0-25%) compare with 76-100% survival group by 66%. The correlation analysis showed
that survival rate, plant height and number of lateral branches per plant, biomass, plant height difference and shoot K*
concentration showed significantly positive correlation. Based on factor analysis, three factors were selected that in
total 79% of the total variation was explained. The first and second factors were explained high percent of variation that
include survival rate and plant height and number of lateral branches per plant, biomass, plant height difference and
Na+ concentration. Genotypes MCC1782, MCC197 ,MCC1703 ,MCC1568, MCC1573, MCC1737, MCC1209,
MCC1516, MCC1493, MCC1832, MCC1957, MCC1721, MCC2016, MCC1704, MCC1641, MCC1815, MCC1775,
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MCC178, MCC1754, MCC1627, MCC1716, MCC1918, MCC1827 ,were selected as the superior genotype under
salinity stress of 12 dS.m™ for four weeks. According to the result of cluster analysis, the genotypes were classified in
four clusters. The genotypes of the third and fourth clusters had a high average salinity tolerance compared to other
clusters with the investigated traits.

Conclusions

While chickpea is not traditionally considered a salt-tolerant crop, the observed variations among genotypes suggest
that further efforts are required to screen and identify salt-tolerant genotypes and landraces for potential inclusion in
breeding programs. It's important to note that the current study was conducted in a controlled environment, with only a
few weeks of exposure to salinity treatment. Consequently, we propose a more extensive experiment that includes those
genotypes exhibiting superior performance in terms of survival rate, biomass accumulation, low shoot sodium content,
and high potassium content.
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Fig. 1- Number (A) and frequency (B) of chickpea genotypes in different survival range after four weeks of 12dS.m™
NaCl salinity
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Genotype  Survival Branch.plant™ height - Biomass K (mg.gdw™) i
(MCC) (%) : AHeight  (mg plant?) Na : ]
(cm) (cm) (mg.gaw™) Na.K
1703 100 10.0 24 7 690 3.00 11.7 0.26
1568 100 10.0 26 9 617 6.50 28.6 0.23
1573 100 12.3 24 7 404 18.2 17.9 1.02
1737 100 9.00 23 3 739 4.10 19.7 0.21
1209 100 105 27 10 772 5.10 30.6 0.17
1466 100 10.0 23 7 594 15.20 7.1 2.14
1493 100 9.30 20 2 461 9.30 10.9 0.85
1832 100 9.00 26 8 193 3.30 7.0 0.47
1957 100 10.5 23 4 546 31.80 43.4 0.73
1721 100 125 27 6 371 5.70 3.7 1.37
2016 92 9.00 26 8 613 5.40 14.7 0.37
1704 92 9.70 21 3 457 7.50 22.1 0.34
1641 91 12.3 32 11 757 11.30 136 0.83
1815 91 9.70 28 9 654 8.40 20.8 0.40
1775 91 10.3 25 8 539 1.90 12.4 0.15
1787 90 9.70 26 7 536 8.80 145 0.61
1760 90 11.0 24 6 572 8.20 6.6 1.24
1625 90 8.00 22 2 638 3.40 11.8 0.29
1977 89 8.70 21 10 392 470 7.6 0.62
1716 87 11.0 40 0 799 3.90 6.8 0.57
1782 85 10.3 22 9 462 2.50 10.2 0.24
2112 85 11.7 28 9 725 5.00 6.8 0.73
1827 85 9.00 24 4 481 8.80 9.0 0.98
1918 83 10.0 18 3 668 6.40 13.0 0.49
1516 83 11.3 21 5 545 7.00 43.2 0.16
2121 83 7.30 22 2 526 3.50 15.0 0.23
1545 82 9.30 27 7 530 4.20 10.3 0.41
1760 80 7.00 22 5 656 8.90 24.0 0.37
2009 77 11.3 28 9 561 8.60 19.9 0.43
1507 77 10.7 26 6 383 3.60 25.9 0.14
1529 76 11.0 19 1 446 15.4 17.9 0.86
Sla
ol 2.32 2.99 7.40 4.60 275.23 5.11 5.29 6.34
o sine
LSD(0.05)
s
Jezs! 0.01" 0.01" 0.01" 001" 0.01" 0.01" 0.01™ 0.01"
Pvalue
s 4 19 19 69 34 25 18 90
CV (%)

Ol S o CV o po i Jleits s )0 4lo ixe Sglas Jlas LSD cagin 9955 43 SSL:MCC
MCC: Mashhad Chickpea Collection, LSD: Least Significant Difference in p<0.05 of probability level, CV: Coefficient of variation.
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Fig. 2- Average plant height (A) and branch number per plant (B) of chickpea genotypes in different survival range after four
weeks of 12 dS.m™ NaCl salinity
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Table 2- Effect of salinity stress of (12 dS.m™ of sodium chloride) on different traits in chickpea genotypes in the survival
range of 51-75%

95 W T e s e,y 9P e -

N 2 Wy Plant ] L O e 1 e R T
Genotype SUI;Vlval Branch height &g Blomass_1 Na K (mg.gdw?) el

(MCC) (%0) plant™ (cm) AHeight (em)  (Mg.plant™) (ma.gdw) N;LK'I
1816 75 9.67 27 6 630 5.50 37.90 0.14
1973 75 9.33 26 8 590 17.8 5.20 3.42
1748 74 9.67 22 6 363 8.00 53.20 0.15
1836 70 8.00 21 6 553 6.60 33.70 0.19
1606 70 8.00 21 3 484 0.90 10.80 0.08
2034 70 11.0 29 9 556 35.9 7.90 4.54
1820 69 11.3 24 8 529 3.50 29.30 0.12
1812 69 10.3 21 4 673 3.40 6.60 0.51
1809 68 11.0 30 19 614 6.40 20.80 0.38
1887 68 11.0 28 10 742 3.50 9.70 0.36
1585 67 8.67 21 6 728 321 4.20 7.64
1277 67 9.33 25 7 677 4.30 21.10 0.20
1883 62 10.0 24 4 329 13.1 12.30 1.07
1571 62 10. 7 21 8 335 3.90 41.4 0.09
1971 62 9.67 22 3 663 27.6 9.40 2.94
1987 62 9.33 24 8 517 5.60 31.40 0.18
1905 61 10.0 20 5 423 6.10 2.00 3.05
1865 60 11.0 23 7 704 3.30 6.70 0.49
1808 60 9.00 24 3 560 3.30 10.30 0.32
1512 58 11.7 24 9 654 6.90 9.70 0.71
1964 58 6.33 28 8 300 2.80 20.80 0.13
2117 57 8.50 18 1 584 11.9 15.50 0.77
1803 56 7.00 16 2 446 15.9 7.10 2.24
1803 54 7.67 20 3 375 8.30 31.80 0.26
1574 51 7.00 21 5 395 14.2 8.40 1.69
1561 51 5.50 20 0 378 17.6 61.40 0.29
1278 51 11.0 26 6 324 4.30 46.80 0.09
1763 51 10.0 30 11 421 194 13.70 1.42
Jslo>
sl 2.32 2.99 7.40 4.60 275.23 511 5.29 6.34
B

LSD(0.05)
b

Jezs] 0.01™ 0.01™ 0.01" 001™ 0.01™ 0.01™ 0.01™ 0.01™
F’value
oo

Ol s 4 19 19 69 34 25 18 90

CV (%)

Sl S o CV o o ey oo el )0 lo cixe glas Jlas LSD cagin 9955 44y SOL:MCC
MCC: Mashhad Chickpea Collection, LSD: Least Significant Difference in p<0.05 of probability level, CV: Coefficient of variation.
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Table 3- Effect of salinity stress of (12 dS.m™ of sodium chloride) on different traits in chickpea genotypes in the survival
range of 26-50%

)é as L M| ‘552.7;0 ‘592.7;0 “""""‘"’
i 95 L i S i) o 0395 Lot 3 i © i
Genotype  Survival “# Plant “y els) Biomass ik iy $
(MCC) % Branch.  height (cm) ~ AHeight  (mg plant™) Na K el
plant™ (cm) (mg.gdw™)  (mg.gdw™)  NaK?
1508 50 8.00 9 3 664 5.3 7.00 0.76
1286 50 11.0 22 6 480 19.1 5.80 3.80
1548 50 9.67 16 5 737 8.7 34.7 0.25
20555 50 8.33 19 5 630 4.1 10.0 0.41
1966 50 9.67 24 5 588 14.1 35.1 1.66
2122 50 6.00 14 3 255 9.6 8.50 1.13
1963 50 9.33 22 4 712 10.7 1.50 7.13
1515 50 6.00 18 1 471 34.9 450 7.75
1580 50 10.0 20 3 704 18.0 5.70 3.18
2084 50 8.00 22 3 314 9.0 6.30 2.43
1755 46 8.00 20 1 671 24.7 4.60 5.37
1914 44 7.67 17 2 257 21.1 60.8 0.35
1578 44 8.33 22 3 390 1.6 20.4 0.08
1709 43 10.7 20 5 565 4.0 9.20 0.43
1846 40 8.33 13 4 419 14.4 2.30 6.26
1816 39 10.5 23 5 503 27.0 27.3 0.99
1889 36 133 20 4 621 9.1 14.1 0.64
2010 36 9.33 17 6 236 14.7 28.6 0.51
1503 34 8.00 21 4 357 31.0 24.8 1.25
1817 33 8.67 19 7 359 4.6 10.3 0.45
1626 33 8.67 15 5 451 4.8 47.1 0.10
1514 33 9.00 22 7 453 12.0 29.7 0.40
1731 33 7.00 14 0 218 18.3 4.40 4.16
1925 33 5.67 22 7 231 29.2 4.70 6.21
1636 33 9.33 21 1 541 2.7 20.1 0.13
1777 33 8.00 29 7 427 8.4 7.40 1.13
1680 33 8.33 20 4 340 8.8 5.10 1.72
2082 29 8.00 26 5 514 111 26.0 0.43
1500 29 8.00 17 2 416 15.7 25.9 061
1063 29 10.0 19 2 357 5.5 6.40 0.86
1546 27 10.0 23 7 661 6.8 7.50 0.91
1576 27 7.67 19 0 408 73 6.80 1.07
1751 26 6.00 16 3 337 2.0 10.0 0.2
1501 26 7.50 16 6 201 9.1 4.70 1.94
Sglas JSlas
5 isin 2.32 2.99 7.40 4.60 275.23 5.11 5.29 6.34
LSD(0.05)
Jeslghe g g 0.01™ 0.01™ 001" 0.01™ 0.01™ 0.01™ 0.01"
Pvalue
el 4 19 19 69 34 25 18 90
CV (%)

Olyats 0 OV s o iy Jloio! mlaws (o o cixe iglas JSlas :LSD caguinn 5450 ,4y SSL:MCC
MCC: Mashhad Chickpea Collection, LSD: Least Significant Difference in p<0.05 of probability level, CV: Coefficient of variation.
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Table 4- Effect of salinity stress of (12 dS.m™ of sodium chloride) on traits studied in chickpea genotypes in the survival range

of 0-25%
e 933 e » &) 03¢ Caumn 3 & cud
: g Plant &g ; PR by g Ao
Genotype  Survival height : Biomass K (mg.gdw™) 3
(MCC) % Branch. g AHeight (mg.plant™) Na 9.9 ey
plant™ (cm) (cm) (mg.gdw™) Na.K™
1549 25 7.33 20 4 280 5.90 37.7 0.16
1687 25 7.67 20 2 233 11.3 6.90 1.64
2113 24 6.00 14 0 453 20.2 3.10 6.52
1484 23 7.67 22 6 651 20.9 6.60 3.17
1975 23 10.33 18 3 287 2.60 6.80 0.38
1956 22 9.33 19 8 447 1.60 10.0 0.16
1531 22 11.00 22 4 635 14.6 9.40 1.55
1974 22 7.67 17 0 396 6.00 4.10 1.46
1637 22 10.67 23 4 668 12.3 5.50 2.24
1953 20 7.67 21 2 273 12.8 47.3 0.27
2114 20 8.00 17 0 498 114 27.2 0.42
1640 20 6.33 16 0 216 4.40 40.1 0.11
1354 20 9.33 19 1 329 18.8 3.60 5.22
1615 18 8.33 20 2 358 1.80 9.70 0.19
1512 18 7.67 20 3 345 7.40 9.40 0.79
1829 17 7.67 22 3 625 23.9 3.30 7.24
1769 17 7.67 17 1 438 14.5 39.9 0.36
1917 17 9.67 19 4 532 5.70 16.9 0.34
1741 17 4.67 15 0 127 4.20 5.80 0.72
1518 17 7.67 16 4 384 23.8 4.90 4.86
1811 17 8.00 17 2 422 29.9 7.50 3.99
1428 17 7.67 18 0 366 5.90 13.5 0.44
1567 17 8.67 17 0 386 8.60 8.30 1.04
1553 17 8.33 16 2 309 14.5 5.80 2.50
1844 15 7.00 21 1 531 16.0 6.30 2.54
1913 15 10.00 20 5 676 4.00 8.60 0.47
1958 14 7.67 18 0 450 22.5 7.20 3.13
2120 14 10.67 20 4 598 12.7 10.0 1.27
2116 14 7.00 24 4 411 13.3 28.1 0.47
1586 14 6.67 18 2 293 15.1 2.70 5.59
1834 13 9.00 23 7 553 16.4 44.2 0.37
1667 13 7.00 16 3 416 4.90 8.60 0.57
1972 13 6.67 26 4 412 3.00 7.40 0.41
1803 11 9.33 18 6 572 10.7 5.00 2.14
1425 11 7.67 18 0 490 24.0 5.10 471
1924 11 6.33 20 4 321 13.9 32.8 0.42
1276 10 6.67 16 0 379 8.10 7.90 1.03
1772 9 5.67 16 2 440 5.90 115 0.51
2045 9 8.33 18 3 434 4.40 34.2 0.13
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Table 4- Effect of salinity stress of (12 dS.m™ of sodium chloride) on traits studied in chickpea genotypes in the survival range
of 0-25%, continued

95 G < 0095 Caum 5 & cu
. A9 Plant &g : PR PO LIRPTVE TR VR W
Genotype  Survival heiaht : Biomass K (mg.gdw?)
(MCC) % Branch. €lg AHeight (mg.plant™) Na g.gaw by
plant™ (cm) (cm) (mg.gdw™) Na.K!
1577 9 8.67 20 1 493 22.3 13.8 1.62
2017 8 6.00 20 1 184 22.1 41.2 0.54
1713 8 7.67 18 0 465 4.70 12.6 0.37
1764 8 6.00 16 1 263 3.60 4.70 0.77
1639 8 7.33 17 0 381 214 4.50 4.76
1993 0 6.33 17 7 304 7.40 35.0 0.21
2115 0 7.67 17 1 423 4.00 7.40 0.54
2073 0 6.67 16 0 231 4.90 7.70 0.64
1894 0 7.67 23 0 315 3.30 9.50 0.35
2019 0 6.00 18 3 339 5.30 7.60 0.70
1465 0 4.00 17 0 185 3.00 10.4 0.29
1779 0 4.33 16 1 107 1.30 10.4 0.13
1649 0 6.33 15 0 216 1.30 9.00 0.14
1847 0 6.00 14 2 260 3.70 8.30 0.45
1776 0 5.67 19 0 282 3.50 317 0.11
1721 0 8.50 18 3 150 18.6 34.6 0.54
1766 0 6.33 14 0 209 7.00 19.9 0.35
1554 0 5.33 14 1 138 27.6 46.4 0.59
1772 0 8.33 18 0 251 2.80 48.6 0.06
1707 0 6.33 19 0 409 1.80 10.2 0.18
1919 0 8.00 20 2 357 1.60 4.60 0.35
1956 0 5.00 15 4 185 3.30 8.70 0.38
2020 0 8.00 18 0 333 2.30 6.20 0.37
1770 0 7.33 20 0 222 195 8.20 2.38
1584 0 5.50 17 0 302 13.8 8.50 1.62
1626 0 10.00 23 4 494 6.90 7.20 0.96
1834 0 5.33 16 1 223 5.70 36.1 0.16
1618 0 5.00 18 0 199 5.50 24.6 0.22
1900 0 6.00 20 0 248 5.50 34.0 0.16
1726 0 7.67 24 4 448 135 24.0 0.56
1613 0 8.67 20 2 426 14.8 404 0.37
1644 0 6.00 18 1 314 5.30 11.3 0.47
1640 0 6.67 18 0 148 4.30 3.50 1.23
1631 0 8.67 25 3 415 9.90 5.00 1.98
1619 0 7.33 18 1 206 5.30 124 0.43
1543 0 6.33 19 0 280 14.4 7.00 2.06
1801 0 6.67 17 1 261 7.90 7.70 1.03
1898 0 8.33 18 0 261 10.5 6.60 1.59
1732 0 11.33 19 6 591 195 5.20 3.75
1603 0 7.00 16 1 226 9.80 7.30 1.34
1915 0 6.00 14 1 238 3.70 5.70 0.65
1695 0 6.33 18 4 95 1.30 7.80 0.17
1810 0 5.00 16 1 100 2.80 0.20 14.00
1813 0 8.33 15 2 209 9.00 4.50 2.00
1751 0 7.00 16 0 266 8.30 4.70 1.77
2003 0 7.33 15 0 242 6.70 3.10 2.16
1774 0 11.00 28 5 414 6.00 5.20 1.15
1997 0 6.00 15 0 153 2.60 5.80 0.45
2031 0 5.00 18 0 219 7.90 3.60 2.19
1611 0 7.00 20 0 316 15.0 32.1 0.47
1838 0 3.00 9 0 116 55.1 40.3 1.37
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Table 4- Effect of salinity stress of (12 dS.m™ of sodium chloride) on traits studied in chickpea genotypes in the survival range
of 0-25%o, continued

Pl gy ely, EWH SN S S
e 933 e #EE 03¢ Caumn 3 G ca
. dig Plant LoY) K PR L) (S g0 N e
Genotype  Survival height : Biomass K (mg.gdw™)
(MCC) % Branch. g AHeight (mg.plant?) Na 9.9 pow
plant™ (cm) (cm) (mg.gdw™) Na.K!
2118 0 7.33 15 2 251 15.7 4.6 341
1635 0 5.67 18 1 422 7.50 5.90 1.27
1761 0 5.67 19 0 319 9.10 7.70 1.18
1597 0 7.33 18 1 416 7.20 3.40 212
1604 0 7.00 14 1 224 6.50 7.40 0.88
1852 0 5.67 17 0 281 9.60 7.20 1.33
1528 0 6.00 19 0 247 6.60 6.20 1.06
1838 0 6.67 17 0 315 10.6 8.70 1.22
1699 0 3.50 16 0 186 5.10 4.10 1.24
1967 0 5.67 17 0 233 7.40 7.10 1.04
2078 0 9.00 17 1 437 14.6 2.90 5.03
1234 0 4.00 15 4 208 6.50 4.40 1.48
1551 0 5.67 22 5 273 4.90 9.10 0.54
1830 0 6.67 16 0 260 8.10 15.0 0.54
1896 0 8.00 27 4 669 19.10 5.00 3.82
1837 0 11.00 32 7 671 19.10 8.30 2.30
2018 0 4.33 17 0 215 5.80 7.50 0.77
1747 0 7.50 22 3 475 151 6.00 2.52
1698 0 3.00 12 5 115 17.9 9.80 1.83
1525 0 9.00 22 3 497 114 4.60 2.48
1312 0 5.00 16 0 170 3.80 4.40 0.86
1665 0 6.00 16 1 128 3.80 7.60 0.50
2046 0 9.50 20 2 277 15.0 2.20 6.82
ol JBlos
o g 2.32 2.99 7.40 4.60 275.23 511 5.29 6.34
LSD(o.05)
Jelebe g1 0.01” 0.01” 001” 0.01” 0.01” 0.01” 0.01”
F’value
oo
&l s 4 19 19 69 34 25 18 90
CV (%)

Sl S 5 OV s o gy ool s )0 lo cire @glis Jlas (LSD caginn 9955 44y SOL:MCC
MCC: Mashhad Chickpea Collection, LSD: Least Significant Difference in p<0.05 of probability level, CV: Coefficient of variation.
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Fig. 3- Shoot Na and K (A) and Na/K (B) concentrations of chickpea genotypes in different survival range after four weeks of
12 dS.m™ NaCl salinity
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Fig. 4- Shoot dry weight of chickpea genotypes in survival range after four weeks of 12 dS.m™ NaCl salinity
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Fig. 5- AHeight (cm) of chickpea genotypes in survival ranges after four weeks of 12 dS.m™ NaCl salinity
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Table 5- Correlation coefficients of traits studied in chickpea genotypes under 12 dS.m™ sodium chloride salt stress
1. 2. 3. 4. 5. 6. 7. 8.
1. e 1
Survival
2 asLs olows 0.49™ 1
Branch No.
5oy elas - -
3. Sy g, 0.44 0.41 1
Plant height
4. Sy glas| L 050" 043" 055" 1
AHeight
5. PP 047" 050" 035" 0307 1
Biomass
6. M*‘”N‘”"“‘ 002  006™  000®  -0.01™ 007" 1
a
7. “’*“"’*kd%’“’ 014™  004™ 007" 0127  -0.04" 005" 1
8. el e Sl 01 001 004" -008®  004® 0357 0257 1
Na.K
S Foe 5 0o, S gty i Jleisl a0 I8 S oS 54y NS g ke g
*, **and ns: significant in 5%, and 1% of the probability levels and nonsignificant, respectively.
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Fig. 6- Classifying dendrogram in chickpea genotype based on studied traits
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Table 6- Factor analysis for chickpea genotypes under 12 dS.m* sodium chloride salt stress

Jol Jele P9 Jole po Jole
Factor 1 Factor 2 Factor 3
& -0.82 0.00 0.07
Survival
asLy oloss
-0.85 -0.09 -0.05
Branch No
) -0.82 0.02 -0.06
Plant height
éL&J)l A 081 0.09 0.01
AHeight
°°_95C-e.j -0.80 -0.17 -0.13
Biomass
e (Syime -0.02 -0.70 0.61
Na
el (S5 -0.14 0.47 0.82
K
POV LR VIR VGO
N 0.09 -0.88 -0.02
Na.K
o5 Sl 3.43 1.53 1.06
Eigen value
ST deo ) 42.9 62.0 75.3

Cumulative%

3955 axlllos yg0 Slio (bl 5 Wog 5 (Wlaypo (12SSleo) (ilslg 4525 -V Jgur

$29b e e
Table 7- Analysis of variance (mean of squares) based on measured groups
in chickpea genotypes under salinity stress

Olas Wog S o og 5 S50
Traits Between groups Within groups
oLl ez 3 202
d.f
[ETRWESRS
] 65646** 156866**
Survival
asLs olaws
350** 465**
Branch No.
G €8 1219%* 2707%*
Plant height
elis | odlus| . 1503
AHeight
2P 5412082" 516663
Biomass
e S5 109™ 14747
Na
peliy s 1214 33777
K
el 4 o S ns ns
’ 17.9 3074
Na.K

SIS sire g Ao ,0 S g de )0 gy Jleixl mhaw jo jlo dixe ccud Sy NS g s g
*, ** and ns: significant in 5%, and 1% of the probability levels and nonsignificant, respectively.
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Table 8- Mean comparison and standard error of means of studies traits in different groups of chickpea genotypes in the
presence of salinity

Sl S 095 99095 Vo9 Fogys Egoxo
Group 1 Group 2 Group 3 Group 4 Total
Number 59 77 35 35 206
Gy 2 7.93%%+17.6 31.0°+29.6 53.7%+33.7 52.6°+31.6 31.9+32.9

Survival (%)
Ag ,0 FESRIRIRY]

6.34%1.55 8.12°+1.63 9.41%+1.24 9.85%1.46 8.12+1.99
Branch No.
iy g 16.9%2.69 20.0°+3.59 23.2°+3.25 22.9%+5.29 20.1+4.38
Plant height (cm)
5“‘3' ks 1.49%2.01 3.16°+2.72 5.26%+3.71 5.31%2.63 3.40%3.10
AHeight (cm)
| ey 214%52.1 390°452.6 544P+42.2 677°451.1 415+170
Biomass (g.palnt™)
e S 9.35%+8.86 10.8%8.59 11.2°+8.47 11.0%8.00 10.548.51
Na (mg.g dw™)
et Sy 14.7°+14.9 14.9"+135 19.1°412.3 10.8°+7.58 14.9+13.1
K (mg.g dw™)
“’“"l“;’ “”k‘fj R 1.94%3.32 2.30%4.77 1.60%+2.40 2.46°+3.86 2.11+3.88
a.

ol Qlizee gloog 5 les Slo ge Dglas oasmelis Sglate By,
* Means with the same latter are significntly differences.
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B Lo (oSl oy (o 2855 4 Olgs o0 cnlplo
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Table 9- Analysis variation of multi variables based on unbalanced completely randomized
design (CRD) Wilks' Lambda in chickpea genotype under salinity stress

&b &ol3T a0 lawo¥ Slig 20 S Jbos> c_lg..,“ ,
Function d.f Wilks' Lambda  Chi-square Prolté‘;"/gl'l'ty
1 24 0.07 517 0.00
2 14 0.91 18.1 0.20

3 6 0.99 2.71 0.84
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Table 10- The results of discriminant function for clustering validity of chickpea
genotypes under salinity stress

, 09,5 gac
°95 Group membership Eyoo
Group 1 ) 3 4 Total
1 59 0 0 0 59
gz 2 2 74 1 0 77
Total 3 0 1 34 0 35
4 0 0 0 35 35
1 100 0 0 0 100
- 2 26 9.1 13 0 100
Percent 3 0 2.9 97.1 0 100
4 0 0 0 100 100

Sl 0o ploxil oro Hebody (g0 )3 5l dusys AA/N
98.1 percent of original grouped cases correctly classified.
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Table 11- Standardized canonical discriminant function coefficients
measured groups in chickpea genotypes under salinity stress

Olo 4.:{""5‘[5 é.'u
Traits Canonical function
1 2 3
Gy ey 022" 0.39 0.13
Survival
asLs olows "
-0.05 0.25 0.87
Branch No
435.3 él.tu) *
_ -0.06 052 -0.06
Plant height
o e 0.13 012" -0.64
AHeight
2P 107" -0.20 -0.15
Biomass
o SR 0.15 0.10 0.15*
Na
oy s5ime -0.10 0.53" 0.35
K
e 0.18 0.03 0.26*
_1 = . . .
Na.K
o5y Jlaie 113 0.08 0.01
Eigenvalue
ez o) 99.2 99.9 100
Cumulative%
S (T 0.96™ 0.27™ 0.16™

Canonical correlation

Canonical Discriminant Functions
Group

00

|
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Function 2
o
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Fig. 7- Cluster grouping of chickpea genotypes based on significant canonical variable under controlled conditions
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