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Evaluation of Some Morpho- Physiological Responses of Citrus Genotypes to
Salinity Stress
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Table 1. List of citrus genotypes used in this research for evaluating salinity tolerance

ok J e i 55 Jo od Jbjg o5 65 Joe old Jbje o 55 J
Screened genotype  Location  Screened genotype  Location  Screened genotype Location
Gl Ramsar G19 Ramsar  G42 (Bergamot) Ramsar
G5 Ramsar G20 Ramsar  G43 (Citrumelo) Ramsar
Go6 Ramsar G22 Ramsar  G44 (Sour Orange) Ramsar
G7 Ramsar G25 Ramsar  G45 (Citrange) Ramsar
G8 Ramsar G26 Ramsar  G46 (Bakraei) Ramsar
G10 Ramsar G29 Ramsar  G47 (Eureka lemon x Unknown) Ramsar
Gl15 Ramsar G30 Ramsar G35 (Rough lemon) Darab
Gl6 Ramsar G32 Ramsar  G36 (Volkameriana) Darab
G18 Ramsar G41 Darab G39 (Rangpur lime) Darab
G34 (Cleopatra) Ramsar
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STS = MP (Mean Productivity) + STI (Stress Tolerance Index) + GMP (Geometric

mean productivity) + YI (Yield Index’ + DRI (Drought Response Index) + YSI (Yield

Stability Index) — SSI (Stress Susceptibility Index) — TOL (Tolerance)
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Table 4. Mean comparison for morpho- physiological characteristics of citrus genotypes as affected by different levels of salinity stress

using NaCl
~ ~ a %)
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0 76.31d-1 12.279ab md 1.245bj  0.2222a-c  105.11a-n  39.03c-n 5.56n-p 74.09a-i 0.4lg-m 1.62k-n 3.99
Gl 40 72.39d-1 14.519ab 9.167h-q  0.440h-j  0.2189a-d 63.45c-n  23.4len 23.51j-p  64.88a-k 0.49f-m  1.66g-n 3.40
90 74.26d-1 19.175ab  12.167d-q  1.041b-j _ 0.1015h 74.64c-n  23.54e-n 30.46f-p  66.573a- md 1.83b-1 md
0 100.00b-1 15.003ab  25.000bc  2.121a-c  0.1802a-h 87.51b-n  53.19a-h 0.00p md 0.30j-r 1.6Imn 535g-n
G5 40 50.13j-1 12.361ab 8.000h-q 0.495h-j  0.214la-f 56.11e-n  21.93fn 13.48l-p  59.01d-k 0.53fr 1.69g-n 3.22e-n
90 58.320-1 15.504ab 1.933pq 0.457h-j  0.1711a-h 31.89j-n  12.25i-n 56.34a-i _ 65.68a-j 0.56e-r 1.77b-m 3.15fn
0 94.71b-1 13.303ab  14.850c-o md 0.1695a-h 98.75a-n  35.52c-n 0.00p  88.53a 0.39i-r 1.87b-h 4.81b-k
G6 40 84.44b-1 12.736ab  15.100c-0 md 0.2227a-c  123.22a-1  46.09c-k 0.00p  76.27a-i 0.41i-r 1.66g-n 4.07j-n
90 67.52¢-1 15.097ab 8.900h-q md 0.2197a-d 57.38d-n__ 16.65f-n 23.68j-p  70.58a-j 1.43ab 1.74c-n 1.22mn
0 91.98b-1 14535ab  19.667b-h  0.923b-j  0.1786a-h  115.85a-n  45.12c-I 0.00p  68.40a-j 0.39i-r 1.97ab 5.07ab
G7 40 107.53b-k 16.849ab  10.7005f-q  1.181b-j  0.1833a-g 90.27b-n  29.73c-n 0.00p  78.09a-h 0.33j-r 1.67g-n 5.02g-n
90 59.11f:1 15.936ab 7.000i-q  1.905a-g  0.1305gh 16.88l-n  9.52k-n 45.30a-1  55.32fk 0.40i-r 1.96a-c 4.85ab
0 210.30a 19.842ab md 0.889b-) 0.2184a-e  197.90ab _ 85.00ab 0.00p  73.94a-i 0.25Ir 1.67gn 6.79b-1
G8 40 128.71b-g 17.503ab  13.333c-p  1.175b-j  0.23%4a 162.67a-e  68.03a-c 4.440p  67.69a- 0.29kr  1.67gn 5.79¢c-n
90 126.24b-h 16.180ab  15.167c-o  0.952b-j  0.2190a-d  109.18a-n _ 55.40a-f 6.02n-p  70.22a-j 0.49f-r 1.66h-n 3.34h-n
0 83.79b-1 13.540ab  10.333g-q  0.622g-j  0.2031a-g 89.86b-n  32.2lcn 0.00p  67.32a 0.16pr  1.63j-n 10.17a-i
G10 40 99.77b-1 15.293ab 5.500j-q  0.343j 0.2033a-g 78.95¢c-n  25.95d-n 9.82m-p  73.06a-i 0.66d-r 1.62j-n 2.46mn
90 64.99¢-1 13.506ab 1.575pq 0.394h-j  0.1724a-h 88.03b-n__ 30.35c-n 43.48b-1  59.63c-k 0.99a-h  1.75b-n 1.76k-n
0 102.90b-1 15.136ab  15.500c-n md 0.1792a-h 92.61b-n  34.48c-n 0.00p  62.92b-k 0.28k-r  1.59mn 5.72e-n
Gl15 40 69.12¢-1 13.583ab 4.250n-q md 0.2079a-g  173.25a-c  349lcn 12.931-p  78.61a-h 0.56e-r 1.76b-m 3.16k-n
90 63.71e-1 16.760ab 5.333j-q md 0.1861a-g 55.82e-n  11.11j-n 59.86a-g  52.83i-k 1.27ac  1.83b-1 6.88j-n
0 128.89b-g 14.047ab  23.000b-e  1.320b-j 0.1917a-g  169.40a-d  65.04a-d 0.00p  76.62a-i 0.18nr  1.63%n 8.94a-g
Glé 40 122.27b-i 16.388ab  15.625¢c-n  2.794a 0.1936a-g  121.30a-m  50.66b-j 7.070-p  72.17a-j 0.39i-r 1.69g-n 4.35¢-m
90 114.72b-j 14.035ab 6333 1.054b-j  0.2024a-g 90.68b-n  46.33c-k 0.00p  59.74c-k 1.13a-e  1.72d-n 13.53mn

LI 5l gan D3l 1Y Sz elas ) SOl (glaials dig 03057 by disl o 65 2hie O3 o S5 il (6113 47 O g, 3 (b SOLe

Mean, in each column, followed by at least one letter in common are not significantly different at the 1% probability level- using Duncan’s Multiple Range Test.

Note: md: Missing data
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Table 2. Continued
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0 153.56ab 11.330b 29.500b 1.422b-j  0.2292ab 150.00a-h 90a 0.0p 74.00a-1 0.12r 1.60mn 12.66 a-h
G18 40 83.48b-1 18.258ab 18.750b-i md 0.1924a-g  130.00a-1 4125cn  0.0p 71.52a-j 0.30j-r 1.65h-n 5.54e-n
90 87.24b-1 15.960ab 5.300j-q 1.029b-j  0.1635a-h 28.72k-n 11.40j-n  64.4a-e  5530g-k  0.85c-k 1.84b-k 2.17gn
0 127.49b-h 14.262ab 10.350g-q 1.270b-j 0.2186a-¢  144.84a-j 48.82b-k  0.0p 71.14a-j 0.170-r 1.6Imn 9.31f-n
G19 40 142.84b-b 19.946a 14.250c-0 1.465b-j  0.1836a-g  129.74a-1 4439c-m  230p  72.82a-i 0.28k-r 1.73d-n 6.13a-
90 55.64h-1 19.028ab 4.667m-q 0.728¢-j  0.1770a-h 37.28g-n 11.40j-n  352e-0  69.71a-j 0.26k-r 1.611-n 6.10f-n
0 74.89d-1 md md 0.838c-j md 98.75v 32.10c-n  0.0p 85.83ab 0.34j-r 1.69g-n 4.98d-n
G20 40 79.11c-1 19.995a 13.975¢c-0 1.045b-j  0.1761a-h 69.44c-n 25.09d-n  3.70p  8048a-f  0.25lr 1.67g-n 6.76¢c-m
90 76.31d-1 17.913ab 10.600f-q 0.643f-j  0.1789a-h 75.38¢-n 24.22e-n  37.6d-n  60.93b-k  0.62d-r 1.65h-n 2.65e-n
0 131.07b-f 16.852ab 16.500c-m 2.007a-e  0.1540b-h  118.88a-m 46.94b-k 25.0i-p  76.43a-i md md md
G22 40 94.64b-1 16.800ab 13.000d-q 1.058b-j  0.1759a-h 73.89¢-n 27.25d-n  23.9j-p  68.54a-j 0.25b-n 1.75b-n 6.97j-n
90 98.98b-1 18.206ab 9.333h-q md 0.1493b-h  66.99¢c-n 23.08¢-n  83m-p  63.62a-k  0.29b-m 1.79b-m 6.11k-n
0 101.38b-1 13.787ab 12.750d-q 0.847c-j  0.2054a-g 64.67c-n 497-n 0.0p 73.16a-1 0.17g-n 1.67g-n 10.03d-n
G25 40 96.35b-1 14.980ab 11.567e-q 1.007b-j  0.1903a-g 54 44e-n 19.38f:n  13.0-p 77.05a-i 0.13i-n 1.63i-n 12.39d-n
90 90.94b-1 15.601ab 10.333g-q 0.825¢-j  0.1630a-h 37.02h-n 17.89f-n  76.2a 70.85a-j 0.21e-n 1.71e-n 8.01h-n
0 50.20i-1 14.054ab 10.933f-q 1.236b-j 0.1837a-g 53.82e-n 19.87fn  0.0p 71.32a-j 0.19g-n 1.69g-n 8.88d-n
G26 40 57.11g-1 13.642ab 8.667h-q 0.957b-j  0.1667a-h 60.23¢-n 24.88d-n  0.0p 68.40a-j 0.21e-n 1.71e-n 8.18b-1
90 87.26b-1 16.950ab 8.500h-q 0.584h-j  0.1598a-h 70.05¢-n 2336en  87m-p  57.01d-k  0.34b-k 1.84b-k 5.45g-n
0 84.81b-1 17.309ab md 0.788d-j  0.1883a-g 95.09a-n 29.84c-n 3.60p 84.42a-c 0.21e-n L.7Te-n 8.05a-¢
G29 40 128.34b-g 14.106ab 18.500b-i 1.053b-j  0.2254ab 195.56ab 62.50a-¢  40.0c-m  71.09a-j md md md
90 73.43d-1 15.919ab md 0.286j 0.1404d-h 9.89mn 447mn_ 71.a-c_ 53.79h-k  0.25b-m 1.75b-m 6.87i-n
0 42.71j-1 14.015ab 4.000n-q 0.762d-j  0.2126a-f  150.49a-g 3291c-n  250p  6025c-k  0.14i-n 1.64i-n 11.66a-d
G30 40 82.76b-1 14.100ab 10.1670g-q 0.701f-j  0.1862a-g 48.38f-n 18.51f-n  330p  68.06a-j 0.22d-n 1.72d-n 7.69f-n
90 md md 3.3330-q 0.445h-j md 3.11n md 75.0ab 56.65e-k 0.35b-i 1.86b-i 5.20j-n

Mean, in each column, followed by at least one letter in common are not significantly different at the 1% probability level- using Duncan’s Multiple Range Test.
Note: md: Missing data
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0 110.59b-k 14.776ab 11.000f-q md 0.1947a-g 110.56a-n 40.69c-n 0.00p 81.35a-¢ 0.09mn 1.59mn 17.36g-n
G32 40 83.50b-1 14.505ab 5.1671q 0.457h-j  0.2014a-g 76.27¢c-n 2649d-n  68.06a-d  67.63a-] 0.19g-n 1.70g-n 8.55g-n
90 87.94b-1 16.072ab 3.667n-q 0.381ij 0.1393d-h 42.00f-n 19.2f-n 76.19a 62.06b-k 0.26b-m 1.76b-m 6.81k-n
0 91.66b-1 15.249ab md 1.118b-j  0.1898a-g 135.55a-k 48.19b-k 0.00p 76.43a-i 0.607a 2.10a 3.49a
G34 40 65.40¢-1 16.615ab  23.500b-d 0.597h-j  0.1784a-h 74.64c-n 27.03d-n  0.00p 80.19a-g 0.16g-n 1.66g-n 10.12f-n
90 69.22¢-1 15.892ab 22.367b-f md 0.1915a-g 99.71a-n 42.64c-n 0.00p 84.72a-c 0.21g-n 1.71g-n 8.28k-n
0 124.97b-h 16.689ab 17.200c¢-1 1.930a-f  0.1788a-h 152.47a-f 52.20b-1 0.00p 77.95a-1 0.17g-n 1.67g-n 9.59ab
G35 40 110.80b-k 17.218ab  17.250c-k 2.032a-d  0.1926a-g 92.41b-n 4441c-m  1.52p 82.12a-d 0.22d-n 1.72d-n 7.69f-n
90 89.66b-1 15.813ab__ 11.000f-q 0.724e-j  0.1979a-g 90.00b-n 38.75¢-n _ 27.75h-p  66.02a-] 0.46ab 1.96ab 4.22j-n
0 67.33e-1 16.123ab md 1.113b-j mdp 66.45¢c-n 30.22¢n 0.00p 72.11a-j md md md
G36 40 73.43d-1 16.087ab  11.133e-q 0.843d-j  0.1656a-h 62.16¢-n 23.72en  14.77k-p  88.32a 0.24c-n 1.74c-n 7.19fn
90 57.11¢g-1 md 13.500c-p 0.991b-] md 68.43¢c-n 25.15d-n  63.24a-¢  47.32jk 0.29b-m 1.79b-m 6.16g-n
0 49.25j-1 13.002ab md md 0.1934a-g 29.59k-n 11.80i-n 51.00a-j 40.35k 0.03n 1.53n 5.764n
G39 40 63.18¢-1 15354ab  16.900c-1 md 0.1895a-g 37.50g-n 1346h-n  0.00p 78.25a-h 0.22e-n 1.72e-n 7.81d-n
90 50.00j-1 md 5.250k-q 0.6223g-i md 4.72n 2.45n 61.67a-f  62.77b-k 0.44a-d 1.94a-d 4.37f-n
0 128.49b-g 14363ab  17.333c 0.779d-j  0.1846a-g  145.52a-i 55.74a-f 0.00p 72.00a-j md md md
G41 40 101.38b-1 13.746ab 8.767h-q 1.058b-j  0.1903a-g  110.75a-n 4291c-n  0.00p 80.62a-¢ 0.43a-f 1.93a-f 4.48b-k
90 69.63e-1 15.465ab 6.000i-q 0.288j 0.2032a-g 67.98¢c-n 2237e-n _ 58.52a-h  73.75a-i 0.35b-j 1.85b-j 5.305¢-n
0 61.011-1 12.319ab 19.333b-h 0.914b-j  0.22734ab 107.53a-n 24.01e-n 0.00p 76.64a-i 0.12k-n 1.62k-n 13.50b-1
G42 40 133.72b-¢ 14.461ab  18.667b-i 1.490b-j  0.1809a-h  114.89a-n 44.64c-m  0.00p 58.53d-k 0.21e-n 1.71e-n 8.020g-n
90 113.94b-j 17.358ab 9.667h-q 1.118b-j  0.1715a-h 87.50b-n 31.48c-n  28.86h-p 66.94- 0.24c-n 1.74c-n 7.29h-n
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Mean, in each column, followed by at least one letter in common are not significantly different at the 1% probability level- using Duncan’s Multiple Range Test.
Note: md: Missing data
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0 96.02b-1 17.631ab 41.50a 1.105b-j 0.1852a-g 144.08a-j md 2.560p 76.22a-i 0.45a-c 1.95a-c 4.33a-c
G43 40 63.49%-1  16.444ab 12.00d-g  0.686f 0.14216¢c-h  65.82cn  33.06c-n 26.76h-p  88.27a 0.16h-n 1.66h-n 10.30-n
90 39.36kl 17.439ab 5.625i-q  0.296] 0.1330f-h 36.12in  13.8h-n 46.06ak  73.16a<i  0.27b-m 1.77b-m 6.52¢-n
0 89.45b-1 14.143ab md 0.737d-j 0.1376e-h 65.64c-n 32.94c-n 0.00p 70.60a-j 0.16h-n 1.66h-n 10.42b-k
G44 40 85.46b-1 16.979ab 12.67d-q  1.693a-h  0.1777a-h 80.68c-n  27.69c-n 0.00p 7343ai  0.19gn 1.69g-n 8.80d-n
90 148.35bc 15.861ab 21.70b-g 0.952b-j 0.2122a-f 204.69a 55.11a-g 0.00p 78.18a-h 0.22e-n 1.72¢-n 7.89d-n
0 35.251 16.255ab 8.833h-q  0.749d- 0.1525b-h 25.57k-n  8.61k-n 0.00p 75.14a-i 0.12k-n 1.62k-n 13.27g-n
G45 40 33.121 13.009ab 1.17q 0.703f 0.1412d-h 22.71k-n  9.35k-n 1642k-p  70.80a-j  0.22d-n 1.72d-n 7.71g-n
90 44.09j-1 13.293ab 1.00q 0.483h] 0.1842a-¢ 23.06k-n  14.68g-n 13331p  679laj  0.39b-g 1.89b-g 4.86e-n

0 47.68j-1 16.600ab md 1.143b-j 0.1963a-g 5405en  17.42fn 0.00p 79.38a-g md md md
G46 40 68.11e-1  14.904ab 9.75g-q  0.819d 0.18894a-g  56.46d-n  18.5fn 29.14g-p  779la-i  0.21fn 1.71f-n 8.24h-n
90 64.69¢-1  17.169ab 8.00h-¢  1.067b-j 0.19937a-g  51.69e-n  15.62f-n 26.67Th-p  75.54a-i  0.43a-¢ 1.93a-¢ 4.47g-n

0 76.59¢-1 12.808ab 11.5e-q 1.676a-i 0.1823a-h 70.72¢c-n = 30.64c-n 0.00p 62.54b-k md md md
G47 40 99.2b-1 16.598ab 7.00i-q 1.206b-j 0.1895a-g 66.83c-n 29.3c-n 3.850p 80.25a-g 0.28b-m 1.795-m 6.29¢e-n
90 51.55i-1 13.460ab 9.00h-q 2.172ab 0.1694a-h 33.58i-n 14.89g-n 69.52a-d 55.33fk 0.29b-m 1.79b-m 6.13i-n
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Mean, in each column, followed by at least one letter in common are not significantly different at the 1% probability level- using Duncan’s Multiple Range Test.
Note: md: Missing data
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Table 3. Stress tolerance score (STS) for seedlings of citrus genotypes

) o Je o s R 4 Jamd 0 el
Genotype STS Genotype STS
G25 12.446 G45 (Citrange) -4.263
G8 10.004 G22 -4.372
G34 (Cleopatra) 10.002 G30 -4.8380
G42 (Beragamot) 7.222 G39 (Rangpour lime) -4.908
G44 (Sour orange) 5.362 G32 -5.721
Gl6 4.800 G47 (Eureka lemon x Unknown) -6.726
G41 4.770 G6 -8.911
G10 2.785 G15 -9.763
G26 0.719 G43 (Citrumelo) -10.223
G20 -1.0436 G5 -10.767
G36 (Volkameriana) -1.307 G19 -10.928
G49 (Bakraei) -1.689 G7 -11.720
G35 (Rough lemon) -2.376 GI18 -13.489
Gl -2.957 G29 -13.678

STS =-24.64 + 0.41RWC - 0.35LNL
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