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Extended abstract

Introduction

Salinity stress is one of the main abiotic stress factors and environmental problems affecting crop yields
worldwide, especially in arid and semi-arid regions. Land salinization is increasing, with 10 million ha
of agricultural land destroyed annually. An increase in the concentration of salts in soil solution or
irrigation water adversely affects plant growth and productivity, which can substantially reduce yield
production. Maize (Zea mays L.) is the third most important cereal grain after rice and wheat, due to its
high yield and nutritive value and also known as the queen of cereal crops and is moderately sensitive
to salinity stress. Accurate screening of maize tolerant genotypes using selection indices for salinity
stress tolerance is an efficient approach to improve salinity tolerant crop plant genotypes, as well as
reduce the effect of salinity on this crop.

Materials and methods

This study was conducted at the Urmia University Research Farm in 2017 to evaluate the influence of
salinity stress (8 dSm-) on the grain yield of 86 maize lines, as well as identify salt-tolerant maize lines
based on selection indices for salinity stress tolerance. The pot experiments in normal and salinity stress
conditions were set up in a randomized complete block design (RCBD) with three replicates. Ten
selection indices for salinity stress tolerance including Stress Susceptibility Index (SSI), Tolerance Index
(TOL), Stress Tolerance Index (STI), Mean Productivity (MP), Geometric Mean Productivity (GMP),
Harmonic Mean (HM), Abiotic Tolerance Index (ATI), Drought resistance Index (DI), Modified Stress
Tolerance Index in normal condition (MpSTI), and Modified Stress Tolerance Index in stress condition
(MsSTTI) were calculated based on grain yield of lines under normal and salinity stress conditions.

Results and discussion

A wide range of genetic variability was obtained among the studied maize lines in terms of grain yield
under normal and salinity stress conditions as well as in terms of selection indices for salinity stress
tolerance, which provided suitable conditions for evaluating tolerance indices and selection of tolerant
lines. STI, MP, GMP, and HM had the highest correlation with grain yield in both normal and salinity
stress conditions and were suitable to screen salt-tolerant and high-yielding maize lines. The three-
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dimensional (3D) plot obtained from these indices showed that the lines Mao25, Mao10, Ma026, Mao11,
Maoo9 Mao1s, Ma116, Mao12, Ma028, and Ma062, which were in group A, had high yields in both
normal and stress conditions. The results obtained from the use of principal component analysis showed
that the first two principal components account for 93% of the total variance. The first component, called
yield potential, had a very significant correlation with STI, MP, GMP, HM, DI, MpSTI, and MsSTI and
was able to separate high-yielding maize lines in both normal and stress conditions. The second
component, called sensitive or tolerant to salinity stress, had a very high correlation with SSI, TOL, and
ATT and was able to distinguish stable maize lines. According to the hierarchical cluster analysis, a total
of 86 maize lines were grouped in three tolerant, semi-tolerant, and sensitive clusters somehow this
clustering was completely consistent with the separation of maize lines by the first principal component.
In addition, each of these clusters had two subclusters that were separated according to the second
principal component, so that in each cluster, the lines that had high yield stability were placed in the
first subcluster, and the lines that had lower yield stability were placed in the second subcluster. Thus,
Mao1o, Mao26, Maoo9, Mao27, Mao23, Maoo7, and Maoos were introduced as salt-tolerant maize
lines with stable yields to use in breeding programs.

Conclusion

Based on the available findings, the present study, as the first study on a large number of maize lines (86
lines) in the country, evaluated salinity stress tolerance using selection indices. The results of this study
revealed the importance of using selection indices for stress tolerance as a reliable and useful tool to
improve salinity stress tolerance in maize lines. Accordingly, STI, MP, GMP, and HM were identified as
the most appropriate indices for the selection of tolerant and stable maize lines using multivariate
statistical methods. It is recommended that the selected maize lines be considered as parent lines in
future breeding programs in order to improve salinity stress tolerance and stable grain yield.
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Code Line Name Code Line Name Code Line Name
Ma001 P3L2 Ma032 K1264/5-1 Ma079 138* /89
Ma002 PI11L2 Ma035 B73 Ma080 415K19 */ 1392
Ma003 P15L16Kahriz Ma036 <, 40OH 43/1-42 Ma083 = 8 cs1* /89
Ma004 P9L3Kahriz Ma037  s,4R59 Ma085 131390/Popcorn- 53 or 54
Ma005 P13L2 Ma038 W37A Ma091 8/K19/1
Ma006 P19L7Kahriz Ma039 R319 Ma096 67*/88
Ma007 P6L1 Ma040 RS9 Ma098 1387/193/ chase*/S2
Ma008 P19 L3Kahriz Ma042 WI153R Mal00 36-N/88-K3653/2
Ma009 P14L1Kahriz Ma043 K1533 Popcorn Mal04 Linel
Ma010 P11L7 Ma044 R59:R319 Mal05 Line2
Ma0Ol1l P14L2 Ma045 B73(RFC OR CMS) Mal06 Line3
Ma012 PI10L5 Ma046 1264/ 1 Mal07 Line4
Ma013 PI1L4 Ma048 ZK472221 Mal08 Line5
Ma0O14 PI11L6 Ma049 K1263/1/1388 Mal09 Line6

Ma015 PI13L3 Ma051 9/K19/1 Mall0 Line7

Ma0l6 Pl16L4Kahriz Ma052  3/K19/1&(K19/1*/1392) Malll Line8

Ma017 P3 L4Kahriz Ma054 2/ K19/1&(K19/1) Mall2 Line9

Ma018 P1 L5Kahriz Ma055  K3640/S /55-N Mall3 LinelO

Ma019 P19L5Kahriz Ma057 20* /1389 Mall4 Linell

Ma020 P15L14 Ma060 152182/ QPM/ SUKMA Mall5 Linel2

Ma021 P16L6Kahriz Ma062 6* /88 Mall6 Linel3

Ma022 PI15L4 Ma064  4/K19/1 Mall7 Linel4

Ma023 P11L9 Ma066  48* /1390 Mall8 Linel5

Ma024 P9L6 Ma072 K166B/89&(14¥*K166B/1390) | Mall9 Linel6

Ma025 PI3L1 Ma073  4153%K18-B/1392 Mal20 Linel?7

Ma026 P10L7 Ma074 7/K19/1 Mal2l Linel8

Ma027 P16L12Kahriz Ma075 23*/89 Mal22 Linel9

Ma028 P10L9 Ma076 70%*/ 1388 Mal23 Line20

Ma031 OH43/1-42 Ma077 10/K 19/1

3 Bulk curing
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Table 2. Selection indices of maize lines for salinity stress tolerance
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In all the above equations, Yp and Ys are the average grain yields of all maize lines under normal and salinity stress

conditions, respectively.
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Table 3. Analysis of variance for grain yield and selection indices for stress tolerance in maize lines

Ol s golo 0151 420 Mean square ol yo (pibeo
S.0.V df Yp' Ys SSI TOL STI MP
Line oY 85 14585™" 11058.2"" 1.73" 4405 1.61"" 10107
Replication I 5& 2 783208 2596.1™ 0.34"s 1740 1.24"s 6419"
Error ol 154 3270 1820.6 0.95 1482 0.48 1958
Ol s oo 53131 a0 Mean square Slay yo cpuSibeo
S.0.V df GMP HM ATI DI MpSTI MsSTI
Line oY 85 13807 9759 128149352 0.61"" 48.8" 3.1
Replication I 5& 2 179 s 6477 89983346 "¢ 0.15" 36.0" 23.51
Error ol 154 1817 1873 53372034 0.13 324 16.0

ol STI (S ozl TOL (oS Sl 2>l :SSI (S o dalpd o wils o Slee 1S (Jlo g byl jo ails o Sles :YpT
ol DI gy e Joos asli AT (Sigeylo Kk HHM (6590 40 (swiid 2Kk \GMP (650,00 (5Kibe MP (15 4y Jass
o Iyl o 4l sy i 4 Jess sl MSSTT Jlo 5 Loyl o aidly poss 25 4 Jass (el MPSTI (S 4y Coglite

Aoy ) gV b Jlaiml mha o jlo Sae Gl pime e 5 4y T g TE S
TYp, grain yield in normal condition; Ys, grain yield under salinity stress condition; SI, Stress Susceptibility Index; TOL,
Tolerance Index; STI, Stress Tolerance Index; MP, Mean Productivity; GMP, Geometric Mean Productivity; HM, Harmonic
Mean; ATI, Abiotic Tolerance Index; DI, Drought resistance Index; MpSTI, Modified Stress Tolerance Index in normal
condition; MsSTI, Modified Stress Tolerance Index in stress condition
ns ¥ **and **: Non-significant, significant at 5%, 1% and 0.1% probability levels, respectively
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Fig. 1. Box plots showing grain yield of the studied maize lines and compare mean based on the Welch’s
t-test at p < 0.05 (a) under normal (green box) and (b) salinity stress (orange box) conditions. The yellow
circle and horizontal line within the boxes represent the mean and median, respectively.
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Table 4. Selection indices for salinity stress tolerance in maize lines

Line Yp Ys TOL STI MP
Ma001 2473 (13) 91.8(47)  2.39(79) 155.5(84)  1.05(29) 169.6 (27)
Ma002 201.4 (25) 188.4 (13)  0.25(29) 13.036)  1.75(18) 194.9 (18)
Ma003 261.9 (12) 1814 (15)  1.17(54) 80.4(71)  2.18(14)  221.6(13)
Ma004 216.9 (23) 1344 (28) 144 (60) 825(72)  1.34(25) 175.6 (25)
Ma005 234.8 (16) 223.5(6)  0.19(24) 113(35)  241(11)  229.1(12)
Ma006 148.6 (38) 1449 (25)  0.10(20) 37(23)  0.99 (30) 146.8 (31)
Ma007 222.1(20) 220.5 (7) 0.03 (7) 1.6(15)  225(12) 2213 (14)
Ma008 171.2 (32) 171.0 (19) 0.01 (4) 02(4)  135(24) 171.1 (26)
Ma009 244.6 (14) 2422(3)  0.04(10) 2.4 (19) 2.72(5) 2434 (7)
Ma010 270.8 (10) 270.2 (1) 0.01 (5) 0.6 (5) 336 (2) 270.5 (2)
Ma011 298.9 (5) 205.8(9)  1.18(55) 93.1 (74) 2.83 (4) 252.3 (4)
Ma012 310.5 (3) 1770 (17)  1.63 (66) 133.5 (83) 2.53(8) 243.8 (6)
Ma013 156.6 (34) 1546 (23)  0.05(12) 20(17)  1.12(28) 155.6 (29)
Ma014 267.5 (11) 1720 (18)  1.36 (58) 955(76)  2.11(16)  219.7(16)
Ma015 310.5 (3) 182.6 (14) 156 (63) 127.9 (82) 2.61 (6) 246.6 (5)
Ma016 176.6 (29) 161.7(21) 032 (30) 149 (40)  132(27) 169.2 (28)
Ma017 131.4 (42) 101.3 (43)  0.87 (47) 30.1(51)  0.62(44) 116.3 (45)
Ma018 321.5(2) 139.7(26)  2.15(76) 181.8(86)  2.07(17)  230.6(11)
Ma019 219.5 (21) 1582(22)  1.06(52) 61.3(61)  1.60(21) 188.9 (22)
Ma020 173.7 (30) 101.7(42)  1.58(64) 720(67)  0.82(37) 137.7 (34)
Ma021 230.7 (18) 1532(24)  1.28(57) 775(70)  1.63 (20) 192.0 (20)
Ma022 194.8 (27) 192.6 (11)  0.05(11) 22(18)  1.73(19) 193.7 (19)
Ma023 230.1 (19) 2102(8)  033(31) 200 (44)  222(13)  2202(15)
Ma024 202.1 (24) 169.0 (20)  0.63 (41) 33.1(53) 1.57(22) 185.6 (23)
Ma025 408.9 (1) 2309(5)  1.65(67) 177.9 (85) 434 (1) 319.9 (1)
Ma026 271.1 (9) 2463(2)  035(33) 24.8 (48) 3.07(3) 258.7 (3)
Ma027 197.2 (26) 234.0 (4) 0.71 (1) 368(1)  212(15)  215.6(17)
Ma028 281.2(7) 191.4(12)  1.21(56) 89.8 (73) 24709)  236.3(10)
Ma031 82.6 (59) 77.7(55)  0.23(28) 49(26)  030(57) 80.2 (58)
Ma032 80.7 (63) 80.0 (53) 0.04 (8) 07(6)  0.30(56) 80.4 (57)
Ma035 69.4 (70) 53(86)  3.50(86) 64.1(62)  0.02(84) 37.4 (80)
Ma036 29.1 (84) 28.0(78)  0.14(21) 1.1(12)  0.04(82) 28.5 (84)
Ma037 80.8 (62) 80.8 (52) 0.01 (2) 0.03(2)  030(55) 80.8 (56)
Ma038 31.4(83) 30.6(77)  0.10(19) 08(7)  0.05(80) 31.0 (82)
Ma039 113.2 (49) 112.2 (38) 0.04 (9) 1.09) 059 (47) 112.7 (47)
Ma040 77.0 (66) 753(57)  0.09 (16) 1.7(16)  0.27 (60) 76.1 (60)
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Line Yp Ys SSI TOL STI MP
Ma042 21.0 (36) 6.2 (85) 2.67 (83) 14.8 (39) 0.01 (36) 13.6 (36)
Ma043  122.7 (46) 76.8 (56) 1.42 (59) 45.9 (57) 0.44 (49) 99.8 (49)
Ma044  149.7 (36) 125.5(30)  0.62 (40) 242 (47) 0.87 (32) 137.6 (35)
Ma045 65.4 (71) 22.7 (80) 2.48 (81) 42.7 (55) 0.07 (76) 44.0 (74)
Ma046  156.8 (33) 82.9 (49) 1.79 (70) 73.9 (69) 0.60 (45) 119.8 (42)
Ma048 98.9 (55) 30.7 (76) 2.62 (82) 68.2 (64) 0.14 (70) 64.8 (67)
Ma049 43.0 (80) 32.6 (75) 0.92 (48) 10.4 (32) 0.07 (77) 37.8(79)
Ma051 22.5 (85) 8.4 (84) 2.37(78) 14.1 (38) 0.01 (85) 15.5 (85)
Ma052  125.0 (44) 64.9 (61) 1.82(71) 60.1 (60) 038 (52) 95(51)

Ma054  105.7 (51) 9.9 (82) 3.44 (85) 95.8 (77) 0.05 (79) 57.8 (70)
Ma055 74.5 (68) 63.6 (62) 0.56 (38) 10.9 (33) 0.22 (64) 69.0 (66)
Ma057  102.0(53) 37.4 (74) 2.40 (80) 64.6 (63) 0.18 (67) 69.7 (65)
Ma060 50.0 (77) 23.7(79) 2.00 (75) 26.3 (50) 0.06 (78) 36.9 (81)
Ma062 298.1 (6) 177.8(16)  1.53(62) 1203 (80) 2.4 (10) 237.9 (9)
Ma064 81.7 (61) 63.2 (63) 0.86 (46) 18.4 (43) 0.24 (62) 72.5 (62)
Ma066 40.5 (81) 20.3 (81) 1.90 (72) 20.3 (45) 0.04 (81) 30.4 (83)
Ma072  106.9 (50) 95.8 (44) 0.40 (34) 11.1 (34) 047(48)  101.4(48)
Ma073  218.1(22) 91.1 (48) 221(77)  127.1(81)  0.92(31) 154.6 (30)
Ma074 56.7 (75) 49.9 (67) 0.46 (35) 6.8 (29) 0.13 (71) 53.3(72)
Ma075 39.8 (82) 39.8(73) 0.01 (3) 0.05 (3) 0.08 (75) 39.8 (78)
Ma076 97.7 (57) 723 (59) 0.99 (50) 25.4 (49) 0.33 (53) 85.0 (53)
Ma077 60.5 (74) 59.2 (65) 0.09 (17) 1.3 (14) 0.17 (68) 59.8 (69)
Ma079 62.8 (73) 49.6 (68) 0.80 (45) 13.2 (37) 0.15 (69) 56.2(71)
Ma080  140.9 (40) 122.8(32)  0.49 (36) 18.1 (42) 0.80 (39) 131.9 (39)
Ma083  104.8(52) 57.3 (66) 1.72 (68) 47.6 (58) 0.28 (59) 81.1(55)
Ma085 46.9 (78) 40.1 (72) 0.55(37) 6.8 (28) 0.09 (74) 43.5(77)
Ma091 65.2 (72) 61.9 (64) 0.20 (25) 3.3(21) 0.19 (66) 63.6 (68)
Ma096 148 (39) 1123(37)  0.92(49) 35.7 (54) 0.77 (40) 130.2 (40)
Ma098 54.8 (76) 46.6 (69) 0.57 (39) 82(31) 0.12(72) 50.7 (73)
Ma100 75.9 (67) 74.8 (58) 0.06 (14) 1.0 (10) 0.27 (61) 75.3 (61)
Mal04 2409 (15) 1383(27)  1.62(65)  102.6(78)  1.53(23)  189.6(21)
Mal05 1262 (43) 121.6(33)  0.15(22) 4.7 (25) 0.71 (41) 123.9 (41)
Mal06 82.6 (60) 81.4(51) 0.06 (15) 1.1 (13) 0.31 (54) 82.0 (54)
Mal07 80 (64) 78.9 (54) 0.05 (13) 1.0 (11) 0.29 (58) 79.4 (59)
Mal08  118.7 (47) 117.9 (35) 0.03 (6) 0.8 (8) 0.65 (42) 118.3 (43)
Mal09  149.7 (37) 118.8 (34)  0.78 (44) 30.8 (52) 0.82 (36) 134.2 (36)
Mal10 73.6 (69) 70.1 (60) 0.19 (23) 3.5(22) 0.24 (63) 71.8 (63)
Malll 124 (45) 102.8 (41)  0.65(43) 21.2 (46) 0.59 (46) 113.4 (46)
Mal12 98.9 (55) 82.6 (50) 0.63 (42) 16.3 (41) 0.38 (51) 90.8 (52)
Mall3 78.3 (65) 9.0 (83) 3.36 (84) 69.3 (66) 0.04 (83) 43.6 (76)
Mall4 99 (54) 93.2 (46) 0.23 (27) 58(27) 0.43 (50) 96.1 (50)
Mall5  189.9(28) 94.7 (45) 1.90 (73) 95.1 (75) 0.83 (34) 142.3 (32)
Mall6 275.3 (8) 202.6 (10)  1.01(51) 72.7 (68) 2.56 (7) 238.9 (8)
Mall17 96.4 (58) 46.4 (70) 1.97 (74) 50 (59) 0.21 (65) 714 (64)
Mall8 1182 (48) 115.4(36)  0.09 (18) 2.7 (20) 0.63 (43) 116.8 (44)
Mall9  138.1 (41) 130.4(29)  0.22(26) 7.7 (30) 083(33)  1342(37)
Mal20 45.8 (79) 41.6 (71) 0.35(32) 42 (24) 0.09 (73) 43.7(75)
Mal2l  172.631) 103.3 (40) 1.53 (61) 69.3 (65) 0.82 (35) 137.9 (33)
Mal22  231.9(17) 1241 (31)  1.77(69)  107.8(79)  132(26)  178.0(24)
Mal23 156 (35) 111.9 (39) 1.08 (53) 44.1 (56) 0.81 (38) 134.0 (38)
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Line GMP HM ATI DI MpSTI MSsSTI
Ma001  150.7(29)  133.9(32)  17243(81)  0.32(70) 293(25)  0.75(38)
Ma002  1948(18)  194.7(18) 1869 (49) 1.63 (9) 324(22)  5.23(18)

Ma003  218.0(14)  2143(14)  12900(74)  1.16(19)  6.86(13)  6.08 (15)
Ma004  170.7(25)  1659(26)  10360(71)  0.77(38)  2.89(26)  2.05(27)

Ma005  229.1(11) 229.0 (8) 1911 (50) 196 (6)  6.09(14)  10.18 (5)
Ma006  146.7(30)  146.7 (29) 400 (30) 131(16) 101 (34) 176 (28)
Ma007  2213(12)  221.3(12) 266 (24) 2.02 (5) 509(16)  9.25(8)
Ma008  171.1(24)  171.1(24) 30 (6) 1.58(10)  1.81(29)  333(22)
Ma009  243.4(5) 243.4 (5) 427 (34) 221(3)  746(11)  13.50 (4)
Ma010 2705 (2) 270.5 (2) 117 (15) 249 (2) 1129(4)  20.75(1)
Ma011 248.0 (4) 243.7 (4) 16984 (80)  131(14)  11.56(2)  10.12(6)
Ma012 2344 (8) 2255(10)  23034(84)  093(32)  11I5(5)  6.69(13)
Ma013  155.6(28)  155.6(28) 226 (22) 141 (11)  12531)  2.25(26)
Ma014  2144(16)  209.3(16)  15073(78)  1.02(26)  693(12)  529(17)
Ma015  238.1 (6) 230.0 (7) 22410(83)  099(27)  1151(3)  735(12)

Ma016  169.0(27)  168.8(25) 1850 (48) 137(13)  1.88(28)  2.91(24)
Ma017 1154 (44)  114.4 (44) 2559 (54) 0.72(44)  049(43)  0.54 (45)
Ma018  212.0(17)  194.8(17)  28354(85)  0.56(53) 9.78(8)  3.41(20)
Ma019 1864 (21)  183.9(22) 8404 (69) 1.05(23)  3.53(20)  3.38(20)
Ma020  1329(37)  128.3(38) 7045 (68) 0.55(54)  1.13(32)  0.71(40)
Ma021  188.0(20)  184.1(20)  10723(72)  094(31)  3.96(18)  3.23(23)

Ma022  193.7(19)  193.7(19) 314 (29) 1.76 (8) 3.00(23)  5.41(16)
Ma023  2199(13)  219.7(13) 3232 (59) 1.77 (7) 539(15)  830(10)
Ma024  184.8(22)  184.1(21) 4503 (64) 131(15)  294(24)  3.79(19)
Ma025 3073 (1) 295.2 (1) 40235(86)  121(17)  3321(1)  1957(2)
Ma026  258.4(3) 258.1 (3) 4711 (65) 2.06 (4) 1033(6)  15.75(3)
Ma027  2148(15)  214.0(15) -5818 (1) 2.56 (1) 3.78 (19) 9.82(7)
Ma028  232.0(9) 227.8 (9) 15333 (79) 1.2(18) 896(9)  7.66(11)
Ma031 80.1 (57) 80.1(57) 289 (27) 0.68(48)  0.10(56)  0.16(56)
Ma032 80.4 (56) 80.4 (56) 40 (7) 074(42)  0.09(58)  0.17(54)
Ma035 19.2 (84) 9.8 (85) 906 (40) 0.01(86)  0.01(81)  0.01(85)
Ma036  28.5(82) 28.5 (80) 23 (5) 025(74)  0.01(84)  0.01(80)
Ma037 80.8 (55) 80.8 (55) 2(3) 075(39)  0.09(57)  0.17(53)
Ma038  31.0(80) 31.0 (79) 18 (4) 028(73)  0.01(83)  0.01(77)
Ma039  112.7(47)  112.7(45) 81(13) 1.03(25)  035(47)  0.63 (44)
Ma040  76.1 (60) 76.1 (59) 94 (14) 0.68(47)  0.08(63)  0.13(59)
Ma042 11.4 (86) 9.6 (86) 124 (16) 0.02(83)  0.01(86)  0.01(86)
Ma043 97.1 (49) 94.5 (50) 3280 (60) 045(60)  030(48)  0.22(51)
Ma044  137.0(32)  136.5(30) 2439 (52) 097(30) 0.89(36)  1.15(31)
Ma045  38.5(76) 33.7(77) 1209 (43) 0.08(81)  0.02(74)  0.01(78)
Ma046 1140 (45)  108.4 (47) 6203 (66) 041(63)  0.68(41)  0.35(48)
Ma048  55.1(70) 46.8 (72) 2766 (56) 0.09(80)  0.07(65)  0.02(74)
Ma049  37.5(77) 37.1 (76) 286 (26) 023(75)  0.01(79)  0.01(76)
Ma051 13.8 (85) 12.3 (84) 143 (18) 0.03(82)  0.01(85)  0.01(84)
Ma052 90.1 (52) 85.5(52) 3983 (62) 032(71)  027(49)  0.14(58)
Ma054 323 (79) 18.1 (82) 2280 (51) 0.01(85)  0.03(71)  0.01(82)
Ma055  68.8 (64) 68.6 (64) 554 (36) 0.50(57)  0.06(67)  0.08 (64)
Ma057  61.7(67) 54.7 (69) 2934 (57) 0.13(77)  0.09(61)  0.03(71)
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Line GMP HM ATI DI MpSTI MSsSTI
Ma060  34.4(78) 32.2(78) 667 (37) 0.11(78)  0.01(78)  0.01(79)
Ma062  2302(10)  222.7(11)  20373(82)  0.98 (29) 991(7)  651(14)
Ma064 719 (62) 713 (63) 975 (41) 046(59)  0.08(62)  0.09 (62)
Ma066  28.6(81) 27.0 (81) 427 (33) 0.10(79)  0.01(82)  0.01(81)
Ma072 1012 (48) 101 (48) 827 (39) 08(35)  025(50)  0.37(47)
Ma073  1409(31)  1285(37)  13177(75)  035(67)  1.99(27)  0.64 (42)
Ma074 53.2(71) 53.1 (70) 268 (25) 041(62)  0.02(72)  0.03(69)
Ma075  39.8(75) 39.8 (75) 2(2) 037(64)  0.01(80)  0.01(75)
Ma076 84.0 (53) 83.1(53) 1573 (45) 0.50(58)  0.15(53)  0.15(57)
Ma077 59.8 (68) 59.8 (67) 59 (9) 0.54(56)  0.03(69)  0.05(66)
Ma079  55.8(69) 55.4 (68) 541 (35) 037(66)  0.03(70)  0.03 (68)
Ma080  131.6(39)  131.2(34) 1750 (46) 099(28)  0.73(39)  1.02(32)
Ma083 77.5 (59) 74.1 (61) 2713 (55) 029(72)  0.14(54)  0.08 (63)
Ma085 433 (74) 432 (74) 217 21) 032(69)  0.01(76)  0.02(73)
Ma091 63.5 (66) 63.5 (65) 155 (19) 0.55(55)  0.04(68)  0.07(65)
Ma096  128.9(40)  127.7(39) 3388 (61) 079(37)  0.77(38)  0.82(36)
Ma098  50.5(72) 50.4 (71) 305 (28) 037(65)  0.02(73)  0.03(70)
Mal00 753 (61) 75.3 (60) 57 (8) 0.68(46)  0.07(64)  0.13 (60)
Mal04  1825(23)  175.7(23)  13786(77)  0.74(43)  4.07(17)  2.48(25)
Mal05  1239(41)  123.9(41) 426 (32) 1.08(21)  0.52(42)  0.89(34)
Ma106 82.0 (54) 82.0 (54) 68 (11) 074 (40)  0.10(55)  0.18(52)
Mal07  79.4(58) 79.4 (58) 60 (10) 0.72(45)  0.09(60)  0.16 (55)
Mal08  1183(42)  118.3(42) 70 (12) 1.08(22)  042(44)  0.76 (37)
Mal09  1334(36)  132.5(33) 3025 (58) 087(33)  0.84(37)  0.98(33)
Mall0  71.8(63) 71.8 (62) 187 (20) 0.62(50)  0.06(66)  0.10(61)
Malll  112.9(46)  112.4 (46) 1760 (47) 079(36)  0.42(45)  0.53 (46)
Mall2 904 (51) 90.0 (51) 1083 (42) 0.64(49)  0.17(52)  0.22(50)
Mal13 26.5 (83) 16.1 (83) 1353 (44) 0.01(84)  0.01(75)  0.01(83)
Malld  96.0(50) 96.0 (49) 413 (31) 081 (34)  020(51)  0.32(49)

Mall5  134.1(34)  126.4 (40) 9388 (70) 044 (61)  137(30)  0.63 (43)
Mall6  236.1(7) 233.4 (6) 12631 (73)  138(12)  8.89(10) 8.89 (9)

Mall? 669 (65) 62.7 (66) 2461 (53) 021(76)  0.09(59)  0.04 (67)
Mall§  1168(43)  116.8(43) 234 (23) 1.04(24)  041(46)  0.71(41)
Mall9  1342(33)  134.1(30) 764 (38) 1.14(20)  0.73(40)  1.19(30)
Mal20  43.6(73) 43.6 (73) 134 (17) 035(68)  0.01(77)  0.02(72)

Mal2l  1335(35)  129.2(36) 6807 (67) 057(52) 1.12(33)  0.74(39)
Mal22  169.6(26)  161.7(27)  13462(76)  0.62(51)  326(21)  1.73(29)
Mal23  132.1(38)  130.3(35) 4289 (63) 074 (41)  090(35)  0.85(35)

B9l g6, ¥ Joaz as v asli ol sly .cwnl (aslis jo sl bapnY (ganas ) oasmslis uilyy Jls slael
The numbers in the parentheses indicate the ranking of the lines for each index. Refer to Table 3 for the
names of indices.
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Fig. 2. Correlation coefficients (Pearson) among grain yield and selection indices for stress tolerance in
maize lines. Based on heatmap plots, green and orange boxes indicate positive and negative correlations,
respectively; with increasing color intensity reflects a higher coefficient. The white boxes indicate non-

significant correlations.
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Fig. 3. 3D plot of dispersion of maize lines for selection of salinity tolerant lines based on grain yield
under normal (Yp) and salinity stress (Ys) conditions and GMP index.
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Fig. 4. Biplot graph of maize lines and selection indices for salinity stress tolerance based on the first two

principal components.
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Fig. S. Hierarchical clustering and heatmap of maize lines and selection indices for salinity stress tolerance
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Table 5. Eigenvalues, relative and cumulative proportions, and eigenvectors of the first two principal components for
grain yield under normal (Yp) and salinity stress (Ys) conditions and selection indices for salinity stress tolerance in

maize lines
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Indices s ls First Second
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Stress Susceptibility Index (SSI) o Comwlus 25l 0.116 -0.887
Tolerance Index (TOL) Joxi sl -0.461 -0.870
Stress Tolerance Index (STT) o A o a Ll -0.992 0.021
Mean Productivity (MP) 590 3 (eSlo -0.989 0.021
Geometric Mean Productivity (GMP) 590 3! (oD (aSSleo -0.986 0.079
Harmonic Mean (HM) Sigoyd (il -0.981 0.129
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e St Tt XD i e sts 05 020
sress condition OISSTD) G Bl g0 Wl 5 e S 0885 0165
Eigenvalues o9 polio 8.50 2.66
Percentage of variation o= il ylg duo o 70.80 22.20
Cumulative percentage o5 (il ylg oo 70.80 93.01
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