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 \�@N1 - C�" �%�< |/N P$% � �;R�_% ���% ��� *�4(8 *��8�4  
Table 1. The studied maize lines and the place of their collection 

Research 

center 
Line name 

Line 

code  

Research 

center 
Line name 

Line 

code  

Research 

center 
Line name 

Line 

code 

Mashhad  138* /89 Ma079 
 

Karaj K1264/ 5-1 Ma032 
 

Kermanshah P3L2 Ma001 

Mashhad K19 */ 1392 

(Isolated) 
Ma080 

 
Karaj B73 Ma035 

 
Kermanshah P11L2 Ma002 

Mashhad 1* /89 (Red cob 

corn) 
Ma083 

 
Karaj 

OH 43/1-42 

(Paternal) 
Ma036 

 
Kermanshah P15L16Kahriz Ma003 

Mashhad 1390/Popcorn- 53 

or 54 (Line) 
Ma085 

 
Karaj R59 (Paternal) Ma037 

 
Kermanshah P9L3Kahriz Ma004 

Mashhad 8/K19/1 Ma091 
 

Karaj W37A Ma038 
 

Kermanshah P13L2 Ma005 

Mashhad 67*/88 Ma096 
 

Karaj R319 Ma039 
 

Kermanshah P19L7Kahriz Ma006 

Mashhad 1387/193/ 

chase*/S2 
Ma098 

 
Karaj R59  Ma040 

 
Kermanshah P6L1 Ma007 

Mashhad 36-N/88-K3653/2 Ma100 
 

Karaj W153R Ma042 
 

Kermanshah P19 L3Kahriz Ma008 

Karaj2 Line1 Ma104 
 

Karaj K1533 Popcorn Ma043 
 

Kermanshah P14L1Kahriz Ma009 

Karaj2 Line2 Ma105 
 

Karaj 
R59×R319 (Maternal 

line of DC370) (SC) 
Ma044 

 
Kermanshah P11L7 Ma010 

Karaj2 Line3 Ma106 
 

Karaj B73(RFC OR CMS) Ma045 
 

Kermanshah P14L2 Ma011 

Karaj2 Line4 Ma107 
 

Karaj 1264/ 1 Ma046 
 

Kermanshah P10L5 Ma012 

Karaj2 Line5 Ma108 
 

Karaj ZK472221 Ma048 
 

Kermanshah 
P1L4 (Dialell- 

Karaj) 
Ma013 

Karaj2 Line6 Ma109 
 

Mashhad K1263/1/1388 Ma049 
 

Kermanshah P11L6 Ma014 

Karaj2 Line7 Ma110 
 

Mashhad 9/K19/1 Ma051 
 

Kermanshah P13L3 Ma015 

Karaj2 Line8 Ma111 
 

Mashhad 
3/K19/1 & 

(K19/1*/1392) 
Ma052 

 
Kermanshah P16L4Kahriz Ma016 

Karaj2 Line9 Ma112 
 

Mashhad 2/ K19/1 & (K19/1) Ma054 
 

Kermanshah P3 L4Kahriz Ma017 

Karaj2 Line10 Ma113 
 

Mashhad  K3640/S /55-N Ma055 
 

Kermanshah P1 L5Kahriz Ma018 

Karaj2 Line11 Ma114 
 

Mashhad 20* /1389 Ma057 
 

Kermanshah P19L5Kahriz Ma019 

Karaj2 Line12 Ma115 
 

Mashhad 
S2/ QPM/ SUKMA 

(Indonesia) 
Ma060 

 
Kermanshah P15L14 Ma020 

Karaj2 Line13 Ma116 
 

Mashhad 6* /88 Ma062 
 

Kermanshah P16L6Kahriz Ma021 

Karaj2 Line14 Ma117 
 

Mashhad  4/ K19/1 Ma064 
 

Kermanshah P15L4 Ma022 

Karaj2 Line15 Ma118 
 

Mashhad 48* /1390  Ma066 
 

Kermanshah P11 L9 Ma023 

Karaj2 Line16 Ma119 
 

Mashhad 
K166 B/89 & (14* 

K166 B/1390) 
Ma072 

 
Kermanshah P9L6 Ma024 

Karaj2 Line17 Ma120 
 

Mashhad 
K18-B /1392 

(Isolated) 
Ma073 

 
Kermanshah P13L1 Ma025 

Karaj2 Line18 Ma121 
 

Mashhad 7/K19/1 Ma074 
 

Kermanshah P10L7 Ma026 

Karaj2 Line19 Ma122 
 

Mashhad 23* /89 Ma075 
 

Kermanshah P16L12Kahriz Ma027 

Karaj2 Line20 Ma123 
 

Mashhad 70*/ 1388  Ma076 
 

Kermanshah P10L9 Ma028 

- - - 
 

Mashhad 10/K 19/1 Ma077 
 

Karaj OH43/1- 42 Ma031 
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Table 2. Mean squares from the analysis of variance and descriptive statistics of the investigated traits in maize 

lines under normal and salinity stress conditions 

Trait† 
Mean Minimum Maximum F-value CV (%) 

Welch’s t-test 
N‡ S N S N S N S N S 

GY 147.7 108.7 21.0 5.3 408.9 270.2 4.5*** 6.1*** 58.4 60.9 3.3** 

FLL 37.1 31.2 23.7 18.3 51.2 45.8 2.3*** 3.4*** 15.6 21.8 6.1**** 

FLW 5.1 4.5 2.9 2.4 7.6 8.2 3.5*** 4.3*** 20.1 23.4 3.8*** 

FLA 15855 10835 6159 4412 33032 25681 3.7*** 5.8*** 35.8 44.3 6.3**** 

BY 383.6 335.6 93.3 89.3 810.7 693.3 6.1*** 5.9*** 43.7 42.6 2.0* 

LCT 32.4 32.4 28.5 29.1 38.2 37.6 11.0*** 9.1*** 8.0 8.7 0.3 

LCC 75.9 73.5 34.6 36.9 115.8 105.1 12.1*** 10.5*** 28.1 27.9 0.8 

EUL 5.1 5.1 3.7 4.0 6.7 6.7 8.8*** 5.3*** 12.6 11.9 0.1 

TL 11.2 11.1 7.3 7.7 14.0 13.7 21.8*** 12.3*** 12.8 10.4 0.2 

EH 66.8 58.6 19.3 13.0 99.3 107.7 15.0*** 12.7*** 26.8 31.8 2.9** 

PH 145.0 140.2 84.0 59.5 192.0 190.0 7.7*** 10.0*** 18.2 20.7 1.1 

TAL 172.6 167.0 102.5 31.0 229.0 221.0 7.7*** 11.2*** 16.7 20.8 1.2 

LA 153.0 145.3 123.5 118.7 173.0 170.0 25.8*** 42.7*** 7.7 8.9 4.1**** 

SD 2.3 1.9 1.3 1.0 3.4 2.9 28.7*** 21.4*** 19.8 16.6 5.8**** 

PL 7.2 7.3 1.0 1.0 17.2 15.5 22.1*** 32.0*** 40.5 43.1 0.1 

DTT 70.5 73.3 51.7 52.3 80.7 87.7 44.4*** 22.4*** 7.6 7.5 3.4*** 

DTS 76.8 80.1 66.3 67.7 86.3 92.0 8.8*** 13.5*** 5.4 6.6 4.6**** 

K/Na 55.0 47.3 30.5 18.5 78.1 79.0 2.5*** 2.8*** 20.0 26.1 4.3**** 

RWC 78.6 75.8 62.7 49.2 97.7 88.6 1.5* 1.0ns 9.1 8.8 2.6** 

EL 15.5 15.5 4.1 7.6 23.1 21.5 5.9*** 8.3*** 27.5 22.6 0.0 

RPE 14.4 13.3 8.0 8.0 18.7 18.0 2.4*** 3.3*** 13.7 13.4 3.7*** 

GPR 28.8 28.7 4.0 8.0 50.5 47.7 6.5*** 8.4*** 36.2 33.7 0.1 

ED 41.3 40.4 23.7 28.2 53.9 52.9 4.9*** 5.9*** 15.5 14.5 0.9 

GW 8.1 8.4 5.8 5.8 10.3 10.1 3.3*** 4.5*** 11.4 10.6 1.6 

GDE 10.4 10.4 6.4 6.7 13.7 13.6 5.3*** 6.4*** 15.3 15.5 0.2 

GD 4.8 4.9 3.5 3.9 7.0 6.8 2.6*** 4.2*** 14.4 14.3 0.0 

CD 24.0 21.8 2.6 7.4 60.4 49.0 5.6*** 6.5*** 49.5 42.0 1.3 

HGW 28.6 28.4 11.6 12.6 46.6 44.2 5.4*** 5.3*** 25.0 24.7 0.2 
ns, *, **, *** and ****: Not-significant and significant at 5%, 1%, 0.1% and 0.01 % probability levels, respectively. 
†: The traits abbreviation are: GY, grain yield; FLL, flag leaf length; FLW, flag leaf width; FLA, flag leaf area; 

BY, biomass yield; LCT, leaf canopy temperature; LCC, leaf chlorophyll content; EUL, ear-up leaves; TL, total 

leaves; EH, ear height; PH, plant height; TAL, tassel length; LA, leaf angle; SD, stem diameter; PL, peduncle 

length; DTT, days to tasseling; DTS, days to silking; K/Na, potassium to sodium ratio; RWC, relative water content; 

EL, ear length; RPE, rows per ear; GPR, grains per row; ED, ear diameter; GW, grain width; GDE, grain depth; 

GD, grain diameter; CD, cob weight; HGW, 100-grain weight. 
‡: N, normal condition; S, salinity stress condition. 
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Figure 1. Correlation coefficients (Pearson) among investigated traits in maize line under normal (lower panel) 

and salinity stress (upper panel) conditions. Based on heatmap plots, blue and red boxes indicate positive and 

negative correlations, respectively, and increasing color intensity reflects a higher coefficient. The white boxes 

indicate non-significant correlations. The traits abbreviations are indicated in Table 2. 
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�����< � (�01� � �3r0%) �. � ��'�/� f�Q C�" �� (PL01% *�4�3r0%) ��Y�: �� ��� *�4\�%�. 9� �  
Table 3. Stepwise regression analysis of grain yield (dependent trait) and the other traits (independent traits) in 

maize lines under normal conditions 

Adjusted R2 Mallows’ Cp Standard Error Standard Beta 
Traits entered into the 

model† 
Step 

67.80 43.604 0.945 0.463*** GPR 1 

74.80 18.279 1.311 0.204* HGW 2 

76.65 13.085 4.082 0.207** TL 3 

78.01 9.763 0.465 -0.129* LA 4 

78.73 8.956 8.432 -0.205* GW 5 

79.51 7.903 8.357 0.175* GD 6 

80.39 6.483 0.001 0.144* FLA 7 

81.15 5.527 0.734 0.260** CD 8 

81.87 4.717 6.913 0.131ns GDE 9 

82.47 4.385 1.952 -0.233** DTS 10 

83.10 3.919 1.586 0.166ns DTT 11 

83.54 4.215 0.396 0.065ns K/Na 12 

83.83 5.066 1.637 -0.139ns ED 13 
†: The traits abbreviations are indicated in Table 2. 

  

 \�@N4 - f�Q (�3<�Q� ��JA
��C�" �� (PL01% *�4�3r0%) ��Y� ���< � (�01� � �3r0%) �. � ��'�/� f�Q �$
 ��� *�4
*��: O)  
Table 4. Stepwise regression analysis of grain yield (dependent trait) and the other traits (independent traits) in 

maize lines under salinity stress conditions 
2Adjusted R Mallows’ Cp Standard Error Standard Beta 

Traits entered into the 

model 
Step 

79.41 112.797 0.435 ***0.384 GPR 1 

89.89 15.680 0.903 **0.106 ED 2 

91.16 5.690 3.084 ***0.335 GDE 3 

91.66 2.893 2.426 ns0.068 TL 4 

92.15 0.278 0.506 **0.099- DTS 5 

92.61 -2.037 0.456 *0.150 CD 6 

92.87 -2.516 0.820 ns0.068- PL 7 

93.13 -2.967 0.176 ns0.099 EH 8 

93.27 -2.294 2.593 ns0.052- FLW 9 

.The traits abbreviations are indicated in Table 2: † 
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Table 5. Path analysis based on correlation coefficient in regression model on grain yield in maize lines under 

normal conditions 

Correlation 

with grain yield 

Indirect effect via 
Direct effect Trait† 

DTS CD FLA GD GW LA TL HGW GPR 

0.82 0.036 0.126 0.087 -0.062 -0.113 -0.013 0.078 0.162 0 0.515 GPR 

0.64 0.019 0.111 0.062 0.002 -0.179 -0.033 0.071 0 0.252 0.331 HGW 

0.47 -0.028 0.076 0.033 -0.005 -0.076 -0.049 0 0.112 0.190 0.211 TL 

0.16 -0.032 0.038 0.014 0.014 -0.073 0 0.107 0.115 0.066 -0.095 LA 

0.54 0.016 0.103 0.058 0.010 0 -0.032 0.071 0.268 0.262 -0.221 GW 

-0.29 -0.024 -0.037 -0.049 0 -0.020 -0.012 -0.009 0.006 -0.268 0.118 GD 

0.60 0.017 0.073 0 -0.040 -0.089 -0.010 0.048 0.142 0.309 0.146 FLA 

0.78 0.023 0 0.064 -0.027 -0.137 -0.022 0.097 0.222 0.391 0.166 CD 

-0.33 0 -0.040 -0.027 0.028 0.037 -0.031 0.059 -0.067 -0.196 -0.097 DTS 

†: The traits abbreviations are indicated in Table 2. 
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Table 6. Path analysis based on correlation coefficient in regression model on grain yield in maize lines under 

salinity stress conditions 

Correlation with grain 

yield 

Indirect effect via Direct 

effect 
†Trait 

CD DTS GDE ED GPR 

0.89 0.144 0.028 0.216 0.104 0 0.394 GPR 

0.86 0.150 0.027 0.254 0 0.280 0.147 ED 

0.88 0.135 0.029 0 0.129 0.296 0.289 GDE 

-0.46 -0.043 0 -0.125 -0.059 -0.166 -0.069 DTS 

0.84 0 0.015 0.211 0.119 0.308 0.185 CD 

†: The traits abbreviations are indicated in Table 2. 
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Figure 2. Determining the optimal number of factors in factor analysis using different ways, including KMO 

criterion, parallel analysis and very simple structure (VSS). a) Normal conditions, b) Salinity stress conditions. 
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Table 7. Factor analysis coefficients for investigated traits in maize lines after varimax rotation under normal and 

salinity stress conditions 

Salinity stress conditions 
 

Normal conditions Trait 

Communality Factor4 Factor3 Factor2 Factor1 
 

Communality Factor4 Factor3 Factor2 Factor1 
 

0.94 0.07 0.12 0.60 0.75 
 

0.79 0.24 -0.17 0.55 0.63 Grain yield 

0.81 0.21 0.86 -0.03 0.16 
 

0.73 0.82 -0.03 0.15 0.18 Flag leaf length 

0.69 0.13 0.69 0.18 0.39 
 

0.67 0.67 -0.19 0.28 0.33 Flag leaf width 

0.82 0.13 0.80 -0.01 0.40 
 

0.93 0.85 -0.14 0.27 0.35 Flag leaf area 

0.90 0.41 0.33 0.38 0.70 
 

0.87 0.29 0.17 0.65 0.58 Biomass yield 

0.33 -0.36 -0.24 -0.27 -0.27 
 

0.08 0.03 0.04 -0.26 -0.10 Canopy temperature 

.49 0.17 0.06 0.29 0.61 
 

0.36 0.28 0.03 0.35 0.39 Chlorophyll content 

0.38 0.28 -0.51 -0.15 0.14 
 

0.36 -0.28 0.50 0.16 0.10 Ear-up leaves 

0.75 0.75 -0.01 0.23 0.36 
 

0.84 0.00 0.56 0.65 0.31 Total leaves 

0.79 0.49 0.46 0.48 0.33 
 

0.78 0.25 0.22 0.80 0.17 Ear height 

0.81 0.51 0.32 0.42 0.50 
 

0.84 0.16 0.23 0.85 0.19 Plant height 

0.86 0.55 0.38 0.36 0.54 
 

0.67 0.16 0.08 0.75 0.26 tassel length 

0.31 0.51 0.04 -0.11 0.19 
 

0.45 0.02 0.55 0.16 0.36 Leaf angle 

0.59 0.45 0.33 0.19 0.49 
 

0.72 0.24 0.23 0.49 0.61 Stem diameter 

0.38 0.11 0.24 0.23 0.51 
 

0.19 0.08 -0.07 0.41 0.12 Peduncle length 

0.63 0.65 0.27 -0.34 -0.14 
 

0.70 0.05 0.82 0.01 -0.16 Days to tasseling 

0.74 0.51 0.30 -0.56 -0.28 
 

0.75 0.06 0.83 -0.15 -0.20 Days to silking 

0.15 0.12 0.35 -0.13 0.02 
 

0.11 0.29 0.14 -0.07 0.01 K/Na ratio 

0.06 0.21 -0.01 0.05 -0.12 
 

0.12 -0.13 -0.15 -0.02 -0.28 Relative water content 

0.79 0.11 0.43 0.46 0.62 
 

0.80 0.23 -0.17 0.52 0.67 Ear length 

0.21 0.12 -0.15 0.40 0.13 
 

0.21 -0.04 -0.02 0.45 0.11 Rows per ear 

0.92 -0.01 0.33 0.69 0.58 
 

0.80 0.30 -0.31 0.55 0.56 Grains per row 

0.83 0.13 0.00 0.43 0.79 
 

0.78 0.00 -0.05 0.50 0.73 Ear diameter 

0.88 -0.03 0.12 -0.09 0.93 
 

0.75 0.11 0.05 0.06 0.86 Grain width 

0.86 -0.02 0.03 0.39 0.84 
 

0.74 0.15 -0.13 0.40 0.74 Grain depth 

0.52 0.07 -0.07 -0.70 -0.17 
 

0.29 -0.32 0.30 -0.31 0.01 Grain diameter 

0.79 0.19 0.22 0.36 0.76 
 

0.75 0.08 -0.10 0.47 0.72 Cob weight 

0.92 0.04 0.11 -0.01 0.95 
 

0.80 0.09 0.03 0.14 0.87 100-grain weight 
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Figure 3. Dendrogram resulted from hierarchical cluster analysis of maize lines using Ward’s minimum variance 

method based on investigated traits. a) Normal conditions, b) Salinity stress conditions. 
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Figure 4. Radar plot of the comparisons of mean of the investigated traits in three clusters classified by 

hierarchical clustering in maize lines. a) Normal conditions, b) Salinity stress conditions. In this diagram, in 

addition to depicting clusters with the highest and lowest values of the mean of the traits in each of the normal 

and under salinity stress conditions, also changes in the mean of the traits in salinity stress conditions compared 

to normal conditions can be seen.  
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Figure 5. Biplot of the first two principal components for investigated traits and maize lines. a) Normal 

conditions, b) Salinity stress conditions. Maize lines are dispersed in different ordinates based on the 

dissimilarity among them. The length and color intensity of a vector in the biplot indicate the quality of 

representation and the contribution of the traits, respectively, on the principal components. Bigger shapes 

indicate the centroid of the corresponding cluster. 
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Supplementary Figure 1. Box plots showing the descriptive statistics of the studied traits in maize lines under 

normal (green box) and salinity stress (red box) conditions. Different letters on the boxes indicate a significant 

difference by Welch’s t-test at P<0.05. The yellow circle and horizontal line within the box represent the mean 

and median, respectively. 
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Supplementary Figure 2. Determining the optimal number of clusters in maize lines based on the studied traits 

using methods: a) Elbow, b) Silhouette, c) Gap Statistics and d) other indicators under normal (right) and salinity 

stress conditions (left). 
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Supplementary Table 1. Comparison of means and percentage changes of the mean of investigated traits in three 

clusters from the hierarchical method of maize lines 

Change (%) Salinity stress conditions Normal conditions 
Trait† 

Mean Cluster3 Cluster2 Cluster1 Mean Cluster3 Cluster2 Cluster1 Mean Cluster3 Cluster2 Cluster1 

-13.6 -0.1 -31.5 -9.3 113.9 94.7b 52.9c 194.2a 147.7 94.8b 77.2b 214.0a GY 
-15.3 -6.8 -23.5 -15.5 31.0 33.2a 26.1b 33.6a 37.1 35.7b 34.1b 39.7a FLL 
-8.0 -0.8 -18.4 -4.9 4.6 4.5b 3.7c 5. 4a 5.1 4.6 b 4.5 b 5.7a FLW 

-26.0 -11.9 -39.9 -26.3 10924 11136b 7352c 14285a 15855 12634b 12241 b 19377 a FLA 

-12.1 -19.7 -18.2 1.5 341.9 337.7b 181.7c 506.3a 383.6 420.4b 222.2c 498.8 a BY 

0.0 -1.9 3.4 -1.5 32.5 32b 34.0a 31.4b 32.4 32.6a 32.9a 31.8a LCT 

-2.1 -6.8 -5.8 6.4 74.2 73.2b 56.9c 92.6a 75.9 78.5a 60.5b 87.0a LCC 

-2.2 -12.2 5.7 0.0 5.1 5.1a 5.2a 5.1a 5.1 5.8a 4.9b 5.0b EUL 

-2.7 -12.1 3.0 1.1 11.2 11.3b 10.1c 11.9a 11.2 12.9a 9.8c 11.8b TL 

-16.4 -20.3 -28.6 -0.2 58.6 63.6b 36.8c 75.3a 66.8 79.8a 51.5b 75.4a EH 

-5.9 -11.7 -13.7 7.8 140.6 146.2b 105.1c 170.4a 145.0 165.5a 121.9b 158.0a PH 

-4.4 -4.2 -15.9 6.7 167.2 175.2b 125.1c 201.2a 172.6 182.8a 148.6b 188.6a TAL 

-6.8 -10.4 -4.5 -5.5 144.9 148.3a 140.4b 146.1ab 153.0 165.6a 146.9c 154.6b LA 

-15.1 -16.7 -13.1 -15.7 1.9 2.0b 1.6c 2.2a 2.3 2.4a 1.8b 2.5a SD 

1.0 -9.7 -8.2 20.9 7.4 7.0b 5.2c 10.1a 7.2 7.7a 5.6b 8.3a PL 

1.0 -3.8 2.7 4.0 72.9 75.1a 71.8b 71.9b 70.5 78.1a 69.9b 69.1b DTT 

2.0 -0.3 3.6 2.6 79.7 82.2a 79.6ab 77.48b 76.8 82.5a 76.8b 75.4b DTS 

-15.9 -13.5 -20.7 -13.6 46.9 50.2a 43.1b 47.37ab 55.0 58.04a 54.4a 54.6a K/Na 

-2.9 1.0 -7.7 -2.0 75.7 76.5a 75.2a 75.5a 78.6 75.7b 81.4a 77.0b RWC 

6.4 14.3 3.0 1.8 15.7 15.6b 12.1c 19.2a 15.5 13.7b 11.8c 18.8a EL 

-7.1 -9.1 -4.3 -7.9 13.4 13.3a 13.1a 13.7a 14.4 14.6a 13.8a 14.9a RPE 

10.3 24.8 -2.0 8.2 29.2 27.9b 19.9c 39.9a 28.8 22.4b 20.4b 36.8a GPR 

0.4 -2.9 0.4 3.8 40.8 39.1b 36.3c 47.1a 41.3 40.3b 36.2c 45.4a ED 

3.8 -1.5 4.9 8.0 8.4 8.1b 7.9b 9.3a 8.1 8.3a 7.5b 8.5a GW 

2.9 -2.1 3.0 7.9 10.6 10.0b 9.3c 12.45a 10.4 10.2b 9.0c 11.4a GDE 

-1.3 -3.9 3.3 -3.3 4.9 4.9a 5.2a 4.4b 4.8 5.1a 5.1a 4.5b GD 

4.3 17.0 -4.4 0.3 22.4 20.5b 14.1c 32.7a 24.0 17.5b 14.7b 32.6a CD 

2.9 -2.2 1.3 9.8 28.9 26.9b 24.0c 35.9a 28.6 27.6b 23.7c 32.6a HGW 
†: The traits abbreviations are indicated in Table 2. 

Means followed by similar letter in each row are not significantly different by Duncan’s test at 5% probability level. 
  

(a) (b) 

(c) (d) 

Normal conditions Salinity stress conditions 

(b) 

(c) (d) 

(a) 
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Supplementary Table 2. The results of principal component analysis of maize lines under normal conditions 

PC7 PC6 PC5 PC4 PC3 PC2 PC1‡ Trait† 

-0.06 0.05 -0.02 0.02 -0.09 0.16 0.87- GY 

-0.06 -0.25 -0.19 -0.22 0.60 0.23 -0.50 FLL 

0.09 -0.10 -0.33 -0.07 0.40 0.33 0.64- FLW 

-0.03 -0.20 -0.24 -0.15 0.47 0.31 0.69- FLA 

-0.05 -0.03 -0.06 0.02 0.04 -0.17 0.92- BY 

0.20 0.41 0.47 -0.43 0.16 0.03 0.25 LCT 

0.40 0.16 -0.16 -0.02 0.11 0.00 0.62- LCC 

0.11 -0.10 0.03 0.05 -0.25 0.66- -0.09 EUL 

-0.07 -0.03 0.04 0.15 0.01 -0.63 0.64- TL 

-0.09 -0.08 0.21 0.27 0.28 -0.29 0.73- EH 

0.08 -0.21 0.25 0.33 0.18 -0.33 0.74- PH 

0.03 -0.21 0.27 0.29 0.11 -0.18 0.73- TAL 

0.02 0.06 -0.13 -0.25 -0.07 0.58- -0.37 LA 

-0.06 -0.14 0.15 -0.17 -0.02 -0.21 0.83- SD 

0.49 -0.12 0.50 0.22 0.09 0.02 -0.40 PL 

-0.13 0.20 -0.24 -0.10 0.29 0.80- 0.08 DTT 

-0.13 0.11 -0.19 -0.22 0.29 0.77- 0.21 DTS 

0.43 0.26 0.04 -0.39 0.44 -0.05 -0.06 K/Na 

0.31 -0.17 0.47- 0.51 -0.03 0.11 0.27 RWC 

-0.19 0.07 0.08 -0.03 -0.13 0.17 0.87- EL 

0.15 0.51 -0.33 0.54 -0.06 -0.09 -0.38 RPE 

-0.19 0.21 0.09 0.05 -0.01 0.30 0.84- GPR 

0.08 0.28 -0.14 0.04 -0.32 0.01 0.83- ED 

0.10 -0.16 -0.10 -0.46 -0.36 0.04 0.67- GW 

0.10 0.18 -0.14 -0.07 -0.23 0.14 0.82- GDE 

0.31 0.40- -0.16 -0.22 0.40- -0.36 0.32 GD 

-0.16 0.12 0.06 -0.06 -0.27 0.09 0.83- CD 

0.09 -0.15 -0.12 -0.37 -0.37 0.04 0.72- HGW 

1.06 1.25 1.46 1.85 2.03 3.31 11.04 Eigen value 

3.79 4.46 5.21 6.61 7.25 11.81 39.44 Variance (%) 

78.57 74.78 70.32 65.11 58.50 51.26 39.44 Cumulative variance (%) 
†: The traits abbreviations are indicated in Table 2. 
‡: The underlined numbers have larger values in the principal components. 
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Supplementary Table 3. The results of principal component analysis of maize lines under salinity stress 

conditions 

PC6 PC5 PC4 PC3 PC2 PC1‡ Trait† 

0.00 -0.02 0.05 0.00 0.35 0.89 GY 

0.09 -0.17 0.01 0.44 0.60- 0.49 FLL 

0.18 -0.13 0.02 0.38 -0.31 0.69 FLW 

0.18 -0.23 -0.13 0.41 -0.44 0.64 FLA 

0.00 0.02 0.01 -0.09 -0.09 0.94 BY 

-0.32 0.11- -0.26 0.12 0.20 0.55- LCT 

0.12 0.03 -0.09 -0.15 0.18 0.69 LCC 

-0.01 0.15 -0.22 0.74- 0.10 -0.07 EUL 

-0.24 0.06 0.13 -0.54 -0.27 0.61 TL 

-0.16 0.13 0.32 0.03 -0.27 0.78 EH 

-0.23 0.22 0.14 -0.12 -0.18 0.85 PH 

-0.12 0.20 0.11 -0.11 -0.25 0.87 TAL 

-0.08 0.47- -0.09 0.49- 0.39- 0.28 LA 

-0.09 -0.13 -0.01 -0.13 -0.27 0.73 SD 

-0.34 0.26 -0.15 0.09 0.04 0.63 PL 

0.09 -0.10 0.04 -0.28 0.80- 0.04 DTT 
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PC6 PC5 PC4 PC3 PC2 PC1‡ Trait† 

0.03 0.04 -0.12 -0.12 0.84- -0.20 DTS 

-0.19 0.31 -0.12 0.26 0.41- 0.14 K/Na 

0.58 0.56 0.37 -0.19 -0.18 -0.02 RWC 

-0.10 -0.06 0.02 0.19 0.06 0.87 EL 

0.12 0.51- 0.45 -0.27 0.27 0.26 RPE 

-0.08 0.02 0.19 0.21 0.27 0.86 GPR 

0.19 -0.15 -0.05 -0.17 0.33 0.83 ED 

0.13 0.11 -0.58 -0.01 0.17 0.71 GW 

0.09 0.01 -0.16 -0.04 0.40 0.82 GDE 

0.10 -0.04 0.54- 0.15- -0.39 -0.45 GD 

0.05 -0.07 -0.10 -0.04 0.13 0.88 CD 

0.22 0.06 -0.49 -0.06 0.17 0.77 HGW 

1.01 1.28 1.65 2.10 3.53 12.13 Eigen value 

3.61 4.57 5.89 7.50 12.62 43.32 Variance (%) 

77.52 73.90 69.33 63.45 55.94 43.32 Cumulative variance (%) 
†: The traits abbreviations are indicated in Table 2. 
‡: The underlined numbers have larger values in the principal components. 
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Abstract 
Maize or corn, as one of the staple food products and forage crop, in addition to having a high grain 

and biomass yield, is of particular importance in the supply of carbohydrates, edible oils, and 

renewable energy. The plant is grown under a wide range of climatic conditions and is relatively 

sensitive to salinity. The development of salt-tolerant varieties of plants is inevitable policy in 

response to the growing demand for food in sustainable agriculture system. In the present study, the 

genetic diversity of 86 maize lines was investigated using morphological traits in a randomized 

complete block design (RCBD) with three replications under normal and NaCl salinity stress (EC 8 

dS/m) in potted conditions. The results showed that salinity stress led to a significant decrease in mean 

of grain yield (GY), flag leaf length (FLL), flag leaf width (FLW), flag leaf area (FLA), ear height 

(EH), leaf angle (LA), stem diameter (SD), potassium to sodium ratio (K/Na), relative leaf water 

content (RWC), and number of rows per ear (RPE). In contrast, salinity stress caused a significant 

increase in the mean of days to tasseling (DTT) and days to silking (DTS) compared to normal 

conditions. The results obtained from stepwise regression analysis using Mallows’ Cp, and path 

analysis showed that, traits include number of grains per row (GPR), hundred grain weight (HGW), 

grain width (GW), and total leaves (TL) under normal conditions and traits include number of grains 

per row (GPR), grain depth (GDE), cob weight (CD), and ear diameter (ED) under salinity stress 

conditions were the most important traits affecting grain yield (GY). The great amount of h2 

communality of mentioned traits in factor analysis was in order to confirm these results. According to 

the results of factor analysis using parallel analysis and very simple structure criterion (VSS), four 

hidden factors were determined in both normal and salinity stress conditions, which explained 60% 

and 65% of the variability among the maize lines, respectively. Before conducting the cluster analysis, 

three clusters were determined as the optimal number of clusters by elbow, silhouette and Gap 

statistics methods in each of normal and salinity stress conditions. Then, hierarchical cluster analysis 

of the studied maize lines was performed based on measured traits using Ward’s minimum variance 

method. Therefore, in case of need for hybridization to achieve salt-tolerant maize hybrids and 

improvement of important agronomic traits, suitable parents can be selected from the first and third 

clusters using comparisons of mean of the traits in clusters under salinity stress conditions and also 

with the help of the biplot obtained from principal component analysis (PCA). Targeted crossbreeding 

between selected parental lines allows for further exploitation of phenomena such as heterosis and 

aggressive segregation. 
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