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Table 1. The studied maize lines and the place of their collection

Line . Research Line . Research Line . Research
code Line name center code Line name center code Line name center
Ma001 P3L2 Kermanshah ~ Ma032 K1264/5-1 Karaj Ma079 138* /89 Mashhad
Ma002 PI11L2 Kermanshah ~ Ma035 B73 Karaj Ma080 K(llioz tleigz Mashhad
Ma003 PI5SL16Kahriz Kermanshah  Ma036 O(;lafjr/ r{;‘)z Karaj ~ Ma083 |/ Sgcéﬁle)d b\ fashhad
Ma004  P9L3Kahriz  Kermanshah Ma037  R59 (Paternal) Karaj  Ma085 139(3’52‘22‘;;2') 33 Mashhad
Ma005 P13L2 Kermanshah ~ Ma038 W37A Karaj Ma091 8/K19/1 Mashhad
Ma006 P19L7Kahriz ~ Kermanshah ~ Ma039 R319 Karaj Ma096 67*/88 Mashhad
Ma007 P6L1 Kermanshah ~ Ma040 R59 Karaj Ma098 iﬁg;:i/g; 2/ Mashhad
Ma008 P19 L3Kahriz Kermanshah = Ma042 WI153R Karaj Mal00 36-N/88-K3653/2 Mashhad
Ma009 Pl14L1Kahriz  Kermanshah  Ma043  K1533 Popcorn Karaj Mal0O4 Linel Karaj2
Ma010 P11L7 Kermanshah ~ Ma044 lifl Zﬁgg;%?tggl Karaj  Mal05 Line2 Karaj2
Ma011 P14L2 Kermanshah ~ Ma045 B73(RFC OR CMS) Karaj Mal06 Line3 Karaj2
Ma012 PI0OLS Kermanshah ~ Ma046 1264/ 1 Karaj Mal07 Line4 Karaj2
Ma013 Pl th;?aﬁleu_ Kermanshah ~ Ma048 ZK472221 Karaj Mal08 Line5 Karaj2
Ma014 P11L6 Kermanshah ~ Ma049 K1263/1/1388 Mashhad  Mal09 Line6 Karaj2
Ma015 PI3L3 Kermanshah ~ Ma051 9/K19/1 Mashhad  Mall0O Line7 Karaj2
Ma016  P16L4Kahriz ~ Kermanshah  Ma052 (K3 1/ g/i 2; } 38;2) Mashhad  Malll Line8 Karaj2
Ma017  P3 L4Kahriz  Kermanshah  Ma054 2/K19/1 & (K19/1) Mashhad  Mal12 Line9 Karaj2
Ma018  P1L5Kahriz ~ Kermanshah ~ Ma055 K3640/S /55-N  Mashhad  Mall3 Linel0 Karaj2
Ma019 P19L5Kahriz ~ Kermanshah =~ Ma057 20%* /1389 Mashhad  Mall4 Linel1 Karaj2
Ma020 PI5L14 Kermanshah ~ Ma060 S2/ (QIEX)QSE‘SMA Mashhad  Mall5 Linel2 Karaj2
Ma021 P16L6Kahriz ~ Kermanshah ~ Ma062 6% /88 Mashhad  Mall6 Linel3 Karaj2
Ma022 P15L4 Kermanshah ~ Ma064 4/ K19/1 Mashhad  Mall7 Linel4 Karaj2
Ma023 P11L9 Kermanshah ~ Ma066 48%* /1390 Mashhad  Mall8 Linel5 Karaj2
Ma024 PIL6 Kermanshah ~ Ma072 Kllgf‘slz/gl‘;‘g(ol)“* Mashhad ~ Mall9  Linel6 Karaj2
Ma025 P13L1 Kermanshah ~ Ma073 K(lliz)]?a/tclzg)g 2 Mashhad ~ Mal20 Linel7 Karaj2
Ma026 P10L7 Kermanshah ~ Ma074 7/K19/1 Mashhad  Mal21 Linel8 Karaj2
Ma027 P16L12Kahriz Kermanshah ~ Ma075 23%* /89 Mashhad ~ Mal22 Linel9 Karaj2
Ma028 P10L9 Kermanshah ~ Ma076 70%/ 1388 Mashhad  Mal23 Line20 Karaj2

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

. Mean Minimum Maximum F-value CV (%)
Trait' Welch’s t-test
N# S N S N S N S N
GY 147.7 108.7 21.0 5.3 4089 270.2 4.5 6.1"" 584 609 3.3
FLL 37.1 31.2 23.7 18.3 51.2 45.8 2.3 3.4™ 156 21.8 6.1
FLW 5.1 4.5 2.9 24 7.6 8.2 3.5 4.3 20.1 234 3.8
FLA 15855 10835 6159 4412 33032 25681 3.7 5.8 358 443 6.3
BY 383.6 3356 933 89.3 810.7 693.3 6.17 5.9 437 426 2.0"
LCT 324 324 28.5 20.1 38.2 37.6 1.0 9.1™ 8.0 8.7 0.3
LCC 759 735 34.6 36.9 1158 1051 12.1™ 105" 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"" 123" 128 10.4 0.2
EH 66.8 58.6 19.3 13.0 99.3 107.7  15.0"™ 1277  26.8 31.8 2.9
PH 145.0 140.2 84.0 59.5 192.0 190.0 7.7 10.0"" 182  20.7 1.1
TAL 172.6  167.0 102.5 31.0 229.0 221.0 7.7 11.2" 167  20.8 1.2
LA 153.0 1453 1235 118.7 173.0 1700 25.8™ 42.7° 7.7 8.9 4.1
SD 2.3 1.9 1.3 1.0 34 2.9 28.77 214 19.8 16.6 5.87
PL 7.2 73 1.0 1.0 17.2 15.5 22.17 320" 405 43.1 0.1
DTT 70.5 73.3 51.7 52.3 80.7 87.7 44,47 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 55.0 473 30.5 18.5 78.1 79.0 2.5 2.8 20.0 26.1 43"
RWC 78.6  75.8 62.7 49.2 97.7 88.6 1.5 1.0™ 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 28.8 287 4.0 8.0 50.5 47.7 6.5 8.4 36.2 33.7 0.1
ED 41.3 404 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 49 3.5 3.9 7.0 6.8 2.6™ 42" 14.4 14.3 0.0
CD 24.0 21.8 2.6 7.4 60.4 49.0 56" 6.5 49.5 420 1.3
HGW 28.6 284 11.6 12.6 46.6 44.2 5.4 53" 25.0 247 0.2

ns BT

, " and """ Not-significant and significant at 5%, 1%, 0.1% and 0.01 % probability levels, respectively.
i 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.

hedae @ 0ol o)ly Slas ()l se (syp 2 oMl
ab eolizwl Mallows” Cp) wgde Cp o)Ll
Cwl 2l los I SO welle Cp .(Mallows, 1973)
Cp polie wS oo byl |y Joo S oS oS
oM (mh lapiie Slasd I 5eST L g Sgbee
A aes oo olid oSy cub sus adlslay (Predictors)
(Unbiased) u,lb 5 3do biws 850, abgrye Joo
L ceds JBne slas 5l 508 polie g 03,5 ass
ol 0l 5 S 5,5 Cp peolie .l a3l e
e bools b pedas 5 cwl o)l sl Jow oS
il ot slnets Lgil gite uglle Cp e .ol
slcwgy olss a5 Sley aSl s (Overfitting)
Syge layiie Sl ply g0l St aslllas o)
Al g polie ghls Wilsi oo Cp e adly (o)
oy O See ALl @ azg b oS cwl SO Ll
0aipS i 550 Bub il g cwl wls o, Slee Jolao
Aol e ol (g 8ol Su5elgd 00 Dl I golass
ol 5l e penay )l Ll b (VL (Staen &5

Yo-

pBapl (gu
Ot lp pBapl g 5, 4o plodl jslaien
s olsd @l oSlee 5 W ,50 Cliw
ot sl Gog Jits Jold alluiz (b )l
Durbin-Watson) :ygumsly— w59 (9050 5l eslaal b
Gloyiie o ot Llyy Jloy w55 5l ol g s
heslial b bagl (o (hdpn o925 poe g Jituss
28,5 )18 oy 0590 (VIF) (il jls 055 Jole yolin
9 YIVY Jloy layls o (yamly —py90 o,lol lade
ald Ll ulel pael cawoay VAT (600 1S Cod
SSiko oylel ol VIO 5V (o polie « (Field, 2009)
S polie 5 Cel Jao cdolojl glallas (o5 Jitus
(o093 2525 00Ol Sl ke b g Sl
il Joo sosle BL oy (Autocorrelation)
9 by lalps 50 50 cod 5 (bl p)g ele polie
3929 pac ,S0Lis 4 wal Cawsds Vol 508 (5,90 LS
Ry Hie Sbajyiie G hdee L s (Sl



VF.. 32l [pges ojlos /p.a:o)b 0,90 (oM Sildbo

Sogh i g Jloy bl o )3 slanY (s g9 b))

Slpesd 303 S5l FoS azs b Su 2 oz S
@ oarg LA Wl Pew S, oo o)y o Sles
olass Slas o Jailbisl fouw ) o po ol Lo sixe pud
Sy b s el P glis) Sy Jsbo o5 IS
Al Bl Code 45 el g Dlao ()l ez
S )3 bl Ggaw 55 calye ol cnlnle
olass Slas 45 CdS olgh s Dlas  Swaod g Gy
Wlo pie oIy 5 slaws w@ils as (59w, o all
5 Jloy Ll 50 ISB 550l b 55, 5 Db oz 039
G jg, lo Gos (P 8 (s, jo dls slaw Slas
Gopd o5 Ll o Phocsr 035 s S b
Ol o5 axils wls o Slee o 1) 4z (ke
coo Y ails o Slee b slacp¥ iy 55 cuz 1) gl
Joo 5o 9l 13 s g95 G55 5 Jluys Luly 50
5 Soilhas bhug o Aar Gew)S) 4 2k
sl s (55, Mostafavi et al., 2013) l,Sen
I s Slie b plal (Sid 25 Lalpb s o0
Oloreay a5 glay )l 5 Iy olaws (L o wls slaws s

ol (Byme ails o ,Slae e Slao (p Fege

Cole 4 520
b wls o Sloe o Jslao 5 e Ll 550 jslaion,
ulrs Gl g Wl Gew S, Je o)y &5 Slaw
Cole apes ) wioy Jlodae sjlubil s S,
o 8kee b lio opl oigtd slo Sinaad g ool
s 0l S il 5 el Ol 4y alls

5o &l oo (0 Jouz) Jloyp laslps jo as ol las
oo e Sl on St @l alls wo i 5 s,
wgdleds .aidgs (/YT 5 +/0VD ol pay) ails o Slae
Cio g (VYY) (e peiian L dls oy Cao
o b (VYY) G e B L S IS Sl
@oy ol slaws B,k oSl ol I8 ),.,b
CSFa) Wl w09 g (VA g HIVEY s S
YL L slo Soad s0iSa> g5 ((/VVY 5 +/VFA
5 b coz 55 Olas asg alls o ,Slee L Olaw ()
L @Vl (Son ulpo Gl a2 Sl oz p 5wl
Sl Ll wiog (4/F g VA i ay) ails o Slee
5 NP ) g oS Lws Slio ol ewites
Ol by e by Sacon (pl sdee idw 9 (+/VFFO

Ogr ails o Slas y Olaw ol puiins 8

Yo\

o5 g by Lulpd 90 8 )3 g S5 i )3 o
Do ST g Slae plo SI6 ob B> (5)9d

Jyi Lulpd )0 e )S) ap @i pelul
PYIN 4z b o, 0 als dlaw caw (¥ Jgox)
Joe 0l a5 0gy gho sl o Slee Ol 5 s o
L cio ol om @b Jles (Sien 0l Sgaw S
5 il e o Skee o] bl))).».)l) 3 S ails o Slas
Jas,e Ve azg b oal as 59 Cas pg p8
o Chae opl ald Jae o))y dls o Slese Ol
5 S p JS oo cils ails o Slee b YL (Sion
Sy Joe 3)ly pilez 9 po slopl 3 S s
I oo Olpss 3l as,o g0 5l JpS SOy oS ol
039 S ls Hhd il oye 0,5 Ay
s 5 55, SIS s U 5, cals e (b sz
P bk g w4 el s (2B
S8 o 45 10D Je 3y @805 B pnty slapls
RYVIRVNE VIS PUIR Y PRSICH JUVES JPVESN S PN IS
Lo als o Slas Ol psd 51 doyo AVIAY (oo o
O3Sy cops ol ol oAb s Cas VY
(U5 ol b g, s Gos Sl glp o lastil
b g Jloccine P Sl g s 4 ey S
B i cude 4 5a0 plol gl Slio o )

G kil e Geee S, s mls pelel
Db ks g o,y o wils slaws Slas (F Jguz) (5,50
Ry e 22,0 VYA g ao,0 YAIFY axgi b cod jiag
elaizl sgza 1) als o Slee Olyd axgd w0
oiid Ll pn 50 eole (Saen @l b mls cpl Laisl
e S 98 ol o]y a cals plly (g9l
PSS g b als Ges il o Slee bl Sion
Al Jae 3)ly paw a8 50 0, Sles Sl pid do o 9o
CITYO) als Gos o bl g,y co o YL lade
by o Sles b Cin pl YU Sor L Guato
b ot ke oylbinl o 55 po jlade Bl oo
obly G 50 Je 50 0al ol Slas SIS e (5
sS.'s' 6‘)‘ O as 9950 )UG.»;‘ ‘u.:b.:L».: G IP R aji.l.o.c
YYIO ety ails o Slae ils Gas jo0 pss ozl
oALS Az Egamme ;O Cabo dw (pl bl i as)o
Spls jo wisg wls o Slae Olpass 5l as e VNP
5 5t 6 53, o5y IS st Slao i b p ez
P g kel el (YKl Jsb (Pl ooz 0



VE-

b pgw 0 lads o233l 0,90 [ Olados

O 5 555

5o &S 35 Pbyhd sg (YAL) 5SS als o Sles

Sl

g ond Jow Sy ps plS )3 (gew S, a3

S o opl il o Sl 5 CIVFY) (6505 pakivns
als o Slee b oVl SKior Cio opl a5 ool
Ol oty Wi oo dlae cpl ol olas (/A
slawy Bl 5l DL Had a8 wil oYU Cudie paiine ué
So> 559 9 ((IYOF) wls Geac «(+/YAL) (o, o ails
Slao ol ddaslga 5 o)l ails o Slae o (+1V0-) Pb
g Lol ogd oo i Laylyd jo o,Sles o8l cely
b,k cas 3l s (Yahaya, 2021) o, Kes
Slae plo a4 cod olazel B 50 chn S Glgea

50,5 o

Saidaiah et al., ) ;| Ken g Llayls @libss mls

saipoylis 6 O3 Glaas,es g oY (g9, (2008
S8bee oz S e Cote i yod D31 352
Alberico and ) ,al,S 4 §56 T slizel & 0g a4l
@ Qg e oz Sp zhe cas (Cramer, 1993
S35 S8 & Ja sl slazel BB a3l S, olsie
sl Slio (8 Jsaz) yed i bylyd coo asl
g +IVAY olo b cudja als Bes g o, 0 ails
Aidgs aild o Slas e ST p 3 ke glyls < /TAR
St lpS R G s Slas Gl
odle g oo Iy o) e a5 Wag wils o Sl b (ygu n
ReS3 Gosb 3 o] it b Sl et DI s
2 P SkE s P csr oy Slee @bl s

Table 3. Stepwise regression analysis of grain yield (dependent trait) and the other traits (independent traits) in
maize lines under normal conditions

Traits entered into the

Step model” Standard Beta Standard Error ~ Mallows’ Cp  Adjusted R?
1 GPR 0.463™" 0.945 43.604 67.80
2 HGW 0.204" 1.311 18.279 74.80
3 TL 0.207™ 4.082 13.085 76.65
4 LA -0.129" 0.465 9.763 78.01
5 GW -0.205 8.432 8.956 78.73
6 GD 0.175" 8.357 7.903 79.51
7 FLA 0.144" 0.001 6.483 80.39
8 CD 0.260™ 0.734 5.527 81.15
9 GDE 0.131™ 6.913 4717 81.87
10 DTS -0.233" 1.952 4.385 82.47
11 DTT 0.166" 1.586 3919 83.10
12 K/Na 0.065" 0.396 4.215 83.54
13 ED -0.139™ 1.637 5.066 83.83

*: The traits abbreviations are indicated in Table 2.
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Table 4. Stepwise regression analysis of grain yield (dependent trait) and the other traits (independent traits) in
maize lines under salinity stress conditions

Traits entered into the

Step model Standard Beta Standard Error  Mallows’ Cp  Adjusted R?
1 GPR 0.384™ 0.435 112.797 79.41
2 ED 0.106™ 0.903 15.680 89.89
3 GDE 0.335" 3.084 5.690 91.16
4 TL 0.068™ 2.426 2.893 91.66
5 DTS -0.099" 0.506 0.278 92.15
6 CD 0.150° 0.456 -2.037 92.61
7 PL -0.068™ 0.820 -2.516 92.87
8 EH 0.099™ 0.176 -2.967 93.13
9 FLW -0.052™ 2.593 -2.294 93.27

T: The traits abbreviations are indicated in Table 2.

YOv



VF.. 32l [pges ojlos /p—ﬁo)b 0,90 (oM Sildbo

Sogh i g Jloy bl o )3 slanY (s g9 b))

@, 0 al ol Slas Ko sl regy 4o (2005
I 5o 4l slaws «(Nemati et al., 2009) ails Jgb 4
els,l g (Chaudhary et al., 2017) als w59 9
o ros (Yahaya et al., 2021) «ls as (39 &5
s sl &3y dls o Slee Iy peiias ]
Lylys jo a8 ols olas e a5 5 odwl Cavsa
5ol olawy Glas o (Siaer 51 (S5 pew (Jboy
L S 5 slaw 5 als e s ao ()9 wio,
ol 8,80ee g oyl pubins Sl 4 by e ails o Slee
Slio o (Sed I (F)p pow S ents
Dl b 5 Bl gz (9l Bas acizs, 3 als slass
S baye gy50 5 alyd cos el o Shee |
cel Wlg oo Slae ol 2ol (oplply cwl ki
5955 695 G5 5 Jloy bulyd 5o als 5 Shos Sl
Gk § Wy Yo s Slee b slayY G 5

255 el Slio cnl S

s 3 SN 4 51 S s b 35, b

olid b Ll wg als o Slae  (—+/+7) nly Ao
) ite ol b 5 ki sty o ] oS s
Wl Gos g (2NVFF) o, 0wl ol Slas &b
Ol ol o 0,008 oo Sl wls o Slee y (-/1Y0)
Sosd x5 Iyl po g < [FY Jlo g balyt o oniledly
a3 ) sy 9y90 Slio alpli w3505 < IVAY
gy wvg ls 5 Shos azgi 4 0l g0k 9> U e
05785 sty (riorme L (S Olyeds jrne 4525
Sewall lawg VAVA Jlo jo b gl (6l o o
A 00l i yinS g SUSY aasie S a5 Wright

Ot b lagsl (19908 i pe g oy n b gy )
WS S Sl ol aisly prie iy slayate
Sl 55k By g5 5] hsen SlasSIl L, LT &S
ol gz pendy e (Gl cuiSHlo b o)

Streiner, ) cosl joein o Cole @ LB, 4 g,

Jloy bl jo &8 glapp¥ o ails o Slas (g ,S ) Joo 10 00l o))y Slao  Siod ol ulul 5 code 4y -0 Jgax
Table 5. Path analysis based on correlation coefficient in regression model on grain yield in maize lines under
normal conditions

. . Indirect effect via Correlation
Trait Direct effect . ..
GPR HGW TL LA GW GD FLA CD DTS withgrain yield
GPR 0.515 0 0.162 0.078 -0.013 -0.113 -0.062 0.087 0.126 0.036 0.82
HGW 0.331 0.252 0 0.071 -0.033 -0.179 0.002 0.062 0.111 0.019 0.64
TL 0211 0.190 0.112 0 -0.049 -0.076 -0.005 0.033 0.076 -0.028 0.47
LA -0.095 0.066 0.115 0.107 0 -0.073 0.014 0.014 0.038 -0.032 0.16
GW -0.221 0.262 0.268 0.071 -0.032 0 0.010 0.058 0.103 0.016 0.54
GD 0.118 -0.268 0.006 -0.009 -0.012 -0.020 0  -0.049 -0.037 -0.024 -0.29
FLA 0.146 0.309 0.142 0.048 -0.010 -0.089 -0.040 0  0.073 0.017 0.60
CD 0.166 0.391 0.222 0.097 -0.022 -0.137 -0.027 0.064 0  0.023 0.78
DTS -0.097 -0.196 -0.067 0.059 -0.031 0.037 0.028 -0.027 -0.040 O -0.33
f: The traits abbreviations are indicated in Table 2.
o9 bty 50 05 slagnY o ails o Slas (gen S5 Jde y0 o 3y Dlho (Siod culpd wlul oo 525 F o

Table 6. Path analysis based on correlation coefficient in regression model on grain yield in maize lines under
salinity stress conditions

Trait Direct Indirect effect via Correlatiqn with grain
effect GPR ED GDE DTS CD yield
GPR 0.394 0 0.104 0.216 0.028 0.144 0.89
ED 0.147 0.280 0 0.254 0.027 0.150 0.86
GDE 0.289 0.296 0.129 0 0.029 0.135 0.88
DTS -0.069 -0.166  -0.059 -0.125 0 -0.043 -0.46
CD 0.185 0.308 0.119 0.211 0.015 0 0.84

. 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

Trait Normal conditions Salinity stress conditions
Factor]l Factor2 Factor3 Factor4 Communality Factorl Factor2 Factor3 Factor4 Communality
Grain yield 063 055 -017 024 0.79 075 0.60 0.12 0.07 0.94
Flag leaf length 0.18 0.15 -0.03 0.82 0.73 0.16 -0.03 086 021 0.81
Flag leaf width 033 028 -0.19 0.67 0.67 039 018 069 0.13 0.69
Flag leaf area 035 027 -0.14 0.85 0.93 040 -0.01 080 0.13 0.82
Biomass yield 058 065 017 0.29 0.87 0.70 038 033 041 0.90
Canopy temperature -0.10 -0.26  0.04 0.03 0.08 -0.27  -027 -024 -0.36 0.33
Chlorophyll content 039 035 0.03 0.28 0.36 0.61 029 006 0.17 49
Ear-up leaves 0.10 0.16 050 -0.28 0.36 0.14 -0.15 -0.51 0.28 0.38
Total leaves 031 065 056  0.00 0.84 036 023 -0.01 0.75 0.75
Ear height 0.17 080 022 025 0.78 033 048 046 049 0.79
Plant height 0.19 085 023 0.16 0.84 050 042 032 051 0.81
tassel length 026 075 0.08 0.16 0.67 054 036 038 055 0.86
Leaf angle 036 016 055 0.02 0.45 0.19 -0.11 0.04 0.1 0.31
Stem diameter 0.61 049 023 024 0.72 049 0.19 033 045 0.59
Peduncle length 0.12 041 -0.07 0.08 0.19 051 023 024 0.11 0.38
Days to tasseling -0.16 0.01 0.82 0.05 0.70 -0.14  -034 027  0.65 0.63
Days to silking -0.20  -0.15 0.83 0.06 0.75 -0.28 -0.56 030 051 0.74
K/Na ratio 0.01 -0.07 0.14 0.29 0.11 002 -0.13 035 0.12 0.15
Relative water content  -0.28 -0.02 -0.15 -0.13 0.12 -0.12 0.05 -0.01 0.21 0.06
Ear length 0.67 052 -0.17 0.23 0.80 0.62 046 043 0.11 0.79
Rows per ear 0.11 045 -0.02 -0.04 0.21 0.13 040 -0.15 0.12 0.21
Grains per row 056 055 -031 030 0.80 058 0.69 033 -0.01 0.92
Ear diameter 073 050 -0.05 0.00 0.78 079 043 000 0.13 0.83
Grain width 086 006 005 0.11 0.75 093 -0.09 0.12 -0.03 0.88
Grain depth 074 040 -0.13 0.15 0.74 0.84 039 003 -0.02 0.86
Grain diameter 0.01 -031 030 -0.32 0.29 -0.17  -0.70 -0.07 0.07 0.52
Cob weight 072 047 -0.10 0.08 0.75 076 036 022 0.19 0.79
100-grain weight 0.87 0.14 003 0.09 0.80 095 -0.01 0.11 0.04 0.92
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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

Trait" Normal conditions Salinity stress conditions Change (%)

Clusterl Cluster2 Cluster3 Mean Cluster] Cluster2 Cluster3 Mean Clusterl Cluster2 Cluster3 Mean

GY 214.00  77.2° 94.8° 147.7  194.2*  52.9¢ 94.7° 113.9 9.3 -31.5 -0.1 -13.6
FLL 39.7* 34.1° 35.7° 37.1 33.6* 26.1° 33.2% 31.0 -15.5 -23.5 -6.8 -15.3
FLW 5.7* 4.5° 4.6° 5.1 5.4 3.7¢ 4.5° 4.6 -4.9 -18.4 -0.8 -8.0
FLA 19377® 12241% 12634 15855 14285% 7352° 11136 10924 -26.3 -39.9 -11.9  -26.0

BY  498.8* 222.2¢ 4204° 383.6 506.3*@ 181.7° 337.7° 3419 1.5 -18.2 -19.7  -12.1

LCT 31.8* 32.9* 32.6 324 31.4° 34.0* 320 325 -1.5 3.4 -1.9 0.0
LCC 87.0* 60.5° 78.5* 75.9 92.6* 56.9¢ 73.2b 74.2 6.4 -5.8 -6.8 2.1
EUL 5.0 4.9 5.8% 5.1 5.1* 5.2% 5.1* 5.1 0.0 5.7 -122 22
TL 11.8° 9.8¢ 12.92 11.2 11.9% 10.1¢ 11.3 11.2 1.1 3.0 -12.1 2.7

EH 75.4* 51.5° 79.8* 66.8 75.3* 36.8¢ 63.6° 58.6 -0.2 -28.6 -203  -16.4
PH 158.00  121.9° 165.5* 1450 170.4* 105.1° 146.2° 140.6 7.8 -13.7 -11.7 -5.9
TAL 188.6* 148.6° 182.8* 172.6 201.2* 125.1¢ 1752 167.2 6.7 -15.9 -4.2 4.4
LA 154.6° 1469 165.6° 153.0 146.1® 1404° 148.3* 1449 -5.5 -4.5 -104  -6.8
SD 2.5% 1.8 2.4* 23 228 1.6 2.0 1.9 -15.7 -13.1 -16.7  -15.1
PL 8.32 5.6° 7.7* 72 10.1# 5.2¢ 7.0 7.4 20.9 -8.2 -9.7 1.0
DTT  69.1° 69.9° 78.1* 70.5 71.9° 71.8° 75.1* 72.9 4.0 2.7 -3.8 1.0
DTS 75.4° 76.8° 82.5* 768 7748 79.6% 8228 79.7 2.6 3.6 -0.3 2.0
K/Na  54.6* 54.4%  58.04* 550 47.37% 43.1° 50.2¢ 46.9 -13.6 -20.7 -13.5  -159
RWC  77.0° 81.4* 75.7° 78.6 75.5% 75.2* 76.5* 75.7 -2.0 -1.7 1.0 -2.9

EL 18.8% 11.8° 13.7° 15.5 19.2¢ 12.1¢ 15.6° 15.7 1.8 3.0 14.3 6.4
RPE 14.9* 13.8% 14.6* 14.4 13.7¢ 13.1* 13.3* 13.4 -7.9 -4.3 9.1 -7.1
GPR 368 20.4° 22.4° 28.8 39.9 19.9¢ 27.9° 29.2 8.2 -2.0 24.8 10.3
ED 45.4* 36.2¢ 40.3° 413 47.1* 36.3¢ 39.1° 40.8 3.8 0.4 -2.9 0.4
GW 8.5% 7.5 8.3* 8.1 9.3* 7.9 8.1° 8.4 8.0 4.9 -1.5 3.8
GDE 11.42 9.0¢ 10.2° 10.4 12.45* 9.3¢ 10.0° 10.6 7.9 3.0 2.1 2.9
GD 4.5° 5.12 5.12 4.8 4.4b 522 4.92 4.9 -3.3 33 -3.9 -1.3
CD 32.6* 14.7° 17.5° 24.0 32.7* 14.1¢ 20.5° 224 0.3 -4.4 17.0 4.3
HGW  32.6* 23.7¢ 27.6° 28.6 35.9° 24.0¢ 26.9° 28.9 9.8 1.3 -2.2 2.9

¥: 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.
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Supplementary Table 2. The results of principal component analysis of maize lines under normal conditions

Trait" PCI1* PC2 PC3 PC4 PC5 PC6 PC7
GY -0.87 0.16 -0.09 0.02 -0.02 0.05 -0.06
FLL -0.50 0.23 0.60 -0.22 -0.19 -0.25 -0.06
FLW -0.64 0.33 0.40 -0.07 -0.33 -0.10 0.09
FLA -0.69 0.31 0.47 -0.15 -0.24 -0.20 -0.03
BY -0.92 -0.17 0.04 0.02 -0.06 -0.03 -0.05
LCT 0.25 0.03 0.16 -0.43 0.47 0.41 0.20
LCC -0.62 0.00 0.11 -0.02 -0.16 0.16 0.40
EUL -0.09 -0.66 -0.25 0.05 0.03 -0.10 0.11
TL -0.64 -0.63 0.01 0.15 0.04 -0.03 -0.07
EH -0.73 -0.29 0.28 0.27 0.21 -0.08 -0.09
PH -0.74 -0.33 0.18 0.33 0.25 -0.21 0.08
TAL -0.73 -0.18 0.11 0.29 0.27 -0.21 0.03
LA -0.37 -0.58 -0.07 -0.25 -0.13 0.06 0.02
SD -0.83 -0.21 -0.02 -0.17 0.15 -0.14 -0.06
PL -0.40 0.02 0.09 0.22 0.50 -0.12 0.49
DTT 0.08 -0.80 0.29 -0.10 -0.24 0.20 -0.13
DTS 0.21 -0.77 0.29 -0.22 -0.19 0.11 -0.13
K/Na -0.06 -0.05 0.44 -0.39 0.04 0.26 0.43

RWC 0.27 0.11 -0.03 0.51 -0.47 -0.17 0.31
EL -0.87 0.17 -0.13 -0.03 0.08 0.07 -0.19
RPE -0.38 -0.09 -0.06 0.54 -0.33 0.51 0.15
GPR -0.84 0.30 -0.01 0.05 0.09 0.21 -0.19
ED -0.83 0.01 -0.32 0.04 -0.14 0.28 0.08
GW -0.67 0.04 -0.36 -0.46 -0.10 -0.16 0.10
GDE -0.82 0.14 -0.23 -0.07 -0.14 0.18 0.10
GD 0.32 -0.36 -0.40 -0.22 -0.16 -0.40 0.31
CD -0.83 0.09 -0.27 -0.06 0.06 0.12 -0.16

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

Eigen value 11.04 3.31 2.03 1.85 1.46 1.25 1.06
Variance (%) 39.44 11.81 7.25 6.61 5.21 4.46 3.79
Cumulative variance (%)  39.44 51.26 58.50 65.11 70.32 74.78 78.57

T: 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
Trait’ PC1# PC2 PC3 PC4 PC5 PC6
GY 0.89 0.35 0.00 0.05 -0.02 0.00
FLL 0.49 -0.60 0.44 0.01 -0.17 0.09
FLW 0.69 -0.31 0.38 0.02 -0.13 0.18
FLA 0.64 -0.44 0.41 -0.13 -0.23 0.18
BY 0.94 -0.09 -0.09 0.01 0.02 0.00
LCT -0.55 0.20 0.12 -0.26 -0.11 -0.32
LCC 0.69 0.18 -0.15 -0.09 0.03 0.12
EUL -0.07 0.10 -0.74 -0.22 0.15 -0.01
TL 0.61 -0.27 -0.54 0.13 0.06 -0.24
EH 0.78 -0.27 0.03 0.32 0.13 -0.16
PH 0.85 -0.18 -0.12 0.14 0.22 -0.23
TAL 0.87 -0.25 -0.11 0.11 0.20 -0.12
LA 0.28 -0.39 -0.49 -0.09 -0.47 -0.08
SD 0.73 -0.27 -0.13 -0.01 -0.13 -0.09
PL 0.63 0.04 0.09 -0.15 0.26 -0.34
DTT 0.04 -0.80 -0.28 0.04 -0.10 0.09
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Trait' PC1# PC2 PC3 PC4 PC5 PC6

DTS -0.20 -0.84 -0.12 -0.12 0.04 0.03

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

RWC -0.02 -0.18 -0.19 0.37 0.56 0.58

EL 0.87 0.06 0.19 0.02 -0.06 -0.10

RPE 0.26 0.27 -0.27 0.45 -0.51 0.12

GPR 0.86 0.27 0.21 0.19 0.02 -0.08

ED 0.83 0.33 -0.17 -0.05 -0.15 0.19

GW 0.71 0.17 -0.01 -0.58 0.11 0.13

GDE 0.82 0.40 -0.04 -0.16 0.01 0.09

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

CD 0.88 0.13 -0.04 -0.10 -0.07 0.05

HGW 0.77 0.17 -0.06 -0.49 0.06 0.22

Eigen value 12.13 3.53 2.10 1.65 1.28 1.01
Variance (%) 43.32 12.62 7.50 5.89 4.57 3.61
Cumulative variance (%) 43.32 55.94 63.45 69.33 73.90 77.52

T: 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 h?
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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