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Extended Abstract

Background: In arid and semi-arid regions, biotic and abiotic stresses can directly or indirectly
lead to restrictions and decreased growth of different plants. In these areas, salinity stress is one
of the major challenges facing agriculture and crop production that causes huge damage to crop
yields annually. The amount of salinity in the soil results in plant growth limitation, and increased
soil salinity disrupts water and essential nutrient absorption for the plant and reduces plant growth,
which can then lead to plant death. Reduced root growth and development, decreased nutrient
absorption, increased likelihood of allergies to diseases and pests, decreased yield, and final
product quality (e.g., nutrient deficiency), and increased toxic elements, are among the negative
effects of salinity on plants. Various factors are involved in the creation of salinity, the most
important of which can be climate change, source rock weathering, improper irrigation, drought,
excessive consumption of fertilizers, and reduced seawater levels. Following climate change,
these damages are on the rise every year. Due to the increase in population growth, demand for
food production is increasing day by day. Wheat is known as the major grain in the supply of
nutritional needs in the world, hence its sustainable production is of paramount importance.
Salinity is recognized as an important factor in reducing wheat yield, and it may increase the
accumulation of harmful salts in the plant tissue, which can lead to physiological damage and
decreased plant growth. The effects of soil salinity vary depending on the amount of salinity, the
type of salinity, and the type of wheat. One way to prevent the negative effects of salinity is to
use salinity-resistant wheat cultivars. The range of diversity in relation to salt stress tolerance in
different plants, especially the wheat plant, depends on various factors such as plant genotype,
duration of stress, and plant growth stage. The seedling stage in wheat is one of the important
stages regarding tolerance to salt stress. This study aims to investigate the response of spring
wheat cultivars in the seedling stage to salinity stress.

Methods: In the present study, the reaction of 64 Iranian spring wheat genotypes at the seedling
stage under normal conditions and 12 dS/m salinity stress was investigated in two replications in
a simple lattice design at the research greenhouse of the Faculty of Agriculture, Urmia University
in 2021-2022. In this study, in the four-leaf stage, salinity stress was applied gradually for two
days. The measured traits were chlorophyll (SPAD), canopy temperature, shoot length (SL), root
length (RL), seedling length (PL), shoot potassium content (KS) ), root potassium content (KR),
shoot sodium content (NaS), root sodium content (NaR), shoot potassium to sodium ratio (KNaS),
root potassium to sodium ratio (KNaR), root volume (RV), leaf area index (LAI), radicle fresh
weight (FWR), radicle dry weight (DWR), relative leaf water content (RWC), shoot fresh weight
(FWS), shoot dry weight (DWS), seedling fresh weight (FWP), weight dry matter of seedlings
(DWP). The data of the studied traits were obtained in a random complete block design. PROC
GLM was used for the analysis of variance (ANOVA) in SAS 9.4 software. The correlation was
examined using PROC CORR and decomposition into factors using PROC FACTOR. The figures
were grouped using the gplots software package and the biplot diagram was drawn with the
factoextra software package in the R 4.1 environment. The MANOVA statement in PROC GLM
was used in SAS 9.4 software for multivariate variance analysis.

Results: Based on the results of ANOVA, statistically significant differences were observed
between the tested cultivars based on the traits studied in the seedling stage, including FWP,
DWP, FWR, DWR, FWS, RWS, and (PL). In both normal and salt stress conditions, DWP
showed the most significant correlation with FWP, DWS, and DWR. Under the salinity stress
conditions, FWS was significantly correlated with DWS, FWP, and DWP. Based on factor
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analysis, the studied traits in both normal and salinity stress conditions were grouped into seven
factors, which explained 77.93% and 76.44% of the total changes in normal and salinity stress
conditions, respectively. Using cluster analysis, cultivars under both normal and salt stress
conditions were grouped into three clusters.

Conclusion: Based on the biplot results of factor analysis and cluster analysis, Maron, Darya,
Shiroodi, Moghan 3, Darab 2, Roshan, Pishgam, and Pishtaz cultivars are introduced as favorable
cultivars. Chamran, Bam, Alborz, and Maroodasht cultivars are categorized as unfavorable
cultivars that can be used in further wheat breeding programs.
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Table 1. The list of studied Iranian spring bread wheat cultivars in the present study.

Variety

Pedigree Name Year
4820 1951
TK/SHAHPASSAND ADL 1976
HD160/5/Tob/Cno/23854/3/Nai60//Tit/Son64/4/LR/Son64 AFLAK 2010
1-63-31/3/12300/TOB//CNO67/SX AKBARI 2006
FN/MD//K117A/3/2*CLLF/4/SON64/KLRE/3/CNO//LR64*2/SON64 ALBORZ 1978
HD2206/Hork//Bul/6/CMHB80A.253/2/M2A/CML//AId*4/5/BH1146/H56.71//BH1146/3/CMHT78.390/4/Seri ARTA 2006
82/7/Hel/3*Cno79/7/2*Seri 82

PUNJAB-76/CHENAB-70 BAYAT 1976
9-36/592/PIEVE or 9-36-562/PIAVE BISTON 1980
ND/VG9144//IKAL/BB/3/Y ACO/4/VEE#5 CHAMRAN 1997
Attila 50Y//Attila/Bacanora CHAMRA2 2013
RSH/IRN 149(60-61)//C271 DARAB1 1980
MAYA'S/NAC DARAB2 1995
DASTJERDI DASTJERDI 1960
DIADEM/ITALIAI DEYHEM 1968

DN11
KVZ/BUHO//KAL/BB FALAT 1990

FONG

FRONTAA
ND/VG9144//KAL/BB/3/YACO'S/4/IVEE#5 GAHAR 1996
RHS/5/WT/4/INOR10/K54*2//FN/3/PTR/6/OMID//KAL/BB GHODS 1988
D6301/NAI60//WRM/3/CNO*2/CHR GOLESTAN 1986
Triticum aestivum/Sprw “s”//CA8055/3/Baconora88 KARIM 2011
FTA/PL KAVEH 1980
P4160//SN64/LR64 KHAZAR 1974
BB/RON//CNO67/TOTA/3/JAR KOOHDAT 2002
TI/PCH/5/MT48/3/WTE*3/NAR59/TOTA63/4/MUS MAHDAVI 1995
AVD/PCHU/5/N10/BR21.1C//KT54B/3/NAR59/1093/4/7C MAROON 1991
LR/N10B//3*ANE MOGHAN1 1974
LR64A/HUAR MOGHAN2 1974
Luan/3/V763.23/\V/879.c8//Pvn/4/Picus/5/Opata MOGHAN3 2006
MILAN/SHANGHAI-7 MORVARD 2009
1112300//LR64A/8156/3/NOR NAZ 1978
1-63-31/3/12300/TOB//CNO67/SX NEISHABR 2006
F134-71/CROW'S' NICKNEJD 1995

GF-gy54/Attila OFOGH 2012

PANJAMO 1968

Bkt/90Zhong87 PISHGAM 2008
Dryland Agricultural Research Institute QABOUS 2014
RAYHANI REYHANI 1942

PRL/2*PASTOR SIRVAN 2012

Bank"s"/VVeery"s" SISTAN 2006

TOUBARI 1969

Veery/Nacozari or Veery#5/NacozariF76 VEE/NAC 1997

SHANGHAI

LR64/SN64 INIA 1969
RSH/3/MTA/IKY/MAY 058 ARVAND 1974
Landrace ROSHAN 1960

Sha4/Chil DARYA 2006

JUP/BJY'S//URES ATRAK 1995
HD2172/3/BB/2*7C//Y50E/3*KAL BAHAR 2007
AZADI/5/L2453/1347/4/KAL//IBB/KAL/3/Y50E/3*KAL SEPAHAN 2006
VEE#5/NAC//1-66-22 or VEERY/NACOZARI-76//1-66-22 BAM 2006
GV/D6301//ALD/3/AZADI or GAVILAN,MEX/D-630//(SIB)ALONDRA/3/AZADI or ALVAND//ALDAN/IAS-58 SHIRAZ 2002
ALVAND//ALDAN/IAS 58 PISHTAZ 2002

FALAT/RSH HAMOON 2002
KAUZ*2/OPATA/IKAUZ DEZ 2002
ND/VG9144//IKAL/BB/3/Y ACO/4/VEE#5 SHIROODI 1997
HD2172/BLOUDAN//AZADI MARVDAT 1999
TAN'S'/VEE'S//OPATA ZAGROS 1996

BOW/NKT TAJAN 1995

1-27-6275/CF 1770 or CF17170 1-22-11 ALVAND 1995
Stm/3/Kal//\/543/Jit716 or SHORTIM/3/KALYANSONA//V-534/J1T-716 KAVIR 1997
Dove"S"/Buc"S"//2*Darabl or DOVE(SIB)/(SIB)BUCKBUCK(M-84-17)//2*DARAB PARSI 2009
Kauz"S"/Azd or KAUZ(SIB)/(AZD)AZADI SIVAND 2009
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Table 2. Analysis of variance for germination traits in Iranian spring wheat cultivars under normal and salt stress

conditions

CV% Error . S.O.V CV% Error . SOV

oy sl VAR g Block  ale s gl VAT BRCK ke
& i ialol = s Clypis ool = o Oy Conditions

DF DF Ll
63 63 1 “?P_ - 63 63 1 ‘?){
63‘}' d:l)‘l

26.32 0.0003 0.001™ 0.0001" KNaR 255 1.03 14,51 11.10 SPAD Jb» Normal

27.58 0.0001 0.0002" 0.0004M KNaR 215 0.74 12.53" 0.005" SPAD w5 Stress

26.43 6.9 0.20™ 0.09™ RV 7.75 2.01 6.45" 0.15™ canopy Jb 5 Normal

25.59 0.081 0.13" 0.31" RV 8.40 249 8/88™ 15.24" canopy U5 Stress

21.77 176291.24 329022.39" 1483503.1" LAI 8.35 14.43 31.97" 208.50™ SL Jlo)s Normal

19.84 154920.25 270780.58" 3106278.58" LAI 8.06 13.73 1096.78™ 1096.78™ SL w5 Stress

19.3 0.17 0.32™ 4.26™ FWR 9.4 21.97 66.73™ 387.11" RL Jb, Normal

17.63 0.10 0.23" 1.06™ FWR 11.6 32.78 50.50" 351.12" RL U5 Stress &
29.22 1.03 0.005" 0.13" DWR 5.46 27.11 75.51" 57.91™ PL Jl.o)3 Normal ?,3
25.62 0.002 0.003" 0.04™ DWR 7.47 50.77 98.60" 206.76" PL w5 Stress % Vg
24.02 194.72 501.26™ 292.16™ RWC 11.39 0.007 0.038™ 0.002" KS Jb, Normal g}
22.42 162.34 311.15™ 113.1m RWC 10.61 0.005 0.042" 0.00054" KS U5 Stress % +)
19.68 0.21 0.39" 2.64" FWS 23.18 0.004 0.036™ 0.001" KR Jb» Normal >
17.33 0.10 0.16" 1117 FWS 26.00 0.004 0.007™ 0.0007" KR w5 Stress

22.19 0.005 0.0099™ 0.066™ DWS 6.09 0.05 0.15™ 0.10" NaS Jb, Normal

17.91 0.002 0.0035™ 0.093" DWS 10.19 0.24 13" 0.10" NaS U5 Stress

13.56 0.37 0.78™ 0.19™ FWP 11.81 0.31 0.598" 0.006" NaR Jlo)s Normal

15.6 0.32 0.50" 4.34™ FWP 11.88 0.42 2.0 1.82" NaR U5 Stress

17.55 0.008 0.018™ 0.008" DWP 14.49 0.0009 0.003™ 0.001" KNaS Jb, Normal

18.6 0.0067 0.01™ 0.25™ DWP 14.16 0.0004 0.002™ 0.00003"™ KNaS w5 Stress

arady) peoly Olie (KS) (alsp phil puoly (ius (PL) a32lS” Jobo (RL) axady) Jsb (SL) @bl Jobo canopy) (glS' slo> (SPAD) S (S50
daady) e (KNER) dpady; ot & molty G (KNBS) (2lgn plii] s &) sl Connd (NBR) dpdityy oo 1500 (N@S) (algn ol s 520 (KR)
doblu Sis (59 (FWS) ol 5 (59 (RWC) Sy Ol (s slgies (DWR) daaiyy Suis 59 (FWR) dxadyy 55 59 {LAI) Sy daw adlis (RV)
[N sl o p3 gyl bme g /00 Jlein] s )3 (6)1 iz (gl Gxe pis i 4 i g % NS (DWP) ol Suid 59 (FWP) azals 5 59 (DWS)

L o oyl |y
chlorophyll (SPAD), canopy temperature (canop¥), stem length (SL), rooot length (RL), plant length (PL), K in the shoot (KS), K in the root (KR), Na
in the shoot (NaS), Na in the root (NaR), ratio of K to Na in the shoot (KNaS), ratio of K to Na in the root KNW, root value (RV), leaf area index
gLAI), root fresh weight (FWR), root dry weight (DWR), relative leaf water content (RWC), shoot fresh weight (FWS), shoot dry weight (DWS), plant

resh weight (FWP), plant dry weight (DWP). ns, * and ** indicate non-significance, significance at the level of five percent and one percent,
respectively


http://dx.doi.org/10.61186/jcb.16.3.64
http://jcb.sanru.ac.ir/article-1-1522-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-16 |

[ DOI: 10.61186/jch.16.3.64 |

odljiag) L) gy de (ool «Suopod (b Sy,

. ol al> jo 3 (5558 (A5 CoT Gl o)le puS pB)) (S35 95 2L

g x8le 0jg b drady) Job walS oy b arady)
allas )3.3)5 ()l3S dxdda; (1o b dr iy Job (pivren
woddy) g odlo Jsb om @Vh (Swer G5 650
odalio dodl Jobo g dxaidy) Suid 0jg b dzads) 5 0
6,5 wldles (Bakhshayeshi et al., 2014) ..
Pahlevani et al., 2009;) 1S o b |) b o)
.(Ghomi et al., 2013; Ahmed et al., 2022
O g Jloyi byl cod o8 g Sl gabg,S
S5
L Jole 4 4 355!

djge Slao Jloy kulyd 3 el 4 a8 olol
Jol Jele (F Jgia) 50 gaas Jole cdn ) ()
wodlo Job Clas g0 dgi |y Ol 5l s )d YWY
Shls lS Sis g 5 (g 9 bl SS9 5 G
2o 2 WV pgd ole ingy Jole cpl jo Lole )b o s
g drady) @ (29l slod 90 dngi |y JS Ol
Slao il |y (ole )b oyt drady) SS9 5 09
sl il o &) psly Cond 5 (2o pST pansliy e
WO Ly i a5 aiils |y ol jb op pen pg Jolo 5 33
39 e Jolo 2905 a2 laiiar |y JS Syt 2oy
polly e Olas 903 dgi 1y sy JS 51 o > AAY
Ol b bl s doddy) e &) pually G g dxady)
5 dradyy Jobo Slao it |y Jole b oty e
bele )b eyt oy Jole b B3I )3 55 aomlS Jobo
Dged anes |y Sl | s pV/EF &5 ol ol |,
Slao 290 dngi |y Glyoss 51 ao > YIVY 56 puid Jole
2 VL Sy o s slgimo g dzady) s e
WSyt (Siage Slao il Jole oyl b bl 1) el
Jole 3 35 Sy aw (adls g olgn plil madw e
ang ly IS Oloss 5l aoyd OV &5 a8 )3 )15 uan
Oyt 1 duo > YWY Lol can ) I cdls )5 g0
can ya gl Shzil e 0500 angi 1) boaly IS
Ui 4 ol oad 03ygl ¥ Jgids 3 o ly Jole
Olyass 1 o pd L gaemme ) ¢ Jole can oyl o o0
S (o0 4y |y dbgyye o

o &) 35
St yjg Jloy Ll )3 adlllas oyl ) sl 005 03]
Sz 559 b b gae (Stuer (it (DWP) azals
(DWR) asdiy, St 59 r=+/A51**) (DWS) asiles
5 039 dr=+19V5**) (FWR) dp ity 5 (59 (r=+/ADF**)
(FWS) axilo 5 (35 9 (r=+/5V9**) (FWP) azals

@Y (Ko (r=+/5V77%) (FWP) wxalS 5 ()
(SL) 4dle Jsb L (PL) axals Job b olis

FWR) e, 5 ojs olio L DWR) sady,
Stusod (1=+/YOV*) (PL) axals Job o (r=+/005%%)
S lis gyl gme Cuto

039 O e (et «(5)98 (A5 Lulyd )
(FWS) sl 5 iy clico | (DWR) sy, S5
039 8 (r:./;\\-ﬁ%-&) (FWP) wowls 5 ) ‘(I’=~/VA()';“";*)
¥ g b odalie (r=+/5AY*#) (DWP) axals Suis
S35 iy i b g ot (Kincan 3 (FWS) il

(FWP) ecpal 5 555 1 (DWS) bl s 5 .t
5 (r=+ IAFY**) (DWP) asal§ (Sis 3 o[r=-/VYY*)
5 Cote (Siuan (156 (SL) wile Jb
5 (FWP) ol 55 559 o cowizmos 3> (LS ()b gne
Siuon (I=+/A5F™) (DWP) axals Sis 9
(Y Jods) ais osalie (o) gime
Dowlat Abadi ) -, \Ken ¢ (o3b] cdgs adlllas 5 5
(55 o dw ) pAS B8, VWY w,yp L (et al., 2019
Sdd gjg b asdle pjy Clie e @Vl (Sten
Jsb ls Sis s b apady) S8 jy cemalS
03 b a8le Jsbo (pizmen g aalS S (9 L dx ey
IpL ppizmen i3S B wmls Sus
89y 32 S)9 o i owyp s (Gholinezhad, 2014)
wrnlS 5 Giwler Alye 93 ) pAS Pl Cudn

Job el Job L dxadsy Jsb o (5o (sne (Stson


http://dx.doi.org/10.61186/jcb.16.3.64
http://jcb.sanru.ac.ir/article-1-1522-fa.html

[ Downloaded from jch.sanru.ac.ir on 2025-07-16 ]

[ DOI: 10.61186/jcb.16.3.64 ]

_ _ o _ _ _ Sogd g5 g Jloy Ll yd cod Sll paiS o)leg pB ) 5 addllas 3)50 o (e (Ko =Y o>
Table 3. Correlation between studied traits in Iranian spring wheat cultivars under normal and salinity stress conditions

DwpP FWP DWS FWS RWC DWR FWR LAI RV KNaR KNaS NaR NaS KR KS PL RL SL Canopy SPAD
0.128 -0.155  -0.200  -0.222 0.147 -0.018 -0.039 0.103 0.135 0.008 0.026 0.131 0.073 -0.124 0.093 -0.259*  -0.181 -0.26" 1 0.056 Canopy
0.250"  0.310 0.196 0.130 -0.066 0.234 0.341™ 0.047 -0.019 -0.169 0.229 0.231 -0.100 0.036 0.176 0.739™  0.337™ 1 0.098 -0.006 SL
0.202 0.284" 0.151 0.168 -0.115 0.197 0.271" -0.034 0.026 -0.152 0.099 0.218 0.145 0.003 0.178 0.884™ 1 -0.016 0.197 -0.049 RL
0.269” 0.357"  0.205 0.185 -0.115 0.257"  0.364™  -0.001 0.009 -0.193 0.185 0.271" 0.054 0.020 0.215 1 0.831™ -0.037 0.029 0.012 PL
-0.100  -0.035  -0.103 0.072 0.035 -0.067 0.009 -0.004 0.178 -0.028 0.802™ 0.141 0.143 0.049 1 -0.150 -0.169 -0.013 -0.207 -0.252" &
0.288" 0349 0.352"  0.202 0.143 0.141 0.338™  -0.001  -0.127 0.711™ 0.089 0.373" -0.034 1 0.367" 0.044 0.003 -0.040 -0.051 -0.152 KR
0.124 -0.057 0.083 -0.055 0.036 0.131 -0.036 -0.064 0.086 -0.118 -0.453™ 0.134 1 0.066 0.020 0.105 0.029 -0.032 0.075 -0.033 Na¢
-0.001 0.155 0.097 0.069 -0.301" -0.100 0.168 0.114 0.168 -0.362" 0.065 1 0.167 -0.009 0.040 -0.033 -0.048 -0.034 0.000 0.041 NaF
-0.165 0.009 -0.153  -0.043 -0.038 -0.130 0.049 0.066 0.097 0.054 1 -0.017  -0.362" 0221 0.920™  -0.170 -0.164 -0.015 -0.223 -0.231 KNa¢
0.281 0.248"  0.249" 0.123 0.347" 0.235 0.257" -0.130  -0.212 1 0.214 -0.25" 0.033 0.966™  0.250" 0.037 0.003 -0.044 -0.042 -0.152 KNaF
0.016 0.060 0.164 0.194 0.016 -0.139 -0.074 0.194 1 -0.099 -0.031 -0.210 -0.022 -0.149  -0.057  0.286" 0.062 0.040 -0.408™ -0.016 RV
-0.099 0.105 0.005 0.058 -0.062 -0.176 0.103 1 -0.079 -0.095 -0.029 0.130 -0.091 -0.083  -0.068 -0.227 -0.186 -0.254" 0.018 0.157 LAl
0.676™ 0.829™  0.265" 0.243 -0.108 0.556™ 1 -0.098  0.321" 0.066 -0.177 -0.093 -0.031 0.051 -0.206  0.257" 0.112 0.115 -0.146 0.098 FWFR
0.856™  0.583" 0.475™ 0.348" 0.143 1 0.785™  -0.088 0.232 0.025 -0.198 -0.082 0.027 0.004 -0.207  0.334™  0.240 0.106 -0.136 0.098 DWF
0.143 -0.037 0.103 0.065 1 0.080 -0.089 -0.022  -0.201 -0.069 0.067 0.272" 0.146 -0.015 0.111 0.057 -0.009 -0.085 -0.027 0.085 RWC
0.598™  0.744™  0.676™ 1 -0.102 0.142 0.076 -0.141 0.008 -0.031 -0.040 0.034 -0.138 -0.012  -0.074 0.085 0.162 0.628™ 0.025 0.003 FW¢
0.861"  0.572" 1 0.867" -0.085 0.194 0.158 -0.191  -0.079 0.016 0.044 -0.064 -0.173 0.007 0.004 -0.103 -0.042 0.694™ -0.054 -0.018 DW¢
0.673" 1 0.722™  0.763™ -0.131 0.611™ 0702  -0.164 0.214 0.020 -0.143 -0.036 -0.119 0.024 -0.186 0.227 0.188 0.523" -0.077 0.066 FWF

1 0.866™  0.842™ 0.716™ -0.018 0.692™  0.548™  -0.189 0.069 0.026 -0.076 -0.092 -0.112 0.008 -0.111 0.107 0.100 0.569™ -0.115 0.041 DWF

2lop Pl s 4y sy G (NAR) dpayy mads line (NBS) alsn pluil mas o0 (KR) dpdiy) masliy (lje0 (KS) aalsp plail slty 500 (PL) 4zl Job (RL) dzady) Jsbo (SL) azdlo Jobo (canopy) 255" sles (SPAD) Sy (S s
(FWP) aoxalS 5 155 (DWS) dp bl i (559 (FWS) 438l 5 (555 (RWC) Sy O (oo slgime (DWR) drdudy) St (559 (FWR) oy 5 (g (LAI) S rdaws 52l (RV) dodd) ooxs (KNAR) dodudyy s 4 masslty S (KNaS)

Wadge i 1y /o) g [0 Jlois] o )5 (o)l pme iy wi g % Al o /MY ()0 i w3 (Sised 4 bgipe (Lol jhad ol sliel 5 Jloy o (5 (Ko & bayye Lol jlas (oYL dlucl (DWP) axalS s 59
Chlorophyll (SPAD?, Canopy temperature (canopy?, Stem length (SL), Root length (RL), Plant length (PL), K in the shoot (KS), K in the root (KR), Na in the shoot (NaS?l, Na in the root (NaR), ratio of K to Na in the shoot (KNaS), Ratio of
K to Na in the root (KNaR), Root value (RV), Leaf area index (LAI), Root fresh weight (FWR), Root dry weight (DWR), Relative leaf water content (RWC), Shoot fresh weight (FWS), Shoot dry weight ﬁDWS), Plant fresh weight (FWP),
Plant dry weight (DWP). The upper numbers of the main diameter correspond to the correlation at the normal level and the lower numbers of the main diameter correspond to the correlation at the salt stress
significance at the probability level of 0.05 and 0.01 respectively.

evel of 12 ds/m. * and ** indicate
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Table 4. Factor analysis of studied traits in Iranian spring wheat cultivars under normal conditions

Final communality estimates Factor7 Factor6 Factor5 Factor4 Factor3 Factor2 Factorl Variable
Syl ol Y Jole 5 Jole O Jole ¥ Jole Y ele Y Jole \ Jele B
0.692 -0.213 -0.087 0.110 0.194 -0.394 0.276 0.626 SL
0.807 0.044 0.161 -0.266 -0.345 0.379 -0.221 0.630 FWR
0.822 0.096 0.297 -0.177 -0.236 0.366 -0.261 .660 DWR
0.842 0.038 -0.062 0.147 0.237 -0.332 0.263 0.761 FWS
0.928 -0.023 -0.029 0.018 0.123 -0.376 0.407 0.777 DWS
0.932 0.056 0.060 -0.067 -0.054 0.009 0.044 .952 FWP
0.933 0.035 0.142 -0.084 -0.039 -0.075 0.157 0.934 DWP
0.378 0.336 0.138 -0.297 -0.080 -0.203 0.336 0.071 SPAD
0.851 0.027 0.254 0.343 -0.141 0.178 0.743 -0.253 KS
0.951 0.283 0.125 0.370 0.261 0.127 0.769 -0.208 KNaS
0.895 0.155 0.016 0.456 0.249 0.587 -0.414 0.292 PL
0.930 0.014 0.033 -0.427 0.338 0.592 0.531 -0.026 KR
0.967 0.015 -0.119 -0.446 0.285 0.627 0.528 -0.008 KNaR
0.608 0.229 -0.189 -0.084 0.650 -0.206 -0.207 -0.072 canopy
0.714 -0.282 -0.212 0.239 -0.588 0.311 -0.197 0.226 RV
0.911 0.285 -0.091 0.484 24 0.446 -0.375 0.262 RL
0.550 0.004 0.662 0.074 66 0.243 0.073 0.121 NaR
0.612 0.066 .748 0.109 0.141 0.014 0.035 0.124 RWC
0.767 -0.677 330 -0.107 0.318 0.140 0.236 0.110 NaS
0.503 0.438 0.072 -0.348 0.221 0.226 0.120 0.267 LAI
Eigenvalue
1.142 1.465 1.528 1.785 23 2.741 4.625 oha e

29 )

Variance (%)
5.712 7.326 7.641 8.935 11.498 13.706 23.126 il s

Cumulative Variance (%

77.934 72.222 64.896 57.255 48.330 36.832 23.126 . i l)
B oh)ly

(KR) dzaiy) masly oljn (KS) (g phil maly (fjes (PL) LS Jobo (RL) apaia) Jobo (SL) a2l Jobo (canopy) (g (sled (SPAD) S (S jows
(RV) cxady) oo (KNAR) dpaidy) oo &y ooy S (KNS) (2lon plail s &y osliy Capsd (NaR) i) s ol (NaS) (glgo plul s (5
(DWS) dpables (S5 135 (FWS) alus 5 )i RWC) 5y T oo tliioms (DWR) doityy (K23 35 {FWR) axayy 55 s (LAI) Sy s adls

{(DWP) aomalS' St yj FWP) alS 5 5

ChlorophylliSPAD), Canopy temperature (canopy), Stem length (SL), Root length (RL?, Plant length (PL), K in the shoot (KS), K in the root (KR), Na

in the shoot (NaS), Na in the root (NaR), ratio of K to Na in the shoot (KNaS), Ratio o

K to Na in the root (KNaR), Root value (RV), Leaf area index

(LAI), Root fresh weight (FWR), Root dry weight (DWR), Relative leaf water content (RWC), Shoot fresh weight (FWS), Shoot dry weight (DWS),

Plant fresh weight (FWP), Plant dry weight (DWP).
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Table 5. Factor analysis of studied traits in Iranian spring wheat cultivars under salinity stress conditions

Final communality estimates Factor7 Factor6 Factorb Factor4 Factor3 Factor2 Factorl Variable
Syl olie Y Jole 5 Jole o Jole ¥ Jole Y Jole Y Jele V Jele gres
0.854 0.406 -0.089 -0.233 -0.280 0.229 0.332 0.621 FWR
0.788 0.213 0.148 -0.311 0.224 -0.001 0.225 0.723 DWR
0.762 -0.285 -0.115 0.303 0.010 0.028 0.012 0.758 FWS
0.831 -0.292 0.115 0.229 0.166 0.147 0.034 0.793 DWS
0.899 0.115 -0.128 0.014 -0.187 0.174 0.236 0.865 FWp
0.889 -0.049 0.153 -0.045 0.227 0.086 0.150 0.883 DWP
0.633 -0.092 -0.203 0.003 0.000 -0.070 0.730 0.213 SL
0.668 -0.061 0.169 -0.021 -0.058 -0.026 0.783 0.136 RL
0.908 -0.090 0.020 -0.013 -0.041 -0.054 0.904 0.203 PL
0.791 0.277 -0.177 0.376 0.254 0.412 .465 -0.302 KS
0.912 -0.109 0.028 -0.066 -0.089 0.895 -0.064 0.287 KR
0.855 0.046 -0.156 -0.354 0.324 0.649 -0.299 0.295 KNaR
0.545 0.107 0.000 0.247 0.644 -0.107 0.184 0.115 SPAD
0.756 -0.132 0.273 0.394 -0.528 0.347 0.330 -0.020 NaR
0.512 0.318 -0.208 0.383 -0.435 -0.081 -0.118 0.109 LAI
0.508 0.055 0.024 -0.021 0.659 0.161 -0.190 0.093 RWC
0.711 0.077 0.043 0.820 0.086 -0.120 -0.029 0.093 RV
0.825 0.132 0.882 0.105 0.070 0.055 0.096 -0.024 NaS
0.912 0.177 -0.679 0.257 0.131 0.356 0.378 -0.258 KNaS
0.729 0.771 0.107 0.130 0.176 -0.070 -0.239 -0.119 canopy
Eigenvalue
1.176 1.302 1.565 1.722 1.98 2.779 4,763 oire Jlaio
29 )

Variance (%

5.882 6.508 7.827 8.611 9.902 13.896 23.816 (b l)
C lative Variang(ajf

m (4

76441 70559 64051 56224  47.612 37712  23.816 umua e
TP R

{KR) a3 by e o(KS) (ol o1y ol (PL) 0LS Jgb o(RL) s, Jgb (SL) a3ls Jgb (CaN0PY) (235 oo (SPAD) 52 (s
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(DWS) dxddlu Sid (59 (FWS) azxdlu 5 (59 (RWC) S p ol o sloiee (DWR) dnadyy Siid )59 (FWR) dxddy) 55 )59 (LAI) Sy aw (asls
(DWP) 4l St (9 (FWP) axalS' 5 )59
Chlorophyll (SPAD), Canopy temperature (canopy), Stem length (SL), Root length gRL), Plant length (PL), K in the shoot (KS), K in the root (KR), Na in
the shoot (NaS), Na in the root (NaR), ratio of K to Na in the shoot (KNaS), Ratio of K to Na in the root (KNaR), Root value (RV), Leaf area index (LAI),

Root fresh weight (FWR), Root dry weight (DWR), Relative leaf water content (RWC), Shoot fresh weight (FWS), Shoot dry weight (DWS), Plant fresh
weight (FWP), Plant dry weight (DWP).
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Figure 1. Biplot diagram of traits and genotypes for 64 cultivars of wheat under normal (A and B, respectively) and
under salt stress conditions (C and D, respectively)
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(DWS), Plant fresh weight (FWP), Plant dry weight (DWP).
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Figure 2. Cluster analysis dendrogram in Iranian spring c\j/\_/heat cultivars in (A) under normal and (B) salinity stress
conditions
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Table 6. Statistics of multivariate analysis of variance under normal conditions

St@f Normgl Statistics
S Jbeys o Ll

F Value F Value
8.06 0.061 7.33 0.062 Wilks' Lambda
8.06" 1.50 7.257 1.48 Pill's Trace
8.08™ 6.21 7.45™ 6.11 Hotelling-Lawley Trace
10.40™ 3.38 10.07™ 4.02 Roy's Greatest Root

Loy3 S raw )3 (g)ld pime *F
** = Significant at 1%

1- Will's Lambda 2- Pillai's Trace 3- Hotelling-Lawley Trace 4- Roy's Greatest Root
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Table 7. Variance analysis of cluster groups for studied traits of Iranian spring wheat cultivars under normal conditions

Stress Normal
O Jbey

Within-group variance Between-group variance Within-group variance Between-group variance Dependent variable
P95 09 oy 295 On by P95 09 ol 295 om bl Llaly poite
61 2 61 2 il as,> DF
6.21 7.98™ 7.30 5.88™ SPAD
3.47 3.44™ 3.23 3.04™ canopy
9.96 80.5™ 9.75 206.09™ SL
26.74 212.57 26.74 235.30" RL
33.10 543.5 28.32 319.73 PL
0.018 0.1008 0.02 0.014™ KS
0.004 0.0015" 0.013 0.066 KR
0.661 1.65™ 0.07 0.20™ NaS
0.85 5.87" 0.3 0.3™ NaR
0.00099 0.007™ 0.0017 0.00009™ KNaS
0.00012 0.0005" 0.0007 0.0025" KNaR
0.062 0.09™ 0.10 0.12m RV
126084.88 419205.16" 152497.13 530940.13" LAI
0.09 1.903™ 0.12 1.357 FWR
0.0011 0.02™ 0.0017 0.031™ DWR
113.92 1426.02™ 209.48 1505.64™ RWC
0.048 114 0.11 2.867 FWS
0.0009 0.025™ 0.002 0.075™ DWS
0.138 3.7 0.138 8/00 FWP
0.002 0.09™ 0.003 0.19” DWP

{KR) 4 sy ol5e (KS) olgn ] el ol (PL) 8LS Jsbo «(RL) 4z, Jsb (5L 48l Jgb (CaN0PY) 395 (£Le> (SPAD) 51 (o
(RV) caaiy) pom> (KNAR) dpadyy oo & olly S (KNES) plgn plil ot 4y ooy Consd (NAR) a3y oo (s (NaS) (s plal s (5o
DWS) il (St 39 (FWS) el 5 3 o(RWE) Sy o (o (slyme (DWR) aya; S g o(FWR) ara; 5 g o(LAI) Sy s sl

Woyd K5 g uoyd gy e ) (6 )1 G () gixe pas iyl 4 FF g * (NS (DWP) azalS s 59 (FWP) azealS 5 459
Chlorophyll (SPAD), Canopy temperature (canopy), Stem length (SL), Root length _(RL?, Plant length (PL), K in the shoot (KS), K in the root (KR), Na
in the shoot %NaS), Na in the root (NaR), ratio of K to Na in the shoot (KNaS), Ratio of K to Na in the root (KNaR), Root value (RV), Leaf area index

(LAI), Root fresh weight (FWR), Root dry weight (DWR), Relative leaf water content (RWC), Shoot fresh Wei?ht SFWS), Shoot dry weight (DWS),
Plant fresh weight (FWP), Plant dry weight (DWP). ns, * and ** indicate non-significance, significance at the level of five percent and one percent,

respectively.
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