Journal of Crop Breeding Vol. 16, Issue 3, 2024 p: 64-78

Sari Agriculture Sciences and Natural
Resources University

Research Paper

Evaluation of Genetic Diversity of Iranian Spring Wheat Cultivars under
Salinity Stress at the Seedling Stage using
Multivariate Statistical Methods

Ronak Talebi Qormik?, Hadi Alipour?‘* and Reza Darvishzadeh?®

1- Ph.D. student, Department of Plant Production and Genetics, Urmia University, Urmia, Iran
2- Associate Professor, Department of Plant Production and Genetics, Urmia University, Urmia, Iran,
(Corresponding author: ha.alipour@urmia.ac.ir)
3- Professor, Department of Plant Production and Genetics, Urmia University, Urmia, Iran

Received: 9 December 2023 Accepted: 2 March 2024

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

Copyright ©2024 Talebi Qormik et al. Published by Sari Agricultural Sciences and Natural Resources University.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 Unported License which allows users to read, copy, distribute

and make derivative works for non-commercial purposes from the material, as long as the author of the original work is cited properly.



mailto:ha.alipour@urmia.ac.ir
https://orcid.org/0000-0003-0086-002X
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://doaj.org/toc/2676-4628

Talebi Qormik et al.
Journal of Crop Breeding Vol. 16, ISSUE 3, 2024 . ... .iuininii it e e e e e e e e et e e 65

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.

Keywords: Bread wheat, Factor analysis, Salt stress, Seedling

How to Cite This Article: Talebi Qormik, R., Alipour, H., & Darvishzadeh, R. (2024). Evaluation of Genetic Diversity of
Iranian Spring Wheat Cultivars under Salinity Stress at the Seedling Stage using Multivariate Statistical Methods. J Crop
Breed, 16(3), 64-78. DOI: 10.61186/jcb.16.3.64



https://jcb.sanru.ac.ir/article-1-1522-en.html

led VEV Y 0jlouds /o 5l Jlo / 2ly; LS Mol 4ol yingss

Sl b @alle g (55,38 gl il

g5 dlie
b glazeals dla o 33 (6590 AT ST (Il o)leg oS 0] (S g5 (2L 3]
b pia b (6 skol gl g, 3l B3l
Tisde (3L M Shoysd A Sy,
L')l)ﬂ‘ sén.p”‘ (An.p5)‘ omb ‘d,‘),L:;f o..\i.;b": ‘L;ml.f u_i.:...t) 9 ..\Jy 05)5 ‘d).'.'fb 5975...25‘) -\

(ha.alipour@urmia.ac.ir : Jogme odiss g5) ¢yl y) cdwogl cdunog )l oKl ¢ 65y9luiS” 0801y ( BLS S5 9 Mg 04,5 ¢ luiisls =¥
Ol deogl cnog )l oKl ¢(65y9liS 0aSiily ¢ 2LS S g Wg 04,5 bl -V

Vol g, Lo, g

VEYAYAY : G o)l W VANA il g

YA b5 5¥ raoan
bgune 20,5
A3y Gl g Cudgiome 4y e maiune o b orlilens S0y Al g (i 5 sty SUET (Sildeg 5SS bl )3 1R 9 dedde
@ 53bj Ohlud 4VLo o Cul Jgao 195 5 (55)sliS 0jo> 59y b Syp sl | (S (69 G eBblie cpl )3 Wb e il lalS
Gl Gls 2ad 0w S (6945 Jlade iol38l g atily Jliday 1) ol wdy Codgdzne S 13 (650 oS i bl oo 3)lg (£)5 Y guasro 5, Slos
s Jials daddy) dawgs 9 Ad)y (ialS 090 olS S pe 4y yorie Wilgh oo daldl o g aBl ialS olS Wiy 5 JiSe oS (gl (5)ape 2l polis 4
rebie (i (il el polis 3908 il (o5 Jpame CutS g 3,Skos [l (T g o lon: 4 Sl sl Jloio! (I3l ¢ lié s
Sias (533132 ol S 41 e Bl G e I & 905 (38 (6593 2l 3 (Ao Jelss il o oS 2 6593 (ite Sl aloz Sl oo
P dle e Ohlud cpl e eddl Ol JLisd b sl b wgildl o bk Ol maw (ialS § bdgS 45y o B pas ( JuSis b g)ll ol
e 3 4le (ot gt pAS el Gl I )3 S, o) s gl Mg ol Lol OBl e 28 G384 gl ol 1381
5 9o 4Bl puiS 3 )Slas (2l )3 e Jolo S plgisar (598 ol Sl B sl Gl gl pls 0gde w3 LS pler 23 5l
iy ST 555 Sl 50 LS 3 03y (20l g Sajslenied il & i 45 395 ol Cl 53 pe clacSad 2o il el sl (Ko
&5 o3S Cusl (5598 4 polie puiS P )1 Sl oolisl «(5)58 (ite I I (6 (slvol, S (o sl Cglisie pAS £ 9 (0198 £ )9 e 4
S oS 503y el o ¢ 5 3lo5 oo e b s elas ) lises Jole & 5 oS ofogt lisia GBS 55 (555 5 & Jand b b5 )
» ol p5 (25 Pl (ggyt adllan ) J i Al n (98 S & Jao b LS > oo Jolye ) (S pS 3 aopalS o ye )
b ge (6ygh RS 4 (slamalS als ye
o gt omiazisod W (6y98 (15 g Jloy Laslyd 93 ot (glamalS alojo ) Sl o)lae paS i SF (1STy ol hmgly 5 1 gy g Slge
2 eoipg5 ol 50 WNad cwyp VeV ol Sl )0 dueg )l oS (65,liS” 0uSisly Slidos AldS ) ool LY il By ))ST 90 o
il g {0aN0DY) (a5 (sled (SPAD) 5y (St Sl s 5 15 Jlasl J3y 59 (b 13 (28 Sopot 98 A S il Ao e
e Slze (NBS) (ol o]y e (KR) et mamlsy e KS) (olyn oAl oy ol PL) asal Joo (RL) sy Jgo dSL)
(LAI) Sy o (23l (RV) dpady; o2 (KNAR) dzady) oo 4 olty Consd (KNBS) plon pluil o & paesly Cas (NaR) sy
5 ois ADWS) a2l Sz iy (FWS) el 5 555 {RWC) 5 o e cslioes (DWR) sty (S35 55 {FWR) et 5
bl (8ol JelS Sab gk LB ) dalllas 550 las slaodly 450 i8S )18 dddllas 5)g0 (DWP) asals i 55 (FWP) axals
5 oslizd b W els & 455 5 PROC CORR 3l solizl | (Siwor 15 oslizl SAS 9.4 il 3 ;3 PROC GLM ) Luiljls 455 (sl
Ly > factoextra (g,l58le b diws b Mgl Jlage3 a5 5 GPIOLS (5,158 p 5 s 3l ookl b BByl (gaiseg)S .8,5 & yae PROC FACTOR
15 03lizl SAS 9.4 ))33ls i )5 PROC GLM ;3 MANOVA 6155 il oyuite ki (puills 4355 (sl sizman 05 plbosl R 4.1
B oj dlax | glazalS abse 3 adlllas 3y50 lao ulul i 3590 )] G 50 ol SHBT (il s 58 @l ol LBl
(RWS) el .22 355 (FWS) 438l 5 355 {DWR) e St 335 (FWR) e 5 33 {DWP) azals§ (St 535 (FWP) aals
5 033 by Joisine (Stasad (s (DWP) aals (S35 iy 595 5 9 Jloys Ll 39 o )3 wipad 35 aaalite (PL) sl Jobo 5
St 35 (FWS) 38le 5 i3 (539 5 bl 5 31> s (DWR) ayadey St g 5 (DWS) sl Sty  (FWP) el
390 Slao bele 4 4 o5 bl .cuily (DWP) aowls s (59 9 (FWP) axals 5 )y (DWS) axdl s (59 Slao b ()l gme
G55 L by 53 5 duoyd WIAY Jloys Lyl jo Lole i oyl &5 W5 (siipog,S Jole i )3 (gy98 Ui 5 Jloy Lyl 99y o adllas
WAS (Ga309)S Adigd dw ) (yad i g Jloy Laslyd 90 b o pB)) ¢ gladisn 4o ) ool b Laisged angi |y JS @lyus j o y> VEIFF
Sty Py gy F LI & (lie 039,08 > gyl pB) csladsd i g o dele 4y 4y 5l ol S sl @l ol 305 o5 Aot
)5 o3lisel 3,90 Al o puiS ST (o154 (slmofgy 50 4 0 (B yme ogllasls Bl lsisar Cubdgye g 5l e clyer P8 5 Cllao Bl lsisa;
X5,

LS (b pAS (gy98 i o Jols 4 4 o5 1S slaojlg

dodie
lie el Lol xuie (Triticum aestivum L.) pus

5% «(Shahbandeh, 2021) cuul 035 oy (yaakeo YYY/FO
alox 5l 2ly; lS Wby 0aiS sgize Jolge piedes

Rajabi Dehnavi et al., ) wib o ol pwlpw j3 puS
S (im0 a5 395 0 atdS  SB 4 Hed S5 .(2020
28b ol 8 jlxe sl e jhwghy > Jgbre

Iy ke oMe alidg JS 51 dopd Yoo bl bayoulio
» ol W olse (Uzair et al., 2022) aad o JuSis
o VEY/AY WY /A (s YoV 5 VoV YA sla Lo


mailto:ha.alipour@urmia.ac.ir
https://orcid.org/0000-0003-0086-002X
https://doaj.org/toc/2676-4628

£y

odlj g Loy g e ol «Suopod (b Sy,
VEY Y 0jlouds o 5l b / 2ly; LS 2ol 4ol ying s

SloaisS mudip )3 (19,0 (S5 E95 2Ll (et al., 2019
Sl Sl (gyed (i & Jood Cho sl (alS il
035 (65y5LiS” LY guasro 5, Slas (69 LIS ke &l
ulio 3)Shos b g 5l scuwin) (ololid )3 Slgi o &
Rajabi ) il cwlo Kl bewes) plo & cuws
4 Joe slacwy; cuis” (Dehnavi et al., 2020
4 Jooo oblg il o (Mansour et al., 2020) (s g
A5 L bl (gl HS U Sy Sy plyiedr )98 i
Cund zilo gllas 3Sdas 050 Cawddy 5 (50
(Tao etal., 2021; Luo et al., 2019; Shabala, 2013)
oLzl b puiS 5, Slos Doy s (0L dx g il sl Jlw po
)90 o5 L ablie (gl )80 5 Jolite (315 (sla b, 5l
Jbcpl b (Uzair et al., 2022) cuwl adply ©)g0
e b (698 G35 & Jood sl pB)l Mo )3 iy
5 i gl Sao Jdva Sl e a8 cul 0dg WS
Gencetal., ) usb (5y98 (il & Jooo Gl (590 540
5 Slio o bl o pimep ol G (2019
ddoye 13 6)98 AT 4 Jooxie oyl paS pB)l (olulid
Sl o 0 pxie din ()lol (sla sy il ealaiwl b o slaals

LS9 9 319

e I8 5 (1 Jpiz) el o p5 o8, 5F s
Caus b dwle g SB) SIS culS Oygods ol Y
2 o3 W) 98 U5 g Jloy laulpd o (Y1)
Sains GBS 13 Al O o padas 15 xio 51 (o
Sldllas )d (g9 i 4 paS Jooo ailin] 4ol 4 4 g5l
aslllan pl 50 el 00y yuaiosj d A UBS oy Calieo
Jood slagalS albye 3 &5 (LB olulis jolatesy
@ Fe g uiejd W ()9 Wyl ()98 L5 4 2V
ool o eolatwl dyge S ey cud il s el S
w1 3 eas sl (6590 4 bl 5lsg WAV CC g
am culple g dalygs S5 oad dbol )98 L
b s pbol ailejl «SB oly; cud )b il askie
2 oeieisd W6ied 0l )0 ()ed dp b asle
Sl o )S 5 6503 VY aliawd jolaio pl 4y a8 o ] S
slaBlas Byl 5 Ggad o 5 A ags solitwl 3)50 S
Yoo 5l ealaal b i.mL;’s Olesds dged S .m’osb B
ol 3 bl 5 el @ jladie Of ) e

Lis b 2l celus (Khodapanah et al., 2009)
5 (S5 b3 s el YU) o Jelse 0 e,
cbedld o (ol K (Sojlsn Y (ordaw s
Jo 53 59y o (s 2505 5 (5l (sloptiasms) Sl
Quamruzzaman et al., 2021; Rajabi ) cul il33)
Siiddas g St sy o .(Dehnavi et al., 2020
295 aly8 (Sl ol plie 5 3L s dlen 51 LYo
Rajabi Dehnavi ) sl o 3 4o B ey b o
Vo5 =hy ol il asyn £ sl by (et al., 2020
cuiS BByt so ) i 598 ey o 2l 5wy
oM yed Ceyw o(Gholizadeh et al., 2021) sl o
Quamruzzaman ) cuwl sdi by 488> o Sa ¥ S
=i sl il LSa Ye v Al )54 (et al., 2021
Gholizadeh ) &S o i cuiS LByue sbo o @ 1)
YYIA cuiS B Lol gsemme 3l oyl 5o (et al., 2021
(Khodapanah et al., 2009) 1L o yoi JiS2 youlio
Sl doyd B b9 (Yo Jo U cunl osd 03 (ppesd
(Gencetal., 2019) L4y e cuiS b6 slo yo;
Gl @ lge )98 5 Clpde (pedes
chle bl pae o Sdgpin colia «SB cBllE lie
Machado et al., ) 3903 o)Ll (Sg Coow dbul 9 (s
O Gls Lllg p S Sad ohw Ll (2017
odlitwl | Ly Ao OM Wlg5 o 45" atisly Ldio 3l olS lawgs
(Tao et al., 2021) 355 odaline way aan L b S |
5 Suidaid Pl p M el Ko oYL clale
dyy by g (Sl Cepw ) g BB GRal ((Sglie
Caroww (Y320 b (S92 i (MUNNs et al., 2006) >g. oo
d\jb u.\> .))lJfL;o LSQ"A )JI WLS .\».s) » S 0dg \jb
pie g odd paliy (g2 ClIE ()88 eap el o
Ol 2 oollasl U ol cpl a8 3> Jlisay |y (Sgn Jolos
lazalS dbs o (Ahmad et al., 2018) 5,15 oLS suiuwgid
bulps 53 olS ady Jolpe il Sl (S glpea
(Gholizadeh et al., 2021) >4 oo gz (590 s
()9 5 lpd Cod eged adgl Jolye > el Sl
gl dbyo & (yany sl ]y LS Comes (i Luls
.(Shahbandeh, 2021) sa> s (yiul38l
2o £ BV o U puiS gl Lola 59, 0 s
sl J>ol, (Quamruzzaman et al., 2021) ub 558l
o 5 23N (6yg0 00 I (sl JaSio Lol gae
Genc ) sl o bls Mol (Y 5 SB o pte (V Jolis



o3} yingyd Loy g 9 e (ools «Sinygd (b Sy,

FA ol al> jo 3 (5550 (A5 CoT Gl o)le puS pB)] (S35 95 2L

rob lalejl )3 addlas )90 Sl o)l paiS )1 ) =V oo

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/L.R/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/4IVEE#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//ICNO67/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

Shad/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

s sl VA g Block  ale s gl VATEW o BRXK ke
& i ool = oyt Clyis talel = o Oy Conditions

DF DF Lyl
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 Jl 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 s 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 (S5m0
daady) pe (KNER) dpady; ot & oolty G (KNBS) (2lgn plii] s &) sl Cannd (NBR) dpdityy oo 1500 (N@S) (algn ol s 50 (KR)
doblu Sis (59 (FWS) ol 5 (59 (RWC) Sy Ol s slgioes (DWR) daaiyy Suis 59 (FWR) dxadyy 55 59 {LAI) Sy daw adlis (RV)
[N Jleas! o p3 gy bme g o/ Jlein] o )3 (6)B iz (gl Gxe pis i 4 i g % NS (DWP) domalS Suid 59 (FWP) azalS 5 o5 (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



odljiag)d L) g e (ool «Suopod (b Sy,

- ol al> jo 3 (5550 (A5 CoT Gl o)le puS pB)] (S35 95 2L

g x8le 0jg b drady) Job wals oy b arady)
alas )3.3)5 ()ljS dxada;y (1jo b dp iy Job (pizren
woddy) g odlo Jsb om (@Vh (Ser G5 650
odalio dodl Jobo g dxaidy) Suid (0jg b dzads) 5 1))
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 bl cod 2,8 g Sl gabg,S
S50
L Jole 4 4 3505l

dyge Slao Jloy kulyd 3 el & a8 oll
Jol Jeole (F Jgaa) 50d gapas Jole cdn ) ()
wodlo Job Clas g0 dgi ) Ol 51 s )d YWY
Shls lS Sis g 5 ojg 9 el SS9 5 G
2o 2 WV pgd ol ingy ol cpl jo lole )b o i
g drady) @ (29l slod 90 dngi |y JS Ol
Slao il |y (ole )b oyt draidy) SS9 5 09
sl il o &) psly Cond 5 (2o pST by e
WO Ly i a5 2l |y lole jb op pen pg Jolo 5 33
39 e Jols 2905 a2 liiiar |y JS Sy 2oy
polly e Olas 903 drgi 1y sy JS7 51 o 0 AAY
Ol b bl ) doddy) e & pually S g dxady)
5 dradyy Jobo Slao it 1y Jole b oty e
bele )b eyt oy Jolo b L3I )3 35 aomlS Jobo
Dged anes |y S clyos | s pVIEF &5 ol ol |,
Slao g0 angi |y Glyoss 51 ao > YIVY 56 puid Jole
2 VL Sy o s (slgimo g dzady) mades e
WSyt (Siage Slao izl Jole oyl b bl 1) el
Jole 3 35 S aw (adls g olgn plil masw e
ang ) IS Oloss 5l aoyd OIYY o5 a8 )3 J)\5 uan
Olyass 1 duo > YWAY Lol can ol I cdls )5 g0
can ya gl Sl e 0500 angi 1) bosly IS
Ui 4l oad 03ygl ¥ Jgids )3 oy cly Jole
Olyass 1 o pd L gaemmo ) ¢ Jole can oyl o o0
S (o0 4y |y dbgyye o

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

@Yb (Ko (r=+/5V7%%) (FWP) wxalS 5 ()
(SL) 4dle Jsb L (PL) axals Job b olis

FWR) e, 5 ojs olio L DWR) sads,
Stusod (r=+/YOV*) (PL) axxals Job o (r=+/005%%)
S Hlis gyl gme Cuto

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

(FWP) ecpal 5 555 1 (DWS) bl S5 5 .t
5 (r=+ IAEY**) (DWP) asals§ (Sis 3 o[r=-VYY*)
5 Cote (Siuan (1536 (SL) wile Jb
5 (FWP) ol 55 (559 o cowizmes 3> (LS ()b gne
St (I=+/A5F™) (DWP) axals Sis 9
(Y Jods) wis osaliie (o) sixe
Dowlat Abadi ) -, \Ken ¢ (o3b] cdgs adlllas 5 5>
(55 o dw ) pAS B8, VWY w,p L (et al., 2019
Sdd ojg b asle pjy lie e @Vl (Shen
Jsb ls Sis s b apady) SiS jy cemalS
03 b ax8le Jsb (pizmen g walS S (5 L dr ey
IPL ppizmen i3S B wwls Sus
89y 32 )9 o i owyp b (Gholinezhad, 2014)
wrnlS g Giwler Alsye 93 ) pAS Pl Cudn

Job el Job L axadsy Jsb o (5l gm0 (Stuson



_ _ o _ _ _ _L%),;suw,kjln?s_lail).;smdlﬁl puS oyl pB 1 5> daddllas 550 Cliis (yy (Sisod =Y Joio
Table 3. Correlation between studied traits in Iranian spring wheat cultivars under normal and salinity stress conditions

DWP 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™ 0337 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"  0.349™ 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 KF
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 Nak
-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 KNag
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 LAI
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 FWF
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"  0.702™  -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

3 P s & ol o (NR) s o (e (NGS] (2153 pI5] e liee (KR 3ty sy (e (KS) clyn oM sl olion {(PL) 805 o o(RL) az; Jsbo o(SL) 4L Job (canopy) g sles {(SPAD) e (5o
(FWP) azalS 5 )59 (DWS) da bl Sis (59 (FWS) axdl 5 (59 (RWC) k-?).’ Ol oo slgie (DWR) sty y Sis (359 (FWR) doainy 55 (539 (LAI) Sy aw asls (RV) dodiiy o (KNER) dodiis ) s 4 psols s (KNaS)
i oo Ui Ty /o) g /o0 Jlois] o jd (g5 gixe ey % g % LSl o dS/M VY (g0 i pdaw ) (Siued 43 bayye (Lol jlad ol dliel g Jloy o )3 (Sisod &y bgsye Lol jlad ¢V slicl (DWP) azals s 59
&r}%)ﬁgr:xlgh(gf&?chN%r%p)&tgg?;\)/earlzlijtgr&g?nﬁgg? a?égr?nlgggt(rll,&sll)_)R%g?tfrlggr?&e(lRL) 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
ght (FWR), Root dry weight (DWR), Relative leaf water content SRWC) Shoot fresh weight (FWS), Shoot dry weight SDWS) 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 level of 12 ds/m. * and ** indicate
significance at the probability level of 0.05 and 0.01 respectively.

\A

Ko qow (K2 197 1577 0 ey oo g A AL

(g0 " o @es (6 (o (6m[co



o3} yingyd Loy g 9 e (ools «Sinygd (b Sy,

vy lazalS al> jo 53 (6558 (A5 <o Gl o)leg paS P8 (S35 55 (25

lod g0 ang Jole oyl bwg Ol doyd VIAAY
2 cdly Jole ol b bl s 1y ele 5l op i 09
odly IS clyuss | duo o YEIFY Jole can oyl IS el
2 lp ol cdn o gl STl e idg08 agi )
can oyl dad o L &S Cusl odd 009l B Jodn 40 Caio
4295 |y dbgye o s jl o> dix ggeome )3 Jole
..X;J.{Lf

Gholizadeh et al., ) o2 o 0315 J8 saios )
92 CoS pAS g V) (SeB) g9 (yp b (2018
kel Jole s Jloys balpd 53 )98 A5 5 Jloy bl
ags |y lyuss 5l 0o )0 YOIFS gooome pd &S ud  slwlid
ol Clao g5 )ed G5 klpd )3 39
Dged d gl |y Alyos 5l aoyd YVVY & 6ud (sdiog S
Lulyd )3 pS gy ¥r g9y 30 45 (6503 adlllas ulal
b ploal ASIM VY g A F (gy0d (il pdow dw 5 Jboyg
Sinog)S Jolo iy p3 Jlop baalpd 3 (o0 3590 Slio
2 Oezed Dged d g |y IS Gl do)d VO &S s
ol Jolo g adlan 3,50 (555 s s §) Pl po
Sl dopy FONVE 5 2OIYY MY g &S b ool
(Ahmed et al., 2022) x5405 4> g5 1, il yuis

S p3 sy Dge Clio 35 (59 L5 Lulpd )

Sl aod YWIAY Jol Jole (0 Jgdo) Bads (gandiwd Jole
rddy) SS9 § ()jy Clio Sgel dngi |y JS Sl
b Oy domalS SS9 5 (g ol SUiS 5 5 ()
il Jb clio azals gl Jole b blsyl 5 1, Ll
ot (2o Pl ly (e 5 a3alS 5 aray)
2o WA Jole ol aizily 1y pod Jole 4 bgsye Jole
Sl ao)d ALY 55 paw Jele g angi 1) Slyuss
Comsd g dpddy) ool Olje Slho 905 42 ) Olyls
ol %U)‘ 2l Gbele Jb Yl ady) w4 mesly
5y s (5L 5 by e 3 5 e Slle L
ol Jole & bsvye 3 ke 5l 0 YL (i Jole
Dgad dng |y Gl jl as > AEVY Jole (ol aizils )
> s Dged Ao |y il 51 s )3 YIAYY yoxty Jole
o i 1y Jole ¢l & bgpye ole b i a3
Ol o 4 bgyyo i Jolo (Jole )b cp 5V (yioron
o 4 maeoly Conmd g S lole )b L alsn plal o
o3 FI0A Jole ol a5 35y e Lol Sl lom plus]
50 pan Jole b bliyl 13 0,8 angi 1) Woaly el

Jle Laulys o5l o5 ol plBy1 )3 adllas 390 lio (sl Lo Jole & 223 —F g
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
Syzsl e 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 FWpP
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 .166 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 ol (fjen (PL) LS Jobo (RL) apaia) Jobo (SL) a2l Jobo (canopy) (g5 (sled (SPAD) S (Koo
(RV) caady) oo (KNAR) dpaidy) oo & oy S (KNS) (2lon plail oo &y osliy Capsd (NR) a3l ) s ol (N2S) (glgo plul s (5
(DWS) dpables (S5 135 (FWS) alus 5 )i RWC) 5y T oo cliioms (DWR) doityy (K23 35 {FWR) axadyy 55 g (LAI) Sy s asls

{(DWP) aomalS' St yj FWP) azalS 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 oo Y Jole 5 Jole o Jole ¥ Jole Y Jole Y Jole 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 Jliio
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) 20LS Jg o(RL) s, Jgb (SL) 43Ls Jgb (CaN0PY) (235 oo (SPAD) 5 2 (s
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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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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(es»s Normgl Statistics
S Jbeys o Ll

F Value F Value
8.06 0.061 7.3 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

** = Significant at 1%

Loy3 S aw )3 ()l pime *F

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
Jloy

Within-group variance Between-group variance

Within-group variance

Between-group variance Dependent variable

P95 09 ol 295 Om by P95 09 ol 295 om bl D
61 2 61 2 il as,> DF
6.2 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
3310 5435 2832 31973 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 0.12% 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" 0.11 286" FWS
0.0009 0.025™ 0.002 0.075™ DWS
0.138 3.7 0.138 8/00" FwWp
0.002 0.09™ 0.003 0.19™ Dwp
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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

resh weight (FWR), Root dry weight (DWR), Relative leaf water content (RWC), Shoot fresh Wei?ht SFWS), Shoot dry weight (DWS),

(LAI), Root
evel of five percent and one percent,

Plant fresh weight (FWP), Plant dry weight (DWP). ns, * and ** indicate non-significance, significance at the
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