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Ronak Talebi Qormik !, Hadi Alipour >, Reza Darvishzadeh ?

Extended abstract

Introduction: The germination stage in plants, including wheat, is an extremely susceptible stage to
biotic and abiotic stresses. Plant establishment the in the early stages of growth, especially in the germination
stage, is always notably important. Salinity stress is one of the abiotic stresses that cause much damage
annually, especially in arid and semi-arid regions. Therefore, identification and use of cultivars tolerant to
salinity stress is one of the effective ways to reduce the negative effects of salinity stress.

Materials and Methods: In the present study, response of 64 spring wheat cultivars during the
germination stage at two levels of salinity stress (zero as a control and 12 dS/m of sodium chloride) was
investigated in the form of a simple lattice design with two replications at the Genetics Laboratory of the
Faculty of Agriculture, Urmia University. During seven days, germination percentage, germination index,
germination rate, germination energy, seedling vigor, mean germination time, and mean germination rate,
and after the seventh day, seedling length, shoot length, root length, ratio of shoot length to root length,
seedling fresh weight, and seedling dry weight were measured.

Results: Among the studied cultivars, a statistically significant difference was observed at the probability
level of 1% in terms of all traits including radicle length, shoot length, seedling length, fresh weight, dry
weight, radicle to shoot length ratio, germination index, germination rate, germination energy, germination
percentage, seedling vigor, mean germination time, and mean germination rate. Based on the results of factor
analysis, under both normal conditions and salinity stress, the studied traits were grouped into four main
factors, and these four factors explained 92.74% of the changes under normal and 93.85% under salinity
stress conditions. Using cluster analysis, cultivars were grouped into three and two clusters under normal and
salinity stress conditions, respectively.

Conclusions: Based on the results of bi-plot obtained from factor and cluster analyses, the cultivars
Moghan 2, Bistun, Akbari, Moghan 3, Dastjardi, Marvdasht, Gahar, and Mahdavi are the preferred cultivars
and the cultivars Darya, Bam, Tajan, Sistan, Frontana, Kavir, and Afogh were introduced as undesirable
cultivars in terms of the traits measured in this experiment, which can be used in breeding projects.

Keywords: Bread wheat, Germination, Multivariate analysis, Salinity stress
Highlights:

1. A great diversity was observed among Iranian spring wheat cultivars in terms of salt tolerance
during germination.

2. Mahdavi, Dastjardi, Bistun, Akbari, Moghan 2, Moghan 3, Gahar, and Marvdasht were identified as
salt-tolerant cultivars during germination.
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Table 1. Characteristics of Iranian spring wheat cultivars used in this study

Juo JEpNT o o

Year Variety Name  Origin Pedigree

1951 4820 Landrace

1976 ADL Cross made in the country, one CIMMYT parent ~ TK/SHAHPASSAND

2010 AFLAK CIMMYT advanced line HD160/5/Tob/Cno/23854/3/Nai60//Tit/Son64/4/LR/Son64

2006 AKBARI Cross made in the country, no CIMMYT parents 1-63-31/3/12300/TOB//CNO67/SX

1978 ALBORZ CIMMYT segregating line or population FN/MD//K117A/3/2*CLLF/4/SON64/KLRE/3/CNO//LR64*2/SON64
. HD2206/Hork//Bul/6/CMH80A.253/2/M2A/CML//Ald*4/5/BH1146/H56.71//BH1146/3

2006 ARTA Cross made in the country, no CIMMYT parents JCMH78.390/4/Seri 82/7/Hel/3*Cno79/7/2*Seri 82

1976 BAYAT g;)esslmade in another country, one CIMMYT PUNJAB-76/CHENAB-70

1980 BISTON g;f:;made in another country, one CIMMYT g 350> PIEVE or 9-36-562/PIAVE

1997 CHAMRAN CIMMYT advanced line ND/VG9144//K AL/BB/3/Y ACO/4/VEE#5

2013 CHAMRAN2 CIMMYT advanced line Attila 50Y//Attila/Bacanora

1980 DARABI Cross made in the country, one CIMMYT parent ~ RSH/IRN 149(60-61)//C271

1995 DARAB2 CIMMYT advanced line MAYA'S/NAC

1960 DASTJERDI Landrace DASTJERDI

1968 DEYHEM Landrace DIADEM/ITALIAIL

- DNI11 Unknown

1990 FALAT CIMMYT segregating line or population KVZ/BUHO//KAL/BB

- FONG Unknown

- FRONTANA Unknown

1996 GAHAR CIMMYT advanced line ND/VG9144//KAL/BB/3/Y ACO'S'/4/VEE#5

1988 GHODS Cross made in the country, one CIMMYT parent ~ RHS/5/WT/4/NOR10/K54*2//FN/3/PTR/6/OMID//KAL/BB

1986 GOLESTAN CIMMYT segregating line or population D6301/NAI60//WRM/3/CNO*2/CHR

2011 KARIM International line of unknown origin Triticum aestivum/Sprw “s”//CA8055/3/Baconora88

1980 KAVEH CIMMYT segregating line or population FTA/PL

1974 KHAZAR CIMMYT segregating line or population P4160//SN64/LR64

2002 KOOHDASHT CIMMYT advanced line BB/RON//CNO67/TOTA/3/JAR

1995 MAHDAVI Cross made in the country, one CIMMYT parent ~ TI/PCH/5/MT48/3/WTE*3/NARS59/TOTA63/4/MUS

1991 MAROON Cross made in the country, one CIMMYT parent ~ AVD/PCHU/5/N10/BR21.1C//KT54B/3/NAR59/1093/4/7C

1974 MOGHAN1 Cross made in the country, one CIMMYT parent ~ LR/N10B//3*ANE

1974 MOGHAN2 CIMMYT segregating line or population LR64A/HUAR

2006 MOGHAN3 Cross made in the country, no CIMMYT parents Luan/3/V763.23/V879.c8//Pvn/4/Picus/5/0Opata

2009 MORVARID CIMMYT advanced line MILAN/SHANGHAI-7

1978 NAZ CIMMYT advanced line 1112300//LR64A/8156/3/NOR

2006 NEISHABOUR Cross made in the country, no CIMMYT parents 1-63-31/3/12300/TOB//CNO67/SX

1995 NICKNEJAD CIMMYT segregating line or population F134-71/CROW'S'

2012 OFOGH Cross made in the country, one CIMMY T parent GF-gy54/Attila

1968 PANJAMO International line of unknown origin

2008 PISHGAM Cross made in the country, no CIMMYT parents Bkt/90Zhong87

2014 QABOUS Unknown Dryland Agricultural Research Institute

1942 REYHANI Landrace RAYHANI

2012 SIRVAN g;’;st?ade in the country, two CIMMYT PRL/2*PASTOR

2006 SISTAN Cross made in the country, no CIMMYT parents Bank"s"/Veery"s"

1969 TOUBARI International line of unknown origin

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

- SHANGHAI Unknown

1969 INIA CIMMYT advanced line LR64/SN64

1974 ARVAND Cross made in the country, one CIMMYT parent ~ RSH/3/MTA//KY/MAYOS58

1960 ROSHAN Landrace Landrace

2006 DARYA Cross made in the country, no CIMMYT parents Sha4/Chil

1995 ATRAK CIMMYT advanced line JUP/BJY'S'//URES

2007 BAHAR International line of unknown origin HD2172/3/BB/2*7C//Y50E/3*KAL

2006 SEPAHAN Cross made in the country, no CIMMYT parents AZADV/5/1L2453/1347/4/KAL//BB/KAL/3/Y50E/3*KAL

2006 BAM Cross made in the country, no CIMMYT parents VEE#5/NAC//1-66-22 or VEERY/NACOZARI-76//1-66-22
. GV/D6301//ALD/3/AZADI or GAVILAN,MEX/D-630//(SIB)ALONDRA/3/AZADI or

2002 SHIRAZ Cross made in the country, one CIMMYT parent ALVAND/ALDAN/IAS-58

2002 PISHTAZ Cross made in the country, one CIMMYT parent ~ ALVAND//ALDAN/IAS 58

2002 HAMOON Cross made in the country, one CIMMY T parent FALAT/RSH

2002 DEZ CIMMYT advanced line KAUZ*2/OPATA//KAUZ

1997 SHIROODI CIMMYT advanced line ND/VG9144//K AL/BB/3/Y ACO/4/VEE#5

1999 MARVDASHT Cross made in the country, one CIMMYT parent ~ HD2172/BLOUDAN//AZADI

1996 ZAGROS CIMMYT advanced line TAN'S'/VEE'S//OPATA

1995 TAJAN CIMMYT advanced line BOW/NKT

1995 ALVAND garf:st;“adc in the country, two CIMMYT 127-6275/CF 1770 or CF17170 1-22-11

1997 KAVIR Cross made in the country, one CIMMYT parent Stm/3/Kal//V543/Jit716 or SHORTIM/3/KALY ANSONA//V-534/JIT-716

2009 PARSI Cross made in the country, one CIMMY T parent Dove"S"/Buc"S"//2*Darab1 or DOVE(SIB)/(SIB)BUCKBUCK(M-84-17)//2*DARAB

2009 SIVAND Cross made in the country, no CIMMYT parents Kauz"S"/Azd or KAUZ(SIB)/(AZD)AZADI
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Table 2. Analysis of variance for germination traits in Iranian spring wheat cultivars under normal and salinity
stress conditions
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Seedling length (PL), Shoot length (SL), Root length (RL), Shoot length to Root length ratio (SL/RL), Seedling wet weight (WW), Seedling
dry weight (DW), Germination percentage (GP), Germination Index (GI), Germination Rate (GR), Germination Energy (GE), Seed vigor
(SV), Mean Germination Time (MGT) and Mean Germination Rate (MGR).

* and ** are significant at five and one percent probability level, respectively.

odalice (=+/FAY*) axalS Jsb ¢ (=+/FA0%%)
Slio b oazels Sad 0y m (Sewes D
Sgu Hlo e Jiailex e s g o) uSle
ek llyh cod Sl we s b bl s
Slas b LS’)“‘P Qo )d )lg s S S
Salex  asls (= ANE) Sl (65,
Sy g (I=/VVAF) & Ay (r=-/20YF)
oS JOJ‘JM: LRt odalie (=+/YFF*¥) @)“J‘P
Sl iyl Slie b Sl ae,s om
Oby el b bLII jo ol caslin (gl gxe

@=-INEY*) - Siaile> Sy

9 b bl cod Olae g bliyl (ow)p

Sg

Vodear o it lio o (Sen lpd

b byls o aalllas opl yo el sad eo gl
ShS 0y O e Sute (Sened (i
azalS Jobo (1= NPV 5 (059 Slio b azals
ad oaalie =+/0AYH) 3 ag o =+ /FFAR)
azady, 4 azals Job ced Gn (S
2P 058 g Sialer Ly g loy eSS
O e 5 Sudte (Se 33 (5558 i bl
el S 5oy Slhe b oaelS Sas o
araile Job (=N 4 ag (=0 V)



YO

VEo¥ [ ol o jbouds /o203 Sl [yl 5t oS3y

wzable Job wazaiy, Jsb Slao (F Jsuz) wus
2 od Ay g azelS Sis g 5 5 wlS Jsb
3 as,s OYIPA Jele cpl o (gasseg S sl Jele
(Sl saslis Dlas oged agi |, IS Ol
ped Jole )d (Sitiler woys 5 (55l Sialsr o
ae,e VAN Sl a4 Jele cpl w3 13
Ao, VoYY 0 pgw Jule 0ged agi 1) S Ol poss
9 oley oele Dl 5 00ges duzgi 1) J§ Dl ]
ol b byl o) Jele Jb o i Siailer S yu
30 dzddy ) d dzddle Job Cons s il Jsle
oy MVD 3 Jale (s siven 5 o Jale
ol STxal e g azg | 5 ol
oy S Slao Slpss 1 oYL ae s wes e
e oy Sebiee azg Jole ez (nl bws
ol sl ol Kilo a5 009s 2oy AVIVE il e
sy |y Olae Olyoss 51 oYL aeys (Jule [l
.MQGA
Jole ez o Slav g g)eh 25 Llyd o
wrale, Job olac (0 Jeax) wad gouey S
o a9 azalS Sid g 5 (e azelS g azale
Ao, 09/ Jele ool ol gasseg )5 Jol Jule o
G G ped Jele 0ges 4y 1) eols ol
g 00508 Agi |y lpss 1 e, VEIFO Sl
oyd g 5P (Sl Sy g el Olio
Jole ol b bls ) jo 1) Jale )b oy iinn Sials>
3 Sl e g ol Sl Slis aansls
il pow Jole b bLs )l o 1y dale \b op i
losls @l 5l oo, AVY Sld & 58 Jole oyl
dxdiy, 4 dzdile Job Cond Cho 050 g ||
MOV 5 Jole cnl b goies S )l Jole o
G axg b oged Ay 1) ool aloss 5l asy
Olys 51 oYL do 0 0als camlin STasl ol
wxg bele Lz ol dhws wyp 0550 Olao
Syge Dlao (e phew do)d (rizred Oed e
Ao, S 39 oy AYIAL (ele ez cpl o sy

WS o Az |y Olas Ol s 5l oYL

J9sz) ais eanlie (5)logre (Shwor Jjail>
eor b (VD) GlKea g @dlad aslase (Y
20U paiS o8, ke (g) )sd A5 mhe Hkz
Sl St (Shumod wzalS 5 Jjails> al> e
oo azadle Job b azasy, Job olio
Soyd wdzady) g azdile Job olio L azels
L Gelate a5 isged (3135 azats, Job L (S5als>
OSes 5 Teoll cdgs ol G (nl @l
NV GS9y 2 Sood G5 gl s (o b (V219
Cote (Swed (Gialyr aleye 0 paiS o)
g azale Sas 5y wxdle Job o )logine
s oS ol (5155 azelS Sas 5 b azads,
Lo (V21D “aljjkslé WS o b 1) ol aslllas
PSS gy Sk 59, p Sopd e A (o)
e 3 (S5 azmalS 5 Siailer ale e o
wzdle Job clio b azaty, Job o )b
S92y Az g azadle wxmalS ()39 ( Jjulex S
Slie b azdile Jsb o (Ked (pizes o)l
Soyd g logiae azalS 5y (Siulsr we)o
9 axady,; Job L )b (SKer 5 Sials>
a5 ols lis azaty; g azadle el ()9 wraile
Slalllas cusls cile b asllhs mlbs b gl ol
o) m Gl Sete (Shes (5500
5 b ulph g0 o 0 Siailex S g (Sailex
OLen g Tan ®)  cwl eols plas gy LS
Dolfigage 5 Slud ¥+ ¥ ] San g als8 VN Y

NEAR

9 b bulph cod ol g Wlio guy 09,5
Sog
b Jole &y 42 5205 olol -l

worb Lyls cou b sle 4 agms eloly
GaiegS ol Jule Jloz 0 om0y Slao

" Bakhshayeshi Gheshlagh
2 Dowlat Abadi

3 Gholinezhad

4 Farshid

5 Nohtani and Mahdinezhad



\YF

e y4lam Ao o 0 lpl o)l S o851 j0 (g e T e 1yl ) Ked g S 98 b

G5 G g (sl Ll p o Sl pasS 05len B o addllas 5550 Dlao (y (Siwen =Y Jgaa

Table 3. Correlation between studied traits of Iranian spring wheat cultivars under normal and salinity stress conditions
RL SL PL WWwW DW SL/RL GI GR GE G SV MGT MGR
RL 1 0.407** 0.797** 0.551** 0.560** -0.277* 0.433** 0.370%* 0.442*%* 0.456** 0.753** 0.150" -0.154"™
SL 0.681** 1 0.876** (0.722%* (0.532*%* 0.710** 0.503** 0.403** 0.524** 0.511** 0.846** 0.027™ -0.018™
PL 0.909** (0.924%*%* 1 0.768** 0.648** (0.323** (.561** 0.462** 0.580** 0.579** 0.957** 0.097™ -0.093"
WW  0.795*%* 0.775*%* 0.856** 1 0.767** 0.343** 0.460** 0.393** 0.465** 0.466** 0.745** 0.064™ -0.072"
DW  0.549** (0.695** 0.682** (.746** 1 0.193"  0.397** 0.385%* (0.369** (.354** (0.597** 0.217™ -0.205™
SL/RL -0.021™ 0.674** 0.372** 0.302* 0.386** 1 0.169™  0.099™ 0.191™ 0.166™ 0.305* -0.124" 0.124™
GI 0.440%* (0.554** (0.545*%* 0.646** 0.577** 0.294* 1 0.912*%* (0.959** (0.954** (.750** 0.503** -0.509*%*
GR 0.346** 0.488%* (.458** (0.549** (.552** (0.290* (.933** 1 0.780** 0.766** 0.615** 0.663** -0.644**
GE 0.464** 0.573*%* (0.568** 0.654** (0.558** 0.293* 0.974** (.849%** 1 0.989** (0.775*%* 0.309* -0.336%*
G 0.454** 0.570** 0.561** 0.659** 0.560** 0.310* 0.975*%* 0.846** (.993** 1 0.779** 0.273* -0.301**
SV 0.798** 0.881** (0.918** 0.859** (0.716** 0.378** 0.779** 0.659** 0.810** (.807** 1 0.167™  -0.174"
MGT 0.114" 0.183™ 0.164™ 0.211% 0.223" 0.132% 0.413** 0.567** 0.253* 0.236™ 0.185™ 1 -0.955%%*

MGR -0.098"™ -0.192™ -0.161™ -0.208™ -0.225" -0.142" -0.432** -0.587** -0.265* -0.258* -0.201™ -0.945%** 1

el Sas 55 (WW) azals’ 5 (59 «(SL/RL) azasy; Job & azaile Job cons (RL) azaly; Job «(SL) azaile Jsb «(PL) azals Job

s MGT) gals> by (Silke (SV) & 4y (GE) Sials> 65,50 (GR) Sials> ey (Gl Sials> azls (GP) Sjdls> ws,e (DW)

s oo Glas |y /oY il mh j8 gyl xe g /00 Jloisl mhaw )8 (5l cixe sl S pas ol 5 4 4

# 0s .(MGR) Sjaile> e s 500

Aileon ASM VY (555 (55 Ll 8 (Koo & Logryo (Lol b ol oliel 5 gaecls Lulp 18 (Konson & bgryo (Lol b (5¥U sl
Seedling length (PL), Shoot length (SL), Root length (RL), Shoot length to Root length ratio (SL/RL), Seedling wet weight (WW), Seedling dry weight
(DW), Germination percentage (GP), Germination Index (GI), Germination Rate (GR), Germination Energy (GE), Seed vigor (SV), Mean Germination
Time (MGT) and Mean Germination Rate (MGR). ns, * and ** are non-significance, significance at five and one percent probability level, respectively.
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 salinity stress level of 12 dS/m
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Table 4. Principals components analysis of studied traits of Iranian spring wheat cultivars under normal
conditions in wheat cultivars

ke Jsl Jele P> Jole Py Jole Pl Jale ansl> 2l slos sl

Variable Factorl Factor2 Factor3 Factor4 Final communality estimates
RL 0.791 0.307 0.011 -0.474 0.946

SL 0.684 0.356 -0.058 0.583 0.938

PL 0.871 0.397 -0.033 0.135 0.935

wWWwW 0.840 0.212 0.037 0.236 0.808

DW 0.830 0.055 0.239 0.086 0.756

SL/RL 0.160 0.097 -0.093 0.966 0.977

GI 0.264 0.886 0.359 0.080 0.990

GR 0.229 0.712 0.571 0.058 0.889

GE 0.266 0.931 0.148 0.076 0.966

G 0.266 0.942 0.108 0.047 0.972

SV 0.747 0.625 0.011 0.126 0.965

MGT 0.041 0.180 0.962 -0.065 0.964

MGR -0.032 -0.203 -0.950 0.072 0.950

s e 6 o7 2.545 1.394 1.137
Eigen value
ol 5368 19.58 10.73 8.75

Variance (%)

S (59 (WW) azalS 5 059 SLRL) azasy; Job 4 azalle Jsb cons (RL) azaly, Jsb «(SL) azadle Jsb (PL) azals Jsb
Siale ey xSk «(SV) L& 4y (GE) Sjails> (55, (GR) g3aile> e jus o(GD) G3ailg> axls (GP) Gidils> do s (DW) azals

MGR) 558y a6y (2eSleo 5 (MGT)
Seedling length (PL), Shoot length (SL), Root length (RL), Shoot length to Root length ratio (SL/RL), Seedling wet weight

(WW), Seedling dry weight (DW), Germination percentage (GP), Germination Index (GI), Germination Rate (GR),
Germination Energy (GE), Seed vigour (SV), Mean Germination Time (MGT) and Mean Germination Rate (MGR).
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Table 5. Principals components analysis of studied traits of Iranian spring wheat cultivars under salinity stress
conditions

st Jol Jele ped Jole po Jole ez Jele anlr ol sleo sl

Variable Factorl Factor2 Factor3 Factor4 Final communality estimates
RL 0.946 0.167 0.029 -0.212 0.968

SL 0.781 0.258 0.073 0.534 0.967

PL 0.938 0.233 0.056 0.193 0.975

wWwW 0.830 0.389 0.092 0.112 0.861

DW 0.647 0.354 0.135 0.295 0.649

SL/RL 0.148 0.146 0.061 0.967 0.982

GI 0.315 0.907 0.252 0.100 0.996

GR 0.230 0.814 0.449 0.119 0.931

GE 0.343 0.922 0.073 0.102 0.984

G 0.336 0.925 0.059 0.119 0.987

Sv 0.786 0.555 0.038 0.187 0.962

MGT 0.067 0.157 0.969 0.036 0.969

MGR -0.055 -0.183 -0.964 -0.050 0.969

Hy e g 68 2.139 1.266 1.114
Eigen value
5900 16.45 9.74 8.57

Variance (%)

S (59 (WW) azalS 5 059 SLRL) azasy; Job 4 azalle Jsb cond (RL) azaly, Jsb «(SL) azadle Jsb (PL) azalS Jsb
Siale oy xSl «(SV) L& 4y ((GE) Sjailez> (55,1 (GR) g3ailg> s s «(GI) S3ailg> Lazls (GP) gidls> do s (DW) azals

MGR) _gjails> e o 2uSilio 5 (MGT)
Seedling length (PL), Shoot length (SL), Root length (RL), Shoot length to Root length ratio (SL/RL), Seedling wet weight

(WW), Seedling dry weight (DW), Germination percentage (GP), Germination Index (GI), Germination Rate (GR),
Germination Energy (GE), Seed vigour (SV), Mean Germination Time (MGT) and Mean Germination Rate (MGR).



YA

Al

(5@ Sopb o o9 g (05 A (onmb Ll )l cod puiS ol)5 08, PF sl lacadsis 5 Dlio O b logei Y S
Figure 2. Biplot diagram, distribution diagram of genotypes for 64 wheat cultivars under normal (A, B) and

salinity stress (C, D) conditions.
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Figure 3. Cluster analysis dendrogram in Iranian spring wheat cultivars in (A) under normal and (B) salinity

stress conditions
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Table 6. Statistics of multivariate analysis of variance under normal and salinity stress conditions

O)LOT Ls"“‘b... 6)9‘“ W
statistic Normal Salinity stress
Value F Value F
Will's Lambda 0.0456 15.33%* 0.2824 10.80**
Pillai's Trace 1.3760 9.37%* 0.7175 10.80**
Hotelling-Lawley Trace 11.6598 23.90%* 2.5402 10.80%*
Roys Greatest Root 10.8052 45.92%* 2.5402 10.80**

Aoy S a0 (gl g FF
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Table 7. Analysis of variance of cluster groups for studied traits of Iranian spring wheat cultivars under
normal and salinity conditions

Olr o (5aSSkeo Olr po (52Kkeo
. . _Mean Squares sere_Mean Squares sl
) %‘""‘“ ""M Glas ol "_L“ llas RO,
conditions traits abg> L CV% traits LS L] CV%
Cluster C ( o) Cluster R ( o)
Error Error
RL 49.003" 224 16.42 GR 135.29" 5.873 17.12
SL 118.591™  2.132 21.74 GE 0.213* 0.007 9.65
PL 315125 3.451 11.73 G 1965.89* 77.507 10.06
=k ww 0.618" 0.019 19.98 SV 494.381* 3.751 13.75
Normal DW 0.001™* 0.0001 15.86 MGT  2.13" 0.306 2.08
SL/RL  0.549* 0.086 38.71 MGR  0.0000006™ 0.000005 2.11
Gl 0.225" 0.006 10.77
wblems 61 - 2 61 -
DF
RL 5432 1.67 26.01 GR 208.57" 4.92 23.43
SL 82.19" 1.68 30.48 GE 0.855™ 0.01 17.09
. PL 270.16" 4.98 24.16 G 8867.68" 147.08 17.01
S WW 0.600** 0.01 21.09 SV 358.53™ 4.47 31.67
Salinity DW 0.003** 0.0000 16.13 MGT 1.72° 0.39 2.36
SL/RL  0.710* 0.06 29.29 MGR  0.0000" 0.0000 2.49
Gl 0.660** 0.01 17.60
bz 62 - 1 62 -
DF

S22 0j9 (WW) azalS’ 5 (55 SLRL) ez, Job ) azadle Job Cornd «RL) azaiy; Jobo «SL) azadle Jobo ((PL) azals” Jsbo
oboy eSSl «(SV) L4y 4y (GE) gjals> (555 (GR) Sjalsz> cs s oGI) Sjailg> azli (GP) Sjaily> ao,s (DW) axals

Doy S g do a0 (6518 S (50 sixe pas oS 5 4 *H g * s (MGR) Sl ce e (Kb 5 (MGT) (Sjaily>
Seedling length (PL), Shoot length (SL), Root length (RL), Shoot length to Root length ratio (SL/RL), Seedling wet
weight (WW), Seedling dry weight (DW), Germination percentage (GP), Germination Index (GI), Germination Rate
(GR), Germination Energy (GE), Seed vigour (SV), Mean Germination Time (MGT) and Mean Germination Rate
(MGR). ns, * and ** are non-significance, significance at five and one percent probability level, respectively.
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Table 8. Mean comparison for cluster groups of Iranian spring wheat cultivars under normal and salinity
stress conditions based on Duncan's test

b bl Sog R
Normal Salinity Stress
Traits Cluster Mean Traits Cluster  Mean Traits Cluster Mean  Traits Cluster  Mean
2 10.870a  GR 2 16.560a RL 2 5.667a GR 2 10.816a
RL 3 8.704b 3 14.321b 1 3.747b 1 7.054b
1 7.812b 1 11.341c 2 5.110a 2 0.789a
SL GE
2 9.142a GE 2 0.954a 1 2.748b 1 0.548b
SL 3 6.681b 3 0.880b PL 2 10.776a GP 2 80.098a
1 4.209¢ 1 0.747¢ 1 6.494b 1 55.565b
2 20.012a  GP 2 96.5a 2 0.553a 2 8.653a
WwWwW SV
PL 3 15.386b 3 88.48b 1 0.350b 1 3.720b
1 12.021¢ 1 76.526¢ 2 0.054a 2 26.685a
DW MGT
2 0.882a NY% 2 19.281a 1 0.038b 1 26.343b
ww 3 0.674b 3 13.605b 2 0.943a 1 0.038a
SL/RL MGR
1 0.530¢ 1 9.256¢ 1 0.724b 2 0.038a
2 0.073a  MGT 3 26.743a GI 2 0.668a
DW 3 0.065b 2 26.674a 1 0.456b
1 0.055¢ 1 36.151b
2 0.864a MGR 1 0.039a
SL/RL 3 0.824a 2 0.037b
1 0.558b

039 CWW) zal S 5 059 SLRL) azasy; Jsb 4 azails Job cond «RL) azasy; Jsb «SL) azails Jsb «(PL) azals b
Ske «SV) L4 as (GE) alsx 5551 (GR) Sjalez e s (G 54l Lozl (GP) Sjailsz> soy0 (DW) azal S s
O Lyl 0 5 adigs des o dalllae 3,50 pBf xlo Lyl 0 ¥ USE Gillae (MGR) jale> ooy (:Sike s MGT) jaile oo
a8 )5 5l o S5 lyie 4y 4l e 50 00l gk 0 S Bl g Jlet lyie 4 aligS o alph je )0 ailead (ganeg S Al 90 )3 (5)8d

el oas plonil (Kb e lie s 5 plonil Jolaiel  Bola elS 7 )b & g0 a4y il )lg 3525 9 00l
Seedling length (PL), Shoot length (SL), Root length (RL), Shoot length to Root length ratio (SL/RL), Seedling wet
weight (WW), Seedling dry weight (DW), Germination percentage (GP), Germination Index (GI), Germination Rate

(GR), Germination Energy (GE), Seed vigour (SV), Mean Germination Time (MGT) and Mean Germination Rate
(MGR). According to Figure 2, under normal conditions, the studied cultivars are grouped into three clusters and under
salinity stress conditions; they are grouped into two clusters. In each condition, each cluster is considered as a treatment
and the cultivars grouped in each cluster are considered as replicates, and analysis of variance is carried out as an
unbalanced completely randomized design, and then the mean comparison is performed.
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