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Extended Abstract

Background: Seed aging is considered a serious challenge in reducing seed quality, especially in
developing countries where wheat plays a crucial role in providing food and where long-term
seed storage is essential. Temperature and humidity are two very important factors during the
seed storage process, significantly affecting seed vigor and quality (germination capacity). These
two factors play a key role in determining the rate of seed aging by directly influencing the
preservation or reduction of germination ability. The Accelerated Aging (AA) test is one of the
most common tests used by the International Seed Testing Association (ISTA) to determine seed
vigor under high temperature and humidity conditions, simulating natural seed aging during long-
term storage. Considering the importance of genetic diversity and selecting superior genotypes in
wheat breeding programs, this study aimed to identify and select genotypes with desirable
germination and seedling traits under accelerated aging conditions. Selecting such genotypes not
only enhances seed vigor and health during storage but also serves as an effective tool for breeders
to develop new varieties with greater resistance to challenging environmental conditions.
Consequently, this improvement in seed quality will lead to higher productivity, more economical
production, and greater sustainability in wheat production.

Methods: In this study, 228 bread wheat genotypes were evaluated for seed aging tolerance
during germination and seedling growth stages in the years 2022-2023. The experiment was
conducted in a factorial arrangement within a completely randomized design with three
replications. To induce seed aging, the Accelerated Aging method was applied at four levels: 0,
48, 72, and 96 hours. Subsequently, to assess germination and seedling growth, a standard
germination test was performed according to the criteria of the International Seed Testing
Association (ISTA). This test was conducted with three replications of 25 aged seeds for each
genotype in Petri dishes using the "between paper" method at the optimal wheat growth
temperature for 8 days. The studied parameters included germination percentage (GP),
germination index (GI), viability index (VI), simplified viability index (SVI), mean germination
time (MGT), mean daily germination (MDG), seedling length (SL), shoot length (SHL), root
length (RL), shoot wet weight (SHWW), shoot dry weight (SHDW), root wet weight (RWW),

root dry weight (RDW), and allometric coefficient (AL). Data analysis included variance analysis,

correlation analysis, a cluster analysis dendrogram (heat map), and biplot representation of
principal component analysis (PCA) using R software version 4.3.2 with the packages agricolae,

corrplot, gplots, and factoextra. Additionally, to select superior genotypes, the MGIDI index was
calculated using the metan package for multi-environment trials analysis in R software. A
selection intensity of 10% (SI) was considered for the selection of genotypes.

Results: Based on the results of the analysis of variance, the effects of different levels of
accelerated aging were significant for all traits at the 1% statistical level. Additionally, there was
a significant difference between the genotypes studied for all traits at the 1% probability level.
The interaction effect of aging X genotype was also significant at the 1% probability level. A
strong positive correlation was observed between germination percentage, germination index,
viability index, simplified viability index, and mean daily germination under different levels of
accelerated aging. In contrast, a weak correlation of mean germination time was observed with
most studied traits. Additionally, with increasing aging levels, a decreasing trend was observed
in the mean of most traits. For example, the germination percentage decreased from 91.96% in
the normal condition to 60.44%, 29.76%, and 6.11% at aging levels of 48, 72, and 96 hours,
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respectively. Meanwhile, the mean germination time increased from 1.59 days to 2.62 and 3.01
days at aging levels of 48 and 72 hours, respectively. Cluster analysis results under different levels
of accelerated aging classified the studied genotypes into three main groups based on similarities
and differences in germination and seedling growth traits. The genotypes in the first group were
identified as the best performers in terms of all germination and seedling growth traits. The
MGIDI index was used to identify superior genotypes (Aging-tolerant) based on all traits, and its
results were in complete agreement with the findings of PCA and cluster analysis.

Conclusion: PCA and cluster analysis were used to further analyze the relationships between the
studied bread wheat genotypes under different levels of accelerated aging. Additionally, the
MGIDI index was employed more efficiently to identify superior genotypes based on all traits.
According to the results, genotypes 624846, 627853, 623090, 627414, 624864, Fong, Alvand,
and Koohdasht had the highest values for all traits related to germination and seedling growth
under different levels of accelerated aging and were identified as aging-tolerant genotypes. In
contrast, genotypes 621421, 627236, 624315, Omid, Takab, and VEE/NAC, with the lowest
values for these traits, were classified as aging-sensitive. The superior identified genotypes could
serve as genetic resources for breeding programs aimed at producing genotypes with high seed
quality and rapid seedling emergence in the field.

Keywords: Genetic diversity, Multivariate Statistical Methods, Seed deterioration, Seed quality,
Wheat

How to Cite This Article: Fatanatvash, S., Alipour, H., Darvishzadeh, R., & Ghiyasi, M. (2025). Identification of
Tolerant Bread Wheat Genotypes to Seed Aging During Germination and Seedling Growth Stages. J Crop Breed,
17(2), 94-112. DOI: 10.61882/icb.2024.1576



http://dx.doi.org/10.61882/jcb.2024.1576
http://jcb.sanru.ac.ir/article-1-1576-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jch.2024.1576 |

a

1 VEF /Y oylact [ontin Lo / uelyj alS oMol aobi_yimgs,
i e i 1S ol oSl
gy Alda

aalS ub) 5 Sl Sl 33 )b oy 4 Jooio o paiS clacuses) (alwlid

Tl st g Toalistag L) g e (ol ¢ Shgillad Lagus
Syl g cagyl oSl ¢ 5,58 215> ¢ aLS (S5 g s 0,8 e S (gamails —)
(ha.alipour@urmia.ac.ir : Jsgue 6dimns3) ¢yl cduogl duog)l olKuiily ¢ 5y9liS 00l ¢ aLS K55 g A5 09,5 yluisls =Y
Oyl gl cpmgyl olSils e c555lS 015l «BLS S5} g s 0,5 edlial ¥
Obal crogl ctagl olRutils ¢(555LS 01Kl ¢ LS ST 5 55 098 Lol ¥
VYNY¥ sl )b VYA sl s &b VEY/VIY - el ) g,
WY b A acis

byus 028
ool bl i85 puS oS dmwg Sl )3 (cla S ) oagds el gilas Hd oS il )3 caa Gills S lgieds i (6w 1M § dedie
o Wi )y (5lwopdd 2l Jobo 3 mres sl )9S 93 Cugb) g o> Cal (6y908 Jpazme (ul b ©de SV sk (Giluopdd 9 30 p3ye glie
Sy ey o 3 SIS A8 (Sl Ul Sl L b s 13U L e 93 (ul 55135 0o 1) (40a 098) CudeS g dsty p MDA
(ISTA) i Lislesl Medloyn yeos] bawgs o8 owl ol cygoil cp 3 ghise 5| S (Accelerated Aging) ods @ yud 6y (yg0)] - 2S oo Ll Loyl
55 Cumnl & dagi b3S o )18 odlisl 3)900 e (Vs (giluo 33 3 s b m WIE pslaiedy YU Cusho) 5 Led 53 5l )38 (e S
slhe loalS 5 Sialer o Shy b pbewis) Gl g () adllhe cnl Ban puS 3l54 ladadhy 3 5y sl Cbl g (S
S Syt ) <l 3 9 435 IS, 5y Al e Lyl 3 e Caolin b 122 SlnSy st 13 IS sl e 55
B Al e pAS g5 53yt 5l g Fslatl W VL (g0 e 4 )b
2950 WVIFN Jlo > comalS w3y 5 (5ale Jolpe )3 )k oddpud 5m & Jood a3 1 06 pAS <335 VYA (gl ool )3 oy g Slge
S 3 oddg el Sm 09 o Sy Jlosl sl b plosil )15 aw b (Bolas Ml 2ol B 3 g o9 Cpgos ool a5 I8 (cwy
Hallipe ezl gl jlne b Siailen > )lulinl yaejl cazalS ad)y g Sjales b)) jskateds ¢ umw b ookl el AF 5 VY FA ro mlaw
lod 3 A2 o oyt 9 (3 3 i) 3 4 bgye Jlon 0adp yods | (2 YO LSS dw ©jgor feil cnl 8 plsl (ISTA) S (g0l
03l (V) ls (28ls (GI) Siales (asls (GP) Siale oy Jols aallas 3y50 (slajadlis (08,5 Cygo joy A Gdedy pAS Ay diso
(RL) dsddyy Jsbo SHL) azadlo Job (SL) aoalS Jobo (MDG) 4iljg, Sjailes lawgio (MGT) Jidles loj awgie SVI) oddbosle il
575 2339 (AL) S gl o 5 (RDW) ey S5 33y {RWW) apade 5 g ASHDW) a5l 525 553 (SHWW) e Blo 5 55
R ,l38le s 5l ooliol b Lol (cboadlie 4y 4500 0y gl (sloyldgel muwyi g (o) (gladed 4500 pl,S9,005 « Siumed 4500 wodly il )y
L MGIDI a3l ) slacasss bl jslaieds .60 ploul factoextra ¢ gplots «corrplot agricolae (glazuSy 51 oalaiw! b cud iy ¥ doeus
A a5l ) iy bl (gl (SI) 7V Gl b b duols R ljle 5 0 metan Jaosis (slagyivlej] 4555 2 5l ooliul
e Dy )‘bw Qo yd <S5 d)La‘ a.]a.w 20wy )90 Olaw PL‘” 2 03Dy (S walisee C}]a.w ).-31; ‘w‘a)b L3 GL.- L)"L"I » :lAA:élg‘
S Jlain] o ) 55 Gaighi X (ym blite S .ad sdalide dopd S Jleis] g 10 Gl dod (gly dalllas 3yg0 lacwie) o) e gl
ol Gl s ld wls (adls ( Jidles adli ¢ Sjdles do)d o (665 5 Cuto (Siumod oAb @ yud (& Wi Folaw j0 .91 HI5 gixe doyd
S Sy zolaw (Rl L g s dslllas 3)90 Glaw @S Sidles oloj bwgie (Siuwad 4 b 3 i onlie ailjg) Jidles lawgie g o
iy o yd PNV g YAVE S8 & Jlog o 53 o> AV/AF 1 Siallen o pd Jlo lgiedy i sdalive Claw ST 4 She (3 dalS Wy,
Celo VY YA (ym zokaw 3 joy YoV o YIEY & 5o, VO 5l Sialles ol bawgio a5 Jb 3 ccdly (ol celw 85 9 VY FA (5 pobaw )
Lld I plislacglis 5 acald (olol » dalllas 3)90 (slacaisil wid @yl (im il gohw 3 (s w8 @l polul » 8l Gl
walS 18y Gialse b las e Clio adS Bld jl(Jsl 09,5 (slaciys a5 5ad ganail (Lol og)S aw 4 wolS 4d) 5 Sialge b lasye Claw
Ssh cisllas gladed 4355 5 ol radlie 4 400 ol L NS )]
@5 ol sloadlie & 4 o5 jlodd @ gl oy il sl 53 adllas 3j90 (b P Slacg] m Laly) FEE> S0 jolaieds 1S dons
FYYAYS dlﬁwy} xuolw‘ ()" B odlazwl MGIDI ua>l.w )l Sl PL«J uulwl Y dlﬁwy) dl.u)l.«.») LSI)" )JJ.A‘)K )9]04: 9 dldw)?
obw 3 azalS Wby 5 il b ladpe Olas ples o | polie (i (gl CubangS g gl «Sigd « FYFASF SYVFIF SYY.Q. SYVAQY
9 GG el EYFYVD EYVIVE SYVFYY clacissl ¢ Jolie ;0 bl ololid (gpm 4 Jootio slacuisl) oleisds g Ldg 04 @y (6w ilises
d g5 lp (S @lie plyisdr Al oo 00 Lol 5y Glacain] dg om & eles S 93> Clio cpl palie (e L Sl
WBy5 18 (0l5 A cladely Bun diome ookl (YU CutsS 5 Gde SYsb (gilwo i d cullB L

S oy S dy Jlg o pusiaiz )bl (slasbyy  Suis £5 g lS (glaejly

Gl 5 J o b o iy o]l g5 4 5
VAAL 5 VAV cladas Jsb o aoyn ¥l puS AVl Wgs
oS cool adl als sl bl o asp oA 4
ol 03,5 dbgl Jaaze oyl Wi oaisl 6Ly L
Mod (59040 50 e Jolos alon 5l (Ray er al., 2013)
Sod sodg b (4 ©)a8 5 aneli 098) o)l CudS (puS
A6 aalS 15, 5 Sile g it b & ol

4oddo
Sl G ol O pp el I (o e paS
V&) dopd Ve 25 Jaame cpl )y slie cosal ol 4o
9 d9den Jold ) gl @M Mg IS5l (o5 pogeben
MR by cos s 1) (o) lague) gaw cp e
Y guasmo 51 (S paS 56 ol 53 (FAO, 2021) sl 00l
$59liS g s3LaiBl dnwgi &S 39y sladdy Syl


https://doaj.org/toc/2676-4628
https://orcid.org/0000-0003-0086-002X
http://dx.doi.org/10.61882/jcb.2024.1576
http://jcb.sanru.ac.ir/article-1-1576-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jch.2024.1576 |

sl e 9 03itg)0 L) ggusde (ool ¢ hgillad Loges

vy azalS wd) g Gialer ol 10 )k om0 Jeoio (b pAS slacuip) ololid

@ Joodio pl)l dnugi (gl cunlio lagsly) Sl S
obpy) 090 (SHE) E95 pn e SRS
o Ll 3 iy 0 )Sles b sy (alulid jglatea,
Mohammadi & Abdulahi, 2017; Valipour & ) ¢!
ool A e e el SNl (Alipour, 2023
b @YboySlos b aiiS cuS 5 > i) S o |y cudo
S obl Ll wlbus Slao )y pKia 08 Wy
sl gnl 5ol Jlods yp clacwiss o il e
(ol saile 4 4 125 Ao ¢ ilises o piteti sy by,
oolizal 3,50 9,505 oty s(sladgh 40 5 ole b
Shirzad et al., 2022; Nourinejad et al., ) $,.5 .» 1,8
L olis sl Gulil b gy slews) oinjs (2024
D9 o Yoty ‘Jbua.>l.m

olejer SBl (2L e sl 3l ol
o3l Wb g Sbl ey I wdo pan
Olivoto & ) (MGIDI) Jloss! cusgss jl o pmiiedin alold
ol iy lacaisli obwl 4l y oS (Nardino, 2020
cles Q|93u.0 ‘_'j e le).g g dgud o0 oaliiwl
ol 31058 eslisl ilisee (sl yadls g Sujglsnjad9890
gyl Sl )5 gy slaguig bl dly asls
Conl 025 oMl (2l)) g2 g oy lapaS ()3
Olivoto & Nardino, 2020; Pour Aboughadareha )
& Poczaib, 2021; Pour -Aboughadareha et al.,
(2021

Alrlg Ol 2 paS (2l)j 5 olall cuonl 4 a2 g5 L
I om SeFll Jpame ol ilwoydd ©ygps
Sl Y cuaS b g polis slacwis; ool 4 s il
g el Gl 1 it P45 M 6590 02 il
b laspe Slio Jlai 5l 06 paiS (oog (slaodg 5 pB)l e
5> E95 oM Sy Jood 5 LS Ay 5 Sl
)8 ookl 350 (g0l (ladol y 40 Wlgi oo a5 35 359
25

i 5 (S5 £55 b am Lyl ing,
Sl b hasye Slao bl 5l o paS 5 slacay)
o (b puS Oglite lacaig Gl ) aalS Ad) 4
A5 Pl )dy 0ad ey bl
Lo g, 9 dlge

VOV Jols ¢yb pAiS Caigds YYA olaws ¢ ighy cpl pd
=i o8y Y g ilisee 3blie il ondisyglaes (g2 0395
PR S & JoS (g pslaieds (Y 9) (eSS Jgi2)
2 JgSt Gialejl B > ol a3y 5 Sl Jolpe
01513 )y oluylojl )3 S5 dus by boleas olS o aly
bl 2y50 VFY=IFY Jlo 10 deg)l olKiily (gj5lis
pAS slocdig 4 bype ool Jgl o816 b 18
g sl 53 odd@ pud Sy syl 4 pgd )5S (U
Jlesl jolaiody el jolaid] celw 85 5 VY KA a0
Joloee 53 4dBs ¥ et jody Ll 0dd mpud
o ) oy ol (eSalg) oy s o fS g
35l ke Yoo s LBAS guitand Hhatio Of b 4dpe

SH) sl Sl ezl us) 5 Gl )08 e
CuBgn oIS (s Joge I (So & Ng) e Jlod 4 olS
Forcella ) cuol &Y game aJg5 50 (6550liS (olopiumms
S b cov cuday gad,y sl ol (et al., 2000
Figueiredo e Albuquerque &) 1,5 0 I8 4
(Carvalho, 2003
$5918S 5> (olul il 5l (S liea s oy
Y gaze 5l do > YO 29> dll o oS sl zylas (500
Slgeo b olime ol A s J,3 18l cod |y sascails
ol ol sl awsh (Y oylle Jolke (golaidl ;)
b bydy oS (iblie g aBlasug jieS (slajgdS )3 ofage
(st Cagboy 9 Vb (slod (2520 53 (g3l0 33 g (s 093
.(Oskouei & Sheidaei, 2017) cool yidus )l> 1,8 2L
PR s on NS Lol Jelse 5l cagh, g Lod
o @ a4 Wl iliel g e cse Y5k d}l.wb).:’é:)
Macdonald, 1999; Shi et al.,) &S o &S 2l
od arel 058 ML o (Il L4 (g0 &S LK (2020
5 Sl Bl (Siale Copw (Sl aop
W) g aomlS lag) doxd )3 g e oS 4 oo
Soailis jl aen o5 A oo (2 45aLS (A Jw I g
Macdonald et al., 2004; Basra et al., ) cuol 3 (5,0

2003; Figueiredo e Albuquerque & Carvalho,
(2003

slacygesl 5l ookl wejls b gy @l adlas
Accelerated Aging; ) oAbz s (& oz pd (5148 iy
bylyds gilwand sy S g gy S oSl (AA
Delouche & Baskin, ) Ll o jlods & )b b (gm0
1973; Hampton & TeKrony, 1995; Modarresi et
).L. o J9b O dl).f \J.;‘.g\ Jo O}o)'l O:{‘ .(al., 2002
olysa 098] Jy o9 odd (b (silueySd jolates
22525 (o )13 o3lil 3)90 o 0518 Db (sl (paSl
FY o) bod 5l 0a J S (loygd (15 pme 53 bayds cygajl
Voo S35) YU (o Cugb) 5 (315 5le 420 YO B
@93 (nl QL S o S35 o )8 9y L ey (Ao
9> 2 Gl sl g Sedie )b Lo I layds
oldlles (Modarresi et al., 2002) 9 0 pbx! )l
aologd ials 5als Coge ol pud (6w a5 L0l LS
wxalS 48) ol )3 9 (Sl s (Sl 20>
TeKrony, 1995; Chauhan & Deswal, 2019; ) 35 0
.(Shi et al., 2020

eolid g (ol wnld o o laiolesl oyl
e il @ pylis pB)l Wl S lacs
Oyt ool g i3S Anl )8 golpa a5 1s )l Coonl
P s sgioty & Cudd ALS SlaisS > S
Sloiigndl b 31 i €3 (3 ) 5 3 m o
Swig b a8 o S8 S04 4 oddp i
.(Nejatnejad et al., 2024) 35S ol


http://dx.doi.org/10.61882/jcb.2024.1576
http://jcb.sanru.ac.ir/article-1-1576-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jch.2024.1576 |

aA

b (gage godliingyd Loy g de (ool ¢ yhgillad lagws
VEE Y oot fpmitin Lo /el ool #3ol ab yimgl

0a3ls Cpalols o Y, I (VD) Gl a3l
LS)L:,-'A Q‘}I&dq 9 Lol Cuwddy WLS JAK J9]o 5 @}43‘9?
Wu et al.,) ¢S5 wyp 390 basalS i) g

(2024
VI =Gl xSL (¥ oas)
wmlS Job SL g Sialepasls Gl daly cnl

Oy 5 oolaxwl b o (SVI) sddodkw ol adls
A dpwloes ¥alal) jlazals Jsb )3 (2ls (el Ao
JS o ol adyl 15, ol b3 sl s eme s 3

(Agrawal, 2003) s,

SVI =GP x SL (F alaf))
Job SL 5 Gjaler ol o) GP aaily cpl

Gy & cwl padls (MGT) Siale ol bwets
2)9> Su Jsb 3 byl Sialler s p 5 (BleS 25
L}.’.I & asls L}).] 05 lade g oo oaliiwl aSuie o)
Slgs adgl sigy ;5 g Casp 4 byl 38T a5 ol Liro
Ellis & ) 15 ool & aaly 5l )] dulxe (glp 2055 00
.(Roberts, 1981
mMeT = B (0 )

Slasdi epli gy y0 035alen (layds Sluss G o) 45 oS
o3jlg (slaydy S gsare YCni g tolol g9, 5l o)
A 093 Jobo )

Mas sdiad i a5 (MDG) alje, (Sidiles laweie
ol Liolojl )90 (b yd ailjgy g0y 0djailgs (sl
.(Ranal & Santana, 2006) ,é dusl>e & alay, 5|

MDG = & (5 alas)
ar ')

S gasld olgisa (AL) S yiegll o ps ales 3 9
liee glaciowd (o 0355Cun) &5 Comd odimd Ll
(Hoseini et al., 2011)
dpady) S 0y

AL =2 (Y abail))
dpails S5 5

lallas 52565 (1392 Jlo b bl dosly Juloxs g 435 cge>

7o 03l b lanodly uibylg 4550 ¢ )] 5 a9 A5 oy
Mo gl . ab plsl FXY s R lj8le 5 > agricolae
A5 odliul Y8 aseus SPSS l5dle 5 5l bnogs (clano ol
9 (oo cup) Sladgs o0 pl )55, ((Siusen 4 )20
Lo Glol sbadse 4w Ol sbbsel oy
5hooolatel b coipgay FYY ass R lsle 5l eolat!
.Lub plool factoextra g gplots «corrplot (slazSs
x> laialejl 4550 s 3l edlatwl L MGIDI jasls
R 33l 5 ;5 (Olivoto & Lu’cio, 2020) metan _Jla>x
& a8l 5208 a5 Ko MGIDI Jaia a3 .05 dsuloes
(Olivoto & Nardino, 2021) cusl 365 5y caieds

B alblis jobdy o bt )8 20k ) Gy
(b S w2 203 V1) shatio Ol by o i o8 5l
2o Voo a4 K005 s Cugby baas il liebsl (4l
PVRRY U"’l‘” ui L L‘b).b LY d)}‘odu) BERW J.S.M Qg 00D
9 3o okl b (s 5 05 At 593lSd )3 (a3
o dy ygiline); S Hlamd e 20,5 3585 B s
d)S 8018 ol a3 ¥O (slod o el A5 5 VY FA
N oloj ©de (8 G J g jles «ales
Modarresi et al., 2002; Mondal ) 5. z )5 ;55le,;
.(& Bose, 2018

o S A g Sl Clas g Sejlul pslaied,
()“’L‘"‘ 2 .))l..\JLw:] u.’)do19> q}ﬁ)‘ OAD &3 g (S g )l
& 34 plxl (ISTA) Ji y905] Mallie sl (sl oo
0d g yud Sy oS 2 Jl Hd (2B VO LSS aw pglate ()]
oy B )3 Cal9S jba i) o 4 by
b (321 o (b)) (Slo 2 4Y 93 b (e g5lo Vo 5lad)
Ve slos 3 g ygiline)s 31 )3 laadis iy e S0
oty (pa5 (S5l g slod (lgier) 21, (o ey
st i jless 5 clialise (ISTA, 2009) 135 51,3 55, A
Gdedy asudo el ) 5 Gl YF 2 odjdley olayds
Sy b o slen 93 05101 4y dpaidy ) jopls 035 plosl 55, A
A oas)s ol ok Gl Glp Gl Olysa
oleMbl e b 1w (Tekrony & Hampton, 1995)
A3y S Sy pSoilul sln Pl jgy 3 il (90l
IS el (Bolal Gjgo (ole aalS Ve aalS
Sy osiledly )l lbazalS i 5 odline b 5 bl
oo ol JaS Job 20 L 5 1 (gl
Ca> g zyde S ksl oolatwl b daadyy Job g axddle
bodrady) g arddlo 5 (g Nad gpSojlul e sle
b iF P e pg o) CB L s )l
sobds aazdBl 5 badzady) «Suid (59 s Sojlul sl
I 5o bdises w585 518 <8 3 o alflas
Suid el YF oo 3L5 ko a3 YO (glod 13 g yo)
A5 cpjg p)S el ) S8 L 38 ol L e
wmlS g 5 4 b by il cbpasls jl Sy
35 09l 0 pj 2 b

23,5 dulxo ) dlayly jloolitwl b (GP) Jsailes o yd
(ISTA, 2008)
Gp= 22 AR

Musi N g pli 59, 50 0djdlen jody dlaas Gni ] j3 &S
At o] asly olaydy

ki)l Sl sl So lyiea o8 (GI) Gl el
03,5 09l ¥ alayly 51000 0 4i8)S a5 > Jiailen e o
(TeKrony & Egli, 1991)
Gl=%(Z) (¥ dlaly)

di g pli 59y 0 03jale> yol dlaas Gni dlayly oyl )
RS VO3 }9) b)Lo»\:B


http://dx.doi.org/10.61882/jcb.2024.1576
http://jcb.sanru.ac.ir/article-1-1576-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jch.2024.1576 |

ol g godljingyd Lo,y g e (ool ¢ yhgillad Lo

aq azalS wd) g Gialer ol 10 )k om0 Jeoio (b pAS slacuip) ololid

03lj0ee (Bailly ef al., 2000) ),\Kon 5 Lo (sl
ap5 9 (Mohammadzadeh et al., 2019) |,\Ken 4
oS’ (Nahofte Esterabad ef al., 2016) ), \San 53Ul !
P uj)’d\jlp MT)S J“,S\, L5|)€ P)’\/ OLo)’ RINVINTAI ULM)
Sl G g il 4 e g 8L R sl
A5 Sy gdaw jd &S cwl b iy Sledpn MolS
5oy MOY & 5 cdl ials Sjales loj bwgie sl
S Shy 2 odam St o cul (Ses o )
Can Vg sy 3 B o S Sl b e
2 olS gl g ady LUy b Slio ol o bl 51 sl
ol & pbowiy) Cbal wia e adgl Jolye
Sk 4 Sl oo At Sy ST 4 4 Cund (9]
Db rie (5558 Cladgi Sl g sl cudS
ok > dopalS Ad) g (S5l b L po Oliio (St 4505
045 gy (g Alie

2 adlas 0y50 Olao (Stuer 4jo0 s ololy
S5l dop (A JS5 teels ji) Jlop ol
u.:fbl? ua>l.w Slaw L: @\/L 9 Culo M
ool Sls (e ls (= +/OYY) cls el (1= +/05Y)
sl (r=3) aliey Siale 3:SNke g (= +/5+) ouds
a8 oo b o 3l s ol S
spatsy Jsb 5 = I5OY) eile Jgb = -AY)
38l Iy | 35 508 g 393 YL 5 e 1= +/5AY)
(Jlie )3l oVl g Cute (Shuen d2ddy) Jsb
0a3ld b 658 g (e (Stuen Sjaler (o) bawgte
b lis (zr =+ /AF) Ol (sl o (= —+/AF0) Siale
3 Se55 55 ey (S1 et al,, 2022) )5 3 (oo
W8 adllas 3550 1y ay )3 5y il b b ye Cluogas
b gy oz yobay Sjailes o yd oS 0 S oanlie 9 L0l
ol il Cute (Stued Sl (a3l 5 Sl pasls
2 P Sasink Glas; als 5 g e el
b sl ol cpiomen bl 0alS S8 Sidiley Aol )8
b &S (yeba wimd QUL ) Hh )8 Haw Wl
0SS (il el (Sl dop (Sl 55l
30k 8 wisb GV sadodle il asls 5 ols
(Wuetal., 2024) cul yuiw

nciss sl sl (ST) 71+ sl o0 ¢opwizran
; Coy 5 gl

Sy i golaw 13U (uib)ly 435 @S (el
S bl aw )3 oy 2y90 Slio plod p oad s
O PG Ol eizmen g bdee Aoy
Jial gaw 3 Slio den gly adlas 390 slacaiy)
I (S35 g5 sy Sily 45 15 eanlie a0y S
2 &5 ol g ol sl gl o > (29
oy 4xalS g (Sl Clio dgue sl G55 sl
4 lgs o 248 oyl (Kharf-Meskini et al., 2023) >,
e poglas S Syl Gbls | snie gladus Mg
ST Sl ol 5 g X s e 1 a9
S P g 3 adlllas 5)50 Slio plad 3 (55 ixe
Uso (ol 4 gl 9 (o e S (392 5l ghme 23 20y
2 CElESs ek (g 3)90 Slio 6y 8L &S ol
Gr R gl 4 Cus LS odsl den )
x5 uly 0 b e sy bl & ol (s Loy
Cosl drgi LB g pre o)l il lagusly > oglis ol
) () Jo2)

J5i2) isogs ol sla el drulons 3| Sl ol
iy g Siailey b e Glas le jd & Lol olis (¥
Joy gl 58 capd o) Ol a3ls el
Caelo VY gy o OY/YY caclis FA (g ys o FF/YY
oloj Lwgie (YEV/AS celo 35 (o gaw AVVA
U Jly aaw 0 dop VAFE g4 Cops) (Sjaile>
idley (adls (cels A8 g aaw ;5 Loyd V-A/VA
2o VYA L Jloy daw 53 duoyd VAIVY g5 o )
€95 cupd ) dxddyy § jy cele Vg ghaw
Gy taw 0 2o WYY U oy pdaw )3 doyd YO/FY
2 Loy VD g0 o pd) dxdiln 5 js 5 (Celw AF
b (cels 88 gy adaw 13 o> WEA L Jboy o
oAb S Sy il gohaw )3 el alps (yide
Uso ol 4y 008 S35 Slio (6l £95 o pd (292 YU 2025
Ol il 503518 ey o Olas (pl @l s oS Conl
b 5 )18 02kl 3,90 35y syl Ji S 9 ol Ba
S55 gl g gm0 (6l Canl (S0 Vb £95 L Slao oS
(Hallauer et al., 2010) sl awsly (gyuin Jausly
orYl s b s Clhs (WSle (sd4s Hlade dwslio
U195 b s j5boas & 39y Slho 4 by po b Sl
Ole et li dles )b bl basals wi)y g (Sjales
dalS Job g Jidley dopy il sl wadedle
Sia > 2alS gy Sy o5y g I et
S ol doyn (Jhe laicds ud ssaline cliw S
2o FINY o YAINE £ IFF & oy pdaw )3 duo 3 AV/AF
P bl ials celw 8 g YW KA gy dow 0 cui @
YN 5 YISY 4y g, VA )1 Sl loj bwgio a5 b
L ls opl .l (oli8l celw VY o FA (g adaw ) o)


http://dx.doi.org/10.61882/jcb.2024.1576
http://jcb.sanru.ac.ir/article-1-1576-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jch.2024.1576 ]

(AA) 015y 5y iz golans 36 o (6 P8 Cilisen (slaaiss§ ol 455 5 35l b basye Slio uil)ly 4325 -V Jg
Table 1. Variance analysis of traits related to germination and seedling growth of different bread wheat genotypes under the influence of different levels of accelerated aging (AA)
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Table 2. Descriptive statistics of germination and seedling growth traits under different levels of accelerated aging
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Figure 1. Correlations of germination and seedling growth traits under different levels of accelerated aging: normal
level (A), 48- hour aging level (B), 72- hour aging level (C), and 96- hour aging level (D)
$i8lex lawgio (MGT) (boj bawgio (SVI) sadodls Ol (adls (VI) wla jadls (GI) Sjale (adli (GP) Sjdle do)yd
il St i3 (SHWW) a5 g {RL) iy Job (SHL) 4zl Jsb (SL) aal Jobo {MDG) &5,
(AL) S 09l o > (RDW) dndiiyy S 59 (RWW) dadidyy 5 59 (SHDW)
Germination percentage (GP), germination index (GI), vitality index (VI), simplified vitality index (SVI), mean
germination time (MGT), mean daily germination (MDG), seedling length (SL), shoot length (SHL), root length

(RL), shoot wet weight (SHWW), shoot dry weight (SHDW), root wet weight (RWW), root dry weight (RDW),
allometric coefficient (AL)

P 3 eddodle Gl jedls 5 Cls (asld  Sidle
€ i) ws salie ateln VY (g baylyis
St (Stusod (VD JS2) ol 87 (6 o oo >
L_QM>)J A odalie ddlae D)90 Slaw ).Sl O ‘599 9
Celo A (pm mdaw 50 Celo VY 5 YA (gh0 (Jlboy bl
wruadls 5 Sl ploj bwgie G (e (Stuwser
5 Ol padld (giale (adls (Jiale woy wile
Cunl S0 Cundg ol oauls oaalive sdbosle Gl (a3 ld
o 2yl Cuglae b gy Lol s old il W31 osims oyl
ey oloj pbsde oyl 45 390 el o 13l Lylys
il (IS jeboas aiil ansly (VL caas’ o Sialse

O S5 Cute (Shuman 35 Colo VY (g5 s )

(r=-+/aVY) Gialey Hadli o Sidiles Moy (adld
Job b aals Job cute (Sod (ioxed A5 odnlin
sdalin (= +/A0Y) daddy, Job o (1= +/AVF) dxadle
aals ad) cliee glin! o 98 bl Sl o wi
iy 0 Sles (ME > oS wimd o i Oliudsy guls g
gl (o &S glady) Glagiane b St ol 4 LS
Caol bagye aals adol 4 b uoed 5 Mlasl
Jele 55 oyl &S (Sayed, 2011; Chloupek et al., 2010)
L%UIQ_WL;LDULLJ)JI)J)JDLfM)WduM]yGo
oasld b il ploj bawgie (diie (Shuen S


http://dx.doi.org/10.61882/jcb.2024.1576
http://jcb.sanru.ac.ir/article-1-1576-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jch.2024.1576 |

V¥

obd (s godli g Lo e (ola ¢ hgcilad Lo
VX /Y ojlads [ppian Jo / 2ly; ol oMol ol yings

rady) S g 5 0 b b Gl 5 5l ool
5 oaljl 5 FAY. SYVOOY SYV-A4 SYFOD slacuis)
Lot o ¥ ylo SYVYADS lacuisii o SO yogll o s bl
Cho ool e (pyieS) il oloj lawgie Ll
polie o ieS galiy o FYEOSD ¢ SYVFYY clacuis)
s ly 398 Claw

i pgd 9 Jol slaadlye el YA (g v
ang 1y Loy 3 dgnge Slpss jl aoyd VAIY 4 05/
lio byl @ Cond bows) sbcusbdss L3900
slcwg; a8 Wb ol el bl calise
FYVAFA EYVFY - EYYVAY SYVFIY SYVFYY SYVASY
Slao sl y (o35 )0 (Kob V)3 V7,8 ¢ FYSAVA
0a3lS g Ol (el (Sialer (adls (Sidle wop
0,80 sl clas (pl s 5l g wizisly )8 eddesls Gl
SYFATY EYYWYY sile olacuish) ¢ opiomad . dgs (6 5k
5l s S8 ¢l ) lie SYVYAD SYYARY SYYTY
s il Jio ol Job lis sla by o553
FYIVY (lacay] g crddlo Sis 9 5 0y woddy)
lao Sud5 0 FYYAIAL 5 SYV-23 SYFYD) SYFYVA
ol o s 5 iz )3 sy, SiS 5 5 o
(lis yoaily gy 0, Slee Slas opl 4l s
o e Slao b b))y ael 5 QIS M sy
(¥ B JS5) auily (65508 polio

adlio g 2o yd FYIV Jol adlhe el VY (g ym pdauw 4o
ol opl 0,8 aner |y edly uilylg 5l dusys VF pad
Losld @l s 51 glodes o Lol ddlie g3 (pl a5 a0 o
Cliv 5 bowys (Sl Jbs ¢lp g WS (o 42y )
(Sl oy Slae 4 baye slayhy dius wye
5 oadodls Ol sl wlo Lasls (jals asls
o W3 S35 o 4 Ylaged ol 3 Wl il (1K
ol 05 b Gl (pl (sYU Cate (Siuads odimd oyl
oloj bawgie slapadld lp syiie aglj ey ol b
oS 15 oanlie b jas iyl b S yogll gy g S5l
OiST soS lal 5239 o5l s (Staa S35
SEYFVY - SYWAY SYYFYY (lacuiss dbouis s clao
FYYAEY EYVOFDH SYFAVA SYVFY - SYFYVD SYYVIY
0l Sidles oy Glaw Ll jl 5o 9 Vg 5 SYYAT
0a3ls g Cle yadls w@liy) Siale hwgle Sl
SYYAY SYFYO) SYFASY lacuis) eidosle ols
wzalS Job Lld jlogls’ o gl « g8 ccusangS o) ylao
SYPEYA SYYA 0 clbcuiss) cdadiy) Job o axdilo Job
95 039 9 ax Bl SS9 5 g i IV )3 5 FYOIYY
5 EYVED. SV SYYOV - slacuiss] cdoddy, Suis
FYVVE+ oy 9 Soyiagl cups i 5 #YVAR.
Sidlss loj hawsio Ll JIFYASEY o SYYAA SYTVSA
EYENO slocwisss  blae o aiih 1y polde oy i
LUyl o Slyg g OIS el SYVYTS SYYYYA SYFATY

(YC JSKs) wialy s 1y (g 508 polie wyp 3y50 Silio b

S bulyd o b edls (o8 5 Cute sla Siusen
o,y &S Cuwl opl s lis (celw AF wile) 5 oYsb
J@J@uwdjlgwwd&ac\;xmdﬁﬁbm
(SB) g5 Al Gl (AL Mg ok ul b
Gl IS G5 g Seislsnisd 4 s il
b (Shi et al., 2020) o, Kon 5 o5 .03 (£ & b
bulyd )3 paiS adoble b Curer 59y p & laddllas
s C}‘am P PLY Mb)b «oaly ‘n‘.?ul o..\.wé:).w.: Sy
(Silyr pals (il Syl (Sidle sep sy
Gz yokay sddodlw Gl yadls 5 ol jasls
wxalS Job wxalS (g (niomen AL Cuo (Stuned
S yobar G kb 31 arady; Jib g
S Sises

ool 2 6 paS il (glacaigf (suieg)S slaied;
Cilitie golaw ) lS A5, 5 Gjle b e Clis
@ oo (@l ol edlail bey 9l edda s (4w
ladgs S (o g (ol slaadlse
! (slnailya 4 ¢35 (G

Olee Sl SleMbl oy jiore (ol sloadlge 4 4525 )
Sgd oo Gl SBLS Gypods s g zlyzciel el
laoly (SaiSTyy ke ibes Adlge i o (glaisSay
w2 p9> allge 3y (o 5lai 53 Waodld (sassecne IS 3 1,
Jol adlye bawgs o bodly asgerme by oyt
(Shaviklo, 2018) 5,5 o » ) Iy Cuol 0auis duoles
@ 4 Ol bl (m colo jao) Jloy daw
i pgd 9 Jol claadie amd oo (Ui (Lol slaadse
W0)S an o5 |y bodly 10 39350 il yuis 5l duo )3 VYA o YA/
(o Sl (86 Jgl adle bawgi g5 (b Aoyd 4y
osiansS ol 31 sl alllon 3,90 i i (ol
ool Siisod Copd | 0,8 Slas by o 4yl
(Silyr dop dile Slao &5 38 (gpSamd (g
@Yl e (Stnen Soden b aljy) Sidle bwgie
oy plad oy dgly &S Canl (] S &y aoes (ol W55l
oo M’y Jb ol bcwl aa de eSS
2l b Sl i g il ploj awgie sl yasli
w5392 3595 6y dasl; 105 92 ol Ly by a3l
slcsy) dacsys 5 Clie (Sl o bl
FYFAY EYOIVY SYFASY SYVA-Q SYVA-A SYYAQY
5 oddodlw Ol sl wiljey (Sidle lawsio o Sjales
oo b sy 5 PYPYA sloiss) zady, s U
(Sl adla b bliyl o SYWAY (gl casadle
g FYVAQY SYYAYY SYYWAY SYVAYA clacuiss
SYYAFR SYSAMD SYYYVE. 27V Wil aeuiss


http://dx.doi.org/10.61882/jcb.2024.1576
http://jcb.sanru.ac.ir/article-1-1576-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.61882/jch.2024.1576 |

wold (g3 go3li g0 Lo o e (oola ¢ hgcillad Lo

Voo bl 13y 5 Sialex ol 3 )% oo & Jooie (U a5 lacsip) bl

Job clas b byl ;3 V)31 5 cubamgS ()8 SYFASY
FYFAD (lacig) omls Job g axady; Job wxadls
il s g 5 59 b bLoyl ) Las o SYPARY SYYIFA
9 089 sess) 5 Syl cups bl I FYYA
Sl 1y polde oy yider (Sialer loj bawgie i 1Y ks
gobw Wlea (Jlop gaw 3 (I yb 4 (YD JS3)
@ bgye oy (035 )3 &5 Lbacwin) (s alie
Olye & zdly )5 S ud) 5 Jjaler sulS clao
Oliwe > hol ©pls wad Qs Sy slacay)
caw &S Cwl L&»dﬂy bwg odboaly o9 u“dl?-)b
o 3o LS ggd9e ol sl (5 oo Sl yieS Jlo
392y Clio 9 Leuins) m ) Skl £95 (Jloy gdaw )

Sy

A-OH

y N
J

C-72H

5 ped g Jgl slaadlie el AF 6y paw )

w2505 dex g |y Wodld 50 393 g0 lyuss 5o yd A/A 5 AY/Y
(Stsad | (86 Jol ailpe Lawgs £55 SYL b0y 425
A dogi b sdmline oyl 5l Lo &S sl Olas o as
plo «cs b gghaw ) Slio )l (o gl (ogimsS
sl e ls aih oYU e Stuwed [Sdeal Claw
Mges cnl > el oy g Sl ploj lawgie
oS wib e ple 4 Caws gde agl; lowes
2o bl jmsls pl chns b e (Sen odimd )Ll
Wlao 5 bews; GiSTy Ol Gwlel p.cwl claw
SYSAVA SYEVV+ SYRAFF SYSVVO wile olacasys)
Jop clas bld Y 28 5 g gl SYVAFR
ol ialey (et ls iljsy Jiailes lawgie o Jidiles

B-48H '
D-96H I
e

T o0l pud (6 BliSe sl )3 (6 paS Bl (glaciy] g axalS A3y 5 Sl b e Dl Ml Hlagel Y S5

Figure 2. The biplot diagram of traits related to germination and seedling growth and different genotypes of bread
wheat under different levels of accelerated aging: normal level (A), 48-hour aging level (B), 72-hour aging level (C),
and 96- hour aging level (D)
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Figure 3. Cluster analysis dendrogram (heat map) of different bread wheat genotypes at different accelerated aging
levels: normal level (A), 48-hour aging level (B), 72-hour aging level (C), and 96-hour aging level (D).
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Continued Figure 3. Cluster analysis dendrogram (heat map) of different bread wheat genotypes at different accelerated aging

levels: normal level (A), 48-hour aging level (B), 72-hour aging level (C), and 96-hour aging level (D).
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Figure 4. The ranking pattern of bread wheat genotypes based on the multi-trait genotype-ideotype distance index

96-hour aging level (D). Selecte

(MGIDI) at different accelerated aging levels: normal level (A), 48-hour aging level (B), 72-hour aging level (C), and
enotypes with the lowest MGIDI values are shown in red. The closer the
genotypes are to the center of the circle, the lower their desirability in terms of the investigated traits.
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