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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.
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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)
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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
https://jcb.sanru.ac.ir/article-1-1576-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-18 ]

[ 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
https://jcb.sanru.ac.ir/article-1-1576-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-18 ]

[ 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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