[ Downloaded from jcb.sanru.ac.ir on 2025-09-14 |

[ DOI: 10.61882/jch.2024.1576 |

Journal of Crop Breeding Vol. 17, Issue 2, 2025 p: 94-112

Sari Agricultu
Reso

Research Paper

Identification of Tolerant Bread Wheat Genotypes to Seed Aging During
Germination and Seedling Growth Stages

Sima Fatanatvash!, Hadi Alipour?"”, Reza Darvishzadeh® and Mahdi Ghiyasi*

1- Ph.D. Student, Department of Plant Production and Genetics, Faculty of Agriculture, Urmia University, Urmia,
Iran
2- Associate Professor, Department of Plant Production and Genetics, Faculty of Agriculture, Urmia University,
Urmia, Iran, (Corresponding author: ha. allpour@urrma ac.ir)
3- Professor, Department of Plant Production and Genetics, Faculty of Agriculture, Urmia University, Urmia, Iran
4- Associate Professor, Department of Plant Production and Genetics, Faculty of Agriculture, Urmia University,
Urmia, Iran

Received: 11 October, 2024 Revised: 1 November, 2024 Accepted: 22 February, 2025

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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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)

&ljgy il bwgio (MGT) yloj lawgio SVI) sadosks cls adli (V) wls (asls (GI) Siales (aslis (GP) Sidle Aoy
axady) ¥ Ojs (SHDW) apable i (59 (SHWW) cxadles 5 ()5 (RL) azaiy Jsbo (SHL) 434ble Jobo (SL) aoals’ Job (MDG)
(AL) e ol 5 (RDW) e, K5 55 (RWW)

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)


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

[ Downloaded from jcb.sanru.ac.ir on 2025-09-14 |

[ DOI: 10.61882/jch.2024.1576 |

Ve$

sl (sae godlitngy0 L) s le (oale hgcillad Losus
VX /Y ojlads [ppian Jo / 2ly; ol oMol ol yings

55 38ke ol 5 so o] i (8 5 il
S By Sl 2oy pow 09) ) aleg > iy
ol bl Glae (ST Gy Curs 4 5y bawgio 5)Sles
S Sl a8 N ssaline FYVAR L Wil slacyisi; o Jls
Lsly g 0,Sles doddyy S 4 5 59 Al Claw
(VisbeoSS Jgi 7B JS3)

b bl 3 g olizen ols VW (g s
095 dw  wlS Aby 5 Jiwle b ki olis
EYYFVD wile olacaisss Jols Jol 09,5 .50 (gAlpumnds
EYIVYD ((spST SYFITA SYVY-Y £Y0-FY SYFA-O
WCuidngS FYFYAY SYYADY SYVAFA SYV-VY SYSYYY
e sl EYYAAF ( Sbu, (ysels oS SYFAYS
SYVEIW NS 50 SYVEYY SYVAF0 STYYFIY STV .
SYFASY gl SYFAD (Sgd SYY-Ae SYFYNO
ST L L5, )3 45 xag SYSAVA 5 SYFAFY SYVVAY
ollae bl ity jolie oS azalSas) 5 Sl Clao
&S Sidle oo bweie Cao slp 5 YU 3 Slas ol
sl Jod b o,Sles ol wollan )] cpol lade
3y90 Slao plod (sl &5 W85 > (2cusy) pod 095
bogia o (sl bl a2l ns sy 3o adllas
@) sl Cglhe Gl ol e & il loj
EYSYEY o SYOFFYN SYIVNSE SYVYE. STV wil
b 055 walys p doh ol (gllae 3,Slas
sz XC JS5) 335,5 (gl buugia 3,Shoe | oloiss
(Y eSS

2 aadlas 300 glacis) o Colo 8 (6 aw )
Widler b ladye Glan o lislacslys 5 bacalus wlol
] b gaaib (Lol og)S dw 4 aomlS A3,
() SYVEVE ¢yl (05 SYFASY Lol Jl 09,5
SYIVYD ded CubamgS SYVITA SYVAQY SYY-Q.
Ng)S EYFAYA SYWAY oglS SYFAD  SYYARY
U3y FYVAFA o SYFAFY (Sigh SYEYVD chigll SYVFY
wpalS A 5 Sl bl ye ohe Slio (oolod jlas 5l 45
b plsp) 93 09)5 53 i ogllae jl 5Sles
o 0955 2 5 b & g bwgie 3Sles &5 i8S
o2y Slao by b3 5 Cipmds G 5,5kt b locisss
2953 4 fose3 ol {F a5 Sy XD JS5) it 5 3

odb oyl Sy Ll ) B} (B oS amd e LS
Sidlex b lad e clas xS 5 sl (el 4F) wad
PR3 (B g Wbl sl (ggllas sl 3 Slas axalS A3
09,5 cpl ol i g pims 5, Sles Slas pl
&S gladllas )3 5,5 )13 solatwl 3y50 baydy dgupy 9 O3
LSl owyp San b (Poustini, 2002)  iuws lwes
Joo5 b A8 )13 (cwyp 3)90 pAS il slacss
oL ol 393 s (5355 25le eyt oo & o]
Clwigiog,S 1 Wil dlen lpliS plB)) 51 S5 as sl

uslasgs oo (o
SO S 9 Ao (SlacaS m E98 Ome s
S50 Slao Sl Wl (gaieg)S 5 lguigy cald L
A5 ploal Ward g 5l eolaiwl b (gladsed dy 5o ¢ oy p
o yo yp y0 (29,5 0900 illy LR > 4 g, o
b 4525 Slp fhe slaghy, S sanads |
lolid ) alie glaog S Slyi e (2934 9 39)000 b
LYyedl )1 J‘«ob 'Dl)fg).).i.) 4y dx gl Lg &S (SAdwd g
(VoSS Joio YA JS5) Jloy gdaw > sy
Ollalaglis g lacald olel p addlas 3590 slacusy)
kol 09)5 w4 aalS 4y 5 Sjale b lasi o Slas
S 1B Y3 placsys Jgl 0g)S 5 ab sl
Job ol b iljy) Sjaler bawgie 0sle Ol
ol cdadidyy g dodBlo SIS g g cdadidy) g 42dBle
sl Lol (g1 yoS & Slao gl 85k jl 5 Sepiedll
i} (0 Olyieds (il Gloj bawgia Ao ol
SYVWAD SYFAY cbacwigl o 4 ud olwld
9 Sl V3 EYTFIV SYTYVY SYFAFA SYVFIF
sews; (Jidles b oy uLo.»o L bl o Vg s
wdiln Sid g 5 059 LI 18T 5 SYSAYA SYVYAR
315l g SYYEAY SYFAYS SYSADD SYVAR. clacuisss
FYINZ (lacuip) g arady) SS9 5 (g bld
Luwgio b b5yl ;3 V)3 g gela & ylie SYFYDY STYFVF
09,5 «Jol 09,5 Jlamwdly |y o Slae o yige (il oo
$ip Slho Sy lp & B3 olacwiy) Jeld ped
2 g hwsie 3 Sles gl Glao ple o Ll ail

PR SYIWVeS olps Yol SYVead (ol
SYFIA Xz,S SYVFAR SYPIWY ( als SYIFAY
SYFAR. SYFYID oM SYVWS. geliy SYFOSD
«Slyg SYVEVY SYWIS LG SYIS0. SYITVY
SYOFF) SYFAFY STFAND SYFAFY SYTA-A SYIYYA
5 SYYAY (g wly SYVFPA aiwals SYFYY.
Slaw @S1 Gl s 3 Sas (gl a5 Wag FYVFYY
S g 5 jg Wile Sl sl Jb cpl b g il
shwgie 38es S yiagll oyl g drady; Job rady,

Sl
2 adllae 3)50 lacuigs] f ol YA (6 a5
K35 ol Jeld Jglog S i sl ol 05,8 4
wxalS 45) § il s Clao gl VLo Slas oS
sile Jlao s Ll 53l ol gllas Ll 391y oS
ol ogllas Wil (39 308 &S Gjailer loj lawgis
@B pgd 09)5 Scwip) il awgle 3 Sles
9 il Glaw ST ey 1y o Slas oy Jcams &S Ldg
Wl byl Sy oJ ol boamih wmlS )
oloj Lawgio Cio gl 45 EYIVIE o SYOSFY SYFYND


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

[ Downloaded from jcb.sanru.ac.ir on 2025-09-14 |

[ DOI: 10.61882/jch.2024.1576 |

obd (gane g odljigy0 Loy o de (ool ¢ ygcillad Lapus

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

JS5) 548 plolid beadsss o fbens olgisas MGIDI
DY D AV lcwis) elo YW (g0 daw jo (FB
FYEAVE AFY AW Ve e AAMNA MY AFD A0 AY
A+ AD Y YAV FAY AV NFY L5 AV AF FIF Y
ot Oleisa VEY 5 OF AFe AL N.d AFF DY
gy o yumd YA g WYY OYY OY clacuisll o baeuiss
NOA YD sl gs el W gy adaw 0 (FC i)
FYUANEY TN AED AA- AFF AOF M A N AY
el e o eellas (lgicay YEF 5 YO AY ASY
SR L VA 5 YEY @Y VA s o b o il
o @ Mg plaes lacwss MGIDI gL yolie
w8 5 Ghol slaadlee 4 48 @ls b M i,
MGIDI s, & ool ol b aazils cilas glasys
(YD JS) &S oo Jaend slom 1) iy sy (bl
P2 O ol (PSS Joda > Guig) pb g o)led)
olyedr ool 48515 e3litl 3)90 (3L slagingk
slews; (Saber ef al., 2022) -, Kan g plo ¢ Jio
e > yeb 4 Joo5 a5 1) pgyen paS cilie
oz lopasls jl oslitel b axalS Ay 5 (il
O 6OL) (S5 g5 &S Wl (LS gls X3S
Sisler alsye y3 (9 4 Jeod ai a5 Sy
Yo bl ad b s MGIDT asli ool 1 .cudls g3
FUA XX FUXF X DY S s oy
0l ol o8 lie il LY 5 Y AY FY A aY
ellid )90 4 Joo )il 5 syl plgsa

JREEW

Olyis 4 8gll 08 5 pols (ying 3 b guadb polie
A5 2bolid o 6y 4 Jooxie o8
MGIDI (2313 b 5y sbacuiy) ol

Slao oolad ol 2 i laguigy QL jslaiea,
¥ S5 a5 olizel MGIDI Lasls ) adlas 390
23 ee (L ]y (adls cul bl s (sanas,
g > MGIDI jlade (508 b (locass <) ool
Olpl g 5y Ban g b cgnl U i alols
23y 9 il b b Clio Bl Sl el cnypy
job slbogls b oxslsa slageiys s walS
laged 1850 10 ST y30,8 (gloply bad loads oaly )L S,
23 o i o pd Ve Qb udas dn g Ly by dlads
o) Jby zew » ((Nardino and Olivoto, 2021
NF slacws) oy Ve bl wud b (o cele
AEY AV AF MY ATY AV ) FOY FFY FFY SFY
AV NV XD AV AEY Y YU FEA N AV DAY
g ATY AAY VA FFY A5 N-F AP Yo SV VO
Iy MGIDI j50lie (3508 iy & Saub olsesl YAY
lolid Bowiel ol glyisd g 200l polaitl sge
Frog B Cow @ bowig] dr pp (I jeba s
MGIDI pYL polie gl b b o SO35 opb
Y Slacg] olel (pl p s Snd lacss
2 (FA US3) 13g by chns s )F 5 YY AT Y-
IF A IFY FOY) lacaig; wwelo YA (m pdaw
NNEFEA N FFY NAF MNA N5 XV AL IYE YV
AW AFY FOF A A5 FYY AVD VY HAY FFF
o Olsie 4)eF AY FYA VA A FYY YN NS
GVl e 2B LYY 5 YA XY lacuiss 5 ooy


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

[ Downloaded from jcb.sanru.ac.ir on 2025-09-14 |

[ DOI: 10.61882/jch.2024.1576 ]

wobd (s godli g Loy e (oola ¢ hgillad Lo
VO IY oylas [pmitin Lo /elyj ol ool dol g3,

—
B-48H

:
1 .
| T
=
n)

11 J—\
= |

Sy o ¢ (A) Jlo s o iodd pud (63 i gglaw 53 (U paiS il (Slacuis (Gecun) Slades 4o pl)Sg 00 Y IS8

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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