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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)

(MS) Sboye o 5ke

AL RDW SHDW RWW SHWW RL SHL SL MDG MGT SVI VI Gl GP if,).—, o Su(,))l o
027" 0.0000131™  0.000012"  0.014™ 0.0019" 40.62" 29.90" 155" 173" 0.62" 869006.87 " 26103.26" 49.15" 1773.62" 227 Sj;‘;‘ype
60.64"  0.00343°  0.00356"  3.50™ 0.4538 ™ 13037.82" 1183400  4970830" 928.85"  115.08"  5650745282° 2048629153 3533357 oo 14474 3 ﬁfi“g
0.190"  0.00000415°  0.0000042°  0.0061 0.00059" 10.42° 8.01" 31.81" 046" 071" 233197.63  7220.95" 10.10 ™ 472.290 ** 681 gfg";f;;?gmg
0.04 0.00000127  0.00000128  0.0014 0.00015 229 1.88 7.17 0.05 0.13 27044.11 790.13 1.16 52.92 1824 oer
2628 25.37 25.16 22.86 2526 20.64 19.72 18.75 15.45 27.81 17.25 19.57 15.99 15.45 N

CcV

Lad o s |y oY Jloin] o 53 (g5l gize g /40 Jlain] mdaw )0 (g1 gme o5yl gixe pas oy i g %

(RL) dyaiy) Jobo (SHL) dpedlus Jobo (SL) aoals Jobo (MDG) iljs, (J5dilex lawgio (MGT) (yloj lawgio (SVI) ssdoskw il (asls (VI) wls jadls (GI) Sjale adli (GP) Sjdle do)yd

(AL) S t09l] oy (RDW) dray; St (559 (RWW) dpaiy 5 (59 (SHDW) dpdblas St 59 (SHWW) a5 5

ns, * and ** indicate non-significance and significance at the levels of five percent and one percent, respectively.
Germination percentage (GP) %ermination index (GI), vitality index (VI), simplified vitality index (SVI), mean germination time (MGT), mean daily germination (MDG), seedling length

(SL), shoot length (SHL), root

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

»»\

Kbarew |72 ST €157 M e o0 4 -4

ew-'r'v] ?’nf‘?g'lﬂ’ ﬂ;;? —5\57?60 (‘?'] c(é?';n{lcqé A s"]f“’ﬁ


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 2026-02-03 ]

[ DOI: 10.61882/jch.2024.1576 |

oobd (gdne godliingyd Loy g de (ool ¢ ybgcillad Lo

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

vl loj lawsio aS” dad o ol pl b ssalie
e Spba ard CUjL 1) b ©)8 waw Wl e
g Col S Hh )28 Bl 2S5 (il leoj lawgie
b Sl Gl e gloj byl o8 Slej . uSHL
(Siules doyn Wl b asls gl o 3 Sles iyl
Verma ) sl oo 2alS ls Job 5 (Sjaler padls
SNued yezxed (et al., 2003; Gebeyehu, 2020
20y Jiilo o pad s 5l gyl 5 Sostagll o o ilo
odd ool Gl edls g Sjailes edld ( Jidle

(Bl JS5) w5 sanlie

ol g Sialex a0 cel YA (g0 pdaw jo

A waly (1= /YY) (668 Hlos Cute ([ Sumod Jidles
OB 4 Yoene Sidiles doyd il 1y s conl alaie
oanls b Sidley adls Ded e yomie Jidles asls
b (508 Cuto (S odibodls Gl (adls g Ol
$9) 2 ek ysbody 3350 Jjailex &S amd o LS )]
Job g w2ddle Job wxals Job jasls aw (p cute
{ == IFAY) Sidles adls b Jiales loj lawgte
(=1 —+/OYY) dadiles Job o (=1 —+/500) s adls

[ 2 Sy alises C?‘l““’ 5 mbf.\.»)ﬁu,)mlpblau,o Slhos ,_Q....o' 95&[.&:5)&]—\' Ja.\?

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)
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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)
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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.


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 2026-02-03 ]

[ DOI: 10.61882/jch.2024.1576 |

obd (gage godljsingyd Lo, g de ool ¢ yhgillad Loy

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

SYVENY  SYY.Q. SYVADY  SYFAYS  clacuiss
prdeie lesd CuiinsS g Wigll «SSg8 SYFASY
EYVYY slacwss & Jb o wind ol bewy;
obols Slys 5 S wl SYFND SYVYYS
RENRNNS

Wlg5 oo gt cnl )3 048 Ll Jooxlo (aasyss
Olp gl laacly 3 wiedj)l (e wle olgiea
bulyd ) 3890 el CabB b byl g5 sl ofage
58 oslial 3)90 ta Yol (5)lo)lsl 5 (lawme sla i
2B Cupde ) (oo (18 ] cnl opimen 55
2 eSS (gl a8 g0 ol (65,5L5S" (5590 100 st 9 )
3 03dplolid (slacaie o 2980 Sty (agh ()
e Glize la i3 bulyd cod s e laiolesl
oo ol 293 o)) bl (aled 3Sles 5 Kisd ()
sShae o LalEilel adsl Glis n bl blg e
S a0 1y Bly bl 5 Jgame

S S

GBS ggs &S b ol ol hagh gl
b by las jlai jl b pS clacsisl on (tay
215 i Sy hliSe golaw )3 walS a3, 5 Sl
sl 13 555 pbar Nlgice 55 cnl il 3924
o Yo (3loo s bl Llayk Ls 5315 Mol
Sy ok ORIBIL 055 )8 eolil 3)90 Vb oS
Lol casdly ials’ axals a8y 9 Sjals slogasld iy
oo &Sl slas Lauli8l gy (MGT) (Sjailes loj lawste
b,y sl i ey o @ cels F maw o )ls,
8l hals

oy s lhs a5 oh ol Stawan o
wddodls la (adls 5 (il asld (Jidle
Bl azalS ) by SaSe b 698 5 Cute (Sen
Sbcwig] ool 5 Slao o bilg) 538> Jdos sl

‘Ul u»lwl » &S A5 edlawl MGIDI ua}lm )‘ ¢)5)J

References

Agrawal, R. (2003). Seed Technology. Pub. Co. PVT. LTD. New Delhi. India.

Basra, S. M. A., Ahmad, N., Khan, M. M., Igbal, N., & Cheema, M. A. (2003). Assessment of cottonseed
deterioration during accelerated ageing. Seed Science and Technology, 31(3), 531-540.

Bailly, C., Benamar, A., Corbineau, F., & Come, D. (2000). Antioxidant systems in sunflower (Helianthus
annuus L.) seeds as affected by priming. Seed Science Research, 10(1), 35-42.

Chauhan, D. S., & Deswal, D. P. (2019). effect of accelerated ageing variables on various seeds quality
parameter in barley (Hordeum vulgare L.). Journal of Plant Development Sciences, 11(9), 511-517.
Chloupek, O., Dostal, V., Stfeda, T., Psota, V., & Dvorackova, O. (2010). Drought tolerance of barley

varieties in relation to their root system size. Plant Breeding, 129(6), 630-636.

Figueiredo e Albuquerque, M. D., & Carvalho, N. D. (2003). Effect of the type of environmental stress on
the emergence of sunflower (Helianthus annus L.), soybean (Glycine max L.) Merril) and maize (Zea
mays L.) seeds with different levels of vigor. Seed Science and Technology, 31(2), 465-479.

Bailly, C., Benamar, A., Corbineau, F., & Come, D. (2000). Antioxidant systems in sunflower (Helianthus
annuus L.) seeds as affected by priming. Seed Science Research, 10(1), 35-42.

Delouche, J. C., & Baskin, C. C. (1973). Accelerated aging techniques for predicting the relative storability
of seed lots. Seed Science and Technology, 1,427-452.

Ellis, R. H., & Roberts, E. H. (1981). The quantification of ageing and survival in orthodox seeds. Seed
Science and Technology (Netherlands), 9(2), 373-409.

Food and Agriculture Organization of the United Nations (2021). World Food Situation. Available online
at: http://www.fao.org/worldfoodsituation/csdb/en/(accessed August 11, 2021).

Forcella, F., Arnold, R. L. B, Sanchez, R., & Ghersa, C. M. (2000). Modeling seedling emergence. Field
Crops Research, 67(2), 123-139.

Gebeyehu, B. (2020). Review on: Effect of seed storage period and storage environment on seed
quality. International Journal of Applied Agricultural Sciences, 6(6), 185-190.

Hallauer, A. R., Carena, M. J., & Miranda Filho, J. D. (2010). Quantitative genetics in maize breeding (Vol.
6). Springer Science & Business Media.

Hampton, J. G., & TeKrony, D. M. (1995). Handbook of vigour test methods, (International Seed Testing
Association: Ziirich, Switzerland).

Hoseini, F., Siadat, S. A., Bakhshandeh, A. M., & Chab, A. N. (2011). Evaluate the effect of oxygen tension
on germination and seedling growth of five components of wheat. Iranian Journal of Field Crops
Research, 9(4), 631-638. [In Persian]

ISTA. (2008). International rules for seed testing. International Seed Testing Association, Bassersdorf.

ISTA. (2009). International Rules for Seed Testing. Bassersdorf, Switzerland. International Seed Testing
Association.

Kharf-Meskini, M., Sabouri, A., Olivoto, T., & Fallahi, H. A. (2023). Evaluation of wheat recombinant
inbred lines compared to control cultivars in terms of different germination components based on multi-
trait indices. Iranian Journal of Seed Sciences and Research, 10(4), 1-17. [In Persian]

Macdonald, C. M., Floyd, C. D., & Waniska, R. D. (2004). effect of accelerated aging on azie, sorghum
and sorghum. Journal of Cereal Science, 39(3), 351-361

McDonald, M. B. (1999). Seed deterioration: physiology, repair and assessment.


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 2026-02-03 ]

[ DOI: 10.61882/jch.2024.1576 |

stL”B d._\.e(osb.)l)ums).) Lo) ‘)yLSLC d.!l.b ‘uﬁawuﬁ Lp.»:
Wy VEE Y oylas fpmiin Lo / ely; ol ool dab g3,

Modarresi, R., Rucker, M., & Tekrony, D. M. (2002). Accelerating ageing test for comparing wheat seed
vigour. Seed Science and Technology, 30(3), 683-687.

Mohammadi, R., & Abdulahi, A. (2017). Evaluation of durum wheat genotypes based on drought tolerance
indices under different levels of drought stress. Journal of Agricultural Sciences, Belgrade, 62(1), 1-14.

Mohammadzadeh, A., Majnon Hoseini, N., Asadi, S., Moghadam, H., & Jamali, M. (2019). Effects of
artificial seed ageing on germination indices, seedling establishment and yield of two red kidney bean
(Phaseolus vulgaris L.) cultivars. Iranian Journal of Seed Science and Technology, 7(2), 75-94.

Mondal, S., & Bose, B. (2018). Accelerated Aging Affects the Germination Physiology of Wheat
Seeds. International Journal of Agriculture, Environment and Biotechnology, 11(1), 209-216.

Nahofte Esterabad, A., Rahemi Karizaki, A., & Nakhzari Moghadam, A. (2016). Effect of seed
deterioration on germination parameters and growth seedling of two maize varieties. lranian Journal of
Seed Sciences and Research, 3(2), 1-11. [In Persian]

Nejatnejad, H., Hamidi, A., Rahimi, M. M., Hosseinifarahi, M., & Kelidari, A. (2024). Comparison of seed
cotton yield and fiber quality of Iranian and introduced medium warp cotton (Gossypium hirustum L.)
cultivars. Iranian Journal of Crop Sciences, 26(1), 1-18. [In Persian]

Nourinejad, H., Alami Saeid, K., & Sadat, S. (2024). A Study on Genetic Diversity, Heritability, Genetic
Advance, and Factor Analysis of Trait Yields and Yield Components in Promising Maize Lines. Journal
of Crop Breeding, 16(2), 104-117. [In Persian]

Olivoto, T., & Lucio, A. D. C. (2020). metan: An R package for multi-environment trial analysis. Methods
in Ecology and Evolution, 11(6), 783-789.

Olivoto, T., & Nardino, M. (2021). MGIDI: Toward an effective multivariate selection in biological
experiments. Bioinformatics, 37(10), 1383-1389.

Oskouei, B., & Sheidaei, S. (2017). Seed Deterioration. Iranian Journal of Seed Sciences and
Research, 4(3), 125-143. [In Persian]

Pour-Aboughadareh, A., Sanjani, S., Nikkhah-Chamanabad, H., Mehrvar, M. R., Asadi, A., & Amini, A.
(2021). Identification of salt-tolerant barley genotypes using multiple-traits index and yield performance
at the early growth and maturity stages. Bulletin of the National Research Centre, 45(1), 117.

Pour-Aboughadareh, A., & Poczai, P. (2021). Dataset on the use of MGIDI index in screening drought-
tolerant wild wheat accessions at the early growth stage. Data in Brief, 36, 107096.

Poustini, K. (2002). An evaluation of 30 wheat cultivars regarding the response to salinity stress.

Ranal, M. A., & Santana, D. G. D. (2006). How and why to measure the germination process? Brazilian
Journal of Botany, 29, 1-11.

Ray, D. K., Mueller, N. D., West, P. C., & Foley, J. A. (2013). Yield trends are insufficient to double global
crop production by 2050. PloS One, 8(6), e66428.

Saber, F., Asghari Zakaria, R., Zare, N., & Farzaneh, S. (2022). Selection of salinity-tolerant durum wheat
genotypes at germination stage using MGIDI and IGSI multi-trait selection indices. Cereal
Research, 12(3), 263-279. [In Persian]

Sayed, M. A. E. A. A. (2011). QTL analysis for drought tolerance related to root and shoot traits in barley
(Hordeum vulgare L.) (Doctoral dissertation, Universitits-und Landesbibliothek Bonn).

Shaviklo, A. (2018). Analyses of sensory evaluation data using Principal Component Analysis (PCA). Food
Science and Technology, 15(80), 361-377. [In Persian]

Shi, H., Guan, W., Shi, Y., Wang, S., Fan, H., Yang, J., ... & Jing, R. (2020). QTL mapping and candidate
gene analysis of seed vigor-related traits during artificial aging in wheat (Triticum aestivum L.).
Scientific Reports, 10(1), 22060.

Shirzad, A., Asghari, A., Zali, H., Sofalian, O., & Chamanabad, H. M. (2022). Application of the multi-
trait genotype-ideotype distance index in the selection of top barley genotypes in the warm and dry
region of Darab. Journal of Crop Breeding, 14(44), 65-76. [In Persian]

Si, A., Sun, Z., Li, Z., Chen, B., Gu, Q., Zhang, Y., ... & Ma, Z. (2022). A genome wide association study
revealed key single nucleotide polymorphisms/genes associated with seed germination in Gossypium
hirsutum L. Frontiers in Plant Science, 13, 844946.

TeKrony, D. M. (1995). Accelerated ageing. International Seed Testing Association: Vigour Test
Committee: Seed Vigour Testing Seminar, Copenhagen, Denmark. In International Seed Testing
Association, 53-72.

TeKrony, D. M., & Egli, D. B. (1991). Relationship of seed vigor to crop yield: a review. Crop
Science, 31(3), 816-822.

Valipour, N., & Alipour, H. (2023). Evaluation of genetic diversity and zinc deficiency stress tolerance in
spring wheat cultivars. Journal of Crop Breeding, 15(48), 1-13. [In Persian]

Verma, S. S., Verma, U., & Tomer, R. P. S. (2003). Studies on seed quality parameters in deteriorating
seeds in Brassica (Brassica campestris). Seed Science and Technology, 31(2), 389-396.

Wu, Q., Shi, B, Lai, Y., Zhang, Y., Wu, Y., Li, Z., ... & Liu, Z. (2024). Genome-wide association analysis
of seed vigor-related traits in wheat. Agronomy, 14(3), 410.


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

