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Analysis of genetic variation for pre-harvest sprouting and its relationship with
seed dormancy and seedling growth indices in bread wheat ( Triticum aestivum L.)
genotypes

Haghpanah, K., Pahlevani, M.H.?, Zaynali Nezhad, Kh.?, Ghaderi Far, F.#,
Tavakol Afshari, R.> and Arab, M.M.®

ABSTRACT
Haghpanah, K., Pahlevani, M.H., Zaynali Nezhad, Kh., Ghaderi Far, F., Tavakol Afshari, R. and Arab, M.M.
Analysis of genetic variation for pre-harvest sprouting and its relationship with seed dormancy and seedling growth indices in
bread wheat (Triticum aestivum L.) genotypes. Iranian Journal of Crop Sciences. 26(1): 406-426. (In Persian).

Introduction: Pre-harvest sprouting (PHS) refers to the germination of ripening seeds on the spike, before harvest.
This disorder primarily occurs in cereals particularly in wheat and caused by rainfall before harvest particularly in
spring wheat growing areas. The occurrence of PHS significantly reduces grain yield and baking quality properties of
bread wheat (Brown et al., 2018). Research efforts for management and reduction crop losses due to occurrence of
PHS are essential to ensure global food supply and security as well as the sustainability of bread wheat production
systems.

Materials and Methods: This experiment aimed to investigate the genetic variation for PHS and its relationship with
seed dormancy and seedling growth-related indices in 189 wheat genotypes under both field and laboratory conditions.
The experiments were conducted in Gorgan University, Iran over two cropping seasons (2021-22 and 2022-23) using
an augmented design for field trial and complete block design for laboratory tests. The wheat genotypes were grown
under controlled conditions, and indices such as PHS, germination rate, germination rate, and seed vigor were
assessed. The measured traits included; fresh and after ripened seed germination, seed dormancy, seedling length and
dry weight, and seed vigor.

Results: Analysis of variance indicated significant differences among wheat genotypes for the studied traits.
Genotypes 603, 605, 349, 320, and 636 (mainly with Iraq origin) were identified as PHS-resistant, respectively. In
contrast, genotypes 350, 150, 258, 339, and 542 were classified as PHS-susceptible, respectively. Principal component
analysis revealed that the first two components accounted for 59% of the total variation. Key contributing traits
included; freshly harvested seed germination percentage and rate, after-ripened seed germination percentage and rate,
and seedling length. Significant positive and negative correlation cofficients were observed among traits. PHS showed
positive correlation with FGP, FGR, and seed vigor, while it was negatively correlated with seed dormancy and
germination percentage and rate of freshly harvested seeds.

Conclusion: Genetic variation in bread wheat germplasm plays a crucial role in improving resistance to PHS.
Understanding the relationships between PHS and other seed related traits enables breeders and agronomists to select
genotypes with resistance to PHS and desirable agronomic performance. This approach can contribute to increasing
grain yield potential and improving grain quality in bread wheat breeding programs.
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Table 1. Meteorological information of the experiment site
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Dec. BT 41 129 85 586 959 77.2 35.2

Jan. s> 22 140 81 484 942 71.3 28.3

Feb. e 37 163 100 451 939 69.5 36.1

VFo-ivaq Mar. el 3.0 144 87 451 948 69.9 78.7
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May Cigusy 150 279 214 456 943 69.9 22.8
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Dec. BT 63 200 13.1 448 913 68.0 20.0

Jan. s> 32 162 9.7 438 910 67.4 13.5
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Jul. S 225 352 288 391 855 62.3 0.0
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No Code Genotype name in gene bank Orlgln No. Code  Genotype name in geﬁe bank Orlgm No. Code Genotype name in gene bank Orlgm
1 1 ATRI 519 India 64 255 ATRI 6274 Iran 127 409 ATRI 29453 Turkey
2 3 ATRI 527 India 65 257 ATRI 8156 Iraq 128 488 Hirmand Iran
3 5 ATRI 532 India 66 258 ATRI 8159 Iraq 129 542 ATRI 23666 unknown
4 10 ATRI 537 India 67 259 ATRI 8178 Pakistan 130 564 01C0200133 Czechoslovakia
5 15 ATRI 542 India 68 261 ATRI 8183 Pakistan 131 566 01C0204228 Germany
6 17 ATRI 572 Afghanistan | 69 264 ATRI 8306 India 132 569 01C0204851 Czech Republic
7 18 ATRI 723 Turkey 70 268 ATRI 8311 India 133 571 01C0204936 Switzerland
8 21 ATRI 785 India 71 274 ATRI 8317 India 134 572 01C0204938 Czech Republic
9 22 ATRI 1494 Turkey 72 277 ATRI 8349 Iraq 135 573 ICBW 138285 Afghanistan
10 26 ATRI 1536 Turkey 73 278 ATRI 8351 Iraq 136 580 ICBW 89823 Afghanistan
11 28 ATRI 1541 Turkey 74 279 ATRI 8358 Iraq 137 602 ICBW 144472 Iraq
12 33 ATRI 1922 Turkey 75 281 ATRI 8366 Iraq 138 603 ICBW 141233 Iraq
13 40 ATRI 2162 Turkey 76 282 ATRI 8370 Iragq 139 604 ICBW 108814 Iraq
14 45 ATRI 2188 Turkey 77 283 ATRI 8414 India 140 605 ICBW 108803 Iraq
15 49 ATRI 2202 Turkey 78 288 ATRI 8419 India 141 606 ICBW 108799 Iraq
16 54 ATRI 2221 India 79 295 ATRI 9721 India 142 607 ICBW 108759 Iraq
17 57 ATRI 2430 Afghanistan | 80 296 ATRI 9724 Pakistan 143 617 ICBW 41556 Pakistan
18 60 ATRI 2437 Nepal 81 303 ATRI 9767 Pakistan 144 623 ICBW 141055 Syria
19 63 ATRI 2442 Nepal 82 304 ATRI 9890 Pakistan 145 624 ICBW 140872 Syria
20 66 ATRI 2448 Nepal 83 305 ATRI 9897 India 146 625 ICBW 138789 Syria
21 67 ATRI 2449 Afghanistan | 84 308 ATRI 9903 Pakistan 147 626 ICBW 110707 Syria
22 70 ATRI 2452 Nepal 85 311 ATRI 9951 Turkey 148 627 ICBW 98825 Syria
23 74 ATRI 2456 Nepal 86 313 ATRI 9957 Turkey 149 628 ICBW 98824 Syria
24 77 ATRI 2494 Afghanistan | 87 314 ATRI 9961 Pakistan 150 629 ICBW 95833 Syria
25 79 ATRI 2536 Nepal 88 320 ATRI 9970 India 151 631 ICBW 42070 Syria
26 80 ATRI 2541 Nepal 89 324 ATRI 9992 Pakistan 152 632 ICBW 141350 Azerbaijan
27 81 ATRI 2547 Afghanistan | 90 328 ATRI 10002 Pakistan 153 633 ICBW 140887 Azerbaijan
28 84 ATRI 2585 Afghanistan | 91 333 ATRI 10293 Pakistan 154 634 ICBW 140437 Azerbaijan
29 91 ATRI 2611 Nepal 92 334 ATRI 10299 India 155 635 ICBW 140436 Azerbaijan
30 98 ATRI 2636 Afghanistan | 93 337 ATRI 10429 Pakistan 156 636 ICBW 138678 Azerbaijan
31 101 ATRI 2657 Afghanistan | 94 339 ATRI 10440 Pakistan 157 637 AZR 5 Azerbaijan
32 105 ATRI 2664 Afghanistan | 95 343 ATRI 10995 India 158 638 AZR 4 Azerbaijan
33 110 ATRI 2678 Afghanistan | 96 345 ATRI 11530 Iraq 159 639 AZR 3 Azerbaijan
34 122 ATRI 2822 Afghanistan | 97 346 ATRI 11538 Iraq 160 641 AZR 1 Azerbaijan
35 127 ATRI 2846 Afghanistan | 98 347 ATRI 11545 Iraq 161 654 Morvarid Iran
36 131 ATRI 2852 Afghanistan | 99 348 ATRI 15277 Iraq 162 657 Bam Iran
37 135 ATRI 2877 Afghanistan | 100 349 ATRI 15280 Iraq 163 659 Sistan Iran
38 140 ATRI 2912 Afghanistan | 101 350 ATRI 15293 Iraq 164 664 Kavir Iran
39 150 ATRI 3166 Afghanistan | 102 351 ATRI 15295 Iraq 165 666 Azar 2 Iran
40 158 ATRI 3304 India 103 352 ATRI 15919 India 166 672 Sardari Iran
41 161 ATRI 3405 Afghanistan | 104 358 ATRI 16073 Iraq 167 686 Sirvan Iran
42 162 ATRI 3512 India 105 359 ATRI 16076 Iraq 168 691 Chamran 2 Iran
43 164 ATRI 3559 India 106 360 ATRI 16079 Iraq 169 696 Gonbad Iran
44 170 ATRI 3945 Afghanistan | 107 365 ATRI 16087 Iraq 170 715 Tajan Iran
45 175 ATRI 3995 Afghanistan | 108 366 ATRI 17034 Turkey 171 752 SARC 3 Pakistan
46 180 ATRI 5427 Iraq 109 371 ATRI 17191 Turkey 172 753 SARC 1 Pakistan
47 183 ATRI 5489 Iran 110 373 ATRI 17195 Turkey 173 754 ARG Iran
48 185 ATRI 5498 Iran 111 375 ATRI 17552 Pakistan 174 755 SARC 4R Pakistan
49 191 ATRI 5550 Iran 112 376 ATRI 17553 Pakistan 175 756 SARC 6R Pakistan
50 192 ATRI 5555 Iran 113 377 ATRI 17554 Tajikistan 176 757 SARC 4W Pakistan
51 196 ATRI 5585 Iran 114 379 ATRI 17559 Tajikistan 177 758 SARC 6W Pakistan
52 201 ATRI 5627 Iran 115 382 ATRI 17562 Tajikistan 178 769 Single spike, row 2.628 Syria
53 202 ATRI 5643 Iran 116 383 ATRI 17811 Turkey 179 772 Single spike, row 2.624 Syria
54 210 ATRI 5721 Iran 117 385 ATRI 19186 Turkey 180 773 Single spike, row 2.625 Syria
55 220 ATRI 5855 Iran 118 387 ATRI 19218 Turkey 181 781 Single spike, row 2.637 Azerhaijan
56 232 ATRI 5947 Iran 119 389 ATRI 19224 Turkey 182 782 Single spike, row 2.639 Azerbaijan
57 233 ATRI 5956 Iran 120 391 ATRI 19262 Pakistan 183 783 Single spike, row 2.640 Azerbaijan
58 234 ATRI 5961 Iran 121 392 ATRI 19296 Turkey 184 1001  Barat Iran
59 236 ATRI 5975 Iran 122 394 ATRI 22345 Turkey 185 1002  Mehregan Iran
60 240 ATRI 6005 Iran 123 39 ATRI 22976 Afghamstan 186 1003  Shush Iran
61 246 ATRI 6084 Iran 124 400 ATRI 28703 Pakistan 187 1004  N-87-20 Iran
62 248 ATRI 6112 Iran 125 403 ATRI 28722 Pakistan 188 1005  N-91-17 Iran
63 250 ATRI 6135 Iran 126 405 ATRI 28749 Pakistan 189 1006  Baharan Iran
AR


http://agrobreedjournal.ir/article-1-1399-en.html

[ Downloaded from agrobreedjournal.ir on 2025-10-23 ]

"EPFYS OVF Y OIS 5ol Gy Sl L OT b1y Sulils s 5l gy el (S5 & 45"

:(Finch-Savage and Leubner-Metzger. 2006)

—! ; (Seed  dormancy) i ol 4>

A 55T ¥ adal) Slesliul L 554l s Ao

Seed dormancy (%) = Germination% (after-ripened seeds); AGP - Germination% (freshly harvested seeds); FGP (Y ak! ,)

b Saler Slew Gl uilsls 4o mls
03U e 53 (SISl Ce e 5 Aoy (s
2391 53 (Sl Lo g A )d s Sl
caradle Jsb carale; dob dy Ol odd s
OLEs wmalS 4y 5 apalS oSt 05 camalS J b
Aoy ¢S Jla| cb 23 Gls gae OOl &S 51y
Sl odas Ol 45 Cils s s S 65 oy
22 Sl (gL 5515 5e (-*-'f Slas 85 S35
—op 5 (SSNE5 f 55 Sy e planil Sl
Cils 3l e G540l o Coaglie gl o (.,uf
Cedl 0 Lo 35 )3 g4 4 okl oalis
Slal sl 4 omte LUl 65 0 g5 o=leasls 6ol
S S & Calises e 55 ST 5o 6, Keker
Jole 6758 s Sl e sl ol Wl e
Dl S5 5 Sl e (G5l ey Gz 53 e
YL s Ol (sl oS slac 553l (&
sl I A e oSS LT an aS Wi
Slaci 55 S I 53 0058 (8 sl o Bnss
en 5y Ko
YL sl s i La o Sole 4y lie gL
et O oyl ) s (—*—'f sl )
solGe o YL A8 plaas S5l s Jols
Sy olGe o S omly 45 lacs 55 5l a5 )
aYO0 sl .dils Sbyl s, Sliv bl
Sl (DLdlidl 5 Bl s gla,y 528 3 i ) 1O
S ) Sl ) ey (S50 S 0 S
vy oo ian (Y J o) Lis g (Ao )5 AP/Y g AA/S

Y

9 o I LsLA)v\J f)@‘? M)J AGP
ol C_Hi:bj oy LSL“)J—B gr')“-"}" 4o y5 FGP
RSSO

sde V5 (il 5 drady s  gome) palS J b
AS s jloslinal U LSS o ) s slaealS )
S st 05 b (g S 0 Il (e Sl e )
3 s (il 5 aray; STt 035 ¢ goomes) alS
09l s .sbfgﬁl_w a3 Ve les ys lad el REHLGAS
e ) LT 555 5 5SS a s gei Ve s
(Bhm, 1979) L (s 8 o310l (p S e

(4_34»\:? St O3y bl ) A_gaa\:f a
Aol s oy esliz—wl Lo (VSLDW)
:(Abdul-Baki and Anderson, 1973)
(F dasl)
Seedling vigor (VSLDW)= Seedling Dry Weight, SLDW x AGP

d )3 AGP 5 4 >alS ¢St (355 SLDW
L ol B Lg\.&)v\.a G)M‘}’-

s Ll R 1581 p i 5 eslizal b il ls 4
9 Laosls @)}3 Qbﬁ JLAJJ cCJL_wl:u (bu\ )‘ P
S5 mls gy el bl (S
S 5 03057 Sl eslizal b la Kl aulio A3 (o)
L > 551.3.7 as . Agricolae aws — b 3l s
e jleslawl Ly (PCA) ol slaad 3o 4y
(441 s _5)Stats «(3.5.1 a_.5) ggplot2
el 441 4ei R Lams 55 (1.0.7 45.) Factoextra
LaoT blaep pslie 5 0 gw pm (Siwsad ol oo b
@) HMISC (glaaius SITCOMT 5 giws 1 oslainl b 50

ALs dusl>es (0.94 45<.5) Corrplot 5 (1.5.3


http://agrobreedjournal.ir/article-1-1399-en.html

[ Downloaded from agrobreedjournal.ir on 2025-10-23 ]

w.r;,m;&,)u‘r;;}%u?"'otﬁlgb;“u4{,;;"

Ay s S b 5l )l b bl 2
oo 0033 pL) (ml 6l AL Sl (il
S e Rl 5 A Sl s b b sl
Sls Bl e HsiS GIVO S5 b o 4l
ol s (Ao )3 =Y0) Hdo Ol s Ol s o S
G Sl e S a5 s Wi e S
Sl S Lol sl Adin (sl SB1ST 1 a Lay
B (&AUJ il Jlanl L oS bl o
035 (e AL Sl S (A dxl go diusl 50
JIgs e Ll 5 o0 s 55 5V (& 2 00 o Dl

AL es gy a2l 5 g yls,Lle 9 b s

e Ll s Gl o Lac S 55 ol a8
TR T Y] O LW BE PRGN N ] PPN PL WY
3 e S A0,b Jlazs| 4S” ablis js a5
Bl 45 8 Sl SKas (3L Sl
L Gle SI9FF 5 YL dia IFY s glac s o)
Cils s 5| ey G388 Oljee 0 5 pS b3 WY
SYFO lacs g Gl Ol g Cdo (gl dzils |
P 5VY Sl L (O ! 5 B e 51 s a) YYY
A Jsdar) dzils ) Hdh Ol ldas op i cdao s
Sl Al g on iyl 6 5 SV b Ol ST slayds
,;La);\_faj_wdsju\ﬁdl_@!umtf&d@\;

ot fv\.f L;\Agt,.;ﬁj.vj (el C,.fb‘bj a)tv' Lg\.a).b) @)4;‘}9- le.hu.a:-l.& inal:.a 4,,,,1\_5.5 -y d).\:—

Table 3. Mean comparison of (freshly harvested seeds) germination indices of bread wheat genotypes

Sl ey Sl Lo
1S sl 55 Sl 5l e S8 S sl 55 Germination P Gla s 55 Germination rate
Wheat genotypes PHS (%) Wheat genotypes (%) Wheat genotypes (hr?)
350 88.0a 110 99a 358 0.0610a
150 86.2a-b 150 99a 110 0.054a-b
258 80.2a-c 566 99a 248 0.051a-c
339 79.5a-d 573 99a 150 0.0496b-d
542 76.8a-e 580 99a 672 0.0491b-e
672 76.7a-e 385 98a-b 773 0.043b-f
1006 76.6a-f 101 97a-c 135 0.043b-f
1005 75.5a-g 350 97a-c 220 0.0427c-g
308 74.3a-h 377 97a-c 350 0.0421c-h
277 73.8a-i 634 97a-c 385 0.0416¢-i
54 15.85a-j 605 28a-h 232 0.024e-1
637 13.23b-j 606 24b-h 686 0.0234f-1
311 13.05¢-j 345 22c¢-h 345 0.0232g-m
345 11.95d-j 686 22c¢-h 603 0.023h-m
313 8.35e-j 246 18d-h 606 0.0223i-m
603 4.89f-j 603 13e-h 349 0.0222j-m
605 4.019-j 349 12f-h 201 0.20k-m
349 3.25h-j 196 10g-h 196 0.017I-n
320 2.39i-j 400 8h 246 0.013m-n
636 1.12j 232 7h 400 0.009n
SE 5.8 SE 5.0 SE 0.0016

x)lxéj\:@uajwvw):@dkblchd);;jQ}»ijLﬂ\j“L:_..AS,L‘:u;}‘gfdblsafs_h;miil?ag}uﬁ);
Means in each column followed by similar letter(s) are ont significantly different at 5% probability level, using Tukey's test
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Table 4. Mean comparison of (after ripened seeds) germination indices of bread wheat genotypes

(S50l Ao ys law ) oo Ol

ESTHICSRWN S8l s Seed dormancy
C.\;f Gbes s Germination (:.uf sbos s Germination rate PE G P} (Based on germination%);
Wheat genotypes (%) Wheat genotypes (hr?) Wheat genotypes SDGP (%)

101 100a 81 0.0568a 345 7la
161 100a 110 0.0553a-b 232 69a-b
192 100a 389 0.0546a-c 605 60a-c

26 100a 358 0.0545a-c 303 54a-d
313 100a 773 0.0542a-c 603 54a-d
382 100a 248 0.054a-d 261 49a-e
409 100a 170 0.0520a-e 268 49a-e
566 100a 385 0.0510a-f 233 46a-f
573 100a 220 0.0498a-g 3 46a-f
638 100a 569 0.0495a-g 391 45a-g
606 55n-u 295 0.0283B-1 202 -1j-p
295 530-u 281 0.0282B-1 580 -1jp
283 52p-u 636 0.0276C-I 105 -2 k-p
636 52p-u 283 0.0271D-I 715 -2 k-p
400 46q9-v 686 0.0260E-1 283 -4 1-p
246 42r-v 349 0.0257F-I 757 -8m-p
349 41s-v 400 0.0240G-J 347 -9n-p
686 39t-v 246 0.0239H-J 150 -10n-p
240 36u-v 240 0.02271-J 240 -160-p
196 21v 196 0.0136J 350 -25p

SE 3.92 SE 0.00161 SE 6.3

L5 (63 gmn gl oy ey Szl o s S 03037 ool it &5 2tia (o3 o (5ol 457 o8 le 02 o 3
Means in each column followed by similar letter(s) are ont significantly different at 5% probability level, using Tukey's test
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Table 5. Mean comparison of seed germination and seedling growth indices of bread wheat genotypes

ey, d b il b ealS J5b wnalS oS 03 elS
15 a5 55 Root length 15 Glac 55 Epicotyl length 45 sl 55 Seedling length NEQETNEFY Seedling dry weight 45 oS 55 Seedling vigor based on seedling dry weight
Wheat genotypes (cm) Wheat genotypes (cm) Wheat genotypes (cm) Wheat genotypes (mg) Wheat genotypes (VSLDW) (mg)
351 14.7a 220 11.9a 351 25.7a 756 17.0a 756 1708.2a
345 14.2a-b 135 11.4a-b 628 24.3a-b 1004 16.5a-b 1004 1638.6a-b
756 13.1a-c 628 11.4a-b 135 23.8a-C 657 16.3a-c 657 1631.2a-c
17 13.0a-c 772 11.3a-c 345 23.8a-C 672 15.9a-d 282 1588.7a-d
628 12.9a-d 324 11.2a-d 629 23.7a-c 282 15.8a-e 175 1582.0a-e
629 12.6a-e 366 11.1a-e 131 23.3a-d 175 15.8a-f 672 1577.5a-f
571 12.4a-e 629 11.1a-e 366 23.2a-e 394 15.7a-g 394 1576.0a-f
135 12.4a-e 351 10.9a-f 220 23.1a-f 22 15.6a-h 22 1563.0a-g
131 12.4a-e 131 10.9a-g 756 22.9a-g 3 15.5a-i 3 1552.2a-h
1003 12.4a-e 110 10.8a-h 45 22.7a-h 80 15.4a-j 659 1553.2a-i
566 7.9e-i 782 6.3f-m 623 15.1d-1 346 8.8a- 405 846.2a-j
248 7.8e-i 127 6.2g-m 277 14.9e-1 400 8.8b-i 281 788.0b-j
305 7.8e-i 1002 6.2h-m 192 14.71-1 246 8.7b-i 40 762.6¢-j
201 7.7e-i 691 6.1i-m 566 14.7g-1 757 8.5¢-i 757 749.3d-j
274 7.7e-i 623 6.1i-m 246 14.5h-1 281 8.3d-i 350 729.8e-j
283 7.4f-i 192 5.9j-m 305 14.4h-1 40 8.1efi 400 646.1f-j
127 7.3f-i 308 5.7k-m 782 14.2i-1 196 7.8f-i 246 629.99-j
246 7.0g-i 754 5.7k-m 127 13.5}-1 350 7.7g-i 196 600.6h-j
754 6.9h-i 603 5.11-m 754 12.7k-1 57 6.3h-i 57 572.0i-j
196 5.1i 196 4.9m 196 10.15 67 5.21i 67 497.6j
SE 0.76 SE 0.72 SE 1.28 SE 0.72 SE 72.48
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Means in each column followed by similar letter(s) are ont significantly different at 5% probability level, using Tukey's test
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Table 6. Simple correlation coefficients between seed germination and seedling growth indices of bread wheat genotypes

—é‘ a
> 5 2 5 2 3 )
te de la Jg 1y oty 2L 3L 2, Yz U3
8 olis a2 ) E > " ¥
Sl
Plant traits J
PHS Cals il e il 1 0.233™  0.202" 0.131" 0.126M™ -0.173" -0.213™ -0.103™ -0.178" 0.262"  0.257"
FGR (636) 534l o sy 1 0.803™ 0.771™ 0.573"  -0.619™ 0.054" 0.325™ 0.214™ 0.116™  0.0171"
FGP (36) s34l demys 1 0.579™ 0.732™  -0.751™ -0.010™ 0.247™ 0.134" 0.155 0.206™
AGR (L) S8 1 0.551"  -0.312* 0.189™ 0.426™ 0.347™ 0.043™  0.092"
AGP (Loams) 38l Ao s 1 -0.101™ 0.140Q" 0.162" 0.170" 0.299™  0.384™
SDGP Sy ol 1 0.151" -0.203""  -0.030" 0.062"  0.072"
RL drady) Jsb 1 0.574™ 0.887"  -0.067" -0.025"
EPL wrale J b 1 0.887""  -0.021" -0.015"™
SL wals J b 1 -0.050"  -0.023™
SLDW wl:fdi—f» $5%) 1 0.989™
VSLDW ol a 1
**: Non- significant and significant at 5% at %1 probability levels, respectively ns, * and Loy &S 5 gy sl o 53 513 5 me 5 gma b S a5 NS

PHS: Pre-Harvest Sprouting, SLDW: Seedling Dry Weight, VSLDW: Vigor of Seedling based on Seedling Dry Weight, FGP: Germination Percent in
Freshly Harvested Seeds, AGP: Germination Percent in After-Ripened Seeds, FGR: Germination Rate in Freshly Harvested Seeds, AGR: Germination
Rate in After-Ripened Seeds, EPL: Epicotyl Length, SL: Seedling Length, RL: Radicle Length, SDGP: Seed Dormancy based on Germination Percent
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Fig. 1. Heatmap of relationships between seed germination and seedling growth indices of bread wheat

genotypes based on Pearson correlation test
PHS: Pre-Harvest Sprouting, SLDW: Seedling Dry Weight, VSLDW: Vigor of Seedling based on Seedling Dry
Weight, FGP: Germination Percent in Freshly Harvested Seeds, AGP: Germination Percent in After-Ripened Seeds,
FGR: Germination Rate in Freshly Harvested Seeds, AGR: Germination Rate in After-Ripened Seeds, EPL: Epicotyl
Length, SL: Seedling Length, RL: Radicle Length, SDGP: Seed Dormancy based on Germination Percent
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