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Table 1. Information of studied wheat genotypes in the current study

o Lot w5 f‘“ blogY o5 LY ol oylets “’5{“"" LYo LY ol
Number Lm.e code or Line’s Parents Number Lm.e code or Line’s Parents
cultivar name cultivar name
1 L1-1 26 L 6-1
2 L1-2 27 L 6-2
3 L1-3 Mehrganxn-92-9  5g L 6-3 MehrganxEhsan
4 L1-4 29 L 6-4
5 L1-5 30 L 6-5
6 L2-1 31 L7-1
7 L2-2 ) 32 L7-2
8 L2-3 Verobixn-80-19 33 L7-3 MehrganxLine17
9 L2-4 34 L7-4
10 L 2-5 35 L7-5
11 L3-1 36 L 8-1
12 L 3-2 . 37 L 8-2
13 L33 Linel7xn-80-19 38 L83 Atrak xn-80-19
14 L 3-4 39 L 8-4
15 L 3-5 40 L 8-5
16 L4-1 41 Araz
17 L 4-2 42 Arman
18 L 4-3 Linel7xAtrak 43 Kalateh
19 L 4-4 44 Meraj
20 L 4-5 45 Tirgan
21 L5-1 46 Ehsan
22 L5-2 _
23 L53 KarimxAtrak
24 L 5-4
25 L 5-5
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Table 2. Results of variance analysis of germination components of different wheat genotypes as randomized complete block design
Mean of Squares  <ilw o (uSibes

Olyess ol @olilaz e azaile Jsb azasy, Jsb azaile 5 o5 il azdiy, (s drdde, SES () ey b (G5 s (S25) s
SHOAY) d Plumule  Radicle Plumule Plumule Radicle Radicle Cumulative germination Vigour length Vigour fresh ~ Vigour dry
Source of variations Length Length  fresh weight  dry weight  Fresh weight  dry weight percentage index weight index  weight index
Block 5L 3 480.8** 1307.1**  0.002* 1.749E-04**  0.039** 2.982E-04** 1.144rs 2197.6** 0.049** 8.995E-04**
Genotype 53 45 152.2**  240.9**  0.006**  7.967E-05**  0.012** 6.128E-05** 18.356** 779.0%* 0.033** 2.810E-04**
Error U 135 24.143 59.447 0.001 1.063E-05 0.003 1.150E-05 4941 134.0 0.004 3.525E-05
CV ol o0 - 7.08 8.57 7.72 8.92 16.33 10.12 2.25 7.34 10.59 8.57

Continued Table 2 ¥ Jgus ol

Mean of Squares  &lx o oSiles

ol s 2 Gl Cepm Siailey SRS Ge¥ ol 20,0V B p¥ e G ol G e ol G ol
e sl (R50) (GL) (D05) jails> oo ys 0 (D10) jale= (D50) 5jailez auo o & (D90) jaile> aoyo 4 (D95) jailez oo 290
S.0.Vv Germination ~ Germination Time requwed_ toreach Time required to  Time requwed_to reach Time required to reach 90% of Time required to reach 95%
. df . - 5% of maximum reach 10% of 50% of maximum L : - S
Source of variations rate uniformity et - - P germination Maximum of maximum germination
germination naximum germinatior germination
Block 4L 3 4.867E-04** 388.9** 147.3** 183.0** 354.0%* 767.2** 1552.0**
Genotype 455 45  3.940E-05** 335.0** 13.350** 14.326** 49.848** 442.7%* 682.9**
Error Uas> 135 8.900E-06 23.502 2.861 2.939 7.938 24.552 40.154
CV &lis oo - 9.43 21.46 7.67 7.32 8.71 10.77 12.51

oy S Jliol mhaw jo gl se i g ao,e my s mlaw )3 5l g # o gae ;£ NS
", *and ™ non-significant, significant at p<0.05 and p<0.01, respectively
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Table 3. Results of cluster analysis include the number of groups and members of each group along with
the mean, percentage deviation from the total mean of each group, and total mean for germination

components and seedling characteristics

Group 1 1\ og5

Group 2y +5,5

Group 3 oy 5

Group 4% o5 5

Group 58 o5,

09,5 slacl

L1-1, L2-1, L2-2, L2-3,

L1-2,L1-3,L1-4,L1-5

Araz, Arman, Ehsan, L3-5, L5-1 L3-4, L4-3, L4-4
Group members o o T 1244, 1L2-5, 1L3-1, L3-2,[L3-3, L4-1, L4-2, L4-5 Sty
P yoolaeh LS4 028 611 6.3 64, 165|152, L5-3, L5 5, L7-1| T TS L8
J, 11rg L7-2 L7-3, L8-2
Traits ol J oSl | %) U SEN D (%) BESER D (%) O D (%) Ol D (%) Ol
Total Mean mean mean mean mean mean
(o) xSl J5b 69.423 | -1493 59.060 | 356 71.893| 580 65396 582 73461 | 624 73757
Plumule length (mm)
(';A."J%) e, Jsb 89.919 -19.21 75.430 1.38 91.157 2.88 92.504 1.78 91.521 1.23 91.021
Radicle length (mm)
() a5l S i 0323 | 2595 025 | 420 0337 | -861 0295 656 0344 | 1330  0.366
Plumule fresh weight (g)
(0.5 sl 52 039 0037 | 2389 0030 | 399 0038 | -842 0034 526 0030 | 1492  0.042
Plumule dry weight (g)
(.ﬁ;) i ’J.oj’ 0.313 -31.06 0.239 1.72 0.318 | -10.26 0.281 4.69 0.328 24.87 0.391
Radicle fresh weight (g)
(r’;.) T w5 0.034 -16.70 0.029 2.63 0.034 -6.57 0.031 1.29 0.034 17.21 0.039
Radicle dry weight (g)
ool i
@).‘b’? e %)Q 98.775 -4.66 94.375 040  99.167 0.95 99.712 -0.02 98.759 1.06 99.821
Cumulative germination perc.
55!5Jg e “"DL“ 157.584 | -23.94 127.150 266 161.768| -0.08 157.456 3.44 163.006 441 164.530
Vigour length index
O i i st el 0620 | 3433 0468 | 333 0650 | -870 0574 548 0663 | 2012  0.755
Vigour fresh weight index
(555 39 s 4 3L 0060 | -2615 0055 | 364 0072 | -674 0065 327 0072 | 1716 008l
Vigour dry weight index
‘.é}‘ﬁl.’? e 0.032 -26.55 0.025 -8.07 0.029 291 0.033 4.68 0.033 8.29 0.034
Germination rate (R50)
. @.54;1? 5"5& 22.586 49.39 44.625 0.59 22.718 | -15.38 19.111 -16.06 18.959 -9.60 20.418
Germination uniformity (GU)
(D05) (celw) Gjailgz aoys 0 L p3Y e
Time required to reach 5% of 22044 | 1311 25369 | 931 24.097| -0.23 21.993 -6.08 20.703 -7.49 20.393
maximum germination (hr)
(cels) «53)45'5? Qoo Ve By e
. . (D10) 23.410 13.77 27.149 8.09 25.304 0.84 23.213 -5.21 22.190 -7.52 21.650
Time required to reach 10% of
maximum germination (hr)
(D50) (celo) (S3ailsz oy 0 b p3Y yloj
Time required to reach 50% of | 32.342 | 20.21 40536 | 6.86 34.560 | -3.30 31.275 -5.38 30.601 -8.06 29.736
maximum germination (hr)
(D90) (ccls) (S3ailsz sys A b p3Y )l
Time required to reach 90% of 45.995 35.92 71774 440 48.021| -7.98 42.324 -10.54 41.148 -8.54 42.069
maximum germination (hr)
(D95) (celes) Gjaily= woyo A0 b p3Y o
Time required to reach 95% of 50.660 38.03 81.750 7.93 54.676 | -8.63 46.287 -13.19 43.976 -9.35 45,924

maximum germination (hr)

*: Deviation from the total average (%):(ac,0) JS Sl 5l Gl 2l
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Figure 1. Dendrogram of cluster analysis of wheat genotypes including recombinant inbred lines and six
control cultivars based on the Ward method by using germination components and seedling

characteristics
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Table 4. Explained variance, eigenvalues, factor loadings after varimax rotation and communalities
estimated in the factor analysis

Traits  lin b ale L Shal ol 2B bl
Factor loads Communality Uniquenesses
Jsl ele pyd oo Py~ Jole
Factor 1 Factor 2 Factor 3
(FAL) (FA2) (FA3)
Plumule Length azails Jsb -0.229 -0.665 0.429 0.679 0.321
Radicle Length axdio, Job -0.302 -0.235 0.785 0.762 0.238
Plumule fresh weight azdadls 5 59 -0.295 -0.845 0.216 0.847 0.153
Plumule dry weight ez aile S5 15 -0.232 -0.909 0.171 0.910 0.090
Radicle fresh weight aats, 5 O3 -0.294 -0.831 0.130 0.794 0.206
Radicle dry weight Azdiy, Sis s -0.150 -0.880 0.087 0.805 0.195
iallyz (e ho)d -0.292 -0.173 0.798 0.752 0.248
Cumulative germination percentage
Vigour length index _Jsb ;& acs jasls -0.324 -0.456 0.793 0.941 0.059
G g o 4 sl -0.326 -0.866 0.270 0.929 0.071
Vigour fresh weight index
(S22 (i o ez 22 la -0.233 -0.915 0.261 0.960 0.040
Vigour dry weight index
Germination rate (R50) RS THPESL -0.867 -0.308 0.290 0.930 0.070
(xSl -0.705 -0.161 0.571 0.850 0.150
Germination uniformity (GU)
Slgr we,0 06 e ol
Time required to reach 5% of maximum -0.858 -0.376 0.096 0.887 0.113
germination (DO05)
Salyz 2oyoV e Bp¥ ol
Time required to reach 10% of maximum -0.875 -0.365 0.158 0.925 0.075
germination (D10)
Slgr 2o, 00 B ¥ oo
Time required to reach 50% of maximum -0.859 -0.311 0.369 0.971 0.029
germination (D50)
Salyz 20,0 Al ¥ olej
Time required to reach 90% of maximum -0.771 -0.206 0.526 0.913 0.087
germination (D90)
Sidlez ao 3 WO L ey ol
Time required to reach 95% of maximum -0.792 -0.195 0.506 0.921 0.079
germination (D95)
Eigenvalue o34 lade 11.133 2.500 1.144 - -
235 4ozl by ey 65.488 14.708 6.730 - -
Percentage of Explained variance
25 s il gred o0 65.488 80.196 86.926 - -

Cumulative percentage of Explain variance

0l cpl 05 g ol MGIDE oz s ) eolas
O S Fre Dglas aS oy lis gl s )ST awy p ,
Jsb 1) Slao asa jo Lisleyl slaaals g lagpy
Y & MGIDI a3l sl p.cails 0955 (USSlay
gy loasei (p g ey LAl cnl Hlade 0 %eS L
AR

slocasiss Olpear pasls Gl polie (i og
IRV RN RV T
sl (Shirzad et al.,, 2023) ), Ken g ol
ez bolen (el (n YV oA g2 5 slocadgsy A58
L1, WB-97-11 5 Jlnsi (ST 35,99 Sl ol
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Figure 2. The ranking of genotypes based on the multi-traits genotype-ideotype distance index (MGIDI),
the selected genotypes with lowest MGIDI are shown in red. The closer the genotypes are to the central of
the circle, in a lower order in terms of desirability of desired traits.
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Table 5. The predicted selection differentials and selection gain for germination components and seedling
characteristics of wheat genotypes in the MGIDI (multi-trait genotype-ideotype distance index) analysis

' ‘ Ll oeiles il ..\.4)0‘ aa_"il)é sl ope M)\J.
Traits wlis ol s slesd © RS erd e e G e
@l}z.ql ' ul:u;l Coo W) W)
Factor *Xo Xs SD SDperc h? SG SGperc sense
Sl e el 032 0033 0002 5611 0773 0001 4.336 A7
Germination rate (R50) FAl Increase
il Sl Jol el 5o 565 10785 2.801 -12.400 0930 -2604  -11530  o=F
Germination uniformity (GU) FAl Decrease
Silgr we,0 0 b e ol
Time required to reach 5% of LJB‘ JALC 22.044 20.799 -1.245 -5.649 0.786 -0.978 -4.438 u-JblS
- P FA1 Decrease
maximum germination (D05)
Slsz aoy3 e b ps¥ ol
Time required to reach 10% Of LJB‘ JALC 23.410 22.095 -1.315 -5.616 0.795 -1.045 -4.464 u-JblS
. P FA1 Decrease
maximum germination (D10)
Sl 2oy 00 B Y olej
Time required to reach 50% of LJB‘ JALC 32.342 30.314 -2.028 -6.271 0.841 -1.705 -5.272 u-JblS
. e FA1 Decrease
maximum germination (D50)
Silsz a3 A B ¥ ol
Time required to reach 90% Of LJB‘ JALC 45995 41.588 -4.407 -9.582 0.945 -4.163 -9.050 u-JblS
. e FA1 Decrease
maximum germination (D90)
Silsz 2o)3 WL Y ol
. e FA1 Decrease
maximum germination (D95)
Plumule Length — a>eilo Jsb ™ 60423 74566 5143  7.408 0841 4327 6233 U7
FA2 Increase
agedle 5 0gs. >l 0303 0365 0043 13187 0897 0038 11834 o
Plumule fresh weight FA2 Increase
ageile S22 0 e 0037 0041 0005 12950 0867 0004 11222 O
Plumule dry weight FA2 Increase
bw} ’ “"”_ P> Jele 0.313 0.364 0.051 16.343 0.775 0.040 12.660 Al
Radicle fresh weight FA2 Increase
ety A O P2l 0033 0037 0004 11549 0812 0003 9383 7
Radicle dry weight FA2 Increase
() g o s el P 0629 0732 0104 16493 0866 0090 14201 o
Vigour fresh weight index FA2 Increase
(S52) g s a2 ld > 5069 0079 0010 13827 0875 0008 12002 o
Vigour dry weight index FA2 Increase
Radicle Length  azac,, Job ™9 89918 91718 1799 2001 0753 1.355 1.507 Al
FA3 Increase
Slgr (xS w2y Jele 159l
Cumulative germination pr 98.775 99.605 0.830  0.840 0.731 0.606 0.614 o
FA3 Increase
percentage
ok s a2l e~ o 157 584165.066 8.382 5310 0828 6.941 ad04 P
Vigour length index FA3 Increase

*: Xo: The original population mean. Xs: The mean of selected genotypes, SD, and SD%: The selection
differential and selection differential in percentage, respectively, h2: The broad-sense heritability after selection,
SG and SG%: The selection gains and selection gains in percentage, respectively.
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Figure 3. The strengths and weaknesses view of the selected genotypes based on MGIDI index
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Abstract

Wheat, as one of the most important crop on earth, is the main supplier of human food. This research
was conducted to investigate the wheat recombinant inbred lines based on the germination components
and compare them with the control varieties of the region to select the best lines using the selection
index of the multi-trait genotype-ideotype distance (MGIDI). For this purpose, 40 wheat inbred lines
(F8) were evaluated along with six control varieties (Arman, Araz, Ehsan, Tirgan, Meraj and Kalateh).
According to the results of the analysis of variance, a significant difference between the studied lines
was observed for all traits (P<.01). The results of factor analysis for the studied traits identified three
factors that explained 86.93% of the total variation. Based on the MGIDI index, seven lines L3-4, L7-
5, L7-4, L8-5, L4-4, L5-3, and L3-3 were selected as the superior genotypes with the lowest distance to
the ideal genotype. Based on the cluster analysis, the genotypes were divided into five groups, and the
genotypes of the fifth group were identified as the best genotypes in terms of all germination components
and seedling traits, and were consistent with the genotypes identified based on the MGIDI index. The
highest percentage of differential selection and genetic gain was assigned to the fresh weight vigour
index (49.16% and 29.14%, respectively), which shows that the superiority of the selected genotypes is
more prominent in terms of this trait. Based on the results, the recombinant inbred lines were
significantly superior to the control cultivars in terms of the studied traits. Also, the results of this study
showed that the use of the MGIDI index can efficiently identify superior genotypes.
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