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Abstract

Introduction

Wheat (Triticum aestivum L.) is a socioeconomically important crop in Iran. Achieving genetic
gain in quantitative traits through selection is essential for successful breeding programs.
Identification of high-yielding genotypes with high desirable growth traits is a primary objective
in wheat breeding. This study aimed to identify superior bread wheat genotypes based on grain
yield and morpho-phenological traits while comparing different selection indices, including the
Selection Index of Ideal Genotype (SIIG), Multi-Trait Genotype-ldeotype Distance Index
(MGIDI), and ideotype design using the Best Linear Unbiased Prediction (FAI-BLUP).

Materials and Methods

The study was conducted during the 2022-2023 cropping season to identify superior bread wheat
genotypes for warm and dry conditions in southern Iran (Darab in Fars province and Safiabad-
Dezful). The experiment followed an augment design with six incomplete blocks and three
control varieties: Sarang, Mehrgan, and Barat. Traits measured included plant height (PLH), days
to heading (DHE), days to maturity (DMA), thousand kernel weight (TKW), seed filling rate
(SFR), seed filling period (SFP), and grain yield (YLD). Genetic parameters were estimated
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using the Restricted Maximum Likelihood (REML) method. Statistical analyses were
subsequently computed using SAS and R software.

Results and Discussion

The likelihood ratio test (LRT) revealed that genotype effects were significant at the 1%
probability level for PLH, DHE, DMA, SFR, SFP, and YLD (excluding TKW). Heritability
estimates varied, with the highest heritability observed for PLH (0.879) and the lowest for SFR
(0.124). These findings, supported by the heat map of traits, highlighted substantial genetic
diversity among the wheat genotypes.

Heritability estimates across traits ranged from 0.124 (SFP) to 0.879 (PLH). For the Darab
region, the SIIG index was the most effective, while in Dezful and across both regions, the FAI-
BLUP index outperformed the other indices. The FAI-BLUP index demonstrated superior
performance in selecting genotypes with multiple desirable traits and exhibited significant
correlations with a larger number of traits compared to the other indices. In Darab, the SIIG index
identified G5, G36 and G42 as superior genotypes. In Dezful, the FAI-BLUP index identified
G26, G30 and G37 as the best genotypes, and for the combined regions, G30, G35 and G36
genotypes were identified as superior genotypes using the FAI-BLUP index.

Conclusion

Overall, the FAI-BLUP index emerged as the most effective selection tool for identifying
superior bread wheat genotypes under the conditions of this study. A two-dimensional analysis of
selection indices and grain yield highlighted G50, G52, and G60 as promising genotypes for
preliminary trials in Darab and Dezful regions.

Keywords: Differential selection, Genetic diversity, Grain yield, REML / BLUP method
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Table 1. Pedigree of investigated bread wheat genotypes
Genotypes Pedigree
Gl OASIS/SKAUZ//4*BCN/3/2*PASTOR /4/IR/FR
G2 OASIS/SKAUZ//4*BCN/3/2*PASTOR /4/Alvand//Aldan”s"/| AS58/3/Vee/Nac
G3 OASIS/SKAUZ//4*BCN/3/2*PASTOR /4/IR/IFR
G4 OASIS/SKAUZ//4*BCN/3/2*PASTOR /4/IR/FR
G5 OASIS/SKAUZ//4*BCN/3/2*PASTOR /4/IR/FR
G6 OASIS/SKAUZ//4*BCN/3/2*PASTOR /4/Alvand//Aldan”s"/| AS58/3/Vee/Nac
G7 OASIS/SKAUZ//4*BCN/3/2*PASTOR /4/Alvand//Aldan”s"/| AS58/3/Vee/Nac
G8 OASIS/SKAUZ//4*BCN/3/2*PASTOR /4/Alvand//Aldan”s"/| AS58/3/Vee/Nac
G9 OASIS/SKAUZ//4*BCN/3/2*PASTOR /4/Alvand//Aldan”s"/| AS58/3/Vee/Nac
G10 OASIS/SKAUZ//4*BCN/3/2*PASTOR /4/Alvand//Aldan”s"/| AS58/3/Vee/Nac
Gl1 OASIS/SKAUZ//4*BCN/3/2*PASTOR /4/Alvand//Aldan"s"/I AS58/3/Vee/Nac
G12 OASIS/SKAUZ//4*BCN/3/2*PASTOR /4/Alvand//Aldan”s"/| AS58/3/Vee/Nac
G13 SLVS*2/PASTOR//IR/FR
Gl4 IR/FR/IDez
G15 IRIFR/IDez
G16 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Alvd//Aldan/las/3/FIt
G17 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Alvd//Aldan/las/3/Flt
G18 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4IPASTOR/6/Alvd//Aldan/las/3/FIt
PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Alborz/5/K62909/4/Cno//K58/Tob/3/Wa/5/Chen/Aeg.sq
G19 (Taus)//BCN Y 3/6/Alborz/5/K62909/4/Cno//K58/ Tob/3/Wa
G20 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4IPASTOR/6/Alvd//Aldan/las/3/FIt
G21 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR (S-91-13)/6/DEZ/SW891882
G22 PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNO79//2*SERI /5/Alvd//Aldan/las/3/Siren
G23 PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNO79//2*SERI /5/Alvd//Aldan/las/3/Siren
G24 PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNO79//2*SERI /5/SLVS*2/PASTOR
G25 PRL/2*PASTOR/4/CHOIX/STAR/3/HEL/3*CNO79//2*SERI /5/SLVS*2/PASTOR
G26 DEZ/SW891882//CBRD-3/STORK X DICOCCOIDES
G27 DEZ/SW891882//CBRD-3/STORK X DICOCCOIDES
G28 DEZ/SW891882//CBRD-3/STORK X DICOCCOIDES
G29 DEZ/SW891882//CBRD-3/STORK X DICOCCOIDES
G30 DEZ/SW891882//CBRD-3/STORK X DICOCCOIDES
G31 DEZ/SW891882//CBRD-3/STORK X DICOCCOIDES
G32 DEZ/SW891882//CBRD-3/STORK X DICOCCOIDES
G33 DEZ/SW891882//CBRD-3/STORK X DICOCCOIDES
G34 DEZ/SW891882//CBRD-3/STORK X DICOCCOIDES
G35 DEZ/SW891882/5/PRL/2*PASTOR/4/CHOIX/STAR/3/HEL/3*CNO79//2*SERI
G36 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/Kayson/Genaro 81//Tevee-1/5/DEZ/SW891882
G37 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/Kayson/Genaro 81//Tevee-1/5/DEZ/SW891882
G38 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/IRENA/BABAX//PASTOR/5/DEZ/SW891882
G39 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/IRENA/BABAX//PASTOR/5/DEZ/SW891882
G40 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/IRENA/BABAX//PASTOR/5/DEZ/SW891882
G41 Bow"s"/Vee"s"//1-60-3/3/Cocoraque 75/4/Chamran/5/Parula/6/OASIS/SKAUZ//4*BCN/3/2*PASTOR
G42 Bow"s"/Vee"s"//1-60-3/3/Cocoraque 75/4/Chamran/5/Parula/6/OASIS/ISKAUZ//4*BCN/3/2*PASTOR
G43 Bow'"'s"/\Vee"s"//1-60-3/3/Cocoraque 75/4/Chamran/5/Parula/6/OASIS/ISKAUZ//4*BCN/3/2*PASTOR
G44 Bow"s"/Vee"s"//1-60-3/3/Cocoraque 75/4/Chamran/5/Parula/6/DEZ/SW891882
G45 Bow"s"/Vee"s"//1-60-3/3/Cocoraque 75/4/Chamran/5/Parula/6/DEZ/SW891882
G46 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4IPASTOR/6/Attila-4y// Arvand1/Glenson81/7/PRL/2*PASTOR
G47 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Attila-4y//Arvand1/Glenson81/7/PRL/2*PASTOR
G48 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Attila-4y//Arvand1/Glenson81/7/PRL/2*PASTOR
G49 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/WEEBILL 1/7/PRL/2*PASTOR
G50 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/WEEBILL 1/7/PRL/2*PASTOR
G51 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/WEEBILL 1/7/PRL/2*PASTOR
G52 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Baaz/7/0ASISISKAUZ//4*BCN/3/2*PASTOR
G53 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Baaz/7/0ASISISKAUZ//4*BCN/3/2*PASTOR
G54 SEQAL\JS/_II\_/I 5 IF_{ANIS/CHEN/AEGI LOPS SQUARROSA (TAUS)//BCN/3/IVEE#7/BOW/4/PASTOR/6/K AUZ/PASTOR//PBW343/7/0ASIS/SKAUZ//4*BCN/3/
G55 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/KAUZ/IPASTOR//PBW343/7/PRL/2*PASTOR
G56 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/K AUZ/PASTOR//PBW343/7/PRL/2*PASTOR
G57 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/KAUZ/PASTOR//PBW343/7/PRL/2*PASTOR
G58 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/KAUZ/PASTOR//PBW343/7/PRL/2*PASTOR
G59 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/KAUZ/PASTOR//PBW343/7/PRL/2*PASTOR
G60 PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNO79//2*SERI/5/KAUZ/PASTOR//PBW343/6/DEZ/SW891882
G61 Sarang
G62 Mehregan
G63 Barat
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Table 2. Monthly meteorological data in 2022—-2023 cropping year in the Darab and Dezful regions.

Dezful Darab
Month Temperature (°C) Precipitation Temperature (°C) Precipitation
Max Min Mean (mm) Max Min Mean (mm)
Oct. 38.80 18.53 27.63 0 29.16 1266 22.73 0
Nov. 2496 13.03 19.90 2.12 21.66 9.40 16.73 8
Dec. 2158 9.93 16.00 0.90 15.83 2.80 10.60 1
Jan. 16.25 6.00 1141 4.80 11.86 1.36 7.70 47
Feb. 16.54 5.03 11.29 2.90 12.76 3.10 8.93 21
Mar. 2261 10.32 16.90 3 19.24 6.58 14.06 9
Apr. 2251 9.77 16.83 5.29 21.83 8.61 16.70 3
May. 3119 1522 24.12 0.16 28.32 1422 2290 3
Jun. 38.22 2245 31.64 0 3435 2054  28.93 0
Sum 2585 1225 19.15 19.17 21.66 8.80 16.58 92
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Table 3. REML analysis results for measuring morphophenological traits in bread wheat genotypes

Statistics SFP SFR YLD PLH DMA DHE
General heredity 0.124 0.211 0.585 0.879 0.727 0.519
Genotypic variance 0.001 8.303 94102.731 14.231 1.342 0.050
Genotype x environment interaction 0.013 1413.918  435639.302 19.716 7.734 8.238
The variance of the check 1.137 219397.952 440.910 137.105 149.524 114.213
Standard error (BLUP/BLUE) 2.279 1017.105 10276.963 191.032 297.388 219.717
Average of genotypes 1.114 41.588 6238.742 101.525 147.925  106.341
Average of check 1.192 39.722 6520.389 100.160 149.444 109.722
The difference of the average error of genotypes 1.138 6.787 612.092 6.881 2.092 4.527
LSD genotypes 0.089 11.884 269.496 4.763 1.101 0.904
The difference of the mean error of the control 2.059 10.884 180.957 6.165 3.731 2.645
LSD check 0.153 2.787 521.551 5.277 1.722 4.223
Maximum likelihood test 156.285**  120.585**  145.781** 140.325** 160.251** 189.25**

DHE: Days to heading; DMA: Days to maturity; PLH: Plant height; YLD: Grain yield; SFR: Seed filling
rate; SFP: Seed filling period; TKW: Thousand grain weight



Darab

Dezful

Mean

Darab

Dezful

Mean

VEF Ol oF o)l BV il ( aLS Sl 5

DHE DMA

Figure 1. Heat maps related to the phenotypic variation of morpho-phonological traits in
investigated bread wheat genotypes.
DHE: Days to heading; DMA: Days to maturity; PLH: Plant height; YLD: Grain yield; SFR: Seed filling
rate; SFP: Seed filling period; TKW: Thousand grain weight
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Figure 2. The ranking of bread wheat genotypes studied, respectively, for MGIDI selection index in
Darab (a), Dezful (g) and the average of two regions (e), for FAI-BLUP selection index in Darab
regions (b), Dezful (e) and the average of the two regions (h) and the strength and weakness chart of
the MGIDI selection index in the regions of Darab (c), Dezful (f) and the average of the two regions
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Table 4. Grouping, ranking and S11G selection index values in investigated bread wheat genotypes
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o ¥

Gen. Darab Rank Dezful Rank Mean Rank Gen. Darab Rank Dezful Rank Mean Rank
Gl 0.342 54 0.413 50 58 0.285 G33  0.459 35 0.463 46 0.405 39
G2 0.544 11 0.500 31 11 0.531 G34 0291 60 0.487 39 0.263 60
G3 0.627 5 0.497 32 5 0.584 G35 0.464 34 0.383 53 0.399 42
G4 0.475 31 0.527 21 20 0.490 G36 0.689 2 0.599 7 0.687 1
G5 0.675 3 0.534 20 3 0.634 G37 0.451 39 0.659 1 0.520 15
G6 0.316 58 0.379 54 59 0.284 G38 0.446 41 0.282 61 0.313 53
G7 0.528 17 0.541 17 13 0.528 G39 0.329 57 0.396 51 0.252 61
G8 0.414 47 0.511 27 40 0.401 G40  0.366 53 0.365 57 0.295 57
G9 0.339 55 0.514 24 49 0.350 G4l  0.548 10 0.475 43 0.526 14

G10 0.516 21 0.623 3 9 0.550 G42 0.723 1 0.490 35 0.686 2

G11 0.481 29 0.647 45 31 0.457 G43 0.532 15 0.328 59 0.460 28

G12 0.535 14 0.560 11 12 0.530 G44  0.479 30 0.369 55 0.405 38

G13 0.487 27 0.501 29 27 0.464 G45 0.440 42 0.414 49 0.369 48

G14  0.497 25 0.580 9 18 0.503 G46  0.434 45 0.316 60 0.345 50

G15 0.263 61 0.560 10 56 0.301 G47 0.434 44 0.553 13 0.445 35

G16  0.407 50 0.485 40 41 0.400 G48  0.457 36 0.391 52 0.395 44
G17 0.330 56 0.517 23 54 0.312 G49 0.524 19 0.555 12 0.497 19
G18 0.472 33 0.488 37 32 0.453 G50  0.558 9 0.616 6 0.587 4
G19 0.643 4 0.432 47 7 0.570 G51  0.233 62 0.494 33 0.243 63
G20  0.492 26 0.281 62 51 0.339 G52 0.543 12 0.520 22 0.516 16
G21  0.558 8 0.357 58 33 0.446 G53  0.409 49 0.512 26 0.393 43
G22 0.418 46 0.365 56 52 0.339 G54  0.455 37 0.586 8 0.470 24
G23  0.599 6 0.276 63 26 0.467 G55  0.397 52 0.651 2 0.459 30
G24  0.527 18 0.618 4 8 0.557 G56  0.436 43 0.492 34 0.386 46
G25 0.591 7 0.479 41 6 0.584 G57 0.482 28 0.543 15 0.459 29
G26  0.402 51 0.402 18 45 0.392 G58  0.511 23 0.477 42 0.467 25
G27 0.228 63 0.513 25 62 0.248 G59 0.514 22 0.487 38 0.485 21
G28  0.473 32 0.418 48 36 0.435 G60 0.524 20 0.617 5 0.533 10
G29 0.410 48 0.501 30 47 0.376 G61  0.531 16 0.490 36 0.505 17
G30  0.537 13 0.506 28 22 0.483 G62  0.499 24 0.537 19 0.481 23
G31  0.453 38 0.469 44 37 0.419 G63  0.446 40 0.550 14 0.446 34
G32 0.304 59 0.541 16 55 0.305
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Table 5. Predicted selection differential for selected selection indices in selected bread wheat

genotypes

Darab
SIIG FAI-BLUP MGIDI
Traits AG SD ASG SD ASG SD ASG
DHE 110.600 2.150 112.750 -4.094 106.461 -5.248 105.300
SFR 36.390 -2.973 33.416 0.229 36.615 0.844 37.230
SFP 1.341 0.448 1.789 0.128 1.469 0.068 1.410
TKW 47.440 10.610 58.050 3.155 50.592 3.220 50.660
DMA 146.900 -0.773 146.166 -3.864 143.076 -4.403 142.500
PLH 110.700 0.133 110.833 -5.536 105.153 -4.075 106.600
YLD 7554.000 20.305 7574.706 -378.84 7176.281 -171.000 7383.000
Dezful
SIG FAI-BLUP MGIDI
Traits AG SD ASG SD ASG SD ASG
SFP 0.896 0.112 1.008 0.040 0.936 0.025 0.921
TKW 41.5000 4.019 45519 2.764 44.244 2.670 44.200
YLD 4950.000 707.820 5657.821 242519 5192.462 185.000 5135.000
DHE 102.000 1.820 103.820 -4.526 97.923 -5.370 97.100
DMA 149.000 0.102 149.102 -3.437 145.615 -3.330 146.000
PLH 92.200 3.594 95.794 -3.691 88.538 -6.000 86.200
SFR 46.600 -1.317 45,282 1.089 47.692 1.940 48.500
Mean
SIIG FAI-BLUP MGIDI
Traits AG SD ASG SD ASG SD ASG
PLH 110.500 3.115 104.615 -3.883 97.576 -4.153 97.310
SFR 41.490 -3.182 38.307 1.082 42.576 1.928 43.420
YLD 6252.000 452.807 6704.707 38.090 6290.244 -38.350 6214.000
SFP 1.119 0.264 1.383 0.036 1.154 0.005 1.124
TKW 44.470 5.409 49.879 2.039 46.506 1.728 46.200
DHE 106.5000 2.884 109.384 -3.925 102.576 -5.272 101.200
DMA 148.000 -3.307 147.692 -2.843 145.153 -3.344 144.700

DHE: Days to heading; DMA: Days to maturity; PLH: Plant height; YLD: Grain yield; SFR: Seed filling
rate; SFP: Seed filling period; TKW: Thousand grain weight; AG: Average of all genotypes: SD: Selection
Differential; ASG: The average of the selected genotypes

Table 6. Eigenvalues, explained variance and factor loading after Varimax rotation in factor analysis
in MGIDI and FAI-BLUP selection indices

Traits Darab Dezful Mean of two regions
FA1 FA2 FA3 FAl FA2 1 2 3
DHE -0.770  0.531 0.166 -0.232  0.925 -0.424  0.397 0.786
DMA -0.003  0.938  -0.070 0.191 0.839 0.060  -0.038  0.951
PLH 0.164 0.371 0.576 -0.478  0.559 -0.712  0.102 0.275
SFR -0.861  -0.007  0.232 0.493  -0.631 -0.619  0.565 0.309
SFP 0.955 0.072 0.148 -0.909 0.272 0.191 -0.968 -0.125
TKW 0.697 0.068 0.325 -0.845  -0.049 -0.096 -0.925 -0.004
YLD 0.086 0.220  -0.832 -0.621  0.094 0.848 0.066 0.164
Eigenvalues 2.8 1.38 1.16 3.36 1.54 3.19 1.43 1.23
Relative variance (%) 4.003 1.97 1.67 4.8 0.22 4.65 2.04 1.76
Cumulative variance (%) 40.03 59.82 76.51 48 70 45.69 66.16 83.81

DHE: Days to heading; DMA: Days to maturity; PLH: Plant height; YLD: Grain yield; SFR: Seed filling
rate; SFP: Seed filling period; TKW: Thousand grain weight
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Table 7. Coincidence index and shared genotypes for each pair of investigated indice

Region Index 1 Index 2 Shared genotypes Coincidence index
Darab MGIID SIIG G23, G30, G36, G50, G52 37.60
MGIID FAI-BLUP G36, G40, G50, G60 G24, G28, G30, G32, 70.79
SIIG FAI-BLUP G25, G36, G42, G50 37.60
Dezful MGIID SHG G36, G37, G47, G50, G55, G60 45.12
MGIID FAI-BLUP G18, G26, G27, G30, G31, G32, G36, G37, G47, G50, 90.26

G55, G60

SIIG FAI-BLUP G36, G37, G50, G55, G60 37.60
Mean MGIID SIG G36, G50, G60 22.56
MGIID FAI-BLUP G30, G32, G35, G36, G38, G50, G52, G57, G60 67.68
SIIG FAI-BLUP G24, G36, G50, G60 30.08
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Figure 3. Two-dimensional diagram of grain yield and MGIDI index (a), FAI-BLUP (b) and SIIG (c)
in Darab region, two-dimensional diagram of grain yield and MGIDI index (d), FAI-BLUP (e) and
SHG (f) in Dezful region and two-dimensional diagram of grain yield and MGIDI index (g), FAI-
BLUP (h) and SIIG (i) in the average of two regions
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