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Abstract

Introduction

Barley (Hordeum vulgare L.) has been known as one of the most adapted cereal crops to various
environmental conditions. In addition, this cereal crop ranks fourth in the world in terms of
economic importance after wheat, rice, and corn. Identification of high-yielding genotypes with
highly desirable growth traits is one of the most important goals in barley breeding programs.
However, the present study aimed to select superior genotypes based on grain yield and some
morpho-phenological traits using different selection models.

Materials and methods

To identify superior genotypes of barley for cultivation in the warm and dry conditions in the
southern regions in the Fars province, 21 genotypes were investigated in a randomized complete
block with three replications during the 2021-2023 cropping seasons. During the plant growth
and development, several morpho-phenological traits were recorded. Agronomic traits measured
were days to spike emergence (DHE), days to maturity (DMA), plant height (PLH), grain filling
period (GFP), grain yield (GY), 1000-kernel weight (TKW), spike length (SL), spike density
(SD), awn length (AL), spike weight (SPW), number of grains per spike (NGS), row type (RT)
and number of spikes per m® (NS). After collecting experimental data, statistical analyses were
computed using SAS and R softwares

Results and Discussion

Results of the analysis of variance (ANOVA) showed that there is a significant difference among
the investigated genotypes in terms of all the measured traits (except for Awn length and spike
length). Based on the multi-trait genotype-ideotype distance index (MGIDI), genotypes G1
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(Oxin), G7, G3, and G14 with the lowest values were identified as superior genotypes. Moreover,
the ideotype design via the best linear unbiased prediction (FAI-BLUP) model identified
genotypes G20, G8, G2 (Golchin) and G1 (Oxin) as the desirable genotypes compared with other
genotypes. The Venn diagram revealed that genotypes G1 and G7 were selected using both
selection indices, simultaneously. The MGIDI index showed a positive and significant correlation
with DHE (0.58**), while it negatively and significantly correlated with GFP (-0.51*) and GY (-
0.74 **). The FAI-BLUP index showed a significant positive relationship with SL (0.50 *) and
SPW (0.45*), while it negatively and significantly correlated with DHE (-0.47 *). To better
evaluate and group the investigated genotypes, principal components analysis (PCA) was used.
Results of the PCA showed that the first and second principal components explained 30.5 and
20.6 percent, respectively. Moreover, the results of the PCA showed that the selected genotypes
based on MGIDI and FAI-BLUP indices are located in the 1st and 2nd regions of the PCA
diagram. In total, the results showed that there is a relative compliance between the MGIDI and
FAI-BLUP indices with PCA. Additionlly, there was a high agreement between the MGIDI
indices and the first principal component, and on the other hand, the second principal component
showed a high agreement with the FAI-BLUP index.

Conclusion

In conclusion, the genotype G7 with the highest grain performance and the relative superiority in
terms of MGIDI and FAI-BLUP indices was identified as a superior genotype compared to all
reference genotypes. Hence, this genotype can be recommended for further comprehensive
evaluation before commercial release in the southern regions in Fars province.
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Figure 1. Monthly meteorological data in 2021-2023 cropping seasons in the Darab region.
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Table 1. Pedigree of investigated barley genotypes in the present study

Genotypes Pedigree

Gl Rojo/Sahra (Auxin)

G2 P.sto/3/Lbiran/Una80//Lignee640/4/Bllu/5/Petunial(Golchin)

G3 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/ Briges

G4 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/Rihane-03

G5 Zarjau/80-5151//0K848171CBH94-0402-0AP-0AP-17AP-0AP-12AP-11AP-0AP-0TR-
0TR-0AREC

G6 Zarjau/80-5151//0K848171CBH94-0402-0AP-0AP-17AP-0AP-12AP-16 AP-0AP-0TR-
0TR-0AREC

G7 Lignee 527/NK1272//JLB 70-63/3/Rhn-03//Lignee527/As45

G8 KAROON/KAVIR//Rhodes'S'//Tb/Chzo/3/Gloria'S' /4/Sahra/5/Y ousef

G9 Anoidium/Arbayan-01/3/Lignee527/NK1272//JLB70-63/4/ Beecher

G10 Anoidium/Arbayan-01/3/Lignee527/NK1272//JLB70-63/4/Bgs/Dujial/L.1242

G11 Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//....)/4/Nosrat/5/Rhn-
03//L.527/NK1272

G12 CIRU/TOCTE

G13 Courlis/Rhn-03//Jonoob

G14 Zahak/4/Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//....)/4/Rojo...

G15 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/Gloria'S'/Copal'S'//As46/Aths/3/Rhn-03

G16 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/Anoidium/Arbayan-01/3/Lignee527/. ..

G17 Merzaga(Orge077)/Alanda-01

G18 PENCO/CHEVRON-
BAR/6/P.STO/3/LBIRAN/UNAS8O//LIGNEE640/4/BLLU/5/PETUNIA 1

G19 (Salt-4)LB.Iran/Una 8271//Gloria"S"/Come"s"-11M/3/Kavir/4/Karoon

G20 Yousef/3/Rhn-03//L.527/NK1272 (WB-98-10)

G21 GOBY/Aleli//Canela/3/Arupo*2/Jet/4/Arupo/K8755//Mora (Norooz)

Table 2. Combined variance analysis for measured morpho-phonological traits in the studied barley genotypes

S.0V df

Mean square (MS)

DHE DMA  PLH GFP  TKW GY SL AL  SPW  NGS NS
Year 1 64147 14529 18408~ 1636  161.4 133148616  2.87™ 1643~ 8.83" 3415 47795
Errorl 4 1509 871 74.2 11.3 9.73 184722 1.08 57 0185 417 3264
Genotype 20 28.83° 15.09° 5104 13.97  89.9° 1048959  4.66  6.31° 0.274° 1200 23260
Genotype 20 4.48™  2.38™  80.06™ 6.94™  4.25™ 953097  0.88™ 2.65™ 0.1327 4257 81817
X year
Er?/orz 80 3.32 2.78 55.4 4.63 2.82 242866 1.08 156 0057 19.33 1911
CV (%) 1.93 1.27 8.23 5.89 3.66 10.84 1806 83  16.87 1495 1331

DHE: Days to spike emergence; DMA: Days to Maturity; PLH: Plant height (cm); GFP: Grain filling period (day); GY: Grain
yield (kg ha™); TKW: 1000-kernel weight (g); SL: Spike length (cm); AL: Awning length (cm); SPW: Spike weight (g); NGS:
Number of grains per spike; NS: Number of spikes per m“.
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Figure 2. Heat maps related to the phenotypic variation of morpho-phonological traits in

investigated barley genotypes.
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Table 3. Mean values of measured traits for investigated barley genotypes

YFF

Genotypes Morpho-phonological traits
code DHE DMA PLH GFP TKW GY SL SD AL SPW NGS NS
(day) (day) (cm) (day) (g) (kgh™)  (cm) (cm) (9

Gl 94 132 90 383 454 5086 55 3 158 125 255 406
G2 94 132 92 378 422 4607 7.2 3 158 153 346 318
G3 93 131 85 38 474 5024 5.2 5 155 127 253 390
G4 95 131 82 368 462 4712 48 7 155 146 305 334
G5 93 132 104 385 541 4523 5.3 5 16 143 254 327
G6 94 130 105 365 526 3821 5.8 5 168 172 29 224
G7 95 130 86 357 448 5329 6.8 3 155 156 329 337
G8 9 130 91 343 45 4257 6.3 5 152 156 322 277
G9 96 131 92 353 425 4960 6 7 152 156 327 316
G10 94 132 86 38 455 4802 46 7 132 142 297 336
G11 97 131 107 345 5038 4409 6.6 3 158 179 32 249
G12 97 132 89 35 409 4857 5.4 5 14 136 322 358
G13 90 127 93 368 458 4588 44 5 137 145 298 322
G14 91 130 93 392 49 4670 5.6 5 147 131 253 365
G15 95 132 65 363 40 3844 44 5 127 114 274 337
G16 97 132 88 35 44 3847 5.6 3 158 117 259 328
G17 98 132 8 338 458 4703 6 3 16 136 288 348
G18 95 131 90 355 401 4400 6.5 5 147 154 361 290
G19 94 131 98 365 466 4100 7 145 147 294 279
G20 91 129 98 378 439 4211 5 153 18 359 244
G21 99 136 81 372 505 4662 6.8 3 148 092 169 512
Mean 95 131 91 365 459 4543 5.8 5 15.1 1 294 328
Min 90 127 65 338 40 3821 44 3 127 092 169 224
Max 99 136 107 392 541 5329 7.2 7 168 18 361 512
LSD o5 2.1 19 86 25 1.9 566 12 - 14 028 51 502

DHE: Days to spike emergence; DMA: Days to Maturity; PLH: Plant height (cm); GFP: Grain filling period
(day); GY: Grain yield (kg ha); TKW: 1000-kernel weight (g); SL: Spike length (cm); SD: Spike density; AL:
Awning length (cm); SPW: Spike weight (g); NGS: Number of grains per spike; NS: Number of spikes per m2
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Multi-trait genotype-ideotype distance index
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Figure 3. (A) Ranking of barley genotypes based on the MGIDI index. Selected genotypes are highlighted
in red. (B) The strengths and weaknesses of genotypes are presented as the proportion of each factor on
the computed MGIDI of all genotypes. The smaller the proportion explained by a factor (closer to the
external edge), the closer the traits within that factor to the ideotype. FA1: DMA (days to maturity), SPW
(spike weight) and NGS (number of grains per spike); FA2: DHE (Days to spike emergence) and GFP
(grain filling period); FA3: PLH (plant height) and TKW (1000-kernel weight); and FA4: GY (grain
yield), SL (spike length), SD (spike density) and AL (Awning length).
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Figure 4. Ranking of barley genotype based on the FAI-BLUP model. Selected genotypes are
highlighted in red.

Table 4. The results of selection indexes and its rank in the
cropping years 2022-2023

Genotypes  Genotypes Selection indexes
name code MGIDI  Rank FAI  Rank
Auxin G1 2.63 1 0.073 4
Golchin G2 2.83 5 0.081 3
WB-00-3 G3 2.72 3 0.063 5
WB-00-4 G4 3.79 9 0.054 13
WB-00-5 G5 4.16 13 0.056 11
WB-00-6 G6 5.29 19 0.058 10
WB-00-7 G7 2.69 2 0.085 2
WB-00-8 G8 4.64 14 0.047 19
WB-00-9 G9 3.64 8 0.060 9
WB-00-10 G10 3.80 10 0.051 16
WB-00-11 G11 4.80 16 0.061 8
WB-00-12 G12 4.11 12 0.052 14
WB-00-13 G13 3.26 7 0.062 7
WB-00-14 Gl4 2.80 4 0.062 6
WB-00-15 G15 5.72 21 0.045 20
WB-00-16 G16 5.48 20 0.041 21
WB-00-17 G17 4.65 15 0.052 15
WB-00-18 G18 4.01 11 0.055 12
WB-00-19 G19 4.88 17 0.051 17
WB-98-10 G20 3.11 6 0.085 1
Norooze G21 5.19 18 0.050 18
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Figure 5. Correlation of morpho-phonological traits and selection indices in investigated barley
genotypes. DHE: Days to spike emergence; DMA: Days to Maturity; PLH: Plant height (cm); GFP:
Grain filling period (day); GY: Grain yield (kg ha™); TKW: 1000-kernel weight (g); SL: Spike
length (cm); SD: Spike density; AL: Awning length (cm); SPW: Spike weight (g); NGS: Number of
grains per spike; NS: Number of spikes per m?.
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Figure 6. Venn plot indicating the relationships among the MGIDI and FAI models.
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Figure 8. Biplot of principal components analysis for different investigated traits. DMA: Days to
Maturity; SPW: Spike weight; NGS: Number of grains per spike; DHE: Days to spike
emergence; GFP: Grain filling period (day); PLH: Plant height (cm); TKW: 1000-kernel weight
(9); GY: Grain yield (kg ha™); SL: Spike length; SD: Spike density; AL: Awning length.
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