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Abstract

Introduction

Crop development and breeding are critical for ensuring food security, improving nutritional
quality, and mitigating the impact of changing climate. However, these processes are inherently
complex, requiring the evaluation and selection of genotypes based on multiple traits. In this
context, the Multi-traits Genotype-Ideotype Distance Index (MGIDI) and the Selection Index of
Ideal Genotype (SIIG) have emerged as robust and versatile tools for identifying superior
genotypes across a range of traits. These multivariate selection indices consolidate information
from various agronomic characteristics into a single value, allowing for the effective ranking of
genotypes based on their distance from an ideal genotype. The present study aimed to identify
promising bread wheat genotypes using the MGIDI and SIIG indices, with a focus on yield and
other key agronomic traits.

Material and Methods

In this study, 14 promising wheat lines - selected from the wheat breeding program of the Rainfed
Agriculture Research Institute and provided by the ICARDA international research center — along
with two check cultivars, were evaluated using a randomized complete blocks design (RCBD) with
three replications. The experiment was conducted at the Sarab-Chengaei research station during
the 2021-2023 cropping seasons. Each experimental plot consisted of eight cropping rows, each 6
meters long, spaced 15 cm apart, with a seeding density of 350 seeds per square meter. Fertilization
was applied based on soil chemical analysis. The traits measured included days to heading, days to
maturity, plant height, 1000-kernel weight, grain filling period, peduncle length, grain filling rate,
awn length, number of spikelet per spike, spike density, number of grains per spike, grain weight
per spike and grain yield. All plots were harvested using an experimental grain harvester.
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Results and Discussion

Combined variance analysis revealed that genotype effects were significant for days to heading,
days to maturity, grain filling period, spike length, awn length, spike density and 1000-kernel
weight. Genotypes G15, G14, G2, G10, and G8 recorded the highest grain yield, averaging 4169,
3911, 3907, 3870 and 3809 kg ha-!, respectively. Based on the MGIDI index, lines G2 and G15
were identified as desirable genotypes. Factor analysis extracted five factors that collectively
explained 88.9% of the total phenotypic variation among genotypes. According to the SIIG index,
genotypes G2, G15 and G9 were superior, exhibiting the highest SIIG values. A positive and
significant correlation was observed between grain yield and number of grains per square meter,
grain filling rate, and peduncle length, indicating that these traits play a key role in enhancing yield
performance. Cluster analysis classified the genotypes into three main clusters: Class 1 included
early-maturing genotypes with low yield; Class 2 comprised genotypes with later maturity and low
yield; and Class 3 contained early- maturing genotypes with high yield potential.

Conclusion

Line G15 and the Qaboos cultivar, which had the lowest MGIDI values and yields above the
average of all genotypes, were identified as ideotypes based on the MGIDI index. According to the
SIIG index, lines G15 and G9, along with the Qaboos control cultivar, were recognized as the top-
performing genotypes. Therefore, line G15 is recommended for use in future breeding programs
or as a promising candidate for cultivarrelease. The high yield performance of the Qaboos cultivar
further supports its suitability for cultivation in regions with climatic conditions similar to those of
the experimental site.
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Table 1. Pedigree of selected wheat lines and check cultivars in 2021-2023 cropping seasons

Genotype Pedigree
code

Gl Aftab

G2 Qaboos

G3 WBLL1*2/4/Y ACO/PBW65/3/KAUZ*2/TRAP//KAUZ/5/KACHU #1/6/ PBW343*2/KUKUNA*2//
FRTL/PIFED/7/PBW343*2/KUKUNA*2// FRTL/PIFED-CMSS11Y00785T-099TOPM-099Y-099M-0SY-
AM-OWGY

G4 MUNAL #1/FRANCOLIN #1/5/KIRITATI/4/2*BAV92// IRENA/KAUZ /3/HUITES/6/ BECARD/FRNCLN -
CMSS11B00801T-099TOPY-099M-099NJ-099NJ-7TWGY-0B

G5 NELOKI/SOKOLL/EXCALIBUR-CMSA11Y00507S-099Y-099M-099NJ-099NJ-25WGY-0B

G6 WAXWING/KIRITATI*2/3/C80.1/3* BATAVIA//2*WBLL1/4/COPIO/5/ND643//2* ATTILA*2/PASTOR/3/
WBLL1*2/KURUKU/4/WBLL1*2/BRAMBLING-CMSS11B00790T-099TOPY -099M-099NJ-099NJ-
39WGY-0B

G7 VORB/4/PASTOR//HXL7573/2*BAU/3/WBLL1-PTSS11Y00143S-0SHB-099B-099Y-099B-099Y-22Y -
020Y-0B

G8 NADI/COPIO/NADI-CMSS11B00910T-099TOPY-099M-099NJ-099NJ-37WGY-0B

G9 SOKOL/PASTOR/HXL7573/2*BAU /3/KAUZ/PASTOR//BAV92/RAYON IRBWG-2012-027MAR-0G-0G-
0G-0G-5G

G10 FRANCOLIN  #1//WBLL1*2/BRAMBLING/6/WBLL1*2/KURUKU*2/5/  REH/HARE  //2*BCN/3/
CROC 1/AE.SQUARROSA (213)//PGO/4/ HUITES/7/FRANCOLIN #1/WBLLICMSS12Y00710T-
099TOPM-099Y-099M-0SY-40M-OWGY

Gl1 BORL14*2/3/WBLL1*2/TUKURU//CROSBILL #1CMSS12B00631T-099TOPY-099M-0SY-4M-0WGY

Gl12 BABAX/LR42//BABAX*2/3/KUKUNA/4/CROSBILL #1/5/BECARD*2/6/
KACHU/KIRITATICMSS12B00995T-099TOPY-099M-0SY-19M-0WGY

Gl13 KACHU//WBLL1*2/BRAMBLING/3/KACHU/KIRITATICMSS12Y00241S-099Y-099M-0SY-IM-OWGY

Gl4 SUP152/BAJ #1/3/KACHU//WBLL1*2/BRAMBLINGCMSS12 B00147S-099M-0SY-39M-0WGY

Gl5 SUP152/BLOUK  #1/3/PRL/2*PASTOR*2//VORB/4/SUP152/BLOUK #1CMSS12Y00707T-099TOPM-
099Y-099M-0SY-33M-0WGY

Gl6 KACHU/SAUAL/4/VARIS/MISR 2/3/FRET2/KUKUNA//FRET2/5/ KACHU/SAUALCMSS10B01033T-

099TOPY-099M-099NJ-099NJ-20WGY-0B
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Figure 1. Average rainfall and average monthly temperature in the years of the experiment
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Table 2. Combined variance analysis of different traits evaluated of bread wheat genotypes during
two cropping seasons 2021-2023

Mean of squares

S.0.V df

DHE DMA PL PLH GFP GFR SL AL
Year (Y) 1 5653 254  3087.7 33121 830.3 146432 14.6 21.7
Error (a) 6 2.15 1.9 6.96 11.97 0.79 661.9 0.75 0.14
Genotype(G) 15  243*¢ 797* 142 1834 10.57**  587.7 1.93%*  1.17**
GxY 15 6.5%* 2.8 14.1%%  78.9%* 3.51 451.5% 0.38 0.24
Error (b) 90 2.3 2.7 3.49 15.13 2.3 213.8 0.23 0.36
CV (%) 1.07 0.9 16.9 4.9 3.8 16.1 53 10.9

Table 2. Continued

Mean of squares

SOV df SNPS  SD NGPS GWPS TKW NGSM GY
Year (Y) 1 22 0.02 98.4 0.16 0.15 470448615 54394622
Error (a) 6 0.35 0.0001 43.1 0.06 11.2 3077491 5621594
Genotype(G) 15 3.85  0.001** 68.7 0.14 68.6%* 11763508 13044975
GxY 15 1.9**  0.0001 553** 0.07* 8.1 5929978* 11456650**
Error (b) 90 0.83 8.76 21.6 0.03 6.9 2711535 29930015
CV (%) 5.8 5.3 12.3 13.2 7.1 16.6 16

DHE: Days to heading, DMA: Days to mature, PL: Peduncle length, PLH: Plant height, GFP: Grain filling period,
GFR: Grain filling rate, SL: Spike length, AL: Awn length, SNPS: Spikelet number per spike, SD: Spike density,
NGPS: Number of grain per spike, GWPS: Grain weight per spike, TKW: 1000 kernel weight, NGSM: Number of
grain per square meter, GY: Grain yield

*, **: Significant at the probability level of 5% and 1%, respectively.

Table 3. Mean of traits evaluated and selection index of ideal genotype (SIIG)

Gen DHE DMA GFP PLH PL SL AL SNPS SD
Gl 140 180 40 73 11 93 6.0 15 0.16
QG2 141 181 40 87 14 8.8 5.2 17 0.20
G3 140 180 40 75 9 8.9 54 15 0.17
G4 142 182 40 80 11 10.4 6.3 16 0.15
G5 145 183 38 73 10 8.9 59 15 0.17
G6 143 182 39 79 11 8.7 5.1 16 0.19
G7 144 182 38 84 11 9.2 53 16 0.18
G8 142 183 41 86 12 8.9 5.6 15 0.17
G9 145 183 38 81 13 8.7 5.5 16 0.18
G10 142 182 40 79 12 9.5 54 16 0.17
Gl11 145 184 39 76 8 8.2 5.7 15 0.19
G12 142 182 40 74 11 8.9 54 15 0.17
G13 143 182 39 77 11 8.4 5.1 16 0.19
Gl14 142 181 40 72 11 8.9 5.2 15 0.17
G15 141 181 41 78 12 8.8 6.0 15 0.18
Gl6 142 183 41 85 11 8.6 4.9 17 0.19
Max 145 184 41 87 14 10.4 6.3 17 0.20
Min 140 180 38 72 8 8.2 4.9 15 0.15
Mean 142 182 40 79 11 8.9 5.5 16 0.18
LSD 5% 1.52 1.62 1.51 3.86 1.86 0.47 0.6 0.9 0.009
LSD1% 2.01 2.15 2.0 5.12 2.46 0.63 0.8 1.2 0.01

DHE: Days to heading, DMA: Days to mature, PL: Peduncle length, PLH: Plant height, GFP: Grain filling period,
GFR: Grain filling rate, SL: Spike length, AL: Awn length, SNPS: Spikelet number per spike, SD: Spike density.
If difference between the means is greater than or equal to value of LSD, then the difference is declared significant
the chosen a-level (0.05 or 0.01)
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Table 3. Continued

Gen NGPS GWPS TKW GY NGSM  GFR SIG
Gl 37 1.4 37 3362 9069 82 0.39
G2 41 14 34 3907 11983 97 0.67
G3 39 13 34 2958 8546 72 0.27
G4 35 1.4 39 3642 9368 90 0.52
G5 38 14 36 3710 11180 98 0.48
Go6 39 1.4 36 3698 10496 93 0.50
G7 41 1.7 41 3563 8966 94 0.56
G8 37 1.6 43 3809 8785 93 0.58
G9 41 1.5 37 3741 10329 99 0.63
G10 37 1.4 37 3870 10457 97 0.55
Gl11 35 1.2 35 3196 9046 83 0.26
Gl12 33 1.4 42 3786 9241 93 0.46
G13 39 1.4 37 3307 8662 83 0.42
Gl14 34 1.1 33 3911 11796 98 0.44
G15 42 1.5 35 4169 11830 101 0.64
Gl6 34 13 37 3149 9333 77 0.39
Max 42 1.7 43 4169 11983 101 0.67
Min 33 1.1 33 2958 8546 72 0.26
Mean 38 14 37 3611 9943 91 0.49
LSD 5% 4.6 0.18 2.6 572.8 1635.7 14.5

LSD 1% 6.1 0.24 34 758.8 2166.7 19.2

NGPS: Number of grain per spike, GWPS: Grain weight per spike, TKW: 1000 kernel weight, NGSM:
Number of grain per square meter, GY: Grain yield, SIIG: Selection index of ideal genotype
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Figure 2. Phenotypic correlation among traits evaluated on bread wheat genotypes. The color of each

cell represents the strength and direction of the correlation, with darker colors indicating strong
correlations
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Table 4. Eigen values, explained variance, and factorial loadings after varimax rotation obtained

in the factor analysis

Traits Factorial loadings Communality
FA1 FA2 FA3 FA4 FAS
DHE 0.04 0.05 0.96 0.15 -0.01 0.95
DMA 0.03 0.11 0.75 0.38 -0.44 0.91
PL -0.67 -0.36 0.33 -0.37 -0.23 0.88
PLH -0.21 -0.66 0.15 -0.59 -0.14 0.87
GFP -0.01 -0.16 0.84 -0.1 0.33 0.84
GFR -0.93 0.17 -0.24 -0.07 -0.12 0.98
SL -0.16 0.55 0.49 -0.45 0.02 0.77
AL -0.14 0.82 0.00 -0.11 -0.08 0.72
SNPS -0.01 -0.78 0.22 -0.23 -0.23 0.76
SD 0.07 -0.89 -0.21 0.29 -0.12 0.93
NGPS -0.2 -0.23 -0.04 0.04 -0.93 0.96
GWPS -0.09 -0.02 -0.17 -0.72 -0.63 0.95
TKW 0.09 0.18 -0.19 -0.90 0.14 0.91
NGSM -0.85 -0.05 0.08 0.48 -0.07 0.97
GY -0.95 0.16 0.02 -0.1 -0.03 0.94
Eigen values 3.53 3.23 2.86 24 1.32
Variance (%) 23.6 21.5 19 16 8.82
Cumulative 23.6 45.1 64.1 80.1 88.9

variance (%)

DHE: Days to heading, DMA: Days to mature, PL: Peduncle length, PLH: Plant height, GFP: Grain filling period,
GFR: Grain filling rate, SL: Spike length, AL: Awn length, SNPS: Spikelet number per spike, SD: Spike density,
NGPS: Number of grain per spike, GWPS: Grain weight per spike, TKW: 1000 kernel weight, NGSM: Number of

grain per square meter, GY: Grain yield, FA: Factor analysis



Ye¥

w3l oslazul b 06 r.uféu%};j oo S 0L 5 e

Multi-trait genotype-ideotype distance index

© Nonselected @ Selected

Figure 3. Ranking of genotype based on MGIDI index

Strengths and weaknesses view

Fa1 [ ra2 [ Fas [ ras FAS

Figure 4. Strengths and weakness view of the selected genotypes is shown as the proportion of each
factor onthe computed MGIDI values. The smallest the proportionexplained by a factor (closer to the
external edge), the closer the traits within that factor are to the ideotype. The dashed line shows the
theoretical value if all the factors had contributed equally

Table 5. Factors linked to correlated traits,selection differential, andindicators and selection

gain

Traits Factor Xo Xs %SD SG
PL FA1 11.1 11.1 0.19 0.002
GFR FA1 90.8 92.9 2.34 0.58
NGSM FA1 9943 10916 9.79 4.8
GY FAl 3611 3663 1.43 0.17
PLH FA2 78.8 81.2 293 1.73
SL FA2 8.95 8.81 -1.51 -1.19
AL FA2 5.49 5.58 1.64 1.31
SNPS FA2 15.7 16.1 2.58 1.85
SD FA2 0.18 0.19 53 4.68
DHE FA3 143 141 -0.79 -0.59
DMA FA3 182 181 -0.37 -0.24
GFP FA3 39.8 404 1.61 1.03
GWPS FA4 1.39 1.41 1.23 0.6
TKW FA4 37.1 34.5 -6.79 -6.08
NGPS FAS 37.8 38.2 1.28 0.15

Xo: Mean of the original population; Xs: Mean of the selected population; %SD: Percent selection
differential
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Figure 5- Cluster analysis for traits evaluated of 16 wheat genotypes. The left figure showed the cluster
analysis using the WARD method and the right figure showed a comparison of three classes of cluster
analysis for traits evaluated of 16 wheat genotypes
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