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Extended abstract

Introduction

Wheat production is a crucial component of global agriculture. However, it faces numerous challenges, particularly
in the context of global warming and climate change. In order to address the challenges facing wheat production,
such as declining irrigated lands and average rainfall, it is important to develop cultivars that can thrive in dry and
stable conditions. The stability of a plant is defined as the ability to survive in a specific environment, where it can
be evaluated in different ways such as univariate and multivariate parametric methods and non-parametric
methods. To this end, it is crucial to study factors such as genotype x environment interactions and select stable
cultivars using a mixed model that includes both fixed and random variables. The interaction impact of genotype
x environment can be divided into two parts: crossover (imperfect genetic correlations of traits) and non-crossover
(heterogeneity of genetic variance in the environment). In random models, it is not possible to estimate the
treatment effect directly. Instead, the treatment effect needs to be predicted, which introduces the potential for
errors. These errors occur because the prediction of the treatment effect may not be perfectly accurate. Such error
can be minimized using the BLUP method (best linear unbiased prediction). Therefore, in this study and to evaluate
the error, we combined the AMMI and BLUP methods using a mixed linear model based on the BLUP method.
The aim of this study was to select the superior lines in terms of performance and stability among 16 advanced
bread wheat lines using a combination of the AMMI and BLUP methods along with the WAASB and WAASBY
indices, as well as interpreting the relevant graphs to better understand genotype x environment interactions.

Materials and methods

We conducted a randomized complete block design study with 15 advanced bread wheat genotypes and Aftab
cultivar as a control in four replications for three consecutive cropping season (2016-2019) at Sarab Chengai
agricultural research station, Khorramabad, Lorestan province, Iran. Planting was done according to the usual
agronomy practices and each experimental unit consisted of 8 lines of 6 meters with a row spacing of 15 cm. The
planting depth was between 4-5 cm and the amount of seeds used was considered to be 350 seeds per square meter
based on the weight of one thousand seeds. We used a method that combines AMMI and BLUP methods in the
form of singular value decomposition (SVD) to determine genotypic stability. In order to incorporate all the
components in genotype selection and enhance the interpretation of stability, various indices such as the WAASB
index (weighted average of absolute scores) and WAASBY:i index (weighted average of stability and grain yield)
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are utilized to quantify stability based on relationships. The estimation of variance components is conducted using
the REML (restricted maximum likelihood) method, and the significance of random effects is determined through
the likelihood ratio test (LRT).

Results and discussion

The results of present study indicated that the interaction effect of genotype x year for the grain yield trait could
be explained by only two main components. The first main component explained 71.7% of genotype x year. effect
the likelihood ratio test (LRT) showed that there was a significant difference between the genotypes in terms of
the grain yield, also the interaction effect of genotype x year for the yield trait was significant (P<0.05), suggesting
that the genotypes exhibited different performances in different years. Results of this study showed that performing
BLUP analysis was justified and hence the best unbiased linear predictions were estimated and stability analysis
was performed using single value analysis (Emmy analysis basis) on BLUPs of genotype x year interaction.
Comparison of the predicted averages of grain yield with the BLUP method showed that genotype number 15 and
followed by 16, 8, 1, 2, 12, 11 and 10 had a higher predicted yield than the average grain yeild. The results of the
biplot diagram of the first principal component indicated that genotypes No. 9, 12, and 13, with a lower line slope
(b coefficients), had a smaller contribution to the genotype x year interaction, and were more stable. Since only
the first main component was used in this graph. Based on biplot of grain yield against the weighted average of
absolute scores, the genotypes of the fourth region with a higher-than-average performance and low WAASB
index were selected. However, such biplot is specific for identifying genotypes adapted to specific environments,
therefore, in this research, another biplot (WAASB x GY) was used, which is able to identify stable genotypes for
all environments and simultaneous selection of genotypes, based on average grain yield (y) and stability index
(WAASBY). In order to calculate such biplot, the same weights of 50:50 were given to two performance indices
and stability index to indicate the importance of both indices in the selection of genotypes. Based on the results of
this index, genotypes No. 15, 16, 12, 9, 4, 10, 14, and 11, with the highest WAASBY, were selected as stable and
productive genotypes. Comparing the weighted average biplot of absolute scores (WAASB) and the weighted
average biplot of stability and performance (WAASB x GY), genotypes No. 15, 16, 12, 11 and 10 were selected
with the highest performance and stability parameters.

Conclusion

The challenges faced in breeding plants lie in the fact that they interact with their environment and different factors
such as soil erosion, water-holding capacity, physical characteristics of the soil, competition for light, nutrients,
water, and other environmental factors, which often vary across environments, leading to genotype x environment
interactions. To address this issue, we utilized a linear mixed model to model the yield as a response variable. Our
findings were consistent with similar studies that have used AMMI and BLUP methods to identify high yielding
stable cultivars. Based on the results of our research, we identified genotypes 15, 16, 12, 11, and 10 showing the
average yields of 3284.167, 3289.722, 3293.861, 3556.833, and 3665.139 kg/ha, respectively. We recommend
these genotypes for cultivation in similar weather conditions due to their stable performance.

Keywords: Genotype x environment interaction effects, Combination of AMMI and BLUP method, Stability, Bread wheat
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Genotype code Pedigree / Name
Gl AFTAB
G2 BABAX/LR42//IBABAX*2/3/[KUKUNA/4/BACEU#1/5/BECARDCMSS07Y00885T-
099TOPM-099Y-099M-099Y-10M-0RGY
G3 BABAX/LR42//IBABAX*2/3/KUKUNA/4/CROSBILL #1/5/BECARDCMSS 07Y01006 T-
099TOPM-099Y-099M-099NJ-099NJ-7RGY-0B
G4 BABAX/LR42//IBABAX*2/3/[KUKUNA/4/CROSBILL #1/5/BECARD
G5 BLOUK#1/5/FRET2*2/4/SNI/TRAP#1/3/[KAUZ*2/TRAP//KAUZCMSS06B01047T-
099TOPY-099Y-11M-0Y-5B-0Y
KIRITATI//PRL/2*PASTOR/5/0ASIS/SKAUZ//4*BCN/3/PASTOR/4/IKAUZ*2/Y ACO//KA
G6 UZ/6/KIRITATI//PRL/2*PASTORCMSS07Y00718T-099TOPM-099Y-099M-099Y -22M-
ORGY
BAJ#1/3/KIRITATI//ATTILA*2/PASTORCMSS07Y00288S-0B-099Y-099M-099NJ-099NJ-
G7
10WGY-0B
c8 WBLL1*2/VIVITSI//IMESIA/3/KIRITATI/WBLL1CMSS07Y00841T-099TOPM-099Y -
099M-099Y-12M-0OWGY
G9 SUP152/BAJ #1CMSS08Y00185S-099Y-099M-099NJ-099NJ-28WGY-0B
G10 MUNAL*2/WESTONIACMSS08Y00871T-099TOPM-099Y-099M-099NJ-099NJ-
66WGY-0B
Gl1 CHEWINK #1/MUTUSCMSS08Y00485S-099Y-099M-099Y-5M-0WGY
G12 MUNAL*2/WESTONIACMSS08Y00833T-099TOPM-099Y-099M-099NJ-099NJ-8WGY-0B
BABAX/LR42//BABAX*2/3/PAVON 7S3, +LR47/4/ND643/2*WBLL1 /5/BABAX /LR42//
G13 BABAX*2/3/PAVON7S3,+LR47CMSS08B00634T-099TOPY-099M-099NJ-099NJ-
24WGY-0B
G14 QUAIU#1/5/KIRITATI/4/2*SERI.1B*2/3/KAUZ*2/BOW//KAUZ/6/BECARD
CMSS08B00645T-099TOPY-099M-099NJ-099NJ-6WGY-0B
Gl5 KACHU/BECARD//WBLL1*2/BRAMBLINGCMSS07B00580T-099TOPY-099M-099NJ-
099NJ-10WGY-0B
G16 KIRITATI//2*PRL/2*PASTOR/3/CHONTE/5/PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*C

NO79//2*SERICMSS08B00732T-099TOPY-099M-099Y-6M-OWGY
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Table 2. Components based on AMMI analysis

adl 3 Sl e S5k Sl eds ho 3
Component Means Square Percent of variation
| | ad)
S Al e 447279 717
IPCA1
| ad
gty 176114 28.3
IPCA2

Table 3. Likelihood ratio test for 16 bread wheat genotypes
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and red circles represent the genotypes that had BLUP above and below of BLUP means, respectively.
Horizontal error bars represent the 95% confidence interval of prediction considering a two-tailed t test.
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Figure 3. Nominal grain yield plot forl6 bread wheat genotypes as a function of the environment scores of the
first interaction principal component axis
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Figure 5. Estimated values of weighted average of the stability (WAASB) and mean performance (Y) (WAASBY) for 16
bread wheat genotypes considering the weights of 50 and 50 for yielding and stability, respectively
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Table 4. Average grain yield and standard error of 16 bread wheat genotypes

W Sle 3 ltel glas
Genotype Average SE
Gl 3350.417 715.1514
G2 3346.528 730.7846
G3 3247.333 703.272
G4 3196.944 975.9887
G5 3267.639 764.465
G6 3197.222 752.0636
G7 3169.583 797.0692
G8 3359.722 821.1983
G9 3241.667 701.3515
G10 3284.167 835.2845
Gl11 3289.722 866.4422
G12 3293.861 814.6437
G13 2823.611 696.4088
G14 3220.889 721.8916
G15 3665.139 896.0803
G16 3556.833 727.5283
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