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Extended Abstract

Background: After wheat, barley is the main crop in Iran and, according to the latest statistics
from the Ministry of Agriculture (2023), the area under cultivation in Iran was reported to be
1.685 million hectares, of which the grain production was 3.177 million tons. Khorasan Razavi

Province ranks first in barley production in Iran, with the production of 415,736 tons per hectare.
Due to the low expectation of the barley crop in relation to water and soil conditions, this crop
can have a better position in most of the poor, low rainfall, salty, and low-water lands of the
country. An increase in yield is one of the primary aims pursued in plant breeding programs.
Similar to other crops, insufficient yield stability in barley is recognized as one of the factors
responsible for the gap between actual yield and potential yield. In breeding programs, the
identification of superior genotypes is difficult due to the environmental variability of target
locations and the interaction of these variabilities with the investigated genotypes. Therefore, it is
important to evaluate the advanced agronomic lines across various environments and over
multiple years to ensure their yield stability and production. Many statistical models have been
suggested to analyze the G x E interaction. The GGE (genotype plus genotype-by-environment)
biplot method is a multivariate model based on principal component analysis, which
simultaneously represents the G, E, and G x E interaction on a graph known as the biplot. The
GGE biplot is widely used in agricultural research as it provides a simple graphical interpretation
of the G x E interaction. The main objective of this study was to select the superior barley
genotypes based on grain yield and their stability in the temperate regions of Khorasan Razavi
Province.

Methods: Nineteen promising barley lines, along with a check cultivar Behrokh, were studied
during 2018-2020 in Neishabour and Mashhad regions located in Khorasan Razavi Province. The
experimental design was a randomized complete block with three replications. Univariate (the
environmental coefficient of variation and Eberhart and Russell parameters) and multivariate
(GGE biplot) methods were used to yield the stability assessment of genotypes. Combined
analysis of variance for grain yield was analyzed using ADEL-R software. The methodologies
for the GGE biplot and univariate stability indices biplots were employed to analyze the G x E
interaction and characterize barley genotypes using GEA-R software.

Results: The combined analysis of variance showed that the main effect of the environment and
the G x E interaction were significant at the 1% probability level, while the main effect of the
genotype was significant at the 5% probability level. Moreover, about 51%, 5.24%, and 19.41%
of the total variation were related to the environment effect, the genotype effect, and the G x E
interaction, respectively. Overall, the average grain yield of the evaluated lines ranged from 5.838
to 6.651 ton /ha, and the G15, G16, and G12 lines produced the lowest, and G8, G9, G11, G19,
and G20 presented the highest grain yields, respectively. Based on the environmental coefficient
of variation, G3 and G2 were the most stable genotypes, respectively, but their grain yield was
lower than the overall average. Based on this method, G11, G9, and G19 were selected as stable
genotypes with higher-than-average yields. The regression coefficient graph and the deviation
coefficient from regression introduced the G2 genotype, which produced a below-average yield,
as a stable genotype and G8, which was one of the most yielding lines, as the genotype with high
compatibility. The simultaneous evaluation of grain yield and stability through the average
environment coordinate (AEC) biplot showed that genotype G8 with a high grain yield was the
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most stable genotype. There were many similarities between 2 years of Mashhad (the first
environmental group) and 2 years of Neishbour (the second environmental group). The angles
between these two environmental groups were about 90 degrees, indicating that they were
independent in ranking genotypes. Among the investigated environments, the environment of
Mashhad in 2017 was close to the ideal environment. An ideal environment should clearly
discriminate among genotypes and simultaneously be a good representative of the target
environment. According to the resulting biplot of barley promising lines in comparison with the
ideal genotype, G8 was identified as the ideal genotype. Moreover, the closest genotypes to it
were G20 and G19. Overall, the mentioned promising lines presented high grain yield, stability,
and good general compatibility in the investigated environments compared to the other genotypes.
The GGE biplot method is based on agronomic compatibility and stability, and therefore, the
genotypes that are selected in this way have high performance, in addition to stability and
compatibility.

Conclusion: Based on the results of this study, lines G8, G20, and G19 showed high grain yield,
good stability, and general adaptability in temperate and cold temperate regions of Khorasan
Razavi Province. Therefore, the promising line/lines that retain their high yield and favorable
characteristics compared to check cultivars after being examined in extension research
experiments at farmers’ conditions of temperate regions, can be selected as candidates for naming
and introduction.
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Table 1. Names and pedigrees of barley cultivars and promising lines
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Pedigrees of lines Line number
Behrokh G1(check)
(D10)Rhn-03//L.527/NK1272/5/Astrix©/3/Mal/OWB753328-5H'F 1//Perga/Boyer/4/L.527 G2
Lignee 527/NK1272//JLB 70-63/4/Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//....) G3
Lignee 527/NK1272//JLB 70-63/4/Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S"/3/Alm/Una80//....) G4
Comp.Cr229//As46/Pro/3/Srs/4/Express/5/Rhn-03//L.527/NK 1272 G5
KAROON/KAVIR//Rhodes'S'//Tb/Chzo/3/Gloria'S' /4/Sahra/5/Fajr30 G6
KAROON/KAVIR//Rhodes'S'//Tb/Chzo/3/Gloria'S' /4/Lignee 527/NK1272//JLB 70-63/5/Y ousef G7
KAROON/KAVIR//Rhodes'S'//Tb/Chzo/3/Gloria'S' /4/Lignee 527/NK1272//JLB 70-63/5/Fir30 G8
Nosrat/Bahman//Sahra G9
Nimrooz/Fajr30/3/Lignee 527/NK1272//JLB 70-63 G10
Nimrooz/Fajr30/3/Lignee 527/NK1272//JLB 70-63 Gl1
Sahra*2/Bahman Gl12
Nadawa/Rhn-03/3/Lignee527/Rihane//Arar G13
CAPUL//PENCO/CHEVRON-BAR Gl14
VMorales/6/LEGACY//PENCO/CHEVRON-BAR G15
Courlis/Rhn-03/NK 1272//JLB 70-63/3/ Lignee 527 Gl6
Comp.Cr229//As46/Pro/3/Srs/4/Express/NK 1272//JLB 70-63/5/ Lignee 527 G17
Rhn-03//Lignee527/As45/NK1272//JLB 70-63/3/ Lignee 527 G138
Sahra*2/Bahman G19
MB-95-11(Nosrat/3/D-10(Rhn-03//L.527/NK1272)) G20

Table 2. Climatic characteristics of testing locations

(eske) S35k ke (gl 22 0) Lod 5:50ke () ) sl Jsb wldlpr oye o
Average Rainfall (mm) Average Temperature(°C) Altitude (m) Longitude Latitude Location
247.4 13.9 1250 58°82°'N 36°22"E )yLL)
Neishabour
230 14.7 1100 59°62'N 36°21'E e
Mashhad
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Table 3. Two-year average meteorological data for Mashhad and Neishabour Agriculture Research Stations for the
cropping years of 2018-19 and 2019-20

=7 oL - — ~ " .
v Sheep oS Sl epdle oS L sy o olse
tem]()erf;ture Max1munzut8nperature Mlmmunzutg)nperature Rainfall (mm) Month Location
°C
-
[
10.1 159 44 267 October-November
N
8.6 13 1.8 13.7 November-December
- “5)
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54 1 0.4 285 ook
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ol Mashhad
9.2 15.6 3 21.7 February-March
22098
12.2 17 7.3 135.6 March-April
g,
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-
[
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N
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- ‘5)
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: e
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98
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Table 4. Soil properties at the experimental sites
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39 39 22 0.60 082 392 126 75 143 0.059 0.62 6.6 30 0.95 2018-19 ke
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40 36 24 1.18 0.64 4.98 1.94 209 3.6 0.029 0.32 11.7 7.8 1.12 2019-20 Neishabour
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Table 5. Combined analysis of variance for barley genotypes in four environments
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1. Singular Value Decomposition: SVD
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Table 6. Mean of grain yield of barley genotypes in the regions of trials (2018-2020)

(LS y> ) s 5, Slas
Grain yield (ton.ha™)

oo Sgpie sl Y o
Mean Mashhad Neishabour Codes of lines
6.241 6.981 5.500 G1(check)
6.192 6.708 5.676 G2
6.115 6.168 6.063 G3
6.242 5.888 6.596 G4
6.110 6.595 5.626 G5
6.496 7.098 5.894 G6
6.535 7.990 5.081 G7
6.651 7.584 5.719 G8
6.628 6.817 6.439 G9
6.225 6.177 6.274 G10
6.609 6.721 6.497 Gl11
5.898 5.834 5.962 Gl12
6.258 6.774 5.743 G13
6.034 5.871 6.197 Gl4
5.904 6.293 5.516 Gl15
5.838 5.956 5.720 Gl6
6.158 7.511 4.806 Gl17
6.199 6.661 5.737 G138
6.525 7.140 5911 G19
6.559 7.168 5.950 G20
6.271 6.696 5.845 Mean
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Figure 1. Distribution of barléy genotypes according to mean grain yield and environmental coefficients of variation
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Figure 3. The biplot of the average-environment coordination (AEC) for the simultaneous selection of grain yield and
stability of barley genotypes
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Figure 5. The biplot of barley genotypes in comparison with the ideal genotype based on grain yield and stability
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