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Grain yield of winter feed barley varieties

B. Dyulgerova®, D. Dimova, D. Valcheva, D. Vulchev, T. Popova, M. Gocheva

Institute of Agriculture, 8400 Karnobat, Bulgaria

Abstract. Five winter feed barley varieties were tested at the experimental field of the Institute of Agriculture — Karnobat over a six-year period to assess their
yield potential and stability. Varieties Bozhin and Iz Bori are new varieties and Vesletc, Izgrev and Aheloj 2 are widely grown feed barley varieties in Bulgaria.
Stability parameters were estimated by the model of Lin and Binns (1988) and GGE biplot methodology was used for graphical display of yield data. According
to the results, genotype x environment interactions for grain yield was highly significant indicating genetic variability between genotypes by changing
enviroment. Average grain yield of varieties in six-year trail ranged from 5.13 t/ha (Vesletc) to 5.78 t/ha (Bozhin). High yield combined with high stability was

demonstrated by new varieties Bozhin end Iz Bori.

Keywords: barley, varieties, genetic variability, stability, grain yield

Abbreviations: G — genotype, GEI — genotype by environment interaction, AEC — average environment coordination

Introduction

Increasing grain yield without sacrificing yield stability is a major
challenge for barley breeding, especially for regions characterized
by large variation in weather and soil conditions. Several traits that
are useful for better adaptation to unfavorable conditions can be
counter productive, while other traits that can increase yielding
potential can reduce adaptation to stress conditions. Calderini and
Slafer (1999) found a general decrease in yield stability (assessed in
absolute terms) with genetic gains in yield potential. Breeding for
yield stability has always been important, but will be increasingly so,
as predicted climate changes will probably bring more weather
variations from one year to another.

The objectives of this study were to evaluate the grain yield of
winter feed barey cultivars, tested in diverse weather conditions in
Southeastern Bulgaria and to determinate their stability.

Material and methods

Five feed winter barley varieties were gown during six years
2006-2011 in the experimental field of the Institute of Agriculture,
Karnobat. Bozhin and Iz Bori are new varieties and Vesletc, Izgrev
and Aheloj 2 are widely grown feed barley varieties in Bulgaria. Al
tested varieties have been developed at the Institute of Agriculture,
Karnobat. The experiment was carried out in four replications on 10
m’ plots. The plot yield was converted to t/ha. The experimental area
is located in Southeastern Bulgaria. The climate is transitional
continental, with long and relatively cool spring, dry and hot summer,
long and wet autumn, and little snow in winter, with large variations of
temperature. Average temperature and precipitation during the
experimental period is shown on Figures 1 and 2. The soil of the
experimental field is leached chernozem-smolniza, slightly acid (pH
i56.2).

Analyses of variance were computed for the grain yield data

within and across the six years Stability parameters were estimated
* e-mail:bdyulgerova@abv.bg
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Figure 1. Temperature dates, °C of 2005-2011 years and
long-term average in Karnobat

by the model of Lin and Binns (1988) and GGE biplot methodology
(i.e., G = genotype and GE = genotype by environment, interaction)
was used for graphical display of yield data.

The Lin and Binns' (1988) model uses the P, parameters
obtained by the expression to assess the superiority of the cultivar,

P=3 (X,- M)/ 2n
j=1

where P;is superiority index of the i-th cultivar, X; is yield of the i-
th cultivar in the j-th environment, M, is maximum response obtained
among all the cultivars in the j-th environment, and n is number of
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Figure 2. Precipitation dates, mm of 2005-2011 years and
long-term average in Karnobat

environments.

GGE-biplot methodology, which is composed of 2 concepts, the
biplot concept (Gabriel, 1971) and the GGE concept (Yan et al.,
2000), was used to visually analyze. This methodology uses a biplot
to show the factors (G and GE) that are important in genotype
evaluation and that are also the sources of variation in GEI analysis
(Yan et al., 2000, 2001). The GGE-biplot shows the first 2 principal
components (PC1 and PC2, also referred to as primary and
secondary effects, respectively) derived from subjecting
environment-centered yield data (yield variation due to GGE) to
singular value decomposition (Yan etal., 2000).

Results and discussion

The combined ANOVA showed that barley grain yields were
significantly affected by E, which explained 85% of the total (G + E +
GEl) variation, whereas G and GEI, which were significant (P <
0.0001), accounted for 4% and 11%, respectively (Table 1).

The diversity of conditions included in the study is reflected by

Table 1. Analysis of variance for barley grain yield

Source of variation df SS MS SS(%)'
Total 19 195.56

Genotype (G) 4 8.48 2.12%** 4.44
Environment (E) 5 161.36 32.27**  84.51
G*E 20 2110 1.06*** 11.05
Error 90 4.62 0.05

*** significant
Total sum of squares of G, E and GEI

the large variation of yields of the 5 cultivars in the six years (Table 2),
which varied from 3.21 t/ha (Vesletc) to 7.35 t/ha (Bozhin). Grain
yield of the studied varieties averaged across the 6 environments
varying from 5.13 to 5.78 t/ha, with highest yields obtained in new
cultivars and the lowest yield in Vesletc.

Yield performance and stability of genotypes were evaluated by
an average environment coordination (AEC) method (Yan and Hunt,
2002; Yan, 2002). In this method, an average environment is defined
by the average PC1 and PC2 scores of all environments,
represented by a small circle (Figure 3). Aline is then drawn to pass
through this average environment and the biplot origin. This line is
called the average environment axis and serves as the abscissa of
the AEC. The ordinate of the AEC is the line that passes through the
originand s perpendicular to the AEC abscissa (Figure 3). Unlike the
AEC abscissa, which has one direction, with the arrow pointing to
greater genotype main effect, the AEC ordinate is indicated by
double arrows, and either direction away from the biplot origin
indicates greater GEl effect and reduced stability. The AEC ordinate
separates genotypes with below-average means from those with
above-average means. In our study varietes with above-average
means were Bozhin, Iz Bori and Aheloj 2, while genotypes below-
average means were Vesletcand Izgrev.

The length of the average environment vector (the distance
from biplot origin and the average environment marker), relative to
the biplot size, is a measure of the relative importance of the
genotype main effect vs. GEI. The longer it is, the more important is
the genotype main effect, and the more meaningful the selection
based on mean performance. For this study, the length of the
average environment vector was sufficient to select genotypes
based on yield mean performances.

A longer projection to the AEC ordinate, regardless of the
direction, represents a greater tendency of the GEI of a genotype,
which means itis more variable and less stable across environments
or vice versa. For instance, variety |z Bori was the most stable and
varieties Aheloj 2 and Vesletc were more variable.

Table 2. Grain yield (t/ha) of investigated barley varieties during the six-year period

. Years .

Variety Mean yield
2006 2007 2008 2009 2010 2011

Vesletc 453 4.63 6.46 6.36 3.21 5.60 513
lzgrev 3.91 5.08 6.65 6.78 3.63 6.05 5.35
Aheloj 2 3.91 449 7.23 7.04 4.04 5.33 5.34
Bozhin 4.28 4.29 6.78 6.89 5.08 7.35 5.78
Iz Bori 418 4.88 6.40 7.09 410 6.95 5.60
LSD 0.05% 0.31 0.30 0.39 0.31 0.40 0.33 0.17
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Figure 3. Average environment coordination (AEC) views
of the GGE-biplot for the means performance and stability
of genotypes

An ideal genotype should have the highest mean performance
and be absolutely stable (i.e. perform the best in all environments).
Such an ideal genotype is defined by having the greatest vector
length of the high-yielding genotypes and with zero GEI, as
represented by an arrow pointing to it (Figure 4). Although such an
ideal genotype may not exist in reality, it can be used as a reference
for genotype evaluation. A genotype is more desirable if it is located
closer to the ideal genotype. Thus, using the ideal genotype as the
center, concentric circles were drawn to help visualize the distance
between each genotype and the ideal genotype. Because the units
of both PC1 and PC2 for the genotypes are the original unit of yield in
the genotype-focused scaling (Figure 4), the units of the AEC
abscissa (mean yield) and ordinate (stability) should also be the
original unit of yield. The unit of the distance between genotypes and
the ideal genotype, in turn, is the original unit of yield as well. Figure 4
revealed that Bozhin, which fell into the center of concentric circles,
was an ideal genotype in terms of higher yielding ability and stability,
compared with the rest of the varieties.

Regarding the method proposed by Lin and Binns (1988) it was
observed that Bozhin showed lowest value of Pi measure and is
considered as a most desirable genotype (Table 3). Similar results
were obtained by Pavlov et al.,2011 finding that the highest yielding
genotype had the lowest Pivalue.

Table 3. Superiority index (Pi) for investigated varieties

Variety Pi Rank
Vesletc 0.784 5
lzgrev 0.461 3
Aheloj 2 0.591 4
Bozhin 0.093 1
Iz Bori 0.195 2

PC1=42.4%, PC2 = 31.9%, Sum = 74.3%
Transform = 0, Scaling = 1, Centering = 2, SVP =1
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Figure 4. GGE-biplot for comparison the genotypes with
the ideal genotype

12 08

Conclusion

According to the results, genotype x environment interactions
for grain yield was highly significant indicating genetic variability
between genotypes by changing enviroment. Average grain yield of
varieties in six-year trail ranged from 5.13 t/ha (Vesletc) to 5.78 ttha
(Bozhin). High yield combined with high stability was demonstrated
by new varieties Bozhin end Iz Bori.
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