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Abstract. The aim of the study was to assess the size and stability of grain yield of a group of varieties grown in different
conditions of the country. The study included a total of forty samples of winter common wheat, developed by Agronom
breeding company. The field experiment was conducted in three typical grain production locations of the country: Dobrich,
Trastenik and Straldja, in the period 2017-2019. All aspects of the interaction of varieties with environmental conditions
were analyzed using two statistical programs PBSTAT and GEA-R. Through their application, 16 different parameters were
calculated, through the ranks of which stability was assessed. The data obtained from the individual parameters were
subjected to direct comparison with the modules of the programs GenStat 15, JMP 14 and GGE Biplot 6.3, which have
a visual representation of the results for the level of yield and stability of each cultivar. The stability of only the varieties
with higher yield than the check cultivar was monitored. Their stability was monitored and measured through all software
products before a conclusion was made about its level. The share of genotype and its interaction with environment was
only about 20% of the total variation. The conditions in the individual locations have a significant impact on the yield
performance, which causes a strong change in the yield in the individual varieties. It causes a drastic change in the rank of
the yield by locations. Against the background of strong G x E interaction, only six varieties have been identified: ABC Aldo,
ABC Grosso, ABC Lombardya, ABC Klausius, ABC Zigmund and ABC Navo, whose average yields were proven to be
higher than those of the check variety LG Avenue. Their high productive potential was realized to a degree that guarantees
high stability in changing conditions of the used regions. Current statistical models were effective in quickly and efficiently
determining all possible levels of combination between genotype yield and stability. The newly created varieties showed
higher stability than the already established ones, as their productivity was at a much higher level. Breeding, accompanied
by ecological tests of many advanced lines, shows that it was possible to combine high yields with relatively high stability
with enough varieties for successful zoning throughout the country.
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Introduction

Assessing the stability of a variety from a group of
cultivars in different growing conditions was important for
its proper zoning (Gubatov and Delibaltova, 2020; Yan,
2021). The phenomenon of genotype by environment
interaction (G x E) was the result of different genotypes
that respond to changes in the environment in different
ways. In other words, the G x E interaction occurs when
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the productivity of a set of varieties depends significantly
on changes in the environment from season to season
(van Eeuwijk et al., 2016). In the context of dynamic
changes in the planet’s climate, it has been found that G
x E is increasing its share in the performance of yield and
other quantitative traits (Xiong et al., 2021; Kaya, 2021).
The seasonal anomalies of the climate conditions of the
whole planet observed in the last 10-15 years increase
the dependence of the variety on the environmental



conditions, regardless of the level of the applied
technology. This was the main reason G x E interaction to
become a mandatory and routine analysis of the breeding
value of newly created varieties (Cooper et al., 2022;
Pour-Aboughadareh et al., 2022a). In several studies,
the authors made a comparison between new varieties to
determine which of them are a breeding achievement or
suitable for growing in specific environmental conditions
(Zivancev et al., 2021; Bosi et al., 2022). This assessment
has become routine, especially for cereals, which are
highly dependent on the microclimate in different regions,
especially those with annual conditions of stress during
the growing season (Roostaei et al., 2021; Mahpara et
al., 2022). There were numerous studies that directly
compare the stability of old and established varieties with
newly developed ones (Curin et al., 2021; Bosi et al.,
2022). The aim was to monitor whether there is breeding
progress with regard to the dependence of the variety on
the conditions of the dynamically changing environment
(Hanif etal., 2022; Pour-Aboughadareh et al., 2022a). The
assessment of the stability of a variety was always related
to the influence of the environment not only on the yield,
but on a number of quantitative traits (Oztiirk and Korkut,
2020; Curin et al., 2021) and qualitative parameters
(Zivangev et al., 2021) as well. The interaction of the
variety with environmental conditions was the basis of
research on various aspects of its adaptability to contrast
to drought conditions (Oztiirk and Korkut, 2020; Rasool
et al., 2021; Hassan et al., 2022). While some cultivars
have broad stability and perform well in a wide range of
environmental conditions (Tsenov and Atanasova, 2015),
others achieve high yields only at individual sites, i.e. they
have specific stability (Yan, 2021).

According to Bornhofen et al. (2017), high productive
varieties were not always stable, which is a prerequisite
for their stability to be studied in different environmental
conditions. Organizing multi environment field trials was
the only way to group varieties according to their stability
- specific or general. Varieties that have high general
stability were suitable for the conditions of Bulgaria
(Tsenov and Atanasova, 2015; Gubatov et al., 2016).

The assessment of stability or adaptability can be done
in many ways and approaches (Cheskova et al., 2020;
Mohammadi et al., 2021). Striving for the most accurate
assessment of the magnitude of change (performance)
of the genotype in different conditions has provoked
researchers to work intensively over the past 30 years
and to create statistical methods, approaches, and
models for this (Alvarado et al., 2020; Kang, 2020; Pour-
Aboughadareh etal., 2022b). Gradually, the assessment of
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the stability of the variety was developed, initially analyzed
by single parameters (Eberhart and Russell, 1966; Shukla,
1972; Kang, 1993), after which groups of complementary
approaches began to be applied (Flores et al., 1998;
Kang, 2020) to arrive at the use of models such as AMMI,
(Zobel et al., 1988; Gauch, 2013) and GGE (Yan, 2001).
The application of the latter has become a widespread
practice for evaluating varieties in different environmental
conditions due to its high statistical efficiency combined
with excellent data visualization (Regmi et al., 2021;
Omrani et al., 2022). The great interest in them on the part
of the breeding was a serious reason why they became
the basis for the development of specialized software
packages for complex assessment of G x E, as well as
the stability and adaptability of each variety (Suwarno et
al., 2008; Pacheco et al., 2015; Olivoto et al., 2019; Pour-
Aboughadareh et al., 2022b).

In this study, two of the popular and statistical programs
GEA-R (Pacheco et al., 2015) and PBSTAT (Suwarno et
al., 2008) were used for the complex evaluation of the
selected varieties, the effectiveness of which has already
been proven in specially conducted for this purpose
investigations (Tsenov et al., 2022a, 2022b).

Studies to assess the stability of wheat varieties in
our country (Desheva and Deshev, 2021; Dimitrov et al.,
2022) showed that it is possible to combine high yields with
relatively high stability in very few varieties. Moreover, the
researches were conducted only in individual locations
in several consecutive seasons with different conditions
(Dyulgerova and Dyulgerov, 2019; Desheva and Deshey,
2021). There were only a few varieties among the large
groups, which combine high yield and stability, which
was an exceptional breeding achievement (Gubatov and
Delibaltova, 2020; Oztiirk and Korkut, 2020; Regmi et al.,
2021; Uhr et al., 2021). This was a sufficient reason to
organize a study to assess the stability and compare the
productivity of many wheat samples to determine whether
there is breeding progress in new varieties created in
the last few years compared to already established and
popular cultivars. Many studies in this direction showed
that the older varieties are inferior to the new ones but
retain a significantly higher level of stability in yield and
grain quality (Zivandev et al., 2021; Bosi et al., 2022).
It was important for production that the new variety has
not only a high yield, but also at least a medium level
of stability to be successfully zoned in a wide range of
conditions (Gubatov and Delibaltova, 2020; Yan, 2021).
This was the reason to study many varieties, in many
locations in several consecutive seasons, through the
analysis of which to establish a higher average level of



stability (Yan, 2021). In turn, this leads to the optimization
of the stability criterion so that the selected varieties have
a sufficiently high overall stability without being too wide.

So, the purpose of this study was to evaluate the size
and stability of grain yield of a group of varieties studied
under various environmental conditions.

Material and methods

Setting the experiment

The study included a total of forty samples of winter
common wheat, created by Agronom Breeding Company,
Dobrich. This set included cultivars (11), candidate
varieties (18), advanced lines (10) and standard (check)
cultivars for comparison (2). The field experiment was
conducted in three regions of the country over a period
of three consecutive years (Table 1). One of the tasks of
this multi environmental field experiment was to make

as objective an assessment as possible of each grain
yield genotype and its stability, compared to the others in
the group. The three locations were selected due to the
already significant differences in their soil and climatic
conditions (Gubatov, 2020). The specific meteorological
conditions during this study period proved to be different,
but fully confirmed these significant differences between
the locations in terms of grain yield (Figure 1). Those
significant differences between the conditions in the three
locations were a sufficient guarantee for a successful
analysis of the yield and its stability of each studied variety.
The field experiment was set in three replications with the
size of the experimental plot of 10 m2. The agricultural
practices during the vegetation were absolutely the same
for all varieties, in each location. During the different
seasons there were small differences in the terms of
sowing, fertilizing, plant protection and harvesting, dictated
by the specific weather conditions of the year.

Table 1. General information on the levels of the main factors location (A), year (B) of testing and genotype (C) of the

conducted multi environment field experiment (MET)

Coordinates

Location(A) Type of Sail N E Seasons (B)  Altitude, m  Genotypes (C)
Paskalevo, Dobrich Leached chernozem 43938'47" 27°48'40" 2017 248 Varieties 38
Trastenik, Rousse Leached chernozem 43°37'40" 25%51'37" 2018 170 Checks 2
Straldja, Yambol Chernozem 42°35'25" 26°39'06" 2019 150 Total 40
popularity as the term “GGE biplot” because it was the first
Statistical analyses successful attempt to effectively assess stability. Since

The stability of the varieties in the group was analysed
by a set of known parameters, described in detail in several
studies or reviews (Kang, 2020; Mohammadi et al., 2021;
Rezende et al., 2021). Sixteen different parameters were
calculated to assess the stability of the varieties (Table 2).
The data were analysed using the specialized software
package PBSTAT (Suwarno et al., 2008). An effective
way to assess the stability of a variety was to present
the data visually (Gabriel, 1971; Kempton, 1984). To this
end, Yan (2001) proposed a statistical interpretation of the
G x E interaction that could visually assess the stability
of each variety. Thus, visual presentation was gaining

then, modules for similar evaluation have been introduced
in several statistical packages. Some of the most popular
ones have a module for this and were therefore used
in this study GenStat 15, JMP 14, GEA-R (Pacheco et
al., 2015) and GGE Biplot 6.3 (Yan, 2001). By directly
comparing the localization of the varieties (as points) on
the figures obtained with their help, an effective division
of the varieties according to their yield and stability was
achieved. This saves a lengthy procedure for evaluating
the effectiveness of each parameter (through correlations,
PCA and cluster analysis) in terms of the stability aspects
it provides against the background of the others.

Table 2. Information on all the methods of stability analysis in PBSTAT software package

Designation of parameters Statistical name

Original Reference

Cui “Coefficient of variation” Francis and Kannenberg (1987)
bi “Regression coefficient” Finlay and Wilkinson (1963)

sid “Deviation from regression” Eberhart and Russell (1966)
W2 “Wricke's ecovalence” Wricke (1962)

Di “Hanson's genotypic stability parameter” Hanson (1971)

StabVar “Shukla's stability variance (0?)” Shukla (1972)

Ys, “Kang's yield and stability index” Kang (1993)

NP (1), NP(2), NP (3),NP (4) “Thennarasu's nonparametric stability parameters”  Thennarasu (1995)

TOP “Fox's TOP” Fox and Rosielle (1982)

S(1), S(2), S(3), S(6)

“Huehn's nonparametric stability parameters”

Huhn (1990)




Results

Grain yield was strongly influenced by the type of
variety and growing conditions, with the highest statistical
level of reliability (Table 3). The complex of environmental

Table 3. Combined AMMI Analysis of Variance by GEA-R

conditions was the main reason for the variance of the
yield (80.8%). The change in the trait was because of the
variety (9%), as well as the interaction of the two main
factors (Ax B = 10.2%).

Source DF SS Percent*  Percenac** MS F Prob F***
Genotype 39 80.657 9.04 89.88 2.068 7.448 0.0000
Environment 2 721.06 80.84 80.84 360.530 1298.44 0.0000
Genotype x Environment 78 90.235 10.12 100.00 1.157 4.166 0.0000
PC, 40 94.094 55.06 55.06 2.352 8.754 0.0000
PC, 38 41.546 24.31 79.37 1.093 4.069 0.0000
PC, 36 35.253 20.63 100.00 0.979 3.644 0.0000
Residuals 240 66.639 0.278

* Percent-percent of the total variability explain, **Percenac-percent of the total variability explain accumulative, *** Prob

F-value of significance of the test

Based on the identified significant differences between
meteorological indicators and their impact on grain yield,
it was logical that the share of conditions on variation is
so large. The effect of the variety on yield was completely
analogous in terms of share when compared to data from
other previous studies (Tsenov and Atanasova, 2015;

Table 4. Analysis of Variance for GY - Type III Sums of Squares

Gubatov et al., 2016; Gubatov and Delibaltova, 2020).
It can be assumed that the genotype alone and in
interaction with the conditions causes about 1/5 of the
variation in yield. This interaction affected each variety
specifically, the variation of which differs from that of the
others (Table 4).

Source Intercept A:Variety  B:Location C:Year AxB AxC BxC AxBxC
df 1 39 2 2 78 78 4 156
MS 23546.11 2.068 360.53 1.343 1.157 0.248 1.698 0.242

F 65.374 1.779 137.998 0.788 4775 1.025 7.008 3.331
Significance 0.015 0.017 0.000 0.514 0.000 0.442 0.000 0.001

What were the environmental factors that directly or in
combination with others change yield? The data in Table 4
showed the specific effects on grain yield of the three main
factors and their interaction. The conditions of the year (C)
did not directly affect grain yield. The real influence of this
factor was through its interaction with the conditions of
the location (B x C). The factors “genotype” and “location”
were important for the variation, both independently and
through interaction with each other (A x B).

The effect of the location was the strongest compared
to the other main factors. The influence of the genotype
alone and in combination with the conditions of the
location was significantly higher than that of the year as
factor. Changes in the trait because of the interaction of
the three factors have not been detected (Ax B x C™). The
variety as a main factor (A, MS = 2.068) has an impact
that is almost as much as the combined effect of location
and year (B x C, MS = 1.69).
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Figure 1. Spatial representation of Grain yield according to
the crossover of Location by Year (A-Dobrich, B-Trastenik, C-
Straldja)

As a result of the strong influence of the location
(Table 4) the differences in grain yield between them
were significant, regardless of the effect of each
individual year of testing (Figure 1). The determining



effect of the location on grain yield was confirmed by
the significant differences between the means of the
individual locations, but not between the seasons in
each of them. The data fully confirmed those in Table
3, according to which the “year” factor does not have
a major share in the variation in grain yield. According
to the values and the variation of the grain yield, the
locations Dobrich and Trastenik were similar in terms
of the performance of the yield, in comparison with the

Straldja location. The latter caused significantly stronger
variation of the trait in the different varieties by years of
the first two, as evidenced by the values of the standard
deviation against the background of much lower values
of the trait (Table 4).

Against the background of strong influence of the
conditions and significant interaction between them and
the varieties, there was still a noticeable difference in
grain yield (Table 5).

Table 5. Ranking of varieties by yield and descending rank # of grain yield (ton/ha) in the locations and importance of the

interaction of each of them with the environment

No Genotype Dobrich Trastenik Straldja Mean Gran Sgglﬂcanoee «E
1 G16 10.8/1 # 9.4217 7.82/1 9.35 () ()
2 G36 9.70/14 9.68/2 7.2713 8.88 () ns
3 G38 9.37/19 9.56/5 7.4212 8.78 " (4) ()
4 G9 9.95/10 9.71/1 6.56/15 8.74 *(4) ()
5 G35 10.61/3 8.37/28 7.12/4 8.70 *(+) *
6 G40 10.54/4 8.66/17 6.72/13 8.64 * () **
7 G17 9.36/21 9.38/8 6.77/12 8.51 ns ()
8 G30 9.33/23 9.67/3 6.43/18 8.48 ns *
9 G37 9.94/11 8.14/35 7.11/5 8.41 ns **
10 G4 9.54/12 8.53/22 6.89/8 8.38 ns ns
1 G13 10.11/8 8.57/21 6.44/17 8.37 ns ()
12 G26 10.64/2 8.99/12 5.45/31 8.36 ns ns
13 G14 9.68/15 8.51/24 6.83/9 8.34 ns ns
14 G31 10.12/7 8.63/18 6.12/21 8.29 ns ns
15 G19 9.29/25 8.7/15 6.78/11 8.26 ns ns
16 G21 9.73/13 9.55/6 5.41/32 8.23 check ¥
17 G20 9.64/16 8.32/29 6.71/14 8.22 ns ()
18 G33 9.56/18 8.19/33 6.92/7 8.22 ns *
19 G27 10.02/9 8.67/16 5.72127 8.14 ns ns
20 G28 10.30/5 8.16/34 5.89/23 8.12 ns **
21 G24 10.16/6 9.08/10 5.06/37 8.11 ns ns
22 G15 9.01/29 8.58/20 6.52/16 8.04 ns ns
23 G1 9.17/27 8.79/14 5.92/22 7.96 ns ns
24 G6 8.82/33 9.67/4 5.38/33 7.96 ns b
25 G3 8.81/35 9.01/11 5.88/24 7.90 ns ¥
26 G39 9.19/26 7.65/40 6.80/10 7.88 ns **
27 G29 8.24/39 8.94/13 6.28/20 7.82 **(-) *
28 G18 8.43/38 7.93/37 7.05/6 7.80 (=) ns
29 G8 9.1/28 8.45/26 5.85/25 7.80 (=) ns
30 G32 9.36/22 8.22/32 5.64/29 7.74 **(-) ns
31 G22 8.18/40 9.26/9 5.68/28 7.71 (=) o
32 G25 9.61/17 8.53/23 4.97/38 7.71 (=) ns
33 G12 9.01/30 8.25/31 5.78/26 7.68 () ns
34 G11 8.63/36 7.99/36 6.37/19 7.66 (4 ns
35 G5 9.32/24 8.31/30 5.23/35 7.62 () ns
36 G10 8.94/31 8.38/27 5.48/30 7.60 () ns
37 G7 8.82/34 8.50/25 5.18/36 7.50 (4 ns
38 G4 9.36/20 7.78/39 5.26/34 747 e (L) ()
39 G2 8.82/32 7.90/38 4.56/39 7.09 () ns
40 G23 8.49/37 8.58/19 4.16/40 7.08 (4 **
LSD 0.05 0.551 0.548 0.665 0.385
CV (%) 4.29 4.64 10.37 6.11
Significance codes: ns -non significant from the check cultivar, *** - 0.001, ** - 0.01, * - 0.05, (.) - 0.10, (-) - negative

significant difference, (+) -positive significant difference, # - mean value/Rank in the location



According to the yield of the most widespread cultivar
in production (LG Avenue), the studied genotypes can be
grouped into three groups: with a yield below the standard
(-), with a yield like the standard (ns) and with a yield
significantly higher than it (+) Therefore, the realization
of their yield and its changes in the specific conditions
can be assessed by the described parameters for this.
When the yield of a variety was high, then it was important
whether it was stable in the environment, which results
in its successful implementation (zoning) in production.

Table 6. Rank of each variety stability parameter

On the other hand, if the cultivar was very stable, but
with a proven lower yield, it should not be grown under
any circumstances (Yan, 2021). There are six varieties
(G16, G36, G38, G9, G35 and G40), the yield of which
was higher than that of the standard variety, the first three
of which had the highest degree of statistical reliability.
Varieties G17 and G30 have a significantly higher yield
than the grand mean for the group (8.08 t/ha). If these
varieties have yield stability above the average for the
group, they also deserve some attention.

G1 23 24 2 14 4 14 4 20

G2 39 37 30 5 22 5 22 39
G3 25 23 4 30 20 30 20 235
G4 38 32 18 23 16 23 16 375
G5 3% 33 24 4 9 4 9 31.5
G6 24 34 20 39 35 39 35 27
G7 37 29 14 17 8 17 8 34
G8 29 20 1 8 2 8 2 25
G9 4 18 9 20 6 20 6 3
Gio 36 27 8 11 3 1 3 33
G 34 3 32 17 25 7 25 355
G12 33 19 5 3 1 3 1 28.5
G383 1" 20 6 271 17 27 7 7.5
G4 13 12 19 16 13 16 13 11
G5 22 9 25 9 M 9 " 18.5
G16 1 7 16 26 18 26 18 1
G17 7 14 15 22 14 22 14 4
G18 28 1 40 10 40 10 40 315
Gl9 15 6 26 2 12 2 12 13
G20 17 15 17 25 17 25 17 15
G21 16 35 3% 29 32 29 32 185
G22 31 25 10 40 36 40 36 355
G23 40 40 37 34 38 34 38 40
G4 29 39 39 6 39 6 39 235
G25 32 36 36 1 271 1 27 3715
G2 12 38 38 15 37 15 37 16
Gz2r 19 30 28 13 21 13 21 17
G28 20 31 23 3 29 35 29 22
G29 27 13 31 37 33 37 33 30
G30 8§ 17 3 33 24 33 24 7.5
G31 14 26 13 21 10 21 10 12
G2 30 28 12 12 5 12 5 26
Gz 18 8 29 28 26 28 26 21
G4 10 10 210 19 15 19 15 9.5
G35 5 16 11 38 31 38 31 9.5
G36 2 5 22 18 19 18 19 2
G37 9 M1 27 36 30 36 30 14
G38 3 2 33 24 28 24 28 6
G399 26 4 34 32 34 32 34 285
G40 6 2 7 31 23 A 23 5

5 5 9 8 24 5 8 7 7
175 19 4 4 24 175 5 5 5
215 205 25 18 24 215 16 12 12
175 22 12 10 24 175 7 9 9
0 9 5 5 24 10 6 6 6
315 38 3 31 24 315 15 25 25
175 155 6 6 24 175 9 8 8

2 2 1 1 24 2 2 2 2
65 10 24 3 5 65 29 34 32

3 3 2 2 24 3 3 3 3
23 23 13 1 24 23 10 11 11

1 1 3 3 24 1 1 1 1
85 6 10 16 24 85 17 16 17
"5 11 17 17 24 M5 2 17 19
85 7 8 9 24 85 11 10 10
135 135 20 39 15 135 40 40 40
175 17 15 20 24 175 305 29 29
3% 39 36 29 24 35 125 22 20
135 135 11 14 24 135 24 19 18
175 155 14 15 24 175 23 14 14
295 29 34 32 24 295 33 30 30
39 355 32 26 24 39 18 21 23
3% 32 21 12 24 3 125 13 13
39 40 39 36 24 39 36 33 33
26 27 22 13 24 26 19 15 16
39 365 37 3B 5 39 34 35 35
215 205 23 21 24 215 25 23 24
295 30 33 28 24 295 22 28 26
315 31 28 24 24 315 27 24 21
25 25 21 30 5 25 26 31 31
65 8 16 19 24 65 14 18 15

4 4 7 7T 24 4 4 4 4
215 26 29 271 24 2715 28 27 28
175 12 18 22 24 175 305 26 27
35 37 40 40 5 35 39 37 37
15 18 26 38 15 15 38 39 38
35 34 38 34 24 35 35 32 34
215 28 31 37 5 215 37 38 39
3% 33 30 23 24 35 20 20 22
24 24 19 25 24




The values of each of the calculated parameters can
be converted into a rank, according to the variety (Table
5). The ranking of the individual variety by parameters
was different, which was logical against the background
of the different models for their calculation. For two pairs
of parameters s2di with Di and Wi? with StabVar, the rank
ratings for the varieties were completely the same (Table 6).

Mean vs. Stabllity

AXIS22431%

In this complex picture, in which each variety receives a
different rank for the individual parameters, it was very
difficult to assess their stability. Each of the parameters
provided information on various aspects of the the stability
performance of the variety. An effective way to assess its
stability in its entirety relative to others was to present the
data visually (Gabriel, 1971; Kempton, 1984).

Ranking biplot (Total - 77.42%)

PC2 - 29.99%

PC1-47.43%

Figure 2. GGE biplot: (A)- Mean vs. stability for grain yield by PBSTAT 3 and (B)-by Gen Stat 15.

The size of the yield and its stability of each studied
variety, processed in two different versions (programs),
were presented on Figure 2. First. the two main
components of the analysis represented about 80% of
data variation, which was a prerequisite for objective
data analysis. In the PBSTAT program the amount was
PC1 + PC2 = 79.3% (Figure 2A), and in the GenStat
program it was PC1 + PC2 = 77.4%, respectively
(Figure 2B). The solid lines intersecting at right angles
(green at PBSTAT, and blue at Gen Stat) indicated the
yield scales (abscissa, horizontal) and stability (ordinate,
vertical). Second: the small circle (Figure 2A) and the
red one (Figure 2B) on the abscissa was the place of
the “ideal” variety in terms of yield and stability. The
farther the location of the variety from the ordinate, the
higher its yield. The closer it was to the abscissa (its
projection was indicated by a dotted line), the higher its
stability. Third: on Figure 2B, additional red parallel lines
were placed around the abscissa and the ordinate. They

indicated the limits of reliable similarity with the average
level of yield (ordinate) and the average level of stability
(abscissa). In this way, all varieties can be clearly and
accurately compared directly with each other. Fourth: on
the data plane there were also the field locations (Figure
2A). After these brief explanations, let us compare
whether the varieties from the two graphs coincide and
to what extent. It should be noted that only the varieties
(six in number) whose yield was significantly higher than
that of the standard variety and both varieties G7 and
G30, with a yield above the average for the whole group
(Table 4). The most productive varieties G9, G16, G35,
G36, G38, G40 and G17, G30 were present in both parts
of the figure. The stability of G9, G16, G36, G38, G40
and G17 was high enough, while G35 and G30 had lower
stability because their points were outside the red lines
of confidence. As summary of the data on this figure,
it can be argued that the varieties G9, G16, G36, G38
showed high and stable yield in this experiment.
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Figure 3. GGE biplot: (A)- Mean vs. stability for grain yield by GGE Biplot 6.3 and (B) by GEA-R

The location of the varieties in terms of yield and
stability against the background of the study locations
was presented on the next Figure 3.

It presented a similarly high share of the total
variation of the trait of the two main components PC1

PCA biplot of genotypes and stability parameters

-50 0 50
! ! !

PC2

-0.3 -0.2 -0.1 0.0 0.1 0.2 03

PC1

and PC2 (76.5%, Figure 3A, and 79.3%, Figure 3B).
The location of the traced varieties was different in the
two parts of the figure and in principle confirms the
placement of the same cultivars: G9, G16, G35, G36,
G38, G40 and G17, G30.

-60 -40 -20 0 20 40

Figure 4. PCA biplot of genotypes and stability parameters (A) and Plot of hierarchical constellation clustering of varieties for
their grain yield and stability (B), according to statistical package JMP 14

One of the modules of the statistical program used
was related to establishing the relationship between
the individual parameters of stability through principal
component analysis (PCA) (Figure 4). The location of
the vectors of the individual parameters showed their
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relationship to grain yield (Yi). The parameters Ysi (Kang's
yield and stability index), CVi (Coefficient of variation) and
TOP (Fox’s TOP) had the strongest positive correlation,
whose vectors make an acute angle with the yield vector.
The correlation with the yield of the parameters in the



upper left corner of Figure 4A was negative, as follows:
NPi (2), NPi (3), NPi (4) (Thennarasu’s nonparametric
stability parameters), Si (3), Si (6) (Huehn’s nonparametric
stability parameters), s?di (Deviation from regression) and
Di (Hanson’s genotypic stability parameter). All of them
were related to varieties that had high stability, but against
the background of low grain yield for the group. All other
parameters analysed in the group, including Regression
coefficient (bi), had no reliable correlation with yield.

The points of the blue solid line around the yield
vectors and the three parameters Ysi, Cvi and TOP, were
those that had the desired from a breeding point of view
combination between high yield and high stability. These
were the varieties G9, G16, G17, G30, G34, G35, G36,
(38, and G40. Located around the Regression coefficient
(bi) vector, varieties G1, G3, G13, G14, G15, G19, G20,
G27 and G31 had the highest values of this parameter,
which means that their yield would be higher in favourable
environmental conditions (Dobrich and Trastenik). In their
case, the unfavourable conditions in Straldja location
were the reason for the grain yield to be around that of the
standard, without exceeding it (Table 4).

On Figure 4B, the varieties were grouped according
to their ranks of statistical parameters, excluding that of
grain yield. The group surrounded by a continuous red line
were the varieties that had the highest average yield in
the experiment: G9, G16, G30, G35, G36 and G38. The
dashed line indicated a total of eleven varieties, some of
which coincide with those located around the vector (bi) on
Figure 4A. It should be noted that the yield of this group of
varieties was at the level of the standard, without exception
(Table 4). In general, the two groups of varieties in the two
parts of Figure 5 coincide almost completely. This can be
accepted as an additional proof of the correctness of the
cluster analysis made through the JMP 14 program. The
nearby parameters NPi (2), NPi (3), NPi (4), Si (3), Si (6),
s%di, Di and varieties G2, G4, G5, G6, G7, G10, G11, G12,
G25, G32 had a low average yield and significantly higher
overall stability than the others. In this sense, they were
not of breeding interest.

Table 7. The top five varieties with the highest yield at each
location (AMMI, Genstat 15)

The best Locations
Score Dobrich Trastenik Straldja
1 G16 G9 G16
2 G26 G36 G38
3 G36 G30 G36
4 G40 G6 G35
5 G28 G38 G37

The ranking of the first five varieties by yield at each
location showed only three of the whole group were very
productive (Table 7). Only variety G36 showed high yield
in three, varieties G16, G38 - in two locations. Other
seven varieties showed high yields at one of the locations
(G6, G9, G26, G28, G30, G35 and G37). This information
did not show their plasticity or stability but was extremely
important for zoning the exact varieties of this group. This
approach was simple and at the same time very practical
for production in these regions.

Straldja Trastenik Dobrich

Figure 5. Heatmap of G x E of every variety by locations

The number of the most productive varieties by the
standard was six, and if we add the two, which showed
a significantly higher yield than the average vyield for
the whole group of varieties, they became a total of
eight (Table 4). Whether they should also be zoned
is a question answered in Figure 5. The high-yielding
varieties at all three study locations were indicated by
a bracket in the lower right-hand corner of the figure.
Except for G6 and G26, all others were the same as
defined by the analysis in Table 6. The G6 and G26
varieties had lower average yield than the listed varieties
due to their low value at Straldja, which contrasted with
the very high yield in Dobrich of G26 and low of G6.
Probably this was the reason why these samples were
not present in the group of stable varieties determined
by the analysed figures. The LG Avenue (G21) variety
used for comparison had a similar performance to
these two varieties, except that its yield in Dobrich and
Trastenik was stable, but its absolute values were lower
than several other varieties such as G16, G35 and G26.
In fact, its mean yield was drastically low at Straldja,
which was the reason for a mean yield close to the
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average for the whole group, although it ranked 6" in
terms of yield in Trastenik after G38. The varieties that
showed high stability of grain yield were exactly those
that showed relatively high yields in Straldja compared
to the reference variety LG Avenue.

Discussion

The influence of environmental conditions largely
determined the stability or adaptability (adaptation) of
each cultivar (Kang, 2020). This study fully confirmed
this opinion. The variation in yield was significant and
was the result of the strong direct influence of conditions
(80%). The remaining 20% of its change was due to
genotype (9%) and its interaction with conditions (11%).
The variation of grain yield in different varieties had
different size and direction. Evidence of this were the
significantly high values of the second and third of the
main components of variation of PCA, whose total share
was about 44%. In this situation, this was very similar to
the patterns found in other studies (Pour-Aboughadareh
et al., 2022a; Tsenov et al., 2022a). The evaluation of
each variety was a challenge against the background
of the large number of varieties studied (40). Significant
differences were also found between the conditions of
the locations. During the specific research period, in
two of them the conditions were different (Dobrich and
Trastenik), but similar in terms of grain yield. The third
Straldja location was distinguished by conditions in
which the grain yield was significantly lower because
of differences in its climate. The survey locations were
selected in areas that are traditionally grain-producing.
The differences between them, the presence of a strong
interaction of the genotype with the conditions, were
a good prerequisite for studying the reaction of each
cultivar. The big changes in the ranks (ranking) of the
varieties by yield in the individual location, even after
their averaging for the whole period, can be seen even
without a thorough analysis of the data. In this complex
situation, separation from the large group of the most
valuable varieties was mandatory. The main criterion
for evaluation was the size of the grain yield, and its
stability (adaptability) was also important, but here it
was accepted as a second criterion for its evaluation.
Yan (2021) clearly demonstrates that high stability of
the variety was valuable when associated only with high
average productivity. Otherwise, there was a danger
of zoning low yielding but stable varieties, which was
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unacceptable. Insimilar studies, Gx E Interaction patterns
and the need to analyse the stability of varieties in a wide
range of environmental conditions and other cereals
were discussed in detail (Aberkane et al., 2021; Kaya,
2022). The identified varieties that meet the strict criteria
for high yield and high stability were units (Tsenov and
Atanasova, 2015; Desheva and Deshev 2021; Omrani
et al., 2022). Some studies did not even have genotypes
that meet both criteria (Mustatea et al., 2009). What
motivated researchers to persistently search for such
samples was the existing negative correlation between
yield and stability, in general. Progress in breeding for
productivity has been associated with a reduction in
the stability of new varieties compared to older ones
(Aberkane et al., 2021; Bosi et al., 2022; Hanif et al.,
2022). Since the level of yield was always decisive,
stability as such was always secondary, which was the
reason for compromising its size. They were related
to the establishment of stability in some of the studied
environmental conditions (specific stability) (Gubatov
and Delibaltova, 2020; Kaya, 2022). On the other hand,
the breeding has to be carried out in such a way that the
new varieties also had wide stability (Yadav et al., 2021).
Due to the impossibility to predict all climatic or seasonal
anomalies of conditions even in a relatively small area
as Bulgaria, the direction of breeding should be directed
to varieties with broad stability (adaptability) (Tsenov
and Atanasova, 2015; Dimitrov et al., 2022).

The evaluation of the stability of the variety has been
the subject of many studies, especially in cereals, which
are a staple food but are grown under very different
environmental conditions (Mahpara et al., 2022; Pour-
Aboughadareh et al., 2022a). The methods for assessing
the variety were indeed a huge number, which makes it
difficult to choose them compared to the requirements for
their correct application in the specific field experiment
(Pour-Aboughadareh et al., 2022b). Therefore, the most
popular models AMMI and GGE (Neisse et al., 2018; Naik
et al., 2022; Omrani et al., 2022; Pour-Aboughadareh
et al., 2022b) were chosen for evaluation, which give
a visual idea of yields and its stability of each variety,
compared to the others, against the background of the
conditions in the study locations. This approach of visual
comparison between figures from different software
products (PBSTAT, GenStast and GGE Biplot) proved
to be appropriate because it saved the usual analysis
of information on correlations between yield and each
individual stability parameter, which is different for each



of them. This was a prerequisite for conditionality in
the choice of precisely defined parameters by which to
determine the varieties that meet the both set criteria,
although it was quite possible (Vaezi et al., 2019; Tsenov
etal., 2022a, 2022b).

The six varieties identified in this study (G9, G16,
G35, G36, G38 and G40) had high ecological stability in
combination with high yields at all three study locations.
These important, for their zoning, characteristics have
been proven in an indisputable way, through all the
statistical approaches used here. All these varieties
(G9 = ABC Aldo, G16 = ABC Grosso, G35 = ABC
Lombardya, G36 = ABC Klausius, G38 = ABC Zigmund
and G40 = ABC Navo) were created after having been
tested in several parts of the country. At five locations
in Iran over a two-year period, Omrani et al. (2022)
investigated some of the varieties analysed here. They
found a combination of high yield and stability in several
varieties: ABC Sigmund and ABC Lombardy, Riana
(G31) and A 47/415 (G17). Here, as in several other
studies (Curin et al., 2021; Bosi et al., 2022; Hanif et
al., 2022), the new varieties outperformed the old ones.
They had higher productivity than the two varieties
used as checks: Pryaspa (G10) and LG Avenue (G21),
which had grain rankings of 34 and 16, respectively.
In terms of stability, the Prayspa standard (G10) was
in the group of highly stable varieties, and LG Avenue
(G21) was in the group of medium stable ones. Some
of the new and “advanced” lines (G13, G14, G17 and
G19), whose yield was like the LG Avenue standard,
have shown significantly lower stability than the average
for the whole studied group of varieties. On the other
hand, some of the cultivars created at the beginning
of the 21% century (G24 = Presiana, G26 = Alice, G27
= Bilyana, G28 = Vyara and G31 = Riana) have high
stability, but in combination with significantly lower
productivity than LG Avenue. The latter was the most
widely used wheat variety in the country due to its high
yield. According to the degree of stability of the yield, it
ranked between 18" and 30" (according to the different
stability parameters). This means its stability is relatively
low. The probable reason for this was its ability to ripen
early (early ripening), which was valuable in the seasons
when in June (maximum rainfall in the country) rainfall
was below normal and with a normal autumn-winter
supply of soil moisture. This was especially indicative
of two of the three locations: Dobrich and Trastenik. In
the case of normal or above-normal rainfall during grain

filling, the late varieties had a significant advantage over
LG Avenue, as long as they had the genetic potential
for high yields. Kaya (2022) reported a similar situation
regarding the stability of varieties with different growing
seasons in Turkey. Such were the varieties G16 = ABC
Grosso and G40 = ABC Navo, which ripened on average
4-5 days after the French variety. Two other varieties
with an excellent combination of yield and stability were
(G9) ABC Aldo and (G35) ABC Lombardy, which were
also early but had a longer grain filling period due to their
“stay green” effect before ripening. These two cultivars
have shown high and stable grain yields in contrasting
conditions at five locations in Iran (Omrani et al., 2022),
which was direct evidence of their high breeding and
grain production value.

Conclusion

In specific conditions of the field experiment, six
varieties have been identified: ABC Aldo (G9), ABC
Grosso (G16), ABC Lombardya (35), ABC Klausius (G36),
ABC Zigmund (G36) and ABC Navo (G40), the mean
yields of which were proven to be higher than those of the
check variety. Their high productive potential was realized
to a degree that guarantees high stability in the changing
conditions of the grain-producing regions of the country.
The used actual statistical models for stability assessment
were effective for objective determination of all possible
levels of combination between yield and stability of the
studied varieties. Combined breeding, accompanied by
preliminary tests of many promising advanced lines in
a variety of growing conditions, was a prerequisite for
success in efforts to combine in one genotype high yield
and high stability.
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