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Abstract

In the period 2019-2023 in the field of irrigated agriculture experimental station Pazardzhik on cinnamon forest soil at
humus 1.2-1.5% and pH 5.5-6 is set trial, which includes 9 varieties of common winter wheat selection of IPGR Sadovo.
The stability of yields and its elements -1000 grains weight, and test weight, kg/hl Yield stability and grain physical
properties of the varieties were evaluated using the stability variants oi2 and Si2 of Shukla (1972), the ecovalance Wi of
Wricke (1962) and the phenotypic stability criterion (Ysi) of Kang (1993). IPCSSVKYSI (Interactive program for
calculating Shukla’s stability index (Ysi)) developed by Kang and Magari (1995) was used to determine the stability
index. The objective of our study was to evaluate the stability of common winter wheat cultivars grown in the Pazardzhik
region. The results of this study will enable us to make an even more complete evaluation of the varieties of the IPGR
Sadovo breeding of common winter wheat. Phenotypic stability is particularly important for practice.
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INTRODUCTION

Wheat is one of the most important crops grown
globally and plays a critical role in ensuring
global food security (Gooding & Shewry, 2022;
Gooding, 2023). Different forms of this species
are cultivated, which are also related to its
intended use and further uses. In the temperate
climate of Central Europe, the most popular form
is winter wheat, characterized by high yields and
good baking properties (Oleksiak et al., 2022).

Despite continued progress in breeding new
varieties, wheat yield remains highly dependent
on the interaction between genotype and
environment. Climate change, driven by global
warming, exerts a substantial influence on
agricultural production, particularly in areas
reliant on rain-fed agriculture (Farrell et al.,
2023). These areas are particularly susceptible
to climatic conditions (Jiang et al., 2022).
Climate warming directly alters the water cycle
and precipitation patterns, resulting in increased
dry-wet annual variability of precipitation
(Malakouti, 2023; Zhang & Zhou, 2020).
Therefore, gaining insight into the dynamics of
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meteorological factors and their impact on
agricultural productivity is of importance for
predicting future climatic trends and devising
sustainable agricultural production strategies
(Guet al., 2017).

According to the World Bank of Development
Report (WBDR), namely, The Changing Nature
of Work published in early 2019, Bulgarian
agriculture will be strongly influenced by
climatic changes now and in the next 20-30
years. According to the ex-perts, agriculture
plays a key yet disproportionate role in the
socioeconomic fabric of rural Bulgaria (World
bank, 2019).

In Bulgaria, there are regional differences in the
likelihood of negative impacts from drought and
flooding, as well as differences in the
vulnerability, resilience and adaptive capacity of
rural populations to climate change (Georgieva
et al., 2022).

Genotype * environment (GE) interaction
means that varieties respond differently to
changes in growing conditions. Relative ranking
of the performance of a group of cultivars under
different environmental conditions gives



different results. Even among specific, regio-
nally adapted breeding forms, it is difficult to
select the best genotype because of the varia-
bility of yields in different years of observation
and under different environmental conditions

In general, potential yield in dry years is
strongly influenced by rainfall. Furthermore,
inter-annual variations in rainfall are the main
determinants of winter wheat yield in specific
growing seasons without supplemental irrig-
ation (Wang et al, 2025). Genotype x environ-
ment (GE) interaction means that varieties
respond differently to changes in growing
conditions. Relative ranking of the performance
of a group of cultivars under different
environmental conditions gives different results.
Even among specific, regionally adapted
breeding forms, it is difficult to select the best
genotype because of the variability of yields in
different years of observation and under
different environmental conditions

In general, potential yield in dry years is
strongly influenced by rainfall. Furthermore,
inter-annual variations in rainfall are the main
determinants of winter wheat yield in specific
growing  seasons  without  supplemental
irrigation (Wang et al., 2025). Current winter
wheat varieties will maintain their potential
productivity, but actual yields will be strongly
influenced by the duration of drought periods
(Kazandjiev et al., 2023) GxE interactions have
been used in various methods to characterize the
response  of  genotypes to  changing
environments along with the average value of
quantitative traits tested (Mohammadi et al.,
2009; Christov et al., 2010; Hilmarsson et al.,
2021). Research on this interaction is crucial for
the stability and adaptability of varieties to
different agro-climatic conditions. Genotype-
environment interaction is defined as the
variation in performance of different genotypes
caused by specific environmental conditions.
This phenomenon makes direct selection of
high-yielding varieties difficult, as genotypes
may show different behaviour depending on the
location and year of cultivation. Various
statistical and graphical methods are used to
analyse the GXE interaction. Among the most
common are: AMMI (Additive Main Effects and
Multiplicative Interaction) analysis, a method
that combines analysis of variance with
principal components to identify stable
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genotypes (Gauch, 2020). GGE Biplot analysis,
a graphical method that represents genotype and
environment interaction effects, allowing
identification of the most productive and stable
varieties (Yan & Tinker, 2019).

The objective of our study was to evaluate the
stability of common winter wheat cultivars
grown in the Pazardzhik region. The results of
this study will enable us to make an even more
complete evaluation of the varieties of the IPGR
Sadovo breeding of common winter wheat.
Phenotypic stability is particularly important for
practice.

MATERIALS AND METHODS

In the period 2019-2023 on the field of irrigated
agriculture experimental station Pazardzhik on
cinnamon forest soil at humus 1.2-1.5% and pH
5.5-6 is set trial, which includes 9 varieties of
common winter wheat breeding of IPGR
Sadovo. It is located in southern Bulgaria, in the
central part of the Upper Thracian Lowland,
north of the Rhodope Mountains, along the
Maritsa River. It was laid out using the long strip
method in four replications with a harvest plot
size of 10 m?. The sowing rate is 550 gs/m>.
Fertilization was with phosphorus (20 kg/da),
applied as triple superphosphate presowing. The
entire nitrogen fertilizer rate was applied as Ni2
(applied as ammonium nitrate). The stability of
yields and its elements -1000 grains weight, g by
weighing two samples of 500 grains (BSS ISO
520:2003) and test weight, kg/hl according to
BSS ISO 7971:2000 of varieties of common
winter wheat were determined.

Analysis of variance (ANOVA) and variational
analysis was performed to determine the
significance and influence of individual factors.
The coefficient of variation was calculated. It is
accepted that the variation is considered weak if
the coefficient of wvariation is up to 10%,
medium - when it is greater than 10% and less
than 20%, strong - when it is over 20% (Dimova
& Marinkov, 1999).

Yield stability and grain physical properties of
the varieties were evaluated using the stability
variants ci> and Si*> of Shukla (1972), the
ecovalance Wi of Wricke (1962) and the
phenotypic stability criterion (Ysi) of Kang
(1993). IPCSSVKYSI (Interactive program for
calculating Shukla's stability index (Ysi))



developed by Kang & Magari (1995) was used
to determine the stability index.

RESULTS AND DISCUSSIONS

Multilocation trials - used for breeding of
varieties with high adaptability in different agro-
ecological conditions (Bhatta et al., 2022).
Different climatic conditions - temperature,
rainfall, soil characteristics - have a significant
impact on yield. Studies have shown that, high
temperatures can reduce yield by up to 20% due
to shortening of the growing season (Lobell et
al., 2018). Moisture deficiency leads to reduced
biomass and poor grain quality (Yang et al.,
2020). High soil fertility promotes varietal
resistance under stress conditions (Sharma et al.,
2023). Modern breeding programs aim to
develop varieties with higher yield stability

under different environmental conditions.
Genetic selection combined with molecular
markers allows identification of genes

associated with drought and temperature stress
tolerance (Singh et al., 2019). In addition,
integrating  predictive models of GxE
interactions helps develop cultivars that exhibit

environment interactions in common wheat is
essential for improving breeding programs and
ensuring stable yields under changing climates.
The development of new methodologies for
analyzing GxE interactions, combined with
advances in genetics, will play a key role in the
future selection of high-yielding, resistant
varieties.

Table 1 presents the tracking data for
precipitation and monthly mean temperature for
the period 2019-2023. Deviations are observed
for both monitored indicators. For average
monthly temperatures from October to February
inclusive, there is a trend of: an increase
compared to the norm of the 70-year period, and
for the months of March to May a decrease from
minus 0.7 to minus 4.1°C. There is a shift of the
'winter or cool months. For the indicator rainfall
sum, in two of the five years the values are lower
than the norm (2018/2019; 2022/2023), with a
difference of more than 135 mm in the growing
season 2022/2023. In 2019/2020, rainfall is
close to normal. In 2020/2021 and 2021/2022,
more precipitation fell, but it was unevenly
distributed. In all five years of the study, lower
than normal rainfall during the phases heading,

greater stability. Research on genotype-  flowering and beginning of grain filling.
Table 1. Deviations in precipitation and average monthly temperatures for the period 2019-2023
Months/ ‘ X ‘ X1 ‘ X1 1 1 ‘ il ‘ v ‘ \% ‘ VI
Year
rainfall deviation, mm
2018-2019 -28.3 20.1 -24.8 -16.5 -19.1 -34.4 14.6 -29.1 72.5
2019-2020 -31.7 56.2 -32 -34.1 -9.3 76 34.8 -32 -22.1
2020-2021 24.4 -38.2 1.7 44.6 -8.5 -2.3 30 -174 17.6
2021-2022 121 -35.5 20.6 5 17.1 -17 4.8 -48.6 -5.7
2022-2023 -35.6 -20.4 -17.8 -5.9 -28.1 -4.5 10.1 -19.6 -14.5
deviation at mean monthly temperature, °C

2018-2019 0.9 0.3 0.2 2 2.1 3.6 -0.3 -1.6 1.8
2019-2020 1.8 33 1.9 2.8 4 2.1 -0.9 -1.8 0.3
2020-2021 2 -0.1 33 2.8 2.9 -0.7 0.1 -1.9 0.5
2021-2022 -1.7 0.9 1.5 25 25 -1.4 0 -0.8 1.7
2022-2023 1.3 2.7 34 S 32 1.7 -0.7 -4.1 0.8

The yield and quality based performance of all
tested genotype in breeding experiments is the
result of the interaction among genotypes, and
environmental factors (Akcura & Kaya, 2008).
Therefore, evaluating and increasing the yield
potential of genotypes in different ecologies in
variable climatic conditions is given high
importance as an important selection criteria in
Turkish wheat breeding programs (Bilgin et al.,
2016). Besides these, many other factors like
crop rotation, tillage, fertilization, genotype,
biotic and abiotic factors could also affect yield
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and grain yield potential of wheat varieties in a
region (Pepo & Kovacevic, 2011). Therefore
would be new varieties are tested in different
environments, to facilitate recommending them
for different regions (Yasar et al., 2020)
depending on their compatiblity with local
ecologies. Kaya & Akcura (2014) and Nehe et
al. (2019) suggest that genotypes and
environment including precipitation have the
main effect on grain yield and quality
characteristics of bread wheat are very important
in multilocation experiments.



Table 2 presents the grain yield results for the
wheat varieties studied. The data from our table
show that the highest average yield for the study
period was recorded in the variety Sashets -
652.2 kg/da, and the lowest result was shown by
the variety Pobeda - 547.0 kg/da. In eight
genotypes there was an excess of the trait
compared to the standard, but the differences

were  not  mathematically  signifficant.
Comparing the individual yield values in
different years, it can be seen that in the 2022
crop year the lowest average yields were
recorded - 438.7 kg/da, while the maximum
grain yield was recorded in 2020, with three
wheat varieties recording yields of over 700
kg/da.

Table 2. Average yield of winter common wheat for the period 2019-2023

Grain yield, kg/da . % to

Ne Genotyp 2019 2020 2021 | 2022 2023 X =D Sign. standard
1 Sadovo 1 st 606.7 6559 | 5760 | 4420 | 6310 5823 100
2 Pobeda 587.9 5834 | 5390 | 4140 | 6105 547.0 353 s, 93.9
3 Murgavets 6323 6988 | 6300 | 4070 | 6455 602.7 204 ns. 103.5
4 Boryana 659.6 7044 | 7140 | 4690 | 603.0 630.0 477 s, 108.2
5 Geya 689.1 727.1 6580 | 4560 | 5950 625.0 07 ns. 107.3
6 Former 5355 5977 | 6740 | 4520 | 5865 569.1 132 s, 97.7
7 Gizda 662.7 7695 | 7130 | 4475 | 5700 632.5 502 s, 108.6
8 Nikibo 6794 6336 | 6210 | 4350 | 5790 589.6 73 s, 101.2
9 Ginra 646.3 6664 | 6690 | 4330 | 6255 608.1 25.7 ns. 104.4
10 Nadita 640.0 6720 | 6640 | 4470 | 6010 604.8 25 s, 103.9
1 Sashels 685.0 7300 | 7320 | 4230 | 6910 652.2 69.9 ns. 112.0

Mean 6386 6763 | 6536 | 4387 | 6125 603.9

Minimum 535.5 5834 | 5390 | 4070 | 5700 547.0

Maximum 689.1 7695 | 7320 | 4690 | 691.0 6522

Std. Dev. 30.7

Coef. Var. 9.3

Standard error 5.1

GD 5.0%-74.6, GD 1.0%=98.7, GD 0.1%127.3

+ -+ + - -+ ++ - -, signifficant at GD 5.0%, GD 1.0% and GD 0.1%; n.s. - not significant

For the milling industry, the so-called milling
qualities of wheat are of crucial importance.
This concept covers a complex of physical
particularityof the grain, such as test weight
(density), large (size), vitreous, etc., which have
a significant influence in the process of
preparation and milling of the grain and
determine the yield and quality of the flour
(Tsenov et al., 2015; Nazarenko et al., 2020).
Determination of the test weight is adopted by
all state standards as an important trait of the
quality of grain raw materials. A grain with a
high test weight is well developed, plump and
contains relatively more endosperm and less
shell. Determination of grain density is an
indicator of the overall quality and initial
evaluation of the grain. (Bern & Brumm, 2009).
The reported mean values of test weight (Table
3) ranged from 69.28 (Geya) to 75.60 (Pobeda)
kg/hl. Three genotypes were above the standard
level and their difference with Sadovo 1 was
mathematically assured. In the 2020 crop year,
the genotypes studied realized the highest
average value of the trait - 78.01 kg/hl, while the
lowest test weight was recorded in 2022 -71.50
kg/hl.

The 1000 kernel weight is an important indirect
trait that characterizes the grain size, its milling
quality (therelative content of endosperm, as
well as the potential yield of flour with a low ash
content), and determines its quality as seed
material (Taneva et al., 2014; Ivanov, 2019).
The hereditary validity of individual quality
parameters is undoubtedly an established fact.
The varietal determination of the grainweight is
strongly manifested. It is believed that a larger
and heavier grain is distinguished by a greater
potential for flour yield, although this
dependence has not been mathematically
significant (Ivanov, 2019; Nazarenko et al.,
2020).

The results obtained for the trait 1000 grains
weight (Table 4) ranged from 33.20 (Gizda) to
4424 g (Geya). On four wheat varieties, the
reported value of the trait exceeded that of the
standard, and in two of them the difference was
mathematically significant. In 63.6% of the total
varieties tested, the 1000 grains weight was
above 40 g. The highest mean values were re-
corded in 2019 (44.98 g), while the most unfa-
vorable year for the studied trait appeared to be
2022 with a mean value of the trait of 33.13 g.
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Table 3. Test weight of common winter wheat varieties for the period 2019-2023

Test weight, kg/hl . % to

e Genotyp 2019 2020 2021 | 2022 2023 X +D Sign. standard
1 Sadovo | —st. 73.26 77.84 72.58 73.90 73.10 74.14 100
2 Pobeda 75.48 78.84 75.46 73.00 75.20 75.60 1.46 +++ 102.0
3 Murgavets 72.78 78.12 73.12 70.80 72.50 73.46 -0.67 - 99.1
4 Boryana 71.01 80.40 74.07 72.80 72.20 74.10 -0.04 n.s 99.9
5 Geya 68.66 73.35 68.19 67.10 69.10 69.28 -4.86 - 93.4
6 Fermer 72.94 77.88 72.60 72.40 73.00 73.76 -0.37 - 99.5
7 Gizda 74.65 78.89 73.56 72.00 74.80 74.78 0.64 +++ 100.9
8 Nikibo 71.39 75.07 71.70 70.10 71.90 72.03 -2.10 - 97.2
9 Ginra 73.79 78.82 75.77 71.20 73.10 74.54 0.40 +++ 100.5
10 Nadita 73.10 79.06 74.14 71.80 72.50 74.12 -0.02 n.s 100.0
11 Sashets 73.20 79.80 73.86 71.40 72.70 74.19 0.06 n.s 100.1

Mean 72.75 78.01 73.19 71.50 72.74 73.64

Minimum 68.66 73.35 68.19 67.10 69.10 69.28

Maximum 75.48 80.40 75.77 73.90 75.20 75.60

Std. Dev. 1.69

Coef. Var. 0.51

Standard error 23

GD 5.0%=0.22; GD 1.0%=0.30; GD 0.1%=0.38

+ -+ + - -+ + + - -, signifficant at GD 5.0%, GD 1.0% and GD 0.1%; n.s. - not significant

Table 4. Weight per 1000 grains of common winter wheat varieties for the period 2019-2023

1000 grains weight, g . )

Ne Genotyp 2019 2020 2021 2022 2053 3 +D Sign. % to standard
1 Sadovo 1 —st. 48.42 43.30 38.20 36.40 43.20 41.90 0.00 100
2 Pobeda 43.30 38.30 39.20 32.28 43.30 39.28 -2.63 - 93.7
3 Murgavets 43.22 42.46 41.10 35.20 45.20 41.44 -0.47 n.s 98.9
4 Boryana 46.56 44.38 42.14 34.62 42.40 42.02 0.12 n.s. 100.3
5 Geya 49.34 44.66 44.26 33.52 49.40 44.24 2.33 -+ 105.6
6 Fermer 45.32 40.88 37.92 33.84 41.40 39.87 -2.03 -+ 95.2
7 Gizda 35.84 34.94 33.10 26.32 35.80 33.20 -8.70 o 79.2
8 Nikibo 46.28 43.50 42.14 38.50 44.70 43.02 1.12 + 102.7
9 Ginra 44.72 43.06 41.06 31.80 42.80 40.69 -1.22 - 97.1
10 Nadita 45.51 36.52 36.92 30.16 40.30 37.88 -4.02 -— 90.4
11 Sashets 46.30 42.20 45.16 31.84 45.40 42.18 0.28 n.s 100.7

Mean 44.98 41.29 40.11 33.13 43.08 40.52
Minimum 35.84 34.94 33.10 26.32 35.80 33.20
Maximum 49.34 44.66 45.16 38.50 49.40 44.24
Std. .Dev. 3.01
Coef.Var. 091
Standard error 74
GD 5.0%=0.22; GD 1.0%=0.30; GD 0.1%=0.38

+ -4+ - -+ + + - - signifficant at GD 5.0%, GD 1.0% and GD 0.1%; n.s. - not signiffican

The calculated coefficient of variation for
thestudied traits shows that the variation is
estimated to be low (CV>10%) according
Dimova & Marinkov (1999).

Analysis of genotypex interaction is particularly
import ant for the breeding process (Yan &
Hunt, 2001). Very often, high yield stability is
associated with low levels of manifes tation, and
vice versa (Tsenov et al., 2004; Atanasova et al.,
2010).

Table 5 presents the analysis of variance, where
the strength of influence of genotype,
environment and their interaction factors on the
occurrence of the studied indices were
evaluated.
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The data from the analysis determined a leading
influence of environment conditions on all three
studied indicators, with 1) values ranging from
60.4 (1000 grains weight) to 68.6% (grain
yield). The second most influential factor was
genotype for the test weight (61.2%) and 1000
grain weight (60.4%) traits, while the interaction
of genotype x environment conditions factors
had a minor influence on the occurrence of the
grain yield trait, with a value of 0=9.9%. The
influence of the sources of variation genotype,
environment and their interaction was
signifficant at a=0.001, the only exception being
observed in grain yield where the influence of
year was mathematically assured at 0=0.01 level
of confidence.



Table 5. Analysis of variance (ANOVA) for grain yield from common winter wheat

Indicator Sources of variation SS df MS F exp. F tab. D% Sig.
Genotype - factor A 141294.0 10 14129.4 6.6 33 8.1 ok
Environment - factor B 11973544 4 299338.6 140.9 5.0 68.6 ok
Grain yield | Interaction - AxB 1723114 40 4307.8 2.0 1.8 9.9 o
Error 233750.0 110 2125.0 13.4
Total 1744709.8 164 100.0
Genotype - factor A 428.4 10 42.8 22439 33 312 o
Environment - factor B 840.1 4 210.0 11001.3 5.0 61.2 ok
Test weight | Interaction - AxB 101.7 40 2.5 1332 2.1 7.4 ok
Error 2.1 110 0.0 0.2
Total 1372.3 164 100.0
Genotype - factor A 1355.6 10 135.6 4184 33 30.3 FHE
. Environment - factor B 2699.0 4 674.7 2082.5 5.0 60.4 ok
logggst‘“s Interaction - AxB 3787 40 95 292 2.1 8.5 o
Error 35.6 110 0.3 0.8
Total 4469.0 164 100.0

SS - sum of squares; gf - degrees of freedom; MS - variance; F exp. - F experimental; F tab. - F tabular; 1 - force of influence of the factor (%);** -

significant at a=0.01 *** - significant at o =0.001

A very important condition for determining the
stability and adaptability of genotypes with
respect to the trait yield is the presence of a
proven interaction between the studied
genotypes and the conditions of the environment
in which they are grown (Uhr, 2015; Ivanov et
al., 2018). Based on the signifficant influence of
growing conditions on the manifestation of the
studied traits in the analysis of variance gives us
the basis to evaluate the studied genotypes also
by their stability of the studied traits under
different climatic conditions. The calculated
variance stability ci®> and Si®> by Shukla, the
Wricke's ecovalence Wi? and the Kang's stability
criterion Y'Si are presented in Tables 6, 7 and 8.
Varieties showing lower values for the
parameters ci2, Si>, Wi are judged to be more
stable because they interact less with the
environmental conditions.

Negative values of the indicators i’ and Si” are
assumed to be 0. At high values of the para-
meters - oi2, SiZ, W2 genotypes are considered

as unstable. The results obtained for the stability
of yield in the criteria ci%, SiZ, W2 (Table 6)
show that the highest stability in the indicator of
grain yield possess the varieties Nadita and
Ginra. These genotypes interact less with
environmental conditions and their yield is at a
relatively constant level. The varieties Gizda
and .Fermer are characterised as not stable in
terms of yield, with large differences from year
to year in the values obtained for the trait.

A comprehensive assessment of the integrity of
genotypes is given by the Kang criterion (YSi).
It is based on a simultaneous evaluation of the
values of realized grain yield and its stability
over the different climatic years. According to
this criterion, genotypes are ranked in
descending order, with those with the lowest
values being the most economically valuable. In
our study, Boryana, Ginra and Nadita can be
likened as such varieties combining high and
stable yield over the years.

Table 6. Stability parameters for the grain yield of common winter wheat in terms of years

Ne Variety GY % s% wi? YSi
1 Sadovo 1 st. 582.3 1512.7 598.5 5472.8 16
2 Pobeda 547.0 2502.3 842.4 8711.8 20
3 Murgavets 602.7 814.8 325.1 3188.8 11
4 Boryana 630.0 602.0 3543 2492.5 6
5 Geya 625.0 921.3 478.1 3537.6 9
6 Fermer 569.1 3511.1 1268.3 12013.1 21
7 Gizda 632.5 3078.9 1215.7 10598.6 12
8 Nikibo 589.6 1264.4 631.0 4660.3 14
9 Ginra 608.0 -4.1 65.3 508.7 7
10 Nadita 604.8 -59.9 40.8 326.3 7
11 Sashets 652.2 16554 218.0 5940.0 9

GY- grain yield (da); o% - Shukla’s stability variance; s? - deviation from redression; Wi? - Wricke’s ecovalence; YSi - Kang’s criterion

The calculated parameters of phenotypic varieties ~ Murgavets and  Geyal are

stability in test weight (Table 7) show that the
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characterized by the highest stability of the



indicator according to the criteria 6% and W72,
and according to the stability variant s% variety
Sashets ranks first, followed by Murgavets. As
unstable and high fluctuations in test weight
values we can liken Boryana, Sadovo 1 and

Table 7. Stability parameters for the test weight of common winter wheat in terms of years

Ginra. The varieties distinguished by high test
weight values and good stability according to
Kang's criterion (Y Si) are the genotypes Pobeda,
Nadita and Sashets.

Ne Variety TW, x o’ s% Wi YSi
1 Sadovo 1 st, 74.14 1.524 0.530 5.30 15
2 Pobeda 75.60 0.646 0.194 242 7

3 Murgavets 73.46 0.033 0.032 0.42 10
4 Boryana 74.10 3.102 1.008 10.46 18
5 Geya 69.28 0.239 0.137 1.09 13
6 Fermer 73.76 0.270 0.132 1.19 12
7 Gizda 74.78 0.667 0.351 2.49 10
8 Nikibo 72.03 0.663 0.062 2.48 17
9 Ginra 74.54 1.308 0.638 4.59 12
10 Nadita 74.12 0.247 0.093 1.12 9

11 Sashets 74.19 0.620 0.028 2.34 9

TW- test weight (kg/hl); 6% - Shukla’s stability variance; s% - deviation from redression; Wi? - Wricke’s ecovalence; YSi - Kang’s criterion

The results obtained for 1000-grain weight
(Table 8) show that high stability over the study
period was found in the cultivars Gizda, Pobeda,
and Nikibo, while Sashets and Sadovo 1,
characterized by the highest values of the

stability variants %, s%, and Wy, can be
indicated as not stable. Boryana and Nikibo
appear to be the most valuable according to
Kang's criterion (YSi), combining high trait
values and good stability across climatic years.

Table 8. Stability parameters for the 1000-grain weight of common winter wheat in terms of years

Ne Variety 1000 GW, x % % we YSi
1 Sadovo 1 st. 41.90 5.942 2.876 20.59 15
2 Pobeda 39.28 1.375 0.795 5.65 11
3 Murgavets 41.44 2.708 0.914 10.01 12
4 Boryana 42.02 1.963 1.052 7.57 9
5 Geya 44.24 5.328 0.674 18.58 10
6 Fermer 39.87 1.575 0.804 6.30 12
7 Gizda 33.20 1.060 0.442 4.62 12
8 Nikibo 43.02 2.931 0.083 10.74 9
9 Ginra 40.69 1.428 0.692 5.82 10
10 Nadita 37.88 4234 1.760 15.01 18
11 Sashets 42.18 6.171 2350 21.34 14

1000 GW- 1000 grain weight (g); % - Shukla’s stability variance; s% - deviation from redression; Wi? - Wricke’s ecovalence; YSi - Kang’s criterion

CONCLUSIONS

In the conditions of the Pazardzhik region:

- The highest average grain yield was realized
by the Sashets variety;

- The maximum value of the trait test weight was
recorded in variety Pobeda and the best result in
the 1000 grains weight showed variety Geya;

- The leading influence on the phenotypic
manifestation of the studied traits had the
growing conditions.

The following genotypes can be singled out as
the most valuable from the breeding point of
view, distinguished by a good combination of
high and stable results under different climatic
conditions:

- Ginra: high and stable value of the trait grain
yield,;

- Sashets: high and stable value of the trait test
weight;

- Nikibo: high and stable value of the trait 1000
grains weight.

The obtained data can be used in the selection
and improvement work in the creation of new
varieties of winter wheat, distinguished by
quality stability and high values of the traits
yield, test weight and 1000 grains weight.
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