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Abstract

Tsenov, N., Gubatov, T. Yanchev, I. & Sevov, A. (2022). Estimation of heritability and genetic advance for grain
yield and its components in common wheat (Triticum aestivum L.). Bulg. J. Agric. Sci., 28(3), 459—469

The study was organized in order to determine the influence of environments and the real possible genetic progress after
selection of traits, directly related to grain yield in wheat. A multifactor field experiment was organized which included forty
samples of winter common wheat grown during the period 2017-2019 in three test locations of Bulgaria. The data collected
were used to track changes in the components of productivity, their correlations and the genetic progress that could be made in
each of them by selection. The variation within 10-20% of each of the traits is mainly due to the interaction of the genotype by
location. As a result, the characters change extremely inadequately to the change of conditions, which is proved by applying
a principle component analysis. The established inheritance coefficients, correlations between traits and their genetic progress
show that by applying a differential approach by selection on specific traits, grain yield could be increased up to 20% compared
to its current level. The results are an occasion to think about a new breeding strategy in terms of creating a new “ecotype”
variety, in which genetic progress in grain yield will be guaranteed.

Keywords: wheat; grain productivity; correlations; heritability, genetic advances
Abbreviations: (GY) — Grain yield, t/ha; (NPT) — Number of productive tillers per m?; (TGW) — Thousand grain
weight; (NGS) — Number of grains per spike; (WGS) — Grain weight per spike; (NGm) — Number grains per m?;

(TBM) — Total aboveground biomass; (HI) — Harvest index and (HOS) — Height of stem.

Introduction

The classical breeding of wheat is based on a selection by
various traits or indexes, mainly by phenotype (Fischer & Reb-
etzke, 2018). The traits that determine the yield directly have
different correlations with each other. In pursuit of a specific
“biotype” for the variety, it is important to know these depen-
dencies in order to be able to build the right strategy to be im-
plemented in the long run. Knowledge of biological and spe-
cifically interdependent is a prerequisite for successful genetic
progress in grain productivity. It depends on the interactions of
the genotype with the environment in each of the traits, which,

even if they change differently, eventually have to be combined
with each other, so that ultimately to determine the size of grain
yield (Keser et al., 2017; Bassi & Nachit 2019). It is therefore
important to collect information on each quantitative trait that
changes as a result of genotype by environment interactions
(GEI), because this will lead to a more successful combination
between them in changing environmental conditions (Gerard et
al., (2020; Muhammad et al. , 2020).

In cereals, there are a large number of studies on the es-
tablishment of genetic control over traits of productivity, their
variation and possible genetic progress after selection (Ta-
neva et al., 2019; Jaiswal et al., 2020; Ferreira et al., 2020;
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Dyulgerov & Dyulgerova , 2020). This is also aimed at studies
related to various aspects of grain quality (Devesh et al., 2018;
Taneva et al., 2019; Singh et al., 2020). The reason for this is
based on the great variety of soil and climatic conditions in
which the crops are grown, as well as the diverse varietal com-
position by species (spring or winter) and with specific biolog-
ical and economic qualities. Different conditions sometimes
cause a significant change in the direction and magnitude of
the correlations between the determinants of yield or quality
traits, which make it difficult to gather objective information
(Gubatov et al., 2016; Slafer et al., 2014; Xiong et al., 2020).
The genotype by environment interaction causes additional
dispersion of variation, which further “masks” the identifica-
tion of correlations between traits affecting grain yield (Quin-
tero et al., 2018; Yang et al., 2019; Xiong et al., 2020). The
interaction with the environment (GEI), as well as with other
technological factors for example (fertilization, predecessor,
sowing density, date of sowing, etc.) specifically affects the
various traits, causing changes in them with a linear or diffi-
cult to analyze nonlinear nature (Ivanova and Tsenov, 2011;
Rajici¢ et al., 2020). Changes in each trait affect both yield
and other related traits due to their existing biological propor-
tions (Djuric et al., 2018). This refers to traits whose magni-
tudes are formed antagonistically (negative correlation), such
as grain size (TGW) and number of grains per spike (NGS)
in wheat (Mandea et al., 2019; Tsenov et al., 2020%). Even in
the presence of factors that drastically change the correlations
(fertilization, stress), the cited correlations invariably remain
strongly negative with each other, despite the fact that each of
them directly and significantly affects grain yield (Tsenov et
al., 2021%). This is the case with the characteristics of produc-
tive tillers (NPT), grain size (TGW) and number of grains per
spike (NGS), each of which has a strong negative relationship
with each of the others. For these reasons, in order to make
progress in breeding for productivity, these complex relation-
ships must be studied in as much detail as possible in order to
be used by breeding as rationally as possible. (Lichthardt et al.,
2020; Passiora, 2020). All this requires the study of the limits
of variation of traits related to yield, as well as their genetic
control, which in turn can be associated with the effectiveness
of the selection. (Al-Otayk, 2019; Yacoubi et al., 2020).
Studies on the progress of wheat yields show that success
can be achieved by selecting single or a set of several traits in
parallel. They vary by region, according to climate and type
of wheat (common or durum). What unites a large part of the
conducted studies is the essential role on the grain yield of the
aboveground biomass and the harvest index traits. (Wu et al.,
2013; Reynolds et al., 2017; Mathew et al., 2018). The latter is
increased mainly by increasing the number of grains per unit
area (Desheva, 2016; Raykov et al., 2017; Gerard et al., 2020),

or by increasing the grain weight per spike (Sadras & Lawson,
2011). It is clear that the increase in yield can be done by se-
lective pressure on traits or a set of traits that are effective but
different according to the specific environmental conditions.

On the Balkan Peninsula, where the most cultivated crop is
wheat, the conditions for it are extremely variable (Kazandjiev
et al., 2011; Spiridonov & Valcheva, 2017; Pais et al., 2020).
This affects grain yield and the traits that determine it, differ-
ently, according to the conditions of the particular season (Mi-
hova et al., 2017; Herrera et al., 2020). The achieved plateau
in the genetic control of grain yield (Tsenov et al., 2019) of 10
tons per hectare at the current combination of traits that deter-
mine it (Tsenov et al., 2021°) can no longer meet the expecta-
tions of farmers for more high grain yields. It is necessary to
build a new vision for changing the individual traits in propor-
tions that would provide genetic progress by 15-20 % in the
long term. A number of studies have already shown that the
number of grains (NGS), when successfully combined with
productive tillering (number of grains per m?) in continental
growing conditions is the factor that significantly affects the
grain yield (Raykov et al., 2016; Djuric et al ., 2018; Mandea
et al., 2019; Banyai et al., 2020). According to the summaries
in Passiora’s (2020) research, the number of grains per spike
is the only “universal” trait that can effectively increase yields
through selection, regardless of environmental conditions. If
we rely on it, as recent studies show, then its increase will
be accompanied by a decrease in (TGW), and probably oth-
er traits, in order to maintain the biological balance between
them (Tsenov et al., 2021%).

In this regard, information on the extent of variation and
the relationships between quantitative traits would be ex-
tremely useful in constructing a climate-appropriate ecotype.
For it to be successful, the balance between the main traits
should be maintained at other levels of them, without having a
negative impact on each other. Only in this way the new type
of variety could realize high and stable grain yield for years.

The aim of the study is to determine the extent of varia-
tion, the influence of conditions and possible genetic prog-
ress after selection of traits directly related to grain yield in
common wheat.

Material and Methods

This study was conducted with the participation of 40
varieties of winter common wheat, created in the Agronom
breeding company over the past 20 years (Table 1). The
group of varieties was studied in three growing locations, as
follows: the village of Paskalevo-Dobrich region, the village
of Trastenik-Ruse region and the town of Straldzha-Yambol
region. The field experiments were conducted in three con-
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secutive years 2017 — 2019. In each of the selected locations
the varieties are grown in plots of 10 m? In each separate
location the requirement for ensuring equal conditions for
each variety participating in the scheme is strictly observed.
This means sowing in one day, uniform feeding (fertiliza-
tion) and care throughout the growing season and finally
harvesting the plots. Each of the test locations has a unique
combination of soil and climatic conditions, and the seasons
in which the varieties were studied, have specific meteoro-
logical conditions. The most important from a breeding point

of view, the characteristics related to productivity are ana-
lyzed as follows: number of productive stems per m? (NPT);
the number of grains per spike (NGS); 1000 grains weight
(TGW), weight of grains per spike (WGS), number of grains
per m> (NGm), aboveground biomass (TBM), harvest index
(HI) and grain yield itself (GY) (Table 1).

The statistical parameters, on which the analyses of the
individual traits were made, were calculated according to the
formulas presented in Table 2, according to the models of the
cited authors. All values of the parameters were calculated

Table 1. Information on soil, meteorological characteristics, coordinates of the test locations quantitative traits and
their measurement by phases, and list of studied varieties by groups during the period 2017-2019

Location Type of Coordinates Average daily air temperature (°C) by periods*
Soil N E X-XII'! I-111 2 IV-VI* Mean
Paskalevo, Dobrich Leached 43°38'47" 27°48'40" 7.4 1.7 15.8 8.3
chernozem
Trastenik, Rousse Leached 43°37'40" 25°51'37" 7.4 1.8 16.5 8.6
chernozem
Straldha, Yambol Chernozem | 42°24'33" 26°37'33" 7.7 1.8 17.9 9.1
Amount of precipitation (mm/m?) by periods
Year of study X-XII'! I-I11 2 IV-VI3 Sum
2017 131 213 172 516
2018 140 110 132 382
2019 155 142 173 470
Groups of varieties Number Designation of genotypes
In production 11 Aneta, Apogej, Presiana, Ognyana, Alisa, Bilyana, Viyara, Neven, Ralitsa, Tervel, Faktor
New 8 Riana, ABC Alfio, ABC Lombardia, ABC Klauzius, ABC Speri, ABC Zigmund, ABC
Kolino, ABC Navo
Candidate varieties 11 A 68/64, A 48/716, A 18/74, ACR 48/615, A 27/320, ABC 27/512, ABC 28/313, A 37/215,
ABC 48/716, A 47/415, ABC 37/716
Advanced lines 7 R, 1-4-5,06/198-21, 06/137-22, 1/54-84, 04/255-92-2, 05/48-22-1, 05/48-22-8
Check varieties 3 Pryaspa, LG Avenue, LG Anapurna
Total number 40 Aneta, Apogej, Presiana, Ognyana, Alisa, Bilyana, Viyara, Neven, Ralitsa, Tervel, Faktor
Character Decimal | Measurement
code**
1. (HOS) Height of stem, cm. 69 On 10 plants from each plot
2. (NPT) Number of produc- 73 Count in an area of 0,25 m? of each plot
tive tillers per m?
3. (NGS) Number of grains 83 On 20 spikes from each plot
per spike,
4. (TBM) Total aboveground 99 Cutting the entire plant mass to the soil surface in an area of 0.25 m? of each plot
biomass, t/ha
5. (GY) Grain yield, t/ha 99 From each harvested plot
6. (TGW) Thousand grain 99 Counting 2 by 500 grains after harvest
weight, g
7. (WGS) Grain weight per 99 WGS =NGS * TGW / 1000
spike, g
8. (NGm) Number of grains 99 NGm = NPT * NGS
per m?
9. (HI) Harvest index 99 HI=GY/(TBM + GY)

*1 — vegetation in autumn, 2 — winter rest in vegetation, 3 — vegetation in the spring, ** — decimal codes by Zadoks et al. (1974)
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using the computer program XLStat 2019. The analysis of
the variances was done using the statistical program IBM
SPSS 23, the principal component analysis (PCA) and the
correlations between the characters were made using the
software Statgrapics X VIIIL.

Results

All studied features vary widely (Table 3). The lowest
variation is in the harvest index (HI, 3.9%). According to
the values of the coefficient of variation, the other traits can
be grouped as highly variable: grain yield (GY), number of
productive stems (NPT), number of grains per m? (NGS),
and biomass (TBM), whose values vary by about 20 %, and
of medium variables: 1000 grains weight (TGW), height of
stem (HOS), weight of grains per spike (WGS) and number

of grains per spike (NGS), which vary within 9-12 %. Vari-
ation in the range of 18-22% in wheat is characteristic of
hybrid populations, not varieties. This is an indication of the
strong influence of the studied factors in the experience. For
some of the traits the range of variation is huge and reaches
almost 40 % of the minimum values of some of the charac-
ters (NGm, TBM, NPT).

Two of the three factors (A and C) have a significant ef-
fect on almost all traits except the harvest index (HI) trait.
The conditions of the year (B) do not have a direct effect
on the performance of most of the traits. The factor “year”
affects grain yield (GY), grain size (TGW) and harvest in-
dex (HI), and does not affect all others. In these same traits
the interaction between the factors (B x C) is proved, while
in the other traits it is insignificant as an effect. The factor
“location” (A) has a strong interaction with the “variety”

Table 2. All genetic parameters and formulas for their respective calculation

Symbol Meaning

Source of reference

o’ =(MS -MS )y Genotypic variance

Burton et al. (1953)

o’ =(MS_ — MS)r

Variance of interaction between G and Y

Burton et al. (1953)

o’ =MS Variance of error

Burton et al. (1953)

2 — 2 2 2 : :
o, =6 T’ Jyte ) Phenotypic variance

Burton et al. (1953)

Hy = (6°,/6%,) *100 Broad sense heritability

Allard (1999)

GA =K * (GZW)O.S % HZ -

Genetic advance K — selection intensity —2.06 %

Allard (1999)

GAM = GA/GM*100 Genetic advance, %

Allard (1999)

CV =@ /(X *100)
p ph

Phenotypic coefficient of variation

Burton et al. (1953)

CV,= Vo /(X * 100)

Genotypic coefficient of variation

Burton et al. (1953)

GM Grand mean

MS, Mean squares of genotype, g Johnson et al. (1955)
MS, Mean squares of interaction, g*y Johnson et al. (1955)
MS, Mean squares of error Johnson et al. (1955)
y Number of locations

T Number of replications

Table 3. Main Descriptive statistics of grain yield traits

Trait* Minimum Maximum Range Mean Standard Variation
deviation (n) coefficient
GY 4.16 10.80 6.64 8.10 1.563 19.3
NPT 381 880 499 616 118.2 19.2
TGW 36.5 57.1 20.53 45.4 4.15 9.1
WGS 0.99 1.70 0.71 1.34 0.166 12.4
NGS 21.0 42.6 21.60 29.6 3.79 12.8
NGm 10586 27205 16619 18012 3570.9 19.8
TBM 2.73 7.81 5.08 5.12 1.043 20.4
HI 0.36 0.44 0.08 0.40 0.0153 3.9
HOS 59.7 100.0 40.3 83.4 8.35 10.0

* (GY) — Grain yield, (NPT) — Number of productive tillers per m?, (TGW) — Thousand grain weight, (NGS) — Number of grains per spike, (WGS) — Grain

weight per spike, (NGm) — Number of grains per m?, (HOS) — Height of Stem, (TBM) — Total aboveground biomass, (HI)-Harvest index
ght per sp gl p g g
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Table 4. Analysis of variances for yield related traits- Type IIT Sums of Squares

Source Df GY NPT TGW WGS NGS NGm TBM HI HOS
A:Location 2 | 360.530 | 1705370.00 145.94 0.467 367.15 1.6E+09 100.76 0.004 1079.25
B:Variety 39 2.068 26852.70 141.29 0.135 63.47 2.1E+07 3.73 0.001¢ 503.72
C:Year 2 1.343 1486.04) 26.11 0.080 12.13¢9 | 3.2E+06" 0.06) 0.036 5.52()
AxB 78 1.157 7028.09 5.39 0.052 24.56 6.5E+06 0.69 0.001 54.52
AxC 4 1.698 24476.50 19.67 0.133 102.25 5.3E+06 1.67 0.018 16.470)
BxC 78 | 0.248¢) | 3319.12(») 4.03 0.022 10.33¢9 | 1.6E+06" 0.28) 0.004 10.82¢

Values in bold are not significant (ns) at level =

0.05, * (GY) Grain yield, (NPT) Number of productive tillers per m?, (TGW) Thousand grain weight, (NGS)

Number of grains per spike, (WGS) Grain weight per spike, (NGm) Number of grains per m?, (HOS) Height of Stem, (TBM) Total aboveground biomass,

(HI) Harvest index

factor (C) and “year” of cultivation (B), as well. Stem height
(HOS) and harvest index (HI) are an exception to this situa-
tion. Variety (C) is a factor that affects the traits alone and in
combination with the conditions of “location” (A).

The interaction between the characters, after the es-
tablished strong influence of the factors, presented by the
principle component analysis, has a pronounced nonlinear
character of variation. There are three significant main com-
ponents (Table 5). The second and third components are relat-
ed precisely to inadequate conditions and nonlinear variation
(PC, +PC, = 48.6%), which is more than that of PC, = 35.6%.

Table 5. Eigenvalues by Principal Component Analysis

Component F, F, F,

Eigenvalue 3.20 2.61 1.77
Variability, % 35.60 28.97 19.71
Cumulative % 35.60 64.56 84.27

The characteristics that determine the grain yield are re-
lated to the trait (NPT) and its derivative number of grains
per m?> (NGm). The role of aboveground plant biomass
(TBM) is also important. The arrangement of the vectors in
the figure 1 shows that the most effective trait for yield is
(NGm) that is effected by a greater extent of (NPT), than
by (NGS). The other index — grain weight per spike (WGS)
is determined significantly more strongly by the number of
grains (NGS) compared to their size (TGW) (Figure 2). Ulti-
mately, the number of productive tillering, expressed by the
number of grains per m?, is the most significant for the level
of grain yield in this experiment. Similar results were report-
ed by Tsenov et al., (20207, 2021?) in the analysis of various
databases from several multi environment field trials.

The vectors of the individual traits have different values
for the reliable three components of the analysis. With a pre-
dominant linear interaction, it is logical that the values of the
components gradually decrease from PC, to PC,. Grain yield
has a similar “classic” behaviour according to the variation.
The situation is similar with the characteristics — productive

tillering (NPT) and number of grains per m* (NGm). They
have the most significant effect on the size of grain yield,
compared to others. The change in the traits of 1000 grain
weight (TGW) and stem height (HOS) at which the third
component is the highest is highly nonlinear, which creates
an additional dispersion, which in turn reduces their correla-

Variables (axes F1 and F2: 64,56 %)
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Fig. 1. Scatter plot of Principal Component Analysis
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tions with the yield. In the case of the number of grains per
spike (NGS) and the weight of the grain per spike (WGS),
the second component of variation is most pronounced
against the background of negative PC, values.

P Product-M C
1.0 mm— . 1.0
GY 0,72 | 0,24 (0,36 | 0,23 0,64 |.0,11.0,05
NPT 0,02 |-0.37|-0.37 | 0,71 0.14 | 0,12
6w | 029 |-0,31.0,23| 0,26 [ 0,04 | 0,49
WGS 0,22 0,30 0,34 | 0,11
NGS |0.37 | -0.44 |.0.35|.0.20
NGm 0.52 [-013].0,28
TBM 0,23 | 037
HI 013
HOS
TEE g EEE S

Fig. 3. Person correlations between
the studied quantitative traits

Grain yield is most strongly influenced by Number of
productive tillers per m?, (NPT, r = 0.72), number of grains
per m*> (NGm, r = 0.88) and total aboveground biomass
(TBM, r = 0.64). Grain weight per spike (WGS, r=0.36) has
a proven weak effect and positive, but the direct influence of
the both main traits — (TGW, r = 0.24) and (NGS, r = 0.23)
is weak one. The harvest index (HI) and stem height (HOS)

assume that they do not affect grain yield. Although the num-
ber of grains (NGS) has no direct effect on yield, its effect
on the most effective traits is evident (NGS-WGS, r = 0.82)
(NGS-NGm, r = 0.37). In practice, the performance of ex-
actly these two traits determines the yield — NPT and NGS,
directly and through the values of (NGm), although there is a
negative correlation between them (r =-0.37).

Significant variation caused by the interaction of the gen-
otype with the environment was found in all studied traits.
(o%gy). It leads to variation that is stronger than that of the
genotype, in all traits, without exception. In the predominant
part of the traits the genotype variant is larger than that of the
error (6°g / 6¢), which in turn shows the stability of the trait
performance. Evidence of this statement are the high values
of the coefficient of heritability (H?), with small exceptions
for the trait (HI), with values of H? = 0.34. In all other traits,
the values of the coefficient (H?) are high and show strong
genetic control in the performance of their values. Accord-
ingly, the values of the coefficient of variation of the geno-
type (VCg) are lower than those of the phenotype (VCp),
which is logical, given the influence of conditions on each
of the traits.

In the case of grain yield (GY), grain weight per spike
(WGS), number of grains per spike (NGS) and harvest in-
dex (HI), the difference between the two parameters is more
significant than for the other traits. This is reflected in their
relatively lower inheritance rates in a broad sense (H?).

The genetic progress (GA) of each trait is the parameter
that is most important in the breeding of any crop. It shows

Table 6. Grand means (GM), components of variance (62), broad-sense heritability (H2), genetic advances (GA, GAM)

and coefficients of variation (VC) of each examined trait

Traits GY, NPT, TGW, WGS, NGS, NGm TBM, HI HOS,
Measure tha'! Ne g No g Ne tha'! cm
Grand Mean 8.10 611 45.4 1.34 29.7 17906 5.08 0.40 83.4
o, 0.30 6608 45.30 0.028 12.97 4986473 1.012 0.000 149.734
o’ 0.30 3903 23.21 0.019 8.73 3294457 0.575 0.000 81.917
o’ 0.24 3437 2.05 0.022 11.10 1691460 0.283 0.001 12.217
o’/ 6% 1.25 1.92 22.07 1.259 1.17 2.95 3.578 0.048 12.256
izp_h 0.49 9055 53.72 0.041 19.58 6648446 1.298 0.001 181.112
H? 0.79 0.85 0.92 0.82 0.81 0.87 0.88 0.34 0.91
GA 1.14 167 13.9 0.34 7.42 4600 2.1 0.017 252
GAM 14.04 27.4 30.6 25.6 25.0 25.7 40.8 43 30.2
vC, 8.85 1208 93.0 2.580 56.15 32722 14.460 0.306 170.8
VC, 6.99 1032 85.4 2.113 45.70 28338 12.769 0.105 1553
Potential (GM + GA) 9.22 779 32.0 0.99 37.08 22506 7.16 0.414 58
By breeding 9.24 779 32.0 1.19 37.08 28873 6.80 0.420 70.0
Difference, % 0.18 0.00 0.00 16.00 0.00 22.05 -5.23 1.51 16.86
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how much a given trait could be changed, in its respective
units, by a selection. This, of course, is only a potential pos-
sibility, for each of the traits according to its variation, in-
heritance and interaction with the environment. Grain yields
of 114 kg / ha more than the current level could be obtained
provided that the indicative number of productive tillering
increased by 167 ears, as well as the number of grains by
7.42 grains. According to the established correlations, these
two traits have a strong negative correlation with (TGW)
(Figure 2). Therefore, in order to maintain the balance be-
tween each of these two pairs of traits (NPT-TGW) and
(NGS-TGW), it is necessary to reduce the grain size by
(GA=13.9 g), according to the data in the table. A reduction
by selection should also be made for the characteristics stem
height (GA = 25.2 cm) and grain weight per spike (WGS,
GA = 0.34 g). The harvest index and aboveground biomass
should be increased according to the values in the table, by
2.1 and 0.017, respectively.

Discussion

The characteristics that are fundamental in the perfor-
mance of grain yield: productive tillering (NPT), grain size
(TGW) and number of grains per spike (NGS) vary, depend-
ing on the conditions, in a wide range (13-19%), which is
essential for wheat. For all others, the variation is lower (9-
13%). The performance of only the trait harvest index (3.9%)
is stable, probably due to the fact that it is much less affected
by the growing conditions. The expression of each of the
traits is influenced by the “variety”, the “location” of study
and the interaction between them. The “year” is a factor that
influences the traits by interacting with the “location”, but
not independently, as the main effect.

The expression of the characters has a linear and nonlin-
ear character of variation under the GEI of the three factors
influencing them. This means that some varieties react by the
expression of their characteristics inadequately to the change
of conditions caused by the interaction between the “loca-
tion” and the “year” (A x B). The traits that demonstrate the
highest positive correlation with yield have a similar change,
expressed through the main components of the principal
component analysis. The data of Desheva & Kyosev, (2015)
show that the individual varieties react in a specific way
through their traits in the course of yield formation, which
is a prerequisite for their inclusion in the selection to pay
attention to different groups of traits.

The data show that in order to make genetic progress
in grain yield, the increase in several basic traits must
be accompanied by a similar decrease in others. Only in
this way would the relative balance between antagonisti-

cally performed traits such as couples of (NPT) — (NGS)
and (NGS) — (TGW) be maintained and would ensure
success by selection. There are few studies looking for a
similar balance between the components of productivity,
especially between the number of grains (NGS) and their
size (TGW), which are considered highly competitive in
their formation during the growing season (Bustos et al.,
2020; Ferrante et al., 2017; Stoyanov, 2019; Calderini et
al., 2020). On all three traits, the H? is high enough, despite
the significant GEI, to apply an effective selection to them.
When the breeding is focused on a selection on the three
main traits (NGS, TGW, NPT) at the same time, the picture
of the connections between them becomes more compli-
cated. Therefore, the invisible biological balances between
their values at the level of a single plant must be observed.
The increase in productive tillering per m> must be accom-
panied by a decrease in grain size, with similar extent. If
the number of grains per spike is increased according to
the established regularities, this would reduce the weight
of the grain per spike, but the value of the trait number of
grains per m? will increase due to the simultaneous increase
in (NPT) and (NGS). This trait is considered essential in
the selection of productivity by many researchers in dif-
ferent parts of the world (Fischer & Rebetzke (2018; Bassi
& Nachit (2019; Gonzalez et al., (2019). This integral trait
(NGm) is positively related to the magnitude of the total
biomass (TBM), which is a prerequisite for effective selec-
tion without conflict between them. Correlations with the
harvest index (HI) and stem height (HOS) are negative but
weak as an effect. According to Reynolds et al., (2017) the
harvest index is main criterion of breeding for productivity
in optimal and stressful conditions and therefore it must
be consistently taken into account with increasing (NGm).
Stem height (HOS) can be reduced to increase the resis-
tance to lodging, as well as the harvest index. This is the
conclusion of a study by Beche et al., (2014), which traced
the genetic progress of wheat grain production in Brazil
over the past 70 years (1940-2009). The increase in yield
annually was due to an increase in the harvest index, the
number of grains per spike, the total biomass and a signifi-
cant reduction in stem height.

The only trait to consider when increasing (NGm) is
grain size (TGW), due to their strong negative correlation.
The genetic progress that can be achieved in it is the highest
compared to any of the other traits studied and can be very
easily and quickly changed by selection. The reason it is
genetically very stable, despite proven interactions with all
factors of cultivation. Its magnitude changes inadequately
to the change of conditions (the interaction with them is
mainly of a nonlinear nature). This in turn is a prerequisite
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for changing its effect on other components of productiv-
ity. Combining the number of grains per spike (NGS) and
weight of grain per spike (WGS) at the highest possible
levels has long been a concern of breeding in wheat and
other cereals. Recently, new facts have been established
that show that it is somewhat possible to combine these
two traits successfully, as it has been found that a number
of genetic factors determining their magnitudes are on dif-
ferent chromosomes (Mangini et al., (2018; Muhammad et
al., 2020).

Saleh et al., (2020) accept phenotypic correlations as a
breeding criterion in breeding. They found completely sim-
ilar correlations in rice, the use of which they considered
to be the only correct way in the selection to increase the
yield. In principle, this is the opinion of Gerema et al., (2020)
from a study of durum wheat in Africa. They believe that by
selecting specific traits that have positive correlations with
yield, it can be increased in a short time and effectively by
more than 20%.

The study here clearly shows the magnitude of the phe-
notypic correlations between the traits that effect grain yield
and through which its continuous progress takes place.
Their values and correlations between them have been
studied against the background of a significant influence
of the conditions in multi environment field experiments
proven recently (Tsenov et al., 2020% Tsenov et al., 2021°).
In them, the traits, in addition to the natural conditions of
the environment, were provoked by technological factors
such as basic fertilization and nitrogen nutrition. The ob-
served dispersion of variation in each trait is large enough
in these experiments to assume that correlations between
them nevertheless exist.

The magnitude and direction of change of each individual
trait must be taken into account in order to make progress in
grain yield. It would only be possible if a new biotype is built
in which these results are accounted for and used correctly
by the selection in future hybrid combinations. In addition
to these patterns, it must provide a number of physiological
properties and morphological parameters to help extend the
period to ear emergence by a few days, which has a positive
effect on the formation of high yields by more grains per unit
area, even in the semi-arid climate of the country (Tsenov et
al., 20200). If this is applied in practice, the real increase in
grain yield could reach plus 15-20%, compared to the cur-
rent level of 10 tons per hectare. This is fully achievable after
Donmez et al., (2001) reported a twofold increase in yield
in newly created historically important wheat varieties, pre-
cisely through selective intervention on the traits number of
grains per spike, number of grains per m?, reduction in stem
height and increasing the tolerance to lodging.

Conclusions

The traits associated with grain yield vary greatly as a
result of the interaction of the genotype by location. This
change of traits is very specific against the background of the
others, having a complex linear and nonlinear character, ac-
cording to the principle component analysis. The established
correlations between the traits that make up the yield directly
TGW, NGS and NPT show that if the balance between them
is observed, it is quite possible for the yield to be increased
progressively by selection. The most effective for this are
the characters number of productive stems m?, as well as the
number of grains per m?. The latter trait is positively related
to the value of total biomass (TBM), which is a prerequi-
site for an effective selection without conflict between them.
Their breeding increase, however, must be accompanied by
a similar decrease in the 1000 grains weight.
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