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PROBLEMS AND PRODUCTIVITY OF WINTER WHEAT VARIETIES
SELECTION WITH INCREASED ENVIRONMENTAL STABILITY

Aim. The search of adaptive response peculi-
arities to adverse environmental factors is an impor-
tant condition of development of varietal technolo-
gies and control of adaptive potential of winter
wheat varieties. Methods. The studies were carried
out in accordance with the field test methodology.
The wheat varieties of different types of growing,
different genetic and ecological origins were stud-
ied. Results. In our studies, plasticity index (b;) of
most winter wheat varieties was close to one and
higher under various growing conditions. The yield
advantage of a number of varieties was mainly in
favourable weather conditions, and in unfavourable
conditions yields were low. Varieties that are more
resistant to stressful conditions (Askaniis'ka, Kui-
alnyk, Klarisa, Driada) were characterised by rela-
tively low response to changes of growing condi-
tions, their regression factor was less than one and
kept reducing, their resistance to unfavourable con-
ditions were increased. Conclusions. If severe
stress limits in environmental conditions are ex-
pected, it is necessary to grow and use the winter
wheat varieties with increased stability of yielding
capacity in selection (Khersonska bezosta, Kher-
sonska 99, Znakhidka odes ka, Askaniis ka, Klarisa
(facultative).

Keywords: winter wheat, plasticity, stability,
yielding capacity.

Production of winter wheat significantly var-
ies over the years, and in some years (2000, 2003)
its production decreased by several times, mainly
due to insufficient resistance of varieties to abiotic
and biotic environmental factors. It is necessary to
consider the opinion of academician Lyt-
vynenko M.A. [1] that, prior to appropriate growing
conditions, variety and seeds are one of the most

available and effective means of stabilization of
production of winter wheat grains, and each variety
has its own set of yield limiting factors under
stressful weather or technological situations.

Today, a new varietal policy for optimization
of varietal peculiarities for conditions of their grow-
ing is required. A variety as a biological system is
to be considered in the aspect of implementation of
genetic potential in a specific ecological
region [2-4].

Each new variety shall combine a number of
hereditary factors that control various biological
and economic characteristics. A special place is
taken by the features that provide yield stability
under changes of environmental conditions. This
stability in time and space is determined by genetic
mechanisms of homeostasis or created at the ac-
count of its own regulatory mechanisms [5].

Many terms, such as stability, plasticity, ho-
meostaticity, general and specific adaptive ability,
and others are used in foreign and domestic litera-
ture. There are cases when these terms are opposed
to each other or are considered synonymous, and
sometimes it seems that they are complementary. It
partially refers to the terms "stability and plastic-
ity" [3].

When using of one or another interpretation
of the term, it is important to determine their bio-
logical essence so that their biological interpreta-
tion coincided. This understanding supposes that
the genotype is stable and its implementation is re-
sistant. It is characterised by a response to im-
provement or deterioration of environmental condi-
tions. In the broad sense, such a genotype is consid-
ered stable if its growth is insignificantly influenced
by environmental changes [6, 7].
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In genetic sense, the plasticity can be under-
stood as the degree of modification of characteris-
tics that allows an organism to adapt to these condi-
tions. In agronomic sense, it is the degree of distri-
bution of variety in production [8].

A number of scientists [9-11] believe that
plasticity is to be understood as selectionists under-
stand it. Plasticity is to be understood as the ability
of a variety to combine a sufficiently high yielding
capacity with its stability under varying conditions,
while genotypes with hyperreaction to growth con-
ditions are to be considered sensitive to these con-
ditions.

Materials and methods

Winter and alternative wheat varieties that
were registered in the State Register of new varie-
ties were taken as material of study. Their study at
the state variety test plot was mainly based on the
partial comparison of the "variety-X zone" interac-
tion. It is preferably to introduce a methodology of
comparison of ecological plasticity and stability of
specific varieties to evaluate the degree of their re-
sponse to improvement or deterioration of condi-
tions over years and zones of cultivation [12]. The
method of evaluation of stability and plasticity pa-
rameters according to the algorithm of Eberhart and
Russel is the most general approach for this pur-
pose [6]. It consists in the regression analysis of the
grain yielding capacity, depending on the environ-
mental index when the interaction of the "genotype
of X condition" is considered to a certain extent.

Results and discussion

The results of studies of many scientists, in-
cluding domestic ones [3], show that the features of
resistance of genotype to unfavourable conditions
are adequately reflected in the yield stability. At the
same time winter wheat varieties with high yielding
potential (9.0-12.0 t/ha) have different features of
resistance. This means that there are real, although
little, possibilities for further modification of wheat
varieties for improvement of both productive and
adaptive potentials. However, internal biological
formation mechanisms of plants with such genetic
status are still known insufficiently.

Each variety may have its own set of yield
limiting factors under stressful situations. Low re-
sistance to phytopathogens, drought, low negative
and high positive temperatures refer to major yield
limiting factors for many varieties. It is difficult to
combine high yielding capacity and the indicated
features in one genotype. Theoretical approaches

for solution of this matter are few and all of them
are general in nature.

Currently, methods for selection of valuable
genotypes are developed much better than the
methods of directional control of genotype variabil-
ity. The performance of natural selection, depend-
ing on the environmental conditions, can signifi-
cantly reduce the range of available adaptive geno-
type variability. Therefore, it is necessary to de-
velop methods of adaptive selection that would al-
low or to some extent purposely supplement natural
selection to form available genotype variability. We
believe that it is possible to perform it under differ-
ent growing conditions (different biocenotic rela-
tions, years with different climatic conditions, etc.).
In this case, environment acts as a factor that not
only sorts the genotypes according to their fitness,
but also greatly determines the structure of hybrid
populations in subsequent generations for the geno-
type. The modification variability can be useful in
survival of genotypes and increase of their produc-
tivity. This is especially true for the resistance in-
crease of the winter wheat plants to extreme envi-
ronmental stress.

Most of varieties and forms of winter wheat
that are developed during selection fall into disuse.
However, it can be assumed that significant geno-
type variety of features, which have not been sub-
jected for selection, lies behind phenotypic homo-
geneity. Therefore, if they are studied under differ-
ent growing conditions, the genetic sources of new
features can be revealed and wider opportunities for
adaptive selection can be provided.

Our studies showed that hybridization within
a single Southern-steppe ecotype allows to provide
high yield of selection lines that have adaptive fea-
tures at the same level with the best parental com-
ponents of crossing, and some features are even
better (Table 1).

In selection, it is important for corresponding
biotypes to combine the important adaptive features
of winter and drought tolerance in such a crossing
cycle. Unfortunately, it is difficult to alter the yield
potential of minor recombinations at once, includ-
ing the case when at least one of the crossing com-
ponents is classified as a highly productive geno-
type.

When forms of other ecotypes with local
adaptive varieties are included into hybridization, it
allows to make a significant reserve of genetic vari-
ability by many features. Significant recombina-
tions with required parameters of plant height, yield
and quality of grain are observed, but they
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Table 1. Fitting efficiency of selective and valuable forms according the type of crossing, 2003-2017

Frequency of biotypes according to characteris-

tics, %
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Southern-steppe / southern-steppe 46.4 58.4 24.5 28.6 28.5
Southern-steppe / forest-steppe 32.8 28.6 32.8 54.8 15.8
Southern-steppe / North-West 28.9 10.6 18.4 8.4 10.4
Southern-steppe /West-European 14.8 5.4 32.4 42.8 5.8
Forest-steppe / West-European 10.4 3.6 26.8 52.8 7.2

were mainly characterized by mediocre variants of
adaptive features. Perhaps, increase of the fre-
quency of recombinations in the system of ecologi-
cally distant crossings "destroys" the blocks of
genes that control adaptive features, and especially
the ones that affect the resistance to environmental
extreme factors. It is important that the varieties of
Southern — steppe origin as a crossing component
had the least negative characteristics in the view of
selection.

Table 1 shows that an increased yield of
high-yielding forms is observed in most cases of
ecologically distant crossings. However, sharp re-
duction of productivity is observed in many bio-
types that have sharp positive deviations of individ-
ual components of productivity (the number of
grains of spikelet, the weight of grains of spikelet
and 1000 grains) under stressful conditions of the
Southern Ukraine.

The expansion of programs of adaptive selec-
tion of winter wheat is slowed by the intensity of
this process, therefore, the development of addi-
tional methods for determination of the morphobio-
typic plasticity is required. In this regard, testing of
new varieties and forms of winter wheat and hybrid
populations at the early stages of selection under
different growing conditions allows to predict the
genetically possible stability of winter wheat bio-
types.

The correlation analysis showed that practi-
cally there aren’t any morpho-biological character-
istic connected with the plasticity index so closely
that it could be used as a criterion for secondary
selection. However, further tests showed that the
level of modification variability of the components
of grain productivity and the overall yield under
environmental factors are directly dependent on the
modification of the "height of plants" characteristic.

On the grounds of this condition we carried out a
secondary evaluation of the genotypes according to
plasticity in variety testing and according to the
type of informative selection ground in soils that
contrasts in stress levels of environmental factors
(density of plant stands, sowing terms, climatic
conditions of research years), calculated the level of
plasticity (b;) characteristics according to the envi-
ronmental condition index.

The representativeness of the variability of
plants that is ensured and detected under the influ-
ence of genotype and their interaction with envi-
ronment. Our studies show that increase of seeding
density revealed a decrease in the phenotypic vari-
ability of yield and increased adaptability of low-
growing winter wheat varieties (Znakhidka
odes ka, Askaniis ka, Klarisa). When the medium-
growing varieties (Khersonska 99, Dryada 1, Yaro-
slavna, Kharus) were sown denser the plants lodged
and it led to an increase in yield variability and a
decrease of the adaptability parameters.

Forecasting of the yield variability of differ-
ent winter wheat varieties within growing condi-
tions is possible with the help of regression analysis
that characterizes the average response of variety to
change of environment, i.e. it determines their plas-
ticity (Table 2).

The analysis of the obtained estimated data
showed that winter wheat varieties Driada 1, An-
tonivka, Kuialnyk, Znakhidka odeska, Solomiia,
Klarisa responded to changes of growing conditions
(b; = 0.680-0.980) in a less degree comparing with
other varieties. The varieties Yaroslavna, Kharus
and alternative wheat varieties Lastivka, Zy-
moiarka, Khutorianka (b; = 1.108 - 1.776) had the
strongest response to changes of growth conditions.
They are also characterised by the lowest stability
of yield formation (b;? = 10.04-16.08).

22 ISSN 2415-3826 (Online), ISSN 2219-3782 (Print). dakTopu ekcriepumeHTarneHoi eBontoLii opraHiamia 2019. Tom 24



Problems and productivity of winter wheat varieties selection with increased environmental stability

Table 2. Indicators of plasticity and stability of yield of winter wheat varieties under different growing

conditions, 2007-2017

Yielding capacity, t/ha | Range of R . Stabil-

Variety i deviation, egression ity in-

min X max R, hwt/ha. coefficient, b; dex.d?
Khersonska bezosta 5.22 5.64 7.86 26.4 1.080 3.40
Khersonska 99 5.20 5,51 7.88 26.8 1.088 5.81
Driada 1 4.95 5.84 7.84 28.9 0.780 9.68
Kirena 4.28 5.08 7.62 334 1.010 12.44
Yaroslavna 4.89 5.48 8.04 315 1.110 10.04
Antonivka 4.42 5.41 7.46 30.4 0.980 6.90
Kuialnyk 473 5.14 7.41 26.8 0.880 6.19
Znakhidka odes ka 4.60 6.21 7.82 30.2 0.940 8.16
Kharus 3.61 4.64 6.92 34.8 1.408 14.94
Askaniis’ka * 5.84 6.88 7.92 20.8 0.690 2.44
Lastivka ~ 2.39 4.46 6.41 40.2 1.776 14.21
Solomiia 3.83 5.21 7.64 38.1 0.980 1.08
Klarisa ~ 4.90 5.28 7.84 38.2 0.874 8.06
Zymoiarka ~ 2.96 4.70 6.44 34.8 1.408 16.08
Khutorianka * 3.05 4.63 6.21 31.6 1.108 14.90

Note. * —2011-2017.

The largest range of deviation (R) under dif-
ferent growing conditions was shown by winter
wheat varieties Yaroslavna, Kirena (3.15-3.48
tons/ha) and alternative varieties Kharus, Khutory-
anka, Zymoiarka, Klarisa, Solomiia, Lastivka
(3.16-4.02 t/ha). Under maximum yield of the first
two winter wheat varieties - 7.62 - 8.04 t / ha such a
yield deviation shows high potential possibilities of
varieties, but they are to be used in production care-
fully as in extreme conditions they can cause sig-
nificant losses of yields.

Considering changes of weather conditions
in recent years, significant warming in autumn pe-
riod, alternative wheat varieties (Lastivka, Klarisa,
Zymoiarka, Khutoryanka) are to be grown during
later sowing time (the second - the third decade of
November) and at the area under spring crops (Feb-
ruary periods, I - 1l decade of March) as crops for
the resowing of winter wheat varieties that were
damaged during winter.

The tasks of adaptive selection can be solved
if the methods for studying the plasticity of geno-
types of plants at early stages of selection are de-
veloped and varieties and forms of winter wheat
that are identified according to these characteristics
are included.

It is known that the total productivity of a va-
riety is formed as a result of compensatory relation-

ships of the productivity components. Therefore,
during selection it is necessary to identify charac-
teristics for environmental resistance among overall
structure of components. These characteristics are
more responsible for constant increase of yielding
capacity and have low modification variability.

We stated that formation of actual yielding
capacity of winter wheat biotypes is established
unclearly under various growing conditions.
Therein, the distribution of the influence of selec-
tive characteristics was diametrically opposed in
some cases in terms of the growing conditions and
morphostructural features of genotype architecton-
ics.

Therefore, the problems of adaptive selection
of winter wheat are to be solved from the perspec-
tive of organization of selection process (finding,
storage, identification and usage of appropriate ge-
netic sources) and closely related systems of variety
testing with elements of varietal agrotechnics.

Conclusions

1. During identification of varieties and
forms of various types of high yielding wheat with
increased adaptive potential, it is necessary to carry
out stepwise evaluation under different growing
conditions.
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2. Application of the method of evaluation of necessary to grow plastic varieties of wheat with

plasticity and stability parameters, suggested by increased vyield stability (Khersonska bezosta,
Eberhart and Russell, allowed to distribute wheat Khersonska 99, Nakhodka Odesa, Askaniis'ka,
varieties of different types of development accord- Klarisa) if severe stress limits are expected under

ing to response the environmental conditions. It is environmental conditions.
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MPOBJIEMHU 1 PE3YJIbTATUBHICTh CEJIEKIII COPTIB IINIEHUII O3UMOI 3 MIABUIIEHOIO
EKOJIOTTYHOIO CTABIJIBHICTIO

Mema. 3’sicyBaHHS 0COOJIMBOCTEH aalTHBHUX Peaklilf Ha HECTIPUATINBI YAHHUKHI 30BHIIIHFOTO CEPEIOBHUINA € BaXK-
JMBOIO YMOBOIO PO3POOKH COPTOBHX TEXHOJIOTIH 1 YIIpaBIiHHA aJallTUBHUAM TIOTEHIIIaJIOM COPTIB MIIEHHII M K01 03H-
Moi. Memoou. JlociKeHHS! TPOBOAMIIN 3T1AHO METOIUKH IIOBOBOTO AOCHIAYy. B mociigax BHKOPHCTOBYBAIHA COPTH
MIICHUI]I PI3HOTO THITy PO3BUTKY, PI3HOTO T€HETUYHOTO 1 €KOJOTIYHOTO MOXO/KEeHHA. Pe3ynbmamu. Y Hammx NOCITi-
JDKCHHSIX 3a PI3HUX YMOB BHUPOIIYBAaHHS y GLIBIIOCTI COPTIB MINEHUIT 03UMOI TTOKa3HKK miacTuuHocTi (b;) Gy 6113h-
Kuit 1o onmHuLi 1 Buwie. [lepeBara psity copTiB 3a BpoxkaiiHicTIO Oyjla B OCHOBHOMY Y CIIPHATIIMBI 3 TIOTOJTHUMH YMO-
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BaMH POKH, a B HECNIPHUATIIMBI 3HIKyBaJlach. binbII cTilKi 10 cTpecoBHX cuTyamlii coptu (Ackadilicbka, KysibHUK,
Knapica, [Ipiaga) Biapi3HAINCH BiTHOCHO HU3BKOIO PEaKIi€0 Ha 3MiHY YMOB BHPOIIYBaHH:, KOSQIIiEHT perpecii y HIx
MEHIIIe OJUHMII, 13 TOANBIINM 3HIDKEHHSIM HOTO, CTIMKICTh A0 HECTIPUATIMBHX YMOB 30iTbIIyBanack. Bucnoeku. Y
BHIIAAKY OYiKyBaHHS CHJIBHHUX CTPECOBHX JIIMITIB 32 YMOB 30BHIITHROTO CEPEIOBHINA HEOOXITHO BHPOIIYBATH i BUKO-
PHCTOBYBATH B CeJEKLiHHIA poOOTI MIACTHYHI COPTH MIICHHII 03UMOI 3 OLIBII BUCOKOI CTAOIIBHICTIO BPOXKANHHOCTI
(Xepconcrka 0e3octa, XepcoHcbka 99, 3Haxinka ogeckka, AckaHiiiceka, Kiapica (qBopydka).

Knrouosi crosa: neHnIls 03uMa, IIaCTUIHICTD, CTAOLTBHICTD, YPOKAHHICTB.
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