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ABSTRACT

The article presents the results of 3 years study on the adaptation of the properties of various winter
wheat varieties to the conditions of the submontane zone of the Central Caucasus. The indicator of the
ontogenetic adaptability was the homeostaticity of the plants. We have studied thirty winter wheat
varieties according to the parameters of ecological plasticity, productivity and resistance to the
destructive complex of diseases and pests like Fusarium head blight, brown and yellow rust, Septoria
blight, tan spot etc. The yield of the mixed variety crops was 4.5 t/ha; the increase was 9%. In the crops of
the triple mixture of the strong Veda and Delta varieties (25%) with the valuable Batko variety (50%),
which differed in resistance to various diseases, the average vyield of 52 cwt/ha was obtained with the
protein content of 12%, the gluten content of 28% and the flour strength of 320 a.u. The authors used the
resistance of the precocious Kuma variety to the damage by the cereal leaf beetle as a protective
screening crop along with the field perimeter. Such a screening crop of the stable variety prevents the
colonization of the crops of the other less resistant varieties with pests. The genetic diversity of the variety
creates the conditions for regulating and stabilizing the phytosanitary state of the crops and increasing
their productivity. With this agrotechnical method, it becomes possible to regulate and stabilize the

phytosanitary situation in the fields and to increase grain productivity and quality.

Introduction

The stability of any ecosystem is associated with the
biological diversity and the complexity of the trophic
relations between the organisms in it. There are
natural and artificial ecosystems created by human
activity, namely, agrocenoses. Agrocenoses differ from
the natural ecosystems in high productivity, low
diversity of living organisms and low environmental
sustainability, since the cultivated species are
extremely sensitive to pests and diseases and cannot
compete for water, mineral nutrients and sunlight
with the wild species (1, 2).

An important role in the efficient use of natural
resources is played by ratio of different grain crops in
the structure of the crop rotation. It is possible to

increase the stability and productivity of the grain
agrocenosis by building it based on choosing the
adapted (resistant to bio- and abio-stressors) varieties
of winter wheat and their placement on the crop
rotation area (1, 3-5).

The "flexible" species and varietal structure of the
winter crop areas in the adaptive crop production
system became widely used. This structure is formed
with regard to the ecological plasticity of the varieties,
resistance to diseases and the phytosanitary situation
in the region. The modern varietal policy developed
by the leading scientists of the Krasnodar Lukyanenko
Agricultural Research Institute (KNIISH) (3) suggests
cultivating a wide range of the varieties that differ in a
complex of the biological and economically valuable
traits, their targeted use following the principle of the
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"mosaic” distribution and limiting a variety share in
the total crop area to not over 15%, depending on its
adaptive properties (11).

We aimed the research at increasing the
environmental sustainability of the grain agrocenosis
(with a specific species composition and specific
relationships between components) being the main
reserve for environmental safety and the growth of
winter wheat productivity.

To achieve this goal, the peculiarities of the soil-
climatic and biotic factors of the region were studied,
and the adaptability of the winter wheat varieties to
the cultivation conditions was comprehensively
assessed. The methods of building a grain
agrocenosis according to the principle of the mosaic
of varieties and of mixed varieties that increase
biological (genetic) diversity in crop rotation have
been recommended.

Materials and Methods

The studies were conducted during 2010-2018. Over
the years of the research in Krasnodar Lukyanenko
Agricultural Research Institute (KNIISH), we had
studied over 20 soft winter wheat varieties for
example: Batko, Fisht, Kroshka, Veda, Leda, Pamyat,
Grom, Fortuna, Vostorg, Alekseich, Ethnos, Yesaul etc.
The phenological observations and accounting were
made using the methods of state grade testing (6). For
assessing the adaptive properties, the stability
parameters and the ecological plasticity (b;), adopted
the standard method (4, 7). The stress resistance
(Ymin - Ymax) and the genetic flexibility ((Ymax +
Ymin)/2) were also determined (8). The coefficient of
variation was calculated (9). The homeostaticity
(Hom) and the breeding value (Sc) were calculated
according to another method (10). All varieties were
studied using the combined analysis (9). Stability was
assessed by means of the Spearman’s nonparametric
correlation analysis.

Results and Discussion

The peculiarities of the winter wheat cultivation
conditions in the submontane zone of the Central
Caucasus

It characterises the autumn period from September
to November as arid, the autumn drought is observed
almost every year. The winter period is warm with
little snow. From the beginning of March, the
reserves of productive moisture in the soil in the dry
years may reach 11-18 mm, which is not enough for
the plants, especially during the initiation of ear. In
May - June, the amount of precipitation usually
exceeds the norm by 135-150 %. In the region where
70 % of the arable land is occupied by maize for
grain, short crop rotation prevails (12).

The main harmful complex of pests and diseases
characteristic of the submontane zone of the
Central Caucasus

The varietal composition of phytophages on
winter wheat is represented by over 20 insect species

of following orders: Lepidoptera, Coleoptera, Diptera,
Hemiptera, Thysanoptera, Homoptera etc. (13). The
dominant pests on winter cereals in the early periods
of vegetation were phytophagous bugs and the cereal
leaf beetle [Oulema melanopus (L.)]. The maximum
number of phytophagous bugs was noted during the
periods of ear formation and flowering (12).

Over the years of the research, 38 species of
phytopathogens were noted on winter wheat,
including 31 species of fungi, six types of bacteria,
and one type of virus. The harmful complex of
diseases is represented by various pathogens, among
which the most common are the pathogens of
Fusarium head blight—Fusarium graminearum Schw,
brown rust—Puccinia triticina R., yellow rust—
Puccinia striiformis West., tan spot or yellow leaf spot
—Pyrenophora tritici-repentis Died and Septoria
blight—Septoria tritici R. The spread of powdery
mildew is reduced compared to previous years of the
study. By the resistance to the diseases, in particular
to Fusarium head blight, the varieties differ
significantly from each other. Most varieties (40%)
are moderately susceptible to Fusarium head blight,
and 23.3% are susceptible. The moderately resistant
type included 36.7% of studied varieties, including
Kuma, Deya, Yesaul, Starshina, Delta, Nota, Antonina
etc. (Table 1).

The adaptability of the winter wheat varieties

We show the calculation of the adaptability
parameters by productivity on the example of eight
varieties (Table 2). The analysis of variance (AV)
showed that the contribution to the total variability

Table 1. The immunological characteristic of the winter wheat
varieties in terms of resistance to Fusarium head blight.

MR MS S
Moderately Moderately susceptible Susceptible
resistant

Kuma, Yesaul,
Starshina, Tanya,
Deya, Zimorodok,

Batko, Fisht, Kroshka, Pobeda 50, List 25,
Veda, Leda, Pamyat, Utrish, Bezostaya
Grom, Fortuna, Vostorg, 100, Zira, Lira,

Nota, Delta, Alekseich, Ethnos, Irishka
Moskvich, Don 107, Yesaul
Antonina

of productivity belonged to the genotypes of the
studied varieties (the variety factor); their share was
50%. The share of variability, caused by the influence
of environmental conditions (the year factor), was
26.5%. The share of the other factors was 23.5%. The
degree of the genotype reaction to changes in the
environmental conditions or ecological plasticity, is
well described by the regression coefficient (by),
which shows the plasticity of a variety and shows its
ability to maintain its productivity upon the
deterioration of the growing conditions (14, 15).

The varieties with b; > 1 are especially valuable;
they can increase their productivity upon improving
the growing conditions. The homeostaticity reflects
the variety’s ability to maintain synthesis and
accumulation of the plastic substances in various
growing conditions. The higher this indicator is, the
more stable the variety in various years (Table 3).

The Don 107 and Pamyat varieties showed low
indicators of ecological plasticity (b; < 1) 0of 0.9 and 0.8
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Table 2. The results of the analysis of variance by the parameters of the varieties' yield rate.

The sum of The number of The average The share of the The ratio of
The type of dispersion squared degrees of g factors' variances (F)
deviations freedom Square contribution % actual table
Total 0.68 32 0.021 -
The year factor A 0.18 2 0.900 26.5 112.5 5.9
The variety factor B 0.34 10 0.034 50.0 42.5 2.4
Residual 0.16 20 0.008 23.5

Table 3. The parameters of the winter wheat varieties' adaptability in the conditions of the submontane zone of the Central Caucasus.

Variety Y min - Y max, t/ha (Y max + Y min)/2, t/ha Average Xx;, t/ha b; Hom
Don 107 -0.58 3.74 3.66 0.9 339
Tanya -0.57 4.16 4.23 2.1 577
Pamyat -0.13 4.00 4.01 0.8 570
List 25 -0.24 4.01 4.43 2.2 378
Kuma -0.58 4.46 4.43 2.2 467
Veda -0.69 4.26 4.13 2.3 437
Deya -0.60 4.64 4.56 2.2 375
Batko -0.48 4.59 4.60 1.6 384

respectively. They showed moderate adaptation to
the adverse conditions but could ensure stable yield
in various conditions and with poor soil fertility. The
conditions of the year had a significant effect on the
productivity of the Tanya, Veda, Deya, List 25 and
Kuma varieties (b; = 2.1 to 2.3) (Table 3).

The Tanya variety, in which b; exceeded 1 (2.2),
also featured a high homeostasis indicator (Hom =
577). This variety may be effectively cultivated using
intensive technology. The Kuma and Veda varieties
had similar b; and Hom indicators and positively
responded to improving the growing conditions and
high soil fertility. The Deya and Batko varieties had
high vyields of 4.56 and 4.60 t/ha and similar
homeostaticity indicators of 378 and 384. The
ecological plasticity indicator (b;) in the Batko variety
was 1.6, which showed more stable productivity and
responsiveness to improving the growing conditions.

Spearman's correlation coefficient for the

studied indicators was positive.

Conclusion

Thus, the yield of the mixed variety crops was 4.5
t/ha; the increase was 9%. In the crops of the triple
mixture of the strong Veda and Delta varieties (25%)
with the valuable Batko variety (50%), which differed
in resistance to various diseases, the average yield of
52 cwt/ha was obtained with the protein content of
129%, the gluten content of 28% and the flour strength
of 320 a.u. The authors used the resistance of the
precocious Kuma variety to the damage by the cereal
leaf beetle as a protective screening crop along the
field perimeter. Such a screening crop of the stable
variety prevents the colonisation of the crops of the
other less resistant varieties with pests.

The genetic diversity of the varieties creates the
conditions for regulating and stabilising the
phytosanitary state of the crops and increasing their
productivity. With this agrotechnical method, it
becomes possible to regulate and stabilise the
phytosanitary situation in the fields and to increase
grain productivity and quality.
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