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Abstract— Middle and Southern Urals’ maize growing
area is characterised by a wide range of edaphoclimatic
conditions and by a variety of factors which may limit
growth and development of maize. The factors may vary
from severe warmth shortage in the North of the region to
sharp aridity in the South. Consequently, fast-ripening
maize breeding is dictated by limited heat resources.
Depending on the growing area and the purpose of the
crops (silage or corn), hybrids adapted for the regions
must be characterised within the limits of 110 and 170
according to FAO classification. The purpose of the
research is to measure ultra-early maize hybrids’
adaptability within forest-meadow and forest steppe zones
of the Middle and the South Urals on maize’s growth
stability and ripening, crop productivity and grain
moisture at harvest. During the period from 1999 to 2019
experimental hybrid combinations and FAO 100-120 type
industrial hybrids were assessed. These hybrids were
created with the use of a local maize variety of Northern
Caucasia, West Siberia and foothill areas of the Republic
of Altay as a source material. Local maize varieties of
Northern Caucasia, West Siberia and foothill areas of the
Republic of Altay were used as initial material to create
these hybrids. As a result of these three research phases
early blossom maize varieties’ competitive advantages
were discovered. These varieties’ grain formation and
grain filling last within a favourable temperature
background and have their biological ripeness before
diurnal temperature achieves biological minimum required
for maize growth. This advantage ensures minimum grain
moisture at harvest and maximum genetic potentiality’s
productivity implementation thanks to grain filling of full
value. This advantage also assures high starch content and
highly digestible energy concentration in dry matter. It has
been established that ultra-early hybrids’ cultivation is the
main condition to obtain high energy fodder in northern
areas of the Urals despite of minor gross productivity loss.
Commercial maize hybrids F1 Koubanskii 101 SV and
Koubanskii 102 MV pass development stages from sprouts
to ear corn blossom within the limits of 44 to 58 days
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depending on the vegetation period conditions. These
hybrids’ cultivation in forest-steppe areas is of importance
to produce dried and canned corn. Forest-meadow
cultivation is of importance to obtain high grain canned
products and high energy silage.

Keywords— Maize, selection, early ripeness, grain crop
productivity, grain moisture.

1. INTRODUCTION

AIZE cultivation area in the South and the Middle

Urals spreads for about 650 km from the North to the

South and occupies the area between 52 and 58
degrees of north latitude. The area has five meridional zones
which are characterised by different edaphoclimatic
conditions. This area has forest-meadow, mountain forest,
northern forest steppe, southern forest steppe and steppe
zones. This fact strongly influences a variety of fodder kinds
produced out of maize. These are high energy silage, ear corn
chop, canned and dried corn. Growth limiting factors are
different too: they can vary from severe warmth shortage in the
North to sharp aridity in the South [1]. These factors determine
high demands on cultivating hybrids concerning the range of
abiotic stressors resistance dictate the necessity for further
development of maize selection for the north regions.

Due to cross-pollination and monoecious arrangement of
male and female inflorescences, maize is a unique object for
selection. This is also facilitated by the wide genetic diversity
of the species in terms of a set of economically useful traits
that arose under the influence of prolonged natural and
artificial selection as the crop moved into new ecological
niches in the latitudinal and vertical directions. It is no
coincidence that the inbred hybrid concept of breeding was
first obtained for maize, which is currently being applied in
other crops. The main methods of maize breeding include
improving populations through recurrent selection, combining
self-pollination and cross- pollination to isolate and fix certain
quantitative and qualitative traits in the genotype, using a
system of testers to analyze general and specific combining
ability [2]. Ultimately, regardless of the methods for obtaining
inbred lines, modern maize selection is based on the use of the
heterosis effect. The use of this effect in the form of double
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interline hybrids led to an almost 2-fold increase in yield in the
United States between the 30s and 60s; the transition to the
cultivation of simple hybrids by the end of the 20th century
provided an additional increase in yield by 2.5 times. Recently,
genetically modified corn has been making a significant
contribution to yield growth [3].

Due to the good knowledge of the genome of corn in its
selection, genetic methods are used more effectively than for
other crops. Based on them, a fundamental modernization of
the breeding process has been carried out to date, including the
creation of transgenic corn. This creates theoretical
prerequisites for assessing selection material directly through
the genotype, as opposed to the traditional approach associated
with the assessment of traits mainly in the phenotype.
However, the use of molecular genetic methods of selection is
limited by the fact that most economically useful traits (both
quantitative and qualitative) are difficult to measure. This is
due to their polygenic nature, as well as the non-additive
nature of the inheritance of characters in the form of
dominance and epistasis. Therefore, despite the real possibility
of genome sequencing, the application of its results in modern
breeding programs is only partially realized, mainly when
working with individual genes [2]. Thus, according to
Klimesova, Holkova, Stieda (2020) [4], to identify the reaction
of maize samples to stress caused by drought, the most
effective combination of new molecular genetic and traditional
physiological methods.

In addition, the expression of most traits, especially
quantitative ones, is significantly affected by the environment,
which makes it difficult to use genetic methods to evaluate
breeding material to predict the appearance of these traits in
the phenotype [5], [6]. Thus, in the selection for polygenic
characters, the expression of which is the result of non-additive
interaction of genes, the assessment of these characters in the
phenotype against the background of a typical variation of
environmental factors is an important stage This thesis is
relevant for the Ural region with its contrasting hydrothermal
conditions.

Irrespective of the fodder kind the aim of maize cultivation is
to obtain corn as a main source of transit starch. Selective
breeding of ultra-early maize is considered indispensable due
to limited resources of warmth. Depending on the area and on
the purpose of crops (silage or corn), chosen hybrids must be
characterised as FAO 110-170 [7]—[9]. Early blossom corn
creation isa significant part of maize breeding programmes
[10]-[13]. Despite of this fact, modern I-lines gene pool which
is the initial material to develop rapid corn variety, has a lower
limit within this parameter of FAO 140-150. The widest range
is within the limits of FAO 170 and up. Consequently, it is
necessary to conduct additional research to develop early
ripeness varieties to stop ecological and productional gaps in
the North.

It is found that maize varieties having 10 units FAO of
differences approximately have one-day development
difference [14]. Summarized results of the long-term
ecological study of hybrids in different edaphoclimatic areas
of the Russian Federation have showed that the difference in
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corn development rises closer to the North influenced by a
thermal factor and day length (Fig. 1).
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Fig. 1 Actual differences in hybrids development with the observe
differences of FAO 10 expressed in days (y), depending on the
latitude of the geographical test location (x, degrees north latitude),
2010-2019.

At a latitude between 43 and 46 degrees north (North
Caucasian region) actual ear corn blossom terms of FAO 10
difference have 1.0-1.2 days difference in development. At a
latitude between 50 and 52 degrees north (Central black soil
area) terms have 1.3-1.4 days difference. The maximum (1.7-
2.0 days) is the difference at a latitude between 55 and 57
degrees north (Southern and Middle Urals). Therefore, the
Urals show more significant differentiation in development
within early ripeness-related classes than in Middle Europe. It
means that differences between hybrids’ development with
different terms are more significant. This fact also means more
significant differences in economic trait and risen requirement
for hybrids concerning their vegetation season length.

Maize selection for precocity is one of the most productive
directions, since the environment has a fairly predictable effect
on this trait. Recurrent early blossom selection chosen from
industrial or specially developed hybrids and local populations
having high genetic diversity according to different traits is the
reserve to create ultra-early maize varieties [15]—[18]. This
method allows to reduce the period from seedlings to
flowering by an average of 2-3 days per year. As a result of 20
cycles of recurrent early blossom selection from late blossom
maize variety Krasnodar, the National Grain Centre named
after P.P. Lukianenko (Russia, Krasnodar) has obtained
breeding material with 35-40 days of development from
sprouts to ear corn blossom [19]. Siberian populations are of
principal interest as early ripeness donors. These populations
appeared as a result of human migration of central regions of
Russia, Ukraine and northern Caucasia which were cultivated
since the end of the 18th century [20]. According to the
modern classification, their FAO index is 100-120. These
populations appeared due to a long-term natural and artificial
selection and are characterised by strong adaptation to
unfavourable cultivation conditions.

It is difficult to use these population forms for breeding
because of their low carrying capacity, which displays itself in
first generation of hybrids developed with the use of these
populations. Hybrids’ development of FAO 150-170 is
considered as alternative to breeding ultra-early ripeness
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hybrids, because they have the property of high grain moisture
loss rate in ripening. A close link between grain moisture loss
rate and grain moisture at harvest, which is well seen in the
areas where maize is traditionally cultivated is an implication
to develop this selection line [21], [22]. Within fodder
production in the Urals, grain moisture at harvest is of
importance not only during harvesting grain, but also during
bulk feed production because of close correlation between
grain moisture and other chemical composition figures. [23].
However, genetic differences between hybrids in their water
yielding capacity appear mostly after maize’s physiological
ripeness. Drop in moisture after corn physiological ripeness is
caused by physical water evaporation from endosperm [24].
According to studies in the Southern Urals, drop in moisture
rate strongly depends on weather conditions during
development. This fact can level manifestations of hybrids’
genetic traits in phenotype in northern regions. Moisture loss
ability is of importance only in cooperation with early
blossom.

Great part of the Urals is characterised not only by warmth
deficit, but also by sharp fluctuations in air and soil
temperature conditions during years and within one vegetation
season. It means that cold-resistant maize variety (below
biological minimum) and suboptimal temperature-resistant
(below biological optimum) is an important line of maize’s
selection [25]. Hybrids’ cold resistance mechanisms vary and
are associated with unsaturated fatty acids level in the bud.
While cooling “stressed mRNA” pool appears, which is
subject to rapid prolamine hydrolysis and having other
biochemical traits [26]—[29]. High breeding cold resistance is
assured by crops and sprouts’ reaction to long-term suboptimal
temperatures’ influence and can be considered as widely
varying traits [30]-[32].

Continental climate is characterised by periodic soil and air
moisture shortage. Intensive drought probability in the Urals
varies from 25% to 40% depending on regions. Middle and
low drought probability is nearly 100%. Consequently,
drought resistance is of importance at all development stages
within hybrids’ breeding for these weather conditions. World
maize gene pool is characterised by a wide range of
demonstrations of drought resistance trait. This trait falls in the
category of polygenic ones and is realised due to the range of
mechanisms. These mechanisms are the following: extensive
root system, early additional roots formation, ability to shed
lower leaves, higher water retaining ability, higher chlorophyll
‘b’ content, respiration and photosynthesis stability, high water
conductance. All these mechanisms assure the ability of a
quick jump to transpiration levels of different intensity [33]—
[36].

Review of scientific publications provides an opportunity to
conclude that maize’s early ripeness is of high priority to be
adapted to the Urals’ conditions. Breeding development of
FAO 100-120 is needed to ensure stabilised production
conditions. Low temperatures and water stress index, as well
as rapid grain moisture loss during ripening are on the second
and on the third place. However, these traits have applied
relevance only being combined with required early ripeness
level [37], [38].
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The purpose of the research is to evaluate ultra-early maize
hybrids’ adaptability in forest-meadow and forest steppe areas
of the Middle and Southern Urals, basing on maize
development and ripening stability, grain crop productivity
and grain moisture in harvest. Researches were conducted by
the Federal state budgetary scientific institution ‘Ural Federal
Agrarian Scientific Research Centre, Ural Branch of the
Russian Academy of Science’ Ural Agricultural Research
Institute within State task on the subject ‘Development and
perfecting of breeding methods, development of initial
material and adoptive varieties of cereals, leguminous, fodder,
fruit, decorative crops and potato’ [39]-[41].

II. MATERIALS AND METHODS

Tentative hybrid maize’s combinations and industrial hybrids
were evaluated as a part of the study during the period from
1999 to 2019. These hybrids were developed in collaboration
with scientific production association KOS-Mais with the use
of local maize populations from Northern Caucasia, West
Siberia and foothills of Altai regions as initial material.

In forest-meadow areas, researches were conducted on dark-
grey forest loamy soil. Humus content is on average 4.4%,
high hydrolysable nitrogen is 92-104 mg per kilo, phosphorus
86-176, potassium 102-125mg per kilo, pH salt extract is
within the limits of 5.4 and 5.9. In forest-steppe areas,
researches were conducted on leached medium humus content
loamy black soil. Topsoil humus content is 7.63%, high
hydrolysable nitrogen is 89-114 mg per kilo, phosphorus 163-
182, potassium 135-161 mg kilo™!, pH salt extract is within the
limits of 5.6 and 5.8. According to hydrothermal conditions
the data are typical for the region. Forest-meadow areas’
average air temperature from May to September varied from
13.7°C to 15.7°C, total precipitation varied from 204 to 462
mm. Forest-steppe areas’ average temperature in the same
period varied from 14.8°C to 16.6°C, total precipitation varied
from 121 to 384 mm.

Field study was the main research method. Total plot area
was 10-20 m?, registration plot was 10 m?, there were 3-4 plots
occasionally settled. During phenological studies, sprouts and
ear corn blossom phases were evaluated. Following maize
development was evaluated based on grain moisture at harvest.
Before crop top-soil’s (0-20cm) physical-chemical indexes
were determined. pH was obtained by potentiometric
measurement of hydrogenic ions’ activity, high hydrolysable
nitrogen level indexes by titrimetry. P,Os by photometric
method. K,O by spectrophotometry. Herbage and corn crop
productivity data was estimated manually. In harvest, a trial
sheaf was formed out of occasionally chosen plants. In
laboratory conditions, the sheaf was divided into bald ear corn,
stalks with stems, leaves with envelopes. Ear corn was dried at
room temperature to air-dry state and was threshed. After
threshing, dried ear corn, total grain amount and hydroscopic
moisture were determined. This data was used to calculate
grain crop productivity. Yield components’ moisture was
determined with the use of gravimetrical method by drying
samples (over 70 g) at 150°C to constant mass.

Statistical hypothesis was checked with the use of dispersive,
correlating and regressive analysis. Reliability of differences
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between average data was checked with the use of F figure at
least significant difference (LSD). Correlation and regression
coefficients were estimated according to value of mistake
(Sr,Sb) and Student figure (t). Significance level for critical
value of statistic parameters is 5%.

III. RESULTS AND DISCUSSION

The purpose of the first stage of the research was to find out
the dependence between the length of the phases ‘sprouts-ear
corn blossom’ and corn productivity figures with FAO 100-
160. In the absence of industrial maize hybrids FAO 100-120
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in those days prototyping linear-varietal hybrid combinations
were developed. To develop these combinations, ultra-early
populations  Altai and Chechenskaya developed in
mountainous areas of Altai and Caucasus were used as
parental form. Local Siberian population ‘Beloyaroe psheno’
was used as early ripeness standard as it is one of the earliest.

Hybrid combinations’ studies conducted on the background
of warmth shortage in years 1999 and 2000 revealed that these
hybrids leave filing and tentative hybrids (FAO 130-160)
behind, having 3-7 days’ lead (Table 1.)

Table 1. Field characteristics of selective maize samples (forest steppe area, 1999-2000).

Hybrid FAO Number of days Yield, Grain moisture, Dry matter, t-ha™!
from sprout to ear t-ha'! %
corn blossom
Beloyaroe psheno 100 45 2.32 433 4.95
(AS 7A x K111) x Altai 110 46 3.69 423 7.80
(CM 7C x F2) x Altai 110 46 5.84 43.1 13.98
(CM 7 x F2) x Chechenskaya 110 47 5.36 44.0 12.86
Astra C x Altai 120 47 5.27 43.2 12.37
(K 206A x K111) x Altai 120 47 4.94 44.5 10.30
(K 123 x F2) x Altai 120 47 4.74 44.8 10.14
PS 93-8947 130 49 4.15 50.2 10.70
PS 93-8952 130 49 4.11 50.9 10.15
Obskii 150SV (St) 140 50 6.05 50.5 13.82
(K123 xCM7) xK 111 140 50 5.50 49.6 11.38
KOS 1225 SV 150 52 5.58 49.9 15.03
Bemo 160 MV 150 52 4.19 52.0 9.96
Scandia 160 53 4.45 54.3 12.41
LSDos - 2 0.64 2.31 2.87
r! - - 0.23+0.28 0.92+0.11 0.45+0.26

! Correlation between duration of a period ‘sprout — ear corn blossom’

Correlation analysis revealed low dependence on length from
sprouts to ear corn blossom for grain crop productivity and
medium dependence for dry matter yield. Correlation
dependence according to Student figure is not proved.
Analysis results come into conflict with the thesis on direct
dependence of potential grain crop productivity from
vegetation season length. However, specificity of yield
formation in the Urals is that its potentiality is mainly realised
through thousand kernel weight (TKW) rather than through
number of corns in an ear corn. As a result, early blossom
varieties and hybrids have an advantage. Temperatures are
more favourable over a period of development and grain
filling and biological ripeness is reached before diurnal
temperatures  jump  biological ~minimum. Therefore,
progressive gap between potential and actual grain crop
productivity accompanied by vegetation season prolongation is
well seen. A considerable scatter of data on grain crop
productivity and dry matter within tentative samples should
also be noted. A part of these samples competed successfully
in this trait with hybrids FAO 130-160.

A close statistically proved connection with the length of the
period from sprouts to blossom was discovered. The least
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grain moisture by the end of August was shown by prototyping
ultra-early combinations. Moisture level 42-45% gave the
possibility to forecast stable grain ripening until

biological ripeness before temperature jumps over 10°C in the
middle of September.

As a result of the first stage of research, possibility and
expedience of the selection of maize samples of FAO group
were established. These varieties provide a high level of grain
crop productivity and a stable grain development in the Urals.
Prototyping linear-varietal combinations having this early
ripeness level could be considered only as intensive hybrids’
prototypes because of the presence of some traits of
uncultivated plants, such as tendency to tillering, ripeness
irregularity, low morphological levelling which were inherited
from parental populations. I-lines creation based on early
ripeness population is complicated by the fact of high
depression level due to self-fertility and appearance of death
forms in the second or third cycles of self-fertility (Gouriev).
Sister-sib cross method was used to improve parental forms.
Variety 011SV was obtained as a result of 8 cycles. This
variety was used as early ripeness donator and by 2004 hybrid
called Koubamskii 101SV was created. In 2007 this hybrid is
filed to State registry of protecting breeding achievements in
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the Urals. During the essay in forest-steppe region of the
Urals, this hybrid shows a considerable advantage on blossom
terms. It blossoms 5-7 days earlier compared to hybrids FAO
130-140, 7-9 days earlier compared to hybrids FAO 150-160
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and 12-16 days compared to hybrids FAO 170-190 (Table 2).
This advantage is mostly remarkable in forest-meadow areas,
where the difference in blossom is from 4 to 23 days.

Table 2. Field characteristics of maize hybrids in two edaphoclimatic Ural areas (2011-2013).

Hybrid FAO Number of days from Yield, t-ha’! Grain Dry matter,
sprout to ear corn blossom (FS) moisture, t-ha’!

FS! FM? % (FS) FS FM
Koubamskii 101 SV 120 44 44 5.45 27.2 6.9 8.8
Omka 130 130 49 48 5.66 30.2 9.2 9.6
Mashouk 150 MV 130 50 51 5.29 32.5 8.0 9.8
Ross 130 MV 140 50 53 6.74 32.1 10.3 11.2
Obskii 140SV 140 51 54 6.87 32.2 10.4 11.4
Koubanskii 141SV 150 51 56 7.39 31.9 8.2 10.3
Omka 150 150 53 56 6.91 32.7 9.0 10.0
Katerina SV 170 56 59 5.83 32.8 8.7 12.3
Mashouk 170 MV 170 55 59 6.41 354 10.7 10.9
Ross 140 MV 180 56 63 5.80 35.5 8.5 12.4
Klifton 180 58 64 6.87 34.7 9.2 11.9
K-180 SV 190 60 67 3.91 38.6 8.2 10.6
LSDos - 3 2 0.46 1.4 0.8 0.7
r - - - -0.18+0.31  0.93+0.11 0.22£0.31 0.71+£0.22

I'FS — forest-steppe area; 2 FM — forest-meadow area

The significance of early maize varieties is in their stable
development within warmth shortage. Hybrids FAO 120-130,
which were cultivated in two areas with contrasting
temperature conditions did not reveal significant differences
on the period length from sprouts to ear corn blossom. Hybrids
FAO 140 and up showed development delay within 3-7 days.

As it was revealed during the first stage of studies vegetation,
season length in forest-steppe areas strongly influences grain
moisture and has a lower impact on grain crop productivity
and dry matter. It tells of a high-level

realisation of genetic productivity potentiality. In forest-
meadow areas, maize was cultivated to produce silage. In
contrast to forest-steppe area, the earliest samples showed the
drop in dry matter productivity. It was determined with the use
of correlation and disperses analysis. It can be probably caused
by more favourable water conditions. Additional water
resources in the North of the region were used to develop
vegetative organs. This fact is indirectly proved by starch
content in dry matter, which is mainly contained in corns (Fig.
2).

545

40 +—>>~
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Fig. 2 Correlation of starch content (S) and metabolic energy (€) in dry matter of maize hybrids between duration of period «sprout — ear corn

blossom» (d), forest-meadow area, 2011-2013.
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According to this trait, hybrids FAO 120-130 including
Koubanskii 101SV get the jump over other samples within 21-
55%. Consequently, a close inverse dependence of the

concentration of metabolized energy in dry matter on the
period length from sprouts to ear corn blossom was revealed.
Despite of some loss of gross productivity, ultra-early hybrids’
cultivation is the main point to obtain high-energy fodder in
the northern Urals.

Selection of the Koubanskii 101SV hybrid gave the
opportunity to eliminate morphological imperfections, which
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are inherited by linear-varietal hybrids from populations with
early ripeness in any part. Main disadvantages of the hybrid
are in low corn attachment, especially within limited soil water
and a high probability of ear corn droop because of ear corn
stem length (Table 3). Within these traits, this variety
competes weakly with filed hybrids, which have either higher
ear corn attachment (Koubanskii 141SV, Beelar, Baikal) or
lower probability of ear corn droop and assure lack in harvest
loss in spite of low ear corn attachment (Obskii 140SV,
Uralskii 150, Mashouk 150 MV and others).

Table 3. Comparative analysis of maize hybrids by high attachment and necking degree of ear corn
(forest-meadow area, 2017-2018).

Hybrid High attachment ear corn, cm

Distance between soil level and

Necking ear corn index, (h;-hy™!)

(hy) lower point of ear corn, cm (hy)

2017 2018 2017 2018 2017 2018
Koubanskii 101 SV 32 39 21 14 1.52 2.79
Koubanskii 102 MV 41 44 47 46 0.87 0.96
Koubanskii 141 SV 58 62 42 53 1.38 1.17
Obskii 140 SV 42 49 51 54 0.82 0.91
Mashouk 150 MV 49 57 41 49 1.20 1.16
Uralskii 150 40 52 57 64 0.70 0.81
Beelar 160 65 60 46 51 1.41 1.18
Baikal 50 69 39 43 1.20 1.60
Ladojskii 148 SV 46 63 35 41 1.24 1.54

Parental form improvement gave the opportunity to create a
new ultra-early hybrid Koubanskii 102MV. Selection of a new
line without uncultivated traits consisted of two stages. At the
first stage the hybrid between the line 011 SV, which was
created earlier and the line AC23 from Moldavian selection
were obtained. During following 8 years a new line was
created by sister sib crossing. During following 8 years line
023 was thrown to sterile cytoplasm with regenerator gene of
Moldavian type provided by line SM 7MV. According to Fig.
3 a new hybrid has non-drooping ear corn within medium ear
corn attachment. Hybrid Koubanskii 102 MV essay in
comparison with a wide range of other filed and promising
hybrids was conducted in two areas of the Urals in 2019

(Table 4). Essayed hybrids showed a considerable advanced
development and least grain moisture at harvest in comparison
with the great part of other hybrids.

Dependence on grain crop productivity from vegetation
season length was corrected by temperature background.
Forest-steppe areas revealed a weak link between figures as it
was just proved during earlier stages of the study. According
to grain crop productivity data, Koubanskii 102MV got the
jump over other hybrids. Forest-meadow areas revealed a
strong inverse dependence between traits within considerable
warmth shortage. This dependence is caused by the fact that
only earliest blossom hybrids had enough time for grain filling.

Table 4. The early ripeness and yield of a register of prospective of maize hybrids,.2019.

Hybrid Number of days from sprout to ear Yield, t-ha™! Grain moisture, %
corn blossom

FM FS FM FS FM FS

Koubanskii 102MV 58 52 2.90 5.08 53.6 34.7
Ross 130 MV 65 57 1.81 5.28 65.6 41.0
Nur 65 56 3.13 4.38 59.0 37.6
Mashouk 140 65 55 3.52 5.01 59.4 35.2
Koubanskii 141 SV 72 57 2.84 5.46 66.5 39.9
Obskii 140CB 72 57 1.94 5.13 68.9 38.6
Berta 74 58 1.59 593 77.4 40.5
Mashouk 150MV 72 57 1.87 4.79 64.5 38.7
Uralskii 150 72 58 1.83 5.08 71.2 32.2
Taganai 65 56 1.72 4.19 58.6 39.4
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Severina 72 57 1.66 5.49 73.7 38.8
Beelar 160 72 59 1.69 4.94 66.7 36.3
Baikal 74 61 1.45 5.18 78.5 47.9
Katerina SV 74 61 1.39 5.76 76.5 40.6
Mashouk 170 MV 77 61 1.79 5.63 77.2 39.8
Mashouk 172 80 61 1.32 5.32 81.3 47.5
Prokhladnenskii 175SV 80 62 1.93 4.85 78.8 48.4
Shikhan 77 63 1.02 5.07 82.3 50.1
Ladojskii 148SV 75 61 1.19 4.79 73.4 42.8
Agatha SV 80 62 1.03 4.98 80.9 48.8
LSDos - - 0.23 0.41 3.9 1.7
r - - -0.69+0.17 0.20+0.23 0.58+0.19 0.79+0.15

As a result, four earliest hybrids including Koubanskii
140MV showed the highest grain crop productivity. This fact
has an applicative importance for forest-meadow areas to
produce high corn content canned goods and high-energy
silage. A new maize hybrid alongside samples FAO 130-150
could be used to produce dried and canned corn.

1Iv. CONCLUSION

As a result of the research conducted in three stages in the
period from 1999 to 2019 the earliest blossom maize hybrids
were created. They ensure a stable corn biological ripeness in
the Urals. High productivity is obtained due to its potentiality
within warmth shortage realised through thousand kernel
weight (TKW). As a result, early blossom hybrids have an
advantage because they achieve their biological ripeness
before diurnal temperature are below biological minimum.
These hybrids are of importance in forest-steppe areas to
produce dried and canned corn and in forest-meadow areas to
produce high corn content canned goods and high-energy
silage.

Further studies in this direction provide for the improvement
of genetic material in order to create a more favorable habitus
of plants while maintaining the achieved level of precocity. In
particular, the target attributes include a higher attachment of
the cob (from 50 cm with insufficient moisture to 70 with
sufficient moisture), increased drought tolerance of plants, and
accelerated loss of moisture by grain during ripening. As a
more remote task, the selection of ultra-early hybrids for cold
resistance and improving the chemical composition of grain
and vegetative mass is considered.
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