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Abstract

Background and Objective: Leguminous crops on arable land are sources of protein production. The purpose of the researchis to develop
elements of technology for the cultivation of minor leguminous crops (soy, vetch, chickpeas, broad beans) in the middle Cis-Ural Region
to increase the yield and quality of main products. Materials and Methods: The research concept consisted of the formulation of a
hypothesis based on the study of scientific literature, the latest achievements of production, the use of empirical methods-field and
laboratory experiments, observation, measurement, comparison, theoretical methods-analysis and synthesis, generalization, mathematical
research methods-variance and correlation analysis. Results: As a result of the decomposition of organic matter, a part of the nitrogen
turns into a mineral form and increases soil fertility. The relevance of the research lies in the study of minor leguminous crops on arable
land in the Republic of Bashkortostan, the importance of which lies in the production of vegetable protein and increasing soil fertility.
Conclusion: The research methods consist of conducting field experiments aimed at increasing the productivity of lequminous crops of
individual elements of the cultivation technology.
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INTRODUCTION

According to their biological characteristics, leguminous
crops have a wide area of cultivation in all agricultural regions
of the planet, particularly in the Russian Federation, by
changing species according to the purpose of destination and
growing conditions'.

Currently, 88% of species from the legume family have
been studied, which differ in the unusual structure of flowers,
pod fruits and the ability to form nodules**. In solving the
problem of vegetable protein, a very important, if not decisive,
role belongs to legumes, which have more protein in grain
and by-products (straw) compared with cereals>”.

Modern varieties of leguminous crops are characterized
by a high nitrogen-fixing ability, due to plant residues, they are
sources of nitrogen accumulation in the soil. The role of
leguminous crops in the production of organic crop
production is great'®'2, The most common of the grain
legumes are peas (Pisum sativum L., it is cultivated in
almost all agricultural regions of the country. Peas are
successfully cultivated in many countries of the world,
including the Russian Federation'8,

After peas, the leading leguminous crop is vetch. Vetch is
cultivated for food in many parts of the world'. In the farms of
the Republic of Bashkortostan, spring (Vicia sativa L) and
winter forms (Vicia villosa Roth.) are cultivated. Winter vetch
mixed with winter cereals is cultivated for green fodder,
grain seedling and grain fodder. In 2020, the areas of vetch in
the Republic of Bashkortostan were given to 40.5 thousand
hectares with a grain yield of 19.2 tha='%.

Chickpeas are avaluable legume crop in the arid zone?'22,
Inrecent years, chickpeas have been cultivated in the farms of
the Republic of Bashkortostan. This crop is in great demand,
both in foreign and domestic markets?,

The progressive development of animal husbandry in
large agricultural holdings (the group of companies "Neral",
"Eco-Niva", etc.), industrial poultry farming increase the
demand for soybean grain. In world agriculture, soy is
considered the main oilseed crop?. In the Republic of
Bashkortostan, sunflower, rapeseed and flax are cultivated as
the leading oilseed crops and soy is a source of protein for
animal and poultry feed?. The production of soybeans in the
farms of the republic is spreading at a low rate, although the
volume of crop production in the whole country is expanding.

Feed beans are widely used in world feed production?.
Feed beans mixed with corn for silage can increase the feed
nutrition of the green mass, optimize the C: N ratio in feed?.

Broad beans are widely used in world feed production?2,
We consider the cultivation of multiple crops of silage crops
with broad beans to be promising in the production of
high-quality animal feed.

Thus, shortly, the areas of minor leguminous crops in the
Cis-Ural Region should be increased for the production of
high-protein grain and feed for food and feed purposes. This
study is aimed to develop elements of technology for the
cultivation of minor leguminous crops (soy, vetch, chickpeas,
broad beans) in the middle Cis-Ural Region to increase the
yield and quality of main products.

MATERIALS AND METHODS

Study area: Field experiments were made on the
experimental field of the Department of Soil Science,
Agrochemistry and Precision Agriculture of the Educational
and Scientific Centre of the Bashkir State Agrarian University
(BSAU) in the Southern forest-steppe zone, as well as in the
Trans-Ural steppe zone of the Republic of Bashkortostan in
2018-2020.

Conditions and methods of research: The research concept
is based on the analysis of scientific publications, assessment
of natural-climatic and soil conditions, setting up a field
experiment, conducting observations and laboratory analysis,
statistical processing of the experimental data obtained and
theiranalysis. The study uses generally accepted methods and
state standards.

Field experiments, laboratory analysis of seed quality and
statistical analysis of experimental data were carried out to
solve these tasks.

Agrometeorological conditions in the years of research
(2018-2020) were atypical but in general, they reflect the
continental character of the climate of the middle Ural area,
the vegetation period 2020 characterized by more arid
conditions (STC = 0.8).

The object of the research was winter vetch, winter rye,
broad beans, maize in mixed crops, soybeans and chickpeas
in single agrocenoses.

To solve the tasks, field experience, laboratory analysis of
the quality of grain and green mass and statistical processing
of experimental data were made.

Field experience 1: The influence of harvest methods and
times on the yield and quality of winter vetch grain in multiple
crops®. Scheme of field experience:

» Direct harvesting of the mixture at the humidity of the
grain of the reference culture 14%

» Selection of rolls mown at the humidity of the grain of the
reference culture 30%

« Selection of rolls mown at the humidity of the grain of the
reference culture of 20%
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Field experience 2: Yield and quality of green mass of
multiple corn crops with broad beans. Scheme of field
experience:

Pure sowing of corn
Pure sowing of broad beans
Multiple crops of corn+broad beans

Broad beans of the Siberian variety were studied. The
variety is included in the register approved in 2007 for all
regions. The originators of the variety are the Federal Altai
Scientific Centre of Agrobiotechnologies and the Siberian
Federal Scientific Centre of Agrobiotechnologies of the
Russian Academy of Sciences. Hybrid corn Krasnodarsky
194 MV. was included in the State Register in 2000 for many
regions of the Russian Federation, including 9 (Ural). Seed
production of the hybrid is carried out in the Krasnodar
Territory in the APC KKP “Kuban” on a sterile basis of the “M”
type CMS according to the scheme of complete restoration.

Field experience 3: The influence of the row spacing width on
the height of the lower soybean. Scheme of field experience:

Width of the row spacing is 15 cm
Width of the row spacing is 30 cm
Width of the row spacing is 45 cm
Width of the row spacing is 70 cm

Field experience 4: The effect of Rizotorfin B on the yield of
chickpea grain. Scheme of field experience:
« Seeds without processing
« Seeds with rhizotorphin B treatment

Field experiments were conducted in the Southern
forest-steppe, pre-Ural and trans-Ural steppe zones of the
Republic of Bashkortostan. The technology of cultivation of
minor legumes (soybeans, vetch, chickpeas and broad beans)
is generally accepted for the zone?'.

RESULTS

Legumes forfood. In the conditions of the pre-Ural steppe
zone of the Republic of Bashkortostan, the harvest methods
and times of winter crops increase the grain yield, particularly,
winter vetch.

Winter vetch plants continue to vegetate, despite the
maturation of the lower beans. During direct combining of the
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mixture in the phase of full ripeness of the grain of the
reference crop of winter rye with a humidity of 14%, the share
of winter vetch in the total mass was 35% to a grain yield of
0.92 tha". The proportion of rye in the mixture was 65% to a
grain yield of 1.70 t ha™".

When mowing the mixture into rolls at a grain moisture
content of the reference crop of 30%, the yield of the grain
mixture was 2.86 t ha=', which is 0.24 tha=" higher than on the
control. The increase in grain yield is due to an increase in the
yield of the share of winter vetch in the grain mixture. Mowing
of winter vetch plants stops the supply of mineral nutrition
elements to plants from the root system, the outflow of
nutrients from the lower parts to the seeds begins, which
providesanincreasein cropyield by 0.28 tha=!, grain mixtures
-0.24 t ha™" in this variant, the winter vetch grain yield
increased by 0.28 t ha='.

Selection of rolls, mown at a moisture content of the grain
of the winter rye reference crop of 20%, provided a yield of the
mixture of 3.13 and 0.51 t ha™" higher than in the control
version. In this variant, the share of winter vetch was 43.0%,
which is 8.0% higher. The vyield of winter vetch grain was
1.53 tha=".The decrease in the winter rye grain yield occurred
due to a decrease in the flow of nutrients into the grain after
mowing than in comparison with the presence of plants on
the root (Table 1).

The protein yield increases due to an increase in the
proportion of winter vetch in the grain mixture. Also, the
protein content increases in winter rye grain-from 11.5-12.6.
With separate harvesting on therolls, there isa more intensive
outflow of nutrients to the generative organ (grain). This
phenomenon is more shown in winter vetch. Simultaneously
with theincrease inyield, or, definitely, with the completion of
the water intake and mineral elements from the root system,
all nutrients accumulate in the grain. Therefore, the protein
content increases by 2% compared with the control option
(root harvest). The average protein content in the grain
mixture according to the variants of the field experiment
increased from 14.5-16.3% (Table 2).

Modern technologies, technical equipment of farms and
new crop varieties with a lower content of harmful substances
in grain make it possible to grow broad beans for grain and
green feed. A promising technique is the feed preparation
based on multiple crops of broad beans with corn as green
feed and araw material conveyor for laying silage (monofeed).

In our studies, the yield of pure corn crops of the
Krasnodar 194 SV hybrid was 36.0 t ha=', broad beans of the
Siberian variety -21.0 t ha=', mixtures of corn and broad beans
-32.0 t ha™". The protein content in the dry matter of broad
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Table 1: Yield of winter crops in binary sowing at different harvest times and methods (in average, 2018-2020

)

Share of winter rye

Share of winter vetch

Harvest times and methods Mixture (t ha™") Percentage tha” Percentage tha™'
Single-phase harvesting at the grain moisture content of the reference crop 14% 2.62 65.0 1.70 35.0 0.92
Mowing of rolls at a grain moisture content of the reference culture of 30% 2.86 589 1.66 41.1 1.20
Mowing of rolls at the grain moisture content of the reference crop 20% 3.13 57.0 1.60 43.0 1.53
HCPy, 0.16 - 0.11 - 0.09
Table 2: Protein content and yield in binary sowings of winter rye with winter vetch (2018-2020)

Mixture Winter rye Winter vetch
Harvest times and methods Percentage tha™' Percentage tha™ Percentage tha™!
Single-phase harvesting at the grain moisture content of the reference crop 14% 14.5 0.3804 1.5 0.1955 20.1 0.1849
Mowing of rolls at a grain moisture content of the reference culture of 30% 16.1 0.4589 12.1 0.2009 215 0.2580
Mowing of rolls at the grain moisture content of the reference crop 20% 16.3 0.5397 12.6 0.2016 221 0.3381

Table 3: Yield and protein content of green mass of fodder crops (2020)

Crops Yield of green mass (t ha™") Protein content (%) Protein yield (t ha™")
Corn, Krasnodarsky 194 SV 36.0 8.5 3.08
Broad beans, Siberian 21.0 13.0 2.92
Corn and broad beans (37.5+62.5) 320 10.9 3.49

Fig. 1: Losses of soybean grain at a low height of the lower
bean

beans was 13.0%. The protein content in the dry matter of
corn was 8.5%. The dry matter content of the mixture of corn
and broad beans was 10.9%. The protein yield per hectare
was: Forcorn-3.08 tha™', for broad beans-29.2 tha=", multiple
crops of corn with broad beans-3.49 t ha=' (Table 3).

Soybean harvest losses depend on weather conditions,
crop varieties, harvest methods, the equipment used, other
unplanned human factors are also possible. Usually, in
production conditions, due to the low height of the lower boa,
losses are allowed due to a shortage of the combined cutting
machine (Fig. 1).
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In production conditions, commodity producers sow
soybeans for seeds in various ways-ordinary and wide-row.
The advantages of ordinary sowing are more optimal
placement of seeds per unit area of nutrition. Plants are more
favourably distributed in agrocenosis. At the same time, there
are several disadvantages: With heavily clogged crops, it is
necessary to carry out the herbicidal treatment. Plants develop
without intraspecific competition, they branch freely, the
lower bean is located closer to the soil surface. On average, in
our studies, the height of the lower bean of the SibNIIK-315
variety was 5-6 cm. This height with a surface slope of 1-3 is
not completely captured by the cutting rotation of the
combine andyield losses are allowed in the form of a shortage
of the formed crop.

With an increase in the width of the row spacing by
30 cm, the intraspecific competition of soybean plants
begins-the struggle for light. As a result, the distance of the
plant internodes begins to lengthen and accordingly, the
height of the lower bean rises, since the soybean flower is laid
in the internodes of plants. In our studies, with a row spacing
width of 30 cm, the height of the lower bean rose to 7-9 cm. At
this height, the shortage of soybean seed yield is reduced but
the use of row-to-row tillage is excluded.

With a row spacing width of 45 cm, the intraspecific
competition of plants increases, which eventually raises the
lower bean to a height of 10-12 cm. However, at this height,
grain losses due to a shortage of the lower bean are not
completely excluded.

The highest height of the lower bean of soybean plants
was provided when sowing with a row spacing width of
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70 cm. At this width, the greatest intraspecific competition of
soybean plants was noted, which was affected by the
tendency of plants to height. At this width, the conditions for
double row-to-row tillage are created, which not only destroy
weeds in the agrocenosis but also improve the water-air
regimes of the soil, which activate the activity of the symbiotic
apparatus of nodule bacteria. With this row spacing width, the
height of the lower bean s at the level of 15-17 cm, which fully
ensures the cut and losses in the form of a shortage of the
lower bean are not allowed (Table 4).

In the Republic of Bashkortostan, the most favourable
zones for chickpea cultivation are the Pre-Ural steppe, the
Trans-Ural steppe, part of the Southern forest steppe.

Chickpeas are relatively undemanding to their previous
crops. The main condition for its placement is the absence of
perennial weeds on the field. The best previous crops for
chickpeas are winter rye and wheat, spring cereals. When
cultivating chickpeas in new growth areas, it is necessary to
infect the soil nodule stamps of bacteria additionally by
pretreating the seed material to obtain the greatest plant
productivity due to symbiotic nitrogen.

During the chickpea research period, the onset of
phenological phases of chickpea plant development and the
duration of interphase periods were observed.

The interphase periods depend on abiotic factors and
weather conditions of the crop season. Chickpea sowing in
2020 was carried out on May 20. Favourable conditions
ensured the appearance of full shoots in 9-11 days after
sowing, depending on the options. The weather conditions of
the crop season ensured the timely germination and passage
of the phases of plant development.

Shoots with inoculation lasted for 2 days without
inoculation for 9 days (May 29), with inoculation for 11 days
(June 1).

The period from germination to the beginning of
flowering was 22-24 days, depending on the experience
options. After 20-22 days after flowering, the phase of green
ripeness came.

During the onset of wax ripeness, an increased air
temperature was established, so this period (from the
beginning of green ripeness to wax) lasted at the same
level-for 10 days. The period of “wax ripeness-full ripeness”
lasted for 10-11 days. Harvesting was carried out by direct
combining (single-phase) in the variant with rhizotorphin B
treatment, the ripening period was extended by 1 day.

In general, as the observations of our studies have shown,
the treatment of the seed material with rhizotorphin B turned
out to be more effective. The length of the growing season
(from sowing to full ripeness of seeds) in the control variant
was 81 days and on the treated seed plot with rhizotorphin
B-93 days.

The late sowing of chickpeas on the farm is because the
plants are heavily clogged with early spring weeds when
sowing atan early date. Chickpeas also differ from peasin that
seedlings appear when heat is established in the soil. When
the soil is cold, the seeds are at rest and they are damaged by
soil pests and diseases, the seeds do not give shoots or weak
seedlings. When sowing chickpeas at the beginning of the
third decade of May, it becomes possible to carry out pre-
sowing destruction of seedlings of early spring weeds, which
makes it possible to exclude herbicidal treatment of crops
(Table 5).

Table 4: Dependence of the lower bean height from the row space (2019-2020)
Row space (cm) Lower bean height (cm)

15 5-6
30 7-9
45 10-11
70 15-17

Table 5: Effect of seed treatment with rhizotorphin B on the interphase period of chickpea plants (sole proprietor of the farm “Pogorelov Yu. V.”, 2020)

Phases Without inoculation With inoculation Difference in growth and development
Sowing 20.05 20.05 0
Shoots 29.05 01.06 2 days
Beginning of flowering 30.06 06.06 6 days
Beginning of green ripeness 20.07 28.07 8 days
Waxy ripeness 31.07 10.08 10 days
Full ripeness 10.08 21.08 11 days
Length of the crop season 82 93 11 days
Table 6: Effect of rhizotorphin B on the structure of soybean seed yield (t ha™")
Number of plants Number of beans Number of seeds Weight of
Methods (pcs./m?) (per 1 m?) in one bean 1000 seeds (g) Yield (t ha™")
Control (without processing) 17.5 15.3 1.2 264 0.85
Seed treatment with rhizotorphin B 18.0 163 14 273 1.12
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To identify the effectiveness of rhizotorphin B action on
the growth and development of chickpea plants, it is
necessary to analyze the elements of the yield structure.

The structure of grain yield makes it possible to establish
the regularities of the formation of plant productivity. The
constituent elements of the grain yield structure are the
number of cultivated plants for harvesting, the number of
beans per 1 plant, the number of seeds in a bean and the
weight of 1000 seeds.

In our studies, the yield of chickpea seeds in the control
variant was 0.85 t ha~'. At the harvest time, the number of
productive plants was 17.5 pcs./m2 On average, 15.3 pcs. of
beans were formed on one plant. In one bean, the number of
seeds was 1.2 pcs. The mass of 1000 seeds was equal to 264 g.
Seed treatment with the bio-product rhizotorphin Bincreased
the productivity of chickpea crops. The number of plants per
1 m? increased by 0.5 pcs., beans in one plant -1.0 pcs., the
number of seeds in one bean by 0.2 pcs. The weight of
1000 increased by 0.9 g. As a result, in the experimental
version, the seed yield increased by 0.27 t ha=' (Table 6).

DISCUSSION

In our research, the highest yield of grain mixture
(3.13 t ha™') and protein yield (0.5397 t ha™") was obtained
when mowing rolls with a grain moisture content of 20% of
the reference crop. Thus, in the conditions of Western Siberia,
to obtain high-quality winter vetch grain in binary crops with
winter rye, it is recommended to carry out harvesting in two
phases by selecting rolls at 14% moisture content of rye
grain32, Ourresearch results are consistent with these data, the
only difference is in the conditions of Western Siberia, the
growing season is relatively short compared to the Middle
Urals. Scientists of the Federal State Budget Scientific
Institution “Federal Williams Research Centre of Forage
Production and Agroecology” recommend selecting a grain
mixture at a moisture content of 16-18% of seeds in rolls®. It
isimpossible to agree with this. At this moisture content of the
grain mixture in winter vetch seeds, this indicator remains
high.

Mixed crops of corn with fodder beans provided the
highest protein yield per unit area -3.49 t ha=! in comparison
with single-species crops. The inclusion of high-protein
legumes in the components increases the protein content?,
which was confirmed by our research.

The feeding area in rows narrows with wide-row sowing
of soybeans by 70 cm. The plants begin to struggle for light,
thereby increasing the length of the internodes and the
height of attachment of the lower bean by 11-12 cm higher
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compared with the sowing of row spacing of 15 cm, which is
consistent with previously obtained data®. The lower bean is
also characterized by high grain quality the loss is also
undesirable. Due to the shortage of the lower bean, losses can
reach up to 8%3%.

As a result of the action of biological agents, the
indicators of the elements of the chickpea yield structure
increase: The number of seeds in a bean (1.0 pcs. and the mass
of 1000 seeds (+0.08 g), which are consistent with previously
obtained data¥.

The studied methods of increasing the productivity of
minor leguminous crops have shown their effectiveness and
consistency with similar studies conducted in different parts
of the country and of the world, enriched the theoretical and
practical significance for the conditions of the middle Cis-Ural
Region.

CONCLUSION

Studies have confirmed the hypothesis of theimportance
ofimprovingindividual elements of the cultivation technology
of the studied leguminous crops. Separate harvesting of a
mixture of winter vetch with winter rye at a grain moisture
content of the winter rye reference crop of 20% increases the
grainyield of the mixture by 0.51 tha=", the protein content by
1.8% compared to direct combining. Sowing soybeans with
a row spacing width of 70 cm provides the highest grain
yield with the least losses during harvesting due to the
lengthening of the height of the lower bean. Processing of
chickpea seeds with the biological preparation rhizotorphin B
increases grain yield by 0.27 t ha™' with a production
profitability of 151.6%.

SIGNIFICANCE STATEMENT

This study discovers the new technology for the
cultivation of minor leguminous crops (soy, vetch, chickpeas,
broad beans) that can be beneficial for increasing the yield
and quality of main products. This study will help the
researcherto uncover the critical areas of improving individual
elements of the cultivation technology of the studied
leguminous crops, to increase soil fertility due to the
accumulation of biological nitrogen by assimilating molecular
nitrogen from soil nitrogen and involving it in the biological
cycle that many researchers were not able to explore. Thus a
new theory on to produce more vegetable protein per area
unit of arable land.
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