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Abstract. The purpose of the research is to create source material for breeding forage rye that combines stable productivity
over the years, high protein content in the grain, and low content of water-soluble pentosans. The object of research was winter
rye. Research methods Research on these tasks was carried out in 2016-2018 in the conditions of the South-Western Urals
using generally accepted methods. The predecessor is dead fallow. Soil is chernozem with a predominance of leached, typical
and carbonate varieties with the following agrochemical indicators: humus content in the topsoil — 7-9 %, pH - 7.2-7.6,
total nitrogen in the arable layer of the soil — 0.4 %, mobile potassium and phosphorus (according to Machigin) — respectively
20.5 mg/ 100 g and 10.2 mg / 100 g of dry soil, calcium — 5.6 %. The recommended rate of mineral fertilizers is N P, K
Scientific novelty. For the first time, 3 promising winter rye varieties selected in the Bashkir scientific research Institute and 2
samples of the All-Union Research Institute of Plant Breeding were studied in climatic conditions of south-western Cis-Ural.
The content of water-soluble polysaccharides (WSP) and the water extract viscosity (WEV) were evaluated. The breeding value
of plants was studied. Results The main indicators of the nutritional quality of winter rye grain are found to depend on both the
variety (genotype) and the influence of external conditions (phenotype). It was detected that the content of water-soluble poly-
saccharides and the dynamic viscosity of the grain meal water extract are in a linear relationship (» = 0.98). They are unstable
indicators and have a variable character. There are two varieties (Kombaynnyay 3 i Krupnozernaya 2) with the lowest WSP and
WEYV values and a high protein content in the grain. They can serve as source material to develop fodder crops in conditions
of the Republic of Bashkortostan. The rye WEV was found to increase significantly in dry years, and decrease in wet years.
The comparative evaluation of grain crops showed that the WEV of winter rye exceeded that of winter wheat by 3.5 times,
spring wheat by 3.7 times, and winter triticale by 3.1 times. It was found that the samples with lower WSP and WEV indicators
had small grains, low grain unit and higher protein content.
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Introduction

Rye is a multipurpose crop. Winter rye is one of the most
important agricultural crops because of its high adaptive ca-
pacity and stable grain yield. It is the best precursor for many
crops. Winter rye has a beneficial agrotechnical effect. Due
to its vigorous tillering and rapid growth, it suppresses the
growth of many weeds. It is grown for rye bread and fodder
production as well as a technical raw material in the starch, al-
cohol and distillery industries [1, p. 225]. Winter rye is a crop
that can be grown continuously on the same land for many
years. Among other grain crops, it has the lowest requirements
for soil fertility, fertilizers, herbicides and pesticides, which
allows to classify it as a crop of low economic risk. In mod-
ern environmental and economic conditions, it is promising to
make biofuels from plants. Winter rye is the most suitable and
beneficial crop for these purposes. Its main advantage is that
in addition to grain, you can use its waste and crushed straw.
Winter rye is one of the best cover crops in terms of protecting
the soil from erosion. Winter rye makes it possible to reduce

the load on farm machinery during spring crop planting and
harvesting. This makes it possible to reduce the number of
agricultural machines in a farm, having a positive impact on
production efficiency as a whole [2, p. 412].

Winter rye is a plant that can be cultivated in a moderately
cold climate. It is the least demanding to soil and climate con-
ditions. In autumn, rye rapidly produces a ground cover and
develops a powerful root system. Its biomass is comparable
with the ground part of the plant [3, p. 995]. Thanks to this, rye
has the ability to maximize the use of autumn-spring moisture,
and quickly resume vegetation in spring. Due to the fact that
the extensive root system of rye penetrates to a great depth in
autumn, it can use nutrients from hard-to-reach compounds [4,
p- 19].

However, with all these advantages, the demand for rye
grain is extremely low being the reason for the reduced culti-
vated areas both in Russia and around the world.

According to the Russian Land Statistics the cultivated
area for rye in 2019 was 850,3 thousand hectares, which is

19

sor3o[ouys91013y

020 ‘eA0UO0JeY "V "A ‘BAOIOUOYIN ‘TN T ‘AOUBAZIINRUS U 'V O



B B _dE _dE _aB i

. . . . . O

ATPOTEXHONIOT U

g
4

13,2 % less than in 2018. The rye acreage decreased by 54.7 %
over the past 5 years, 60.4 % for 10 years, 76.6 % by 2001.
Winter rye acreage in the Republic of Bashkortostan in 2019
was 119.2 thousand hectares, which is 13.7 % of the total rye
area of the Russian Federation.

The gross harvest of rye in the Russian Federation in 2019
amounted to 1,428. 6 thousand tons, being 25.4 % less than
in 2018. The yields decreased by 56.5 % over 5 years, 67.0 %
for 10 years, 78.5 % by 2001. The Republic of Bashkortostan
is leading among other Russian regions in terms of gross rye
yields being 229.3 thousand tons (16.0 % of the total yield).

One of the main reasons for the decline in rye planting is
the extremely low demand for rye grain from its main consum-
ers, both in the domestic and global markets. The subsequent
reduction of rye acreage resulted from plant lodging, signifi-
cant crop failure during overwintering, and the relatively low
purchase price for rye grain [5, p. 38], [6, p. 302].

Currently, one of the most pressing problems is the ex-
panded use of winter rye grain. It is impractical to strive to
create all-purpose varieties of rye. It is necessary to create va-
rieties for a specific use, which will fully meet the needs of the
consumer. The priority and main task of modern selection of
winter rye is to create varieties of different uses, suitable for
baking, production of wine, starch, alcohol, malt, syrup, phar-
maceuticals, various biopolymers, as well as for animal feed.

Expanding the range of rye grain products will increase
demand for it, since they have the most valuable properties for
healthy nutrition and are of particular interest as raw materials
for dietary products. Undoubtedly, bakery products, as well as
diabetic and dietary rye products will have a great purchasing
demand [7, p. 6490].

The use of rye grain for animal feeding will strengthen the
feed base and provide rational feeding of farm animals. About
812 % of the gross yield of winter rye grain is used in pro-
duction of mixed fodders. Most of the crop are used for early
green fodder, as well as for hay, haylage and silage making.
In the diet of animals, rye is no more than 20 % of the grain
weight.

The main indicator of the nutritional value of grain is the
protein content that is, the more protein, the higher the feed
quality of rye grain [8, p. 33]. Protein is essential for growth
and development. They perform enzymatic, building, and
regulatory functions in the cell. Protein is of great importance:
its reduction in the diet to 3 % of the recommended rates
leads to an enzyme deficiency, having negative effect on the
absorption of important nutrients [9, p.144]. The protein content
of the grain depends on both the variety and the conditions
of cultivation. Rye grain contains 9-17 % protein, 52-63 %
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starch, 1.6—1.9 % fat. The nutritional value of rye protein is
superior to other cereals. Rye protein is also rich in lysine,
threonine, phenylalanine, arginine, and is more balanced in
amino acid composition. It is rich in vitamins, micronutrients
and biologically active substances that are necessary for
animal nutrition. All these advantages undoubtedly attract
livestock breeders. In addition, the price of forage rye is
relatively low. However, with all these advantages, rye grain
isn’t used widely for animal feed. Due to its low taste quality,
animals do not readily eat it, and the content of a complex of
harmful substances negatively affects digestion. In this regard,
the value of winter rye as a forage crop is small. The main
reason is that rye contains antinutrients negatively affecting
uptake of rye grain nutrients by animals [10, p. 43].Rye grain
for fodder can be used with special enzyme preparations
that hydrolyze pentosans or after pre-preparation (extrusion,
flattening, canning). However, this leads to an increase in the
cost of fodder by more than 30 %. In recent years, it has been
proved that the digestion of animals is worsened by pentosans,
polymers that together with cellulose, lignin and minerals
form the cell walls, intercellular shells of grain, and the thick
cell walls of the endosperm aleurone layer. Pentosans, like
starch and cellulose, have a high molecular weight and a
branched structure of molecules. Nevertheless, unlike starch
and cellulose, formed from the remains of glucose molecules
(having six carbon atoms in the molecules), pentosans are
formed from the remains of arabinose and xylose molecules
(having five carbon atoms in the molecules). Hence, there is
another name of pentosans — arabinoxylans. This is the very
group of active pentosans that have a negative effect on the
digestion of domestic animals [11, p. 1045]. The use of winter
rye grain in animal feeding is limited due to the content of
pentosans in them [12, p. 432].

The cell walls of the grain shells and the aleurone layer
of rye are much thicker than in wheat, so the total content of
pentosans in rye is higher (7-13 % in rye, 5-7 % in wheat ).
The content of water-soluble or active pentosans in rye grain is
three times higher than in wheat (1.5-3.0 % in rye, 0.5-1.5 %
in wheat). Pentosans have the ability to absorb and retain
large amounts of water, forming mucus. When grinding grain,
pentosans are released, entering the digestive tract as part of
the feed, absorb water and form a mucus that covers the food
lump and the walls of the stomach and intestines, preventing
food digestion. The nutritional value of rye grain can be
increased if the content of water-soluble pentosans is reduced
by three times. Along with this, the mixed feed industry needs
grain with a high protein content.

Table 1

The content of water-soluble pentosans (WSP) in grain and the water extract viscosity (WEV)
of grain meal of different varieties of winter rye (2016-2018)

Variety WSP, % WEYV, cSt
2016 2017 2018 Average 2016 2017 2018 Average
Chulpan 7 2.54 1.69 2.92 2.38 33.4 28.6 38.2 33.4
Chulpan 9 2.97 2.10 2.51 2.53 36.6 25.2 29.8 30.5
Pamyati Kunakbaeva 3.06 2.96 2.90 2.97 45.4 44.6 45.0 45.0
Kombaynnyay 3 1.50 1.47 1.48 1.48 8.4 5.6 6.7 6.9
Krupnozernaya 2 1.58 1.43 1.52 1.51 5.5 5.3 8.5 6.4
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Table 2
Water extract viscosity (WEV) in different crop varieties (average for 2016-2018, cSt)
Winter rye Winter wheat Spring wheat Winter triticale
Variety WEY; cSt Variety WEY; cSt Variety WEY, cSt Variety WEYV; cSt
Chulpan 7 33.4 Bashkirskaya 10 6.82 Ekada 109 6.85 Bashkirskaya 7.90
korotkostebel 'naya
Chulpan 9 30.5 Bashkirskaya 3 6.93 Ekadall3 6.68 Bashkirskaya 3 6.98
Pamyati 45.0 Lyutestsens 9 7.26 Ekada 6.73 Privada 8.10
Kunakbaeva
Kombaynnyay 3 6.9 Volzhskaya 6.98 Bashkirskaya 6.30 Izhevskaya 2 7.76
kachestvennaya 28
Krupnozernaia 2 6.4 Bezeng%(tgz;}kskaya 6.91 Vatan 6.49 Gorka 8.66
Average 24.44 6.98 6.61 7.88
Xmax—Xmin 38.6 0.44 0.55 1.68

The above implies the development of technologies for the
selection of specialized varieties depending on the purpose of
grain use. Thereby, it is necessary to create a selection source
material for varieties of each specialization, which will differ in
grain quality; study the inheritance of selected characteristics,
and determine the selection methods.

There has been discovered a high correlation between the
quantitative content of water-soluble pentosans and the vis-
cosity of the water extract of rye grain meal [13, p. 5]. It was
found that starch and protein do not affect the viscosity of the
water extract. It almost completely (» = 0.97) depends on the
content of water-soluble arabinoxylans in it. Based on this, it
is possible to predict the content of water-soluble pentosans
not directly, but indirectly. It can be done by measuring the
viscosity of water extract of rye flour using high-precision vis-
cometers [14, p. 28], [15, p. 984]. The water extract viscosity
of grain meal makes it possible to evaluate both the baking
qualities and the feed advantages of rye grain. Currently, a
number of authors have experimentally confirmed the possi-
bility of reliable and rapid prediction of baking and feed quali-
ties of rye by the extracted viscosity, which is very important
in breeding work.

In addition to the variety, the content of water-soluble
pentosans and the level of the water extract viscosity are
greatly influenced by environmental factors: soil type,
cultivation technology, harvesting time, storage conditions,
and the amount of precipitation after rye heading. The lowest
WSP and WEV indicators are observed when the grain-
filling period takes place in optimal and medium-arid weather
conditions [16, p. 33].

Methods

Studies of grain samples of winter rye were conducted in
the experimental fields of the Chishminsky plant breeding cen-
ter of the Bashkir Scientific Research Institute of Agriculture —
Subdivision of the Ufa Federal Research Center of the Russian
Academy of Sciences in the pre-Ural steppe zone of the Ural
region in 2016-2018. The research targets were 3 promising
varieties of their own selection and 2 from the collection of the
All-Russian Plant Growing Institute. The material for research
was grown annually in an isolated field of crop rotation. Grain
for analysis was grinded in a laboratory mill. The WSP con-
tent in winter rye samples was determined using the method
of A. I. Ermakov. The main idea of the method is to exclude
alcohol-soluble sugars from the analysis. Protein content was

tested by the Kjeldahl method [18]. To determine the dynamic
viscosity of the water extract of grain meal, a capillary vis-
cometer VPZh-1 with a capillary diameter of 1.52 mm (the
range of viscosity measurement from 60 to 300) was used and
evaluated using the method of A. A. Goncharenko [19]. The
kinematic viscosity of the water extract was calculated in cen-
tistokes using the formula:
V=g/9,807xTXK,

where K is the viscometer constant, mm?/s?;

V is kinematic viscosity, mm?/s;

T is the flow time, s;

g is free fall acceleration at the measurement point, m/s2.

With an internal capillary diameter of 1.52 mm, the vis-
cometer constant is 0.3617 mm?/s2.

The weight per 1000 kernel was determined according to
the Russian standard GOST 12042-80, the natural weight was
found according to GOST 10840-2017.

Results

Depending on the variety and conditions of grain forma-
tion, the content of water-soluble pentosans over the years of
research was 1.43-3.06 % per dry grain substance (table 1).

The WSP content among varieties in 2016 ranged from
1.50 % (Kombaynnyay 3 variety) to 3.06 % (Pamyati Kunak-
baeva), in 2017 from 1.43 % (Krupnozernaya 2) to 2.96 %
(Pamyati Kunakbaeva), in 2018 from 1.52 % (Krupnozernaya
2) to 2.92 % (Chulpan 7). For an average of 3 years, Pamyati
Kunakbaeva variety had the highest content of water-soluble
pentosans in grain (2.97 %) while Kombaynnyay 3 and Krup-
nozernaya 2 varieties had the lowest WSP content (1.48 %)
and (1.52 %). Chulpan 7 and Chulpan 9 varieties occupied an
average position (2.38 % and 2.53 %, respectively). In 2018
Pamyati Kunakbaeva had particularly high WSP content in
grain (3.06 %).

As aresult of determining the viscosity of the water extract
of the material under study, there was a strong difference in va-
rieties and years. Among the selection material there are sam-
ples that differ significantly in the specified feature. The range
of the solution viscosity varied from 5.3 to 45.0 ¢St (table 1).
For 3-year average Pamyati Kunakbaeva variety had the high-
est water extract viscosity of grain (45.0 cSt). The samples of
Krupnozernaya 2 (6.4 cSt) and Kombaynnyay 3 (6.9 ¢St) had
the lowest values of the pentosan extracted viscosity. Pamya-
ti Kunakbaeva had the highest grain water extract viscosity
(45.0 cSt).

)
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Table 3
The results of laboratory analysis of winter rye samples
Variety Year 1000 kernel weight, g Grain unit, g/l Protein, %
2016 27.0 658 11.70
2017 29.3 697 11.53
Chulpan 7 2018 245 658 11.73
Average 26.9 671 11.65
2016 25.8 670 11.82
2017 28.9 658 11.76
Chulpan 9 2018 26.6 635 12.32
Average 27.1 654 11.97
2016 31.1 706 12.60
. 2017 27.5 641 11.82
Pamyati Kunakbaeva 2018 3.0 656 1200
Average 27.2 668 12.14
2016 24.1 611 14.72
Kombaynnyay 3 2017 27.8 630 13.80
2018 26.5 630 14.58
Average 26.1 624 14.37
2016 26.4 638 14.25
Krupnozernaya 2 2017 27.1 650 13.50
2018 26.0 630 14.50
Average 26.5 648 14.08

There was found a high correlation between the quantita-
tive content of water-soluble pentosans and the viscosity of the
water extract of rye grain meal (» = 0.98).

WSP and WEV values of winter rye strongly depend on
the conditions of the growing season. They are significantly
affected by the amount of precipitation during the grain fill-
ing and maturation. In the years of research, the climatic con-
ditions during the vegetation period of plants were different.
In 2016, there was a shortage of precipitation throughout the
growing season, being confirmed by a very low value of the
hydrothermal coefficient (HTC = 0.7). High temperature and
dry weather conditions during grain filling caused the early
drying of plants. During the 2017 growing season, the air
temperature was below the annual average with precipitation
above normal (HTC = 1.4). The cold, rainy summer signifi-
cantly limited the grain development and filling. The grow-
ing season of 2018 was quite dry (HTC = 0.9). The summer
drought did not contribute to the good development of plants
and grain filling. Within the same variety, the grain water ex-
tract viscosity varied over the years.

In a rainy year, all samples tended to have lower WSP and
WEV values. It makes possible to conclude that the viscos-
ity potential of rye increases significantly in dry years and de-
creases in wet years.

Winter wheat, spring wheat, and triticale were taken for
comparative evaluation of the extracted viscosity of winter rye
with various grain crops (table 2).

The conducted studies showed that winter rye had the high-
est viscosity potential (24.44 ¢ST), and winter wheat had the
lowest viscosity potential (6.98 CST). On this basis, rye ex-
ceeded winter wheat by 3.5 times, spring wheat by 3.7 times,
and winter triticale by 3.1 times. The greatest differences be-
tween varieties were observed in winter rye (38.6 ¢ST), and
the smallest in winter and spring wheat (0.44—0.55 cST).
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Structural analysis of the grain material showed that
Kombaynnyay 3 (624 g/l) and Krupnozernaya 2 (648 g/l)
varieties had the lowest grain unit (table 3).

For a 3-year average, the weight per 1000 kernel ranged
from 26.10 g to 27.2 g. All the studied varieties had a weight
per 1000 kernel at a level below the average (less than 28 g).
Kombaynnyay 3 (26.1 g) and Krupnozernaya 2 (26.5 g) had
the lowest weight per 1000 kernel.

On average over the years of the study protein content in
grain among varieties was 11.65-14.37 % per dry substance.
In the years of research, this indicator was the highest in the
samples of Kombaynnyay 3 (14.37 %) and Krupnozernaia
2 (14.08 %). In a wet year, the protein content was slightly
lower than in dry conditions. It was found that the samples
with lower WSP and WEV indicators had small grains, low
grain unit and higher protein content.

Discussion and Conclusion

Based on the results of the conducted research the following
conclusions can be made:

1. The main indicators of feed quality of winter rye grain
(low content of water-soluble pentosans and high protein
content) are caused not only by genotypic (varietal), but also
by phenotypic (environmental) factors.

2. The content of WSP and WEV are unstable indicators
and have a variable nature.

3. Kombaynnyay 3 and Krupnozernaia 2 had the lowest
WSP and WEV values, along with high protein content in
grain. These varieties can be classified as those for feed use.

4. The water extract viscosity is in linear dependence on
the WSP content (> 0.97).

5. The rye water extract viscosity tends to increase in arid
years, and decrease in wet years.
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6. Winter rye had higher water extract viscosity than winter 7. It was found that the samples with lower WSP and WEV
wheat by 3.5 times, spring wheat by 3.7 times, and winter indicators had small grains, low grain unit and higher protein
triticale by 3.1 times. content.
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