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Abstract:

The studies were conducted in the forest-steppe zone of Belgorod region. The soil cover was represented by typical
chernozems and leached chernozems. The objective of the research was to analyze and assess the accumulation of
major macro- and microelements in the plants of white lupine and soybean. It was found that the content of
macroelements: nitrogen, phosphorus, potassium, sulfur in white lupine beans is lower than in soy. The trace
elements in white lupine beans are arranged in descending order: Zn>Mo>Cu>Ni>Co>Cr, and in soy beans -
Zn>Cu>Ni>Mo>Cr>Co. White lupine beans, as compared to soybean beans, contain 6.3 times more cobalt, 9.8
times more molybdenum, 1.3 times more zinc, while copper content is 2 times less, and nickel - 2.2 times less. The
content of zinc, copper, nickel, molybdenum, cobalt in lupine beans was higher, and chromium is lower than in
straw. In soy beans, the content of all trace elements was higher than in straw, with the exception of cobalt, which
showed inverse trend.
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INTRODUCTION:

An important task of modern Russian agriculture is to
eliminate the deficit of vegetable protein. This
problem is especially acute in Belgorod region, which
is the largest meat producer in Russia. In 2016, 806.8
thousand tons (13.1% of the Russian Federation) of
poultry and 787.4 thousand tons (18.1%) of pigs were
slaughtered in the region.

To meet the needs of animal husbandry in the
vegetable protein in the area, soybean areas (Glycine
max), which is one of the most widespread and
popular crops in the world, are significantly
increased. Soybean is a crop of temperate climatic
zone and comes from the mountainous areas of
central and western China [1, 2].

In recent years, white lupine (Lupinus albus) has
become more and more interesting, which modern
varieties are not inferior to soybeans in terms of
protein content and its quality, but exceed it in yields.
This crop has long been cultivated in the
Mediterranean countries (Greece, Western Turkey,
Sicily, etc.). For the conditions of the Central
Chernozem Region, early ripening varieties of
determinant type with limited branching have been
created. The period of their growing season is 100-
140 days, the yield of seeds is 3-4 tons/ha, the protein
content in seeds is 35-40% [3, 4]. If in 2012 this crop
was cultivated on an area of 0.2 thousand hectares,
then in 2016 - on an area of 5.7 thousand hectares.
For comparison: in 2016 the soybean area was 210.4
thousand hectares.

The chemical composition of soybean and white
lupine plants varies greatly, depending on the soil-
climatic conditions, the characteristics of the variety
and agricultural technology. In many respects, the
individuality of the chemical composition of each
plant species is related to the features of the chemical
composition of the medium where this species was
formed [5]. The effectiveness of agricultural
technology also depends on the duration and intensity
of farming [6] and monitoring of soil fertility, which
shows significant progress achieved in the Belgorod
region in recent years [7, 8].

Objective of the study is to analyze and assess the
accumulation of the main macro- and microelements
in plants of white lupine and soybean.

MATERIALS AND METHODS:

In our studies we used the materials of local
agroecological monitoring of white lupine and
soybean crops in the forest-steppe zone of the
Belgorod region conducted in 2015-2017. The soil
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cover of the surveyed areas was represented by the
predominant soils in the region: typical chernozem
and leached chernozem. The weighted average
content of organic matter in the soil according to
Tyurin was 5.6%, hydrolytic acidity - 3.57 cmol/kg,
pHKCI -5.5.

The content of mobile forms of phosphorus and
potassium was determined by Chirikov method. The
extractant was 0.5M acetic acid solution (GOST
26204-91). To extract the mobile forms of sulfur
from the soil, a 1M solution of potassium chloride
was used (GOST 26490-85). The determination of
phosphorus and sulfur was carried out by
photometrical method, and potassium - by flame-
photometrical method. The method of determining
alkaline hydrolyzable nitrogen by Kornfield is based
on the hydrolysis of nitrogen-containing organic
compounds with a solution of 1M NaOH.

The total content of microelements (5M HNO;
extractant) and the concentration of their mobile
forms in the soil extracted by the acetate-ammonium
buffer solution with pH 4.8 (with the exception of
Mo) were determined by atomic emission
spectrometry in accordance with M-MVI-80-2008.
The content of mobile forms of molybdenum in the
soil was determined photometrically by Grigg
method; an oxalate-buffer solution with pH 3.3 was
used for extraction.

The content of nitrogen in crop production was
determined in accordance with GOST 13496.4-93,
phosphorus -

GOST 26657-97, potassium - GOST 30504-97.
Determination of the content of zinc and copper was
carried out in accordance with GOST 30692-2000,
cobalt - according to OST 10.155-88. The content of
nickel, chromium, molybdenum and sulfur was
determined on the basis of the methodological
guidelines [9-11].

During the statistical processing of the results of
laboratory analysis, the confidence interval was

calculated for the mean value ()_C + tosS x ) and the
coefficient of variation (V, %) using Microsoft Excel
2007.

RESULTS AND DISCUSSION:

The average content of mobile forms of phosphorus,
potassium and sulfur in the plow layer of the
investigated soils was 99, 137 and 2.4 mg/kg,
respectively. Alkaline hydrolyzable forms of nitrogen
according to Kornfield - 180 mg/kg. According to
Russian standards, the level of soil supply with
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mobile forms of phosphorus is estimated as average,
potassium - as high, sulfur - as low, alkaline
hydrolyzable forms of nitrogen - as average.

The content of basic nutrients in white lupine beans
averaged: nitrogen - 5.3, phosphorus (in terms of
P,Os) - 1.02, potassium (K,0) - 1.61, sulfur (S) -
0.22%. For comparison: the average content of these
elements in soybeans was higher: 6.26, 1.88, 2.52,
0.30%, respectively. The straw of white lupine
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contained significantly less nitrogen, sulfur and
especially phosphorus than in beans, and more
potassium. In the soybean straw, the content of all
macronutrients was lower than in beans (Table 1).
For comparison: the experiments conducted in
Nizhny Novgorod region showed that the content of
white lupine nitrogen in beans was in the range of
4.53-5.64, P,Os - 1.35-1.63, K,O - 1.69-1.93% [12].

Table 1.Variable-statistical indicators of the content of macroelements in white lupine and soybean plants, %

of absolutely dry matter

Type of | White lupine Soybean
Element = = - = = .
product ¥ itpsst lim V, % T agss? lim V, %
N beans 5.30+0.20 4.38-5.95 8.1 6.26+0.13 4.79-7.28 11.1
straw 0.41£0.02 0.37-0.51 10.8 1.02+0.02 0.84-1.26 11.8
P.O beans 1.02+0.09 0.73-1.47 19.4 1.88+0.05 1.58-2.29 13.0
s straw 0.07£0.01 0.05-0.09 19.7 0.43+0.01 0.23-0.64 12.0
O beans 1.61+0.07 1.43-1.94 9.5 2.52+0.05 2.12-2.94 10.5
? straw 2.23+0.30 1.18-3.54 28.7 2.07+0.04 0.71-2.31 10.4
S beans 0.22+0.02 0.17-0.28 14.9 0.30+0.01 0.22-0.35 9.0
straw 0.07+0.01 0.05-0.11 31.8 0.19+0.004 0.10-0.22 10.3

The percentage abundance of the gross content of chromium, zinc, nickel, copper, cobalt, molybdenum in soils,
according to A.P. Vinogradov (1957) is, respectively, 200, 50, 29, 20, 8, 2.6 mg/kg [13]. According to modern
estimates, the percentage abundance of the following elements in the world soils is: zinc - 70, chromium - 59.5,
copper - 38.9, nickel - 29, cobalt - 11.3, molybdenum - 1.1 mg/kg [14]. The gross content of these elements in the
investigated soils was lower than their percentage abundance (Table 2).

Table 2. Variable-statistical indicators of the content of trace elements in the arable layer (0-20 cm) of leached

chernozem, mg/kg

Element Gross content Content of mobile forms

X gy X lim V, % X a5 X lim V, %
Zn 37.1+2.44 26.7-51.2 14.1 0.74+0.06 0.52-0.93 17.2
Ni 24.9+0.79 22.5-28.4 6.8 0.63+0.07 0.50-1.05 22.2
Cr 21.0+0.86 17.3-25.1 8.7 0.44+0.02 0.37-0.50 7.9
Cu 13.840.34 12.7-14.8 5.3 0.110+0.004 0.10-0.12 7.1
Co 7.74+0.22 6.81-8.63 6.2 0.085+0.003 0.07-0.10 7.6
Mo 1.57+0.11 1.23-2.01 15.2 0.200£0.015 0.13-0.24 15.6

The gross content of trace elements in the arable soils hardly allows determining their availability to plants. To
assess the supply of crops with microelements in the soil, the concentration of their mobile forms is determined.
Background content of mobile forms of zinc, copper, cobalt were 0.74, 0.11, 0.07 mg/kg, respectively, which
corresponds to a low level according to the Russian scale for arable soils. The content of mobile forms of
molybdenum (0.2 mg/kg) corresponds to the average level of supply. The average content of mobile forms of nickel
is 0.63, chromium - 0.44 mg/kg. To maintain these elements, the supply scale has not been developed. For
agroecological normalization of the content of mobile forms of nickel and chromium in soils, the level of maximum
permissible concentration (MPC) is equal to 4 and 6 mg/kg. Arable soils exceeding these MPCs have never been
identified in the territory of the region.
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According to their content in white lupine beans, trace elements are arranged in descending order:
Zn>Mo>Cu>Ni>Co>Cr. The straw has a quite different regularity: Zn>Cu>Mo>Co>Cr>Ni. In soybeans, the
elements form a descending series by their concentration: Zn>Cu>Ni>Mo>Cr>Co, and in straw - Zn>Cu>Ni>Cr
Mo>Co (Table 3).
Table 3. Variable-statistical indicators of the content of microelements in white lupine and soybean plants,

mg/kg of absolutely dry matter.

Type of | White lupine Soybean
Element = = - = = .
product T ttosst Lim V, % T ttoss ¥ lim V, %
7n beans 43.2+2.02 36.5-53.1 10.0 34.4+0.5 31.9-37.0 35
straw 9.07+1.43 5.37-16.25 32.6 6.12+0.34 5.39-9.10 12.8
Cu beans 5.93+0.65 3.03-8.18 234 11.70£0.04 8.30-12.9 7.7
straw 1.94+0.13 1.39-2.58 14.6 3.58+0.10 3.00-4.12 6.7
M beans 6.73+0.87 3.89-11.33 27.7 0.69+0.04 0.63-0.85 12.6
0
straw 0.58+0.05 0.36-0.77 18.1 0.21+0.04 0.08-0.34 41.0
c beans 0.88+0.14 0.51-1.41 31.8 0.14+0.01 0.10-0.19 17.2
© straw 0.54+0.08 0.33-0.89 28.3 0.19+0.03 0.08-0.25 30.5
Ni beans 2.34+0.22 1.42-3.04 19.8 5.15+0.34 4.53-7.22 15.2
i
straw 0.39+0.06 0.23-0.74 29.0 0.70+0.11 0.34-1.45 37.8
c beans 0.34+0.03 0.23-0.45 20.1 0.42+0.01 0.37-0.45 5.6
: straw 0.41+0.04 0.29-0.64 21.9 0.38+0.03 0.31-0.43 14.9

Zinc is an integral part of various enzymes, therefore
it performs important and diverse functions in the
physiological processes occurring in plants. The
background content of the element in plants is usually
in the range of 20-60, and the concentration at which
the yield decreases is about 300-500 mg/kg of dry
matter [15]. In lupine beans, the average zinc content
was 43.2 mg/kg, which is 4.8 times higher than in
straw. In soybeans, the average content of this
element was slightly lower and was 34.4, in straw -
6.12 mg/kg.

Copper is a part of oxidative enzymes. It is partially
concentrated in chloroplasts and influences the
processes of photosynthesis [16]. The average
content of the element in white lupine beans was
5.93, and in straw - 1.94 mg/kg. For comparison: in
soybeans, the average copper content was almost
twice as high as 11.70 mg/kg.

Nickel performs a variety of physiological functions:
promotes the movement of nitrogen and germination
of seeds; restores plants to growth; affects the activity
of the enzyme urease, which catalyzes the hydrolysis
of urea, regulates the formation of histones; takes part
in the transamination process. However, a completely
biochemical role of nickel has not yet been studied
[17]. Among crops, soy ranks first for the
accumulation of this metal [18]. In the beans of this
culture, the nickel content was 5.15, in the straw -

0.70 mg/kg. In white lupine beans, the average nickel
content was 2.34, and in straw - 0.39 mg/kg.

Molybdenum is an integral part of some enzymes that
perform the binding of atmospheric nitrogen in the
process of biological fixation. Therefore, the element
is very important for the growth and development of
legumes. In terms of its practical value, molybdenum
takes a leading place among other microelements, as
it is a significant factor in solving two pressing
problems of modern agriculture: providing plants
with nitrogen, and farm animals with protein [16]. In
plants, molybdenum is distributed unevenly: its main
quantity is concentrated in grain or beans rich in
proteinaceous substances, and in leaves and stems its
concentration is much lower. In white lupine beans,
the average metal content was 6.73 mg/kg, and in
straw - only 0.58 mg/kg. For comparison: the content
of this element in soybean beans averages 0.69, in
straw - 0.21 mg/kg.

Cobalt intensifies the respiration rate of plants,
participates in the process of photosynthesis,
activates protein metabolism enzymes and redox
enzymes [16]. The element is necessary for legumes,
since it plays an important role in the process of
fixing molecular nitrogen. The average content of this
metal in white lupine is relatively high and is 0.88 in
beans and 0.54 mg/kg in straw. For comparison:
soybeans contain 0.14, and straw - 0.19 mg/kg.
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Chromium in plants participates in the synthesis of
protein, affects the increase in chlorophyll content in
leaves and the productivity of photosynthesis.
However, an excessive concentration of the element
may cause decrease in growth, oppression, and high
concentrations may lead even to plant death [19]. The
average chromium content was 0.34 in beans and
0.41 mg/kg in white lupine straw. According to the
content of this element, white lupine differs little
from soybean, where the average content in beans is
0.42, and in straw - 0.38 mg/kg.

In accordance with the technical regulations of the
Customs Union "On the Safety of Grain" for food
purposes, the maximum content of trace elements
studied in lupine and soybean beans is not
standardized.

CONCLUSION:

Thus, the content of macroelements: nitrogen,
phosphorus, potassium, sulfur in white lupine beans
is lower than in soy. The trace elements in white
lupine beans are arranged in descending order:
Zn>Mo>Cu>Ni>Co>Cr, and in soy beans -
Zn>Cu>Ni>Mo>Cr>Co. White lupine beans, as
compared to soybean beans, contain 6.3 times more
cobalt, 9.8 times more molybdenum, 1.3 times more
zinc, while copper content is 2 times less, and nickel -
2.2 times less. The content of zinc, copper, nickel,
molybdenum, cobalt in lupine beans was higher, and
chromium is lower than in straw. In soy beans, the
content of all trace elements was higher than in straw,
with the exception of cobalt, which showed inverse
trend.
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