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Abstract. The relevance of the results of these studies lies in the fact
that until recently, changes in the mineral composition of different types
of meadow agrophytocenoses under the influence of symbiotic alfalfa
and mineral nitrogen in the content of macro- and microelements,
heavy metals, and nitrates in feed biomass have not yet been sufficiently
investigated, which hinders the development and implementation of
feed production findings in agricultural production. The purpose of the
study is to establish changes in the accumulation of various meadow
agrophytocenoses in dry feed biomass on various agricultural zones of
mineral elements during cultivation on dark grey soils of the Right-Bank
Forest-Steppe. During this study, field and laboratory methods were used,
and an analytical method was used to determine the mineral composition
of dry feed biomass. The results of studies on the accumulation of alfalfa,
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alfalfa-cereals, and cereal stands in in dry feed mass on various backgrounds of fertilisation and liming of raw
ash, macro- and microelements, heavy metals, and nitrate nitrogen are presented. It is shown that under the
action of symbiotic nitrogen in alfalfa and alfalfa cereal stands, compared with cereals in the dry mass of feed,
raw ash accumulates more macroelements, trace elements, and heavy metals by 0.6-0.8%, the ratio of calcium
to phosphorus increases by 0.11-0.26, and potassium to the sum of calcium and magnesium decreases by
0.11-0.26. Under the action of mineral nitrogen in the case of the introduction of N90 in the cereal stand, the
content of nitrates increases from 0.02 to 0.04%, zinc - from 9.1-9.2 to 12.4-12.6 or by 3.2-3.5 mg/kg, copper -
from 3.4-3.7 to 5.3-5.5 mg/kg, as well as manganese, lead, nickel, cadmium in the dry mass of the feed of the
cereal stand. It is proved that the content of macro- and microelements in the dry mass of feed corresponds
to zootechnical standards for feeding cattle, and nitrates and heavy metals do not exceed the maximum
permissible concentrations. The results of these studies can be used in the development of recommendations
on technologies for growing perennial cereals for feed purposes and in the educational process

Keywords: heavy metals; zootechnical norm; macro- and microelements; nitrates; raw ash; dry mass; cereal feed

INTRODUCTION

The effective functioning of animal husbandry largely
depends on providing this branch of agriculture with
cheap cereal feed. Hayfields, pastures, and crops of pe-
rennial cereals are their main source. One of the ways of
environmentally safe intensification of feed production
and meadow culture is the creation of feed agrophyto-
cenoses with a high content of legumes. Due to symbi-
otic nitrogen fixation, they not only increase the pro-
ductivity of forage lands but also improve the quality of
feed, in particular, their mineral composition. Therefore,
the results of researching the mineral composition of
different types of meadow agrophytocenoses are cer-
tainly relevant.

Analysis of the studies (Dziubailo et al., 2020;
Kovtun et al., 2020; Kamalongo & Cannon, 2020) shows
that replacing mineral nitrogen in the cultivation of
perennial cereals with symbiotically fixed nitrogen of
perennial legumes for growing them in a single-spe-
cies crop or mixed with cereals substantially reduces
the energy costs of growing forage agrophytocenoses.
Ultimately, the nitrogen of mineral fertilisers, used for
the cultivation of highly productive cereal stands, can
account for half or more of all total costs.

Due to the substantial increase in mineral nitrogen,
increasing the use of perennial legumes as a source of
symbiotic nitrogen in meadow culture and feed pro-
duction is an important component of the programme
for introducing energy-saving technologies abroad, in-
cluding for organic agricultural production (Hannaway
etal.,2018; Kim et al., 2019; Karbivska et al., 2020).

The studies (Bo et al., 2022; Odzijewicz et al., 2023)
identified that symbiotic nitrogen of perennial legumes
both in legume-cereal mixtures and in single-species
crops improves the chemical composition of feed. In
particular, it helps to increase the content of crude pro-
tein, protein,macroelements of calcium and magnesium
in the dry mass, improve the digestibility of feed, the
nutritional content of feed units and energy intensity in
the content of metabolic energy,and reduce the amount
of nitrogen-free extractives, crude fibre, and potassium.
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Authors (Bogovin & Ptashnyk, 2020; Tamahina &
Turabov,2021; Kurgak & Karbovskaya, 2020) also estab-
lished that the quality of feed of cereal phytocenoses is
positively affected by nitrogen mineral fertilisers. When
it is applied, the content of crude protein and protein in
herbs increases, the content of nitrogen-free extractive
substances and, in particular, their component part -
hydrocarbons, including water-soluble or sugars, de-
creases. However, it should be noted that the increase
in the content of crude protein in herbs under the in-
fluence of nitrogen fertilisers in different conditions
occurs at different rates.

Itis known that the mineral composition of the feed,
in particular, the content of macro- and microelements,
is important in feeding animals. The content of miner-
al elements in the biomass of perennial phytocenoses
depends on their species composition, fertiliser system,
timing and frequency of harvesting, and other techno-
logical measures of cultivation (Nilsdotter-Linde et al.,
2016; Kurhak et al., 2020; Martsinko et al., 2021).

In the studies (Monti et al., 2008; Demidas & Ga-
lushko, 2020) it is noted that a substantial danger to
animals may arise from mineral fertilisers due to the
introduction of increased doses of nitrogen and the ac-
cumulation of nitrate nitrogen (N-NO,), which as part
of crude protein accumulates in the biomass of herbs,
in such cereal feed. It is also highlighted that in the
early phases of vegetation (tillering of cereals and
shoot formation of legumes), the nitrate content is sub-
stantially higher than in optimal periods of harvesting
cereal stands (earing of cereals budding or flowering
of legumes). It is also proved that the accumulation
of N-NO, over 0.07% of the dry mass of feed is harm-
ful, 0.07-0.2% can lead to poisoning, and over 0.25%
can be fatal for cattle. According to DSTU 8528:2015
(2017), the maximum permissible concentration (MPC)
of N-NO, which is safe for cattle is considered to be
500.0 mg/kg of dry weight or 0.05%.

All of the above indicates the need to apply such fer-
tilisers and other agrotechnical measures that increase




not only the productivity of forage lands but also con-
tribute to obtaining high-qualityfeed in terms of mineral
composition.Therefore, it is important to use such doses
of nitrogen fertilisers that would not increase the accu-
mulation of toxic elements (nitrates and heavy metals) in
the feed over the maximum permissible concentration.

However, until recently, changes in the mineral
composition of different types of meadow agrophyto-
cenoses under the influence of symbiotic alfalfa and
mineral nitrogen in terms of the content of macro- and
microelements and heavy metals and nitrates in feed
biomass have not yet been sufficiently examined and
highlighted in open print, which hinders the introduc-
tion of feed production findings in agricultural produc-
tion. The purpose of this study was to investigate these
issues, the results of which are presented in the paper.

The purpose of the study is to establish changes in
the accumulation of feed in the dry mass from various
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meadow agrophytocenoses macro-and microelements
and heavy metals and nitrates on various agricultur-
al backgrounds for growing on dark grey soils of the
Right-Bank Forest-Steppe.

MATERIALS AND METHODS

The study of the mineral composition of the dry mass
of alfalfa, alfalfa-cereals, and cereals of perennial for-
age agrophytocenoses was conducted during 2019-
2021. Plant samples for determining the mineral
composition of feed were selected, according to re-
search programmes, in the National Scientific Centre
“Institute of Agriculture of the National Academy of
Agrarian Sciences of Ukraine” on dark grey podzolic
large-dusty-light-loamy soil of the Forest-Steppe of
Ukraine (Chabany village, Kyiv region) in a three-fac-
tor experiment, which was conducted according to the
following scheme (Table 1):

Table 1. Scheme of the conducted experiment

Herbage factor (types of cereals, their mixtures, and
seeding rates, kg/ha)

(Llime doses, t/ha)

Fertiliser factor
(nutrients and doses, kg/ha)

Liming factor

Alfalfa, 18

Without liming Without fertilisers

Alfalfa, 10 + smooth brome, 15

P,K

45790

1.5 t/ha

Alfalfa, 10 + smooth brome, 14 + eastern fescue, 8

Smooth brome, 15 + eastern fescue, 14

Smooth brome, 15 + eastern fescue, 14 + Ny . 51, 5

Source: compiled by the authors

In a 0-20 cm layer of soil, the humus content was at
the level of 2.4%; pH (salt) - 5.2; the content of easily
hydrolysed nitrogen - 13.1, mobile phosphorus - 17.1,
and exchange potassium - 12.9 mg per 100 g of soil.
Lime was applied once in pre-sowing tillage during al-
kalinisation in the spring of 2019. Mineral fertilisers,
according to the scheme of the experiment, were ap-
plied annually. Phosphorous and potash fertilisers were
applied in the spring, and nitrogen fertilisers in the ce-
real stand - in equal parts for each harvest.

Therepetition rate of the experiment is fourfold with
an area of the sown plot of 16 m2, accounting - 10 m2,
Perennial herbs in the experiment were grown accord-
ing to the generally accepted technology in the region,
with the exception of the factors under study. Zoned
varieties of perennial cereals were used in the experi-
ment: alfalfa - the Narechena Pivnochi variety, smooth
brome - Vizant, and eastern fescue - Domenika, mainly
selected by the NSC of the Institute of Agriculture of the
National Academy of Agrarian Sciences of Ukraine. Field
studies were performed in accordance with generally
accepted methods in feed production (Babich, 1994).

The content of crude ash and macroelements of
phosphorus and potassium in dry plant samples was
determined by infrared spectroscopy in accordance
with DSTU 4117:2007 (2008). The content of macro-

elements (calcium and magnesium), trace elements
(copper, zinc, manganese, iron), and heavy metals (lead,
nickel, cadmium) was determined by atomic absorption
spectrometry on the AAS-30 device. Nitrate nitrogen
concentration (N-NO,) calculated for the dry mass was
determined by the ionometric method.

The analysis of the results was conducted by com-
paring changes in the mineral composition of the feed,
which were obtained on different variants of the field
experiment. Evaluation of the results was also conduct-
ed by comparing the content of macro- and microele-
ments with zootechnical standards for feeding cattle,
and safety indicators for the content of heavy metals
and nitrates — with the maximum permissible concen-
trations (MPC). Zootechnical standards for the content
of mineral elements according to citation (Demidas
& Galushko, 2020) and the MPC according to DSTU
8528:2015 (2017) are shown in the tables of the fol-
lowing section, where the results are presented.

Agrochemical indicators of the soil were deter-
mined before laying a field experiment in a 0-20 cm
layer of soil according to the following generally ac-
cepted methods: humus - according to Tyurin, easily
hydrolysed nitrogen - according to Cornfield, mobile
phosphorus and potassium — according to Chirikov, pH
(salt) — potentiometrically.
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Mathematical processing of the reliability of the
obtained experimental data on the content of mineral
elements and nitrate nitrogen in the dry mass of feed in
the studies was conducted by the method of dispersion
analysis according to the indicators of the smallest sub-
stantial difference (HIP ) (Ermantraut, 2007).

RESULTS AND DISCUSSION

The results of the study on average for 2019-2021 of
the content of crude ash, macroelements, and their

ratio in the biomass of alfalfa alfalfa-cereal, and cere-
al mixtures are shown in Table 2. These data indicate
that on all fertiliser backgrounds, the highest content
in the dry mass of raw ash (9.0-9.5%), calcium (0.56-
0.63%), magnesium (0.13-0.18%), phosphorus (0.40-
0.45%), and the lowest content of potassium (2.35-
2.58%) was in the dry mass of alfalfa and its mixtures
with cereals, respectively 0.6-0.8%, 0.13-0.16%, 0.07-
0.08%, 0.03-0.04% more and 0.13-0.21% less than in
dry feed biomass of cereal stand.

Table 2. The content of raw ash and macroelements and their ratio in the dry mass
of alfalfa, alfalfa-cereals, and cereal stands in (average for 2019-2021), %

Herbage (types of
cereals and seeding Liming*  Fertiliser Raw ash P K Ca Mg K:(Ca+Mg) Ca:P
rate, kg/ha)
Without 9.4 0.44 2.35 0.60 017 3.05 1.36
_ fertilisers
P,.Ks, 95 0.45 2.40 0.61 0.18 3.04 1.36
Alfalfa, 18 :
Without 9.4 0.41 245 0.62 0.17 3.10 151
+ fertilisers
P,.K, 95 0.43 2.53 0.63 0.18 312 147
Without 9.1 0.41 2.50 0.56 0.15 3.52 1.37
_ fertilisers
Alfalfa, 10 + smooth P,.K,, 93 0.43 2.58 0.57 0.15 3.58 1.32
brome, 15 ;
Without 9.0 0.41 2.40 0.58 0.14 3.33 1.41
+ fertilisers
P,.Ks, 9.2 0.43 2.48 0.59 0.13 3.44 1.37
Without 9.0 0.41 2.50 0.56 0.15 3.52 137
_ fertilisers
Alfalfa, 10 + smooth Py 9.2 043 2.58 0.57 0.15 3.58 133
brome, 8 + eastern -
fescue, 6 Without 91 0.40 2.45 0.58 0.15 3.56 145
+ fertilisers
P,.K,, 9.2 0.43 2.53 0.60 0.14 342 1.40
Without 8.3 0.37 267 0.41 011 5.13 111
_ fertilisers
P,.Ks, 8.4 0.39 2.68 0.43 0.11 496 1.10
Without 8.3 0.41 2.60 0.48 0.11 4.41 117
fertilisers
Smooth brome, 15 +
eastern fescue, 14 P,.K,, 8.4 0.43 2.58 0.47 0.11 4.45 1.09
Ny, 8.7 0.36 2.60 0.45 0.10 473 1.25
Nyo PKso 8.8 0.37 2.65 0.45 0.10 4.82 1.22
Ny, 8.7 0.36 2.60 0.47 0.10 4.56 1.31
.
Ny, PKs, 8.8 0.37 2.65 0.48 0.10 457 1.30
Zootechnical norm 02-035 1.0-30 03-06 0.12-026 25-55  0.7-2.5
HIP _ % 0.4 0.02 0.12 0.03 0.01

05°

Source: compiled by the authors

In the dry mass of herbage with alfalfa in com-
parison with cereal herbage, the content of crude ash,
calcium, and magnesium was correspondingly higher
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by 0.3-0.6%, 0.06-0.10%, 0.01-0.06%, and the content
of potassium was less by 0.04-0.12%. Notably, the ad-
vantage of the alfalfa stands in comparison with the




cereal stands in terms of the content of raw ash and the
above-mentioned mineral elements was substantially
greater than the advantage of alfalfa-cereal stands.
According to the data listed in Table 2 on the
background of all fertilisers, a higher ratio of calci-
um to phosphorus Ca:P (in the range of 1.33-1.51)
and a lower ratio of potassium to the sum of cal-
cium and magnesium (K:(Ca+Mgq)) (in the range of
3.04-3.58) were in the dry mass of alfalfa and alfal-
fa-cereal mixtures, which, respectively, is 0.11-0.26
units more and 0.83-2.08 units less than in dry feed
biomass cereal stand. Similar patterns regarding the
effect of nitrogen symbiotic fixation on changes in
the ratio of these macroelements in the dry mass of
feed were observed by other researchers (Karbivska
2019; Demidas & Galushko, 2020; Kurhak et al., 2020).
Comparison of the content of macroelements indi-
cated in Table 2 in the dry mass of feed from differ-
ent types of herbage with zootechnical standards for
feeding cattle showed that it mainly corresponded to
them. However, in these studies the following devia-
tions were noted: a slight excess of the zootechnical
norm (0.2-0.35%) in the content of phosphorus in the
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dry mass of alfalfa feed and its mixtures with cereals,
which is positive, and a decrease from the norm (0.12-
0.26%) of magnesium, which is negative.

However, both the ratio of K:(Ca+Mg) and the ra-
tio of Ca:P did not go beyond the limits of zootechnical
standards for cattle. This indicates that the biomass for
the production of cereal feed from the examined cereal
stands is quite suitable for feeding cattle. Analysis of
these studies showed that phosphorous and potash fer-
tilisers had little effect on the mineral composition of the
feed and on the ratio of mineral elements. However, un-
derthe influence of nitrogen application at a dose of N90
in the cereal stand, an increase in the content of crude
ash,a decrease in the content of phosphorus and potas-
sium, and an increase in the Ca:P ratio, were observed.

According to the data (Table 3), nitrate content (N-
NO,) in the dry mass of alfalfa, alfalfa-cereal mixtures,
and cereal stand on different backgrounds, the average
use of fertiliser for 2019-2021 ranged between 0.0-
0.04% and did not go beyond the maximum permissible
concentration (0.07%). Experimental data indicate that
the content of nitrates (N-NO,) in the dry mass of feed
when eaten by animals is not harmful to animal health.

81

Table 3. Nitrate concentration (N-NQ3) in the dry mass of alfalfa,
alfalfa-cereals, and cereal stands in on different backgrounds of fertiliser and liming, % (2019-2020)

Years of life

Herbage (types of cereals Average for three

Liming* Fertiliser

and seeding rate, kg/ha) 1st nd 3nd years
Without fertilisers 0.04 0.02 0.02 0.03
P,Keo 0.04 0.03 0.02 0.03
Alfalfa, 18

Without fertilisers 0.04 0.03 0.02 0.03

+
P,:Keo 0.04 0.03 0.02 0.03
Without fertilisers 0.04 0.02 0.02 0.03
Alfalfa, 10 + smooth brome, PasKeo 004 002 002 0.03
15 Without fertilisers 0.04 0.02 0.02 0.03

+
P.Keo 0.04 0.03 0.02 0.03
Without fertilisers 0.04 0.02 0.02 0.03
Alfalfa, 10 + smooth brome, PasKeo 004 002 002 0.03
8 + eastern fescue, 6 Without fertilisers 004 002 002 0.03

+
P.Keo 0.04 0.03 0.02 0.03
Without fertilisers 0.03 0.01 0.01 0.02
P,:Keo 0.03 0.01 0.01 0.02
Without fertilisers 0.03 0.02 0.01 0.02

+
Smooth brome, 15 + eastern PsKeo 0.03 0.02 0.01 0.02
fescue, 14 Nao g0 30 30, 005 003 003 0.04
Noo PsKeo 0.05 0.03 0.03 0.04
Nyo 0.05 0.04 0.03 0.04

+
Ngo P.sKeo 0.05 0.04 0.03 0.04
HIP , % 0.005 0.005 0.005 0.005

MPC, % 0.05

Source: compiled by the authors

Scientific Horizons, 2023, Vol. 26, No. 2




82

Mineral composition of alfalfa, alfalfa-cereal...

In the dry mass of alfalfa and alfalfa-cereal stands in
comparison with cereal ones on the same fertiliser back-
grounds (options without fertilisers and application of
P,.K,,) onaverage,0.01% more nitrates accumulated over
the years of research. When applying nitrogen fertilisers
at a dose of Ny, (variants N, and N, P,.K, ), the content
of nitrates in the dry mass of cereal stands on average for
2019-2021 increased by 0.02%. Thus, introducing miner-
al nitrogen at a dose of N90 affects the accumulation of
N-NO, more than the use of symbiotic nitrogen of alfalfa
both in single-species sowing and alfalfa-cereal mixtures.

In the analysis of N-NO, accumulation over the
years of use, it was identified that the nitrate content
also changed noticeably. In the 1st year of life and use of
herbage (2019),0.01-0.02% more N-NO, was accumulat-
ed than in 2020 and 2021. However, patterns of changes
in N-NO, accumulation under the influence of symbiotic
nitrogen, alfalfa,and mineral nitrogen were preserved on
the cereal stand for all years. In all years of research, the
content of N-NO, did not exceed the maximum permis-

sible concentration (0.05% in the dry mass of the feed).

It is known that both under the influence of mineral
nitrogenin fertilisersand underthe influence of nitrogen
symbioticfixationofperenniallegumes,themicroelement
composition of feed biomass also changes substantially.

The studies (Table 4) also indicate that both when
using nitrogen symbiotic fixation of alfalfa in feed ag-
rophytocenoses with it,and mineral nitrogen fertilisers
on perennial cereal stands substantially changed the
microelement composition of cereal feed and the accu-
mulation of heavy metals in it. Thus, in particular, in the
dry mass of alfalfa and alfalfa-cereal stands with various
cereal components,in comparison with cereal stands on
nitrogen-free fertiliser backgrounds (variants without
fertilisers and P,K, ), zinc content increased from 9.0-
9.2 to 12.3-14.8 mg/kg or by 3.3-5.6 mg, copper - from
3.3-3.7 to 4.4-4.7 or by 1.0-1.1 mg/kg, iron - from 54.6-
62.7 to 58.3-72.1 or by 3.7-9.4 mg/kg, lead - from 1.4-
1.5 t0 2.0-2.2 mg or by 0.6-0.7 mg, nickel - from 1-1.2 to
1.8 mg/kg, cadmium - from 0.1 to 0.2 mg/kg of dry mass.

Table 4. Content of trace elements and heavy metals in the dry mass of alfalfa,
alfalfa-cereal, and cereal stands, depending on the fertiliser and liming systems (average for 2019-2021), mg/kg

Herbage (types of Microelements Heavy metals
cereals and seeding Liming* Fertiliser
rate, kg/ha) Zn Cu Mn Fe Pb Ni Cd
Without 13.9 44 44.6 65.9 22 18 02
_ fertilisers
P.Ky, 147 45 46.2 721 2.2 1.8 0.2
Alfalfa, 18 :
Without 143 46 448 65.9 2.2 18 0.2
+ fertilisers
P,.Ky 14.8 47 46.4 721 2.2 1.8 0.2
Without 135 44 433 66.9 20 18 0.2
_ fertilisers
Alfalfa, 10 + smooth P.K, 145 45 455 71.0 2.0 1.8 0.2
brome, 15 ;
Without 13.8 45 435 66.9 20 18 02
+ fertilisers
P.Ky, 147 46 458 71.0 2.0 1.8 0.2
Without 12.3 44 38.9 59.0 20 18 0.2
_ fertilisers
Alfalfa, 10 + smooth P,.Ky, 12.9 4.5 439 58.3 2.0 1.8 0.2
brome, 8 + eastern th
fescue, 6 Without 125 45 393 59.0 20 18 0.2
+ fertilisers
P.Kyy 13.2 46 44 58.3 2.0 1.8 0.2
Without 9.0 33 452 54.6 1.4 11 01
- fertilisers
P,.Ky 9.2 37 54.3 62.5 1.5 1.2 0.1
Without 9.0 3.4 454 54.6 15 11 01
+ fertilisers
Smooth brome, 15 +
eastern fescue, 14 P.Kyy 9.1 37 54.3 62.7 1.5 1.2 0.1
N, 124 53 65.9 58.2 1.7 1.3 0.2
Ny P.cKog 126 55 66.4 58.3 1.8 1.3 0.2
Ny, 12.5 54 65.6 58.5 1.8 1.4 0.2
+
N, P,.K 126 55 66.2 58.7 1.8 14 0.2

Scientific Horizons, 2023, Vol. 26, No. 2
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Table 4, Continued

Herbage (types of Microelements Heavy metals
cereals and seeding  Liming* Fertiliser i
rate, kg/ha) Zn Cu Mn Fe Pb Ni Cd
Zootechnical norm 20-50 4-10 250 200 - - -
MPC 50.0 30.0 - - 2-3 2.0 0.3
HIP ., % 0.6 0.2 2.2 3.2 0.1 0.1 0.01

05

Note: trace elements in high concentrations exceeding MPC are also toxic elements, like heavy metals, and are harmful

to animal health
Source: compiled by the authors

On the cereal stand under the influence of intro-
ducing Ny, on two backgrounds (without fertilisers and
applying P,.K,.) in comparison with non-nitrogen back-
grounds, the content of zinc in the dry mass increased
from 9.1-9.2 to 12.4-12.6 mg/kg or by 3.2-3.5 mg, cop-
per - from 3.4-3.7 to 5.3-5.5 or by 1.9 mg, manganese -
from 45.2-54.3 to 65.6-66.4 mg, lead - from 1.4-1.5 to
1.7-1.8 mg, nickel - from 1.1-1.2 to 1.3-1.4 mg, and cad-
mium - from 0.1 to 0.2 mg/kg or by 0.1 mg/kg of dry mass.

The analysis of the studies showed that the content
ofzinc,copper,manganese,andironinthedrymassoffeed
from alfalfa, alfalfa-cereals, and cereal perennial stands
on various backgrounds of fertilisation and Lliming, with
the exception of minor deviations, did not go beyond
the zootechnical standards, which are given in Table 3.
Indicators of the content of heavy metals (lead, nickel,
cadmium) in the dry mass of feed of these cereal stands,
as evidenced by these studies, did not exceed the max-
imum permissible concentrations (Table 4). This gives
grounds to assert that such feed is quite safe for cattle.

The results of the studies on the mineral composi-
tion of feed obtained from the biomass of alfalfa, alfal-
fa-cereals, and cereal perennial stands, depending on
fertiliser,are confirmed by experimental data from other
researchers.In the studies (Kotyash et al.,2019; Demidas
& Galushko, 2020; Martsinko et al.,2021), as in this one,
it was shown that under the action of symbiotic nitro-
gen in alfalfa and alfalfa-cereal stands, compared with
cereals among mineral elements, to the greatest extent
increased the content of calcium and magnesium in
the dry mass of feed (respectively, to 0.86-1.07% and to
0.21-0.35%), and the content of potassium decreased.

Kurhak et al. (2020) in their study identified that
when applying high doses of nitrogen fertilisers to a
perennial cereal stand, the nitrate content increases in
the aboveground biomass of cereals in an amount that
may exceed the maximum permissible concentration.
When applying moderate doses of nitrogen fertilisers,
as a rule, despite the fact that the accumulation of
nitrates in the dry mass of feed increases, it does not
exceed the MPC and is not harmful to animals, which
confirms this and similar studies.

Most of the experimental data presented in the
studies (Demidas & Galushko, 2020; Kurhak et al., 2020)
concerns changes in the microelement composition of

feed from perennial cereals under the influence of ni-
trogen and mineral fertilisers. In particular, it was iden-
tified that under its influence, the copper content in the
feed biomass of perennial cereals depends on its pres-
ence in the soil. On turf soils that are poor in copper, an
increase in the dose of nitrogen, due to the formation of
complex copper-ammonia compounds, reduces its con-
tent in cereals, while against the background of copper
fertilisers and copper-rich soils, it increases.

The studies (Prorochenko, 2020) show that both
under the influence of symbiotic nitrogen of perennial
legumes, and under the influence of moderate doses
of mineral nitrogen in the dry mass of feed, there is
an increase in the content of trace elements (zinc, cop-
per, iron) within zootechnical standards and without
exceeding the maximum permissible concentrations of
heavy metals (lead, nickel, cadmium)

Thus, the analysis of literature sources showed that
both under the influence of nitrogen of mineral fer-
tilisers and biological, in particular, symbiotic nitrogen,
which is fixed by perennial legumes, the concentration
of trace elements in the feed biomass of perennial ce-
reals can also change substantially, with similar pat-
terns obtained in this study.

CONCLUSIONS

As a result of the study, it was established, that in the
dry mass of feed obtained from alfalfa and alfalfa-ce-
real stands, there is a higher accumulation of raw ash
by 0.6-0.8%, macroelements of calcium - 0.13-0.16%,
magnesium - 0.07-0.08%, phosphorus - 0.03-0.04%,
nitrate nitrogen - 0.01%, and 0.04-0.12% lower accu-
mulation of potassium than in the feed of perennial
cereal stands. The ratio of calcium to phosphorus is
higher - by 0.11-0.26 and the ratio of potassium to the
sum of calcium and magnesium is lower - by 0.11-0.26.
Therewith, in the dry mass of feed made from cereal
stands with alfalfa, the accumulation of the following
elements is higher: zinc - by 3.3-5.6 mg/kg, copper -
1.0-1.1 mg/kg, iron - 3.7-9.4 mg/kg, and heavy metals
of lead - 0.6-0.7 mg/kg, as well as nickel and cadmium,
compared to cereal stands.

The chemical composition of cereal feed made
from cereal stands is most affected by the mineral
composition of the applied nitrogen fertilisers. In the
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dry mass of feed produced with the application of N90,
the content of nitrate nitrogen increases from 0.02 to
0.04%, trace elements of zinc - from 9.1-9.2 to 12.4-
12.6 mg/kg or by 3.2-3.5 mg/kg, copper - from 3.4-3.7
to 5.3-5.5 mg/kg, as well as manganese, heavy metals

metals, does not exceed the maximum permissible con-
centrations. The prospects for further research are to
investigate the cultivation technologies and features of
perennial cereals used for feed purposes.

of lead, nickel, cadmium. ACKNOWLEDGEMENTS
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AHoTauif. AKTYyanbHICTb HaBeAEeHUX pe3ynbTaTiB AOCNIAKEHb NOASrae B TOMY, WO A0 OCTAHHLOMO Yacy 3MiHu
MiHEpanbHOro CKNagy Pi3HOTUMHUX Ny4YHMX arpoditoueHosiB nig BMAMBOM CUMMBIOTMYHOrO NHOLEPHU MOCIBHOI
i MiHepanbHOro a3oTy 33 BMICTOM Yy KOPMOBI/ 6iomMaci Makpo- i MiKpoeneMeHTiB Ta BaXKKMX MeTaniB i HIiTparTis
e He [0CTaTHbO BMBYEHO, WO CTPUMYE po3pobneHHs i BMPOBaAXeHHS po3pobok 3 KOpPMOBMPOOHMUTBA Y
CiNbCbKOrocnofapcbke BUPOOHMLUTBO. MeTa [OCNiOXEHb NONAra€ B YCTAHOB/IEHHI 3MiHM 3 HAarpoOMadXeHHs B CyXil
KOpMOBI# 6ioMaci pi3HMX Ny4yHUX arpodiToLeHO3iB Ha pPi3HMX arpodoHax MiHEpaNbHUX efleMEHTIB 32 BUPOLLYBAHHS
Ha TEMHO-Cipux rpyHTax lNpaBobepexHoro Jlicocteny. [Ing AOCNigKEHb BUKOPUCTAHO MOSIbOBUM i nabopaTopHuii
MeToaM, a AN BU3HAYEHHS MiHEPANbHOro CKNagy Cyxoi KOPMOBOi BioMacu — aHaniTM4YHMIA. HaBegeHo pesynbraTtu
LOCNIAXEHb 3 HAKOMWYEHHS Y CyXill KOPMOBIM Maci NOLEPHOBOrO, NIOLEPHO-31aKOBUX i 3/1aKOBOr0 TPAaBOCTOIB Ha
pi3HUX POoHax yaoBpeHHS i BanHYBaHHS CUMPOT 30/1M, MAaKpO-Ta MiKpOENEMEHTIB, BaXKKMX METaNIB i HITPaTHOro a3oTy.
MNMokasaHo, Wo nig Ai€lo cMMBIOTMYHOrO a30Ty B JIOLLEPHOBOMY Ta /OLEPHO-3/1aKOBMX TPAaBOCTOSX MOPIBHAHO 3i
3/1aKOBMM B CyXilt Maci KopMy binblie HarpoMamKyeTbcs cupoi 3041 Ha 0,6-0,8 %, MakpoeneMeHTiB, MikpoeneMeHTiB
Ta BAaXKMX MeTaniB, BifHOLWeEHHS Kanbuito fo docdopy 36inbwyetoca Ha 0,11-0,26, a kanito 40 CyMM KanbLito i
MarHito 3MeHwWyeTbcs - Ha 0,11-0,26.MMig Aieto MiHepanbHOro a3oTy 3a BHeCeHHA Ny, Ha 31aKoBMiA TpaBOCTii B CyXiit
Maci KOpMy 371aKOBOr0 TPABOCTO 36inbLyeTbCs BMicT HiTpaTie Big 0,02 po 0,04 %, umuky - Big 9,1-9,2 po 12,4-12,6
abo Ha 3,2-3,5 mr/kr, Migi - Big 3,4-3,7 0o 5,3-5,5 Mr/Kr, a Takox MapraHLio, CBUHLIO, Hikento, kaaMito. [loBeneHo, Lo
MOKa3HUKM BMIiCTYy Makpo-Ta MiKpOefieMeHTiB B CyXilt Maci KOpMy BiANOBiAAtOTb 300TEXHIYHUM HOPMaM NS roAiBAi
BESIMKOI poraToi xyobu, a HiTpaTiB i BaXKMUX MeTaniB — He BUXOASTb 33 MeXi F[PaHUYHO JOMYCTUMUX KOHLLEHTpaLii.
Pesynbtat umx pocnigpkeHb MOXyTb OyTM BMKOPWUCTaHi nNpu po3pobneHHi pekoMeHAauii LWoJo TexXHONOoriM
BMPOLLYBaHHS 6aratopiyHMX TpaB Ha KOPMOBI LiNi Ta rofiBni TBAPUH, @ TAKOX Y HaBYaSIbHOMY NPOLEeCi

KntouoBi cnoBa: Baxki MeTanu; 300TeXHiYHA HOPMA; MAKPO- Ta MiKpOeNeMeHTH; HIiTpaTK; cMpa 30M1a; Cyxa Maca;
TPaB'SHUI KOpM
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