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Abstract. The use of perennial leguminous crops is an energetically and economically beneficial and
ecologically friendly measure for improving the nitrogen balance of soils, which implementation requires
specification and additional research of certain soil and climatic conditions and farming systems. The work
aimed at studying the accumulation of biologically fixed nitrogen by alfalfa and Hungarian sainfoin in
single-species crops, as well as in wheatgrass-alfalfa and wheatgrass-sainfoin grass mixtures on the dark-
chestnut soil of southern Ukraine. Laboratory, field, and statistical research methods were applied. The
obtained results showed that the accumulation of nitrogen in the biomass of leguminous perennial grasses
in single-species crops of blue hybrid alfalfa, Hungarian sainfoin, and intermediate wheatgrass and their
grass mixtures depended on the hydrothermal conditions of the growing season, changes in species botanical
composition by the years of grass stand used. During the first and second years of use, the nitrogen content
in the biomass of alfalfa was 3,54-3,75 %, sainfoin — 3,49-3,65 %, and was significantly higher than in
single-species crops of intermediate wheatgrass — 2,62—2,77 % to dry matter. The removal of total nitrogen
by intermediate wheatgrass during this period did not exceed 90 kg/ha; by alfalfa and sainfoin, it was
125—134 kg/ha, including symbiotic nitrogen removed by the alfalfa crop — 35-39 kg/ha and Hungarian
sainfoin — 37—44 kg/ha. In the fractional composition of nitrogen in the soil of the experimental field
after three years of using alfalfa when inoculating seeds with the complex microbial preparation Ecovital,
the nitrogen content was the highest compared to other types of crop rotation, including total nitrogen —
1006,3-1428,8, mineral nitrogen — 24,9-46,3; alkaline hydrolyzed nitrogen — 113,8—186,0 mg/kg of soil.
The obtained results allow us to conclude that the creation of highly productive symbiotic systems when
using the latest biological preparations will contribute to improving soil nitrogen balance, eliminate the
catastrophic decrease in fertility and soil degradation, improve the fodder base for animal production, and
reduce the ecological burden on agricultural lands.

Key words: biological nitrogen, symbiotic systems, perennial leguminous grasses, nitrogen regime,
extreme weather conditions

Relevance of research. The increase in
the production of high-quality plant products
in Ukraine, given the limited supply of energy
products and the constant increase in their
prices, is generally solved by further increasing
the production of mineral nitrogen fertilizers.
The production of nitrogen fertilizers is an
energy-intensive process since producing 1 ton
of mineral nitrogen fertilizers consumes about
6 million kcal, which is as much as 5 tons of hard
coal when burning. Over the past 10 years, the
rate of mineral nitrogen fertilizers application

was 97 kg/ha of active substance (a.d.), against
141 kg/ha in 1990 [1]. Since the beginning of
the full-scale russian invasion of Ukraine, only
two factory — “Rivneazot” and Cherkasy “Azot”
have produced nitrogen fertilizers. Therefore,
the volume of mineral fertilizer application will
continue to decrease as a result of the challenges
of wartime.

When cultivating most crops in recent
years, mostly mineral fertilizers were used,
while applying organic fertilizers significantly
decreased [2]. The latter is associated with a
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significant reduction in cattle population in
all regions of Ukraine. In 1990, with a cattle
population of 25,2 million heads (including
8,5 million cows) in Ukraine, 257,1 million tons
of organic fertilizers were produced and 8,6 tons
of organic matter were applied per hectare
of sown area. In general, during the period
1990-2020, the number of dairy herds in Ukraine
decreased by 6,4 million heads, that is 74,6 %.
The production of organic fertilizers decreased
to 9,8 million tons in recent years, due to which
only 0,5 tons of organic and 41 kg/ha (dry matter)
of mineral fertilizers were applied per hectare
of sown area [3-5]. A decrease in nitrogen
application rates disrupts the ratio of carbon
and nitrogen in the soil; it leads to the situation
when plants compensate for the lack of nitrogen
by consuming it from humus compounds. Such
processes cause dehumification and degradation
of arable land [4].

Currently, there are two ways to improve
the nitrogen balance in the soil in Ukraine:
a) expansion of the production of nitrogen mineral
fertilizers on an industrial basis, b) creation of
agrotechnological conditions for increasing the
sown area of leguminous crops and perennial
leguminous grasses, characterized by the
maximum nitrogen-fixing activity of symbiotic
and free-living diazotrophs [6—8]. Expanding
the sown areas of perennial leguminous grasses,
which provide high nitrogen-fixing activity of
symbiotic and free-living bacteria, is an extremely
urgent issue in modern farming conditions [9].
In recent years, there has been an increase in
the aridity of the climate and xerophytization
of vegetation. Therefore, the development of
measures to ensure the stable production of
fodder products in the conditions of global
climate change is becoming increasingly urgent
[10]. Despite the relevance of these issues in the
conditions of Southern Ukraine, they remain
little studied.

Analysis of recent research and
publications. Nitrogen in the earth’s crust
is in the form of various compounds, which
make up 0,005 % of the earth’s crust mass [11].
The budget, distribution, and evolution of the
earth’s nitrogen are regulated by biological
and geological cycles. The biological cycle
provides the geological cycle with nitrogen,
which, in turn, supplies part of the nitrogen
to the Earth’s interior [12]. It is known, that
the main mass of nitrogen is in the air of the
atmosphere, where molecular nitrogen is up
to 78.08 %, the mass of which is 4x10" tons.
However, plants consume only nitrogen from
mineral compounds and, due to the inability
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to assimilate molecular nitrogen from the air,
they often experience its deficiency.

Leguminous crops play an important role
in soil nitrogen balance. During symbiotic
nitrogen fixation from the air by nodule bacteria,
leguminous crops, and nodule bacteria function
in a close interaction in a biological system, and a
connecting electron and transport chain between
them is leghemoglobin. Leguminous crops are
a source of carbon-containing compounds —
products of photosynthesis, which are energy
material, necessary for activating and reduction
Nz to NH4+.

Among the leguminous grasses, clover,
birdsfoot deer vetch, and Hungarian sainfoin are
characterized by high productivity, but in this
regard, alfalfa is considered the most effective
[13—16]. Perennial legumes in symbiosis
with nodule bacteria, which fix atmospheric
nitrogen, accumulate it in phytomass. In the
experiments with short crop rotations, it was
found that biological nitrogen compensates the
total removed amount of nitrogen with the yield
in crop rotations with peas and soybeans by
25-62 % and with alfalfa by 89 % [17]. In the
post-harvest and root residues of the specified
types of leguminous perennial grasses, up to
20-30 t/ha of organic matter is accumulated,
which is equivalent to 70-80 t/ha of high-quality
humus, due to which winter wheat after alfalfa,
without the use of mineral nitrogen fertilizers,
forms a grain yield of up to 3,5-4,5 t/ha [18]. The
amount of nitrogen accumulated by annual and
perennial leguminous plants was determined in a
long-term field experiment on typical black soil:
for 3 years, alfalfa in a seven-field crop rotation
accumulated 39,7-43,5 kg of nitrogen per hectare
for a year in the form of above-ground biomass;
during that period, the following crops took
14,9 kg of nitrogen from the soil [19].

The  temperature regime and  the
thermotolerance of various strains of nodule
bacteria, which have their specific temperature
optimums for development and active nitrogen
fixation, play an important role in the interaction
of nodule bacteria and leguminous plants. The
maximum nitrogen fixation of leguminous plants
is observed at a temperature of 20-25 °C, and
30 °C and above, there is a decrease in nitrogen
accumulation.

Among leguminous perennial grasses, alfalfa
and Hungarian sainfoin are characterized by the
highest potential of symbiotic nitrogen fixation
[13]. Inoculation of leguminous perennial grass
seeds with microbial preparations based on
effective strains of nodule bacteria before sowing
is economically and ecologically appropriate
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since the indicated crops during the second
and third years of cultivation form an effective
symbiotic apparatus and fully provide themselves
with nitrogen, forming high yields of both above-
ground mass and seeds. The expansion of the sown
areas of leguminous grasses (alfalfa) ensures an
increase in the yield of the least energy-intensive
plant protein, an increase in soil fertility and, in
general, a decrease in the anthropogenic load on
agricultural land. In the EU countries with highly
developed agriculture, up to 20-25 % of arable
and natural fodder lands are under leguminous
perennial grasses [20].

Comparative studies of the nitrogen
balance and productivity of leguminous and
non-leguminous crop cultivation systems in
European agriculture showed that the highest
contribution of biologically fixed nitrogen is
achieved when the share of legumes in a crop
rotation is about 50 % [21]. The ecologists
emphasize that along with the increase in the
production of organic feed, the cultivation of
leguminous crops contributes to the improvement
of the environmental ecological balance, and the
preservation of the biodiversity of plants and
animals [22-24]. Studies carried out in different
climatic zones with different types of leguminous
grasses revealed that the inclusion of leguminous
crops in grass mixtures increases the productivity
of meadows by 1,5-2,5 times and the yield of
crude protein by 2-3 times compared to cereals
grass stands [25-27].

The role of perennial leguminous grasses
alfalfa and safflower in the nitrogen regime on
non-irrigated lands of the southern Steppe of
Ukraine has not been sufficiently studied.

The purpose of the research is to study the
accumulation of biologically bound nitrogen
by alfalfa and Hungarian sainfoin in single-
species crops, as well as in wheatgrass-alfalfa
and wheatgrass — sainfoin mixtureson the dark
chestnut soil of Southern Ukraine.

Research materials and methods. Field and
laboratory studies on the productivity of blue
hybrid alfalfa, sand Hungarian sainfoin, and
intermediate wheatgrass in single-species crops
and wheatgrass-alfalfa and wheatgrass — sainfoin
mixtures were conducted on the dark chestnut
soil of the experimental farm “Kopani” of the
Institute of Irrigated Agriculture of the National
Academy of Agrarian Sciences of Ukraine

The area of the experimental farm “Kopani”
of Bilozersky District, the Kherson Region is
located in the Black Sea Lowland. The soil-
forming process in the greater part of the farm area
was going in the conditions of a flat topography
on carbonate-forest underlying bedrocks. Soils

of different fertility, including dark chestnut,
were formed in the farm territory, influenced by
climate, vegetation, bedrock, groundwater depth,
and human economic activity.

The sowing of perennial grasses in a two-factor
field experiment was carried out in the early
spring of 2020; the experiments were performed
in the growing seasons of 2021-2022. The seed
sowing rates in crops were (kg/ha): intermediate
wheatgrass (variety Vitas) — 32,0, blue hybrid
alfalfa (Unitro variety) — 24,0, Hungarian
sainfoin  (Ingulsky variety) — 90; in grass
mixtures: wheatgrass + blue hybrid alfalfa — 16,0
and 12,0, respectively; intermediate wheatgrass +
Hungarian sainfoin — 16,0 and 45,0; intermediate
wheatgrass + blue hybrid alfalfa + Hungarian
sainfoin — 12,0, 8,0 and 30,0. The experiment
was laid out by the method of split plots, where
the main plots (plots of the first order) are single-
species crops of perennial grasses, and sub-plots
(plots of the second order) are grass mixtures.
The area of the sowing plot was 60 m?, and the
accounting area was 20 m?. Inoculation of seeds
of perennial legumes was carried out with the
complex preparation Ecovital, made based on
complementary strains of nodule bacteria and
phosphate-mobilizing bacilli from the collection
of the D. K. Zabolotny Institute of Microbiology
and Virology of the National Academy of
Sciences of Ukraine.

The content of dry matter in plants before
mowing was determined by the weight method
in two non-adjacent repetitions by the variants
of the field experiment. Forage evaluation of the
nutritional value of monospecies crops of blue
hybrid alfalfa and Hungarian sainfoin and their
grass mixtures with wheatgrass was performed
when determining the chemical composition of
perennial grasses and grass mixtures. Chemical
analysis of fodder was made by infrared
spectroscopy on a NIP Systems 4500 analyzer.
The content of crude and digestible protein, crude
fat, crude fiber, crude ash, as well as fodder units,
non-nitrogenous extractive compounds, gross
and exchangeable energy, and fodder mineral
composition were determined in the dry matter.
After determining the total moisture, when
hygroscopic moisture and air-dry matter in the
samples were taken into account, recalculation
of nutrient content in fodder as a percentage of
absolutely dry matter was performed. Fodder
units and gross and exchangeable energy were
calculated based on the chemical composition of
plants using the coefficients of nutrient productive
action and digestibility [28].

The amount of symbiotic nitrogen fixed from
the atmosphere by blue hybrid alfalfa of the
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Unitro variety and Hungarian sainfoin of the
Ingulsky variety was determined using a modified
comparative method [29]. The difference between
the nitrogen content (removal) in the above-
ground mass and roots of alfalfa or Hungarian
sainfoin and intermediate wheatgrass of the Vitas
variety was determined with correction for seed
nitrogen. Since under the same conditions of their
cultivation, the specified crops consumed the same
amount of nitrogen from the soil, the difference
in nitrogen uptake by leguminous grasses and
wheatgrass was attributed to symbiotic nitrogen
fixed from the air. The coefficient of nitrogen
fixation was calculated based on the ratio of
the growth of nitrogen removal by leguminous
perennial grasses to the total crop nitrogen
removal. Statistical processing of the obtained
data was performed according to [30].

Research results and their discussion. It
was established that along with a high yield of
fodder units and digestible protein, the sowing
of leguminous perennial grasses contributed
to the accumulation of symbiotic nitrogen,
which during all the years of field experiments
significantly depended on the yield of absolutely
dry matter, the nitrogen content of plants, the lack
of moisture supply and the duration of the use of
grass stands.

The symbiotic fixation of nitrogen by single-
species seed crops of blue hybrid alfalfa and
Hungarian sainfoin of the first and second
years of use was studied in years with different
precipitation  availability. By hydrothermal
conditions, 2021 was classified as wet (50 %) in
terms of precipitation availability, and 2022 — as
moderately dry (75 %). The symbiotic fixation of
nitrogen by single-species crops of blue hybrid
alfalfa, Hungarian sainfoin, and wheatgrass +
alfalfa and wheatgrass + sainfoin grass mixtures
depended significantly on the change in the species
botanical composition of the grass stands over the
years of use and the nitrogen content in perennial
grasses. Nitrogen content in single-species crops
of blue hybrid alfalfa, Hungarian sainfoin, and
intermediate wheatgrass and their grass mixtures
depended significantly on the hydrothermal
conditions of the growing season of each year
of the field experiment. Compared to single-
species wheatgrass crops, the nitrogen content in
leguminous perennial grasses during all years of
the field experiment was significantly higher.

The average nitrogen content in single-
species wheatgrass crops in the first year of use
was 2,73 and 2,77 %, and in the second year —
2,62 and 2,66 %. In single-species alfalfa crops
nitrogen content increased to 3,54 and 3,75 %
in the first year and 3,60 and 3,64 in the second
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year. In single-species Hungarian sainfoin crops
nitrogen content also increased up to 3,62 and
3,65 % in the first year and up to 3,49 and 3,63 %
of absolutely dry matter in the second year.

During the first and second years of use, the
removal of total nitrogen by the intermediate
wheatgrass did not exceed 90 kg/ha, by the blue
hybrid alfalfa and Hungarian sainfoin — 125 and
129 kg/ha, and 127 and 134 kg/ha, respectively;
including the removal of symbiotic nitrogen
by blue hybrid alfalfa — 35 and 39 kg/ha and
Hungarian sainfoin — 37 and 44 kg/ha. The
removal of symbiotic nitrogen over the years of
the study by the intermediate wheatgrass + blue
hybrid alfalfa grass mixture was 38 and 41 kg/ha,
by the intermediate wheatgrass + Hungarian
sainfoin grass mixture — 33 and 41 kg/ha, and
by the intermediate wheatgrass + blue hybrid
alfalfa + Hungarian sainfoin three-component
grass mixture — 37 and 44 kg /ha (Table 1).

The coefficient of nitrogen fixation, as the
ratio of the growth of nitrogen removal by
leguminous perennial grasses to the total crop
removal, under conditions of natural moistening
(without irrigation) in the southern part of the
Steppe zone, significantly depended on presence
of alfalfa and Hungarian sainfoin in the species
botanical composition, precipitation availability,
and the duration of the use of grass stands over
the years. For blue-hybrid alfalfa of the Unitro
variety in the first and second year of use, it was
28,0 and 30,2 % respectivly, and for Hungarian
sainfoin of the Ingulsky variety — 29,1 and 32,8 %
respectively (Table 1).

The cultivation of single-species crops of blue
hybrid alfalfa, Hungarian sainfoin, and their grass
mixtures with intermediate wheatgrass made it
possible to obtain green fodder, balanced with
digestible protein, without applying mineral nutrients
and to provide cereal grain crops with the best
forecrops during all the years of scientific research.

The determined fractional composition of
nitrogen in the 0-20 cm and 2040 cm layers of
the dark chestnut soil of the experimental field of
EE “EF “Kopani” after three years of using alfalfa
when inoculating seeds with Ecovital shows that,
compared to other types of the crop rotation, it
was the highest and, depending on the soil layer,
consisted of: total — 1006,3 and 1428,8 mg/kg,
mineral — 24,9 and 46,3, alkaline hydrolyzed —
113,8 and 186,0, heavily hydrolyzed — 155,5 and
214.,4 and non-hydrolyzed nitrogen — 712,1 and
982,1 mg/kg of soil (Table 2).

Sufficient accumulation of all forms of
nitrogen in the soil is due to inoculating alfalfa
seeds with the complex biological preparation
Ecovital.
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1. Accumulation of symbiotic nitrogen by perennial legumes in the first and second years of use

Removal of nitrogen Equivalent
by yield and roots Nitrogen quiva‘en
Types of grass fixation to mineral
and grass mixtures Total removal Including coefficient, nitrogen in
symbiotic %
kg/ha % nitrogen, kg/ha kg/ha | GJ/ha
First year of use (2021)
Intermediate wheatgrass 90 100 — - — —
Alfalfa 125 139 35 28,0 105 | 9,1
Intermediate wheatgrass + Alfalfa 128 142 38 29,7 114 9,9
Hungarian sainfoin 127 141 37 29,1 111 9,6
InFermedlate wheatgrass + Hungarian 123 137 33 26.8 99 8.6
sainfoin
Intermefllate Whegtgrass + Alfalfa + 127 141 37 29.1 111 9.6
Hungarian sainfoin
LSD,s 13,8 15,4 2.0 1,3 6,1 0,3
Second year of use (2022)
Intermediate wheatgrass 90 100 — — — —
Alfalfa 129 143 39 30,2 117 | 10,1
Intermediate wheatgrass + Alfalfa 131 145 41 31,3 123 | 10,7
Hungarian sainfoin 134 149 44 32,8 132 | 11,4
In@erm.edlate wheatgrass + Hungarian 131 145 41 313 123 | 107
sainfoin
Intermefilate Whegtgrass + Alfalfa + 134 149 44 128 132 | 114
Hungarian sainfoin
LSD,s 19,5 20,9 2,2 1,1 6,7 0,6
On average for 2021-2022
Intermediate wheatgrass 90 100 — — — —
Alfalfa 127 141 37 29,1 111 9,6
Intermediate wheatgrass + Alfalfa 130 144 40 30,5 119 | 10,3
Hungarian sainfoin 131 145 41 31,0 122 | 10,5
InFerm'edlate wheatgrass + Hungarian 127 141 37 29,1 11 9.7
sainfoin
Interme.dlate Whegtgrass + Alfalfa + 131 145 41 31,0 122 | 105
Hungarian sainfoin
LSDys 16,7 18,2 2,1 1,2 6,4 0,5

2. Fractional composition of nitrogen in different types of crop rotation (EE “EF “Kopani”
of the Institute of Irrigated Agriculture of NAS)

Fractional composition of nitrogen, mg/kg
Type Of' P Soil layer alkaline heavily non-
rotation depth, em total mineral* hydrolyzed hydrolyzed hydrolyzed

Alfalfa 0-20 1428,8 46,3 186,0 2144 982,1
2040 1006,3 24,9 113,8 155,5 712,1

Winter wheat 0-20 1176,0 19,2 121,2 179,7 855,9
20-40 892,0 21,1 95,1 132,6 643,2

Sunflower 0-20 1123,0 22,3 110,7 168,4 821,6
2040 834,0 12,6 81,6 127,1 612,7

Black fallow 0-20 1231,0 39,4 146,4 170,8 874,4
20-40 917,0 25,1 99,5 134,3 658,1

LSD 5(0-20 cm), mg/kg 152,90 15,03 38,34 24,36 79,32
LSD (2040 cm), mg/kg 82,04 6,69 15,19 14,28 47,62

*Note: mineral nitrogen — (N —-NO3+N-NH4).
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The high content of mineral and alkaline
hydrolyzed nitrogen in the dark chestnut soil
during the cultivation of alfalfa for fodder
purposes and seeds makes it possible to obtain
sufficiently high yields of grain crops, winter
rape, and sunflower in conditions of natural
moisture supply without applying mineral
nitrogen fertilizers. Therefore, the expansion of
alfalfa sown areas in combination with complex
inoculation in modern farming conditions is one
of the most effective solutions to overcome the
difficult situation that small-scale and private
farms of the Southern Steppe of Ukraine have
faced in recent years.

Restoration of degraded dark-chestnut soil
fertility was achieved by the long-term use of
drought-resistant perennial leguminous grasses,
namely blue hybrid alfalfa and Hungarian
sainfoin, which are the most adapted to the natural
and climatic conditions of the Southern Steppe
subzone. At the same time, high productivity
of single-species crops of blue hybrid alfalfa in
the range of 1,33-2,67 t/ha of fodder units and
0,30-0,62 t/ha of digestible protein, in the
southern part of the Steppe zone was obtained
under conditions of natural water supply (without
irrigation).

The obtained results emphasize the important
role of perennial legumes in increasing the
production of fodder protein, which was
confirmed by the experiment results in different
natural and climatic zones of Ukraine [31, 32]. An
increase in the productivity of perennial legumes
is provided by the pre-sowing treatment of seeds
with complementary strains of nodule bacteria
[33]. As shown by the results of our research,

(51

the accumulation of nitrogen by perennial
leguminous grasses is significantly activated
when using nodule bacteria in a complex with
phosphate-mobilizing bacteria. In the arid climate
of southern Ukraine, the complex application
of nodule and phosphate-mobilizing bacteria
contributed not only to effective symbiotic
nitrogen fixation but also increased the resistance
of plants to adverse weather conditions. It is an
important factor that ensures the sustainable
development of agriculture in the conditions of
climate aridization, which has been observed in
recent years in the Steppe zone.

Conclusions. Cultivation of single-species
crops of blue-hybrid alfalfa, Hungarian sainfoin,
and their grass mixtures with wheatgrass when
using complex bacterial preparations allows us to
accumulate 3741 kg/ha of symbiotic nitrogen,
obtain nitrogen-enriched green fodder containing
141-145 kg/ha of nitrogen in the phytomass. The
creation of highly productive symbiotic systems
of single-species agrophytocenoses of perennial
leguminous grasses and leguminous-cereal
grass mixtures, resistant to adverse climatic
factors, in combination with the introduction of
the latest biological preparations, contributes to
increasing the content of mineral (nitrate and
ammonium) and alkaline hydrolyzed nitrogen
in the soil. Increasing the sown area with alfalfa,
alfalfa-cereal, and sainfoin-cereal grass mixtures
will avoid a decrease in soil fertility and soil
degradation, improve the fodder base for animal
production, reduce the use of nitrogen mineral
fertilizers, decrease the ecological burden on
agricultural land, and provide grain, technical
and vegetable crops with the best forecrops.
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Anomayia. Buxopucmauns nocigie Oacamopiunux 00008UX KYIbMYp € eHepeemuyHOo i eKOHOMIUHO
BUIOHUM MaA eKoNo2iuHO be3neuHuM 3ax000M NONINUIEHHS A30MHO020 OANAHCY TPYHMIB, YNPOBAOICEHHS
AK020 nompebye Konkpemuzayii i 000amko8uUx O00CHIOHNCEHb CMOCOSHO NEGHUX IPYHMOBO-KIIMAMUYHUX
ymo8 i cucmem semaepobcmea. Memoio pobomu 6y10 6ueueHHs HAKONUYeHHs OION02IYHO 36 S3AH020
asomy NIOYEPHOIO Ul ecnapyemom NiuaHuM 8 0OHOBUOOBUX NOCIBAX, d MAKONC 6 NUPIIHO-TIOYEPHOBUX
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i RUPTTIHO-ecnapyemosux mpasoCcyMilKax Ha MemMHO-Kaumaro8omy Ipyumi nieons Yxpainu. 3acmocosano
1abOpamopHti, NOILOGI Ma CIMAMUCIMUYHE Memoou 00CaioNceH . Ompumani pe3yrbmamu 3aceiouuiu, wo
HakonuuenHs azomy 6 diomaci 60606uUx 6a2amopiuHux mpae 6 0OHOBUOOBUX NOCIBAX JHOYEPHU CUHBOZI-
OpUOHOI, ecnapyemy niWaHo2o Ul NUPI Cepeorbo20 Ma iX MPABOCYMIUOK 3ANeAHCAN0 8i0 SIOPOMePMIUHUX
YMOB 8ecemayitino2o nepioody, sMinu 6008020 6OMAHIUHO20 CKAAOY 3 POKAMU BUKOPUCTNAHHS MPABOCMOIE.
YV npoooesc nepuioeo i Opyeozo pokie euxopucmaums emicm azomy 6 Oiomaci NoyepHu CmaHosus
3,54-3,75 %, ecnapyemy niwanoco — 3,49—3,65 % i 6y6 icmomno suujum, Hidic 6 0OHOBUOOBUX NOCIBAX
nupito cepeonvoeo — 2,62-2,77 % 0o abconomno cyxoi peuwosunu. Bunoc 3aeanvnozo azomy epodicacm
nupito cepedHvoeo 3a yeli nepiod He nepesuwyysas 90 xe/ea, noyepnor ma ecnapyemom — CHAHOBUEB
125—134 ke/ea, 30kpema cumbiomuunoco asony epoxcacm moyepuu — 35-39 xe/ea i ecnapyemy niwa-
Ho20 — 37—44 ke/ea. ¥V ¢hpaxyitinomy ckaadi azomy 6 IpyHmi 00CIiOH020 NOAA NICAA MPUPIYHO20 BUKOPUC-
MAHHs TIOYepHU 3a THOKYIAYIL HACIHHA KOMNIEKCHUM MIKpoOHUmM npenapamom Exosiman emicm azomy
0y6 HAUBUWUM NOPIGHAHO 3 THUWUUMU JAHKAMU CIB03MIHU, 30Kpema 3aeanbroeo — 1006,3—1428,8, minepans-
Ho20 — 24,9-46,3; nyocnocioponizosanoeo — 113,8—186,0 me/xe tpynmy. Ompumani pezyaivmamu 0aroms
3M02y Oflimu BUCHOBKY, WO CMBOPEHHS BUCOKONPOOYKMUBHUX CUMOIOMUYHUX CUCTIeM 3d YMO8 3aCHmo-
cyeammsa HOGIMMIX Oionpenapamis cnpusmume NONINUEHHIO A30MHO20 OANAHCY TPYHMY, OOROMONCYMb
VCYHYmu Kamacmpogiune SHUMCEHHs. pooiodocmi 1l 0ezpadayiio IPyHmis, RONINuUms KOpMogy 0a3y 01
MBAPUHHUYMBA, 3HU3UMb eKOJI02TYHE HABAHMAICEHHSL HA CilbCbKO2OCNO0APCHKI Y2i00sl.

Knrouosi cnosa: bionociunuii azom, cumbiomuuni cucmemu, Oazamopiuni 6000681 mpasu, a30MHULL PENCUM,
eKCmpeManbHi R020OHT YMOBU
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