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in the sub-arable part of the profile, and the dehumification has acquired a

threatening status. The humus content in the soils of Ukraine decreased by
Suggested Citation: almost 25%, and the average annual losses amount to 0.6-0.7 t/ha. Therefore,
Didora, V., & Kluchevych, M. (2021).  the search for ways to guarantee the reproduction of soil organic matter,
Soybean productivity depending on  reliable control and restoration of the optimal humus status is extremely
the elements of organic cultivation relevant. The purpose of the study is to activate natural nitrogen-fixing
technology in the short-term crop systems using a mix of green manure and by-products of agricultural
rotation of Ukrainian Polissia. Scientific ~ crops of short-term leguminous crop rotation. Field experiments were
Horizons, 24(2), 77-83 conducted on light grey soils during 2018-2020 in the experimental field
of Polissia National University in a leguminous short-term rotation system.
This study uses general scientific methods to establish the area of research,
plan and lay experiments, conduct observations and analysis; visual -
during the implementation of phenological observations; field - to study
the relationship with abiotic factors; physiological - to determine the
symbiotic effectiveness of preparations of biological origin. The technology
of growing agricultural crops in leguminous crop rotation, which ensures
the supply of raw materials of organic origin and the accumulation of air
nitrogen by root nodule bacteria, has been theoretically substantiated and
improved. It is established that one hectare of crop rotation area receives
6.8 tonnes of dry organic raw materials, which corresponds to 78.3 kg/ha
of biological nitrogen. It is found out that inoculation of soybean seeds
with a preparation of biological origin — Optimise 400, and treatment of
soybean crops at BBCH microstages 60-63 with a complex microfertiliser
on a chelated basis Nanovit Super+Magnesium Sulphate contributes to the
active development of nodule bacteria, the number and weight of which is
81-89 pcs per plant and 510-572 kg/ha. Thus, the active symbiotic potential
was 34.2-38.9 thousand kg/day. It is proved that during the growing season
soybeans generate 357-400 kg/ha of biological nitrogen in the air, which
provides a seed yield of 2.96-2.64 t/ha and leaves 117-160 kg/ha of nitrogen
in the soil. The practical value of this study lies in the possibility of enriching
the soil with organic matter and the biological form of nitrogen
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INTRODUCTION
Natural soil fertility deteriorates due to violations of sci-
entifically based farming systems. The humus content
in the soils of Ukraine decreased by almost 25%, and
the average annual losses amount to 0.6-0.7 t/ha. The
main reason for the loss of humus and nutrients is a
catastrophic decrease in the application of organic fer-
tilisers. The volume of production and application of
organic fertilisers decreased by almost 15 times. If in
1990 the rate of application was about 10 t/ha per 1 ha,
then in 2010 it was only 0.55 t/ha [1].

O.l. Furdychko [1] claims that the reduction of sown
areas of legumes and perennial grasses, and a signifi-
cant restriction on the application of organic fertilisers
has led to the withdrawal from the cycle of almost
550 thousand tonnes of nitrogen. Due to the growth of
the area under cultivation of energy crops, the intensive
use of synthetic mineral fertilisers, the production of
chemical plant protection products, the threat of chem-
ical soil degradation and pollution of crop production
increases. Threats of chemisation have led to the fact
that the soil became “thin”. The problem of intensive
chemisation of soils was considered by many experts,
in particular I.E. Ovsinskyi, one of the first to develop a
system of agriculture that protects the soil from che-
misation and allows obtaining environmentally friendly
products [2].

The most important feature of ecological agri-
culture is the activation of natural nitrogen-fixing systems
that accumulate biological nitrogen using leguminous
crops [3].In this regard, there is a need to find affordable
and low-cost and economically justified measures to
preserve and restore soil fertility, one of which is the mix
of green manure with by-products of agricultural crops,
especially straw, crop and root residues.

Straw contains macro- and microelements and
becomes a source of plant nutrition after mineralisation
in the soil. Approximately 180 kg of humus is synthe-
sised from 1 tonne of straw. In addition, the straw of
grain crops contains a large amount of nitrogen-free
substances, which delays the biological processes of
straw decomposition. For the mineralisation of straw,
it is necessary to add 10-15 kg of mineral nitrogen or
biogenic decomposers for each tonne [4].

Green fertiliser and bacterial preparations are
the cheapest and best way to comprehensively restore
soil fertility [5]. The use of green manure in combination
with crushed straw, peat and partially with manure
increases humus content in the soil by 0.10-0.12%, total
nitrogen by 0.011%, mobile forms of phosphorus and
potassium by 5-6 mg/100 g of soil [6]. The combined
use of by-products of the predecessor and post-harvest
crops of the cabbage green manure contributes to an
increase in the humus content by 0.09% [7].

The potential of crop production can be fulfilled
only through high soil fertility and improvement of its
functional properties. Reproduction of soil fertility is
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one of the main levers for increasing the yield of various
crops and the productivity of agricultural systems as
a whole [8]. Symbiosis of legumes with nodule bacteria
is one of the most effective systems of biological nitro-
gen fixation, which is of great ecological and practical
importance. In rhizobium-legume symbiosis, a combi-
nation of global biological processes - nitrogen fixation
and photosynthesis - is achieved, which normalises the
nitrogen-carbohydrate balance of the plant organism [9;
10]. It is proved that nitrogen fixation occurs slowly at
the initial stages, but by the phase of full flowering, the
activity and raw weight of root nodules reaches max-
imum [11]. Under optimal conditions of symbiotic ni-
trogen fixation, soybean plants can absorb up to 200 kg
of biological nitrogen per ha [12-14], the absorbed ni-
trogen is used to form the soybean crop and 25-40%
remains in the soil with organic residues, increases the
content of humus and nitrogen in it.

The purpose of the study - to investigate the
elements of organic technology, providing the soil with
organic raw materials of short-term crop rotation and
the symbiotic efficiency of nodule bacteria and the intake
of biological nitrogen from the atmosphere.

MATERIALS AND METHODS

The study was carried out in accordance with the method-
ology of scientific research in agronomy [15]. Weather
conditions,especiallyin 2019-2020, were dry,during the
period of bean formation, the hydrothermal coefficient
ranged from 0.1-0.9, which negatively affected the yield
of field crops in rotation.

Productivity of short-term crop rotation was studied
according to the following scheme:

1. Clover.

2. Winter wheat with the use of by-products and
post-harvest green fertiliser.

3. Soy with the use of stem mass for fertiliser.

4. Barley with clover undersowing.

Studies on the effect of nitrogen-fixing, phos-
phorus-mobilising and complex microfertilisers in the
form of EDTA chelate on the symbiotic productivity of
soybeans are presented in the scheme:

1. Control - free of mineral fertilisers and pesticides.

2. Inoculation of seeds with Optimise 400.

3. Inoculation of seeds with phosphoroenterin.

4.Foliar dressing with a complex chelated fertiliser -
Nanovit Super + magnesium sulphate.

5. Inoculation of seeds with Optimise 400 + phos-
phoroenterin.

6.Seed inoculation with Optimise 400 + foliar dressing
(Nanovit Super + magnesium sulphate).

7. Inoculation of seeds with Optimise 400 + phos-
phoroenterin + foliar dressing;

The sown area is 33.6 (3.6x11) m?,the accounting
area is 25 (2.5x10) m?, four-time replication.

The formation of nodules during the growing




season was determined by the method of G.S.Posypanov
(number and weight of nodules, nitrogen content and
fixation) [16]. Elements of the technology of growing
agricultural crops in a short-term crop rotation are
generally accepted for the zone of sufficient moisture
(Ukrainian Polissia).

Nanovit Super is a highly effective multicompo-
nent preparation with a high NPK content of magnesium,
sulphur, boron, copper, manganese, molybdenum, zinc
soluble in water, based on EDTA chelate and organic
components. Magnesium sulphite promotes growth and
development,increases yields, the number of beans and
seeds, increases resistance to drought, diseases, and pests,
reduces the nitrate content. Mg - increases the chlorophyll
content.

Optimise 400 is created based on the LCOPromote
technologies, it contains the following components: an
active component containing a pure culture of nitrogen-
fixing bacteria (Bradyrhizobium japonicum); liquid com-
ponents that extend the survival time of bacteria on
seeds. The Optimise 400 promotes the colonisation of
the soybean root system with nitrogen-fixing bacteria,
the formation of nodules on the roots, regardless of
environmental conditions, improves germination, root
system development, increases yield and protein content
in soybean seeds. This preparation can be used in a tank
mixture with some seed protectants.

Nodules are formed 10 days earlier than when
using other preparations, early closing of plants in the
row spacing, increases competitiveness in relation to
weeds, improves the resistance of soybeans to harmful
organisms. Phosphoroenterin is designed to improve
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phosphorus nutrition from the soil. The strain of
bacteria that make up the drug is able to decompose
hard-to-dissolve organic phosphates. The consumption
rate is 100 mg/ha. The drug is compatible with growth
stimulants, microorganisms.

RESULTS AND DISCUSSION

Intensive use of mineral fertilisers contributes to an
increase in yield, but is accompanied by a deterioration
in the biological, physico-chemical and phytosanitary
properties of the soil.Excess nitrogen leads to a decrease
in the synthesising activity of microorganisms and, in
particular, nitrogen-fixing bacteria and to an increase in
the content of nitrates and nitrites. Therefore, modern
crop rotations provide for the saturation with legumes
to attract air nitrogen to the biological cycle and use
them for green fodder and fertiliser. For this purpose, it is
recommended to use local organic fertilisers, raw mate-
rials of crop residues, and green manure crops.

According to the results of the study conducted
in 2018-2020, it was found out that the grinding and
wrapping of by-products in combination with an inter-
mediate form of green fertiliser,the introduction into the
short-term crop rotation of perennial legumes (clover),
legumes (soybeans), per 1 ha of crop rotation area re-
ceives 6.8 tonnes of dry weight, of which 5.3 tonnes
of by-products (straw, crop and root residues), which in
terms of mineral nitrogen is 78.3 kg/ha. The main share
of organic raw materials falls on the embedding in the
soil of by-products of winter wheat and post-harvest
use of oilseed radish for green manure (Fig. 1).
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1. Clover. 2. Winter wheat + by-products + green manure.
3. Soy + by-products. 4. Barley with clover undersowing

Figure 1. Intake of dry organic substance by weight and nitrogen in short term organic crop rotation

The largest part of the supply of dry organic raw
materials is obtained from by-products of straw, stubble
and root residues and post-harvest sowing of oilseed
radish for green fertiliser and is 13.5 t/ha and leafy
soybean products, the share of which is 6.6 t/ha, that
is, almost twice as much as clover and half as much as
by-products of winter wheat with post-harvest green
manure sowing. Calculations of nitrogen intake from

by-products of winter wheat and green manure amount
to 130 kg/ha, from soybeans - 112 kg/ha, and on av-
erage, 78.3 kg/ha is received per 1 ha of crop rotation
area in 4-field crop rotation.

Biological fixation of air nitrogen by perennial
legumes on average for 2018-2020 is 90 kg, and nodule
bacteria fix 85 kg/ha. Figure 1 shows that the total ni-
trogen intake per 1 ha of crop rotation area is 137 kg/ha,
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which is equivalent to 410 kg of ammonium nitrate. To  phase with a complex chelated EDTA microfertiliser
form a soybean yield of 3.0 t/ha, 240 kg of nitrogen is  against the background of sowing inoculated seeds,
needed, therefore, 170 kg of biological nitrogen remains  the number of nodules on the root system increases by
in the soil with by-products for the next crop in the rotation.  45-53 pcs, and their weight amounts to 510-572 kg/ha.
The weight of nodules on the root system of soy-  The symbiotic active potential is 34.2-38.9 ths kg/day and
beans, without the use of agrochemicals, pesticides, the resulting nitrogen of biological origin is 357-400 kg,
and preparations of biological origin, is only 0.56 g, in  which is 230-273 kg more than the control variant. That
terms of 1 ha - 181 kg/ha. Inoculation of soybean seeds s, nature provided 1.0-1.19 tonnes of nitrogen worth
with the Optimise 400 nitrogen-fixing drug provides an ~ UAH 9-10 thousand.
increase in the weight of nodules on the root system The active symbiotic potential and total nitrogen
twice and reaches 403 kg/ha, forming 302 kg of air ni-  depending on preparations of biological origin are shown
trogen. Treatment of soybean crops in the flowering in Figure 2.
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7.Optimise 400 + phosphoroenterin + foliar dressing

Figure 2. Symbiotic potential depending on preparations of biological origin

Taking into account the fixation of air nitrogen by  of crop rotation area, which is equivalent to 410 kg/ha
nodule bacteria: clover - 90 kg/ha; soybeans - 85 kg/ha,  of ammonium nitrate worth about 4,000 UAH (Table 1).
on average, 137.0 kg/ha of nitrogen is received per 1 ha

Table 1. Productivity of short-term leguminous crop rotation (average for 2018-2020)

Yield of dry organic raw materials, t/ha Biological nitrogen intake, kg/ha
. . X Straw, . . .
Biological crop rotation crop Green  Organic  Organic Biologically ., ~ Ammonium
Seeds : fixed . nitrate
and root manure matter residues . nitrogen .
. nitrogen equivalent
residues
1. Clover - 3.0 - 3.0 59.1 90.0 149.1 446
2. Winter wheat + by-products + 6.8 75 6.0 135 130.0 - 130.0 130
green manure
3.Soybean + by-products 2.3 6.6 - 6.6 112.0 85.0 1970 590
4. Barley with clover undersowing 4.6 4.0 - 4.0 12.0 60.0 72.0 240
Total - 21.1 6.0 271 313.1 235.0 548.1 1640
per 1 ha of crop rotation area, kg - 5.3 1.5 6.80 78.3 58.7 137.0 410
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The use of straw in combination with interme-
diate forms of green fertiliser is of great ecological
importance. Straw, together with the green mass of
manure, decomposes without polluting the soil with
high concentrations of nitrate nitrogen and eliminates
the leaching of trace elements into water bodies. The
use of green manure contributes to the development
of soil fauna, in particular, increases the vital activity of
bacteria, earthworms and other soil organisms.

Spraying of soybean crops with complex fertilisers
Nanovit Super + magnesium sulphate was carried out at
BBCH microstages 60-65 (emergence of the first flower
buds) before opening 50% of the flowers. According
to the study results, it was found that preparations of
biological origin have positively affected the activity of
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the process of forming a symbiotic apparatus.

Studying the action and interaction of nitrogen-
fixing, phosphorus-mobilising preparations and complex
microfertilisers on a chelated basis, it was found that
nodule bacteria began to appear on the roots of soybean
plants at BBCH microstages 12-13, which was not ob-
served in the control group. Not all nodule bacteria
formed on the roots are nitrogen-fixing, that is, active.
If they have a pink colour, then they can be classified as
active. Conversely, if the nodules are greenish or grey in
colour, then nitrogen fixation does not occur in them.

During 2018-2020, at the BBCH microstages 61-71,
the total number of nodules on the control variant was
36 pcs/ plant, of which active - 16 pcs/ plant (Table 2).

Table 2. Formation of the symbiotic potential of soybeans depending on biological preparations
(bean filling phase (average for 2018-2020)

Formation of nodules on the o Symbiotic potential, o
g lant Z 2 th d kg/d £
< plan 5 3 ousand kg/day 5
- c O % X
S 4} “w & O E ‘S u [
Options 2 o © 0 o U S c 8 - o £ 0
> z £88 S = S35 5 2 5
© = o= = T W B s =1 =
@ £ o225 a o E s £ L 7] =z £
] < YT g Z o 5 > < £
v S =28 c ] a” £
ol c% 2
Control 161 36 0.56 181 62 17.3 11.2 127
Inoculation - Optimise 400 1.99 75 1.12 403 66 30.8 26.6 302
Inoculation - phosphoroenterin 1.80 58 0.62 223 63 22.4 14.0 156
Foliar dressing 1.68 62 0.66 244 65 20.6 15.9 192
Optimise 400 + phosphoroenterin 2.21 78 1.18 454 64 33.2 29.0 318
Optimise 400 + foliar dressing 2.96 81 1.22 510 67 341 34.2 357
Optimise 400 + phospho-roenterin + ¢4 89 1.26 572 68 418 38.9 400

foliar dressing

LSD

0.5

2018 - 0.07 t/ha; 2019 - 0.05 t/ha; 2020 - 0.10 t/ha

Data in Table 2 shows that in the control group,
the formation of nodules was the smallest, and their
weight was only 0.56 g per plant. Taking into account
the density of the stem before harvesting and the weight
of nodules of one plant, it was determined that for the
duration of 62 days, their total weight was 181 kg/ha, and
the formation of symbiotic nitrogen from the air was
127 kg/ha, for the seed yield of 3.0 t/ha, it assimilates
240 kg. The weight of nodules on the root system is
doubled and amounts to 1.12 g, with the duration of
active symbiosis, the assimilation of biological nitrogen
is 302 kg, of which 240 kg is used to form crops and
62 kg remains in the soil. Carrying out inoculation of
soybean seeds with phosphoroenterin does not con-
tribute to the activation of the development of nodule
bacteria, since the strains of bacteria that make up the
preparation are able to decompose hard-to-dissolve
organic phosphates only in soils rich in organic matter.

During growth and development, soy unevenly

consumes nutrients, from flowering to seed filling, it
uses 78.5% nitrogen, and during this interphase period,
nodule bacteria die. Thus, it is necessary to carry out
foliar dressing with a multicomponent composition of
macro- and microcomponents based on EDTA chelate.
With the help of reduced nodule bacteria, soy is able to
fix the biological nitrogen of the air, which ensures the
yield of 4.0 t/ha.

The average yield of soybean grain in optimal
weather conditions in 2018 was 2.73 t/ha, in arid con-
ditions in 2019-2020, the yield indicators decreased
by 0.88-1.17 t/ha. Treatment of soybean seeds with
Optimise 400 inoculant provides an average yield
increase of 0.38 t/ha for 2018-2020, spraying of crops
at BBCH microstages of 61-71 with a complex chelated
EDTA microfertiliser Nanovit Super + magnesium sul-
phate against the background of seed inoculation, the
yield was 2.96 t/ha, which is 1.35 t/ha more compared
to the control.
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CONCLUSIONS

The results of studies conducted on light grey soils,
seed treatment with inoculants,and foliar dressing with
a multi-complex preparation Nanovit Super in a tank
mixture with magnesium sulphate ensure a yield of
environmentally friendly soybean products up to 3 t/ha.
Short-term 4-field grain-legume crop rotation during
the growing season forms the yield of dry organic matter
per 1 ha of crop rotation area - 6.8 tonnes, the share of
winter wheat straw and post-harvest crops of green fer-
tiliser and soybean stem mass amount to 72%.

The nitrogen of organic residues - 78.3 kg/ha and
the biologically fixed nitrogen of perennial legumes
and soybeans per 1 ha of crop rotation area - 58.7 kg,
thus, the total amount of nitrogen received - 137 kg/ha.

Inoculation of soybean seeds with the nitrogen-fixing
preparation Optimise 400 increases the growth of nodules
on the root system by almost twice. High fixation of
biological nitrogen was obtained by inoculation of
seeds and foliar dressing with a complex chelated mi-
crofertiliser Nanovit Super + magnesium sulphite + phos-
phoroenterin, which amounts to 400 kg/ha.

Prospects for further study of the elements of
organic soybean cultivation technology consists in ana-
lysing innovative biologic compounds based on live soil
microorganisms and their metabolites, including Bio
Stim-Niva degrader, nitrogen-fixing and phosphorus-
mobilising biologics, in order to stabilise and reproduce
soil fertility.
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NMPOAYKTUBHICTb COI 3ANIE)XXHO BIA, ENEMEHTIB OPITAHIMHOI TEXHONOrIi
BUPOLLYBAHHSA B KOPOTKOPOTALLIMHIN CIBO3MIHI NOJIICCA YKPAIHU
BikTop lpuroposuu [igopa, Muxaino Muxarinosuu Knrouesuu

MonicbKuMii HaLiOHaNbHWIA YHIBEpCUTET
10008, 6-p Crapwui, 7, M. XKutomup, YkpaiHa

AHoTauif. |HTEHCMBHE 3eM1epobCTBO MPOTArOM OCTaHHIX AecaTupivy (YHKLIOHYBano B yMOBaX MNporpecytyoi
[erpagauii rpyHTOBOro MOKPWBY, NiATPUMYHOUYM BUPOOHWMYMIA piBEHb NMLIE 33 pPaxyHOK HeafgekBaTHWUX BUTpaT
HEBIAHOBIOBAHMX Pecypcis eHeprii. [pyHTU Habynu HEe3BOPOTHLOIO HaAMIPHOMO YLLINbHEHHS B MiAOPHIN YaCTUHI
npodinto, a npouec ferymidikaLii Habpas 3arpo3nMBOro cratycy. BMict rymycy B rpyHTax YkpaiHu 3HUM3MBCS Maiixke Ha
25 %, a cepenHbopiyHi BTpaTh ctaHoBnATb 0,6-0,7 T/ra. ToMy NOLWYK WASXIB rapaHTOBAHOMO BiATBOPEHHS OPraHiyHO1
PEYOBMHM I'PYHTY, HAAIAHOIO KOHTPOIO Ta BiLHOB/IEHHS ONTUMANbHOMO r'yMyCOBOrO CTaHY € HAA3BMYAMHO aKTyaNbHUMM.
MeTa HayKOBMX AOCNIAKEHb NONATAE B aKTUBI3aLii NPUPOAHMX a30TQIKCYOUMX CUCTEM 3 BUKOPUCTAHHAM 3e/1eHOi Macu
cuaepatiB y cyMiwi 3 No6iYHOK NPOAYKLIE CiNbCbKOroCNoAapCbKMX KYbTyp KOPOTKO-pOTaLiiMHOi 3epHOH6060BOT
CiBO3MiHW. [0NbOBI AOCNIAM NMPOBOAMANCS HA SICHO-CipMX IpyHTax BnpoaoBx 2018-2020 pp. Ha focnigHoMy noni
lMonicbKOro HaLioHaNbHOIO YHiBEPCUTETY Y KOPOTKO-POTaLLiiMHiA 3epHO6000BIN CiBO3MIHI.Y CTaTTi BUKOPUCTOBYHOTLCA
3ara/ibHOHAyKOBi METOAM A/ BCTAHOBMIEHHA HaNpsiMy LOCNIIKEHb, MIaHYBAHHA | 3aKNafaHHA AOCNIAIB, NPOBEAEHHS
CnocTepexeHb Ta aHanisy; Bi3yanbHUM — Nif 4Yac 34iINCHEHHS (QEHOMOrIYHMX CMOoCTEpEXeHb; MONbOBUI — ANS
[LOCNIKEHHS B3AEMO3BA3KY 3 a0iOTUUHMMU YUMHHUKAMM; Di3I0NOTIYHUIA — AN BUSHAYEHHS CUMOiIOTUYHOT e(DEKTUBHOCTI
npenapatiB 6ionoriYHOro NMOXomKeHHs. TeopeTMYHO OBrPYHTOBAHO Ta YAOCKOHANEHO TEXHOJONIK BUPOLLYBAHHS
CiNbCbKOrocnoaapcbKmMx KynbTyp y 3epHOH6000BII CiBO3MiHI, IKa 3a6e3neyye HaAXOLKEHHS CUPOBUHU OPraHiuyHOro
MOXOMXKEHHS Ta HAKOMMWYEHHS a30Ty NoBiTPs 6ynbboYKOBMMMK a3oTdikcaTopamu. BctaHoBNEHO, WO HAa OAMH rekTap
CiBO3MIHOI nniowi HaaAXoaUTb 6,8 TOHH CyXOi OpraHiuHOi CMPOBMHM, WO Bignosigae 78,3 kr/ra 6ionoriyHOro azory.
3'ACcOBaHO, LLO MPOBEAEHHN HOKYNALii HacCiHHA CcOi mpenapaToM GiONOriYHOrO MOXOMKEHHS — a30T(iKCAaTOPOM
Ontumaii3z 400 i 06pobneHHs nocisis coi 3a MikpocTaaismMm BBCH 60-63 koMnneKCHUM MiKpoao6prBOM Ha XenaTHil
ocHoBi HaHoBiT Cynep + cynbdat MarHito cnpuse akTMBHOMY PO3BUTKY Bynbb0o4KoBKUX BaKTepil, KiNbKiCTb i Maca SKMX
cTtaHoBMTb 81-89 wr. Ha pocamHy Ta 510-572 kr/ra. TaKUM YMHOM aKTUBHWUIA CMMBIOTUMYHMIA NOTEHLian CTaHOBMB
34,2-38,9 T1c. kr/pi6. [JoBeneHo, Wo 3a BereTaliviHuii nepiofn cost popmye 357-400 kr/ra 6ionoriyHoOro a3oty noeiTps,
wo 3abe3neyye ypoxanHicTb 3epHa 2,96-2,64 1/ra i 3annwae B rpyHTi 117-160 kr/ra a3ory. [pakTMyHa LiHHICTb
HayKoBOi pob0TM nongrae B 36arayeHHi rpyHTY OpraHivyHoO pe4yoBMHOK Ta GionoriyHow GopMoto a3oTy
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