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The Influence of Biological Preparations on the Microbiological Activity
of Sod-Podzolic Soil for the Cultivation of Food Potatoes

Abstract. In the present-day world, the demand for organic products is growing, but there is an insufficient number
of studies on the impact of biological preparations on soil fertility parameters. Indicators of microbiological activity
are not the same for different soil types, which is why it is necessary to investigate them in detail in specific soil and
climatic conditions, especially on zonal soils, which are sod-podzolic soils in Polissia. Research on theimpact of various
biological preparations on soil fertility indicators for the cultivation of one of the most popular crops in Ukraine -
food potatoes - is relevant. The purpose of this study was to establish the effect of treatment of potato tuber seeds
with biological preparations and introduction of a biodestructor for better decomposition of siderate on the focus
of microbiological processes in the soil. The study was carried out in an experiment at the Volyn State Agricultural
Research Station of the Institute of Potato Growing of the National Academy of Agrarian Sciences of Ukraine. The soil
of the experimental site was sod-medium-podzolic sandy soil on water-glacial deposits. The stationary experiment
included variants with the addition of siderate to the soil without a destructor (Background 1) and with the addition of
the Ecostern destructor to the siderate (Background 2). The effectiveness of the following biological preparations was
also investigated: Mycohelp, Agat, Regoplant, Fitohelp, Stimpo. Soil analysis for microbiological indicators was carried
out in samples taken from the 0-20 cm layer. The focus of microbiological processes in the soil was found by the
corresponding coefficients. It was found that the oligotrophicity coefficient was less than one on the variants using
the Ecostern biodestructor during the growing season of potatoes, which indicates a good supply of easily digestible
organic substances to the soil microbiota, while on the variants without Ecostern during the ripening phase, the
oligotrophicity coefficients exceeded one. The coefficient of pedotrophicity changed more during the growing season
than according to the variants of the experiment. In the seedling and flowering phase of potatoes, mineralisation-
immobilisation coefficients were low in all variants of the experiment, which indicates the predominance of synthesis
of organic matter. The materials of this paper are of practical value for farmers and producers of organic crop production
in the issue of plant residue management for the use of biodestructors in the technology of growing food potatoes
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INTRODUCTION

Ukraine is one of the five countries with the largest plant-
ing areas of this crop, but in terms of yield it is consider-
ably inferior to other countries [1]. This is because 90%
of the potato harvest comes from private households.
The low yield of potatoes is caused by low-quality seed
material, its damage by many pathogens [1] and insuffi-
cient nutrients [2-4]. 0.Sh. Iskakova [3] notes that potato
cultivation technologies should ensure both high yield
and the achievement of a prominent level of profitability.

That is why it is important to form a favourable culture
nutrition regime, as well as protection from stressful
phenomena.

In Ukraine, the market of biological preparations
is intensively developing. This is due to the growing
demand for environmentally friendly products [5].

However, literary sources hold conflicting infor-
mation regarding the positive or absent effect of bio-
logical preparations on indicators of biological activity
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of soils, which is why this issue is relevant and requires
detailed investigation.

Research conducted in the Ternopil region proved
the feasibility of treating potato tubers with Albit (100 ml
per 1 tonne of seeds) followed by spraying twice during
the growing season at 50 ml per 1 ha [6]. The yield of
potatoes and their need for nutrients were more influ-
enced by weather conditions, variety, and the content of
nutrients in the soil [7 8].

In poor sod-podzolic soils, nitrogen is in the first
minimum among nutrients. Nitrogen affects the growth
of plants, photosynthesis, metabolism, and as a result, the
productivity and indicators of the crop quality [9]. When
developing technologies for growing potatoes, it is import-
ant to find new alternatives to chemical fertilisers [10].

In Polissia, one of the most critical tasks in the
area where sod-podzolic crops are spread is to ensure
an increase in the content of organic matter in the soil,
including humus. In the conditions of a shortage of con-
ventional fertilisers, an effective alternative to humus is
the use of crop residues [11].

Biologisation, the use of biological preparations,
is a new trend in modern agar production [12]. According
to studies [13], the effectiveness of biostimulants was
manifested in the improvement of soil properties: the
structural composition of the soil, the nutrient regime,
the increase in biological activity in the deeper layers of the
soil, the better development of the rhizosphere and the
yield of winter wheat compared to the control.

According to researchers, biostimulants can be used
as bioactive products in agriculture to increase plant pro-
ductivity and resistance to stressful conditions [14].

The special role of microorganisms in the function-
ing of soils as elements of ecobiosystems: they take part
in the small biological cycle of substances and energy in
the soil, as well as in their influence on soil fertility indi-
cators, namely on the transformation of nutrients in the
soil, primarily nitrogen and carbon [15-17].

Inthe studies of R.A. Vozhehova et al. [18], the yield
of summer-planted potatoes did not depend on the vari-
ants for treatment of tubers with chemical and biological
preparations, and the average yield for three years was
20.86 t/ha, excluding the variant with additional treat-
ment of plants with a biological preparation of fungicidal
action Haupsin, where the yield increase was 0.33 t/ha.

The purpose of this study was to investigate the
focus of microbiological processes in sod-medium-
podzolic soil using a biodestructor for better decompo-
sition of siderate and treatment of potato tuber seeds
with biological preparations. The task of this study was to
prove changes in the coefficients of oligotrophy, pedotro-
phy and mineralisation-immobilisation with the use of
various biological preparations.

MATERIALS AND METHODS

The research was conducted under experimental con-
ditions based on the Volyn State Agricultural Research
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Station of the Institute of Potato Breeding of the National
Academy of Sciences of Ukraine in 2019-2021 on
sod-medium-podzolic sandy soil typical for the Polissia
zone of Ukraine.

Potatoes of the Partner variety were grown in the
experiment: a medium-early Ukrainian food potato variety.
The vegetation period was approximately 107 days.

A two-factor stationary experiment included the
following variants:

Factor A.

1. Control (without siderate biodestructor).

2. Biodestructor Ecostern in a dose of 1.2 /ha.

The siderate was white mustard (200 c/ha), which
was introduced into the soil.

Factor B. Treatment of potato tubers and 3-time spray-
ing during the growing season of potato plants with bio-
logical preparations.

1. Control (without biological preparation).

2. Background - (introduction of Mycohelp 2.0 1/ha into
the soil) + triple treatment during the growing season,
Agat 25 - 100 ml/ha

3. Background + triple treatment during the growing
season, Regoplant — 50 ml/ha.

4. Background + triple treatment during the growing
season, Phytohelp - 1.0 I/ha.

5. Background + triple treatment during the growing
season, Stimpo - 15 ml/ha.

6. Treatment of tubers with Mycohelp - 2.0 [/t + triple
treatment with Mycohelp - 1.0 l/ha during the growing
season.

7. Treatment of tubers with Regoplant 50 ml/t + triple
treatment with Regoplant 50 ml/ha during the growing
season.

8. Treatment of tubers with Fitohelp - 1.0 I/t + triple
treatment with Fitohelp — 1.0 l/ha during the growing
season.

9. Treatment of Stimpo tubers - 15 ml/t + triple treatment
of Stimpo 15 ml/ha during the growing season.

Soil analysis for microbiological indicators was
performed in samples taken from the 0-20 cm layer. In
the studies, the number of microorganisms of the main
ecological-trophic and taxonomic groups was found ac-
cording to the method of microbiological sowing of soil
suspension on different solid agarised nutrient media.
Organotrophic bacteria were determined by sowing on
meat-peptone agar, the number of microorganisms that
assimilate nitrogen from mineral compounds and acti-
nomycetes - on starch-ammonium agar, oligotrophic
microorganisms - were grown on starvation agar, fungi - on
Richter’s nutrient medium. The number of microorgan-
isms is given in colony-forming units (CFU) per one gram
of dry soil, having previously determined the relative hu-
midity of the soil sample using the thermostat-weight
method. Subsequently, the obtained number of colonies
was counted, considering the humidity coefficient, as
well as the dilution of the soil suspension. Experimental
studies were carried out in triplicate.
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Microbiological soil monitoring was evaluated
according to the methodical recommendations of VM. Patyka
and O.V. Sherstoboeva [19]. The focus of microbiological
processes in the soil was determined according to the
following coefficients.

The coefficient of oligotrophy (C_) was calculated
as the ratio of the number of microorganisms capable of
assimilating nutrients from very dilute solutions to the
total number of eutrophic microorganisms according to

the formula (1):
/N, +N

Col = N SAA (1)

Next, the coefficient of pedotrophicity (C,_,) was
determined according to the ratio of the number of mi-
croorganisms on soil agar (N,,) to the number of those
microorganisms that grew on meat-peptone agar (N, ) (2):
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The coefficient of mineralisation-immobilisation
(C,, ) was determined as the ratio of the number of micro-
organisms that immobilise mineral forms of nitrogen to
the number of organotrophs according to the formula (3):

N

m-i

c /N @3)

SAA MPA’

where N, ,, N, is the number of microorganisms grown
onstarch-ammonium and meat peptone agarWhere N, is

the number of microorganisms grown on starvation agar.

RESULTS AND DISCUSSION

Based on the ratio of ecological and trophic groups of
microorganisms, namely nitrogen-fixing, oligotrophic,
and microorganisms involved in the mineralisation of
humic substances, it is possible to judge on the focus of
the mobilisation processes in the soil. In this regard, the
coefficients of oligotrophicity (StA/Zv), mineralisation
(SAA/Zv) and pedotrophicity (SA/Zv) were calculated. These
microbiological coefficients allow generalising the pro-
cesses occurring in the soil, as well as to establish their
focus. At elevated values of nitrogen mineralisation-im-
mobilisation coefficients, changes in transformation of
organic compounds occur, namely the dominance of or-
ganic matter decomposition over synthesis. On the other
hand, a decrease in the pedotrophic factor can be inter-
preted as a decrease in the intensity of decomposition of
soil organic matter. The results of the study of changes in
the coefficients of the intensity of soil-biological process-
es in agrophytogeocenoses of potatoes under different
systems of biological preparations are presented below.

The coefficient of oligotrophy (C_) for its growth
indicates the spread of microorganisms in the soil that
can exist in the absence or low concentrations of nu-
trients compared to other eutrophs. C | in the seedling
and flowering phase of potatoes in all soil samples under
study was low (<1) (Fig. 1), which indicates a good supply
of soil microorganisms with labile organic substances, as
well as the presence of sufficient sources of carbon and
nitrogen for the functioning of the soil microbial complex.
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Figure 1. Microbiological coefficient of oligotrophy in sod-podzolic soil for growing potatoes

Inthe potato ripening phase, the situation changed
slightly, C increased (=1) on background 1, where Ecostern
biodestructor was not applied, which indicates a 10% de-
crease in the content of nutrients in the soil. The highest
values of this indicator ranged from 1.2 on variants 3 and
8 (Treatment of tubers with Fitohelp - 1.0 1/t + triple treat-
ment with Fitohelp - 1.0 1/ha during the growing season
and Treatment of tubers with Fitohelp - 1.0 I/t + triple

treatment with Fitohelp - 10 1/ha during the growing
season) to 2.9 in variant 2 (introduction of Mycohelp
2.0 l/ha to the soil + triple treatment during the growing
season with Agat 25 - 100 ml/ha).On the variants of the
background using Ecostern biodestructor at 1.2 1/ha, the
C,, on all variants of feeding potato plants was lower than 1
(C, ranged from 011to 0.895), which indicates an elevated
supply of soil nutrients, especially nitrogen.
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The positive effect of biological preparations on
improving the nutrient status of the soil, which is evi-
denced by the higher C  values compared to the control:
on background 1 without the introduction of a biode-
structor in the seedling phase, this indicator was 0.545,
and in the phase of maturation of potato tubers - 1.8.
Comparing different biopreparations in terms of their
influence on the C , it was established that the best
feeding conditions for food potatoes were with Rego-
plant preparation in variant 7 (C_=013), slightly higher
values were established in variant 3 with the introduc-
tion of Mycoplant and treatment with Regoplant during
vegetation (C_=0.185). On variants 4, 5, and 8, the C  values
in the seedling phase did not substantially differ from
each other.

T. Khomenko et al.

On the background 2 with the application of
Ecosterne, the best conditions of the nutritional regime
were on the variant 2 with the application of Mycohelp
and the treatment with Agat vegetation, where the C
values were the lowest - 0.01. The highest values were set
on variant 9 using Stimpo: on the background without
the destructor, they were 0.43-1.89, and with the destruc-
tor - 0.345-0.58. The opposite dynamics were noted by
0.Yu.Kolodiazhnyi and M.V. Patyka [20]: during the grow-
ing season of winter wheat, the coefficient of oligotrophy
on the research variants decreased (0.03-0.67).

The intensity of decomposition of soil organic matter
can be judged according to the coefficient of pedotrophicity.
Table 1shows changes in this coefficient due to the use of
biological preparations on food potatoes.

Table 1. Microbiological coefficient of pedotrophicity (Cpe ;) in sod-podzolic soil during the main phases
of potato plant development

Development phase
Factor A Factor B . . i .
Seedling | Flowering | Ripening |
1. Control (without biological preparation) 1795 0.055 0.305
2. Application of Mycohelp 2.0 I/ha + triple treatment
with Agat 25 - 100 ml/ha 0.835 0.035 012
3. Application of Mycohelp 2.0 I/ha + triple treatment
with Regoplant - 50 ml/ha 109 003 036
4. Application of Mycohelp 2.0 1/ha + triple treatment
with Fitohelp - 1.0 1/ha 0695 03 036
Backgorund 1. 5. Application of Mycohelp 2.0 1/ha + triple treatment
Without with Stimpo - 15 ml/ha 114 0005 0365
biodestructor frub h hel ¥ '
6. Treatment of tubers with Mycohelp - 2.0 1/t + triple treatment
with Mycohelp - 1.0 1/ha during the growing season 217 0415 0.465
7. Treatment of tubers with Regoplant - 50 ml/t + triple treatment
with Regoplant — 50 ml/ha during the growing season 0.595 0005 041
8. Treatment of tubers with Fitohelp - 1.0 1/t + triple treatment
with Fitohelp - 1.0 1/ha during the growing season 1155 0.395 0425
9. Treatment of tubers with Stimpo - 15 ml/t + triple treatment 1665 018 073
with Stimpo - 15 ml/ha during the growing season ) ' )
1. Control (without biological preparation) 172 042 0.155
2. Application of Mycohelp 2.0 I/ha (background) + triple treatment
with Agat 25 - 100 ml/ha 0.355 0095 0025
Background 2. - .
3. Application of Mycohelp 2.0 1/ha + triple treatment
Ecostern121/ha with Regoplant - 50 ml/ha 091 0.525 015
4. Application of Mycohelp 2.0 1/ha + triple treatment
with Fitohelp - 1.0 1/ha 163 0405 0.065
5. Application of Mycohelp 2.0 1/ha + triple treatment
with Stimpo - 15 ml/ha 0.95 0935 0125
6. Treatment of tubers with Mycohelp - 2.0 I/t + triple treatment 134 029 025
with Mycohelp - 1.0 I/ha during the growing season ' ' )
Background 2. 7. Treatment of tubers with Regoplant - 50 ml/t + triple treatment 134 035 035
Ecostern1.21/ha with Regoplant — 50 ml/ha during the growing season ’ ’ ’
8. Treatment of tubers with Fitohelp - 1.0 I/t + triple treatment 345 021 0195
with Fitohelp - 1.0 1/ha during the growing season ’ ) )
9. Treatment of tubers with Stimpo - 15 ml/t + triple treatment 118 007 04
with Stimpo - 15 ml/ha during the growing season ' ) )
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High values of C,, (>1) in the seedling phase of
potatoes on background 1 without a biodestructor were
observed on variants 1, 3, 5, 6, 8, 9, which indicates an in-
crease in the intensity of decomposition of soil organic
matter on these variants.

C,.q indicators proved the active decomposition by
microorganisms of the remains of sideral culture. This
indicator depended more on the period of soil sampling
than on variants with biological preparations. In the
seedling phase, variants 2, 4, 7 without a destructor were
characterised by low Cpe . values - 0.835; 0.695; and 0.595,
respectively, which indicates a decrease in the amount of
organic matter in the soil. In the phase of flowering and
ripening of potatoes, C , decreased in all variants of the
experiment and was within 0.03-0.75, which indicates a
decrease in the amount of organic matter (residues of
siderate) in the soil.

On background 2, with Ecostern 1.2 l/ha in the
seedling phase of the culture, an elevated intensity of or-
ganic matter decomposition was observed in variants 1,
4,6,7,8,9.Invariants 2, 3, 5, the intensity of organic matter

4
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decomposition was insubstantial. During the flowering
and maturing phase of potatoes, the C ; did not exceed 1,
which indicates insufficient supply of “fresh” organic
matter to the soil and low intensity of its decomposition.
The lowest C_, values were found on variant 9 with the
use of Stimpo - 0.07 and on variant 2 with Mycohelp and
Agat treatment - 0.095. Onvariants 8, 6,7,4 and 1, the Cpea
value was 0.21; 0.29; 0.35; 0.405; and 042, respectively.
Upon applying Mycohelp to the soil and Stimpo vegetation
treatment, the value was 0.935.

The C,,, value was also influenced by various
agrotechnical measures. The studies of 0.B. Panchenko,
1.D. Prymak and L.A. Panchenko [21] established the influ-
ence of different tillage systems and found the lowest C_,
values for tillage, and the highest values for ploughing
with different depths. The C_, shows the predominance
of the decomposition processes of organic substances
over their synthesis. During the seedling phase of pota-
toes, the C_ , were low in all variants of the experiment,
which indicates the predominance of organic matter
synthesis processes (Fig. 2).
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Figure 2. Microbiological coefficient of mineralisation-immobilisation (C_ ) of nitrogen
in sod-podzolic soil for growing food potatoes

A similar trend was observed in the flowering phase.
The C_ , coefficients were within 0.25-1.25 on background
1without a destructor, and the highest values (1.25) were
found on the Stimpo tuber treatment and vegetation
treatment variants, and the smallest (0.25), which ensure
flow in the soil of synthesis of organic matter, - on the
variants with Mycohelp applied to the soil and vegetation
treatment with Stimpo, as well as on the variant with the
Mycohelp applied to the soil and vegetation treatment
with the Agat PE preparation. In the seedling phase, the
application of Ecostern stubble biodestructor did not
cause any substantial differences in the values of this
coefficient: C_, was 0.1-0.515 on background 1 without
biodestructor, 0.025-0.205 on background 2 with biode-
structor. Ecostern showed a more pronounced effect in
the flowering phase, where the values were 0.25-1.25 and
0.715-1.24, respectively, on background 1 and 2. Thus, the

)

positive effect of the biodestructor on decomposition of
white mustard and the supply of potato plants with nu-
trients during the flowering period of potatoes was es-
tablished, which is also confirmed by the C  values.

During the ripening phase of potatoes, microbi-
ological processes shifted even more towards the min-
eralisation of organic matter in all variants of the ex-
periment. The C_, in the flowering and ripening phase
approached the optimal indicators (C_, = approx. 1.0)
when using Ecostern biodestructor 1.2 I/ha for all biolog-
ical preparations, which indicated a balanced carbon-ni-
trogen cycle. On background 1 without a biodestructor,
C_; was the highest on the variant with Mycohelp and
Agat treatment (3.4), as well as on the variant with Stim-
po (1.25); on background 2 - on variant 4 with Mycohelp +
Phytohelp (2.16) and Mycohelp + Agat (2.12).

S.O. Hudz [22] established that the lowest C_,

Plant and Soil Science. Vol. 13, No. 1



values were for the biological fertilisation system. He
also found an increase in C_, values under the industrial
fertilisation system, which indicates an increase in the in-
tensity of decomposition of soil organic matter. As for C ,
the optimal values were for ecological and biological fer-
tilisation systems - 0.69-0.96 and 0.81-0.93, respectively.

CONCLUSIONS
1. The use of Ecostern biodestructor at 1.2 1/ha on white
mustard as a siderate on sod-medium-podzolic soil con-
tributed to increasing the availability of nutrients during
the growing season of food potatoes, as evidenced by the
C,, values of less than 1 (0.01-0.895). On the background
without a stubble destructor, the lowest C  values were
established when using Mycohelp and Regoplant biological
preparations, and the highest values were set with the

T. Khomenko et al.

2. The C,,, depended more on the period of soil
sampling than on variants with biological preparations
and was 0.355-1.795 in the seedling phase, 0.005-0.935
in the flowering period, and 0.12-0.465 in the ripening
period.

3. According to the C_, the advantage was proved
in the variant with Mycohelp soil treatment 2.0 l/ha + tri-
ple vegetation treatment with Agat 25 — 100 ml/ha. The
positive effect of the biodestructor on the decomposi-
tion of organic matter of siderate was found. During the
ripening period, the C_, in the flowering and ripening
phase approached the optimal values (C_, = approx. 1.0)
when using Ecostern biodestructor 1.2 I/ha.

Studies on the impact of the destructor and bio-
logical preparations on improving the humus condition
of sod-podzolic soil are promising.

variant with Stimpo.
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BnnuvB 6ionpenapaTtiB Ha MiKpo6ionoriuHy aKTUBHICTb
OEePHOBO-MIA30/IMCTOro 'PYHTY 3a BUPOLLYBaHHS KapTonJli CTONOBOI

AHoTalifa. B yMOBax CbOTOAEHHA Y CBITI 3pOoCTa€ MOMUT Ha OpPraHiuYHy IPOAYKIIi0, TPOTe HeJOCTaTHA KiJIbKiCTh
IOCIi>KeHB i3 BUBUEHHS BIUIMBY 6iolperapariB Ha IIapaMeTpy POJIOYOCTi IPyHTIB. [ToKa3HUKY MiKpo6ionoriyHoi
AKTUBHOCTI HEOJHAKOBI 71 pi3SHUX I'PYHTOBUX BiIMiH, caMe ToMy HEO6XiIHO JeTaJbHO BUBYATU IX B KOHKPETHUX
TPYHTOBO-KJIIMaTUYHUX YMOBaX, OCOGIMBO Ha 30HAJBHUX IPyHTax, IKUMU B Ilomicci € mepHOBO-IiA30JIUCTI.
AXTyaJIBHUMU € JOCITREHH WIOJI0 BIUTUBY Pi3HX 6i0IpernapaTiB Ha TOKa3HUKY POJIOYOCTI I'PYHTY 32 BUPOLIyBaHHS
onuiel i3 HAaM6ibII TOMTYIAPHUX B YKpaiHi KYJIETYp — KAPTOILIi CTOJIOBOI. MeTa po60TH — BCTAHOBUTH BILIUB 06PO6KY
HaciHHa 6ynb6 KapToruti 6iompernapaTaMy Ta BHeceHHs 6iofecTpyKTopa AJi KpaIloro po3KIafy CUAepary Ha
CIIPSIMOBaHiCTh MiKpO610JIOTIYHIX ITPOIIECiB Y IPYHTI. [JOCTiAKeHHA IIPOBOLMIIN ¥ TOCIiZi Ha BOJIMHCHKIM IepsRaBHIM
CLTBCBKOTOCITOAAPCHKIM HOCTimHIM cTauuii IHCTUTYTY KapTomisapcTea HAAH Vrpainu. IpyHT DOCITIHOT DiITHRY —
IlepHOBO-CEPeIHBOITII30/INCTHIM CYITIIaHUM I'PYHT Ha BOLHO-JIBOJOBUKOBUX Bifkiuazax. CTallioHAapHUM LOCIHIT,
BKJIIOYAB BapiaHTH i3 3apo6KOI0 y IPYHT cuzepary 6e3 gectpykropa (doH 1) Ta i3 BHECEHHAM IeCcKpyKTopa EKoCcTepH
Ha cuzepar (doH 2). TaKOK BUBYAIU ebeKTHUBHICTb 6ionpenapaTiB: Miroxenmn, Arat, Peromnant, diToxenm, CTUMIIO.
AHaTi3 IpyHTY Ha MiKp0o6i0JI0TiuHi ITOKa3HUKY ITPOBOLVIIN ¥ 3pa3Kax, AKi BifibpaHi 3 mapy 0-20 cM. CIpIMOBaHICTb
MiKpob6ioIoTiuHMX ITpOLIeciB y I'PyHTI BUSHAYAIIH 33 BiAMOBIAHMMY KoedillieHTaMu. BCTaHOBJIEHO, I1I0 Ha BapiaHTax i3
3aCTOCYyBaHHAM biofecTpykTopa EKOCTEPH ITPOTATOM BETeTAl[iiHOTO ITepiofly KapTOIUli KoedillieHT omiroTpodHoCTi
CKJIaflaB MeHIlle OAMHUII, 0 CBIIUUTH IIpo Jo6py 3abe3rnedeHicTs IPyHTOBOI MiKpO6iOTU JIerK03acBOIOBaHUMU
OpraHiYHUMU peyOBHHAMU, TOZI K Ha BapiaHTax 6e3 3acTocyBaHHsS ERocTepHa y ¢a3y LOCTUTaHHA KoedillieHTH
OJTIroTpOdHOCTI MepeBUILyBaIK OOUHUIT0. KoedillieHT rmemoTpodHOCTi 6iTbilie 3MiHIOBABCSA ITPOTATOM BETeTalliMHOTO
nepiozy, HiXX 3a BapiaHTaMu focrniny. V dasu cxomis i uBiTiHHA KapToruii koebinieHT MiHepaisarii-iMmmo6binizanii
6yny HU3BKMMK Ha BCix BapiaHTax AOCIiAy, L0 CBiJYUTH MpPO IT€PEBa’KAHHSA TIPOLIECIB CUHTE3y OpraHiyHoi
PEYOBMHU. MaTepiay CTaTTi CTAHOBJIATD ITPAKTUYHY LIiHHICTH 4719 GepMepiB Ta BUPOOHUKIB OpraHiuyHoi IpoayKiiii
POCTMHHUIITBA y MIUTAHHI YIIpaBIiHHA POCIMHHUMU PEIITKaMU 3a 3aCTOCYBaHHA 6i0feCTPyKTYpiB y TexHOOril
BUPOIIYBaHHS KapTOILJIi CTOJIOBOI

Knioyoei cnoea: 6ioecTpyKTOp, cuzepar, KoedillieHT oirorpodHocTi, KoedillieHT megoTpodHoCTi, rymidirariisa
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