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and Mycorrhizal Fungi in the Conditions of the Right Bank
Forest Steppe of Ukraine

Abstract. The relevance of this study is determined by a complex of factors that shape soybean grain productivity - the
effectiveness of symbiotic systems formed with nodule bacteria and mycorrhizal fungi, the activity of growth processes
and the formation of vegetative organs by soybean plants, as well as their adaptive plasticity under the influence of
various external factors. The purpose of this study was to investigate the morphobiometric characteristics of soybean
plants, the productivity of the crop after pre-sowing treatment with biological preparations Rhizoline, Mycofriend,
and Rhizosave. This paper presents the results of research on the use of soybean seed treatment with biological
preparations to improve the growth and development of soybean plants and increase crop productivity. Field, laboratory,
mathematical-statistical, and calculation methods were employed for this study. It was found that seed inoculation
positively affects the leaf surface area in the budding phase, it increased from 5,313 cm? in the control to 6,426 cm? with
the Rhizoline + Rhizosave + Mycofriend option, and in the phase of pod formation, respectively, from 8704 cm?t0 1,113 cm?
The joint use of Rhizoline + Mycofriend + Rhizosave preparations most contributed to the increase in the mass of the
root with nodules (+0.95 g), the number of nodules on the plant (+32 pcs), and the mass of nodules from the plant (+0.3 g).
It was found that a comparable situation occurred during the phase of bean formation. The regularity of yield growth
during the years under study showed that the average increase in yield varied from 0.41 t/ha with Rhizoline + Rhizosave
inoculation to 0.6 t/ha with the combined use of Rhizoline + Rhizosave and the mycorrhizal preparation Mycofriend.
It was substantiated that under appropriate conditions, the intensity of symbiotic nitrogen fixation increases thanks
to nodule bacteria, as well as the absorption of water and nutrients by the root system of plants due to the activity
of mycorrhizal fungi, the entry of amino acids, phytohormones, and vitamins into the plant, which positively affects
the growth and development of soybean plants. The materials of this paper are of practical value for farmers in the
development of new plant nutrition strategies involving biological preparations in the cultivation technology

Keywords: soybean seeds, biometric indicators, symbiotic productivity, number of nodules, biological preparation,
productivity

INTRODUCTION

Increasing the production of high-quality products and
increasing the level of soil fertility is one of the priority
tasks of modern agricultural production [1]. Soybeanis a
unique protein and oil crop thatis in great demand on the
world and Ukrainian markets. Ukraine has great oppor-
tunities to increase the production of soybean seeds and
obtain greater profits from its sale. Modern technologies

do not fully provide an opportunity to fulfil their pro-
ductive potential in connection with the parity of prices
for fuel, protection products, fertilizers - this increases
technological costs and encourages the search for new
technologies for growing soybeans [2]. The main mea-
sure aimed at the implementation of these tasks is the
use of microbial preparations to restore microbiological
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processes in the soil [3-5]. Microorganisms are one of the
important components of the soil formation and a link
that ensures the ecological balance of the soil ecosys-
tem [6; 7]. The productivity of this culture depends on the
performance of many technological operations, namely
inoculation. Nodule bacteria fix molecular nitrogen for
plants and convert it into a form available for plants.
Nodule bacteria synthesize amino acids and vitamins of
group B and other biologically active substances. There-
fore, optimization of the elements of soybean cultivation
technology will help increase the yield of the crop and
increase the efficiency of its cultivation.

Pre-sowing treatment of seeds with inoculants is
one of the main measures for fulfilling the genetic po-
tential of new soybean varieties. Thanks to the biological
fixation of atmospheric molecular nitrogen, plants are
supplied with nitrogen. A considerable role is played by
nodule bacteria, which contribute to the formation of ni-
trogen-fixing nodules on the roots of leguminous plants,
which also plays a significant role in restoring soil fertil-
ity [8; 9]. The use of biological preparations in the fertil-
ization system for growing agricultural crops allows op-
timising the level of mineral nitrogen from fertilizers to
nitrogen biologically fixed by microorganisms from the
air [10-12]. Using inoculation with nodule bacteria and
treatment with fungicides, seed germination increases
by 20%, plant resistance to diseases increases, and the
formation of the symbiotic apparatus is stimulated by
28%, the structure of the crop (number of beans, weight
0f 1000 seeds) improves by up to 10%. [13; 14]. As a result
of the activity of soil microorganisms, not only humus
and nitrogen accumulate in the soil and the biological
activity of the soil improves, but also mobile forms of nu-
trients, such as phosphorus and potassium [15-17].

A vital role in this process is played by mycor-
rhizal fungi, together with rhizospheric bacteria, which
improve the supply of phosphorus and potassium to
plants, improve water consumption, produce antibiotic
substances and phytohormones, which positively affect
their growth and development [18-20]. Research proved
that under the action of biological preparations, the
growth and development of soybean plants is activated,
the area of its leaf surface increases, which contributes
to anincrease in the yield of the crop by 0.21t/ha [21]. The
use of biological preparations also positively increases bi-
ological activity, reducing the content of nitrates, heavy
metal ions and radionuclides, intensifying the develop-
ment of nitrogen-fixing and phosphate-mobilizing bac-
teria, therefore the ability to fix molecular nitrogen by
plants is considered a valuable genetic resource of soy-
beans in the technology of its cultivation [22-24].

The use of biological preparations contributes to
the supply of biological nitrogen, stimulates the growth
and protection of plants from diseases, which allows ob-
taining high yields of soybean seeds without synthetic
fertilizers and negative anthropogenic impact on the
environment [25-27]. Some researchers experimentally

prove and theoretically substantiate that the maximum
fulfilment of the potential of plant-microbial interac-
tions is possible only with the correct selection of com-
plementary pairs of plant varieties - strains of microor-
ganisms [28-30]. However, many aspects of the complex
application of biological preparations of different func-
tionality remain understudied. Therefore, research aimed
at improving the elements of crop cultivation technolo-
gies stays relevant.

The purpose of this study was to find the effect of
the joint action of nodule bacteria and mycorrhizal fungi
on the growth and development of plants, as well as the
symbiotic and grain productivity of soybeans.

MATERIALS AND METHODS
Field work was carried out in 2017-2019 at the
Khmelnytskyi State Agricultural Research Station Insti-
tute of Fodder and Agriculture of the Podillia National
Academy of Sciences (north-western part of the Right
Bank Forest Steppe of Ukraine).

In the experiment, soybeans of the Siverka variety
were sown at 900,000 pieces/ha, selected by the NSC “In-
stitute of Agriculture of the National Academy of Sciences”.
This is a precocious variety that ripens in 92-97 days. The
predecessor was oats. The area of the accounting plot
was 30 m?, the sowing area was 42 m?, the repetition was
four times. Agricultural machinery generally accepted
for the zone: the main cultivation is ploughing, mineral
fertilizers are applied at kg/hainas. - N, P, K,, (ammo-
nium nitrate, superphosphate, potassium chloride). Pro-
tection of crops from weeds was carried out - herbicides
Basagran (2 1/ha), Harmony (8 g/ha) + surfactant, Trend
90 (0.21/ha), Cannoneer Duo insecticide (010 1/ha), Acanto
Plus fungicide (0.7 1/ha).

Variants of treatment of soybean seeds with the
following biological preparations were investigated:

1. Without inoculation (control).

2. Rhizoline 2 1/t + Rhizosave 2 l/t.

3. Mycofriend 1.51/t.

4. Rhizoline 2 1/t + Rhizosave 2 1/t + Mycofriend 1.5 I/t.

Biopreparations manufacturer “BTU-Tsentr”.

Seeds were processed on the day of sowing. The
proposed preparations differed in composition and prop-
erties. The Rhizoline biopreparation is a bioinoculant in-
tended for pre-sowing inoculation of soybean, pea, and
other legume seeds. Designed for rapid colonization of
the legume root system with nodule bacteria and the
formation of nodules on the roots, which enables plants
to absorb molecular nitrogen from the atmosphere. The
preparation is a concentrate of viable cells of nodule
bacteria: Bradyrhizobium japonicum - symbiotic to soy-
beans, Rhizobium leguminosarum - symbiotic to peas
and other strains of nodule bacteria, symbiotic to certain
legumes. The bacterial titre is from 2.0x109 CFU/cm?. The
preparation also includes macro- and microelements,
biologically active products of bacterial life (vitamins,
heteroauxins, gibberellins, etc.).
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The Mycofriend biopreparation is a mycorrhizal
preparation intended for seed treatment, seedlings, in-
row application, and fertigation. Created for rapid col-
onization of the root system of plants with mycorrhizal
fungi and microorganisms of the rhizosphere of plants.
Increases absorption of water and nutrients by the root
system of plants, protects roots from diseases, provides
plants with vitamins, phytohormones, and amino acids.
The composition of the preparation includes micro-
organisms that support the formation of mycorrhizae
and the rhizosphere of plants: Streptomyces sp., Pseu-
domonas fluorescens; as well as phosphate-mobilizing
bacteria: Bacillius megaterium var. phosphaticum, Ba-
cillus subtilis, Bacillus muciloginosus, Enterobacter sp.,
mycorrhizal fungi: Glomus VS, Trichoderma harzianum;
The total number of viable cells is (1.0-1.5)x108 CFU/cm?.
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The preparation includes biologically active substances:
amino acids, phytohormones, vitamins.

The soil of the experimental site is medium-loamy
chernozem with slightly podzol. Agrochemical charac-
teristics of the soil: humus - 3.05-3.5%, pH - 5.75-6.2; hy-
drolytic acidity 1.9-2.35 mg/eq. per 100 g; hydrolysed ni-
trogen 170-136 mg/kg, mobile forms of phosphorus and
potassium (according to Chirikov) (DSTU 4115:22002) [31] -
208-243 and 80-136 mg/kg, respectively.

According to the data of the Ukrainian Agrome-
teorological Centre [32], the weather conditions during
the years of research differed from the average multi-
year data. During the growing season of soybeans, the air
temperature exceeded the average long-term indicators.
On average, over the years of research, the increase was
2.29°Cin2017,4.03°Cin 2018, and 4.19°C in 2019 (Fig. 1; 2).

August September October

Average multi-year

Figure 1. Dynamics of the average daily air temperature during the growing season of soybeans for 2017-2019
compared to the average multi-year data
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Figure 2. Precipitation dynamics for 2017-2019 compared to average long-term data
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During the reporting period, precipitation exceeded
the average multi-year data, the excess amounted to
131.8 mm in 2017, 40.9 mm in 2018, and 187.3 mm in 2019,
while the unevenness of their precipitation was observed.
Thus, a lack of precipitation was observed in April, May
2017-2018, July 2017, and August 2018-2019.

RESULTS AND DISCUSSION
The results of studies on the growth dynamics of soybean
plants showed that seed treatment with nodule bacteria
and mycorrhizal fungi in the budding phase promotes
plant growth, the height increased from 64.95 cm in the
control to 70.8 cm in the Rhizoline + Rhizosave + My-
cofriend seed treatment. An analogous situation was
observed in the phase of bean formation. In the control
group, the weight of the plant and the weight of the leaves
in the budding phase increased proportionately to the
height of the plants and were 20.85 g and 3.9 g, respec-
tively. Upon using the Rhizoline inoculant with the Rhi-
zosave bioprotector, these indicators increased to 241 g

and 4.15 g, respectively. Some authors note that seed in-
oculation is a profitable technique in soybean cultivation,
which improves the conditions of plant growth and de-
velopment, the formation of a larger area of leaves, plant
height, the number of branches, nodes, beans, seeds, and
the growth of productivity up to 2.04 t/ha [33; 34].

Treatment of seeds with the Mycofriend mycor-
rhizal preparation did not substantially affect the weight
of the plant and leaves, and the combined use of nodule
bacteria (Rhizoline) and mycorrhizal fungi (Mycofriend)
contributed to an increase in these indicators, respec-
tively, to 29.7 g and 5.2 g, respectively, by 8.85gand 1.3 g
more than in the control. The corresponding regularity
was also observed during the pod formation phase. Seed
inoculation had a positive effect on the leaf surface area
in the budding phase, it increased from 5,313 cm? in the
control to 6,426 cm? in the Rhizoline + Rhizosave + My-
cofriend variant, and in the phase of pod formation, re-
spectively, from 8704 cm? to 1,113 cm?, which is 17% and
13%, respectively (Table 1).

Table 1. Biometric indicators of plants after treatment of soybean seeds with nodule bacteria and mycorrhizal fungi
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Budding phase Bean formation phase
1. without inoculation 650 209 39 5,313 807 480 90 8704
(control)
2. Rhizoline + Rhizosave
@1/t+21/) 65.0 241 4.2 5,398 83.9 51.2 975 9,889
3. Mycofriend (1.51/t) 671 24.3 47 6,402 85.0 539 111 1,044
4. Rhizoline + Rhizosave
@1/t+21/t) +Mycofriend @51/t) 70.8 297 5.2 6,426 84.0 59.2 121 1,113
AveragetS, 67.2+1.3 247+1.8 45+03 5,884+306 | 834+09 | 53.0+24 | 10.5+9.8 10,044+514
V, % 3.8 14.8 129 104 2.2 891 13.2 10.3

It was established that modern biological prepa-
rations contribute to the formation of a developed root
system and an active nitrogen-fixing symbiosis, activate
the nitrogenase complex of bacteria and increase the re-
sistance of plants to adverse conditions, under the action
of biological preparations, plants formed a larger number
of beans, seeds, nodules on the root system, and the area
of the leaf surface increased [35]. In the experiment, the
use of nodule bacteria and mycorrhizal fungi influenced
the growth and development of roots and the formation of
nodules. The root length of the control variant in the bud-
ding phase was 7.75 cm, the mass of the root with nodules
was 2.1g, the number of nodules on the plant was 45.8 pcs,

9

and the mass of nodules per plant was 0.54 g. The use of
Rhizoline + Rhizosave increased the root length by 3.65 cm,
root mass with nodules by 0.45 g, number of nodules
per plant 12.7 pcs, and mass of nodules per plant 0.205 g.
Treatment of seeds with mycorrhizal fungi (Mycofriend)
compared to the use of Rhizoline + Rhizosave decreased
root mass with nodules and mass of nodules, but a ten-
dency to increase the number of nodules by inoculation
of soybeans with aboriginal strains of nodule bacteria by
14% in the budding phase and 6% in the phase of bean for-
mation was noted. The joint use of the preparations Rhi-
zoline + Mycofriend + Rhizosave most contributed to the
increase in the mass of the root with nodules (+0.95 g), the
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number of nodules on the plant (+32 pcs) and the mass of
nodules from the plant (+0.3 g). Thus, in the phase of bean
formation, the number of nodules on the plant with the

A. Datsko et al.

simultaneous application of preparations (Rhizoline +
Rhizosave + Mycofriend) increased by 1.8 times compared
to the control (without inoculation) - 56.1 pcs (Table 2).

Table 2. Symbiotic performance of soybean under seed treatment with nodule bacteria and mycorrhizal fungi
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Budding phase Bean formation phase
1. Without inoculation (control) 775 210 4538 0.54 104 5.00 56.1 101
2. Rhizoline + Rhizosave 114 255 58.5 0.745 131 515 849 176
(Ut+21/t)
3. Mycofriend (1.5 1/t) 10.8 235 67.8 0.66 1275 59 90 158
4. Rhizoline + Rhizosave 11.8 3.05 77.8 0.84 131 645 102.3 219
(21/t+21/t) + Mycofriend (1.5 1/t)
Average S, 1044+092 | 2.51+0.2 | 62.48+6.82 | 0.7£0.07 | 12.34+0.65 | 5.63+0.34 | 83.33+978 | 1.64+0.25
V, % 1761 16.03 21.81 18.31 10.55 12.02 2348 2991

Seed inoculation with highly effective and active
strains of nodule bacteria provides a prominent level of
nitrogen-fixing capacity of symbiotic systems, which causes
the intensification of soybean growth and development
and, as a result, increases its yield up to 12% in growing
technologies up to 38% [36-38]. According to the research
carried out in 2017, soybean productivity increased from
2.18 t/ha in the control and up to 2.63 t/ha when using the
Rhizoline biological preparation with the Rhizosave pro-
tector. The use of the mycorrhizal Mycofriend preparation
increased the yield of the crop to 2.73 t/ha. By combining
the Rhizoline biological preparation and the Rhizosave

protector with the mycorrhiza-forming Mycofriend prepa-
ration, the yield level increased to 2.76 t/ha, respectively,
the increase compared to the control (without inocula-
tion) was 0.58 t/ha. The analysis of research results in 2018
showed a comparable trend, the yield level fluctuated,
respectively, from 213 t/ha in control to 2.72 t/ha with the
joint use of biological preparations. The regularity of yield
growth due to the introduction of nodule bacteria and
mycorrhizal fungi, which was observed in 2017-2018, was
confirmed in 2019 as well. Productivity increased from
2.26 t/ha in the control to 2.88 t/ha for the combination of
biological preparations (Table 3).

Table 3. Soybean yield depending on seed inoculation with nodule bacteria and mycorrhizal fungi

) Productivity, t/ha Average for
Variant 2017-2018 b, v

2017 2018 2019
1. Without inoculation (control) 218 213 2.26 219 1.36 319
2. Rhizoline + Rhizosave (2 1/t+2 /t) 2.63 2.58 2.58 2.6 012 115
3. Mycofriend (1.51/t) 273 2.64 273 27 1.07 1.85

4. Rhizoline + Rhizosave

(21/t+2 1/t)+Mycofriend (1.51/t) 276 272 2.88 273 162 287

LSD,, t/ha 004 010 004
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On average, over three years, the yield increase
varied from 0.41 t/ha with Rhizoline + Rhizosave inocula-
tion to 0.6 t/ha with the joint use of Rhizoline + Rhizosave
with the Mycofriend mycorrhizal preparation with an ex-
cess of up to 22%. The analysis of the regression coeffi-
cient (bi), which characterizes the average reaction of the
research variant to the change in environmental condi-
tions and allows predicting the change in the character-
istic under study (yield), within the conditions available
in the experiment, showed how biological preparations
affect the reaction rate of the variety. Elevated productiv-
ity stability (b,=0.12) of the crop was observed upon using
the Rhizoline inoculant with the Rhizosave bioprotector,
i.e, regardless of the growing conditions, the yield was at
the level of previous years and consistently exceeded the
control. The medium ecological plasticity (b=1.07) was
characterized by the variant when treating seeds with
the Mycofriend mycorrhizal preparation (1.5 1/t), while
this variant consistently exceeded the control in terms of
productivity. Joint use of Rhizoline inoculant with Mycof-
riend mycorrhizal preparation and Rhizosave bioprotec-
tor increases the plasticity of the variety (b=1.62). That is,
when the conditions change towards improvement, the
intensity of symbiotic nitrogen fixation due to nodule
bacteria increases, as well as the absorption of water and
nutrients by the root system of plants due to the activity
of mycorrhizal fungi and the entry of vitamins, phyto-
hormones, and amino acids produced by microorganisms
into the plant. This leads to an increase in crop produc-
tivity by 0.6 t/ha compared to the control level of 2.19 t/ha.

CONCLUSIONS

The use of nodule bacteria and mycorrhizal fungi for the
processing of soybean seeds contributes to the growth
of symbiotic productivity, increasing the absorption of
water and nutrients by the root system of plants, which
ensures an increase in the leaf surface area and photo-
synthetic activity, which is reflected in the improvement
of economic and valuable indicators and an increase in
the yield of the crop. The best option for seed treatment
turned out to be the variant of the combined use of Rhi-
zoline (21/t) + Rhizosave (2 1/t) + Mycofriend (1.5 1/t), which
is characterized by high productivity (2.79 t/ha) and eco-
logical plasticity (b=162). It was proved that with the
joint use of biological preparations, the leaf surface area
increased by 13%, and the number of nodules per plant
increased by 1.8 times comparing to the control level, the
yield increased by 22% (2.19 t/ha in the control).

The obtained results are valuable from both a
practical and a theoretical standpoint for improving
ways of increasing the grain productivity of soybean
plants by increasing the activity of symbiotic nitro-
gen fixation, the absorption area of the plant root sys-
tem, and improving the availability of plant nutrients
through the use of nitrogen-fixing bacteria and mycor-
rhizal fungi for the pre-sowing treatment of seeds of
this strategic bean crop for Ukraine. The introduction of
biological preparations into soybean cultivation tech-
nologies opens wide opportunities for economical use
of resources and reducing the load of agrochemicals in
fertilization systems.
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Angpin Ocunoeuy [laybko’, Jlapuca CemeHiBHa KBacHiLbKa?,
OneHa AHaToniiBHa JliTBiHOBa®

"THCTUTYT NpuKNagHoi 6ioTexHonoril
01021, Byn. Knoscbkuit y3Bi3, 13, M. Ku1iB, YKpaiHa

ZXMenbHMLUbKa Aep)XaBHa CilbCbKorocnogapcbka gocnigHa ctaHuis
IHCTUTYTY KOpMIB Ta CinbCbKoro rocrnogapctaa Moginna HAAH
31182, c. Camunkun, XMenbHUUbKa 067., YKpaiHa

SHauioHanbHWI yHiBEpCUTET 6iopecypcCiB i NPUPOAOKOPUCTYBaHHA YKpaiHu
03041, Byn. l'epois O60poHM, 15, M. KuiB, YkpaiHa

EdeKTUBHICTb iHOKynAaLUii coi 6ynb604KoBMMM 6aKTepiaMm
Ta Mikopu3HUMHU rpubamm B ymoBax MNpaBo6epeXxHoro
JlicocTteny YKpaiHu

AHoTaLif. AKTYaJIbHICTb JOCIIi/I>KeHb 3yMOBJIEHa KOMITJIEKCOM aKTOPiB, 1110 OPMYIOTh 3ePHOBY ITPOLYKTHUBHICTD
col - epeKTUBHICTIO YTBOPIOBAHUX i3 6YIbOOYKOBUMHU 6aKTepiAiMU i MIKOpPU3HUMM TIpubaMu CUM6iOTUYHUIX
CHCTeM, aKTUBHICTIO POCTOBUX IIPOLleCciB Ta pOpMyBaHHSAM BereTaTMBHUX OpraHiB pOCIMHAMU COI, a TaKOX
iXHBOIO aZaNTalilHO0 IUIACTUYHICTIO 32 Aii pi3HUX 30BHIIIHIX YMHHUKIB. MeTa HayKoBOi po60TH - HOCTiAUTH
Mopdo6ioMeTpUUHY XapaKTEPUCTUKY POCIAUH COi, MPOAYKTUBHICTH KYIBTypU 3a IepeArociBHOI 06pobKu
bionpemnaparamu Pi3onaiis, MikodpeH i PisoceliB. Y CTaTTi peCcTaBIeH] pe3yasTaT! JOCTiIKeHb BUKOPUCTaHHSI
06po6KrY HaciHHA coi GiompenapaTaMy Ij1st TOKPaLeHHS POCTY i PO3BUTKY POCIIMH COI Ta ITiBUIIEHHS IIPOAYKTUBHOCTI
KyJIBTypU. MeTo[u TI0JIbOBI, J1ab0paTopHi, MaTeMaTHUYHO-CTAaTUCTUYHI i po3paxyHKOBi. BU3HAUEHO, 1110 iHOKY/IALL
HaCiHHA TO3UTUBHO BIUIMHYJIA Ha IUIOILY JIMCTKOBOI ITOBEpXHi ¥ ¢pas3y 6yToHisarlii, BoHa 3pocTasna Bifm 5313 cM? Ha
KOHTpOJI 1o 6426 cM?, BapiaHT PizonaiH + PisoceliB + MikodpeH], a y ¢a3y yTBOpeHHS CTPYUKIB BiZITTOBiZHO Bif,
8704 cM? mo 1113 cM2 CyMicHe BUKOPUCTaHHS Mpernaparis Pizonatid + MikobpeHn + Pi3oceliB Halbiiblie CIIpUsIIO
TiIBUIIEHHIO Macu KopeHd 3 6ynp6ouramu (+0,95 1), KiBKOCTI 6y/1560490K Ha pOC/uHi (+32 1T.), Ta Macu 6yib6040K
3 pociuuu (+0,3 ). 3'4COBaHO, IO aHAJIOTIYHA CUTYALis CKIanach i y ¢pasy yreopenHsa 606iB. 3aKOHOMIpPHICTb
3POCTaHHA YPOXXKAMHOCTI NPOTATOM JOCIIJIKYBaHUX POKIB, ITOKa3zaja, 10 CepefHBOMY ITPUPICT YpOXKaWHOCTI
BapioBaB Bif 0,41 T/ra 3a iHoKyss1ii PisonariH + PizoceiiB 1o 0,6 T/ra 3a CyMiCHOTO BUROpUCTaHHs Pizosaii + PisoceliB
3 MIKOpU3HUM IIperaparoM MirodppeH . O6rpyHTOBAHO, 10 3a BiAMOBIAHMUX YMOB ITiABUINYETHCA iHTEHCUBHICTD
cuMbioTruHoi a3oTdikcarii 3aBAAKY 6YTb6E0YKOBUM 6aKTepisiM, 2 TAKOXK [TOTTIMHAHHS KOPEHEBOIO-CUCTEMOIO POCIH
BOJIY Ta eJIEMEHTIB JKUBJIEHHSA 3@ PAXYHOK [IisUIBHOCTI MiKOPU3HUX TpUbiB, HALXOIKEHHS B POCIMHY aMiHOKHUCIIOT,
diToropMoHiB, BiTaMiHiB, 1110 TO3UTHMBHO BIUIMBAE Ha PIiCT Ta PO3BUTOK POCIMH COi. MaTepiasiy CTaTTi CTAHOBJISATH
MIPaKTUYHY L[iHHICTH A7 arpapiiB y po3poblii HOBUX CTpaTerill JKUBJIEHHS POCIVH i3 3a/ly4eHHS Y TeXHOJOTi
BHPOILYBaHHS 6i0/IOTiYHMX ITperaparis

KniwouoBi cnoBa: HaciHHA coi, 6i0MeTpUYHi MOKA3HUKY, CUMOGIOTUYHA IIPOAYKTUBHICTD, KiIBKICTh 6yIH60YOK,
Hiompernapar, yposKaliHiCTh
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