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fertility,reduce the anthropogenicload onvegetable agroecosystems,produce high-qualityyields,and increase sweet
potato productivity without relying on energy-intensive production methods. This study aimed to investigate the
impact of biological fertilisation systems on the biometric parameters, yield, and quality of sweet potato tubers.The
research programme was implemented through field, statistical, computational-analytical,and laboratory methods.
An increase in the number (7.33-9.83 per plant) and length (175.55-184.89 cm) of shoots was observed with the
application of the biological preparations “Groundfix” + “Humifriend”, “Help-Rost for vegetables”, and “Mycofriend”.
The use of foliar fertilisations in three terms of “Help-Rost for vegetables”, both in combination with “Mycofriend”
during fertigation and with the foliar fertilisation “Humifriend”, resulted in maximal leaf mass formation on the
plant (2.41-2.56 m?/ha in the third decade of June and 23.12-27.45 m?/ha in the third decade of August). Microbial
preparations significantly increased net photosynthetic productivity by 28.9-63.9% during the period from the
third decade of June to the third decade of July, especially when “Groundfix” and “Humifriend”, or “Humifriend” and
“Help-Rost for vegetables” were combined. A substantial commercial yield of tubers (17.4 t/ha) was achieved by
applying the mycorrhizal preparation “Humifriend” (1.5 L/ha) in the first fertigation and conducting three foliar
applications of “Help-Rost for vegetables” at 2.0 L/ha. Treatments involving biological preparations demonstrated
improvements in key biochemical parameters. The use of “Groundfix” + “Humifriend” and “Humifriend” + “Help-Rost
for vegetables” resulted in a decrease in nitrate levels in the produce. The authors hypothesise that the optimal
supply of micronutrients, particularly iron, manganese, and molybdenum, enhances the transformation of nitrates
into organic matter. This research provides valuable insights for the rational application of biologically enhanced
fertilisation systems to achieve high yields and quality of sweet potato tubers in various agricultural settings

Keywords: Ipomoea batatas L.; biopreparations; irrigation; photosynthetic productivity; yield

INTRODUCTION

Considering the fact that sweet potato tubers arerich in
glucose, protein, minerals, and vitamins, making them a
valuable product for dietary nutrition (especially for in-
dividuals with diabetes), the increase in crop productiv-
ity is associated with rising levels of mineral fertilisers
and phytopharmacological agents. Such technological
approaches, however, can lead to a decline in soil fer-
tility, heightened pollution of agrocenoses, and the in-
troduction of contaminants into agricultural products.
As highlighted by K. Nadarajah and N.S.N. Abdul Rah-
man (2023), in developed countries, despite the use of
high levels of mineral fertilisers, a significant direction
for the development of the agricultural sector is the
biological enhancement of production processes. The
biological enhancement of agricultural production is
fundamentally more than merely forgoing mineral fer-
tilisers and protective agents; it represents a balanced
complex of technological, agrochemical, and biological
measures, combined with integrated pest management
and scientifically grounded crop rotations.

A key element of biologically enhanced agriculture
is the widespread use of microbial preparations to op-
timise plant nutrition. These preparations activate a
range of physiological processes within the soil and
plant, such as nitrogen fixation, mobilisation of soil-
bound phosphorus and potassium, and growth regula-
tion. Each of these processes has the potential to sig-
nificantly impact crop yield and quality. For example,
according to M. Lopes et al. (2021), the use of bioprepa-
rations containing associative nitrogen-fixing bacteria
can provide plants with an additional 20-50 kg/ha of
nitrogen. Nitrogen-fixing microorganisms can fix 40-
300 kg/ha of nitrogen annually from the atmosphere,

without causing environmental pollution and with
minimal energy requirements. Data from R. Gupta et
al. (2021) reveals that globally, approximately 35 mil-
lion tonnes of nitrogen are added to soils annually
through mineral fertilisers, while plants absorb around
75 million tonnes during the same period. The differ-
ence between these figures is largely attributed to the
activity of soil nitrogen-fixing microbes.

D. Minemba et al. (2020 highlight the potential for
improving the phosphorus regime of the soil through
the use of microbial preparations containing phospho-
rus-mobilising microorganisms. These preparations fa-
cilitate the conversion of poorly soluble soil phosphates
into more soluble forms that are readily available to
plants.To transform phosphorus-containing compounds
in the soil and release mobile forms of phosphorus,
fungi, actinomycetes, and spore-forming bacteria from
the genera Pseudomonas, Micrococcus, Corinebacterium,
and Alcaligenes can be effectively utilised.

The primary aim of using microbial preparations
in the cultivation of agricultural plants is to establish
a specific pool of microorganisms in the soil rhizos-
phere. According to the opinion of the authors, healthy
microflora contributes to the creation of comfortable
conditions for plant nutrition and the trophic relation-
ship between soil and plant. According to G. Koskey et
al. (2021) and P. Trivedi et al. (2020), microbial commu-
nities facilitate the contact between plant root systems
and distant soil aggregates, which contain absorbed
nutrient elements. This interaction occurs through
chains of bacterial cells, hyphae, and the mycelium of
microscopic fungi, among other means. Consequent-
ly, the total absorption capacity of microbial-plant
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associations significantly exceeds that of the plant roots
alone. Research by Y. Syromyatnikov et al. (2022; 2023)
indicate that the quantitative and qualitative composi-
tion of soil microbial communities is influenced by var-
ious technological practices, particularly irrigation, soil
cultivation, and fertiliser use.

An important aspect in recent decades has been
the development and implementation of new multi-
functional microbial preparations produced from high-
ly effective strains of associative microorganisms that
do not adversely affect the natural environment. The
use of microbial preparations does not require high en-
ergy and material costs, especially when compared to
the application of mineral fertilisers or soil cultivation.
As noted in the research by L. Gongalves et al. (2023),
the productivity of sweet potatoes can be enhanced by
using microbial preparations with various functional
types of microorganisms to optimise nutrition. Accord-
ing to I. Khan (2023), microbial preparations are effec-
tive in combination with both green manures or organ-
ic fertilisers and mineral fertilisers. The application of
microbial preparations not only increases yield but also
improves the quality composition of tubers, including
an increase in the dry matter content, -carotene, and
starch levels in the tubers.

Thus, in the context of biological enhancement for
sweet potato cultivation, various functional microbial
preparations can be utilised to optimise plant nutrition.
These preparations enhance processes such as associ-
ative nitrogen fixation, phosphorus and potassium mo-
bilisation, the decomposition of plant residues in the
soil, and the reduction of pathogenic pressure, among
others. This study aimed to establish the impact of dif-
ferent nutrient systems on the biometric parameters of
the plants, as well as the yield and quality of sweet po-
tato tubers under irrigation conditions.

MATERIALS AND METHODS

The research was conducted from 2021 to 2023 at the
Institute of Vegetable and Melon growing of the Na-
tional Academy of Agrarian Sciences of Ukraine. The
experiments were carried out on a typical low-humus
light loamy chernozem (the arable layer contained 4.3%
humus, 139 mg/kg of hydrolysable nitrogen, 120 mg/kg
of mobile phosphorus, and 93 mg/kg of exchangeable
potassium; pH of the salt extract was 5.7; hydrolytic
acidity was 2.8 meq per 100 g of soil). The climatic fea-
tures of the research area include an average annual
precipitation of 471 mm, with 57-73 mm of precipita-
tion falling in June and July; relatively dry conditions
were formed in early spring and autumn (Archive of
meteorological data, n.d.). The research was conducted
according to the generally accepted methodology (Bon-
darenko & Yakovenko, 2001). The total plot area for the
experiment was 33.6 m?, with a plot area of 21 m?, and
the experiments were replicated three times. In the ex-
periments, the sweet potato variety Admiral was grown
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under drip irrigation and soil mulching with a black
polyethene film 120 microns thick, using a planting
scheme of (100+40)x25 cm.

The following microbial preparations were used in
the study: “Mycofriend” is a microbial preparation con-
taining a complex of agronomically valuable microor-
ganisms, including mycorrhizal fungi such as Glomus
sp.; rhizospheric microorganisms that enhance mycor-
rhiza formation (Trichoderma harzianum, Pseudomonas
fluorescens, Streptomyces sp.); phosphate-mobilising
bacteria; and bacteria with fungicidal and bacteri-
cidal properties (Bacillus subtilis, Bacillus megaterium
var. phosphaticum, Bacillus muciloginosus, Enterobacter
sp.). The total number of viable cells is not less than
1.0x108 CFU/q.

“Humifriend” is a comprehensive fertiliser based on
potassium humate, containing microorganisms, humic
and fulvic acids, a complex of microorganisms with fun-
gicidal properties, amino acids, peptides, succinic acid,
and micronutrients. It accelerates the uptake of nutri-
ents by plants, stimulates the growth and development
of the root system and the above-ground parts of the
plants, and enhances plant resistance to frost, drought,
high temperatures, and moisture deficiency. Addition-
ally, it increases the yield and quality of agricultural
products, activates the synthesis of proteins, carbohy-
drates, and vitamins in plants, improves soil health, and
restores its fertility (Brochure about HUMIFRIEND, n.d.).

“Groundfix” is a soil bio-fertiliser that contains
cells of the bacteria Bacillussubtilis, Bacillusmegateri-
umvar. phosphaticum, Azotobacter chroococcum, Entero-
bacter, and Paenibacillus polymyxa. The total number of
viable cells ranges from (0.5 - 1.5)x10° CFU/cm?. This
bio-fertiliser enhances the mobility of phosphorus and
the availability of potassium from the soil and miner-
al fertilisers, prolongs the availability of nutrients, im-
proves the biological activity of the soil,and suppresses
the development of phytopathogens (Brochure about
GROUNDFIX, n.d.).

“Azotophyt” is a microbial preparation containing
cells of the natural nitrogen-fixing bacterium Azotobac-
ter chroococcum, along with biologically active products
produced by the bacteria (amino acids, vitamins, phyto-
hormones, and fungicidal substances). The total num-
ber of viable microorganisms in the product is no less
than 1x10%° CFU/cm? (Brochure about AZOTOPHYT, n.d.).

“Help-Rost for vegetable plants” is used in agri-
culture for fertilising vegetable crops to improve the
yield, marketability, and flavour qualities of the final
product. “Help-Rost for vegetable plants” is classified
as an organo-mineral fertiliser, containing macro- and
micronutrients, amino acids, and more (Brochure about
HELP-ROST, n.d.).

Foliar applications of microbial preparations were
conducted inthree terms:the first treatment was 30 days
after transplanting the seedlings, and subsequent treat-
ments were carried out at intervals of 25 days (Table 1).
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Table 1. Biometric parameters of sweet potato plants of the Admiral variety

No. Application of microbial preparations
1 Control (without microbial preparations)
2 Mycofriend application in the first fertigation (1 L/ha)

3 Mycofriend application in the first fertigation (1 L/ha) + Help-Rost for vegetable, foliar application in 3 terms (2 L/ha each)

4 Help-Rost for vegetable, foliar application in 3 terms (2 L/ha each)

5 Groundfix applied in the first fertigation (5 L/ha) + Humifriend, foliar application in 3 terms (1.5 L/ha each)

6  Humifriend, foliar application in 3 terms (1.5 L/ha each) + Help-Rost for vegetables, foliar application in 3 terms (2 L/ha each)

Source: compiled by the authors

At the end of the growing season, the content of
the following was determined: dry matter accord-
ing to DSTU 7804:2015 (2016), vitamin C accord-
ing to DSTU 7803:2015 (2016), total sugar accord-
ing to DSTU 4954:2008 (2009), nitrates according to
DSTU 4948:2008 (2009), and starch (Kucherenko et
al., 2002). During the research, the authors adhered to
the standards of the Convention on Biological Diversity
(n.d.) and the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora (n.d.).

RESULTS AND DISCUSSION

Throughout the years of research, the biometric pa-
rameters of the sweet potato plants during the first
decade of July did not differ significantly, except for

the control variant (without fertilisers), where the low-
est number of shoots was recorded at 4.97 shoots per
plant, with an average shoot length of 96.2 cm. In the
second term (the second decade of August), the most
positive impact on the biometric parameters of the
sweet potato plants was observed with the application
of the preparations “Groundfix” + “Humifriend”, which
resulted in an average number of shoots per plant of
7.33 and an average shoot length of 184.9 cm. With the
preparation of “Help-Rost for vegetables”, an increase
in the average number of shoots to 9.83 and an aver-
age shoot length of 183.6 cm was noted. The variant
using “Mycofriend” demonstrated a positive effect as
well, with an average of 8.33 shoots and an average
shoot length of 175.6 cm (Table 2).

Table 2. Biometric parameters of sweet potato plants of the Admiral variety (average for 2021-2023)

First term (1 decade of July)

Second term (1% decade of August)

Fertilisation system

Shoots (pcs) Length (cm) Shoots (pcs) Length (cm)
Control 4.97 96.2 758 1284
Mycofriend (1 L/ha) 5.97 128.5 8.33 175.6
Mycofriend (1 L/ha) + Help-Rost for vegetables (2 L/ha) 6.13 110.2 6.33 1331
Help-Rost for vegetables (2 L/ha) 6.30 111.7 9.83 183.6
Groundfix (5 L/ha) + Humifriend (1.5 L/ha) 5.63 1189 7.33 185.0
Humifriend (1.5 L/ha) + Help-Rost for vegetables (2 L/ha) 5.80 100.7 7.83 148.2
LSD 0.9 16.7 1.2 247

0,95

Source: compiled by the authors

It has been noted that the maximum impact on
leaf formation throughout the entire growing sea-
son of sweet potato plants is achieved through the
application of foliar fertilisations with “Help-Rost for
vegetables” in three terms, both in combination with
“Mycofriend” during fertigation and with “Humifriend”
for foliar application in three terms (Fig. 1). In this con-
text, the leaf area varied from 2.41 to 2.56 m?/ha in
the third decade of June, from 19.47 to 20.45 m?/ha in
the third decade of July,and from 23.12 to 27.45 m?/ha

in the third decade of August. It is important to note
that the use of “Help-Rost for vegetables” alone re-
sulted in significantly lower leaf area values, indicat-
ing a certain synergistic effect of the various prepara-
tions on this parameter. Mycorrhisation of the sweet
potato roots also positively influences the increase in
leaf area. Specifically, the application of “Mycofriend”
during the first fertigation resulted in a consistent in-
crease in leaf area compared to the control, ranging
from 23.5% to 28.5%.
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Figure 1. Leaf area of sweet potato plants, thousand m?/ha (average for 2021-2023)

Source: compiled by the authors

The maximum growth of leaf mass was observed
in June and July. During the tuber growth period (from
the third decade of July to the third decade of August),
the increase in leaf area occurs very slowly, which is
associated with the redistribution of organic matter
synthesised by the plant towards tuber formation. De-
pending on the rate of leaf development in sweet po-
tato plants, the net productivity of photosynthesis also
varies. The parameter of net photosynthetic productiv-
ity significantly depends on the level of accumulated
dry biomass, which is influenced by technological and

70
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agro-meteorological factors, as well as the biological
characteristics of the crop and variety.

It has been established that optimising plant nu-
trition through the use of various types of microbial
preparations contributes to an increase in net photo-
synthetic productivity during the period from the third
decade of June to the third decade of July, by 28.9%
to 63.9% (Figure 2). The highest levels were observed
with the application of “Groundfix” and “Humifriend”
(25.8 g/m? per day), as well as with “Humifriend” and
“Help-Rost for vegetables” (27.2 g/ m? per day).

oy 64
' 471 454
] I I
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Humifriend + Help-Rost for vegetables

Figure 2. Net photosynthetic productivity of sweet potato plants, g/m? per day (average for 2021-2023)

Source: compiled by the authors

In the later period (from the third decade of July to
the third decade of August), the use of microbial prepa-
rations resulted in an increase in net photosynthetic
productivity by 8.6% to 46.9%. Significantly high values
relative to the control group were observed with the ap-

Scientific Horizons, 2024, Vol. 27, No. 9

plication of “Mycofriend”(52.1 g/m? per day), Mycofriend”
combined with “Help-Rost for vegetables” (56.4 g/m?
per day), and “Humifriend” together with “Help-Rost for
vegetables” (61.4 g/m? per day). Throughout the years
of research, microbial preparations for optimising plant
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nutrition have led to an increase in sweet potato yields
(Table 3). The maximum productivity of 17.4 t/ha was
achieved with the application of the mycorrhiza-form-

ing preparation “Humifriend” (1.5 L/ha) during the first
fertigation, alongside three foliar applications of “Help-
Rost for vegetables” at 2.0 L/ha.

Table 3. Indicators of marketable yield of sweet potato tubers of the Admiral variety, t/ha
Tuber yield, t/ha

Fertilisation system

2021 2022 2023 Average for 2021-2023
Control 15.9 9.2 8.6 11.2
Mycofriend (1 L/ha) 18.1 9.6 14.7 14.1
Mycofriend (1 L/ha) + Help-Rost for vegetables (2 L/ha) 19.1 10.0 154 14.8
Help-Rost for vegetables (2 L/ha) 17.6 10.4 12.2 134
Groundfix (5 L/ha) + Humifriend (1.5 L/ha) 18.1 10.7 137 141
Humifriend (1.5 L/ha) + Help-Rost for vegetables (2 L/ha) 22.7 13.6 16.1 174
LSD, 1.67 0.95 1.21 13

0.95

Source: compiled by the authors

The high yield of marketable tubers is achieved
through the combined use of the preparations “Ground-
fix” and “Humifriend”, resulting in a yield of 14.1 t/ha.
The combination of the biological preparations “My-
cofriend” and “Help-Rost for vegetables” leads to a
sweet potato yield of 14.8 t/ha. It is noted that no
synergistic effect from the actions of these prepara-
tions was observed, as the differences between the
treatments with the individual applications of these
microbial preparations were not significant, with no

substantial difference compared to the treatment in-
volving only “Help-Rost for vegetables” (13.4 t/ha) and
the application of “Mycofriend” at 1 L/ha (14.1 t/ha).
Regarding the influence on the biochemical compo-
sition of the tubers, the action of microbial prepara-
tions was ambiguous (Table 4). A positive trend was
observed with the use of “Mycofriend” and the com-
bined application of “Mycofriend” and “Help-Rost for
vegetables”, which increased the dry matter content in
the tubers to 19.07-19.12%.

Table 4. Influence of microbial preparations on the quality
of sweet potato tubers of the Admiral variety (average for 2021-2023)

The content in tubers:

Fertilisation system Dry matter Starch  Totalsugar VitaminC  Carotene Nitrates

(%) (%) (%) (mg/100g) (mg/100g) (mg/kg)

Control 18.66 12.55 3.38 5.51 2.55 165.7

Mycofriend (1 L/ha) 19.07 13.46 3.56 5.27 6.02 101.22

Mycofriend (1 L/ha) + Help-Rost for vegetables (2 L/ha) 19.12 13.97 3.73 4.75 4.09 100.6
Help-Rost for vegetables (2 L/ha) 18.69 13.17 3.65 4.28 5.44 90.3
Groundfix (5 L/ha) + Humifriend (1.5 L/ha) 18.66 12.97 3.85 5.21 5.00 76.0
Humifriend (1.5 L/ha) + Help-Rost for vegetables (2 L/ha) 18.85 14.45 3.90 4.61 476 55.5
LSD 0.94 0.66 0.18 0.25 0.20 12.81

0.95

Source: compiled by the authors

The combined application of “Groundfix” + “Humi-
friend” and “Humifriend” + “Help-Rost for vegetables”
demonstrates a positive trend in the increase of total
sugar content in sweet potato tubers, ranging from
3.85% to 3.90%, compared to a control value of 3.38%.
A significant increase in starch content in the tubers is
achieved with the application of “Groundfix” + “Humi-
friend” (14.45%), “Mycofriend” (13.46%), and the com-
bined use of “Mycofriend” + “Help-Rost for vegetables”
(13.97%). In contrast, a decrease in starch content is
noted in the control (12.55%) and with the combined
application of “Groundfix” + “Humifriend” (12.97%).

Across all variants of microbial preparation applica-
tions, an increase in carotene content (4.09-6.02 mg) is
observed compared to the control (2.55 mg).

The use of various microbial preparations results
in a significant reduction in the nitrate content of
sweet potato tubers, bringing levels down to 55.5-
101.2 mg/kg of raw mass. Preliminary data indicate a
positive effect on reducing nitrate levels in the pro-
duce with the application of “Groundfix” + “Humifriend”
and “Humifriend” + “Help-Rost for vegetables”. The au-
thors believe that the transformation of nitrates into
organic matter is enhanced when an optimal level of

Scientific Horizons, 2024, Vol. 27, No. 9
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micronutrient availability is established for the plants,
particularly for iron, manganese, and molybdenum.

In conclusion, it is important to note that microbi-
al preparations, within the context of biologically en-
hanced processes of cultivating crops, provide an effec-
tive alternative to the application of mineral fertilizers.
They enhance crop yields, improve product quality, and
reduce the chemical burden on agrobiocenoses. In this
research, the use of microbial preparations with differ-
ent functional actions proved to be effective for sweet
potato cultivation. Thus, with the use of preparations
with mycorrhizal-forming agents (Mycofriend), an im-
provement in the biometric parameters of sweet po-
tato plants, an increase in leaf area and net photosyn-
thetic productivity was noted, which coincides with the
results of studies by M. Sakha et al. (2019), where the
application of preparations with mycorrhizal-forming
microorganisms also provided high efficiency on the
growth and productivity of sweet potato.

Another key aspect of biologically enhanced sweet
potato fertilisation technology is the use of prepara-
tions containing rhizospheric microorganisms, whose
actions are directed towards various processes: asso-
ciative nitrogen fixation, mobilisation of readily avail-
able forms of phosphorus and potassium in the arable
layer of soil, and stimulation of root system develop-
ment, among others. In the current studies, the appli-
cation of the microbial preparation Groundfix, which
contains both rhizospheric nitrogen-fixing and phos-
phorus-mobilising microorganisms, combined with
the stimulation of growth processes through foliar ap-
plications with humic fertilizers, resulted in a 25.9%
increase in sweet potato yield, an increase in total
sugar content, and a reduction in nitrate levels in the
tubers. Similar results were obtained in research con-
ducted by Colombian scientists A. Ariza-Gonzales et
al. (2019), where the use of microbial preparations
containing Pseudomonas denitrificans and Azotobacter
vinelandii led to increased yields and higher dry mat-
ter and sugar content in the tubers. This approach ef-
fectively forms a technology that utilises agrocenoses
with fully autonomous and regenerative systems for
optimising nutrient supply, where a significant portion
of the nutrients is supplied to the plants through bi-
ological processes such as nitrogen fixation, mineral
weathering, and the decomposition of plant residues.
These findings align with the practical results of other
researchers. According to L. Wang et al. (2022), atmos-
pheric nitrogen fixation by free-living diazotrophs can
meet 20-40% of the nitrogen requirements of sweet
potato plants. Moreover, biological nitrogen fixation
is considered more environmentally friendly and eco-
nomically efficient.

The current research also noted a lack of synergistic
effects with certain combinations of preparations. Spe-
cifically, no significant increase in yield was observed
from the combination of applying “Mycofriend” during

Scientific Horizons, 2024, Vol. 27, No. 9

fertigation and foliar fertilisation with “Help-Rost for
vegetables” compared to the individual use of these
preparations. The authors suggest that these products
affect the same physiological processes in plants (such
as nutrient absorption and growth stimulation), which
results in only modest yield increases from their com-
bined application.

CONCLUSIONS
For the Admiral variety of sweet potato, the use of

the biological preparations “Groundfix” + “Humifriend”,
“Help-Rost for vegetables”, and “Mycofriend” resulted in
an increase in the number of shoots (ranging from 7.33
to 9.83) and their length (from 175.6 to 184.9 cm). The
application of foliar fertilisation with “Help-Rost for
vegetables” over three terms, both in combination with
“Mycofriend” during fertigation and with “Humifriend”,
maximised leaf mass formation in the plants (meas-
uring 2.41-2.56 m?/ha in the third decade of June and
23.12-27.45 m?/ha in the third decade of August). The
use of “Mycofriend” during fertigation showed a stable
increase in leaf area relative to the control,ranging from
23.5% to 28.5%. Optimising plant nutrition through the
use of various microbial preparations contributed to an
increase in net photosynthetic productivity during the
period from the third decade of June to the third decade
of July, achieving an increase of 28.9% to 63.9%, par-
ticularly with the use of “Groundfix” and “Humifriend”
(25.8 g/ m? per day) and “Humifriend” combined with
“Help-Rost for vegetables” (27.2 g/m? per day).

A significant commercial yield of sweet potato tu-
bers (17.4 t/ha) was achieved through the application
of the mycorrhizal-forming preparation “Humifriend”
(1.5 L/ha) during the first fertigation, alongside foliar
application with “Help-Rost for vegetables” at a rate of
2.0 L/ha over three terms. The use of biological prepa-
rations increased key biochemical indicators. Addi-
tionally, a positive effect was noted in the reduction
of nitrate levels in the produce when using “Ground-
fix” combined with “Humifriend” and “Humifriend” with
“Help-Rost for vegetables”. According to the authors of
this article, the transformation of nitrates into organic
matter is enhanced when the optimal level of plant
supply of trace elements (especially iron, manganese,
and molybdenum) is formed. Future research in this
area will focus on assessing the effectiveness of the
comprehensive use of microbial preparations by de-
termining the synergy between their actions, as well
as examining the impact of various microbial prepa-
rations on the agrochemical and microbiological pa-
rameters of the soil.
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AHoTauif. AKTyanbHICTb NPOBEAEHUX AO0CNIIKEHb MONArA€ Yy BU3HAYEHHI MOX/IMBOCTI BMKOPUCTAHHS MiKpOOHMX
npenapatiB pi3HOro QyHKLioOHany Ans ONTUMI3aLii XMBNEHHS Ta CTUMYAALii pOCTOBMX MPOLECIB poCaMH HaTtaTy,
CUHepriaMy pAii pi3HMx npenapaTiB. Po3pobneHi cucteMu onTUMI3aLii XMBNEHHS 3abe3neyatb BiATBOPEHHS
POLKYOCTI FPYHTY, 3HUXKEHHS TEXHOIEHHOr0 HAaBaHTAXEHHS HA OBOYEBI arpoLLeHO3M, OTPUMAHHS NPOAYKLiT BUCOKOT
AKOCTi, 36iNblIEeHHs NPOAYKTUBHOCTI 6aTaTy 6€3 BUKOPUCTaHHS BUCOKOEHEeproeMHUX 3acobiB BMpobOHULTBA. MeToto
npoBeAeHHS [OCNIMKeHHS Oyn0 BUBYEHHS BNAMBY 6ion0risoBaHUX cucteM ynobpeHHs Ha 6ioMeTpuyHi napameTpy,
BPOXaMHICTb Ta gKicTb Oynbb 6ataTy. lMporpaMy AOCHiAXeHb BMKOHAHO 3a PaxyHOK MpPOBEAEHHS MONbOBUX,
CTAaTUCTUYHUX, PO3PAXYHKOBO-aHaNITUYHMX Ta NabopaTopHMxX MeToniB. BctaHoBNeHO 36inblieHHs KinbkocTi (7,33-
9,83 wrt) Ta foBXMHU (175,55-184,89 cM.) naroHiB 3a BMKOPWUCTaHHSA GionoriyHMx npenapatiB «lpayHAdike» +
«[ymidbpena», «<HelpRost ansg osouesmx» Ta «MikodpeHa». BUKOpUCTaHHSA NO3aKOpeHEeBUX MigXKMBAEHb B TPU CTPOKM
«HelpRost a5 oBoYeBMX» FK B MOEAHAHHI 3 BUKOPUCTaHHAM «MikodpeHay» y depTurauito, Tak i 3 no3akopeHeBuMHU
nigxueneHHamu «lymidpeHa» 3abesnevye MakcMManbHe GOPMYBaHHS MAacK NUCTKIB Ha pocauHi (2,41-2,56 m%/ra
B TpeTii aekapi yepsHsa Ta 23,12-27,45 m%*/ra , B TpeTilt fekaai cepnHs). MikpobHi npenapatv NiaBULLYIOTb YUCTY
NPOAYKTUBHICTb POTOCUHTE3Y B Nepiof TpeTs AeKada YepBHS — TpeTs Aekada AunHs Ha 28,9-63,9 %, ocobnuso
3a BUKOpUCTaHHS «payHadikcy» Ta «lymidpeHay», «[ymippeHay» Ta «HelpRost ans oBoyeBMX». 3HaUHY TOBAapHY
ypoxanHicTb 6ynbb (17,4 T/ra) oTpuMaHa 3a BHeCeHHS B nepuwy depTurauito Mikopu3ohopMy4yoro npenapaty
«ymidpena» (1,5 n/ra) Ta NnpoBefeHHs MO3aKOPeHeBMX MiAKMBAEHb B TpU CTpokM «HelpRost ans oBoyeBux» no
2,0 n/ra. Ha BapiaHTax i3 3acTocyBaHHAM 6ionoriyHMx npenapaTiB BiA3HAYEHO MiABULLEHHS OCHOBHMX BiOXiMiUHMX
NMOKa3HMKiB. BCTaHOBNEHO MO3UTUBHY Ait0 HA 3HWXXEHHS PiBHA HITPaTiB B NPOAYKLIT 33 BUKOPUCTAHHS «IpayHAdiKC»
+ «[ymidpena» Ta «[ymidpeHa + «HelpRost s oBoyeBunx». Ha Hawy aymky, 3a GOpMyBaHHS ONTUMANbHOMO PiBHS
3abe3neyvyeHoCTi poCcInH MikpoenemeHTaMu (B 0COBAMBOCTI 3ai30, MapraHeLb, MONibaeH) TpaHCchopMaLis HiTpaTiB
B OpraHiyHy peyoBUHY MOCUMKOETLCS. [TpaKTUYHA LiHHICTb MONAra€ y OTPUMaHHI pe3ynbTaTiB AN pauioHaNbHOro
3aCTOCyBaHHS HionorizoBaHoi cucteMu yaobpeHHs AN 3abe3neyeHHs BUCOKOI BPOXKAMHOCTI Ta KocCTi 6ynbb 6aTtaty
B roCnofapcTBax pi3HMx GopM BNACHOCTI
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