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Abstract. The article presents the results of three years of research on the effectiveness of the influence of the
biological product Phytohelp, mineral fertiliser Drip Fert N, ,P K, +ME and bioadhesive Liposam on the structure
of the winter garlic yield of the Lyubasha variety under drip irrigation. The relevance of the research is due to
the search for new approaches to the development of technological methods for growing winter garlic, taking
into account the specific conditions of unstable moisture in the Forest-Steppe. The purpose of the article is
to establish the optimal doses and the ratio between them to achieve an increase in the quality and yield of
winter garlic. The study was conducted on the experimental field of the Department of Vegetable Growing of
the National Assessed Contribution of Ukraine of the Uman National University of Horticulture on podzolised
heavy loamy black soil in 2017-2019. As a result, it was proved that in the conditions of the Right-Bank Forest-
Steppe of Ukraine on podzolic chernozem under drip irrigation, a higher yield was obtained in plots with the
combined use of the biological product Phytohelp at a rate of 1-2 |/ha, mineral fertiliser Drip Fert N, .P.K, +ME
and bioadhesive Liposam at a rate of 1 l/ha. This resulted in an increase of 9.0-10.6 t/ha compared to the
control variant, respectively. Using the biopreparation Phytohelp and bioadhesive Liposam at a rate of 2/1 and
1/1 /ha, a yield of 16.6-17.1 t/ha was obtained, where the increase to the control was 7.7-8.2 t/ha. The effect
of foliar fertilisation with Drip Fert N, .P.K, +ME (4 g/2 | of water or 0.5 c/ha) on the yield of winter garlic
was determined. The increase to the control was 1.6%. The results of this study may be useful for agricultural

enterprises and farmers who grow garlic and other crops
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INTRODUCTION

The process of growing winter garlic under unstable
moisture conditions in the Forest-Steppe faces numer-
ous challenges, as unstable moisture conditions can
negatively affect the yield and quality of this crop. The
development of technological methods that take into
account specific conditions of unstable moisture can
ensure a more stable and higher yield of garlic, and
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research in this area can help garlic producers to im-
plement optimal moisture management methods and
increase the efficiency of cultivation. In addition, the
development of new technological techniques can have
a positive impact on the sustainability and productivity
of the main crops in the Right-Bank Forest-Steppe of
Ukraine. The development and introduction of modern
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competitive crop cultivation technologies that contrib-
ute to the maximum realisation of their productive po-
tential is important for the efficient use of the biocli-
matic potential of natural and climatic conditions, and
optimal efficiency can be achieved by combining the
use of biological products and mineral fertilisers, tak-
ing into account specific growing conditions and expert
recommendations.

Scientists F. Yang et al. (2019) believe that fertil-
isation is a global management strategy to improve
soil quality, and that the use of chemical fertilisers
is an important factor in high agricultural produc-
tion to increase yields. Y. Geng et al. (2019) noted that
global yield growth is largely dependent on large in-
vestments in chemical fertilisers. Scientists J. Zhu et
al. (2019) and G. Brunetti et al. (2019) noted that in
order to maintain soil productivity, farmers applied
large quantities of fertiliser, often exceeding the rate
required by crops. According to F. Lv et al. (2020), ex-
cessive chemical fertilisers in the soil can lead to de-
terioration of soil quality, a decrease in organic matter
content and a sharp decline in soil biodiversity, includ-
ing acidification. This, in turn, can cause a wide range
of environmental problems in freshwater, terrestrial
and marine ecosystems. Y. Lin et al. (2019) noted that
soil organic matter plays an important role in regulat-
ing atmospheric CO, concentrations and maintaining
soil fertility and productivity. Scientists H. Cheng et
al. (2020) argue that the use of organic fertilisers can
also have a positive impact on soil characteristics.
Organic fertilisers help to improve soil structure, in-
crease soil fertility and the content of organic decom-
posed material. As a result, the mineralisation and ni-
trogen fixation processes in the soil can be regulated
and improved. The use of organic fertilisers can affect
the processes of nitrification and denitrification in
the soil. The research of M. Qaswar et al. (2020) found
that the use of a combination of organic and mineral
fertilisers leads to a partial replacement of chemical
fertilisers and stabilisation of corn and wheat yields,
providing plants with all the necessary nutrients.

Under the influence of various factors, the nutri-
tional value of garlic undergoes significant changes.
One of the methods of levelling external stresses dur-
ing the growing season is the system and technology of
applying biological products and mineral fertilisers. As
of 2024, the impact of combined fertilisation on crop
yields and quality has not been sufficiently studied.
That is why the purpose of the research was to study
the impact of the biological product Phytohelp, the
mineral fertiliser Drip Fert NPK and the bioadhesive Li-
posam on the growth and development, yield and qual-
ity of bulbs on podzolic black soil under drip irrigation.
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MATERIALS AND METHODS
The study complies with ethical standards and adheres
to the Convention on Biological Diversity (Secretariat of
the..., 2011). The research was conducted during 2017-
2019 on the experimental field of the Department of
Vegetable Growing of the National Assigned Contribu-
tion of Ukraine of the Uman National University of Hor-
ticulture on podzolised heavy loamy black soil. The area
of the experimental plot is 12 m?, the accounting plot
is 10 m2% Plots were systematically arranged. The ex-
periment was repeated four times. Predecessor - early
vegetables. The cloves of winter garlic variety Lyubasha
were planted in the soil at the beginning of the second
decade of October according to the scheme of 45x6 cm.

The experiments used the biological products Phy-
tohelp for local fertilisation and the mineral fertiliser
Drip Fert N ,P.K, +ME for foliar application (spraying
on the leaf). The experiment includes the following
options: without fertilisation (control); Phytohelp bio-
logical product - 1 I/ha; Phytohelp biological product -
2 l/ha; Phytohelp biological product - 1 I/ha + Drip Fert
N,,P.K,,*ME - 4 g/2 | of water; biological preparation
Phytohelp - 2 I/ha + Drip Fert N, .P.K, +ME - 4 g/2 [ of
water; mineral fertiliser Drip Fert N15P5K30+ME -4qg/21
of water (0.5 ¢/ha).

The biological product Phytohelp was applied si-
multaneously with watering for the first time - in the
phase of three or four true leaves, the second - at the
beginning of bulb formation with the appearance of
inflorescences. Mineral fertiliser Drip Fert N, .P.K, +ME
was applied foliarly twice (during the period of inten-
sive bulb growth in the first half of June with an in-
terval of 10 days). According to the recommendations
of the manufacturers of the studied preparations, the
bioadhesive Liposam (1 l/ha) was added to their work-
ing solutions. In the control variant, garlic was watered
only with water. In order to increase the yield of under-
ground bulbs, the flower-bearing arrow was removed
manually. Weeding during the growing season was car-
ried out three times (manually), thus destroying weeds
in winter garlic crops.

RESULTS
According to the results of three years of research,
the applied factors (fertilisation with the biological
preparation Phytohelp, mineral fertiliser Drip Fert
N,,P.K,,*ME and bioadhesive Liposam) significantly
influenced the biometric parameters and formation of
productivity elements of winter garlic variety Lyubasha.
Thus, after biometric measurements, it was found that
30 days after germination, the height of plants exceed-
ed the control by 4.1-4.8%. In the phase of intensive
growth and development,the best results were recorded
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with the combined use of the biological product Phyto-
help at a rate of 2 I/ha, mineral fertiliser N, ,P.K, +ME -
4 g/2 | of water and bioadhesive Liposam at a rate of
1 l/ha. The height of the plants was 64.2 cm, which is
29.3% higher compared to the control variant. Reduc-
ing the rate of the biological product Phytohelp to 1 I/
ha, the mineral fertiliser Drip Fert N, .P.K, +ME -4 g/2 |
of water and the bioadhesive Liposam 1 l/ha, a lower
height was observed, but the plants exceeded the con-
trol by 25.9%. In the variants where Phytohelp was ap-
plied at a rate of 1 l/ha and 2 I/ha, the height of plants
was 53.6-54.7 cm, which is 24.5-25.0% more than the

control. When applying foliar fertilisation with mineral

fertiliser N, ,P.K, +ME - 4 g/2 | of water and bioadhe-
sive Liposam, this indicator was 23.8% higher than in
the control. A month after germination, the use of the
biological product Phytohelp at a rate of 1 and 2 l/ha
in combination with foliar feeding with Drip Fert N, ,P-
K, *ME mineral fertiliser - 4 g/2 | of water and Liposam
bioadhesive at a rate of 1 I/ha was more effective. The
height of the plants was 58.6 and 65.0 cm. The use of
only the biological product Phytohelp (1 I/ha - 2 I/ha)
contributed to an increase of 11.1 and 11.3 cm, respec-
tively. The mineral fertiliser Drip Fert N, ,P.K, +ME -

4 g/2 | of water and the bioadhesive Liposam 1 l/ha
provided a 26.8% increase in height (Fig. 1).
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Figure 1. Plant height depending on the method of fertilisation with a biological product
and complex mineral fertiliser 30, 60, 90 days after spring regrowth

Source: author’s development

The use of biological products and foliar fertilisa-
tion with mineral fertiliser showed positive dynamics.
Thus, the average number of leaves in 30 days after
germination varied from 4.2 to 5.1 per plant. In the
phase of intensive growth and development, in the
control variant it was 2.2 pcs./plant lower than in the
experimental variant, where the biological product
Phytohelp was used at a rate of 2 l/ha and foliar fertil-
isation with mineral fertiliser N, P.K, +ME -4 g/2 | of

15° 57730
water (bioadhesive Liposam at a rate of 1 l/ha). On the

variants where the biological product Phytohelp was
used at a rate of 1 and 2 l/ha, the number of leaves
was 1.0-1.6 pcs./plant higher compared to the con-
trol. The use of foliar fertilisation with Drip Fert N, P-
Ko +ME - 4 g/2 | of water and Liposam bioadhesive 1
l/ha, the number of leaves per plant was 7.3, which is
1.5 more than in the control. Due to the partial drying
of the tops of the leaves, the height of garlic plants
before harvesting was in the range of 4.6-5.3 pcs./
plant (Fig. 2).
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Figure 2. Number of leaves depending on the method of fertilisation with a biological product
and complex mineral fertiliser 30, 60, 90 days after spring regrowth
Source: author’s development
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The studied plants of winter garlic differed in a
complex of biometric parameters depending on fertil-
isation. The highest with the maximum surface area
were mainly in the phase of intensive growth and de-
velopment with the combined use of the biological
product Phytohelp at a rate of 1 and 2 l/ha and the
mineral fertiliser Drip Fert N ,P.K, +ME at a rate of
4 g/2 | of water or 0.5 c/ha, the bioadhesive Liposam
at a rate of 1 l/ha was 349.2 and 404.8 cm?/plant. A

month after germination, this figure was lower, but

exceeded the other experimental variant, where the
biological product Phytohelp was used at a rate of 1
and 2 l/ha and the bioadhesive Liposam at a rate of 1
l/ha, respectively, by 41.7 and 63.5 cm?/plant. The use
of foliar fertilization with mineral fertilizer Drip Fert
N,,P.K,,+ME -4 g/2 L of water and bioadhesive Liposam
at a rate of 1 I/ha (Leaf area per plant) provided an as-
similation surface of 361.7 cm?/plant, and in a month
these data decreased to 180.0 cm?/plant, but exceeded

the control variant by 112.4 cm?/plant (Fig. 3).
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Figure 3. Leaf blade area depending on the method of fertilisation with biological product
and complex mineral fertiliser, cm2/plant after 30, 60, 90 days after spring regrowth

Source: author’s development

Leaf area index is a complex indicator that re-
flects the area of plant leaves per unit area of soil.
Thus, with the combined application of the biolog-
ical product Phytohelp at a rate of 1 and 2 l/ha, fo-
liar fertilisation with Drip Fert N, .P.K, +ME mineral
fertiliser at a rate of 4 g/2 | of water or 0.5 c/ha, and
the bioadhesive Liposam at a rate of 1 l/ha, the in-

crease to the control variant was 0.86-1.07 m?. When

fertilising with biological preparations Phytohelp at
a rate of 1-2 l/ha and Liposam at a rate of 1 l/ha, the
increase in leaf index was 0.7-0.84 m2 This indicator
exceeded the control by 0.9 m? in the variant where
foliar fertilisation with Drip Fert N, .P.K, +ME miner-
al fertiliser at a rate of 4 g/2 L of water or 0.5 c/ha
and Liposam bioadhesive at a rate of 1 l/ha was

used (Fig. 4).
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Figure 4. Leaf surface index of winter garlic variety Lyubasha 60 days after germination depending on the method of
fertilisation with biological product and complex mineral fertiliser (2017-2019), m?

Source: author’s development
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Analysing the results of research on the structure
of the yield of winter garlic variety Lyubasha, it can be
noted that the increase in bulb weight directly depends
on the rate of fertilisation with biological products
and mineral fertiliser. Thus, in 2017, the average bulb
weight in the control variant was 20.0 g, and in the var-
iant with the use of the biological preparation Phyto-
help at a rate of 1-2 |/ha and the bioadhesive Liposam
at a rate of 1 l/ha - 54.5-55.4 g, respectively. The best
results were obtained with the combined application
of the biological product Phytohelp at a rate of 1 and
2 I/ha, foliar fertilisation with Drip Fert N,.P.K, +ME
mineral fertiliser at a rate of 4 g/2 | of water or 0.5 ¢/ha
and Liposam bioadhesive at a rate of 1 I/ha - 5.5 g in
both variants. When using foliar fertilisation with Drip
Fert N,.P.K, +ME mineral fertiliser at a rate of 4 g/2 |
of water and Liposam bioadhesive at a rate of 1 l/ha,
this indicator exceeded the control by 35.4 g. In 2018,
the weather conditions for growing winter garlic were
less favourable, but the control prevailed by 9.2-9.5%
in the variant with the use of the biological prepara-
tion Phytohelp at a rate of 1-2 l/ha and the bioadhesive
Liposam at a rate of 1 |/ha. With the combined applica-
tion of the biological preparation Phytohelp at a rate

N

of 1 and 2 l/ha, foliar feeding with mineral fertilizer
Drip Fert N, ,P.K, +ME at a rate of 4 g/2 | of water, this
indicator exceeded the control variant by 10.4-11.6%,
and in the variant with foliar fertilisation with Drip Fert
N,.P,K,+ME at a rate of 4 g/2 | of water and Liposam
bioadhesive at a rate of 1 |/ha - by 9.2%.In 2019, a pos-
itive dynamics of the effect of biological products and
mineral fertiliser on the weight of winter garlic bulbs
of the Lyubasha variety was noted. In areas where joint
fertilisation with the biological product Phytohelp was
used at a rate of 1 and 2 I/ha, together with foliar fertil-
isation with the mineral fertiliser Drip Fert N, .P K, +ME
at a rate of 4 g/2 | of water, the bulb weight was 55.4-
56.4 g, respectively. On winter garlic crops, where the
biological product Phytohelp was applied at a rate of
1 and 2 I/ha with foliar application of Drip Fert N,.P-
;K,,*ME mineral fertilizer at a rate of 4 g/2 | of water, a
lower bulb weight was observed, but they exceeded the
control by 25.9 and 28.4 g. In the variant with the use
of foliar fertilisation with mineral fertiliser Drip Fert
N,,P.K,,*ME at a rate of 4 g/2 | of water and bioadhe-
sive Liposam at a rate of 1 l/ha, the bulb weight was
56.4 g, which exceeded the variant without fertilisation

by 14.2% (Fig. 5).
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Figure 5. Weight of winter garlic bulb of Lyubasha variety depending on the method
of fertilisation with biological product and complex mineral fertiliser (2017-2019), g

Source: author’s development

On average, over the years of research, the highest
yield of winter garlic variety Lyubasha was obtained
with the combined application of the biological
preparation Phytohelp at a rate of 1 and 2 l/ha, foliar
fertilisation with the mineral fertiliser Drip Fert N,,P-

K, +ME at a rate of 4 g/2 | of water or 0.5 ¢/ha and

5730
the bioadhesive Liposam at a rate of 1 l/ha - 17.9 and

19.5 t/ha, an increase over the control was 9-10.6 t/ha.

Biological preparations Phytohelp at a rate of 1-2 l/ha
and Liposam at a rate of 1 l/ha contributed to an in-
crease of 7.7-8.2 t/ha of winter garlic. The use of foliar
fertilisation with Drip Fert N, ,P.K, +ME at a rate of
4 g/2 litres of water or 0.5 ¢/ha and Liposam bio-stick-
er at a rate of 1 l/ha resulted in an increase in yield to
18.1 t/ha, while the increase in the control plots was

9.1 t/ha.

Ukrainian Black Sea Region Agrarian Science, 28(1), 89-98
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In 2017, in the first decade of July, the commercial
bulbs of winter garlic variety Lyubasha were harvested,
with yields exceeding the control by 2.4 and 2.8 times.In
2018, the highest productivity indicators were obtained
in the variant with the combined application of the bi-
ological product Phytohelp at a rate of 1 and 2 l/ha

and the mineral fertiliser Drip Fert N, ,P.K, +ME at a

rate of 4 g/2 | of water or 0.5 ¢/ha, and the bioadhesive
Liposam at a rate of 1 l/ha - 15.3 and 17.1 t/ha. In other
experimental variants, the yield was 4.3-4.7 t/ha higher
than in unfertilised plots. In 2019, weather conditions
were more favourable for the formation of structural el-
ements. These indicators were higher and the increase
to the control ranged from 8.8 to 10.8 t/ha (Table 1).

Table 1. Yield of winter garlic variety Lyubasha depending on the method
of fertilisation with biological product and complex mineral fertiliser t/ha

Fertilisation

No fertilisation (control) 74

Phytohelp - 1 l/ha 174

Phytohelp - 2 l/ha 17.6

Phytohelp - 1 l/ha + N ,P.K, -4 g/2 | of water 20.2
Phytohelp - 2 I/ha + N, ,P.K, -4 g/2 | of water 20.5
N,,P.K,, -4 g/2 L of water (0.5 c/ha) 174

HIP 0.808

05
Source: author’s development

Various biochemical processes and moisture evap-
oration occur in the tissues of winter garlic bulbs, which
leads to a decrease in their weight. According to the re-
sults of the study, it was found that the greatest weight
loss was observed in the first weeks after harvesting -
up to 24.8%.This is due to the loss of moisture accumu-
lated during the growing season. Thus, with the com-
bined application of the biological product Phytohelp
at a rate of 1 and 2 l/ha, foliar feeding with the mineral
fertiliser Drip Fert N ,P.K, +ME at a rate of 4 g/2 | of

1 week after harvesting

| 2 week after harvesting

+ -
average

control

9.3 10.1 8.9 -
13.6 18.9 16.6 7.7
14.0 19.8 171 8.2
15.3 20,5 179 9.0
17.1 20.9 19.5 10.6
13,6 18.9 18.1 9.1
0.614 0.881 0.788

water and the bioadhesive Liposam at a rate of 1 l/ha,
the loss of bulb weight 2 weeks after harvesting was
19.9 and 24.8%. In the variant where the biological
product Phytohelp was used at a rate of 1-2 l/ha and
the bioadhesive Liposam at a rate of 1 |/ha, this indica-
tor was 15.8-16.7%. When applying foliar fertilisation
with Drip Fert N ,P.K, +ME mineral fertiliser at a rate
of 4 g/2 litres of water, the bulb weight decreased by
15.8%. The harvested crop from unfertilised areas also

recorded a weight loss of 7.3% (Fig. 6).
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Figure 6. Productivity of winter garlic variety Lyubasha depending on the method
of fertilisation with biological product and complex mineral fertiliser 1, 2, 3 weeks after harvesting, t/ha

Source: author’s development

Three weeks after harvesting, a further decrease
in the weight of the bulbs of winter garlic variety

Ukrainian Black Sea Region Agrarian Science, 28(1), 89-98

Lyubasha was recorded. With the combined applica-
tion of the biological product Phytohelp at a rate of 1



and 2 l/ha, foliar feeding with Drip Fert N, ,P.K, +ME
mineral fertiliser at a rate of 4 g/2 | of water and Li-
posam bioadhesive at a rate of 1 l/ha, the bulbs de-
creased by 15.9-19.9%. When using the biopreparation
Phytohelp at a rate of 1-2 l/ha and the bioadhesive Li-
posam at a rate of 1 l/ha, the losses were 12.6-13.3%.
In the variant where foliar fertilisation with Drip Fert
N,,P.K,,*ME mineral fertiliser at a rate of 4 g/2 | of
water was applied, the weight of garlic decreased to

12.6%, and in the control variant - by 5.8%.

DISCUSSION

The results of this study provide scientific support to
scientists to create an environmentally friendly tech-
nology for growing crops by applying organic fertilisers.
These technologies provide for the efficient use of re-
sources and contribute to the sustainable development
of agriculture and industrial production. The use of or-
ganic fertilisers helps to avoid negative environmen-
tal impacts and maintains biodiversity. However, crop
yields depend not only on climatic conditions but also
on soil fertility. Y. Ma et al. (2023) argue that organic
fertilisers, such as composts, humus or green manure,
are a natural source of nutrients that contribute to soil
enrichment. They help to support healthy microorgan-
isms in the soil, such as bacteria and fungi, which help
to retain nutrients and improve soil quality, as well as
increase the organic carbon content. This is in line with
the study conducted, where the effect of fertiliser on
the vegetative growth of garlic parameters is positive.

Scientists A. Degwale et al. (2016) found that in
Northwestern Ethiopia, before planting garlic, local
application of vermicompost to the rows at a rate
of 2.5-5 t/ha allowed to obtain a yield increase of 3
to 10%. In the same region, according to scientists
F.T. Kenea & F. Gedamu (2018), after applying vermi-
compost at a rate of 2.5-7.5 t/ha, a larger assimilation
surface area of garlic was obtained (17.6-35.4%), while
both bulb weight (2.8 to 5.9%) and yield (15.9-38.7%)
increased. A similar situation can be observed in this
study, when fertilising with the biological product
Phytohelp at a rate of 1 and 2 l/ha, foliar fertilisation
with mineral fertiliser Drip Fert N ,P K, +ME at a rate
of 4 g/2 | of water and bioadhesive Liposam at a rate
of 1 l/ha 60 days after spring regrowth, a larger leaf
area of 349.2-404.8 cm?/plant and a yield increase
(average for three years) of 9.0 and 10.6 t/ha were ob-
served. According to the phenological observations, a
direct dependence on the rate of application of bio-
logical products was established. The average num-
ber of leaves in 30 days after spring regrowth varied
between 4.2-5.1 pcs./plant, providing an assimilation
surface of 25.2-50.1 cm?/plant.

Ostapenko

According to N. Hu et al. (2023), garlic yield had a
positive correlation with TOC (Total Organic Carbon),
DOC (Dissolved Organic Carbon) and POC (Particulate
Organic Carbon). The increase in garlic production was
facilitated by the increase in TOC, POC and DOC con-
tent, and the treatment with 1/30F + 2/3NF organic
fertilisers increased the garlic yield by 37.2 and 15.3%,
respectively, compared to NO and NF. The study shows
that fertiliser application regimes can directly affect to-
tal soil organic carbon and labile organic carbon com-
ponents, thereby affecting the organic carbon associat-
ed with aggregates. Aggregates with a particle size of
0.5-2 mm played an important role and had a positive
effect on garlic yield. Analysing the results, it can be
said that the application of organic fertilisers has the
potential to increase the organic carbon content of the
soil and also the yield of garlic. These conclusions are
in line with those of H.Zhao et al. (2018), who showed
that the combined use of organic and chemical fertil-
isers can improve soil structure and promote the aggre-
gation of more soil particles.

X.Zhang et al. (2019) found that the best choice for
increasing soil carbon sequestration and maize yields
based on long-term experiments is organic fertiliser,
which completely replaces chemical fertilisers. Howev-
er, the nitrogen in organic fertilisers is mainly in the
form of organic nitrogen. The needs of crop production
are not fully met because the release of organic nitro-
gen and the supply of effective nitrogen to plants are
slow. L. Zhang et al. (2023) found that the use of ni-
trogen fertilisers increased corn yields by 50.64%, N,O
emissions by 64.39%, and NH, evaporation by 69.25%,
respectively. Feeding winter garlic variety Lyubasha
with nutrients from the biological product Phytohelp
and mineral fertiliser Drip Fert N,,P.K, +ME contribut-
ed to an increase in plant vegetative mass and bulb
weight, and had an impact on yield. Something similar
was noted in the work of V. Palamarchuk et al. (2024).

Having analysed the productivity indicators of win-
ter garlic, it was noted that favourable weather con-
ditions in 2019 contributed to the highest yield in all
variants, except for the control 10.1 t/ha. The highest
yields were collected from the plots where the com-
bined fertilisation with the biological product Phyto-
help at a rate of 1 and 2 l/ha, foliar fertilisation with
the mineral fertiliser Drip Fert N, ,P.K, +ME at a rate of
4 g/2 | of water and the bioadhesive Liposam at a rate
of 1 l/ha were applied. O. Ulianych & V.Yatsenko (2018)
found that the Sofiyivskyi garlic variety (multi-clove
form) requires a maximum rate of biohumus of 5 t/ha,
which increased the yield by 3.6 t/ha. For the Pro-
metheus variety (small-toothed form), by increasing the
weight of the tooth and increasing their number, the
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bulb weight also increases. In order to obtain a high
yield, the optimal rate is considered to be 3-5 t/ha.
G. Yarovyi & V. Kuzmenko (2013) noted in their work
that the highest technical efficiency against tomato
pathogens, namely 43.6-59.5%, was obtained in the
variant where a mixture of biological products with
plant growth regulators was used: Vermistim + Azoto-
phyte and Bioglobin + Azotophyte.

In summary, most studies demonstrate the signif-
icant potential of organic fertilisers to improve soil
fertility, conserve biodiversity and increase crop yields.
The use of biological products and organic fertilisers is
an effective strategy aimed at sustainable productivity
growth and environmental sustainability in agriculture.

CONCLUSIONS
The influence of the biological product Phytohelp and
its combined use with the mineral fertiliser Drip Fert
N,,P.K,,*ME on the growth, development, formation
and quality of winter garlic variety Lyubasha under drip
irrigation was studied. According to the phenological
observations, it was found that the highest rates were
in the variants with the combined use of the biolog-
ical product Phytohelp at a rate of 1-2 l/ha, Drip Fert
N,.P.K, +ME - 4 g/2 | of water and the bioadhesive Li-
posam at a rate of 1 l/ha. The height of plants in the
phase of intensive growth and development was 56.7-
64.2 cm, which is 11.0-18.5 cm higher compared to the
control. There was also a greater number of leaves per
plant (7.5-8.0), which made it possible to obtain a larger
leaf surface area - 349.2 and 404.8 cm?/plant. In the
variant where the biological product Phytohelp and the

bioadhesive Liposam were applied at 2/1 and 1/1 l/ha,

mineral fertiliser at a rate of 4 g/2 | of water contrib-
uted to an increase in height by 23.8%. The number of
leaves was 7.3 pcs./plant, and the leaf surface area was
361.7 cm?/plant. The use of foliar fertilisation with Drip
Fert N,,P.K, +ME mineral fertiliser contributed to the
production of winter garlic (18.1 t/ha) and an increase
in yield (9.1 t/ha). The introduction of the biological
product Phytohelp with Liposam adhesive at a dose
of 2/1 and 1/1 was ineffective, but the yield increase
was 8.2 and 7.7 t/ha. The yield was maximum when
the biological product Phytohelp was applied togeth-
er at a dose of 2 l/ha and the mineral fertiliser Drip
Fert N,.P.K, +ME (4 g/2 | of water or 0.5 ¢/ha) with the
adhesive Liposam (1 l/ha) = 19.5 t/ha, which is 1.7%
more than in the control. When fertilising with the
biological product Phytohelp at a dose of 2 l/ha and
the mineral fertiliser Drip Fert N ,P.K, +ME (4 g/2 | of
water or 0.5 ¢/ha) with the adhesive Liposam (1 l/ha),
the yield increase was 9.0 t/ha, which is 1.6% more
than in the control variant. Thus, the use of biological
products and mineral fertiliser are effective methods
for fertilising winter garlic. They have a positive effect
on the height, number of leaves per plant and assimi-
lation surface area, which helps to increase yields and
improve plant quality. However, many mechanisms of
interaction between plants and biological products in
different soil and climatic conditions have not been
identified. Also, the effect of biological products of dif-
ferent concentrations on plants and the environment
has not been studied in more detail, which may be a
prospect for further research.
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EdeKTUBHICTb 3acTOoCcyBaHHSA 6ionpenapaTtiB Ta MiHepanbHUX AO06puB
Ha nociBax YacHUKyY o3uMoro B ymoBax NMpaBo6epe)xHoro Jlicocteny YKpaiHu

Hatania OnekciieHa OcTtaneHko

AcnipaHt

YMaHCbKMIM HaWiOHaNbHUI YHIBEPCMTET Caf4iBHULTBA
20300, Byn. IHcTUTYTCBKA, 1, M. YMaHb, YKpaiHa
https://orcid.org/0009-0009-2073-868X

AHoTauif. Y cTaTTi npeacTaBneHo pe3ynbTaTM TPUPIYHMX [0ChifKeHb e@eKTUMBHOCTI BnauBYy Oionpenaparty
®itoxenn, MiHepanbHoro aobpwea Drip Fert N .P.K, +ME Ta Gionpununay Jlunocam Ha CTpyKTypy BpoOXaio
YacHMKy o3mmoro copty Jliobawa B yMOBax KpamnJMHHOIO 3pOLeHHs. AKTyanbHiCTb AoCnigxeHb obymoBneHa
NoLyKOM HOBUX MiAXOAiIB A0 PO3POOKM TEXHONOTIYHUX MPUIMOMIB BUPOLLYBAHHS YaCHMKY O3MMOTO i3 ypaxXyBaHHSAM
KOHKPETHMX YMOB HECTIMKOro 3BONOXEHHS JlicocTeny. MeTOK HanMCaHHS CTaTTi € BCTAHOB/IEHHS OMNTUMaNbHUX
[03 Ta CMiBBiAHOWEHHSA MiX HMMWM AN OOCATHEHHS MiABMLLEHHS SAKOCTI Ta BPOXKAMHOCTI YaCHMKY O3MMOTrO.
LocnioxeHHsa 6yno nNpoBefeHO Ha AOCAiAHOMY noni kKadeapu OBOYIBHMLUTBA HALiOHANbHOMO BM3HAYEHOrO
BHECKY YKpaiHM YMaHCbKOro HauiOHaNnbHOro yHiBEpPCUTETY CafiBHMLTBA Ha YOPHO3EMi OMiA30/1€HOMY BaXKo
cyrnmHkoBoMy y 2017-2019 pp. B pesynbtati 6yno poseneHo, wo B ymoBax [lpaBobepexHoro Jlicocteny
YKpaiHu Ha YOpPHO3€eMi 0Nif301eHOMY 33 KPANJIMHHOIMO 3POLLEHHS BiNblly YPOXKAWHICTb OTPMMAHO Ha AiNSHKAX 33
CyMmicHoro 3actocysaHHs 6ionpenapaty ditoxenn Hopmoto 1-2 n/ra, MinepanbHe fobpuso Drip Fert N, P K, +ME
Ta 6ionpununnay Jiunocam y Hopmi 1 n/ra. Lle no3BOAIMNO OTPUMATM MPMPICT 4O KOHTPOJIbHOrO BapiaHTty 9,0-
10,6 1/ra BignosigHo. Bukopucrosytoum bionpenapat ®@itoxenn ta 6ionpununay Jiunocam y Hopmi 2/1 1a 1/1 n/ra,
ogepxaHo Bpoxan 16,6-17,1 1/ra, oe HapbaBka 4O KOHTpoaw CTaHoBuna 7,7-8,2 T/ra. BctaHoBneHo BNAMB
NO3aKOpPEeHEBOro NiAXKMBIEHHA MiHepanbHuM nobpueom Drip Fert N P K, +ME (4 r/2 n Boamn a6o 0,5 w/ra) Ha
BPOXaMHICTb YacHMKY 03uMoro. [pupicT Ao KOHTposo cTaHOBMB 1,6 %. Pe3ynbTatv npoBeAeHOro fOCHiAXEeHHS
MOXYTb BYTU KOPUCHUMM AN CiNbCbKOrOCNOAAPCbKMX NiANPUEMCTB Ta hepMepiB, Ki 3aMalTbCs BUPOLLYBAHHAM

YACHMKY Ta iHWMKX KYIbTyp

KntouoBi cnoBa: copr; picT; po3BUTOK; LMBOYIMHA; YPOXKaMHICTb
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