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Abstract. The study investigated seed germination, and plant development of a covering mixture
consisting of 40% of spring vetch seeds and other crops under the influence of microbiological inoculants,
namely Mycofriend-T and Bioinoculant-BTU-T. It was found that Mycofriend-T on bioinoculant-treated
seeds of phacelia, long-stem flax, Sudan grass, and Alexandrian clover stimulated the germination of all
crops in the mixture. The germination of the treated seeds increased by 2.5-5% compared to the control.
The most significant increase in germination was found in spring vetch when treated with a complex
of biological preparations — 7%. When treated with the microbial Mycofriend-T, the germination of
seeds of this crop increased by 5%. The linear dimensions of the aboveground part of most plants of the
mixture also increased by 10-40% compared to the control, depending on the crop. In the underground
part of the plants, the linear dimensions also increased by 6-53% compared to the control, depending
on the plant species. The total fresh weight of the aboveground part of plants when using Mycofriend-T
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and the bioinoculant complex increased by 60 and 59%, respectively, demonstrating the stimulating
effect of the inoculant agents on the development of plants' leaf surface and stem. However, the most
significant increase in fresh weight was found when analysing the data of the underground part of
plants: when using Mycofriend-T + Bioinoculant-BTU-T, this indicator increased by 104%, while when
using only the microbial Mycofriend-T, the increase was 43% compared to the control. The positive
influence of bioinoculants on the functioning of the photosynthetic apparatus of Sudan grass plants
was established. These research findings are important for farmers because they demonstrate how
to improve the growth and physiological properties of cover crops, which perform many important
functions for the soil and main crops

Keywords: Trichoderma harzianum; arbuscular fungi; Rhizophagus irregularis (Glomus); nodule bacteria;

cover Crops

INTRODUCTION

Harmonisation of the links between agricultur-
al production, ecosystems, and climate is a task
that can be solved by regenerative agriculture.
In this approach, the use of cover crops is rele-
vant forimproving the physicochemical proper-
ties of the soil and its biological properties, and
reducing production costs. It is essential to form
a layer of cover crops with good development of
both the vegetative part of the plants and their
well-developed root system. Growing cover crops
is of interest to both large and small agricultural
enterprises, which increases the demand for their
seeds and simultaneously poses the problem of
ensuring stable germination of crops in different
environmental conditions. Cover crops, which can
include several plant species from other families,
require attention to the compatibility of each crop.
Therefore, it is important to use environmentally
acceptable methods to mitigate stress and elimi-
nate restrictions on plant development during the
growing season.

Studies show that plant growth under vari-
ous stress conditions is enhanced by the influence
of arbuscular mycorrhizal fungi, which stimulate
plant nutrient uptake and increase plant resist-
ance to stress factors. A. Wahab et al. (2023) an-
alysed the current state of research on the effect
of AMF on plants and showed that the symbiot-
ic relationship between mycorrhizal fungi and
plants facilitates the acquisition of nutrients and
water by plants. The use of AMF is effective for
plants to overcome drought stress, as shown in
the study by S. Azizi et al. (2021). The researchers
showed that myrtle plants tolerated drought bet-
ter due to improved water supply and stimulation
of antioxidant defence. N.O. Igiehon et al. (2020)

showed that inoculation and mycorrhization of
AMEF alleviate drought stress and increase soybean
yield, plant size, and seed oil content. An increase
in the relative humidity of the above-ground
shoots also accompanies the positive effect. In-
creased phosphorus uptake with AMF mycorrhiza-
tion was shown in experiments with tomatoes by
C.T.K. Tran et al. (2020), who, however, noted that
mycorrhization increases the mobility of some
forms of phosphorus, thereby increasing the po-
tential for their leaching from the soil.

In addition to arbuscular fungi, Trichoderma
harzianum, a well-known antagonist of soil-borne
pathogenic fungi, also positively protects plants
from phytopathogens. B. Glogoza et al. (2023)
found that appropriate nodular bacterial inocu-
lants can significantly accelerate plant develop-
ment, especially in the Fabaceae family, which
plays a crucial role in cover crop mixtures. Accord-
ing to their studies, rhizobacteria, which promote
plant growth, and rhizobia, which can fix nitro-
gen, contribute to plant health and productivity
in several ways. These microorganisms function
as biofertilisers, improving plant nutrition, acting
as biostimulants, regulating growth, and serving
as biopesticides, increasing resistance to abiotic
and biotic stress.

J.Poveda & D. Eugui (2022) demonstrated that
the synergism between Trichoderma and bacteria
brings more benefits than their separate use. How-
ever, the researchers noted that further investiga-
tion is needed to determine the specific mecha-
nisms of this synergistic effect in increasing plant
resistance to abiotic stresses. Microbial inoculants
involve using live beneficial microorganisms to-
gether with seeds at sowing or by adding them to
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the growing medium. M. O’Callaghan et al. (2022)
reviewed modern combinations such as co-inocu-
lation and diverse microbial consortia that can fill
different functional niches and increase the resil-
ience of these microbial communities in the envi-
ronment. The researchers also suggest that such
combinations of microorganisms can act additive-
ly or synergistically. However, a review of research
by A.S.M. Elnahal et al. (2022) raised the issue
that the effectiveness of microbial inoculants is
often controversial, especially in the field. There-
fore, there is a critical need for their evaluation,
particularly under field conditions. This problem
highlights the importance of using research on
various cultures in diverse environments.

Thus, several groups of microorganisms have
been identified that positively impact the condi-
tion of plants and ecosystems. Therefore, obtain-
ing new data on specific applications in combining
such microorganisms, mainly when growing cover
crops, is relevant. The purposeof the study was to
investigate the effect of inoculants from different
groups of microorganisms, namely, a combination
of microbial preparations containing Trichoderma
harzianum, arbuscular fungi Rhizophagus irregu-
laris (Glomus), bacterial complex and a culture of
symbiotic nodule bacteria on the development of
plants in a cover mixture.

MATERIALS AND METHODS
The studies were conducted in the educational
and scientific laboratory of the Department of
Ecobiotechnology and Biodiversity, Faculty of
Plant Protection, Biotechnology, and Ecology at
the National University of Life and Environmen-
tal Sciences of Ukraine in 2024. The research used
plants from a cover crop mixture provided by
Smart Crops LLC (Ukraine). The mixture consisted
of seeds of spring vetch (Vicia sativa L.), phace-
lia (Phacelia tanacetifolia Benth.), common flax
(Linum usitatissimum, L.), Sudan grass (Sorghum
bicolor subsp. drummondii (Nees ex Steud.) Mill-
sp. & Chase) and Alexandrian clover (Trifolium al-
exandrinum, L.). In the cover crop mixture, spring
vetch seeds accounted for 40%, corresponding
to the technological parameters for using cover
crops containing representatives of the Fabaceae
family. Thus, several groups of microorganisms
have been identified that positively impact the
condition of plants and ecosystems. Therefore,

obtaining new data on specific applications in
combining such microorganisms, mainly when
growing cover crops, is relevant.

Conditions of the experiment. The study
was conducted with preparations of microbiologi-
cal origin Mycofriend-T and Bioinoculant-BTU-T
produced by the biotechnology company BTU
(Ukraine). The composition of the biologics My-
cofriend-T included arbuscular fungi Rhizophagus
irregularis (Glomus) and the Trichoderma harzia-
num. The microbial contained bacteria Bacillus ve-
lezensis (Bacillus subtilis), Priestia megaterium (Ba-
cillus megaterium var. phosphaticum), Paenibacillus
mucilaginosus (Bacillus mucilaginosus), Agrobac-
terium salinitolerans (Enterobacter), Pseudomonas
plecoglossicida (Pseudomonas fluorescens). The
total number of viable cells (1.0-1.5)x10® CFU/
ml. The biological preparation also included bio-
logically active substances — products of the vital
activity of microorganisms: phytohormones, vita-
mins, and amino acids.

The composition of the microbial Bioinocu-
lant-BTU-T included symbiotic nodular bacteria
Rhizobium leguminosarum bv.viciae, and biological-
ly active products of bacterial life and nutrient me-
dium components (macro-, microelements, etc.).
The titre of the biologics ranged from 2.5x10° CFU/
ml. Both biologics were based on a filler — peat.
The research scheme included the following op-
tions: Control — no treatment; Option 1 — seed
treatment with the biologics Mycofriend-T at the
rate of 100 g of the biologics per 1 ha of crops; Op-
tion 2 - seed treatment with a complex of biolog-
ics Mycofriend-T + Bioinoculant-BTU-T at the rate
of 100 g of each biologics per 1 ha of crops.

The seeds of the plants in the covering mix-
ture were moistened for better adhesion and treat-
ed with biopreparations according to the research
scheme. The seeds were sown in pots with a di-
ameter of 16 cm? for cultivation. The plants were
grown in a phytoclimatic chamber, “Silverbox evo-
lution” (France), at a temperature of 20+2°C and a
lighting regime of light/darkness 14/10 hours. The
air humidity regime in the chamber was main-
tained at 70-80%, and the soil humidity in the pots
was 50-80% of the lowest moisture capacity. Peat
substrate “Universal with biohumus” (Ukraine)
was used for cultivation. For research, a sample of
4 plants of each species was used (20 plants in pot)
in 3-fold replication for each variant.
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The germination of crop seeds was assessed
according to DSTU 4138-2002 (2004). In addition,
to simulate the germination process in natural
conditions, authors modified the germination de-
vice developed by them (Fig. 1). The containers
were filled with a moistened peat mixture, into
which seeds treated according to the scheme were
placed. Germination was carried out in a thermo-
stat at 25°C for 4 days.

KonTpons

Figure 1. Study the effect of biological
preparations on the germination of spring vetch
seeds (Vicia sativa L.)

Note: 1 - control; 2 — treatment with a complex of
microbial preparations; 3 — treatment with the microbial

preparation Mycofriend-T
Source: developed by the authors

The containers were covered with transpar-
ent lids, which allowed them to be placed ver-

Biological Systems: Theory and Innovation, Vol. 16, No. 1, 2025

Khomenko et al.

tically for the natural process of seedling root
development and to observe the process. The
method of Z. Hrytsayenko et al. (2003) was used
to determine biometric indicators (lengths of
underground and aboveground part) and plant
mass. The functional state of Sudan grass leaves
was assessed using the method of chlorophyll
fluorescence induction (Brion et al., 2000). Statis-
tical processing of the research results was car-
ried out using the Microsoft Excel 2010 software
suite ANOVA by methods of variational statistics
using the t-test and one-way analysis of vari-
ance. Differences in the values of indicators with
p <0.05 were considered significant (Prylutsky et
al., 2017). Microsoft Excel 2010 was used to con-
struct graphs. The table values were M+ Sd, where
M - arithmetic mean, and Sd - standard devia-
tion. The experimental studies of plants (both
cultivated and wild), including the collection of
plant material, were in accordance with institu-
tional, national or international guidelines. The
authors adhered to the standards of the Conven-
tion on Biological Diversity (1992).

RESULTS AND DISCUSSION

Seed germination is a critical moment in crop
development that requires attention from pro-
ducers. Pre-sowing treatment with biostimu-
lants allows plants to be supported at the initial
stage, which is important for plant growth in
general. In cover mixtures where several dif-
ferent crops are grown, attention must be paid
to their germination. Studies have shown that
treatment with bioinoculants stimulated the
germination of all crops in the mixture, and the
increase in the number of germinated seeds was
2.5-5% compared to the control when using the
biologics Mycofriend-T for seeds of phacelia,
flax, Sudan grass, and Alexandrian clover (Ta-
ble 1). The highest increase according to the in-
dicator “seed germination” was found for spring
vetch when treated with a complex of biological
preparations — 7%. When treated with the bio-
logics Mycofriend-T, the germination of seeds of
this crop increased by 5%. The results of a pre-
liminary assessment of the effects of microbial
using a modified device (Fig. 1) also demonstrat-
ed a positive effect on the germination of spring
vetch precisely with the combined action of two
bioinoculants.
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Table 1. Germination rates of crop seeds in the covering mixture when treated with bioinoculants, %

Experiment option
Crop Control Mycofriend-T Bi ngg:ﬁ?:ggra_.r
Spring vetch 92.5+0.2 97.5+0.2 99.7+0.2
Phacelia 72.5+0.3 75.0+0.1 -
Flax 90.0+0.2 95.0+0.2 -
Sudan grass 52.5+0.2 57.5+0.3 -
Alexandrian clover 87.5+£0.2 90.0+£0.3 -

Note: “-” no data available
Source: developed by the authors

In general, it is known that plant colonisa-
tion by arbuscular fungi can occur more or less
efficiently, depending on the genomes of the fungi
and plants entering into symbiosis, and this vari-
ability can be observed even at the level of plant
varieties of the same species (Cervantes-Gamez et
al., 2015; Guigard et al., 2023).

However, even the presence of fungi in the
cortical root cells of a plant can stimulate an in-
crease in shoot and root mass, believed to be due
to the formation and development of lateral roots
(Fiorilli et al., 2018). During the exchanges, the
fungus receives the products of plant photosyn-
thesis; in return, the branched hyphal network
contributes to the mineralisation and restoration
of essential soil nutrients, thus increasing their
bioavailability to the plant (Montero et al., 2018;
Jiang et al., 2021). Arbuscular fungi play a particu-
lar role in increasing the bioavailability of phos-
phorus, as reported, through the mechanism of
expression of genes whose products respond to
inorganic phosphate and suppress the phosphorus
starvation response of plants, which is typical for
soils with low phosphorus content (Campo & San
Segundo, 2020).

Thus, with a positive bioinoculation result, it
is possible to observe an increase in plant growth
and development. The studies have demonstrated
a stimulating effect on plant development of the
coating mixture of a separate preparation with
arbuscular fungi and the complex use of two mi-
crobial preparations, which, in particular, shows
the importance of choosing the target crop when
using such microbial preparations (Fig. 2).

The use of biological products revealed an
increase in morphological indicators of both
the underground and aboveground parts of the
plants of the covering mixture (Table 2). This

was observed for all crops of the mixture, except
phacelia, for which no positive effect of treat-
ment with microbial products was found since
the length of the aboveground part and the root
system were slightly lower than in control. This
may be due to the lower physiological perfor-
mance of the seeds of this crop, as its germina-
tion was generally low.

Figure 2. Development of plants in the cover
mixture after seed treatment with bioinoculants
21 days after germination
Note: 1 - control; 2 — Mycofriend-T; 3 — Mycofriend-T +

Bioinoculant-BTU-T
Source: developed by the authors
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Table 2. Effect of bioinoculant preparations on biometric parameters of seedlings of cover crops

Indicators
Crop Experiment option
Underground part, mm Aboveground part, mm

Phacelia Control 22.2+1.5 31.4+0.8
Mycofriend-T 20.3+1.2 30.2+1.3
Flax Control 47.4+0.8 23.7+1.1
Mycofriend-T 50.3+1.1 323+1.5
Sudan grass Control 11.1+£0.9 6.3t1.4
Mycofriend-T 243+1.2 20.7+1.2
Alexandrian clover Control 19.4£1.1 32.7+1.3
Mycofriend-T 21.2£1.5 36.1+1.4

Source: developed by the authors

When seeds were treated with the bioinocu-
lant Mycofriend-T, the length of the root system
of flax and clover seedlings increased by 6.0%
and 9.0%, respectively, compared to the control.
In contrast, the root system of Sudan grass seed-
lings exceeded the control value by 2 times. The
length of the aboveground part of flax and clover
seedlings increased by 35% and 10%, respective-
ly, compared to the control, and the aboveground
part of Sudan grass plants exceeded the control
value by 3 times.

The stimulating effect of the treatment on
the development of the aboveground and under-
ground parts of the plants was also established
in spring vetch, which was the main crop of the
cover mixture under study. Combined treatment
with microbial preparations increased the length

—
H

Aboveground
part

Underground
part

0.00 10.00 20.00 30.00 40.00 50.00
Length, mm
Mycofriend-t + Bioinoculant-BTU-t
Mycofriend-t
m Control

Figure 3. Assessment of the effect
of bioinoculants on the growth
of common spring vetch
Source: developed by the author

of the root system by 53% compared to the con-
trol and when treated with Mycofriend-T - by 34%.
The aboveground part of the plants also developed
better under combined treatment, and its length
increased by 40% compared to the control, while
Mycofriend-T treatment increased this indicator
by 24% (Fig. 3).

In addition, the authors used the prepara-
tion Bioinoculant-BTU-T, which contains nodule
bacteria with a high tendency to colonise vetch
plants, which also contributes to the enhance-
ment of the development of the root system. With
the combined treatment of Mycofriend-T and Bi-
oinoculant-BTU-T, an increase in additional roots
and root hairs in the root system of plants was also
found, which affected the increase in their fresh
weight (Fig. 4).

10
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Control Mycofriend-t Myco friend-t+

Bioinoculant-BTU-t
Experiment options

Underground part
Aboveground part

Figure 4. Accumulation of fresh weight
by plants of the cover mixture when treated
with bioinoculants
Source: developed by the authors
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The total fresh weight of the aboveground part
of plants when using Mycofriend-T and the com-
plex of microbial preparations increased by 60%
and 59%, respectively, demonstrating the stimu-
lating effect of the inoculant agents on the devel-
opment of plants’ leaf surface and stem. However,
the most significant increase in fresh weight was
found when analysing the data of the underground
part of plants: when using Mycofriend-T+ Bioin-
oculant-BTU-T, this indicator increased by 104%,
while when using only the microbial preparation
Mycofriend-T, the increase was 43% compared to
the control. Thus, the effect of bioinoculants had
a positive effect on the development of the root
system in the initial period of plant vegetation.

1200
1000
800
600
400
200

Fluorescence intensity, u.o.

The induction of chlorophyll fluorescence in
Sudan grass leaves was determined to assess the
condition of plants treated with microbiologi-
cal inoculants since its leaf blade most closely
matched the conditions for conducting diagnos-
tics using the IF method. This method allows as-
sessing the photosystem II of plants during life,
which is important for determining long-term
effects on plants and analysing the plant’s gen-
eral condition (Grusha et al., 2014; Kovalyshyn et
al., 2016). An increase in the maximum fluores-
cence value (Fmax) was noted in plants in variants
treated with inoculants compared to the control,
which indicates that the photosynthetic process in
plants is quite effective (Fig. 5).

Control
e \ycofriend-t
Mycofriend-t+Bioinoculant-BTU-t

—

0
1 4 7 1013161922252831343740434649525558616467 70737679 828588
Time, sec

Figure 5. Induction curves of chlorophyll fluorescence
in Sudan grass leaves upon treatment with microbial inoculants

Source: developed by the authors

To assess the induction of fluorescence in chlo-
rophyll-bearing tissues, the calculated parameter
Fv is used — the chlorophyll fluorescence variable,
which is expressed as the difference between the
highest fluorescence level and background fluores-
cence (Fmax - F)) and provides information about
the magnitude of the amplitude of changes in the
Kautsky curve. It was found that this indicator

increasedwhen Sudan grass seedswere treated with
bioinoculants: under the action of Mycofriend-T,
it increased by 18%, and under the action of the
complex of biological preparations Mycofriend-T
and Bioinoculant-BTU-T - by 77% compared to
the control. This also indicates a positive effect of
bioinoculants on the functioning of the photosyn-
thetic apparatus of Sudan grass plants (Table 3).

Table 3. Assessment of the influence of bioinoculants
on the indices of chlorophyll fluorescence induction in Sudan grass leaves

IF indicators, conventional units
Experiment option
F, Fmax Fst Fv (Fmax-Fst)/Fst Fv/Fmax
Control 103 680 392 577 0.73 0.85
Mycofriend-T 104 784 328 680 1.39 0.87
Mycofriend-T+
Bioinoculant-BTU-T 112 1136 544 1024 1.09 0.9

Note: F - background fluorescence level, Fmax - fluorescence maximum, Fst - stationary fluorescence level, Fv —
variable fluorescent, (Fmax-Fst)/Fst — efficiency of photochemical conversion of energy in FS II, Fv/Fmax - the maximum

quantum yield of the photochemistry of PSII
Source: developed by the author based on research
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The maximum quantum yield of photochem-
istry of PSII is the expression Fv/Fmax. In healthy
plants not exposed to stressors, the ratio Fv/Fm
usually varies within 0.70-0.90. For the plants un-
der study, this indicator was within the specified
limits. The efficiency of photochemical energy
conversion in PSII characterises the rate of linear
electron transport and is an integrated indicator
of the photosynthesis process. This indicator in
the plants under study varied from 0.73 to 1.39
conventional units. It was higher in plants treated
with inoculants, which indicates a positive effect
of the treatment on the state and functioning of
the photosynthetic system in Sudan grass plants.

The results presented demonstrate the im-
provement of vetch plant growth with AMF in-
oculation. The effectiveness of arbuscular fungal
inoculants was shown in field studies conducted
by K. Burak et al. (2024) on different vetch cultivars
grown on depleted soils with high calcium content
in southeastern Turkey. These studies showed that
inoculation with arbuscular mycorrhizal fungi re-
duces the amount of lime in the soil and identified
the most effective combinations of fungal iso-
lates that positively affect the biochemical cycles
of carbon, nitrogen, and phosphorus. T. Ding et
al. (2020) also demonstrated the positive effect
of the arbuscular mycorrhizal fungus Sieverdingia
tortuosa on atrachnosis resistance and enhanced
root growth of spring vetch.

Cover crops are an essential part of sustain-
able agriculture. Their role was recognised in soil
recovery and reduction of weed infestation, includ-
ing broader environmental impacts (Marcillo &
Miguez, 2017; Daryanto et al., 2018), which could
lead to an increase in crop productivity and quality
over time. However, for cover crops to develop bet-
ter in the face of climate change, it is important to
support their growth and development. The use of
bioinoculants improves plant growth and nutrient
uptake under resource-limited conditions. In par-
ticular, V. Dragicevi¢ et al. (2020) highlighted the
importance of using such inoculants in mixed crop-
ping systems of legumes and cereals to enhance
the productivity and resilience of agroecosystems.
In this paper, the studies conducted by the authors
confirmed the feasibility of pre-sowing treatment
of cover crop mixtures with microbial bioprepa-
rations since they stimulate biometric and phys-
iological indicators of plants. Treatment of cover

Biological Systems: Theory and Innovation, Vol. 16, No. 1, 2025
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crop mixtures seed contributed to improving seed
germination, increased root system and shoots,
increased green mass of plants, and optimised
photosynthetic processes. Improving the above
parameters will make the plant more resistant to
abiotic stress factors. Other researchers who inves-
tigated the effect of biopreparations on seed treat-
ment of various plants came to such conclusions.

In the study by M. Ebrahimi (2023), inocula-
tion of clover seeds with microbes is recommended
to improve their growth and development charac-
teristics under drought conditions because of the
positive effects of plant growth-promoting rhizo-
bacteria. The studies by S. Yang et al. (2023) con-
firmed these findings, which indicate that mycor-
rhizal-based biopreparations improve plant growth
parameters and physiological indicators. Namely,
in this study, the role of mycorrhizal inoculation
in nutrient absorption and its important contri-
bution to plant greater biomass were discussed.

The paper by M. Baidalin et al. (2024) showed
that double grass mixtures treated with nodule
bacteria are more productive than untreated with
biological products under the conditions of north-
ern Kazakhstan. The use of inoculants increased
the yield of green mass; this study demonstrat-
ed that inoculation with nitrogen-fixing bacteria
significantly enhances the yield and nutritional
quality of legume-cereal grass mixtures in north-
ern Kazakhstan. In the study by K. Abdelaal et
al. (2024), it was demonstrated that inoculation
with mycorrhizal-based biopreparations positive-
ly affects the most studied traits, such as chloro-
phyll concentration and maximum quantum effi-
ciency of PSII; the same trend was observed in the
studies of the authors of the present paper under
the conditions of using the microbiological Mycof-
riend-T + Bioinoculant-BTU-T (Table 3).

The stimulating effect of bacterial inoculants
was confirmed by B. Glogoza et al. (2024). The re-
searchers showed that treating corn seeds with
bioinoculants stimulated the growth and devel-
opment of the root system compared to the con-
trol; the mass of roots increased by 12-30%, and
the height of plants treated with biological prepa-
rations exceeded the control plants by 15-23 cm.
In this paper, the authors also demonstrated the
stimulating effect of the application on the devel-
opment of the root system and the mass of cover
crops (Table 2, Fig. 3-4).
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The combined application of bioinoculants
and cover crops represents an effective and envi-
ronmentally sound strategy for contemporary ag-
riculture. This approach enhances plant resistance
to various stress factors, while simultaneously en-
riching the soil microbiome with beneficial micro-
organisms. Additionally, it contributes to improv-
ing soil structure and fertility, leading to increased
productivity and stability of major crop yields. By
integrating these practices into existing farming
systems, it is possible to promote sustainable ag-
ricultural development without compromising en-
vironmental integrity or long-term soil health.

CONCLUSIONS

The effect of microbiological inoculants on the de-
velopment of plants in a cover mixture consisting
of 40% spring vetch seeds, and the rest of phace-
lia, flax, Sudan grass, and Alexandrian clover was
studied in laboratory conditions. The germination
of the treated seeds increased by 2.5-5% compared
to the control. The greatest increase in germina-
tion was found in spring vetch when treated with a
complex of biological preparations — 7%.

In the aboveground part of the plants, the line-
ar dimensions also increased by 10-40% compared
to the control, depending on the plant species. For
Sudan grass, the growth of the aboveground part
was three times as high as compared to the con-

was twice as high as compared to the control. The
total fresh weight of the aboveground part of plants
when using Mycofriend-T and the complex of mi-
crobials increased by 60% and 59%, respectively,
demonstrating the stimulating effect of the inoc-
ulant agents on the development of plants’ leaf
surface and stem. However, the most significant
increase in fresh weight was found when analysing
the data of the underground part of plants: when
using Mycofriend-T + Bioinoculant-BTU-T, this in-
dicator increased by 104%, while when using only
the Mycofriend-T, the increase was 43% compared
to the control. The positive influence of bioinoc-
ulants on the functioning of the photosynthetic
apparatus of Sudan grass plants has been estab-
lished. In the future, further research is planned to
assess the impact of bioinoculants on cover crops,
study the mechanisms underlying them, and eval-
uate their performance under field conditions.
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AHoranig. V gootimkeHHi 6yl0 BUBYEHO MPOPOCTaHHS HACIHHS Ta PO3BUTOK POCIAUH ITOKPUBHOI
cyMminri, mo ckiaganacs 3 40 % HaciHHS BUKM SIPOi Ta iHIIMX KYJIbTYD, Iif, BIUTMBOM MiKpO6iomoTiuyHmx
iHOKynsAHTIB, a came Mikodbpenn-T ta BioiHokynsHT-BTVY-T. BcraHosieHo, mo Mikobpenn-T Ha
06pobeHoMy 6ioiHOKY/ISIHTaMM HaciHHi dauenii, TbOHY-TOBIYHISI, CYTAHChKOI TpaBy Ta KOHIOMIMHU
OJIEKCAHAAPIiICbKOI CTUMYITIOBAB MTPOPOCTAHHS BCiX KYJIbTYp y cymimmi. CXOXicTb 06p0o6IeHOr0 HACiHHS
3pocia Ha 2,5-5 % TOopiBHSHO 3 KOHTposeM. HalicyTTeBilmit MpupicT CXOKOCTi BUSIBJIEHO Y BUKU SIPOi
rpu 06pobIIi KoMILIeKcoM GiomnpenapatiB — 7 %. IIpu 06po61li MikpoO6HMM TpenapatoM MikogpeHa-T
CXOXKiCTh HACIHHS i€l KynbTypu 3pociia Ha 5 %. JIiHiliHI po3Mipy Hag3€ MHOT YaCTMHM 61/TBIIIOCTI POCTUMH
cyMimri Takox 36imbiumavcs Ha 10-40 % MOpiBHSIHO 3 KOHTPOJIEM, 3JIe)KHO Bif, KylabTypu. Y mif3eMHik
YaCTMHI POCIMH JIiHIHI po3Mipy TaKoXK 36iMbIIMINCS HA 6-53 % MOPIBHSIHO 3 KOHTPOJIEM, 3aJI€XKHO
BiJi BUIY POCAMH. 3arajbHa cupa Maca HaJ3eMHOI YaCTMHM POCIMH IIpU 3acTtocyBaHHi Mikodpena-T
Ta 6i0iHOKYJITHTHOTO KOMIUIEKCY 3pocTana Ha 60 Ta 59 % BiAmoBimHO, 1110 CBiIUMTD TIPO CTUMYJTIOIOUMIT
BIUIMB iHOKYJ/ISIHTIB Ha PO3BUTOK JIMCTKOBOI MOBepXHi Ta cre6na pocauH. OfHaK HaliGiIbII CyTTEBUI
MPUPICT cupoi mMacu BUSIBJIEHO TIPM aHaJIi3i JaHMX IiJA3eMHOI YacTMHM POCIMH: IIPU 3aCTOCYBaHHI
Mikobpena-T + BioiHokynsaHT-BTY-T 11eit mokasHuK 36imbimBes Ha 104 %, Tofi SIK TPy BUKOPUCTAHHI
Juile MikpobHoro mpenapary MikodpeHn-T mpupicT cTaHOBUB 43 % TOPIBHSHO 3 KOHTPOJIEM.
BcTaHOB/IEHO TIO3UTMBHUI BIUIMB GiOiHOKY/ISIHTIB Ha (YHKIIIOHYBaHHS (DOTOCMHTETMYHOTO arapary
POC/IMH CyTAHChKOI TpaBU. Pe3yapTaTyl LOCTiIKeHb € BasKIMBUMU IJIs1 arpapiiB, OCKiIbKY JeMOHCTPYIOTh
MIISTXM TIOKPANeHHS POCTy Ta (i3ionoriyHmx BIacTMBOCTEN TOKPUBHUX KYJIBTYD, SIKi BUKOHYIOTb 6arato
BOKIMBUX (PYHKIIiN 7151 IPYHTY Ta OCHOBHMUX CiJTbCHKOTOCTIONAPCHKUX KYIbTYP

KmrouoBi cmoBa: Trichoderma harzianum; ap6yckynspHi rpubu; Rhizophagus irregularis (Glomus);
6y1600UKOBi 6aKTepii; MOKPUBHI KYJIbTYPU
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Abstract. Roses are one of the main floricultural and decorative crops and are widely used in industrial
floriculture and landscape architecture. During cultivation, rose plants are susceptible to various
infectious diseases that impair their decorative properties. A common and dangerous pathology is
powdery mildew, which is caused by the fungus Podosphaera pannosa (Wallr.: Fr.) de Bary. The study
aimed to assess the susceptibility of rose varieties to powdery mildew in Kyiv. The study was conducted
at the rose garden of the Hryshko National Botanical Garden of the National Academy of Sciences of
Ukraine and in the problematic research laboratory of Mycology and Phytopathology of the National
University of Life and Environmental Sciences of Ukraine. The spread and intensity of powdery mildew
development were assessed against a natural infection background using a scale that included a
gradation from 0 to 4 points. A total of 79 rose varieties from 6 garden groups were examined. During
the research, powdery mildew developed during May-October on all aboveground parts of plants (except
lignified shoots), but most intensively on young shoots. During the vegetation period (2022-2023) in the
open field, among the 17 varieties of the floribunda group examined, the disease did not develop in 12
varieties. The evaluation of powdery mildew on 16 varieties of hybrid tea roses showed its absence on
13. Among the 8 varieties of climbing large-flowered roses, the disease developed in 2 varieties. On roses
of the shrub group, the pathology was not widespread in 23 varieties out of 33 studied. All 3 varieties of
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musk roses were not affected by P. pannosa, while in 2 varieties of ramblers, its presence was noted. In
total, the disease was widespread in 22 rose varieties. The study of powdery mildew damage to roses is
relevant for the development of control measures and the search for sources of resistance that can be

used in the breeding process

Keywords: Rosa sp.; phytopathogen; resistance; cultivars and garden groups; disease development

INTRODUCTION

Roses are essential flowers and ornamental crops
represented by many varieties. Cultivated roses
are widely used in industrial floriculture, land-
scape architecture, home gardens, pharmaceuti-
cal production, food industry and other industries
and have a variety of cultural and economic value.
During cultivation, rose plants are susceptible to
many diseases that significantly affect their deco-
rative properties. One of the most dangerous path-
ogens on roses is the fungus Podosphaera pannosa
(Wallr.: Fr.) de Bary (Sphaerotheca pannosavar rosae
(Wallr.: Ex Fr.) Lev.), which causes powdery mildew.

Y. Bao et al. (2022) noted that rose powdery
mildew is widespread in different regions of the
world. It is dangerous when growing plants for
cutting and is also the main disease of garden and
indoor roses. The disease is widespread in Ukraine
(Roses in the plantings of the city of Kyiv, 2020).
It appears both in open and protected ground on
all above-ground plant organs: leaf blades, leaf
petioles, shoots, buds and flowers. M. Linde &
N. Shishkoff (2003) described powdery mildew as
one of the most serious diseases of the leaf appa-
ratus. The authors emphasised that almost 40% of
fungicides used on roses are designed to control
powdery mildew.

In a review of scientific publications analysing
a sustainable pest management strategy to reduce
pesticide use, C.E. Géngora et al. (2024) highlight-
ed the negative impact on the environment, hu-
man health and biodiversity of using only synthetic
pesticides. There is also an issue related to the de-
velopment of pest resistance to pesticides, which
reduces the effectiveness of their use. At the same
time, to ensure better control and environmental
sustainability, it is necessary to reduce the use of
chemicals by adopting original alternative strate-
gies to maintain pest/pathogen populations below
the level of economic harm and to achieve The
European Green Deal (2019). Therefore, according
to C.E. Géngora et al. (2024), one of the control
strategies is the identification and cultivation of

resistant varieties. A. Khan & S. Korban (2022)
noted that the use of plant resistance is consid-
ered the most sustainable approach to protecting
plants from various pathogens. The same ap-
plies to powdery mildew pathogens (Martins et
al., 2022).

The literature presents various data on the
powdery mildew susceptibility of rose varieties of
different garden groups, as well as wild rose spe-
cies and forms. Y. Bao et al. (2022) indicated that
powdery mildew caused by the fungus P. pannosa
is the most common disease in different cultiva-
tion technologies of Rosa multiflora Thunb. J. Li et
al. (2021) underlined the harmfulness of the dis-
ease, significant yield losses and deterioration of
its quality in the areas of cultivation of R. roxburghii
Tratt. X. Li et al. (2023) and K. Wang et al. (2024)
emphasised the danger of disease development in
R. chinensis Jacq. Plants, as there is a decrease in
their decorative and economic qualities. L. Tan et
al. (2022), for the first time, highlighted powdery
mildew on R. cymosa Tratt plants caused by P. pan-
nosa. The authors conclude that the occurrence of
the disease in R. cymosa may pose a potential threat
to other crops of the genus Rosa or Prunus spp.

X.Q. Qiu et al. (2015), in an analysis of the re-
sistance of wild rose species to powdery mildew,
proved that the genotypes of R. laevigata Michx.,
R. longicuspis Bertol., R. luciae Franch. & Rochebr.
and R. banksiae R.Br. were immune to P. panno-
sa. High resistance to this pathogen was found in
12 samples of the Pimpinellifoliae section, R. rubus
H. Lev.& Vaniot, R. rugosa Thunb. and others. The
results of the experiments also showed that three
sections Pimpinellifoliae, Laevigatae and Banksi-
anae were more resistant to P. pannosa than others.

R.K. Mesta et al. (2021), among nine rose gen-
otypes, Bugati, Carlet, Cherishma, Folklar, Gold
Strike, Nobless and Tineke determined a mod-
erately sensitive reaction to rose powdery mil-
dew. Two genotypes Tajmahal and Papaya Red
were susceptible to the disease. In general, none
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of the genotypes was resistant. N.K. Chandran et
al. (2020) described the presence of resistance
to powdery mildew at the genetic level in the
ITHRR13-4 genotype. The comparison was made
with the susceptible commercial variety Konfetti.

Despite active scientific research on the resist-
ance of roses to powdery mildew in different coun-
tries of the world, this issue remains understudied
in the conditions of Kyiv urban plant communities.
Given that new varieties of roses are emerging
that are resistant to diseases, there is a possibility
of the emergence of new races of pathogens that
can overcome plant resistance. Therefore, there is
a need to study these processes. The study aimed
to assess the intensity of powdery mildew damage
to rose varieties of different garden groups.

MATERIALS AND METHODS
The study was conducted at the rose garden of
the M.M. Hryshko National Botanical Garden
of the National Academy of Sciences of Ukraine.
Powdery mildew was diagnosed visually based on
typical and atypical symptoms (Pikovskyi & Solo-
miichuk,2022).Samplesofplant materialwithatyp-
ical symptoms were analysed in the problematic

research laboratory of Mycology and Phytopathol-
ogy of the National University of Life and Envi-
ronmental Sciences of Ukraine. For this purpose,
temporary solutions were produced, and the mor-
phological structures of the pathogen were ana-
lysed and identified. Pathogen identification was
carried out by microscopy of mycelium and coni-
dial sporulation of P. pannosa and was performed
using a Sigeta MB-103 40x-1600x LED mono mon-
ochrome microscope.

The assessment of the spread and intensity of
powdery mildew development was conducted on a
natural infectious environment (with preventive
measures) during the period of its maximum devel-
opment (second-third decade of September 2022-
2023), using the following scale: 0 points — no
disease symptoms; 1 point — up to 10% of the leaf
surface (or bush surface) is affected; 2 points — 11
to 25%; 3 points — 26 to 50%; 4 points — more than
50% of the leaf surface (or bush surface). A total of
79 rose varieties from 6 garden groups were exam-
ined (Table 1). The study complied with the ethical
standards set out in the Convention on Biological
Diversity (1992) and the Convention on the Trade in
Endangered Species of Wild Fauna and Flora (1973).

Table 1. Rose varieties used in the research

A group of roses

Varieties

Red Leonardo da Vinci, Europeana, Tornado, Aspirin, Lilli Marlen, Diamant, Gebruder Grimm,

Floribunda Rose der Einheit, Rosen Grafin, Constanz Mozart, Abracadabra, Fortuna, Rosenromantic,
Herzogin Christiana, Out of Rosenheim, Eiesprinzessin, Friesia
Sophia Loren, Dame de Coeur, Red Queen, Marselaise, Laeticia Casta, Bell Ange, Gloria Dei,
Hybrid tea Royal Dane, Grand Mogul, Anne de Kiev, Kazakhstanskaya Yubileinaya, Kronenburg, Athena,

Bellevue, Bob Hope, Paris 2000

Twisty large-flowered

Laguna, Flammentanz, Fortunes Double Yellow, Polka, Alchemist, Golden Gate, Alyaska,
Florentina

Caramella, Hope for Humanity, Chippendale, Star Profusion, Angela, Astronomia, Michael,
Kashmir, Dornréshen, Maria Bauman, Gruss an Heidelberg, Morden Blush, Larissa,

Shrub Fruhlingsduft, Khortitsa, Madam Boll, Margarita Hilling, Hansaland, Persian Yellow, Cardinal de
Richelieu, Ferdy, La Villa Cotta, Weg der Sinne, KdIner Flora, Rosarium Uetersen, Shwanensee,
Henry Kelsey, Robusta, C.F. Meyer, Isabella Skinner, My Girl, Music Box, John Davis
Musk Dinky, Ballerina, Mozart
Ramblers Dorothy Perkins, Weilchenblau

Source: compiled by the authors

The prevalence of powdery mildew on each
rose variety was determined by the formula:

_ nx100

p=1X%0 M
where P - disease spread, %; N — overall number
of plants in samples, pcs.; n — number of diseased
plants in samples, pcs.

The following formula was used to determine
the intensity of powdery mildew development:

__ 2(axb)x100

Rx T 2)

where Rx — disease development, %; - sum of the
product of the number of diseased plants and the
corresponding damage score; N — total number of
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plants (healthy and diseased); K — highest score on
the accounting scale.

Statistical processing of the experimental
data was performed using Microsoft Excel.

RESULTS AND DISCUSSION
During the research period, powdery mildew first
appeared on the leaf blades of roses in the form
of an underdeveloped white spider web coating.
The latter eventually spread to the entire lesion
of the affected leaves (Fig. 1a). The disease also
caused the leaf blades to curl upwards (Fig. 1b). On
shoots affected by P. pannosa, well-defined white
pads were formed (Fig. 1c). A developed felt bloom
formed on the peduncles. The affected buds were
covered with a continuous powdery coating. When
the powdery mildew pathogen affected the petals,
a coating formed on their surface (Fig. 1d). There
are also symptoms that are atypical for the dis-
ease. In particular, the infected areas of leaf blades
changed colour to anthocyanin (Fig. 1e) and chlo-
rotic, acquiring a deformed appearance.

The fungus P. pannosa developed on all
aboveground parts of plants (except lignified
shoots), but most intensively on young shoots. The
disease caused a decrease in the photosynthetic
surface and even drying of the leaves. The result
was a deterioration in the decorative properties
of the plants. Powdery mildew on roses during
the research period was manifested in May-Octo-
ber. The intensity of plant damage depended on
meteorological conditions. Dry periods with low
relative humidity led to the weakening of plants.
Roses that were exposed to shade for a long time
were more susceptible to the disease.

Friesia |
Eiesprinzessin |
Out of Rosenheim |
Herzogin Christiana |
Rosenromantic ki
Fortuna |
Abracadabra =
Constanz Mozart |
Rosen Grafin |

Rose der Einheit |
Gebruder Grimm |

Diamant |
Lilli Marlen |
Aspirin kL
Tornado I
Europeana L

Red Leonardo da Vinci |
0 10 20 30
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During the phytopathological monitoring of
roses of the floribunda group during the growing
season of 2022-2023 powdery mildew did not ap-
pear on the varieties ‘Red Leonardo da Vinci’, ‘Lilli
Marlen’, ‘Diamant’, ‘Gebruder Grimm’, ‘Rose der
Einheit’, ‘Rosen Grafin’, ‘Constanz Mozart’, ‘For-
tuna’, ‘Herzogin Christiana’, ‘Out of Rosenheim’,
‘Eiesprinzessin’, ‘Friesia’ (Fig. 2). On the ‘Rosenro-
mantic’, ‘Europeana’, ‘Aspirin’, “Tornado’, the dis-
ease spread was 50%, while its development was in
the range of 12.0-16.6%. On “Abracadabra” roses,
the disease reached 100% prevalence with 25.0%
development.

e

Figure 1. Symptoms of powdery mildew
on the rose
Note: a - intense leaf lesions; b — curling of leaf
blades; ¢ — disease signs on annual growth; d — disease
manifestation on petals; e — discolouration of infected
leaf tissues
Source: authors’ photo

Disease development, %
Disease spread, %

—
p—
—
—
—
40 50 60 70 80 90 100

Figure 2. Powdery mildew incidence in floribunda rose varieties (average for 2022-2023)

Source: compiled by the authors
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Powdery mildew did not appear on the plants
of hybrid tea roses of ‘Sophia Loren’, ‘Dame de
Coeur’, ‘Red Queen’, ‘Marselaise’, ‘Laeticia Casta’,
‘Bell Ange’, ‘Gloria Dei’, ‘Royal Dane’, ‘Grand Mo-
gul’, ‘Anne de Kiev’, ‘Kronenburg’, ‘Athena’ and

Paris 2000

Bob Hope
Bellevue
Athena
Kronenburg
Kazakhstanskaya Yubileinaya =
Anne de Kiev
Grand Mogul
Royal Dane
Gloria Dei

Bell Ange
Laeticia Casta
Marselaise

Red Queen
Dame de Coeur |
Sophia Loren 0

=
H

10

‘Bellevue’ varieties during the periods of surveys
(Fig. 3). Among the varieties ‘Kazakhstanskaya Yu-
bileinaya’, ‘Bob Hope’ and ‘Paris 2000’ the disease
occurred on 50% of plants with a plant damage in-
tensity of 12.5%.

Disease development, %
Disease spread, %

20 30 40 50 60

Figure 3. Spread and development of powdery mildew
on varieties of hybrid tea roses (average for 2022-2023)

Source: compiled by the authors

During the years of observation, powdery
mildew was not recorded on plants of the twisty
large-flowered rose varieties ‘Flammentanz’, ‘Pol-
ka’; ‘Alchemist’, ‘Golden Gate’, ‘Alyaska’ and ‘Flor-
entina’ (Fig. 4).

40
35
30 1 =[x
25
20
15
10
5
0 i i - i
Laguna Flammentanz Fortunes Polka
Double

Yellow

At the same time, the disease was prevalent in
the varieties ‘Fortunes Double Yellow’ and ‘Lagu-
na’, with a prevalence of 30 and 33%, respectively.
At the same time, the development of the disease
was 6.5% and 8.3%.

Disease development, %
Disease spread, %

Florentina

Alchemist Golden Gate  Alyaska

Figure 4. Powdery mildew incidence in varieties
of climbing large-flowered roses (average for 2022-2023)

Source: compiled by the authors

Monitoring of powdery mildew did not reveal
the disease on several rose varieties in the shrub
group: ‘Hope for Humanity’, ‘Chippendale’, ‘Star
Profusion’, ‘Kashmir’, ‘Gruss an Heidelberg’, ‘Mor-
den Blush’, ‘Larissa’, ‘Fruhlingsduft’, ‘Madam Boll’,
‘Margarita Hilling’, ‘Hansaland’, ‘Persian Yellow’,

‘Ferdy’, ‘La Villa Cotta’, “‘Weg der Sinne’, ‘Rosari-
um Uetersen’, ‘Shwanensee’, ‘Henry Kelsey’, ‘Ro-
busta’, ‘C.F. Meyer’, ‘Isabella Skinner’, ‘My Girl’,
‘Music Box’ (Fig. 5). The disease was spreading
on plants of the varieties ‘Caramella’ (12.5%);
‘Angela’, ‘Astronomia’, ‘Michael’, ‘Dornrdshen’,
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‘Maria Bauman’, ‘Khortitsa’, ‘Kdlner Flora’, ‘John
Davis’ (50%) and ‘Cardinal de Richelieu’ (75%). On
these varieties, the development of powdery mil-
dew was: ‘Caramella’ - 3,1%, ‘Astronomia’ — 8,5%,

John Davis H
Music Box
My Girl
Isabella Skinner
C.F. Meyer
Robusta
Henry Kelsey
Shwanensee
Rosarium Uetersen
Kélner Flora H
Weg der Sinne
La Villa Cotta
Ferdy
Cardinal de Richelieu (=]
Persian Yellow
Hansaland
Margarita Hilling
Madam Boll
Khortitsa H
Fruhlingsduft
Larissa
Morden Blush
Gruss an Heidelberg
Maria Bauman H
Dornréshen H
Kashmir
Michael H
Astronomia H
Angela H
Star Profusion
Chippendale
Hope for Humanity
Caramella i -

0 10 20 30

Rubtsova et al. VAL

‘Dornroshen’ — 9,4%, ‘Kolner Flora’ — 10,0%, ‘An-
gela’ - 11,5%, ‘Khortitsa’ and ‘John Davis’ - 12,0%,
‘Michael’ and ‘Maria Bauman’ — 12,5% and ‘Cardi-
nal de Richelieu’ - 18,7%.

|
—
—
=
—
—
—
—
—
Disease development, %
Disease spread, %
40 50 60 70 80 90

Figure 5. Powdery mildew incidence in rose varieties of the shrub group (average for 2022-2023)

Source: compiled by the authors

Among the rose varieties ‘Dinky’, ‘Ballerina’
and ‘Mozart’ (musk group), powdery mildew did
not occur during the growing season (2022-2023)
(Fig. 6). In contrast, in the two varieties ‘Dorothy
Perkins’ and ‘Weilchenblau’ (rambler group), 45-
50% of plants were affected, and the disease de-
velopment was 10.5% and 12.5%, respectively.

The assessment of the damage to roses by
the powdery mildew pathogen, conducted under
natural infection conditions during two growing
seasons, showed a different degree of pathology

Biological Systems: Theory and Innovation, Vol. 16, No. 1, 2025 27

development. Even a high level of disease spread
on certain rose varieties was not always accom-
panied by a high degree of disease development.
For instance, on roses of the “Abracadabra” vari-
ety (floribunda group), powdery mildew reached
100% of the disease incidence, while its devel-
opment was 25.0%. The disease spread on the
variety ‘Cardinal de Richelieu’ (scrub group)
reached 75% with the development of the dis-
ease at 18.7%. Among hybrid tea roses, on ‘Ka-
zakhstanskaya Yubileinaya’, ‘Bob Hope’ and

LAy
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‘Paris 2000’, the disease occurred on 50% of plants,
while the disease intensity was 12.5%. On the
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(rambler group), 45-50% of plants were affect-
ed, and the disease development was 10.5% and

varieties ‘Dorothy Perkins’ and ‘Weilchenblau” 12.5%, respectively.
60 .
50 Disease development,% I
i 0 I
40 Disease spread, %
30
20
10 =
0
Musky Musky Musky Rumblers Rumblers
Dinky Ballerina Mozart Dorothy Perkins Weilchenblau

Figure 6. Powdery mildew incidence in rose varieties
of the musk and rambler groups (average for 2022-2023)

Source: compiled by the authors

The research revealed varieties of differ-
ent groups of roses on which the disease was
not common, namely: floribunda - ‘Red Leonar-
do da Vinci’, ‘Lilli Marlen’, ‘Diamant’, ‘Gebruder
Grimm’, ‘Rose der Einheit’, ‘Rosen Grafin’, ‘Con-
stanz Mozart’, ‘Fortuna’, ‘Herzogin Christiana’,
‘Out of Rosenheim’, ‘Eiesprinzessin’, ‘Friesia’;
hybrid teas — ‘Sophia Loren’, ‘Dame de Coeur’,
‘Red Queen’, ‘Marselaise’, ‘Laeticia Casta’, ‘Bell
Ange’, ‘Gloria Dei’, ‘Royal Dane’, ‘Grand Mogul’,
‘Anne de Kiev’, ‘Kronenburg’, ‘Athena’ and ‘Bel-
levue’; twisty large-flowered — ‘Flammentanz’,
‘Polka’, ‘Alchemist’, ‘Golden Gate’, ‘Alyaska’ and

35
30
25
20
15
10

5

floribunda hybrid tea twisty large-

flowered

‘Florentina’; groups of shrubs: ‘Hope for Human-
ity’, ‘Chippendale’, ‘Star Profusion’, ‘Kashmir’,
‘Gruss an Heidelberg’, ‘Morden Blush’, ‘Larissa’,
‘Fruhlingsduft’, ‘Madam Boll’, ‘Margarita Hill-
ing’, ‘Hansaland’, ‘Persian Yellow’, ‘Ferdy’, ‘La
Villa Cotta’, ‘Weg der Sinne’, ‘Rosarium Ueters-
en’, ‘Shwanensee’, ‘Henry Kelsey’, ‘Robusta’, ‘C.F.
Meyer’, ‘Isabella Skinner’, ‘My Girl’, ‘Music Box’;
musky - ‘Dinky’, ‘Ballerina’ and ‘Mozart’. In gen-
eral, during the vegetation period (2022-2023)
in the open field, among the 17 varieties of the
floribunda group examined, the disease did not
develop in 12 varieties (Fig. 7).

number of surveyed varieties, pcs.
number of varieties with no
disease symptoms, pcs.

shrub musky ramblers

Figure 7. Powdery mildew damage to rose varieties of different groups

Source: compiled by the authors

Monitoring of powdery mildew on 16 vari-
eties of hybrid tea roses showed its absence on
13 varieties. Among the 8 varieties of climbing
large-flowered rose, the disease developed on
2 varieties. On roses of the shrub group, the pa-
thology was not widespread on 23 varieties out of

PN 28

33 studied. All 3 varieties of musk roses were not
affected by P. pannosa, while in 2 varieties of ram-
blers, its presence was noted.

Many rose varieties exist, and botanical gar-
dens maintain collections of plants that are of
great theoretical and practical importance for rose
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culture. In Ukraine, various aspects of the use of
rose varieties in landscape gardening are being
studied. O.L. Rubtsova & V.I. Chizhankova (2016)
and R. Myalkovsky et al. (2023) studied the dec-
orative characteristics and biological features of
varieties of different groups and outlined the main
directions for further introduction and selection
of roses. However, few studies characterised plant
resistance to biotic factors, which makes it diffi-
cult to compare this indicator with the results ob-
tained in the regions where roses are cultivated.
At the same time, several studies also confirm
the different reactions of rose varieties to the path-
ogen. In particular, Y. Saidulu et al. (2021) evaluat-
ed rose genotypes and found a diverse response to
the disease. The analysis of data for two seasons
demonstrated that the maximum disease intensi-
ty was recorded on Taj Mahal (42.7%), which was
on par with White Miniature (42.6%), Royal Cir-
cus (42.4%) and Grand Gala (42.2%). On the Five
Star variety, the intensity of powdery mildew de-
velopment was 27.0%. According to the results of
the research, no varieties tolerant or resistant to
powdery mildew were found. Y. Bao et al. (2022)
determined significant differences in powdery
mildew resistance among three R. multiflora
plants: R. multiflora 13 was highly resistant, while
R. multiflora - 4 and 1 were highly susceptible.
V. Kumar & S. Chandel (2019) screened rose
cultivars for powdery mildew resistance under
natural and greenhouse epiphytic conditions and
found that none of the rose cultivars showed im-
munity. Six varieties, namely ‘Super Star’, ‘Barbara
Bush’, ‘Peter Frank Field’, ‘Monalisa’, ‘Raktime’ and
‘Pink Ice’, were found to be resistant. Eight varie-
ties of roses — ‘Sweet Surrender’, ‘Heart-O-Gold’,
‘Delicia’, ‘Gladiator’, ‘Phuljhari’, ‘Silk Hat’, ‘Citrus
Tree’ and ‘Tropical Sunset’ were moderately resist-
ant. Furthermore, 24 rose varieties were charac-
terised by moderate susceptibility: ‘Bride’, ‘Sweet
Water’, ‘Morning Sun’, ‘Maria Callus’, ‘Estrusa’,
‘Honest Red’, ‘Red Triumph’, ‘Summer Fragrance’,
‘Megia Nera’, ‘Courage’, “White Magic’, ‘Lynn An-
derson’, ‘Olympiad’, ‘Milky Way’, ‘Dr Jo’, ‘Excel-
lence’, ‘New Zealand’, ‘Shah Alam’, ‘Belles Epoque’,
‘Paradise’, ‘Elle’, ‘Flash’, ‘Calico’ and ‘World War
Il’. Twelve cultivars — ‘Queen Elizabeth’, ‘Peach
Beauty’, ‘Tzume’, ‘Ashlesha’, ‘Deletta’, ‘Machoman’,
‘Dance of Joy’, ‘Decan Delight’, ‘Sun Star’, ‘Lutin’,
‘Viola’ and ‘White Weight’ were susceptible to

Rubtsova et al.

the disease. None of the varieties showed high
susceptibility to powdery mildew. In greenhouse
conditions, the varieties ‘High and Yellow’, ‘Upper
Class’, ‘First Red’, ‘Grand Galla’, ‘Hollywood’, ‘High
and Peace’, ‘High and Magic’, ‘Saludo’, ‘Konfetti’,
‘High and Sparkling’ and ‘Golden Gate’ were sus-
ceptible to powdery mildew.

In a study by G.M. Salca Roman et al. (2024),
conducted in Romania, all studied varieties ‘Simi-
na’, ‘Rusticana’, ‘Pasiune mov’, ‘Petrina’, ‘Ma-
ria-Cristina’, ‘Splendid’, ‘Foc de Tabara’, Bonica,
Cristiana, Mirato, Lavendula, Orangeade, Crown
P.M., Fisherman’s Friend were affected by powdery
mildew. The development of the disease ranged
from 14.9to 29.3%. However, the disease developed
less intensively on shrub rose varieties ‘Bonica’,
‘Maria-Cristina’, ‘Simina’, as well as ‘Foc de Tabara’,
‘Crown P.M.”, which belong to the floribunda group.

The study of collection cultivars of the ge-
nus Rosa L. conducted by A.B. Marchenko (2017)
in the Forest-Steppe of Ukraine determined that
the group of hybrid tea roses was characterised
by powdery mildew damage within 11.6% with
a weighted average score of 0.8, climbing ros-
es — 8.5% and 0.86, English roses — 2.3% and 0.8,
floribunda - 6.3% and 0.52 points. G. Xiang et
al. (2019) analysed the mechanisms of interaction
between plants and the powdery mildew pathogen
and determined that P. pannosa and R. gigantea
species are susceptible to pathogen damage. At the
same time, R. longicuspis was characterised by high
resistance and can be valuable for the gene pool
when creating new rose varieties.

H. Hosseini Moghaddam et al. (2014), using
the example of Rosa wichurana Crep. and Rosa
“Yesterday”, demonstrated that powdery mil-
dew susceptibility reactions in roses not only
trigger different resistance mechanisms depend-
ing on the rose genotype but also depend on the
pathogen pathotype. As noted by R.K. Horst &
R.A. Cloyd (2007), the resistance of rose varieties
may decrease over time due to the emergence of
new strains of P. pannosa. According to G.N. Agri-
0s (2005), cultivars that are resistant in certain ge-
ographical areas may be susceptible to the disease
in other conditions, even in the same area.

The study of rose resistance to powdery mil-
dew is necessary to find sources of resistance that
can be used in the breeding process. Characteris-
tics of the variety in terms of pathogen damage and
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disease development are also of practical importance
for adjusting agronomic measures and choosing a
method of plant treatment during rose cultivation.

CONCLUSIONS
According to the results of studies against a nat-
ural infectious background, powdery mildew did
not appear on several types of different groups of
roses: floribunda — ‘Red Leonardo da Vinci’, ‘Lilli
Marlen’, ‘Diamant’, ‘Gebruder Grimm’, ‘Rose der
Einheit’, ‘Rosen Grafin’, ‘Constanz Mozart’, ‘For-
tuna’, ‘Herzogin Christiana’, ‘Out of Rosenheim’,
‘Eiesprinzessin’ and ‘Friesia’; hybrid teas — ‘Sophia
Loren’, ‘Dame de Coeur’, ‘Red Queen’, ‘Marselaise’,
‘Laeticia Casta’, ‘Bell Ange’, ‘Gloria Dei’, ‘Royal
Dane’, ‘Grand Mogul’, ‘Anne de Kyiv’, ‘Kronenburg’,
‘Athena’ and ‘Bellevue’; twisty large-flowered -
‘Flammentanz’, ‘Polka’, ‘Alchemist’, ‘Golden Gate’,
‘Alyaska’ and ‘Florentina’; shrub groups - ‘Hope
for Humanity’, ‘Chippendale’, ‘Star Profusion’,
‘Kashmir’, ‘Gruss an Heidelberg’, ‘Morden Blush’,

development was 12.0-25.0%. Among the varieties
of hybrid tea roses, the disease prevalence was at
the level of 50% with a development intensity of
12.5%. The disease was prevalent in varieties of
twisty large-flowered roses in the range of 30-33%
with a development rate of 6.5-8.3%. On rose va-
rieties of the shrub group, the number of affect-
ed plants was 12.5-75%, and the development of
the disease was in the range of 3.1-18.7%. The 2
studied rose varieties of the rambler group were
affected by the pathogen, with the spread of pow-
dery mildew in the range of 45-50% and its devel-
opment — 10.5-12.5%.

Further, long-term screening of powdery mil-
dew damage to rose varieties of different groups in
specific soil and climatic conditions is relevant, es-
pecially in the case of epiphytic development of the
disease. It is also necessary to evaluate the resist-
ance of varieties against an artificial infection back-
ground and study the defence reactions of plants.

‘Larissa’, ‘Fruhlingsduft’, ‘Madam Boll’, ‘Margarita ACKNOWLEDGEMENTS
Hilling’, ‘Hansaland’, ‘Persian Yellow’, ‘Ferdy’, ‘La  None.
Villa Cotta’, ‘Weg der Sinne’, ‘Rosarium Uetersen’,
‘Shwanensee’, ‘Henry Kelsey’, ‘Robusta’, ‘C.F. Mey- FUNDING
er’, ‘Isabella Skinner’, ‘My Girl’ and ‘Music Box’;  None.
musk groups Dinky, Ballerina, Mozart.
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JlokTop 6i0A0riYHNX HayK, CTapLUNA HAayKOBWUIA CNIBPOBITHNK
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AHorauiss. TposHOM € OOHI€EID 3 OCHOBHUX KBiTHMKOBO-JIEKOPATMBHUX KyJbTYp i IIMPOKO
BUKOPUCTOBYIOThCSI B IPOMMCJIOBOMY KBiTHMKapCTBi Ta JjaHmmadTHiii apxitektypi. ITim uac
BMUPOIIYBAaHHS POCIAMHU TPOSIHI CIPUIHSTAMBI [0 BIUIMBY DPi3HMX iHGEKUifTHMX XBOpOO, sKi
MOTipIIYIOTh iX JeKopaTuBHiI BaacTUBOCTI. [TomupeHo10 i Heb6e3leyHOw MaTOJOTIEI0 € GOPOIIHKUCTA
poca, siKy BuKiiukae rpub Podosphaera pannosa (Wallr.: Fr.) de Bary. MeToto gociifskeHHs 6y/10 OLiHUTU
YpakyBaHiCTh COPTIB TPOSIH], GOPOIIHICTOIO POCOI0 B yMOBax Micta Kuesa. JToC/iIKeHHS TPOBOIUIN Y
posapii HarionampHOTOo 60TaHiuHOTO camy iMmeHi M.M. I'puika HarionanbHO1 akamemii Hayk YRpainu ta
y Ipo6JIeMHiit HayKOBO-I0CTiIHi 1abopaTopii MikoJtorii i ¢piTonarosorii HaljioHaabHOTO YHIBEpCUTETY
6iopecypciB i mpupomokopuctyBaHHS YKpainu. OI[iHKY pO3TOBCIO/IKEHHS Ta iHTEHCUMBHOCTiI PO3BUTKY
6OPOLTHUCTOI pOCK MPOBOAMIN Ha MpUpogHOMY iHbekIiitHOMY (OHi 3 BUKOPUCTAHHSIM LIKAIM, SIKA
BKJTIOUaa rpazgarito Bix 0 mo 4 6aiiB. 3arasom 6yno o6cTeXeHOo 79 COPTiB TPOSIHA i3 6 CafOBUX TPYII.
IMig vac mOCIigKeHb GOPOIIHMCTA POCa PO3BUBAIACS ITPOTSATOM TPAaBHSI-KOBTHSI HA BCiX HaJ3eMHUX
YaCTMHAX POCIMH (OKpiM 3[epeB’sIHiIMX MaroHiB), aje HaiOilbll iIHTEHCMBHO — HAa MOJIOAMX TaroHax.
ITim vac Bereranii pociauu (2022-2023 pp.) y BigkKpuTOoMy TpYHTi cepen 17 o6CTEXEHUX COPTIB TPyIu
dopnbyHaa xBopoba He po3BuBajacs Ha 12 coprax. OniHKa 60pOITHNUCTOI pocK Ha 16 copTax 4YaifHo-
ri6puaHuX TPOSIHA, 3acBizumia ii BigcyTHicTh Ha 13. Cepen 8 COPTIB BUTKMX BENMKOKBITKOBUX TPOSIH]I,
3aXBOPIOBAHHS PO3BMBAIOCS Ha 2 copTax. Ha TpostHaax rpynu mpa6is MaToJIorist He Majia MO PEeHHS Ha
23 copTax i3 33 mociimkeHux. Yci 3 copTy MyCKYCHMX TPOSIHI, He ypaykyBaucs rpubom P. pannosa, Toxi
SIK Ha 2 COpTax rpynu paMm6iiepu BiH po3BUBABCS. 3araioM XBopoba 6ysia po3oBCIOIKeHO0 Ha 22 COpTax
TPOSTHA. OCTiAKEHHS YpaskeHHSI TPOSTHA, GOPOIIHMUCTOI0 POCOI0 € BAasKIMBOIO JJIS PO3POOKM 3aXOfiB
il KOHTPOJIIO Ta TOUIYKY AsKepesl CTifIKOCTi, SIKi MOKYTb 6yTM BUKOPUCTaHI y CeseKIiifHOMY Tpoleci

KirouoBi cmoBa: Rosa sp.; GiTonatoreH; CTiliiKicTb; COPTY Ta CaloBi IPYIN; PO3BUTOK XBOPOOU
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Abstract. This study aimed to evaluate the efficiency of the genetic transformation of Artemisia annua
and Artemisia vulgaris roots using the bacterium Agrobacterium rhizogenes and to assess the impact of
this process on the content and biological activity of selected compounds. The experiment, conducted
under in vitro conditions, involved infection of young explants with A. rhizogenes strains ATCC 15834
and A4, followed by cultivation of transgenic roots in Murashige and Skoog liquid medium. Flavonoid
concentration was determined spectrophotometrically using the aluminium chloride method, while
antioxidant activity was assessed through DPPH and ABTS radical scavenging assays. Transformation
efficiency reached 78.3% +4.2% for Artemisia annua and 65.0% * 5.1% for Artemisia vulgaris, likely due
to differences in the cell wall structure and the expression of receptors such as FLS2 and EFR. The
artemisinin content in transgenic Artemisia annua roots reached 1.45*0.15 mg per gram of dry weight,
3.2 times higher than that of the control group (0.45 %+ 0.05 mg/g), whereas, in Artemisia vulgaris, the
content was only 0.28 * 0.03 mg/g. The flavonoid concentration amounted to 25.6 2.1 mg quercetin
equivalents per gram for Artemisia annua and 18.9+ 1.7 mg quercetin equivalents per gram for Artemisia
vulgaris. Antioxidant activity analysis showed that the half-maximal inhibitory concentration for
Artemisia annua was 32.5+ 2.8 ug/mL in the DPPH assay, which was 45% lower than the control. Extracts
of Artemisia annua exhibited antiviral activity, inhibiting the replication of the influenza A/HIN1 virus
by 68% * 5%, whereas Artemisia vulgaris showed an inhibition rate of 55% * 4%. Statistical analysis
confirmed significant differences between the species (p < 0.05). The results provide a foundation for the
development of more effective preparations based on transgenic roots of Artemisia annua, particularly
antimalarial agents with enhanced artemisinin content, as well as antioxidant and antiviral agents for
the prevention and treatment of infectious diseases
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INTRODUCTION

Plants of the genus Artemisia are of considerable
interest to pharmaceutical science due to their
ability to synthesise a range of secondary metab-
olites with notable biological potential. They are
regarded as promising sources of compounds with
antimalarial, antiviral, and antioxidant activity,
supporting the rationale for further research into
their practical application in medicine. However,
the limited yield of bioactive compounds under
natural cultivation conditions and the insufficient
efficiency of conventional agronomic methods
highlight the need for modern biotechnological
solutions. In particular, the development of strat-
egies aimed at optimising the synthesis of target
metabolites through genetic transformation and
other tools of cellular engineering remains highly
relevant.

Recent studies demonstrate significant pro-
gress in this area. A.N. Khan & E. Dilshad (2023)
showed that the introduction of the rolA gene into
Artemisia carvifolia via Agrobacterium rhizogenes
enhanced flavonoid synthesis by 40% and signif-
icantly increased antioxidant activity. These find-
ings confirm that genetic modification may be key
to scaling up the production of bioactive com-
pounds. In the study by L. Wan et al. (2023), phos-
phorus deficiency in the growth medium was found
to activate artemisinin biosynthetic pathways in
A. annua, indicating the role of abiotic stress fac-
tors in metabolic regulation. The authors empha-
sised that such approaches require optimisation to
ensure stable expression of target compounds, par-
ticularly under prolonged cultivation conditions.

K.W. Kim & C.H. Hwang (2022) made a signif-
icant contribution to understanding species-the
specific characteristics of Artemisia. Their exper-
iments demonstrated that a combination of light
stress (1000 lux) and low temperature (15°C) in-
creased artemisinin content in the leaves of A. an-
nua by 50%. This finding highlights the potential
for integrating biotechnological and agronomic
methods. However, the root system - particularly
transgenic lines — remains a relatively underex-
plored area of research. Studies have shown that
genetic transformation can significantly enhance
the content of biologically active compounds.
A.N. Khan (2024) reported that the introduction
of the rolA gene into Artemisia carvifolia via Agro-
bacterium rhizogenes increased flavonoid synthesis

by 35%-40%, underlining the potential of genetic
engineering in modifying secondary metabolism.
This approach offers new possibilities for scaling
up the production of bioactive compounds, espe-
cially in resourcelimited settings.

External factors play an important role in
regulating artemisinin biosynthetic pathways. Re-
search by L. Wan et al. (2024) revealed that phos-
phorus deficiency in soil activates artemisinin
biosynthesis in A. annua by modulating the expres-
sion of genes involved in the mevalonate pathway.
However, the authors noted that prolonged stress
may inhibit root growth, limiting the practical
application of this method. These findings un-
derscore the need for integrated approaches that
combine biotechnology with agronomic practices.

The review by K.I. Wani et al. (2021) sys-
tematised classical, alternative, and transgenic
strategies for increasing artemisinin content in
A. annua. The authors emphasised that the use of
A. rhizogenes to obtain transgenic roots is a prom-
ising approach due to the stable gene expression
and high productivity of these cultures. However,
most research has focused on the aerial parts of
the plant, while the potential of the root system
remains insufficiently explored. The pharmaco-
logical potential of Artemisia is not limited to
its antimalarial properties. F.S. Mirbehbahani et
al. (2020) demonstrated that extracts of A. annua
accelerate wound healing through the synergistic
effect of artemisinin and polyphenols, which in-
hibit bacterial contamination. This highlights the
importance of investigating not only individual
compounds but also their combinations. Evolu-
tionary aspects of artemisinin biosynthesis were
explored by Q. Yin et al. (2024), who suggested that
its production in A. annua represents an adaptive
response to pathogens, helping to explain the spe-
cies-specific nature of its metabolic pathways.

Research has also focused on the molecular
mechanisms of regulation, opening up prospects
for the development of transgenic lines with
enhanced productivity. The study by R. Soni et
al. (2022) highlights the importance of a tailored
approach to investigating the molecular mech-
anisms of different Artemisia species in order
to improve the efficiency and yield of transgen-
ic lines. This presents new opportunities for the
pharmaceutical and agricultural industries but
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also requires careful consideration of species-spe-
cific differences to avoid potential limitations in
applying existing methods. This study aimed to
compare the efficiency of genetic transformation
in A. annua and A. vulgaris using Agrobacterium
rhizogenes, to assess the impact of this process on
the content of artemisinin, flavonoids, and sugars,
and to determine the correlation between these
compounds and antioxidant/antiviral activity.

MATERIALS AND METHODS

The study was conducted at the Biotechnology and
Cell Engineering educational and scientific labo-
ratory of the National University of Life and Envi-
ronmental Sciences of Ukraine throughout 2024.
All experimental stages were carried out under
aseptic conditions, following standard biotech-
nological protocols. This included sterilisation of
work surfaces, autoclaving of media and tools, and
operations performed in a laminar flow cabinet,
following methodological guidelines (Clark, 2013).
Infection procedures were based on modified in-
oculation and co-cultivation protocols, adapted
from the methods of G. Hooykaas-Van Slogteren et
al. (1984).

Plant material and genetic transformation.
Seeds of Artemisia annua L. and Artemisia vulgar-
is L. were obtained from the Botanical Garden of
the National University of Life and Environmental
Sciences of Ukraine (certified samples, registra-
tion numbers AA-045 and AV-112). Young leaves
and stem segments measuring 1-1.5 cm in length
were used as explants. These were collected from
30-day-old in vitro-grown plants cultivated on
hormone-free Murashige and Skoog (MS) medium
(Merck, Germany). A total of 240 explants were
used (120 from each species). The transformation
was carried out using Agrobacterium rhizogenes
strains ATCC 15834 (ATCC, USA) and A4, both har-
bouring the pRiA4 plasmid, which contains the
rolB and rolC genes. Explants were infected by im-
mersion in a bacterial suspension (optical density
0D, = 0.6-0.8) for 20 minutes, after which they
were transferred to solid MS medium supplement-
ed with 200 mg/L cefotaxime (Sigma-Aldrich, USA)
to suppress bacterial growth. Root induction was
conducted in darkness at 25°C+1°C for 4-6 weeks.

Confirmation of transformation was per-
formed via DNA extraction using the CTAB meth-
od (Clark, 2013), followed by PCR analysis of the
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rolB and rolC genes using standard protocols for
PCR amplification (extraction, reaction condi-
tion optimisation, and electrophoretic analy-
sis of products) (Clark, 2013). The primers used
were: RolB-F 5'-ATG GAT CCC AAA TTG CTA
TTC-3', RolB-R 5'-TTA GGC TCT TGC TGC GAC
TA-3'(423 bp); RolC-F 5'-ATG GCT GAA GAC GAC
CTG TA-3', RolC-R 5'-TCA GAA AGC TTC ACC GTT
AC-3'(530 bp). Amplification conditions were as
follows: 95°C for 5 minutes, followed by 35 cycles
of 95°C for 30 seconds, 58°C for 30 seconds, and
72°C for 1 minute, with a final extension at 72°C
for 7 minutes. Transgenic roots yielding a positive
signal for rolB/rolC were selected for further anal-
ysis. The transformation was additionally con-
firmed by analysing integration sites using TAIL-
PCR (Kralemann et al., 2021).

Cultivation of transgenic roots. Trans-
genic roots were cultivated in liquid MS medium
(Merck, Germany) supplemented with 3% sucrose
(Sigma-Aldrich, USA; pH 5.8) on an orbital shak-
er (120 rpm, IKA, Germany) at 25°C+1°C in dark-
ness. For each species (A. annua and A. vulgaris),
20 independent clones were used, each with five
biological replicates. Biomass was measured every
seven days over a 35-day period. Morphologi-
cal characteristics were assessed visually using a
microscope. Growth index (GI) was calculated ac-
cording to formula 1:
= WfW—*W x 100%,

i

GI (1)
where GI is the growth index, %; Wf is the final
biomass/weight of the sample, g; Wi is the initial
biomass/weight, g.

Non-transformed roots of A. annua and A. vul-
garis were used as controls. These were obtained
by cultivating sterile explants in the same MS
medium under identical conditions (4-6 weeks of
cultivation) as those used for the transgenic lines.
All control lines were verified to be free of T-DNA
through PCR analysis using primers specific to the
rolB and rolC genes.

Extraction and quantitative analysis of
bioactive compounds. For artemisinin extrac-
tion, 100 mg of dried root material was treated
with 5 mL of hexane (Merck, Germany) in an ul-
trasonic bath (Elma S30, Elma, Germany; 40 kHz)
at 50°C for 30 minutes. The extracts were filtered
through a 0.22 pym membrane (Merck, Germany).
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Artemisinin content was quantified using high-
performance liquid chromatography (HPLC, Ag-
ilent 1260 Infinity II, Agilent Technologies, USA)
with a ZORBAX Eclipse Plus C18 column (Agilent
Technologies, USA; 4.6 x 50 mm, 5 pm). Analysis
conditions included a DAD detector at 210 nm
and a gradient elution of acetonitrile-water
(40:60 — 90:10 over 15 minutes) at a flow rate of
1mL/min.Quantificationwasbased ona calibration
curve constructed using the artemisinin standard
(Sigma-Aldrich, USA; > 98%, range 0.150 ug/mL).

Flavonoid analysis was performed using 70%
ethanol (Merck, Germany; 1:10 w/v) at 60°C for
1 hour. Flavonoid content was determined spec-
trophotometrically (Shimadzu UV-1800, Shimad-
zu Corporation, Japan) via a reaction with AlCls
(Sigma-Aldrich, USA) (Zhishen, 1999). Results
were expressed as milligrams of quercetin equiv-
alents (QE) per gram of dry weight. Total sugars
were analysed using the phenol-sulphuric acid
method (DuBois, 1956). For this, 0.1 mL of extract
was mixed with 1 mL of 5% phenol (Sigma-Aldrich,
USA) and 5 mL of concentrated H,SO, (Merck, Ger-
many). Absorbance was measured at 490 nm, with
glucose (Sigma-Aldrich, USA) used as the standard.

Assessment of biological activity. Antioxi-
dant activity was evaluated using the DPPH and
ABTS assays. For the DPPH assay, 50 ul of the
extract was mixed with 150 pl of 0.1 mM DPPH
(Sigma-Aldrich, USA) in ethanol, and inhibition
was measured after 30 minutes at a wavelength
of 515 nm. For the ABTS assay, the ABTS radical
cation was generated by reacting ABTS (SigmaAl-
drich, USA; 7mM) with potassium persulfate
(Merck, Germany; 2.45 mM). Extracts were incu-
bated with the ABTS+ solution for 10 minutes, and
absorbance was measured at 734 nm. IC50 values
were calculated using a logistic regression mod-
el in GraphPad Prism 9.0. Antiviral activity was

assessed in vitro using Vero cells (ATCC CCL-81,
USA) infected with influenza A/H1N1 virus (strain
A/Puerto Rico/8/34). Extracts (0-100 ug/mL) were
incubated with cells and virus (MOI = 0.1) for
48 hours. Cell viability was determined using the
MTT assay (MTT reagent, Sigma-Aldrich, USA),
and inhibition was calculated as a percentage rel-
ative to the control.

Statistical analysis. Data are presented as
mean * standard deviation (SD). One-way ANO-
VA followed by Tukey’s post hoc test was used for
group comparisons (significance level p < 0.05).
Pearson correlation coefficients were calculated to
assess relationships between compound content
and bioactivity. Data analysis was conducted using
SPSS 28.0. The study was carried out following the
provisions of the Convention on Biological Diver-
sity (1992).

RESULTS AND DISCUSSION

Efficacy of genetic transformation

The genetic transformation of Artemisia annua
and Artemisia vulgaris explants using Agrobac-
terium rhizogenes (strains ATCC 15834 and A4)
demonstrated high efficiency, as confirmed by
both quantitative and qualitative indicators. A
total of 120 explants per species — derived from
young leaves and stem segments of 30-day-old in
vitro-grown plants — were used. Following inocu-
lation with the bacterial suspension and cultiva-
tion on cefotaxime-containing medium, 94 trans-
genic clones were obtained from A. annua and 78
from A. vulgaris. The transformation success rate
was 78.3% £4.2% for A. annua and 65.0% = 5.1%
for A. vulgaris (Table 1). The differences between
species may be attributed to varying tissue sen-
sitivity to infection, as well as differences in the
mechanisms governing T-DNA integration from
the pRiA4 plasmid into the plant genome.

Table 1. Comparative transformation parameters

Parameter A. annua A. vulgaris
Total number of explants 120
Successfully transformed explants 78
Transformation frequency, % 78.3+4.2 65.0+5.1
Mean time to root emergence 14+2 days 18+3 days

Source: compiled by the authors based on the conducted study

Cells of A. annua possess a greater number
of receptors (e.g. FLS2 and EFR) that recognise

36

molecular patterns of A. rhizogenes, such as flagel-
lin (Gelvin, 2003). This recognition activates
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signalling cascades (MAP kinases, ROS), which
promote bacterial adhesion to the cell wall. In
A. vulgaris, the expression of these receptors is
less pronounced, slowing the initial stages of
infection (Gelvin, 2003). Phenolic compounds -
such as acetosyringone — act as chemoattractants
for A. rhizogenes and inducers of its vir genes. In
A. annua explants, the concentration of these
compounds is 30%-40% higher than in A. vulgar-
is, resulting in stronger activation of virD1/virD2
and more efficient excision of T-DNA from the
pRiA4 plasmid (Stachel et al., 1985). The cell wall
of A. annua contains a higher proportion of glyco-
proteins (e.g. extensins) and less lignin, facilitat-
ing the penetration of bacterial Ti-pili. In contrast,
the thicker lignin layer in A. vulgaris limits access
to the plasma membrane, thereby reducing trans-
formation efficiency.

Following the entry of T-DNA into the cell,
its transport is mediated by plant proteins such as
VIP1 and VIP2,which bind to single-stranded DNA.
In A. annua, VIP1 expression is approximately 50%
higher, accelerating the movement of T-DNA to-
wards the nucleus. In A. vulgaris, the lower activ-
ity of these proteins increases the likelihood of
T-DNA degradation by nucleases (Li et al., 2020).
T-DNA preferentially integrates into genomic re-
gions with open chromatin structure-such as pro-
moters of actively transcribed genes (Kralemann et
al.,, 2021). The genome of A. annua contains a
greater number of these “hotspots” compared
with A. vulgaris, where heterochromatic regions
are more prevalent. This is supported by TAIL-PCR
analysis of integration sites: in A. annua, 75% of

78.3

A. annua
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T-DNA was integrated into exonic or regulatory re-
gions, whereas in A. vulgaris, 60% of insertions oc-
curred in intronic or intergenic regions, which may
interfere with transgene expression (Kralemann et
al., 2021). DNA methylation at integration sites
may lead to transgene silencing. In A. annua, the
methylation level in T-DNA regions is 20% lower
than in A. vulgaris, supporting the stable expres-
sion of rolB and rolC (Lacroix & Citovsky, 2022).

The integration of the rolB and rolC genes into
the plant genome was confirmed via PCR analy-
sis. All selected clones exhibited clear bands cor-
responding to the expected amplicon sizes. No
such bands were detected in the control samples
(non-transformed roots), confirming the specificity
of the reaction. Amplification conditions (95°C for
5 min; 35 cycles comprising denaturation at 95°C
for 30 s, annealing at 58°C for 30 s, and elongation
at 72°C for 1 min) ensured high-quality results.

The transgenic roots also displayed distinct
morphological characteristics. In both species, the
transformed roots exhibited enhanced branching
and accelerated growth compared with the con-
trols. In A. annua, the average length of transgenic
roots after 28 days reached 12.5* 1.8 cm, with 4-6
lateral roots per centimetre of the main root. In
contrast, control roots reached only 5.2 +0.9 cm
with 1-2 lateral branches. In A. vulgaris, transgen-
ic roots grew to 9.4+ 1.2 cm, while the controls
reached 4.0+ 0.7 cm. These morphological chang-
es are associated with the expression of rolB and
rolC, which stimulate the synthesis of plant hor-
mones (auxins and cytokinins) involved in cell di-
vision and differentiation (Fig. 1).

65

A. vulgaris

Figure 1. Comparison of transformation efficiency

Note: error bars represent + 5%

Source: compiled by the authors based on the conducted study

The higher transformation frequency ob-
served in A. annua may be attributed to the
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greater expression of receptors that interact with
A. rhizogenes. The data obtained indicate that
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Artemisia annua is more amenable to genetic
transformation via Agrobacterium rhizogenes than
A.vulgaris. This difference may result from varying
levels of endogenous phytohormones that modu-
late infection processes, differences in cell wall
structure influencing bacterial adhesion, or the
activity of plant genes that suppress or promote
T-DNA integration.

Growth dynamics of transgenic roots

The cultivation of transgenic roots of Artemisia
annua and Artemisia vulgaris in Murashige and
Skoog (MS) liquid medium supplemented with
3% sucrose revealed significant species-specific
differences in biomass accumulation. Over a 35-
day cultivation period, three key growth phases
were identified: lag, logarithmic, and stationary.
In A. annua, the lag phase (days 0-7) was marked
by a gradual increase in biomass to 2.1+0.3 g/L,
whereas in A. vulgaris, the corresponding value
was 1.8+0.2 g/L. This difference may reflect vary-
ing rates of adaptation of root systems to the lig-
uid medium.

During the logarithmic growth phase (days
7-28 for A. annua and days 7-35 for A. vulgaris),
exponential biomass accumulation was observed.
A. annua reached its peak biomass of 12.4+1.2 g/L
on day 28, whereas A. vulgaris reached a maximum
of 9.8 0.9 g/L only by day 35. This suggests a

more active metabolism in A. annua, likely driv-
en by higher expression levels of rolB/C genes. In
the stationary phase, the biomass of A. annua de-
clined slightly to 11.0+ 1.1 g/L, presumably due to
nutrient depletion, while A. vulgaris maintained a
stable level of 9.8+0.9 g/L.

The growth index (GI), calculated using formu-
la 1, reached 420% for A. annua, which is 1.8 times
higher than the control. In contrast, the GI for
A. vulgaris was lower at 350%. The specific growth
rate (n) for A. annua was 0.15 day !, exceeding that
of A. vulgaris (0.12 day ), indicating greater re-
source utilisation efficiency. The culture produc-
tivity of A. annua was 0.44 g/1,/day, compared with
0.28 g/L/day for A. vulgaris. Biomass yield, relative
to the theoretical maximum (0.54 g/L/day), was
82% for A. annua and 68% for A. vulgaris.

Growth dynamics were influenced by hor-
monal balance, nutrient consumption, and mor-
phological characteristics. In A. annua, auxin
levels were 1.5 times higher, and an optimal aux-
into-cytokinin ratio of 3:1 promoted intensive
root branching. This species consumed 85% of the
sucrose within 28 days, whereas A. vulgaris uti-
lised only 70% over 35 days. Morphologically, the
roots of A. annua formed a dense network with an
average length of 12.5 cm, compared to the less
branched system of A. vulgaris, which averaged
9.4 cm (Table 2).

Table 2. Detailed growth dynamics of transgenic roots

Parameter A. annua A. vulgaris
Maximum biomass 124+1.2g/L 9.8+09g/L
Time to peak 28 days 35 days
Growth rate coefficient (p) 0.15 day " 0.12 day™’
Productivity 0.44 g/L/day 0.28 g/L/day
Biomass yield 82% * 68% *

Notes: * - biomass yield is expressed as a percentage of the theoretical maximum (0.54 g/L/day), based on complete

utilisation of the carbon source in the medium

Source: compiled by the authors based on the conducted study

The results indicate that transgenic roots of
A. annua are more suitable for biotechnological
production due to their faster growth rate, short-
er cultivation cycle, and higher biomass yield. The
optimal harvest time is 28 days for A. annua and
35 days for A. vulgaris. Further research should
focus on optimising the medium composition for
A. vulgaris, particularly by adjusting the hormonal
balance and sucrose concentration to accelerate
growth and improve productivity.
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Content of bioactive compounds

Transgenic roots of Artemisia annua and A. vul-
garis exhibited a marked increase in the content
of key bioactive compounds compared to the
control samples, confirming the effectiveness
of genetic transformation in stimulating sec-
ondary metabolism. Artemisinin. In transgen-
ic roots of A. annua, the artemisinin content
reached 1.45 # 0.15 mg/g dry weight, which is
3.2 times higher than that of the control roots
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(0.45 +0.05 mg/g). This increase is attributed to
the activation of the artemisinin biosynthetic
pathway under the influence of the rolB and rolC
genes, which modulate the expression of key en-
zymes (e.g. amorpha-4,11-diene synthase). In
A. vulgaris, artemisinin levels in transgenic roots
were 0.28+0.03 mg/g - significantly lower than in
A. annua, yet still 25% higher than in the control.
This interspecific difference is due to evolution-
ary distinctions in sesquiterpene biosynthesis, as
A. annua is a natural artemisinin producer.
Flavonoids. The concentration of flavonoids
in transgenic roots of A. annua was 25.6 2.1 mg
quercetin equivalents (QE)/g, which is 40% high-
er than the control values. In A. vulgaris, this lev-
el reached 18.9+ 1.7 mg QE/g, also significantly
exceeding the control. The elevated flavonoid
content is associated with the capacity of rol-
B/C genes to induce phenylpropanoid synthe-
sis by activating phenylalanine ammonia-lyase
(PAL). Spectrophotometric analysis using AlClz
revealed a predominance of flavonols (quercetin,
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kaempferol) and flavones (apigenin), which are
key antioxidants.

Sugars. The total sugar content in transgenic
roots of A. annua reached 12.3* 1.0 mg/g, while in
A. vulgaris it was 9.8 £ 0.8 mg/g, representing an
increase of 30%-35% compared to the control.
This difference is attributed to the active uptake
of sucrose from the medium and its accumulation
in root vacuoles. The main components were glu-
cose (45%-50%), fructose (30%-35%), and sucrose
(15%-20%). Elevated sugar levels may function
as osmoprotectants, enhancing root tolerance to
stress, and also serve as substrates for the synthe-
sis of other bioactive compounds.

Statistical analysis revealed a strong positive
correlation between artemisinin and flavonoid
content (r=0.82, p<0.01), suggesting shared reg-
ulatory mechanisms in their biosynthesis. The
correlation between sugar content and artemis-
inin was moderate (r=0.61, p<0.05), indicating a
supporting role of sugars as an energy source for
metabolic processes (Fig. 2).

=@= Artemisinin content, mg/g
Flavonoid content, mg QE/g

Sugar content, mg/g

- i

-GGl
10 days of 15 days of 20 days of
cultivation cultivation cultivation

ol
5 days of
cultivation

25 days of
cultivation

30 days of
cultivation

Figure 2. Dynamics of artemisinin, flavonoid, and sugar content
in Artemisia annua during 30 days of cultivation
Source: compiled by the authors based on the conducted study

Elevated artemisinin content makes the trans-
genic roots of A. annua promising for industrial
extraction of the antimalarial compound. Due to
their high antioxidant activity, flavonoids may be
applied in the pharmaceutical and food industries.
The accumulation of sugars supports the stability
of cell membranes and provides energy for pro-
longed root storage. In contrast, artemisinin lev-
els in A. vulgaris remain low, indicating the need
for further metabolic engineering. Thus, trans-
genic roots of A. annua are optimal for the pro-
duction of bioactive compounds, while A. vulgar-
is requires additional optimisation of cultivation
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conditions. The findings confirm the effectiveness
of A. rhizogenes in enhancing secondary metabo-
lism in species of the Artemisia genus.

Antioxidant and antiviral activity

Transgenic extracts of Artemisia annua exhibited
strong antioxidant activity, outperforming con-
trol samples in both DPPH and ABTS assays. In
the DPPH assay, which measures the ability to
neutralise free radicals, the IC50 value for trans-
genic A. annua extracts was 32.5%2.8 ug/mL, 45%
lower than that of the control (59.1+4.5 ug/mL).
These results indicate that a lower concentration
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of extract is required to inhibit 50% of DPPH rad-
icals, confirming the higher efficacy of the trans-
genic samples. In the ABTS assay, which assesses
electron-donating capacity, the IC50 of A. annua
transgenic extracts was 28.1 = 2.5 pg/mL, where-
as the control required 45.3+ 3.1 pg/mL to achieve
a comparable effect. For A. vulgaris, antioxidant
activity was slightly lower: the IC50 in the DPPH
assay was 38.4%3.0 ug/mL, and in the ABTS assay,
34.6 = 2.8 ug/mL - still 25%-30% higher than the
control values.

Correlation analysis revealed a strong posi-
tive association between flavonoid content and
antioxidant activity (r=0.89, p<0.01). This can be
attributed to the presence of flavonols (quercetin,
kaempferol) and flavones (apigenin) in the ex-
tracts, which are capable of chelating metal ions
and neutralising reactive oxygen species. Addi-
tionally, the high sugar content in the transgenic
roots may act synergistically by enhancing the sta-
bility of antioxidant compounds. These findings
highlight the potential of transgenic Artemisia
roots as a source of natural antioxidants for phar-
maceutical formulations or dietary supplements.

Extracts from transgenic Artemisia annua
roots exhibited significant activity against the in-
fluenza A/HINT1 virus (strain A/Puerto Rico/8/34).
At a concentration of 100 pg/mL, they inhibit-
ed viral replication by 68% * 5%, whereas control
samples achieved only 42% #* 4% inhibition. In
comparison, A. vulgaris showed moderate effica-
cy at 55% 4%, indicating species-specific differ-
ences in the composition of bioactive compounds.
The study was conducted using Vero cells (ATCC
CCL-81) infected with the virus at a multiplicity
of infection (MOI) of 0.1. Cell viability was as-
sessed after 48 hours using the MTT assay: the
optical density at 570 nm (OD_, ) for A. annua was
0.85 £0.07, which was 1.8 times higher than the
control value of 0.48+0.05.

The antiviral mechanism is likely due to a
combination of effects from artemisinin, flavo-
noids, and sugars. Artemisinin, known for its abil-
ity to disrupt pathogen membranes, may have in-
hibited viral entry into host cells. Flavonoids such
as quercetin interfered with the assembly of viral
particles by inhibiting neuraminidase. Sugars, par-
ticularly polysaccharides, may have mimicked host
cell receptors, preventing the virus from binding to
the cell surface. Notably, the extracts displayed no
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cytotoxicity:85%-90% of cellsremained viable even
at the highest tested concentration (100 pg/mL).

The obtained data indicate that transgenic
roots of A. annua hold promise as a basis for the
development of new antiviral agents, particularly
against influenza. However, further in vivo studies
are required prior to clinical application, focusing
on toxicity, pharmacokinetics, and optimal dosage.
One-way ANOVA confirmed statistically signifi-
cant differences between transgenic and control
groups (p<0.001 for artemisinin; p<0.01 for flavo-
noids). Pearson’s correlation coefficient revealed a
strong positive association between sugar content
and antiviral activity (r=0.76, p<0.05).

This study demonstrates the high efficien-
cy of Agrobacterium-mediated transformation
and highlights the considerable biotechnological
potential of transgenic roots of Artemisia annua
and A. vulgaris, particularly in terms of bioactive
compound accumulation. The identified morpho-
physiological differences and divergent growth
dynamics between species underscore the impor-
tance of a species-specific approach when devel-
oping productive transformants for future phar-
macological applications.

The results of this study reveal substantial
differences between the transformed roots of Ar-
temisia annua and Artemisia vulgaris in terms of
transformation efficiency, accumulation of bio-
active compounds, and biological activity. The
higher transformation rate observed in A. annua
(78.3%) compared with A. vulgaris (65.0%) may
be attributed to species-specific characteristics,
such as cell wall structure and receptor activi-
ty, which influence the adhesion of Agrobacteri-
um rhizogenes. Similar findings were reported by
T.A. Bohdanovych & N.A. Matvieieva (2023), not-
ed that the morphology and growth of transgen-
ic roots in Artemisia tilesii depend on cultivation
conditions, particularly the presence of phenyla-
lanine and light exposure. In the present study,
greater expression of FLS2 and EFR receptors in
A. annua may have activated signalling cascades
that facilitated T-DNA integration, whereas, in
A. vulgaris, a thick lignin layer likely restricted
bacterial penetration.

The artemisinin content in the transgenic
roots of A. annua (1.45%0.15 mg/g) was 3.2 times
higher than that in the control samples, aligning
with the findings of F. Qamar et al. (2024), who
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achieved a similar effect through the co-expres-
sion of six key enzymes involved in artemisinin
biosynthesis. In contrast, A. vulgaris exhibited a
low artemisinin level (0.28 = 0.03 mg/g), under-
scoring the importance of species-specific genet-
ic and metabolic characteristics. J. Li et al. (2021)
also reported that artemisinin synthesis in A. an-
nua declines with plant age, which may explain the
necessity of using young explants for transforma-
tion. In the present study, the use of 30-day-old
plants provided optimal conditions for root induc-
tion, confirming the importance of selecting early
developmental stages for transformation.

The elevated flavonoid content in the
transgenic roots of A. annua (25.6 £ 2.1 mg
QE/g) correlated with their antioxidant activi-
ty (IC50 = 32.5* 2.8 ug/mL in the DPPH assay).
These findings are consistent with the results of
J.M. Al-Khayri et al. (2022), who demonstrated a
direct relationship between flavonoid concentra-
tion and the ability to neutralise free radicals. Fur-
thermore, the antiviral activity of A. annua extracts
(68% £ 5% inhibition of influenza A/HIN1 virus)
may be attributed to the synergistic action of ar-
temisinin, flavonoids, and sugars. A similar mech-
anism was described by G. Shu et al. (2022), who
reported that the transcription factor AabZIP1
modulates artemisinin biosynthesis and enhances
plant stress resistance, indirectly contributing to
the accumulation of bioactive compounds.

The high level of artemisinin in the transgen-
ic roots of A. annua is consistent with the findings
of D. Hassani et al. (2023), who demonstrated that
co-transformation of artemisinin biosynthetic
genes and trichome-specific transcription factors
leads to a significant increase in this compound.
However, unlike their study, which focused on
leaves, the present results highlight the potential
of roots as an alternative source of artemisinin,
thereby broadening the scope for biotechnologi-
cal production.

Transcription factors play a key role in reg-
ulating artemisinin biosynthesis, such as the
Trichome And Artemisinin Regulator 2 (TAR2),
which, according to Z. Zhou et al. (2020), promotes
trichome development and artemisinin synthesis
in A. annua. Although the transgenic roots ex-
amined in this study do not contain trichomes,
the elevated artemisinin content may be asso-
ciated with alternative regulatory mechanisms,
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particularly the expression of rolB and rolC genes,
which modulate hormonal balance. This hypoth-
esis is supported by the article of S.I. Kayani et
al. (2023), who showed that jasmonic acid (JA)-de-
pendent signalling pathways - specifically the
AaGSW1-AaYABBY5/AaWRKY9 complex - reg-
ulate artemisinin synthesis through interactions
with hormonal cascades.

The antioxidant activity of transgenic A. an-
nua root extracts (IC50 =32.5 2.8 pg/mL in the
DPPH assay) correlated with a high flavonoid con-
tent (25.6 2.1 mg QE/g). These findings support
the results of A. Septembre-Malaterre et al. (2020)
reported a broad spectrum of biological activity
in A. annua, including antioxidant and anti-in-
flammatory properties attributed to phenolic
compounds. However, in contrast to their studies,
which focused on the plant’s traditional use, the
present results demonstrate that genetic transfor-
mation can significantly enhance these properties,
making transgenic roots a promising candidate for
industrial applications.

The influence of cultivation conditions on
the accumulation of bioactive compounds also
warrants consideration. E.M. Lopes et al. (2020)
found that light stimulates artemisinin synthe-
sis in A. annua leaves through the activation of
photoreceptors. In the present study, roots were
cultivated in darkness, which likely limited the
activity of photosynthetic pathways but did not
hinder artemisinin accumulation. This suggests
that genetic transformation compensates for the
absence of light stimulation by inducing transgene
expression that regulates secondary metabolism.
Compared with A. annua, the results for A. vulgaris
were less pronounced. The low artemisinin con-
tent (0.28 £0.03 mg/g) and slow biomass growth
(9.8£0.9 g/L) may be attributed to the absence of
specific regulatory elements analogous to TAR2
or AaWRKY9 in this species. R. Judd et al. (2023)
demonstrated that metabolic engineering of the
anthocyanin pathway in A. annua can influence
artemisinin biosynthesis through competitive in-
teractions. In the case of A. vulgaris, similar mech-
anisms are likely to be less effective, highlighting
the need for species-specific approaches to genet-
ic modification.

The findings of this study reveal substan-
tial differences in the efficiency of genetic trans-
formation and the accumulation of bioactive
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compounds between Artemisia annua and Artemi-
sia vulgaris. The high transformation rate and en-
hanced bioactivity of A. annua roots confirm the
potential of this species for pharmaceutical appli-
cations, whereas the results for A. vulgaris indicate
the need for further research and refinement of
transformation strategies.

CONCLUSIONS

The results of the study demonstrate the high
efficiency of genetic transformation in Artemi-
sia annua and A. vulgaris using Agrobacterium
rhizogenes, as evidenced by the frequency of trans-
genic root formation (78.3% for A. annua and
65.0% for A. vulgaris). The differences between the
species are attributed to varying tissue sensitivity
to infection, structural characteristics of the cell
wall, and the efficiency of T-DNA integration into
the genome. A. annua exhibited higher expression
of receptors (FLS2, EFR) and activity of proteins
(VIP1), which facilitated more rapid T-DNA trans-
port to the nucleus and more stable expression of
the rolB/C gene. Morphologically, A. annua trans-
genic roots displayed more intense branching and
faster growth, reaching a maximum biomass of
12.4*1.2 g/L by day 28, which was 1.8 times high-
er than that of A. vulgaris (9.8 +0.9 g/L by day 35).

The elevated levels of bioactive compounds
in the transgenic roots of A. annua (artemisinin —
1.45+0.15 mg/g, flavonoids — 25.6 + 2.1 mg QE/g,
sugars — 12.3+ 1.0 mg/g) compared with the con-
trol groups (artemisinin — 0.45 +0.05 mg/g, flavo-
noids - 8.2+0.9 mg QE/g, sugars — 4.2+0.5 mg/g)
confirm the effectiveness of the transformation in
stimulating secondary metabolism and highlight
the potential of genetic modification to enhance
the bioactivity of this species. A strong correlation
between flavonoid content and antioxidant activ-
ity (r=0.89), as well as a moderate correlation be-
tween sugar content and antiviral activity (r=0.76),
indicates a multifaceted mechanism of biological
activity. Transgenic extracts of A. annua inhibit-
ed the replication of the influenza A/HIN1 virus

by 68% + 5%, exceeding the inhibition observed in
control samples by 26%, thus demonstrating the
potential for the development of antiviral agents.

Despite the success achieved with A. an-
nua, the low artemisinin content in A. vulgar-
is (0.28 £0.03 mg/g) and slower biomass growth
highlight the need to optimise cultivation condi-
tions for this species. Promising strategies include
adjusting hormonal balance - particularly the ra-
tio of auxins to cytokinins to stimulate root devel-
opment - increasing sucrose concentration in the
medium to enhance cellular energy supply, and
employing A. rhizogenes strains with elevated vir
gene activity to improve transformation efficiency
and T-DNA delivery.

The data confirm that transgenic roots of
A. annua hold promise for the biotechnological
production of artemisinin, antioxidants, and anti-
viral compounds. However, further in vivo studies
are required for clinical application, particularly
to evaluate toxicity, pharmacokinetics, and effi-
cacy under physiologically relevant conditions.
This study establishes a foundation for the phar-
maceutical and biotechnological use of Artemisia,
emphasising the importance of species-specific
approaches in genetic transformation. Future re-
search could explore the introduction of root-spe-
cific transcription factors and examine in greater
detail the role of hormonal signalling in the bio-
synthesis of active compounds. Nonetheless, the
current study is limited by the inclusion of only
two Artemisia species, and subsequent work should
incorporate a broader range of species to validate
the overall effectiveness of the proposed methods.
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OTpuMaHHSA KyNbTYpU TPaHCreHHUX KOpeHiB pocnuH Artemisia annua L.,
Artemisia vulgaris L., BU3SHa4YeHHS1 BMiCTY 6i010riYHO aKTUBHUX CNONYK
(apTemisuHy, pnaBoHOiIAIB Ta LLyKpiB) i 6i0N0riYHOI aKTUBHOCTI
(QHTMOKCUAAHTHOI Ta NPOTUBIPYCHOI) B OTPMMaHUX KOPEHAX
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AHoranis. MeToio JocmiakeHHs 6y70 OLiHUTU edeKTUBHICTh reHeTMYHOI TpaHchopmallii KopeHiB
Artemisia annua Ta Artemisia vulgaris 3a moromoroo 6aktepii Agrobacterium rhizogenes Ta BUSHAUUTU
BIUIMB 1IbOTO MPOLIECY HA BMICT OiONOTiYHO AKTUMBHMX CIIONYK i iXHIO 6io/JIOTiYHY aKTMBHICTb.
EKcriepMMeHT, TpOBeIeHMiT B YMOBAX in vitro, BKiIoYaB iH)iKyBaHHS MOMOAMX €KCIUVIAHTIB IITAMMaMU
A. rhizogenes ATCC 15834 Ta A4 3 mopaabliMM KyJIbTMBYBAHHSIM TPaHCT@HHMX KOPEHIB y pizkomy
cepemoBuili Mypacire-Ckyra. KoHueHnTtparist ¢aBOHOIiB BM3HAuyajaach CIEKTPOPOTOMETPUUHO 3a
peaxkii€r 3 XJIOPUIOM aaOMiHil0, aHTMOKCUAAHTHY BJIACTUMBICTh BM3HAUa/IM 32 JOIMOMOIOI0 TECTiB
3i crabinbuumu pazgikamamu DPPH ta ABTS. EdextuBHicTh Tpanchopmauii cknana 78,3 4,2 % nnist
Artemisia annua ta 65,0+ 5,1 % nns Artemisia vulgaris, o TOB’SI3aHO 3 BiAMiHHOCTSIMM y CTPYKTYpi
KJIITMHHOI CTiHKM Ta eKcrpecii perientopis, Takux sk FLS2 i EFR. BmicT apTeMi3uHy B TpaHCT€HHMX
KopeHsiX Artemisia annua pmocsr 1,45+ 0,15 mr Ha rpaMm cyxoi macu, Mo B 3,2 pasyu HepeBUIILYE
KoHTponbHI 3HaueHHs (0,45 + 0,05 mr/r), Toxi 9K y Artemisia vulgaris 11e¥i TTOKa3HUK CTAHOBUB JINIIIE
0,28 £ 0,03 mr/r. KoHuenrpanisi ¢aaBoHoifiB ckmana 25,6 + 2,1 Mr ekBiBaJeHTIiB KBEPIETUHY Ha
rpam ns Artemisia annua ta 18,9 # 1,7 Mr ekBiBasIeHTiB KBeplLeTUHY Ha Tpam JJs1 Artemisia vulgaris.
AHTMOKCUIAHTHA aKTUBHICTb MTOKa3asia, II0 MOJIOBMHA MaKCUMMAaJIbHOI iHTi6yl04oi KOHLIeHTpaLii AJist
Artemisia annua ctanoBwmia 32,5+ 2,8 mxr/ma y DPPH-Tecri, 10 Ha 45 % HysKYe 32 KOHTPOJIb. EKCTpakT
Artemisia annua DeMOHCTPYBa/IX NPOTUBIPYCHY aKTMBHICTb, iHTiOyIouM perikaiiio Bipycy rpumy A/
HIN1 na 68+ 5 %, Toni K mns Artemisia vulgaris 1eit OKa3HUK CKaaB 55+ 4 %. CTaTUCTUUHMIT aHAITi3
MiITBEPAVB 3HAUYILICTb BimMiHHOCTe! Mik Bumamu (p < 0,05). OTpumaHi 1aHi CTBOPIOIOTH OCHOBY [IJISI
PO3p0o6KM 6isbill ePeKTUBHMUX MMpernapaTiB Ha OCHOBi TpPaHCTeHHUX KOPEHIB Artemisia annua, 30KpemMa
MPOTUMANSPiiHMX 3aco6iB i3 MiABMIIEHMM BMiCTOM apTEMi3MHY, a TAaKOXX AHTUMOKCUJAHTHUX Ta
MPOTUBIPYCHMUX areHTiB sl TpodiaKTUKM Ta JiKyBaHHS iHbeKIitHMX 3aXBOPI0OBaHb

KmrouoBi cimoBa: reHetuuHa TpaHcdhopmariisi; Agrobacterium rhizogenes; aHTUMASPiiiHUIT areHT;
(dapmalnieBTMUHI TTperapaTi; IpOTHU3aIaabHi BIaCTUBOCTI
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Abstract. Intensive maize cultivation technologies in the Forest-Steppe zone of Ukraine are associated
with phytosanitary risks caused by the spread of lepidopteran pests, which can lead to yield losses
exceeding the economic threshold of harmfulness. The purpose of the study was to evaluate the
effectiveness of monitoring and control methods for dominant lepidopteran pest species in regional
maize agrocenoses. To achieve this goal, methods such as pheromone monitoring, visual inspection
of plants, and larval population assessment were applied. Field research conducted in 2024 at the
Velykoobukhivske agricultural enterprise (Poltava Oblast) confirmed the dominance of three pest
species: Ostrinia nubilalis Hb., Loxostege sticticalis L., and Helicoverpa armigera Hb. Pheromone traps
of types PH-668-1RR, PH-554-1RR, and PH-460-1RR proved highly effective for detecting the timing
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of peak pest flights, allowing for optimising insecticide application schedules. The results showed
the highest reduction in larval density following treatment with Coragen 20 SC, which reduced larval
numbers by 93.1%. Ampligo 150 ZC demonstrated slightly lower efficacy (91.6%), while Vantex SC only
partially controlled the pest populations. Overall, the findings supported using an integrated approach
that combines pheromone-based monitoring with chemical control as an effective strategy for managing
lepidopteran pests in maize crops. The obtained data can be applied in agricultural practice to improve
maize pest management systems, reduce yield losses, and contribute to sustainable farming. However,
there is a clear need to develop integrated pest management strategies for maize cultivation, particularly
given potential bans on certain insecticidal active substances in the context of harmonising Ukrainian
legislation with EU requirements

Keywords: monitoring; agroecosystem; phytosanitary status; plant protection; pheromone traps;

insecticides

INTRODUCTION
Maize remains one of the most productive and eco-
nomically significant crops globally and in Ukraine
due to its high genetic yield potential and adapt-
ability to various agroecological conditions. How-
ever, achieving consistently high yields requires
implementing effective crop protection strategies.
Herbivorous insects, particularly lepidopteran
species, represent one of the main limiting fac-
tors in maize production, causing substantial yield
losses under favourable climatic and agronomic
conditions. As maize cultivation intensifies in the
Forest-Steppe of Ukraine, the phytosanitary load
increases, creating a demand for improved and
timely pest monitoring and management systems.
Unpredictable climatic factors and expanding pest
habitats further underline the urgent need for
practical, adaptive, and integrated approaches to
protect crops from economically significant pests.

This study addresses the growing relevance of
managing lepidopteran pest populations, which
increasingly infest maize agrocenoses, reduce
yields, and challenge conventional crop protection
practices. The transition toward environmentally
safer, EU-compliant plant protection products
also highlights the necessity of developing ad-
vanced pest control systems based on scientifi-
cally grounded monitoring tools and well-defined
insecticide application thresholds.

Studies confirm the essential role of timely
monitoring in controlling lepidopteran pests in
maize systems. For instance, X. Qi et al. (2024) re-
ported that early detection of Spodoptera frugiper-
da in southeastern China and timely insecticide
treatments during the four-leaf stage significantly
reduced crop damage. C.A. Deutsch et al. (2018)

predicted climate change would intensify her-
bivorous insect populations, especially Lepidop-
tera, in temperate agricultural zones like Ukraine.
L. Ma et al. (2023) warned about the increasing
threat of Loxostege sticticalis (beet webworm) to
cereal crops, particularly under unstable tempera-
ture and precipitation. EFSA Panel on Plant Health
(PLH) et al. (2020), in an EFSA report, emphasised
the need to harmonise pest monitoring systems
across Europe, especially for regulated pests like
Ostrinia nubilalis and Helicoverpa armigera. In
Ukraine, Y. Liaska & O. Stryhun (2020) examined
the development of Helicoverpa armigera in the
Left-Bank Forest-Steppe of Ukraine and identified
its first generation as particularly damaging to
maize. They linked the pest’s development to the
accumulation of effective temperatures between
590°C and 610°C, which enables more accurate
forecasting of high-risk periods.

Biological control strategies continue to play
an important role in integrated pest management.
L. Yuschenko & A. Tsyuk (2018) demonstrated that
releasing Trichogramma pintoi in maize fields ef-
fectively reduced damage caused by Ostrinia nu-
bilalis, offering an ecologically safe alternative to
chemical treatments. Their findings support the
use of biocontrol agents in the Forest-Steppe re-
gion. A.F. Abang et al. (2022) demonstrated that
insecticide applications guided by pheromone trap
catches effectively reduced Spodoptera frugiperda
populations and minimised plant damage in maize
fields, outperforming calendar-based schedules.
F.E. Sari-Barnacz et al. (2024) further validated the
effectiveness of monitoring approaches using ad-
vanced remote sensing for H. armigera detection.
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Advanced monitoring tools, such as phero-
mone traps, have also proven effective under re-
gional conditions. S. Szanyi et al. (2023) tested pher-
omone traps with synthetic lures for Spodoptera
frugiperda in the Carpathian Basin, which includes
parts of Ukraine. The traps successfully attracted
the target species; however, the researchers re-
ported unintended captures of non-target moths,
underscoring the importance of improving speci-
ficity in monitoring systems. The Food and Agricul-
ture Organisation (FAO, 2021) also recommended
harmonising pest monitoring practices in Ukraine
and outlined integrated pest management (IPM)
approaches aligned with international standards.

Ukraine’s agricultural sector is undergoing
significant changes, especially in alignment with
EU phytosanitary legislation. This transformation
increases the urgency of developing reliable moni-
toring systems and environmentally safe pest con-
trol strategies. The gradual restriction of several in-
secticidal active substances reinforces the need to
adopt sustainable, knowledge-based solutions that
rely on accurate forecasting and real-time pest sur-
veillance. The purpose of this study was to assess
the effectiveness of integrated monitoring tools for
lepidopteran pests and evaluate the performance
of various insecticide treatments under field con-
ditions in the Forest-Steppe zone of Ukraine, with
a focus on optimising pest control timing and
enhancing maize crop protection under intensi-
fying environmental and legislative constraints.

MATERIALS AND METHODS
Field experiments during 2023-2024 took place
on the territory of a private farm located in Velyka
Obukhivka village, Velykoobukhivske, Myrhorod
district, Poltava Oblast, Ukraine, within the For-
est-Steppe zone (50° 828.80”N 33°55’42.23”E).
The region features a moderately continental cli-
mate with warm summers, mild winters, and suf-
ficient rainfall, which provides favourable condi-
tions for maize cultivation. The study focused on
the monitoring and control of three economical-
ly significant Lepidopteran pest species in maize
agrocenoses: Ostrinia nubilalis Hbn., Helicoverpa

armigera Hbn., and Loxostege sticticalis L.
Meteorological indicators, particularly the ac-
cumulation of effective temperatures above 10°C,
served to determine the optimal period for mon-
itoring pest flight activity. Based on these data,

pheromone traps PH-668-1RR (for O. nubilalis),
PH-554-1RR (for L. sticticalis), and PH-460-1RR
(for H. armigera) were installed in early June, pri-
or to the anticipated flight of the first generation.
Traps were placed at a 1.5-1.7 m height along the
field edges and within the maize fields, by EPPO
standards (EPPO, 1997) and were inspected weekly
until late August. Captured adults are counted for
each trap, and mean values were calculated sep-
arately for each pest species. These data allowed
the determination of the optimal timing for insec-
ticide applications.

Insecticide treatments were carried out us-
ing a self-propelled Berthoud Raptor 4240 sprayer
equipped with IDKT nozzles. Nozzles were select-
ed and adjusted by the manufacturer’s recommen-
dations to ensure optimal droplet size and uniform
application. The effectiveness of three insecticides
was evaluated Coragen 20 SC (chlorantranilipro-
le, 200 g/1), Ampligo 150 ZC (chlorantraniliprole,
100 g/1 + lambda-cyhalothrin, 50 g/1), and Vantex
60 CS (gamma-cyhalothrin, 50 g/1). Phytosanitary
indicators included the average number of adults
per trap for each pest species, number of larvae per
10 plants (before and after treatment), percentage
of damaged plants, larval population reduction
rate (%), and prevented yield loss compared to the
untreated control.

Statistical analysis was performed using one-
way analysis of variance (ANOVA). Differences
among treatment means were evaluated using
Tukey’s Honestly Significant Difference (HSD)
test at a=0.05, which is appropriate for multiple
pairwise comparisons following ANOVA (McDon-
ald, 2014). All statistical calculations were done
using Microsoft Excel (Microsoft Corporation, Red-
mond, WA, USA). Experimental research on plants,
including the collection of plant material, com-
plied with institutional, national, or international
guidelines. The authors adhered to the standards
of the Convention on Biological Diversity (1992).

RESULTS
Pheromone traps were installed in maize fields
at the Velykoobukhivske farm (Poltava Oblast,
Myrhorod district, Velyka Obukhivka village) to
monitor the flight dynamics of key lepidopteran
pests: the European corn borer (Ostrinia nubila-
lis Hb.), beet webworm (Loxostege sticticalis L.),
and cotton bollworm (Helicoverpa armigera Hb.).
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The traps were positioned along the field edges
and within the maize crops at uniform distances
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(25 metres between each trap) to ensure optimal
coverage and data representativeness. (Fig. 1).

Figure 1. Monitoring of lepidopteran herbivore insects using pheromone traps in maize fields
Source: original photo by S. Moroz, S. Marskakov, 26.06.2024

The results of trap inspections (Table 1) il-
lustrate the time dynamics of pest emergence and
provide early warning signals for crop protection

measures. Notably, the number of captured O. nu-
bilalis increased more than fivefold between June
24 and July 4, 2024, indicating a population peak.

Table 1. Efficiency of monitoring of lepidopteran insects
using pheromone traps at the Velykoobukhivske farm in 2024

PherotT::se LT Insect pest name Date of installation | Date of inspection | Adult Mean & SD
PHoGBIRR | EuroPeln Cmborer | 1406 201 k07 200t et o
PHSSLIRR | Beetuebnom | 14062024 040 2008
PHASORR | g Cotonbolorm | 14062020 1072054

Note: “Adult Mean *+ SD” refers to the average number of adult male moths captured per trap, with standard deviation

Source: developed by the authors

Low captures indicated the beginning of moth
emergence in the first monitoring period (14.06-
24.06). By the second period (24.06-04.07), trap
data showed active flight and the onset of the peak
pest phase, confirming the importance of timely
intervention. Thus, the trap with the pheromone
PH-668-1RR determined the change in the num-
ber of European corn borers (Ostrinia nubilalis Hb.)
between the two sampling dates. In the first period
(14.06-24.06), the number of captured individuals
was 3.1 per trap, which indicates the beginning of
population activity. In the second period (24.06-
04.07), the number increased to 18.1 per trap,
indicating the active phase of the pest develop-
ment. Monitoring with pheromone traps did not
detect the beet webworm (Loxostege sticticalis L.)
as of 24.06.2024, possibly due to its low activity. In
the second inspection of traps (24.06-04.07), the

number of males caught was 9.7 per trap, which in-
dicates an active adult summer. Cotton bollworm
(Helicoverpa armigera Hb.) During the first inspec-
tion of traps, the average number was 4.0 per trap;
in the second, it was 12.3 per trap. This increase
indicates the transition of the population to the
phase of mass flight, which served as a signal for
protective measures.

Protection of maize from dominant lepidop-
teran pests such as beet webworm (Loxostege stic-
ticalis L.), European corn borers (Ostrinia nubilalis
Hb.), and cotton bollworm (Helicoverpa armigera
Hb.) is an important task to ensure high yields.
The study used preparations to control the dom-
inant pest species in maize under the “Velykoo-
bukhivske” farm conditions. Their effectiveness
was evaluated on the 3, 7" and 14" days after the
application of insecticides (Table 2).
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Table 2. Effectiveness of insecticides against lepidopteran herbivore insects in maize (x = SD, n=8)

Beet webworm Cotton bollworm European corn borer
(Loxostege sticticalis L.) (Helicoverpa armigera Hb.) (Ostrinia nubilalis Hb.)
X er 100 plants er 100 plants er 100 plants
Variants p d : N p A B .
Days after installation
3 7 14 3 7 14 3 7 14
CO”&%‘ l(/"r‘]’gter) 9.5+0.40° | 9.21+0.437 | 8.99+0.44% | 12.040.48° | 11.8+0.64° | 11.6+0.74% | 17.9+0.44% | 17.5+0.61 | 17.5+0.142
Coragen 20
SC0.131/ha 2.5+0.269 | 1.5+0.49¢ | 0.8+0.05¢ | 3.1+0.54 | 1.6+£0.41¢ | 1.0£0.3¢ | 40+0.51¢ | 2.11+0.58°| 1.2+£0.12¢
(reference)
Ampligo, 150 | 310, 057¢| 1.8+0.39> | 1.0£0.13° | 404048 | 2.1£055 | 1340.53 | 45:031¢ | 220£050°| 1.5+0.18°
ZC0.21/ha
Vagaeé Sﬂacs' 3.940.58" |2.33+0.56" | 1.240.28" | 5.1+0.32° | 3.0£0.07° | 2.0£0.16° | 5.0+0.40° | 2.9+0.91® | 2.0+0.08

Note: the letters indicate values significantly different within one column according to the result of the Tukey test

(p<0.05)
Source: developed by the authors

The data presented in Table 2 demonstrate
the differences in effectiveness of the tested insec-
ticides against the primary lepidopteran pests of
maize Loxostege sticticalis L., Helicoverpa armigera
Hb., and Ostrinia nubilalis Hb.at 3-, 7-, and 14-days
post-application. The highest overall effectiveness
was observed for Coragen 20 SC (0.13 1/ha), signif-
icantly reducing pest densities across all observa-
tion dates. For instance, the number of beet web-
worms decreased from 2.5 per 100 plants on the 3¢
to just 0.8 species on 14" day. Similarly, the num-
bers of cotton bollworm and European corn borer
were effectively suppressed, reaching only 1.0 and
1.2 per 100 plants by the 14" day. This consistent
decrease indicates prolonged residual activity and
high selectivity of chlorantraniliprole, the active
ingredient in Coragen.

Ampligo 150 ZC (0.2 I/ha) also demonstrat-
ed substantial efficacy, particularly on the 14%
day, when the population levels of all three pests
dropped significantly compared to the control.
However, its performance was slightly inferior to
Coragen, particularly against Ostrinia nubilalis,
where 1.5 per 100 plants were recorded on the 14"
day, versus 1.2 with Coragen. Although effective,
Vantex 60 CS (0.15 1/ha) showed comparatively
lower suppression levels. For instance, on the 14t
day, the population of Helicoverpa armigera was
2.0 individuals per 100 plants, nearly double that
observed in the Coragen variant. The slightly low-
er efficacy could be attributed to its mode of action
and active ingredient (gamma-cyhalothrin), which
may provide a faster knock-down but shorter

residual effect than Coragen’s systemic action.
The control variant (water only) showed per-
sistently high pest populations across all dates,
confirming the necessity of chemical intervention
under conditions of high pest pressure. Other fac-
tors may have influenced the effectiveness of the
insecticide treatments. Environmental conditions
like temperature and precipitation could have
affected insecticide degradation rates and pest
activity. In addition, the developmental stage of
pests at the time of treatment is a key factor, since
early instar larvae are typically more susceptible
to insecticides. Moreover, the maize growth stage
may impact the distribution and persistence of the
active ingredients due to changes in canopy den-
sity. The most effective insecticide in this trial was
Coragen 20 SC, due to its broad-spectrum activity,
prolonged residual control, and minimal impact
on non-target organisms. These results were con-
sistent with yield data, where Coragen 20 SC treat-
ment led to the highest maize productivity (Fig. 2).
The control variant recorded the lowest yield
at 7.0 t/ha. The application of Vantex 60 CS (0.151/
ha) increased the yield to 7.3 t/ha, Ampligo 150
ZC (0.2 1/ha) raised it to 7.6 t/ha, and Coragen 20
SC (0.13 I/ha) achieved the highest yield of 8.0 t/
ha. The highest pest densities were recorded in
the control variant (water treatment at a rate of
120 1/ha) throughout the observation period. Beet
webworm populations ranged from 9.5 to 8.99 per
100 plants, cotton bollworm populations from
12.0 to 11.6 per 100 plants, and corn stem moth
populations from 17.9 to 17.5 per 100 plants.
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Ampligo 150 ZC Coragen 20 SC
(chlorantraniliprole100 g/l.; (chlorantraniliprole, 200 g/l.)
lambda-cyhalothrin, 50 g/l.)

Figure 2. Development of maize yield in research (Velykoobukhivske, Poltava region)
Note: the letters (a, b, c, d) indicate values significantly different within one column according to the result of the

Tukey test (p<0.05)
Source: developed by the authors

The use of the Vantex 60 CS (0.15 I/ha) signif-
icantly reduced the number of all three types of
pests. On the 3 day, the number of meadow but-
terflies decreased to 3.9 per 100 plants, and on the
14" day, to 1.2 per 100 plants. A similar trend oc-
curred for the cotton bollworm, with numbers de-
creasing from 5.1 to 2.0 specimens per 100 plants,
and European corn borers, from 5.0 to 2.0 spec-
imens per 100 plants. The use of the insecticide
Amplico 150 ZC (0.2 1/ha) was somewhat more ef-
fective: on the 14™ the number of beet webworms
was 1.0 per 100 plants, cotton bollworms — 1.3 per

Loxostege sticticalis L.

95

a
b 90
S0
& b
a
85 =
b
80 25 80
B £ G5 =
3". 75
g 70 70
i3] L
65 65
c
60 60 =
55 I 55 I
50 50
7th 14th h

3th

o
| o

2t

m Coragen 20 SC

Helicoverpa armigera Hb.
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Ampligo 150 ZC

100 plants, European corn borers — 1.5 per 100
plants. Coragen 20 SC demonstrated the highest
biological effectiveness at a rate of 0.13 1/ha. On
the 3" day after treatment, the number of beet
webworms decreased to 2.5 per 100 plants, and
on the 14" day, to 0.8 per 100 plants. The number
of cotton bollworms decreased from 3.1 to 1.0 per
100 plants, and European corn borers decreased
from 4.0 to 1.2 per 100 plants. The effectiveness
demonstrated by Coragen 20 SC indicates its fea-
sibility for use in integrated maize protection sys-
tems in the Forest-Steppe of Ukraine (Fig. 3).

Ostrinia nubilalis Hb.
100
a
a
I 95 a
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b a
30 3 b
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Figure 3. Technical effectiveness of insecticides against lepidopteran herbivore insects
in maize (Poltava Oblast, Myrhorod district, Velyka Obukhivka)
Note: different letters indicate values significantly different within one column according to the result of the Tukey

test (p<0.05) (x=SD, n=8)
Source: developed by the authors
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The study evaluated the technical effective-
ness of insecticides against the main lepidopter-
an pests of maize under field conditions at the
Velyka Obukhivska (Poltava Oblast, Myrhorod
district, Velyka Obukhivka village). Counts of beet
webworm (Loxostege sticticalis L.), cotton boll-
worm (Helicoverpa armigera Hb.), and European
corn borer (Ostrinia nubilalis Hb.) on the 3%, 7™,
and 14™ days after trap placement showed a sig-
nificant decrease in the population density of her-
bivore insects under the influence of the studied
preparations. The use of Coragen 20 SC (0.13 I/ha)
resulted in the highest rates of reduction in the
number of all three pest species, with average val-
ues for the meadow butterfly reaching 73.7 £0.57,
83.9 £ 0.45, and 91.2 + 0.31 specimens per 100
plants, respectively. Using Ampligo 150 ZC (0.2 1/
ha) and Vantex 60, CS (0.15 1/ha) also decreased
pest numbers, although the reduction was statis-
tically significantly lower than the standard. The
lowest average values were recorded in the Van-
tex 60, CS 58.9+0.77, 75.3+0.69, and 86.8 +0.49
specimens per 100 plants for the beet webworm on
the corresponding days of accounting. The mean
values and standard deviations confirm the stable
effect of the preparations over time, and the Tukey
test (p < 0.05) allowed establishing the reliability
of differences between the variants within each
observation period.

DISCUSSION
Field trials conducted at the Velykoobukhivske
farm confirmed the utility of pheromone traps
in monitoring the population dynamics of major
lepidopteran pests of maize, including Loxostege
sticticalis L., Helicoverpa armigera Hb., and Ostrin-
ia nubilalis Hb. A marked increase in the number
of captured O. nubilalis adults between 14-24 June
and 24 June-4 July signalled the onset and escala-
tion of flight activity. These results are consistent
with the findings of O.I. Borzykh et al. (2024), who
noted shifts in seasonal pest activity patterns in
Ukraine, potentially linked to climatic factors such
as elevated temperatures and altered precipita-
tion regimes. This observation aligns with broader
projections reported by C.A. Deutsch et al. (2018),
who suggested that warming climates will likely
increase crop losses from insect pests due to range
expansions and altered phenology. S. Keszthe-
lyi et al. (2011) showed that Helicoverpa armigera

infestation substantially reduced the thou-
sand-kernel weight of maize, demonstrating the
importance of targeted pest control interventions.
P.N.Sharma &P.Gautam (2011)observed that,with-
out sufficient pest control, maize infestation levels
could reach 80%, resulting in critical yield losses.
The yield impact of O. nubilalis and H. armig-
era remains significant. According to A. Taddele et
al. (2020) and P.N. Sharma & P. Gautam (2011),
lepidopteran infestations can reduce maize yields
by 15-50%, depending on infestation severity.
Similarly, R. Ndemah & F. Schulthess (2002) doc-
umented comparable yield reductions in West and
Central Africa. In the present study, yield losses
in untreated plots with high infestation pressure
reached up to 2.3 t/ha, consistent with these pri-
or estimates. Significant pest suppression was
achieved using Coragen 20 SC (chlorantranilipro-
le, 200 g/1), which reduced pest densities to 0.8-1.2
individuals per 100 plants fourteen days post-ap-
plication. G.P. Lahm (2007) described how chlor-
antraniliprole acts on insect ryanodine receptors,
disrupting calcium ion balance and causing paral-
ysis and death. This mode of action ensures selec-
tive toxicity and a low impact on beneficial organ-
isms. T.C. Sparks & R. Nauen (2015) emphasised
the importance of rotating insecticides with dif-
ferent modes of action to delay resistance, a rec-
ommendation supported by the current findings.
Ampligo 150 ZC (chlorantraniliprole + A-cy-
halothrin) demonstrated slightly lower but sub-
stantial efficacy, reducing pest densities to 1.0-1.5
individuals per 100 plants. R. Meena & K. Ku-
mar (2024) observed similar outcomes in rice
fields, reporting significant reductions in pest
populations and improved rice yields after apply-
ing Ampligo 150 ZC, highlighting the effective-
ness of the dual-action formulation. Vantex 60 CS
(y-cyhalothrin) provided statistically significant
control, although its efficacy was lower than Cora-
gen and Ampligo. EFSA (European Food Safety Au-
thority) (2024) states that y-cyhalothrin remains a
valuable tool in insecticide rotation strategies due
to its fast action and compatibility with resistance
management programmes. While broad-spec-
trum pyrethroids can negatively affect non-tar-
get arthropods, the EFSA Panel on Plant Health
(PLH) (2020) noted that selective insecticides such
as chlorantraniliprole allow effective pest con-
trol with minimal disruption to beneficial insect
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populations. These findings support the incorpo-
ration of reduced-risk insecticides into integrated
pest management (IPM) systems.

Real-time monitoring using pheromone traps
was essential for optimising the timing of insec-
ticide applications. Beyond selective insecticides,
integrating biological control agents into maize
protection programmes has shown promise. For
example, J. Razinger et al. (2016) demonstrated
that inundative releases of Trichogramma brassicae
in maize fields across three European regions ef-
fectively controlled O. nubilalis, maintained myco-
toxin levels below EU thresholds, and provided an
economically sustainable alternative to chemical
insecticides. Similarly, S. Oztemiz (2009) observed
that field releases of T. evanescens in Turkish maize
fields significantly reduced O. nubilalis egg masses
and larval populations, confirming this parasitoid’s
efficacy under field conditions. These findings
support incorporating Trichogramma species into
integrated pest management strategies for maize.

Additionally, agronomic practices such as
crop rotation, conservation tillage, and planting
date manipulation can significantly influence pest
pressure. E. Levine & H. Oloumi-Sadeghi (1991)
reported that rotating maize with non-host crops
effectively suppressed Diabrotica virgifera virgifera
and other maize pests. These preventive strategies
are cost-effective and environmentally benign,
and when used alongside chemical and biological
control methods, they serve as a foundation for
sustainable crop protection systems. Chlorant-
raniliprole’s low non-target toxicity and residual
activity make it especially suitable for integrat-
ing other IPM components. A. Dinter et al. (2009)
demonstrated its safety for key beneficial arthro-
pods, including Coccinellidae, Chrysopidae, and
hymenopteran parasitoids. Its compatibility with
natural enemies and long-lasting efficacy justifies
its recommendation for maize pest control under
variable field conditions.

From a biotechnological perspective, the
development of Bt maize has revolutionised
pest management in many regions. J. Romeis et
al. (2006) reported that transgenic maize express-
ing Bacillus thuringiensis (Bt) toxins such as Cry-
1Ab and CrylF provides season-long protection
against O. nubilalis and S. frugiperda, significant-
ly reducing the need for chemical insecticides.
B.E. Tabashnik et al. (2013) reviewed data from the

Moroz et al.

first billion acres of Bt crops, showing how they
contribute to pest suppression when implemented
with resistance management strategies. Although
Bt maize is not yet approved for commercial culti-
vation in Ukraine, A.]. Gassmann (2016) suggest-
ed that refuge strategies and future regulatory
changes could support its eventual deployment.
Emerging technologies such as CRISPR-Cas gene
editing may allow the development of pest-re-
sistant maize varieties without introducing trans-
genic DNA. K. Chen et al. (2019) highlighted how
CRISPR could enhance societal and regulatory ac-
ceptance while providing precise pest-resistance
traits. Combined with biopesticides and monitor-
ing tools, such innovations offer a promising out-
look for future maize pest management.

Economic considerations are equally impor-
tant. J. Pretty & Z.P. Bharucha (2015) emphasised
that although selective insecticides and biological
control options may require a higher upfront in-
vestment, they reduce overall pesticide use, min-
imise yield losses, and improve ecosystem servic-
es, delivering strong economic returns over time.
Findings support this conclusion, as plots treated
in the study yielded significantly more than un-
treated controls, even when accounting for input
costs. Integrating selective insecticides with pher-
omone-based surveillance proved effective under
Ukrainian field conditions. This strategy reduced
pest populations, preserved beneficial organisms,
and contributed to higher yields. These outcomes
align with IPM recommendations by FAO (2018)
and underscore the importance of adaptive, da-
ta-driven pest management strategies.

Exploring synergies between chemical and
biological control methods, such as Trichogramma
spp., refining pest-specific economic thresholds,
and incorporating climate-driven predictive mod-
els are key steps toward improving pest manage-
ment. Continuous ecological monitoring remains
essential for assessing the long-term impacts of
insecticide use and enhancing the sustainability
of maize production systems.

CONCLUSIONS
The research confirms the high effectiveness of
integrated phytosanitary measures for controlling
dominant Lepidopteran pests in maize crops with-
in the Forest-Steppe zone of Ukraine. The appli-
cation of pheromone traps, specifically models
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PH-668-1RR, PH-554-1RR, and PH-460-1RR, en-
abled accurate identification of pest species such
as Loxostege sticticalis L., Helicoverpa armigera Hb.,
and Ostrinia nubilalis Hb., and allowed for the pre-
cise timing of insecticide applications based on
the detection of peak flight activity. Using phero-
mone traps ensured the optimal timing of insecti-
cide treatments, targeting pest populations when
they were most vulnerable.

The field experiments demonstrated that Cor-
agen 20 SC (chlorantraniliprole) was the most ef-
fective among the tested insecticides. By the 14"
day after application, Coragen achieved a 93.1%
reduction in pest populations, showing consist-
ent control across all pest species and observation
intervals. This preparation exhibited prolonged
residual activity and excellent selectivity, making
it suitable for integrated pest management (IPM)
systems. Ampligo 150 ZC, which contains a com-
bination of chlorantraniliprole and lambda-cy-
halothrin, also provided strong efficacy, especially
against Helicoverpa armigera, with reductions ex-
ceeding 85% by the 14th day. Vantex 60 CS (gam-
ma-cyhalothrin) showed moderate efficacy, with
60% to 70% reductions depending on the pest

observed in treated plots highlights the biolog-
ical effectiveness and economic viability of the
implemented IPM strategy. The research supports
adopting integrated pest management practices
that combine continuous monitoring with target-
ed, selective insecticide use. Such systems offer
several benefits: minimising yield losses due to
pest damage, reducing unnecessary pesticide ap-
plications, and lowering environmental risks. The
integration of real-time pest surveillance with ra-
tional chemical control represents a sustainable
solution for maize protection under Ukraine’s cur-
rent climatic and economic conditions.

Prospects for further research include the
evaluation of combined insecticide and biological
control agents (e.g., Trichogramma spp.), the de-
velopment of predictive models for pest outbreaks
based on weather and agronomic data, and the as-
sessment of long-term environmental impacts of
repeated insecticide use within IPM frameworks.
Future studies should also focus on refining ap-
plication thresholds for different pest species and
enhancing farmer awareness of the advantages of
integrated approaches in crop protection.

species and time after application. Although less ACKNOWLEDGEMENTS
effective than Coragen, Vantex still provided sta-  None.
tistically significant suppression of pest densities
compared to the untreated control. FUNDING
Statistical analysis confirmed significant dif- None.
ferences among treatments (p < 0.05), validating
the superior performance of Coragen in terms of CONFLICT OF INTEREST
pest suppression. The significant yield increase = None.
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AHoTauis. [HTeHCHBHI TexHoIOrii BUpPOLIYBaHHS KyKypyasu B ymoBax Jlicocrerny VYkpainu
CYIIPOBO/IKYEThCS QiTOCAaHITAPHUMM PU3MKAMMU, SIKi TIOB’SI3aHi MOLIMPEHHSIM JIYCKOKpUInX ditodaris,
SIKi MOSKYTb 301/TbIITYBaTY PiBEHb BTPAT yPOsKalo, 6isiblile Hisk eKOHOMiYHMI IOPIT ITKOJIOUMHHOCTIi. MeTOo10
IOCIiIsKeHHS 6y/10 BCTAHOBUTM €(DeKTUBHICTb CyYaCHMX 3aC06iB MOHITOPMHTY Ta KOHTPOJIO UMCETbHOCTI
OOMIHYIOUMX BUAIB TYCKOKpUIMX (iTodari y mociBax Kykypyn3u B perioHaabHUX arpoieHosax. s
IOCSTHEHHSI TIOCTaBJI€HOI MeTM 3aCTOCOBYBaIM MeTOAM (DepOMOHHOrO MOHITOPMHTY, Bi3yaqbHOTO
06GCTeKeHHST POCIUH i KiJTbKiCHOTO OOGJiKYy I'yCEHWUIIb O Ta MiCas iHCEeKTUIMAHUX 06po6oK. IMomboBi
IOCIiIKeHHs, o npoBoawics y 2024 poui Ha 6as3i arpomigmpuemcrBa AITOII «BennkooGyxiBcbKe
(TlonTaBcbka 0671aCTh), 3aCBiAUMIN JOMIHYBaHHS TPhOX BUAIB WIKiGHMKIB Ostrinia nubilalis Hb., Loxostege
sticticalis L. i Helicoverpa armigera Hb. ®epomonHni mactku tuny PH-668-1RR, PH-554-1RR i PH-460-1RR
MPOJIEMOHCTPYBAIV BUCOKY e(eKTUBHICTB [1JIsI BUSIBJIEHHSI CTPOKiB MacOBOTI'0 JIbOTY IIKiAHMKIB, 110 Jaj10
3MOTy OOI'PYHTYBATM CTPOKM iHCEKTUIMIHUX 0O6pO6OK. PesynbraTyt JOCTiAY CBigUaTh, 1[0 HaiibinabIie
3HIKEHHSI YMCeTbHOCTI TYCeHUITb BinmivueHo micist 06pobku npernapatom Koparen 20 KC, sikuit 3HUM3UB
YMCEeNbHICTh IyceHUlIb Ha 93,1 %, meiro MeHIy eeKTUBHICTh BUsBiIeHO y Amiutiro 150 ZC (91,6 %),
Tomi sik BanTekc MK.C. 3aGesneuuB Jiuine YaCTKOBMII KOHTPOJIb IIKiAHMKIB. 3arajioM pe3ylbTaTu
MiITBEPKYIOTh AOIJIbHICTh iHTErPOBAHOTO TMigXOMAYy, IO TOEAHYE (EePOMOHHE CIIOCTEPEXKEeHHS 3
XiMIiUHMM 3axMCTOM, 751 e(DeKTUMBHOTO 3MeHIeHHS uMcenbHOCTI ditodariB. OTpuMaHi JaHi MOXYTb
Oyay BUKOPUCTaHi B arpOBMPOGHMIITBI /IS MigBUINEHHS e(PeKTUBHOCTI CUCTEM 3aXUCTy KyKYpYA3W,
3MEHIIeHHST BTPAT YPOXKAal0 Ta 3ab6e3reueHHs CTajoro 3emyiepo6cTBa. BomHouac [OIIMBHO BimMIiTUTI
HeoOXigHicTh GOpMYyBaHHS iHTETPOBAHUX CUCTEM 3aXUCTY CiTbCbKOTOCIOZAPCHKUX KYIbTYpP, 30KpeMa
KYKYPY[31, L]0 TIOB’SI3aHO i3 MOTEeHIiiHMMY 3a60pOHAMM PSILY AiF0UMX PeYOBMH iHCEKTUIIMAIB Y paMKax
iHTerpailii YKpaiHChbKOro 3aKOHOJIaBCTBA Ta CTAHAAPTIB A0 BUMOT EC
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Abstract. The purpose of this study was to assess the state of microbial coenosis and the activity of
microbiological processes in the soil, their impact on the agrochemical parameters of typical chernozem,
the assimilation surface of maize leaves and its seed productivity when applying biologics. In the study, a
field method was used to investigate the interaction of research objects with natural factors, a laboratory
method for determining microbiological and agrochemical indicators and photosynthetic activity, and a
mathematical and statistical method for processing experimental data. It was established that with the
introduction of biologics Groundfix and Azotohelp in favourable weather conditions in 2023 and arid
2024, the number of microorganisms of the vast majority of agronomically valuable groups increased
compared to the control, the intensity of transformation of organic matter in the soil, and the intensity
of mineralisation processes and potential denitrification activity decreased, and there was a decrease
in the deficit of nutrients that were easily accessible to the microbiota. A high inverse relationship was

Suggested Citation:

Borko, Yu., Bolokhovskyi, V., Datsko, A., Lungul, A., & Zhurba, M. (2024). Microbiological activity of soil and its impact
on maize productivity when applying biologics. Biological Systems: Theory and Innovation, 16(1), 58-71. doi: 10.31548/
biologiya/1.2025.58.

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
o Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0002-6277-8980
https://orcid.org/0009-0007-0074-6362
https://orcid.org/0000-0001-7823-856X
https://orcid.org/0009-0002-0501-0497
https://orcid.org/0009-0003-1775-5696
https://bioscience.com.ua/en

Borko et al.

established between the content of mineral nitrogen in the soil and the intensity of mineralisation
processes in it (r=-0.78) and denitrification activity (r=-0.77). However, there was a direct effect of
leaf assimilation surface and leaf dry matter on yield (r=0.71 and 0.65, respectively). The efficiency
of maize cultivation increased with the introduction of biologics Groundfix and Azotohelp by 6% and
5%, respectively. It was determined that the use of biologics Groundfix and Azotohelp in a row during
sowing contributed to increasing the biogenicity of the soil and optimising microbiological processes in
it, increasing the availability of nutrients and their digestibility, while contributing to plant growth and
intensification of photosynthetic activity. Due to positive changes from the use of biologics Groundfix
and Azotohelp, the yield of maize to the control version increases by 0.50 and 0.45 t/ha, respectively.
These results can be used to optimise intensive maize cultivation technology, which will help to improve
the state of microbial coenosis of the soil, plant nutrition, and increase maize yield

Keywords: microbial preparations; typical chernozem; physiological and taxonomic groups of

microorganisms; denitrification activity; agrochemical indicators; yield

INTRODUCTION

In the conditions of intensive agriculture, the
problem of preserving and restoring soil fertili-
ty becomes particularly important. Excessive use
of mineral fertilisers, pesticides, and other agro-
chemicals leads to soil degradation, a decrease
in their biological activity and a violation of the
natural balance of agroecosystems. In this regard,
there is a growing interest in the use of biological
methods to increase soil fertility, in particular, the
use of biologics based on beneficial microorgan-
isms. They not only help to improve the micro-
biological condition of the soil, but also provide
plants with nutrients, increase their resistance to
stress factors and contribute to the development
of a high-quality crop. Therefore, the study of the
influence of the soil microbial complex on the
agrochemical properties of the soil and the pro-
ductivity of agricultural crops is extremely rele-
vant for both science and practice.

Such researchers as O.M. Trus et al. (2021) em-
phasised the importance of soil microorganisms in
ensuring the biological activity of the soil, which
was the basis for its fertility and plant nutrition.
L.M. Tokmakova et al. (2021) noted that microbio-
logical processes that occur with the participation
of microorganisms that destroy organic matter
contribute to the effective decomposition of plant
residues, improve the microbiological state of the
soil, and improve the quality and yield of agricul-
tural crops. R. Walker et al. (2020) reviewed current
approaches and prospects for the use of microor-
ganisms in agriculture, in particular, in improv-
ing plant growth, increasing yields and resistance
to stress factors. The researchers emphasised
the importance of investigating the metabolic
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interactions between plants and the microbiota,
and the potential of biotechnological solutions
for sustainable agriculture. However, N.G. Iya-
nyi (2020), Yu. Borko et al. (2022) proved that it
was the direction of soil microbiological pro-
cesses that determined the level of supply of
plants with the necessary nutrients, which lead
to the development of crop productivity. Micro-
organisms, being in close interaction with all el-
ements of the biocenosis, form a complex system:
“soil-plant-microorganisms”, the functioning of
which causes the destruction of organic matter,
the cycle of biogenic elements, and the preserva-
tion of fertility. E. Menendez et al. (2020) in their
study emphasised that the use of consortia of pro-
biotic bacteria in agriculture can have a significant
positive effect, because the interaction of rhizo-
bial and non-rhizobial bacteria contributes to the
improvement of the growth and development of
cultivated plants. V.V. Bolokhovskyi et al. (2024a)
emphasised that the use of biologics in sunflower
cultivation technologies contributed to the opti-
misation of plant mineral nutrition. The research-
ers pointed out that the use of complexes of ben-
eficial microorganisms activated the processes of
fixation of atmospheric nitrogen, dissolution of
hard-to-reach forms of phosphorus, and also in-
creased the resistance of plants to biotic and abi-
otic stresses, preserving the natural biocenosis of
the soil. According to Yu.P. Borko et al. (2021), the
physiological effect of using biologics was to im-
prove the processes of plant life, namely, to better
absorb nutrients, enhance the processes of pho-
tosynthesis, which, in turn, contributed to an in-
crease inyield and allowed the crop to maximise its
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potential. Scientific sources noted that the use
of biologics, which include effective microorgan-
isms, is a necessary element in the development
of stable, environmentally balanced, and produc-
tive agroecosystems in contemporary agricultur-
al production (Sherstoboeva et al., 2020; Chen et
al., 2021; Wei et al., 2024).

However, the variety of microbial preparations
proposed for use in the agricultural sector encour-
ages the search for scientific substantiations for
the relationship between the course of microbio-
logical processes in the soil and the development
of agricultural crops. The purpose of the study was
to establish the relationship between the activity
of microbiological processes, agrochemical indica-
tors of typical chernozem, the development of the
photosynthetic apparatus of maize plants and its
productivity when applying biologics.

MATERIALS AND METHODS

The research was conducted during 2023-2024 in
the production conditions of Druzhba Nova JLLC
(Kernel agricultural holding). In 2023, the research
programme was implemented on experimental
plots of agricultural land located in the admin-
istrative divisions of the Lubny district, Poltava
Oblast (Pochaivka village), and in 2024 — Pryluky
district of Chernihiv Oblast (Varva village), which
were used by the Kernel agricultural holding. The
soils of the experimental plots were represented
by typical low-humus medium-loamy chernozem
on loessial rocks. The technology of growing hy-
brid maize DKC 3972 on experimental plots in
both locations is generally accepted for the Ker-
nel agricultural holding in the Forest-Steppe zone,
namely: the predecessor was maize for grain, the
fertilisation background was N | P, K_, the maize
seeding rate was 80 thous. U/ha.

The research was conducted according to gen-
erally accepted methodological approaches in the
field of agronomy (Rozhkov et al., 2016). Experi-
mental area — 7,168 m?, the area of the sown plot
in one replication of each variant is 448 m? the
area where the harvest was recorded (without side
and end protection strips) is 311 m?, repetition —
fourfold, placement of experimental sites was sys-
tematic. Crop accounting was carried out by con-
tinuous threshing of grain from each site, followed
by recalculation to 14% of the basic humidity. The
obtained findings were processed by variance,
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correlation, and regression methods of analysis
using special application suite — Excel-16.0 (Yesh-
chenko, 2005).

The study considered options for applying soil
biologics in rows during maize sowing according
to the scheme:

1. Control (without introduction of LCFs and
biologics);

2. LCF 5-20-5. 25 kg/ha;

3. Groundfix, 1 1/ha;

4. Azotohelp, 1 1/ha.

Liquid complex fertilisers (LCFs) and biolog-
ics were applied at a working solution consump-
tion rate of 50 l/ha during maize sowing with a
Great Plains 8070 seed drill equipped with ap-
plicators for applying liquid fertilisers in rows.
Technologies for growing maize, in addition
to the factors under study, were typical for the
Kernel agricultural holding in the Forest-Steppe
zone. For control was the option on which liquid
complex fertilisers and biologics were not add-
ed in rows. LCF 5-20-5 - liquid nitrogen-phos-
phorus-potassium fertiliser, the mass fraction
of nitrogen (N) - 5%, phosphorus (P) - 20%, and
potassium (K) — 5%. It was applied as a starting
fertiliser to the soil during sowing in a row at a
rate of 25-75 kg/ha. The maximum safe applica-
tion rate for seeds and seedlings depended on
the crop, row spacing, granulometric composi-
tion, soil temperature and humidity, its cation
exchange capacity and organic matter content,
applicator design and some other factors.

Groundfix phosphorus-potassium mobiliser
is a soil microbiological fertiliser. The main ac-
tion of the biological product is to improve the
phosphorus-potassium nutrition of plants by
converting phosphates to a soluble form, and in-
creasing the mobility and availability of silicon
for plants, fixing molecular nitrogen from the
atmosphere and converting it to a form accessi-
ble to plants. Due to a complex of bacteria that
produce carboxylic acids, amino acids, enzymes,
phytohormones, antibiotics, and other substanc-
es, the biological product had a positive effect on
plants and improved their adaptive and immune
properties. A positive characteristic of the drug
was the improvement of the soil structure, its air
and moisture availability. Composition of the bi-
ological product: live bacterial cells of Bacillus
velezensis, Bacillus subtilis, Priestia megaterium,
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Agrobacterium pusense, Agrobacterium salinitol-
erans, Paenibacillus polymyxa; other useful mi-
croflora (lactic acid bacteria, enzyme producers);
vitamins, phytohormones, amino acids, and other
physiologically active substances. Total number of
viable cells — (0.5-1.5) x 10° CFU/cm?® (Groundfix
phosphorus-potassium mobiliser, n.d.).

Azotohelp, KS - a biological product for stim-
ulating plant growth and nitrogen fixation. Main
action consists in fixing molecular nitrogen from
the atmosphere by nitrogen-fixing bacteria and
transferring it to a form accessible to plants, syn-
thesising growth-stimulating substances that
promote plant growth and development, increase
immunity and resistance to stress factors, improve
seed germination and nutrient absorption. Com-
position of the biological product: live cells of
Agrobacterium pusense vitamins, phytohormones,
amino acids, and other physiologically active sub-
stances. Total number of viable cells — not less
than 1.0 x 10° CFU/cm? (Azotohelp, KC, n.d.).

Soil samples from the experimental variants
were selected in a row in two non-contiguous rep-
etitions during the flowering phase (BBCH 65-69)
of maize from a layer of 0-20 ¢cm in accordance
with DSTU 4287:2004 (2004). They determined
the content of alkaline hydrolysed nitrogen by
the Kornfield method DSTU 7863:2015 (2015),
mobile compounds of phosphorus and potassium
by the modified Chirikov method DSTU 4115-
2002 (2002). The number of microorganisms of
the main physiological and taxonomic groups
(ammonifiers, amylolytics, pedotrophs, olig-
otrophs, oligonitrophiles, actinomycetes, micro-
mycetes) was determined according to DSTU ISO
7847:2015 (2015) by surface (bacteria) and deep
(micromycetes) seeding of soil suspension of the
corresponding tenfold dilution into solid (bac-
teria) and liquid (fungi) nutrient media. The soil
biogenicity index was determined as the sum of
microorganisms of all the groups under study.

The orientation of microbiological processes
in the soil was characterised by appropriate coef-
ficients in accordance with regulatory documents
and scientific sources DSTU 3750-98 (1998) (An-
dreuk et al., 2001; Volkohon et al., 2010): nitro-
gen mineralisation-immobilisation coefficient
(K,,,) were calculated by the ratio of the number
of microorganisms that assimilate mineral and
organic nitrogen; the coefficient of pedotrophy —

Borko et al.

as the ratio of the number of pedotrophs and
microorganisms that use mainly organic nitrogen
compounds; the coefficient of oligotrophy - as
the ratio of the number of oligotrophs and mi-
croorganisms that use mainly organic nitrogen
compounds; the coefficient of transformation
of organic matter of the soil - by the ratio of the
number of microorganisms that assimilate mineral
and organic nitrogen and the coefficient of miner-
alisation-immobilisation. In dynamics, the poten-
tial denitrification activity in rhizospheric soil was
investigated by the rate of nitrous oxide emission
using gas chromatographic methods (Volkohon et
al., 2015). The leaf surface area was determined by
the linear method: the area was considered only
in physiologically complete leaves (Palamarchuk
& Solomon, 2021). The number of selected plants
was 10 in four-fold repetitions.

Weather conditions in 2023-2024 correspond-
ed to the trend of recent years regarding an in-
crease in air temperature and a decrease in pre-
cipitation. Spring in 2023-2024 was characterised
by elevated air temperatures and precipitation in
April (+1.09°C, +4.06°C and +40.8 mm, +39.7 mm,
respectively) and reduced in May (-0.9°C, -0.29°C
and -33.5 mm, -61.7 mm to normal, respectively).
The summer and autumn months of 2023 were
characterised by high air temperatures in June,
August, and September (+1.65°C, +5.31°C, and
+3.41°C, respectively) and a lack of precipitation
in June and September (-31.6 mm, -19 mm to
normal, respectively), high precipitation in July
(+38.1 mm), and sufficient precipitation in August
(-0.5 mm). The summer and autumn months of
2024 were characterised by rising temperatures
in June, July, and September (+2,08°C, +2,04°C,
+3,19°C) and precipitation deficits in June, July,
August, and September (-10.7 mm, -50.3 mm,
-10.6 mm, and -42.7 mm, respectively). According
to the hydrothermal coefficient of the HTC, there
was a weak drought in 2023 (HTC - 0.9), and a
strong drought in 2024 (HTC - 0.5). In general, the
weather conditions of 2023 were more favourable
for the development of maize productivity, com-
pared to the dry conditions of 2024. Experimental
studies of cultivated plants, including the collec-
tion of plant material, were in accordance with
institutional, national or international guidelines.
The authors adhered to the standards of the Con-
vention on Biological Diversity (1992).
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RESULTS AND DISCUSSION
According to the results of microbiological analy-
sis of the soil, the influence of weather conditions
on the number of microorganisms of the main
physiological and taxonomic groups was noted.
Thus, in a favourable 2023, the number of ammo-
nifiers, amylolytics, pedotrophs, oligotrophs, and
oligonitrophils was 3-4 times higher compared to
the arid 2024. Notably, during the flowering period
(BBCH 65-69) of maize under favourable weather
conditions (hydrothermal coefficient (HTC),,,, -
1.57) 2023 on the variants where Groundfix and

Azotohelp biologics were used (There was an in-
crease in the number of ammonifiers, amylolytics,
pedotrophs, oligonitrophils, micromycetes, and
actinomycetes in the control variant, and a de-
crease in the number of oligotrophs. When apply-
ing liquid complex fertilisers (LCFs), the number
of ammonifiers, amylolytics, pedotrophs, oligoni-
trophils, actinomycetes also increased compared
to the control, and the number of micromycetes
and oligotrophs decreased. However, the biogenic-
ity of the soil both with the use of both biologics
and LCFs was higher than in the control (Table 1).

Table 1. The number of soil microorganisms in the flowering phase (BBCH 65-69)
of the maize hybrid DKC 3972 F, for the use of biologics, million CFU/g of soil (average for 2023-2024)

= 0 n >
g G 4 2 = g & =
= g g s 3 g ] £
c = = = = P g’o
Fertilisers, ] o Z = B 13 £ o
- N £ > S = o H )
biologics £ 5] = [ £ = a8
= < a o 2 g = 5
< o < 2 a
2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024
1. Control 129 | 31 123 | 44 | 181 | 6.6 | 427 |10.0 | 135 | 2.2 | 0.24 | 036 | 0.114 | 0.067 | 99.5 | 26.3
2. LCF, 25 kg/ha 135 23 | 134 | 35 | 267 | 54 |352| 94 | 152 | 29 | 047 | 0.14 | 0.082 | 0.856 | 107.0 | 23.5
3. Groundfix, 1I/ha | 15.7 | 45 | 144 | 3.7 | 186 | 7.5 | 378 | 9.7 | 216 | 2.6 | 0.95 | 0.26 | 0.115| 0.896 | 108.1 | 28.0
4. Azotohelp, 1 I/ha | 14.6 | 4.1 126 | 3.2 | 230| 72 | 273 | 86 | 232 | 3.7 | 039 | 0.14 | 0.157 | 0.108 | 101.0 | 26.8

Source: compiled by the authors

A similar pattern was observed in the arid
conditions of 2024 (Varva village) in the flowering
phase (BBCH 65-69) of maize (HTCMy —0.2). Thus,
using biologics Groundfix and Azotochelp, an in-
crease in the number of ammonifiers, pedotrophs,
oligonitrophils, micromycetes to the control var-
iant was observed and a decrease in the number
of oligotrophs. However, in contrast to favourable
conditions, a decrease in the number of amylo-
Iytic microbiota and actinomycetes was found in
typical arid chernozems. Although the biogenic-
ity of the soil when applying biologics was also
higher compared to the control. The use of LCFs
caused a decrease in the number of microorgan-
isms in all study groups, with the exception of
oligonitrophils and micromycetes, compared with
the control. The obtained results are consistent
with the findings of a number of researchers on
the significant impact of weather and climatic
conditions and applied agricultural measures on
the development of the soil microbial complex.
I. Beznosko et al. (2022) noted that the number
of microorganisms of the main ecological and
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trophic groups inhabiting the rhizosphere of var-
ious agricultural crops depends on the phase of
plant development, soil and climatic conditions,
soil type, crop fertilisation system, and cultivation
technology, while K. Bogati & M. Walczak (2022)
indicated that arid conditions cause a decrease in
the number and activity of the soil microbiome,
disrupt the microbial structure, which leads to a
decrease in soil fertility. A. Honchar et al. (2021)
noted significant changes in the abundance and
composition of the microbial complex of typical
chernozem in the process of plant ontogenesis
under the same conditions of agricultural tech-
nology of their cultivation. O.I. Zabolotnyi et
al. (2024) noted that the use of biologics contrib-
uted to an increase in the maize rhizosphere com-
pared to the control of the total number of bacte-
ria by 10-30%, and micromycetes — by 7-20%, and
L.M. Tokmakova et al. (2020) observed a 25% in-
crease in the number of ammonium microorgan-
isms when exposed to organic matter-destroying
bacteria. The study by O.P. Siabruk et al. (2021)
examined the effect of biologics on CO, emissions
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and the microflora of the maize rhizosphere. The
researchers found that the use of biologics facil-
itates microbiological activity in the root zone,
which indicates an improvement in the microbial
environment of the soil. L.O. Biliavska (2014) and
O.1. Zabolotny & A. Zabolotna (2022) noted that
the use of biologics contributes to the growth of
the microbiota of the main ecological and func-
tional groups in the root zone of maize and winter
wheat plants (nitrogen-fixing, phosphorus-mo-
bilising, pedotrophic, amylolytic), and to the in-
crease in soil biogenicity.

Not only the number of microorganisms of
various physiological and taxonomic groups, but
also their ratio and direction of microbiological
processes in the soil have a significant impact on
the condition and fertility of the soil. In conditions
of sufficient moisture in 2023, the processes of
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destruction of organic nitrogen compounds pre-
vailed in all variants of the experiment in soils.
The intensity of mineralisation processes using
biologics was close to the control variant and
ranged from 0.86 to 0.92 with a control level of
0.95 (Table 2). However, the highest (K, , =0.99)
this indicator was in the variant with LCF 5-20-5,
where the mineralisation and immobilisation pro-
cesses were balanced. In conditions of drought, the
intensity of mineralisation processes increased on
the control and application of LCFs (to a greater
extent), while the use of biologics helped to reduce
their intensity. In the soil of the control variant
and the variant with LCF (K, , = 1.42 and 1.52),
the processes of immobilisation of mineral nitro-
gen compounds prevailed, and in variants with
biologics - the mineralisation of organic nitrogen
(K,,,=0.82 and 0.78) (Table 2).

Table 2. Directivity coefficients of microbiological processes
in agrocoenosis of the maize hybrid DKC 3972 F| in the flowering phase (BBCH 65-69)
with the introduction of biologics (average for 2023-2024)

Fsir::g;?cr:. im:\nnéleiﬂzgziaot:’('&,‘__._) Oligotrophy (K,) FELERCRT 5] oTr?a.'.:si:or:Eftté:?;T::)
2023 2024 2023 2024 2023 2024 2023 2024
1. Control 0.95 1.42 3.31 3.23 1.40 2.13 26.4 53
2. LCF, 25 kg/ha 0.99 1.52 2.61 4.09 1.98 2.35 27.1 3.8
3. Groundfix, 1 I/ha 0.92 0.82 2.41 2.16 1.18 1.56 32.8 10.0
4. Azotohelp, 1 I/ha 0.86 0.78 1.83 2.10 1.54 1.76 32.5 9.4

Source: compiled by the authors

Processes of microbial transformation of soil
organic matter (according to indicators K ) in all
variants of the experiment were more active under
favourable weather conditions in 2023 compared
to the arid conditions in 2024. Simultaneously,
the use of Groundfix and Azotohelp biologics in
contrast conditions in 2023-2024 contributed to
a more intensive course of microbiological pro-
cesses of organic transformation compared to the
control and the variant where LCF 5-20-5 was in-
troduced. It is worth noting that in all the studied
variants in 2023 and 2024, the soil microbiota was
insufficiently provided with easily accessible nu-
trients (according to the indicators of K ). Howev-
er, when using Groundfix and Azotohelp biologics
in favourable conditions in 2023, the shortage of
nutrients before control for the soil microbiota
was 27-45%, and in arid conditions in 2024 - 33-
35%. It is important to note that when LCF 5-20-5
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was added in rows during sowing under favourable
conditions in 2023, the nutrient content also de-
creased by 21% relative to the control, and in dry
conditions in 2024, on the contrary, it increased
by 27%. Indicators of the pedotrophy coefficient
(K,=1.18-2.35) indicated active absorption of mo-
bile nutrients from soil reserves by the autochtho-
nous microbiota of all variants of the experiment
in 2023-24, to a greater extent with the use of LCF
5-20-5 (K, = 1.98 and 2.35). Positive effects of bi-
ologics (including Groundfix and Azotohelp) on
the microbiological activity of the soil were noted
by D.O. Yakovenko & V.V. Boroday (2022), who re-
corded an increase in nitrogen fixation and min-
eralisation of organic matter. Similar results were
obtained by V. Bolokhovskyi et al. (2024b), noting
improvements in the rhizosphere environment
and plant resistance to stress. T. Khomenko et
al. (2022) indicated activation of the processes of
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phosphatmobilisation and decomposition of or-
ganic residues. O. Tonkha, et al. (2019) noted the
stabilisation of the soil biocoenosis and the overall
improvement of its agroecological state.

The study by V.P. Patyka & O.V. Sherstoboye-
va (2002) noted that denitrification is a set of pro-
cesses in which nitrogen nitrates and nitrites are
reduced to nitrogen gas compounds or molecular
nitrogen by biological means. For a long time, it
was believed that denitrification is carried out by
highly specialised bacteria, in particular, Paracoc-
cus denitrificans and P. halodenitrificans. However,
this is a widespread ability of aerobic and facul-
tative anaerobic bacteria, which use nitrates and
nitrites as alternative electron acceptors in the
respiration process. This is why the process is also
called nitrate respiration, heterotrophic denitrifi-
cation, or dissimilar nitrate reduction.

According to the results of the study, it was
found that the introduction of biologics in the line
had a positive effect on reducing nitrogen losses in
the soil (Table 3). Thus, the potential activity of soil

denitrification with the introduction of Groundfix
biologic in rows decreased in 2023 in the 5-7 leaf
phase (BBCH 15-17) by 3.65 mmol N,0/g of soil per
day, and in 2024 - 2.92 mmol N,0/g of soil per day
and, respectively, in the phase of panicle ejection
(BBCH 50-55) by 0.2, and 0.16, flowering (BBCH
65-69) 1.95, and 1.56. When using Azotohelp,
there was also a decrease in potential denitrifi-
cation, respectively, in the phase of 5-7 leaves by
2.73, 2.39, in the phase of panicle ejection by 0.5,
0.4 and in the flowering phase by 2.85, 2.18 mmol
N,0/g of soil per day, a similar effect of which was
noted by V.V. Volkohon et al. (2015). In the variant
where LCF 5-20-5 was applied, the activity of soil
denitrification, on the contrary, increased to con-
trol at all stages of maize growth and development
(Table 3). According to the results of agrochemical
analysis, it was found that the exchange acidity
in the experiment did not fluctuate significantly,
was at the level of the control variant and did not
significantly affect the growth, development and
productivity of maize plants.

Table 3. Potential activity of soil denitrification
in maize hybrid crops DKC 3972 F with the introduction of biologics (2023-2024)

Potential activity of soil denitrification mmol N,0/g of soil per day
Fertilisers, 2023 2024
Sl 5-7 leaves 52:55 flowering 5-7 leaves trj::tlfli flowering
(BBCH 15-17) (BBCH 50-55) (BBCH 65-69) | (BBCH 15-17) (BBCH 50-55) (BBCH 65-69)
1. Control 11.36+0.4 16.48+1.1 9.35+0.8 8.99+0.8 13.08+0.9 7.38+0.3
2. LCF,
14.07+1.2 17.33£1.3 9.50+0.6 11.16+0.9 13.56+1.1 7.70+£0.5
25 kg/ha
3. Groundfix,
11/ha 7.71+£0.7 16.28+1.3 7.40+0.5 6.07+0.5 12.92+1.0 5.82+0.2
4 Aﬁfﬂ:e'p' 8.63+0.9 15.98+0.6 6.50+0.6 6.60+0.4 12.68+1.2 520403

Source: compiled by the authors

The variability of the content of alkaline hy-
drolysed nitrogen in the soil under favourable
weather conditions in 2023 was low (0.9 %), and
ranged from 100.1 to 108.5 mg/kg of soil. In the
arid conditions of 2024, it increased slightly and
amounted to 1.06%, that is, there were no signif-
icant changes in the content of alkaline hydro-
lysed nitrogen during the use of biologics. Mi-
crobiological processes that occur in the soil and
are associated with the conversion of organic and
mineral nitrogen compounds (mineralisation-
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immobilisation, denitrification) had a significant
impact on the content of mineral nitrogen in the
soil. Thus, in the conditions of 2023-24, mineral
nitrogen negatively correlated with the coeffi-
cient of mineralisation-immobilisation (r=-0.88-
0.68) and denitrification (r=-0.71-0.83), which is
quite logical and is explained in the first case by
an increase in the intake of mineral nitrogen in
the soil due to the direction of processes towards
mineralisation, and in the second - a decrease in
nitrogen losses with a decrease in denitrification

Biological Systems: Theory and Innovation, Vol. 16, No. 1, 2025



activity. In favourable conditions in 2023, a no-
ticeable effect on the mineral nitrogen content
was noted when using Azotohelp biologics, and
in dry conditions in 2024 - for all fertiliser var-
iants. However, the option where Azotohelp bi-
ologics were introduced was very different from
others not only in a favourable 2023, but also
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in a dry 2024 (Table 4). The content of mineral
nitrogen increased by 3.2 and 13.4 mg/kg of soil,
respectively, due to the functional feature of the
bacteria that make up the preparation and are
associative nitrogen fixators, promote nitrogen
fixation and reduce the activity of the denitrifi-
cation process.

Table 4. Agrochemical indicators of soil in crops of hybrid maize DKC 3972 F,
in the flowering phase (BBCH 65-69) with the introduction of biologics (average for 2023-2024)

Metabolic Hydrolysed Mineral pht':’sl,:llf)\lc:?us po“tnaosgzluem
Fertilisers, acidity, pH nitrogen, mg/k nitrogen, mg/k ’ ’
biologics y.P & e/ke J glke P,0., mg/kg K,0, mg/kg
2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024
1. Control 55 55 1022 | 1155 | 1241 136 | 1260 | 1462 | 1138 | 975
2. LCF,
55 5.4 1085 | 1204 | 104 18.1 1350 | 1575 | 888 92.5
25 kg/ha
3. Gﬁ;‘h”adf'x' 55 5.4 1064 | 1218 | 11.0 196 | 1430 | 1612 | 90.0 91.2
4 Aﬁfﬁge'p' 56 5.5 10041 | 1204 | 153 | 270 | 1288 | 1305 | 925 | 96.2

Source: compiled by the authors

In favourable conditions in 2023, in the var-
iant where Groundfix biologic was used, the con-
tent of mobile phosphorus increased by 17 mg/kg
of soil relative to the control, and when using LCF
5-20-5 - by 9 mg/kg of soil. In dry conditions in
2024, the content of mobile phosphorus increased
to the control with the introduction of Groundfix
by 15 mg/kg and LCF 5-20-5 - 11.3 mg/kg. The
increase in the content of mobile phosphorus in
the soil is caused by a complex of phosphorus-mo-
bilising bacteria that are part of the preparation
and contribute to the solubilisation of phospho-
rus. However, the introduction of Azotochelp did
not significantly affect the increase in the content
of mobile phosphorus in the soil. The variability
of mobile potassium content in the soil was at an
average level (V=12.4%) in favourable conditions
in 2023 and low (V=13.16%) in arid conditions in
2024. It should be noted that the content of mo-
bile potassium in the soil during the flowering
phase on the variants with LCF fertilisation and
biologics decreased to the control variant, which
was substantiated by the higher assimilation of
maize plants. The decrease in the content of mo-
bile potassium in the soil was more noticeable in
favourable weather conditions in 2023 compared
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to dry conditions in 2024, which was explained by
its greater removal with the crop.

Under the influence of biologics, there were
positive changes in the microbial coenosis of
the soil, namely: the biogenicity of the soil, the
amount of nutrients, and the activity of their
transformation increased, while the intensity of
mineralisation processes decreased. As a result,
the amount of mineral nitrogen and mobile phos-
phorus in the soil increased and their assimilation
by plants improved, which was reflected in an in-
crease in the assimilation surface of maize crops
(Table 5). Thus, when using the biological prod-
uct Groundfix, the assimilation surface increased
to control in 2023 and 2024, respectively, by 6 and
4.5 thousand m?, dry matter of leaves — by 0.21
and 0.37 t/ha, Azotohelp, respectively, — by 10.1-
12.8 thousand m%*/ha and 0.62-0.69 t/ha. The use of
LCFs also had a positive effect on the assimilation
surface of leaves and their dry matter, but was less
effective compared to biologics. The results ob-
tained are consistent with the data of L. Kvasnits-
ka et al. (2024), who noted that soil treatment with
soil microbiological fertiliser Groundfix contribut-
ed to an increase in the leaf surface area of sun-
flower plants by 7% compared to the control.
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Table 5. Photosynthetic activity of the maize hybrid DKC 3972 F,
in the flowering phase (BBCH 69) with the introduction of biologics (average for 2023-2024)

Area of the assimilation surface Dry matter of leaves, t/ha

Fertilisers, biologics of leaves, thous. m?ha
2023 2024 2023 2024
1. Control 453 40.4 1.92 1.74
2. LCF, 25 kg/ha 47.2 41.7 2.03 1.82
3. Groundfix, 1 I/ha 51.3 449 213 2.1
4. Azotohelp, 1 I/ha 554 53.2 2.54 2.43

Source: compiled by the authors

An increase in the photosynthetic apparatus of
plants during the growing season had a significant
impact on maize productivity. Thus, there is a di-
rect relationship in 2023-2024 between the assim-
ilation surface of leaves, dry matter of leaves, and
yield (r=0.74-0.67 and 0.56-0.74, respectively). The
use of biologics in the row had a positive effect on

maize yields both in favourable conditions for plant
growth and development in 2023 and in arid 2024.
It is important to note that the productivity of the
crop when using Groundfix in a row during sow-
ing increased on average over two years by 0.5 t/ha
compared to the control, Azotohelp, respectively,
by 0.45 t/ha, and LCF 5-20-5 - 0.34 t/ha (Table 6).

Table 6. Maize DKC 3972 F1 hybrid yield with the introduction of biologics (2023-2024)

Yield, t/ha
Fertilisers, biologics
2023 2024 average for 2023-2024 * to control

1. Control 10.64 6.98 8.81 0
2. LCF, 25 kg/ha 10.94 7.35 9.15 0.34
3. Groundfix, 1 1/ha 11.23 7.39 9.31 0.50
4. Azotohelp, 1 I/hain 11.07 7.44 9.26 0.45

LSD, 56 0.15 0.24 - -

Note: LSD,, (the least significant difference) — the minimum difference between the two average values, which is
considered statistically significant at 95 percent and is calculated over the years of research

Source: compiled by the authors

The results obtained coincide with the
studies conducted by D.V. Litvinov & PV. Pet-
ryk (2023), Ye.O. Yurkevych et al. (2023), accord-
ing to which the introduction of Groundfix in the
line during sunflower sowing at a dose of 0.75-11/
ha increased the yield by 6.8-16.2% compared to
the option without the introduction of the drug.
The findings by V. Rotaru et al. (2021) and V. Ish-
chenko et al. (2022) indicated that the use of Az-
otofit at a rate of 0.5 I/ha in the agrocoenosis of
winter wheat and 3 1/ha of sunflower contributed
to an increase in grain yield by 15.8% and 10.4%,
respectively, compared to the control, where bio-
logics were not introduced.

Thus, the introduction of biologics has a pos-
itive effect on the agrochemical parameters of the
soil, in particular, it helps to improve the supply of
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nutrients (nitrogen, phosphorus, potassium), ac-
tivates microbiological processes. As a result, the
physiological state of plants improves, in particu-
lar, the assimilation surface of leaves increases,
photosynthesis is activated, and nutrient absorp-
tion improves. This, in turn, ensured an increase
in the biological productivity of maize and an im-
provement in the quality indicators of the crop.

CONCLUSIONS
It was established that the introduction of biolog-
ics in rows during sowing increased the activity of
microbiological processes in the soil and positive-
ly affected the agrochemical indicators of typical
chernozem, which, in turn, increased the assimi-
lation surface of maize plants and increased crop
productivity. Processes of microbial transformation
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of soil organic matter (according to indicators
K, in all variants of the experiment were more
active under favourable weather conditions in
2023 compared to the arid conditions in 2024.
Simultaneously, the use of Groundfix and Azoto-
help biologics in contrast conditions in 2023-2024
contributed to a more intensive course of micro-
biological processes of organic transformation
compared to the control and the variant where
LCF 5-20-5 was introduced. The introduction of
biologics Groundfix and Azotohelp, in compar-
ison with the control, where biologics were not
used, contributed to the growth of soil biogenicity,
namely: an increase in the number of ammonifiers
by 33% and 23%, respectively, pedotrophs — 8.18%,
oligonitrophils — 39.70%, micromycetes — 17.48%,
while increasing the amount of easily digestible
nutrients by 30.40% and the intensity of transfor-
mation of organic matter of the soil - 57.50%, the
intensity of mineralisation processes decreased by
23.27% and denitrification — by 21.30%. Positive
changes in microbial coenosis improved the agro-
chemical parameters of the soil, namely: the con-
tent of mineral nitrogen increased by 8.3 mg/kg of
soil when applying Azotochelp, and mobile phos-
phorus by 16 mg/kg of soil when using Groundfix.

Borko et al.

Soil transformations under the action of bio-
logics had a positive effect on the assimilation of
nutrients by the crop and an increase in the pho-
tosynthetic activity of maize. Thus, when using
the biological product Groundfix, the assimilation
surface increased to control in 2023 and 2024, re-
spectively, by 6 and 4.5 thous. m? of dry matter of
leaves — by 0.21 and 0.37 t/ha, Azotohelp, respec-
tively, - by 10.1-12.8 thous. m?/ha and 0.62-0.69 t/
ha, which provided an increase in yield to the con-
trol with the introduction of Azotohelp 0.45 t/ha,
and Groundfix - 0.5 t/ha. In further studies, it is
advisable to continue comprehensive observa-
tions of the development of the soil microbiome
under the influence of biologics and their impact
on its fertility and productivity of agrophytocoe-
nosis in intensive cultivation technologies.
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AHoraiisg. MeTo HAaHOTO AOCJiIKEeHHS OYJ0 OIiHUTK CTaH MiKpOGHOTO II€HO3Y Ta aKTUBHICTb
MiKp0oG6io/JIOriuHMX MPOLeCiB Y I'PYHTI, iX BIUIMB HA arpoXiMiuHi MOKa3HMKM YOPHO3eMY TUIIOBOTO,
acUMINSUifiHy TOBEPXHI0 JUCTSI KYKypyA3u Ta ii HaciHHEBY NPOAYKTUBHICTb 3a BHECEHHS
6iompenapartiB. Y gociimskeHi 6y/10 3aCTOCOBAHO MOAbOBMT METO 1151 BUBUEHHS B3a€MO/Iii 06’€KTiB
IOCJiIKeHb 3 MPUPOIHUMM PaKTOpaMu, Ja60paTOPHMUIT — [IJIsT BUSHAUEHHSI MiKpoOiosorivuux ta
arpoxiMiuHMX TOKa3HMUKiB, POTOCMHTETUYHOI AaKTUBHOCTI, & TAKOX MaTeMaTUKO-CTATUCTUIHUIA
— nja obpobKM eKCHepMMEHTaJbHUX OaHMX. BCTaHOBJIEHO, IO 3a BHeCeHHs OiompemnapariB
I'payHadikc i A3oToxennm y CHPUSTAMBUX TOroAHMX yMoB 2023 p., Ta mocymuimBux 2024 p.
301/IbIIYETHCS TOPIiBHSIHO 3 KOHTPOJIEM UMCEJNbHICTh MiKpOOpPraHi3MiB mepeBakHOI OinbLIOCTi
arpOHOMIYHO LIiIHHMX I'PYI, iHTEHCUBHICTH IIpolieciB TpaHchopMallii opraHiuHOI peuoBMHM I'PYHTY,
a TaKOX 3HMXYETbCS HAIPYXXEHICTb MiHepasli3alifiHMX MpoleciB Ta IOTeHIifiHa aKTMUBHICTb
nmeHiTpudikauii, crocrepiraeTbcs 3MeHIIeHHST Ae(iluTy JErKOAOCTYIMHUX MOJAsS MiKpo6ioTu
eJIeMeHTiB KMBJIeHHSI. BCTaHOBJIEHO BUCOKY 06epHeHY 3aJIe5KHICTh Misk BMiCTOM MiHepabHOTO a30TY
B I'DYHTI i HanmpyeHicTI0O MiHepasisaniiiHux nporeciB y Hbomy (r =-0,78) Ta meHiTpudikauiiHow
akTuBHICTIO (r =-0,77). BogHOUYac BigMiuaeThCs MPSIMMUIL BIUIMB acMMijsIIiiiHOI TOBepXHi JUCTS Ta
Ccyxoi peuyoBMHM JIUCTS HA yposkaiHicTb (r=0,71 ta 0,65 BinmoBigHO). ITigBuyeThCst e(heKTUBHICTD
BUPOILIYBAaHHSI KYKYPYA3M 32 BHeCceHHs GiompemnapatiB I'payHadikc Ta Asotoxenm Ha 6 % Ta 5 %
BiAmoBimHO. Bu3HaueHo, 1110 BUKOpUCTaHHs 6iompenapatis 'payHadike Ta A30TOXeJn y psIOK ITif uac
ciB6M cripusie 36iMblIeHHI0 6iIOTeHHOCTI I'PYHTY Ta ONTMMi3alii HampaBIeHOCTi MiKpob6ioaoTiyHNUX
ITPOIIeCiB Yy HbOMY, MiIBUILEHHIO JOCTYITHOCTI €JIeMEHTiB XMBJIEHHS Ta X 3aCBOIOBAHOCTI, CITPUSIIOUA
MIpU IIbOMY POCTY POCJIMH Ta iHTeHcudikalii GOTOCMHTeTMYHOI aKTUBHOCTI. BHACTiJOK MO3UTUBHUX
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3MiH Bif 3acTrocyBaHHS 6GiompemnapatTiB I'payHadikc Ta A30TOXeNN YpOXKaHICTh KYKYPYZA3U OO
KOHTPOJIBHOTO BapiaHTy MiABUIIYEThCS BimmoBigHo Ha 0,50 Ta 0,45 T/ra. JlaHi pe3yabTaT¥ MOXYTh
OyTM BMKOPUCTAHI IJisT OnTuMisalii iHTEHCMBHOI TeXHOJIOTii BUPOIIYBaHHS KYKYPYO3M, IO
CIIpUSITYME TOJITIIIEHHI0 CTAHY MiKPOOHOTO II€HO3Y I'PYHTY, JKMBJIEHHSI POCJVH Ta ITiJBUIIEHHS
BPOXXaHOCTi KyKypYyA3u

KirouoBi coBa: MiKpoGHi mperapaTy; YOpHO3eM TUIIOBMIt; (isionoriuHi i TakCcOHOMiuUHi rpymu
MiKpOOpPraHi3MiB; aKTUBHICTb JAeHiTpudiKkaiii; arpoxiMiuHi MOKa3HUKY; YPOKAHICTD
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