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ABSTRACT

Reducing pressure on agrolandscapes while maintaining indicators of economic efficiency is a promising and rel-
evant task for researchers. The article presents the results of a four-year study on the formation of water, nutrient,
and microbial regimes in the soil of mid-early ecological group hybrid sunflower crops PR64F66 F1 and Tunca
F1 at different levels of biologization of zonal variety cultivation technologies in the conditions of the Southern
Steppe of Ukraine: traditional intensive, extensive minimal, organic, and two levels of biologized. The dependence
of the reduction in average daily soil moisture consumption on the application of biologization elements was estab-
lished. The minimum value of the water consumption coefficient over the years of the study was found for organic
cultivation technology — 407 (PR64F66 F1) and 423 (Tunca F1) m*/ton of dry matter, while the least economi-
cal consumption of active moisture for biomass formation was recorded for the extensive cultivation technology
variant — 523 and 624 m?/ton respectively. Variants with the application of biologization elements in the mineral
nutrition system were characterized by significantly higher efficiency and economy of nitrogen consumption from
soil reserves. Throughout the vegetation period, under the conditions of intensive sunflower cultivation technol-
ogy, both the overall population of the plowed soil layer and the number of microflora for individual key groups
decreased significantly compared to variants where individual elements of biologization or their complex applica-
tion (organic cultivation technology) were implemented, by 6.1-40.9%.

Keywords: sunflower, hybrids of the mid-ripening group, biologization levels, organic growing technology, water
consumption, removal of mineral nutrition elements, soil microbiological activity.

INTRODUCTION

A characteristic feature of modern agrophyto-
cenoses in all agricultural zones of Ukraine is the
increasing expansion of marginal crops, where
agricultural producers prioritize economic indi-
cators of farming, while ecological aspects are ei-
ther not taken into account or considered residual
(Honcharova and Kirichenko 2021). In this sense,
the situation with sunflower production in the
country has long moved from being a concern for
experts to becoming a nationwide problem (Yere-
menko and Onyschenko 2021; Chekhova 2022).
Therefore, its solution (reducing pressure on
agrolandscapes while maintaining indicators of
economic efficiency) is a promising and relevant

task for researchers (Kovalenko et al., 2021; Pet-
rychenko et al., 2022). Taking into account the
above, the process of biologization of sunflower
production or the conversion of a certain portion
of'its sown areas to “organic tracks” is seen today
as almost the only way to resolve the “stalemate”
situation that has arisen in the domestic market
of agricultural products (Ostapenko et al., 2020;
Sokolovska and Maschenko 2023).

It should be noted that this problem is not
indifferent to the global and domestic scientific
community. A significant number of scientific re-
search and publications have recently been dedi-
cated to the issue of biologization of sunflower
production (Adeleke and Babalola 2020; Bagh-
bani-Arani et al., 2020; Mouillon et al., 2020). A
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particular trend is that researchers increasingly
attempt to solve the problem comprehensively,
taking into account not only unfavorable biotic
factors of agrocenosis (pests, phytopathogens,
weeds) but also abiotic factors, primarily hydro-
thermal ones (Chabert et al., 2020; Lachabrouilli
et al., 2021; Soothar et al., 2021). This trend is
also clearly observed during the analysis of pre-
sentations of new products from plant protection
companies, which increasingly include prepara-
tions of organic origin that not only serve purely
pesticidal functions but also possess properties
of immunomodulators, thermoprotectors, growth
regulators, cytokinins, etc. (Chen et al., 2021;
Chuiko 2021). Using modern biologically active
substances of natural origin in production condi-
tions makes it possible not only to increase the
productivity per hectare of sunflower sowing but
also to significantly influence the quality indica-
tors of the harvest.

As evidenced by the results of recent scien-
tific developments and the practice of their in-
dustrial implementation, today there is a real op-
portunity to reduce the area of sunflower planta-
tions without reducing gross seed yields (Zahra
et al., 2020; Shakalii et al., 2022). An analysis of
scientific periodicals on the mentioned problem
indicates that the majority of researchers prefer
a fragmented study of individual elements of bi-
ologization of sunflower cultivation technology:
the use of biofungicides (Flore et al., 2023), or-
ganic fertilizers (De Jesus et al., 2020), minimiza-
tion or complete abandonment of certain types of
mineral supplements, reduction of their doses and
norms, revision of application methods (Chappa
et al., 2023; Sydiakina and Ivaniv 2023), and the
inclusion of biologically active substances of or-
ganic origin in cultivation technology (Uwineza
and Waskiewicz 2020). Some researchers adhere
to a different concept: they declare a scientifical-
ly substantiated saturation of agrophytocenoses
with sunflower without fundamentally revising
the zonal cultivation technology to include ele-
ments of biologization (Dehtiarova 2023). The
inclusion of elements aimed at optimizing plant
life factors in sunflower cultivation technology
(and elements of biologization are not an excep-
tion in this aspect) aims to transform the basic
ecological factors that determine the final seed
productivity indicator (Polyakov and Shcherbak
2022; Silva et al., 2023). In the conditions of the
Southern Steppe of Ukraine, the water, nutrient,
and microbiological regimes of the soil are of
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crucial importance for sunflower cultivation. Our
research is precisely aimed at studying this issue.

RESEARCH METHODOLOGY

The aim of the scientific research is to deter-
mine changes in the water, nutrient, and micro-
bial regimes of the soil under the cultivation of
mid-early sunflower hybrids depending on the
cultivation technology. The research was con-
ducted from 2020 to 2023 on the southern cher-
nozem of the State Enterprise Experimental Farm
“Pioneer” of Beryslav District, Kherson Region.
The research is two-factor. Factor A — mid-early
sunflower hybrids: PR64F66 F1 (Pioneer) and
Tunca F1 (Limagrain). Factor B — cultivation
technologies:

e traditional (intensive) technology — recom-
mended for the conditions of the Southern
Steppe of Ukraine, using mineral fertilizers
and chemical plant protection agents;

e Dbiologized I — intensive technology, in which
mineral fertilizers were replaced with or-
ganic ones (multi-functional preparation TM
“Eco-Growth”);

e Dbiologized II — intensive technology, in which
chemical fungicides and insecticides were
replaced with biological preparations, and
herbicides — with mechanical weed control
operations. For fungicidal protection, prepa-
rations TM “ENZIM-Agro” Gaubsin-FORTE
and Viridin (Trichodermin) were used, for in-
secticidal protection — insect-acaricides TM
“ENZIM-Agro” Entocid (Metarhizium) and
Actarophyt;

e organic technology — a technology in which
the care system for crops is based exclusively
on the use of biological preparations (both fer-
tilizers and pesticides);

e extensive (minimal) — cultivation technology,
in which the care system for crops is repre-
sented only by mechanical weed control op-
erations without the use of chemical and bio-
logical fertilizers and plant protection agents.

TM "Eco-Growth" — strains of Bacillus ther-
mophiles, Bacillus subtilis, phosphorus-mobiliz-
ing, nitrifying bacteria, and chelated micronutri-
ents (51 g/I' N, 12.0 g/l K,0, 58 g/l MgO, 50 g/1
SO,, 6.5 g/l B, 12.5 g/l Cu, 12.4 g/l Fe, 12.0 g/1
Mn, 0.2 g/l Mo, 6.4 g/1Zn, 0.1 g/1 Co, 66.4 g/l ami-
no acids, 67.8 g/l organic acids (succinic, malic,
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tartaric, and citric), 3.3 g/l humic acids, 0.58 g/l
fulvic acid, 0.0055 g/l phytohormones, 0.049 g/l
polysaccharides, vitamins, cytokinins, gibberellin
compounds. Used for seed treatment at a rate of
2 I/t for pre-sowing treatment and 2 1/ha for foliar
feeding of crops.Gaubsin-FORTE — biofungicide,
two strains of Pseudomonas aureofaciens culture
with a cell titer of not less than 4x10° CFU/ml.
The application rate for vegetative plant spraying
is 2 I/ha. Viridin (Trichodermin) — biofungicide,
spores and mycelium of Trichoderma spp. fungi
with a titer of not less than 1x10®* CFU/ml and
metabolites — biologically active substances. The
application rate for seed treatment is 5 1/t for pre-
sowing treatment and 2 l/ha for vegetative plant
spraying. Entocid (Metarhizium) — bioinsecticide,
spores of entomopathogenic fungi not less than
2x10% CFU/ml. Used for soil spraying for pre-
sowing treatment at a rate of 5 I/ha. Actarophyt —
bioinsecticide, a complex of natural avermectins
produced by the beneficial soil fungus Strepto-
myces avermitilis (abamectin — 50%, emamectin
— 50%). The total toxin content is not less than
1.8%. The application rate for plant spraying is
0.2 I/ha.The research was conducted using a split-
plot design with partial randomization, with four
replications.Sunflowers were grown in the study
under natural moisture conditions. Groundwater
on the farm site is located at a depth of 16 meters.
Artesian well water with a mineralization level of
0.4 g/dm* was used for crop spraying. According
to the classification of natural waters by mineral-
ization, water from the artesian well is considered
moderately fresh (0.1-0.6 g/dm®). Soil moisture
was determined by the thermogravimetric meth-
od, total water consumption — by the water bal-
ance method, the content of easily hydrolyzed
nitrogen in the soil — according to Kornfield,
the content of mobile phosphorus — according to
Chirikov. The computer program “Agrostat” was
used for statistical analyses of data.

RESEARCH RESULTS AND
THEIR JUSTIFICATION

The study of the dynamics of the indicator,
which is the basis for further formation of water
consumption per unit area of crop cultivation and
the overall inflow component of the water bal-
ance of the sunflower wedge — soil moisture in
the 0—100 cm layer, provides grounds to state that
from the moment of emergence to the BBCH 15

micro-stage (5 true leaves), it did not have a sig-
nificant dependence on the factors of the study
and changed synchronously across all variants of
crop hybrids and levels of biologization of cul-
tivation technology. Starting from the BBCH 15
micro-stage, a regularity was established, accord-
ing to which the decrease in soil moisture indica-
tor in the 0—100 cm layer occurred more inten-
sively in the variants of traditional (intensive) and
extensive (minimal) cultivation technologies in
the crops of both sunflower hybrids. At the BBCH
55 micro-stage, no significant difference was
found in the soil moisture indicator in the 0—100
cm layer for any of the factors. In the future, this
difference became evident: the content of active
moisture in the soil under plants in the variants of
partial (biologized I and IT) and complete biologi-
zation (organic) cultivation technology was sig-
nificantly higher than in the variants of intensive
and extensive cultivation technology. This differ-
ence became particularly significant in the final
stages of observation — BBCH 75 and BBCH 89
micro-stages. Thus, at the BBCH 89 micro-stage,
on average, according to factor A, the soil mois-
ture in the 0—100 cm layer was: traditional (inten-
sive) technology — 13.9%, biologized 1 — 14.3%,
biologized 11 — 14.5%, organic — 14.8%, minimal
extensive — 13.1% (Figure 1, 2).

However, drawing conclusions about the ac-
tual state of soil moisture based solely on its mois-
ture content would be incorrect. The indicator of
productive moisture reserves in the soil, which is
the difference between total and “dead” reserves,
also deserves attention. According to our research,
the reserves of productive moisture in the 0—100
cm soil layer in the first half of the crop’s veg-
etation period (up to the BBCH 55 micro-stage)
did not have a significant dependence on either
the sunflower hybrid or the cultivation technol-
ogy implemented in a particular experiment vari-
ant. Starting from the BBCH 65 micro-stage, the
dynamics of active moisture loss in the 0-100
cm soil layer was more intensive in the control
(traditional technology) and in the variants using
extensive (minimal) cultivation technology. Cul-
tivation technologies incorporating elements of
biologization were characterized by significantly
lower intensity of moisture loss in the 0—100 cm
soil layer. For example, at the BBCH 89 micro-
stage, the average moisture reserves in the 0—100
cm layer in the biologized I variant were 250 m*/
ha, in the biologized II variant — 254 m*/ha, and
in the organic variant — 257 m*/ha, compared to
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Figure 1. Dynamics of humidity in the soil layer 0—100 cm in the second half of the growing season
of the Tunca F1 hybrid depending on the cultivation technology (average for 2020-2023), %
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Figure 2. Dynamics of humidity in the soil layer 0-100 cm in the second half of the growing season
of the PR64F66 F1 hybrid depending on the cultivation technology (average for 2020-2023), %

182 m*/ha and 189 m?/ha in the intensive and ex-
tensive cultivation technologies, respectively, on
average according to factor A (Table 1).

Thanks to its powerful root system, sunflower
is capable of absorbing moisture from a depth of
up to 1.8-2.0 meters, so significant dehydration
of the 0—100 cm soil layer was observed in the
experiment. For example, in the intensive culti-
vation technology variant, the initial reserves of
active moisture, formed during the emergence pe-
riod (BBCH 10), were depleted by 86.2% by the
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BBCH 89 micro-stage. In the biologized I vari-
ant, it was depleted by 80.7%, in the biologized
II variant — by 80.4%, in the organic variant — by
80.0%, and in the extensive variant — by 85.5%.
However, a more objective indicator that allows
for analyzing the efficiency of plant consumption
of active soil moisture is its average daily con-
sumption. Table 2 shows the results of calculating
this indicator for the research variants.

The indicator of average daily consumption
of soil moisture by sunflower plants is somewhat
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Table 1. Dynamics of the content of productive moisture in the 0—100 c¢cm soil layer under sunflower depending on
the cultivation technology (average for 2020-2023), m*ha

Hybrid Growth and development phase
Cultivation technology (factor B)
(factor A) BBCH 10 | BBCH12 | BBCH55 | BBCH65 | BBCH 75 | BBCH 89
Traditional — control 1294 1243 1194 305 242 175
Biologized | 1294 1245 1197 313 273 249
PR64F66 - -
F1 Biologized Il 1294 1245 1200 315 277 254
Organic 1294 1247 1199 321 280 261
Extensive 1294 1248 1190 301 245 187
Traditional — control 1294 1241 1198 301 233 182
Biologized | 1294 1244 1199 308 268 250
Tunca F1 Biologized Il 1294 1246 1202 313 271 254
Organic 1294 1247 1205 322 282 257
Extensive 1294 1242 1190 298 236 189
LSD For mean (main) effects A-30.7;,B-29.4
% For partial differences A-12.2;B-28.0

Table 2. Average daily moisture consumption of sunflower plants according to the experiment options (average

for 2020-2023)

_ - Reserve of active moisture, T_otal Vegetation Aver_age
Hybrid Cultivation technology m®/ha m0|sture_ duration, daily _
(factor A) (factor B) BBCH 10 BBCH 89 con;glmgtlo, days cgg/s#;?;;),
Traditional — control 1294 £12.2 175+ 1.7 1119 1M1 10.1
Biologized | 1294 £12.2 249+21 1045 115 9.1
PR?:41F66 Biologized Il 1294 +£12.2 254 +2.2 1040 118 8.8
Organic 1294 +£12.2 261+23 1033 121 8.5
Extensive 1294 +£12.2 187 £1.8 1107 109 10.2
Traditional — control 1294 £12.2 182+1.8 1112 109 10.2
Biologized | 1294 +£12.2 250 + 2.1 1044 114 9.2
Tunca F1 Biologized Il 1294 +£12.2 254 +2.2 1040 115 9.0
Organic 1294 £12.2 257 +23 1037 119 8.7
Extensive 1294 +£12.2 189+1.9 1096 108 10.1

conditional, as it does not take into account the
moisture input from atmospheric precipitation.
However, it is sufficient for identifying the gener-
al trend in the dependence of moisture consump-
tion by the crop on the level of biologization of
the cultivation technology.

If this indicator did not have a significant de-
pendence on factor A, a dependence on the reduc-
tion of soil moisture consumption due to the appli-
cation of biologization elements was established
for factor B. In the intensive cultivation technol-
ogy variant, 1 hectare of sowing consumed an av-
erage of 10.15 m® of water per day, while in the
biologized I variant, this consumption decreased
to 9.15 m’, in the biologized II variant — to 8.90
m’, and the most economical consumption was

determined in the organic cultivation technol-
ogy — 8.60 m*/ha/day. The extensive cultivation
technology variant did not differ from the control
variant in terms of average daily water consump-
tion, averaging 10.15 m?/ha/day.

The criteria by which it is advisable to conduct
the most objective comparison of research vari-
ants in terms of the efficiency of using the most
limiting factor of the cultivation zone — active
moisture, are, as known, the calculated indicators
of total water consumption and water consump-
tion coefficient. The latter allows analyzing the
level of specific water consumption for the for-
mation of one unit of dry biomass. According to
the research results, the application of biologiza-
tion elements in sunflower cultivation technology
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Table 3. Components of the water balance of the 0—100 cm soil layer depending on the factors of the experiment

(average for 2020-2023)

Precipitation Total water Drv biomass Coefficient
Hybrid Cultivation technology Soil moisture, | moisture during ) o of water
3 . consumption, yield, )
(factor A) (factor B) m3/ha the growing 3 consumption,
3 m?ha t/ha 3

season, m¥/ha m3/t
Traditional — control 1119 2037 3156 6.04 523
Biologized | 1045 2042 3087 7.34 421
PR?:tF66 Biologized Il 1040 2042 3082 7.27 424
Organic 1033 2042 3075 7.56 407
Extensive 1107 2037 3144 5.26 598
Traditional — control 1112 2037 3149 5.89 534
Biologized | 1044 2042 3086 7.11 434
Tunca F1 Biologized Il 1040 2042 3082 7.03 438
Organic 1037 2042 3079 7.28 423
Extensive 1096 2037 3133 4.94 634

significantly influenced the water consumption
coefficient of both hybrids. The minimum val-
ues of the water consumption coefficient on av-
erage for the years of research were established
for organic cultivation technology — 407 (Tunca
F1) and 423 (PR64F66 F1) m*/ton of dry matter,
and the least economical water consumption for
biomass formation was determined for extensive
cultivation technology — 523 and 624 m?/ton re-
spectively (Table 3). The water consumption co-
efficient indicator for sunflower crops on average
for factor A is shown in Figure 3.

Compared to the control (traditional cultiva-
tion technology), the variant of biologized I tech-
nology, where synthetic mineral fertilizers were

650
600
550
500
450
400
350
300
250
200

m?®/t of dry biomass

529

427

Traditional —
control

431

Biologized I Biologized II

replaced with organic fertilizers, was characterized
by 19.3% less water consumption for the forma-
tion of one unit of dry biomass, and the variant of
biologized II technology (replacement of chemical
pesticides with organic preparations for protection)
— by 18.5% more economical water consumption.
Organic technology (application of exclusively
biological fertilizers and pesticides) proved to be
more efficient in terms of water consumption by
21.5%, while extensive technology led to an in-
crease in the water consumption coefficient by
16.5% compared to the control. A significant in-
hibiting factor hindering the more intensive imple-
mentation of biologization principles in modern
agriculture is a certain “psychological barrier” for

616

415

Organic Extensive

Figure 3. Sunflower water consumption rate depending on cultivation
technology (average for 2020-2023), m*/t of dry biomass
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most agricultural producers regarding the refusal to
use a certain amount of mineral supplements in the
crop’s mineral nutrition system and their replace-
ment with biological (organic) fertilizers (Luczka
and Kalinowski 2020; Jiang et al., 2022).

At the same time, scientists have proven that
the application of biologized methods in build-
ing the sunflower nutrition system by incorporat-
ing microbiological fertilizers into its cultivation
technology, which are capable of converting im-
mobilized and hard-to-access forms of macroele-
ments from soil reserves into a highly labile state,
chelated complex microfertilizers containing a full
range of meso- and microelements together with
macroelements and characterized by cumulative
action and almost 100% assimilation, allows for
a fundamental reconsideration of the principles of
building the mineral nutrition system (Sydiakina
and Pavlenko 2021; Alzamel et al., 2022). Modern
biologized technologies for sunflower cultivation
are based on a significant (up to 50-60%) transi-
tion of the crop’s nutrient system from mineral
fertilizers, which are characterized by high levels
of inert substances, insufficient absorption by the
plant’s root system, significant losses of active sub-
stances before being absorbed by the soil absorp-
tion complex, etc., to biological multifunctional
fertilizers (Domaratskiy et al., 2020; Domaratskyi,
2021; Sydiakina and Hamajunova 2023).

Regarding the complete (100% of the norm)
abandonment of mineral fertilizers in the crop’s
cultivation technology in favor of exclusively or-
ganic fertilizers, biopreparations, chelated micro-
complexes, there are currently no scientifically

proven positive results of such technological
solutions in the scientific literature. Therefore,
an important task of our research was to analyze
changes in the nutrient regime of the plow layer of
soil under different scenarios of using both min-
eral and biological fertilizers and their interaction
with complex multifunctional preparations. The
determination of the content of readily hydrolyz-
able nitrogen showed that the level of provision
with this element is relatively low (Table 4).

It has been established that the dynamic pro-
cess of changing the content of available nitrogen
in the soil has significant peculiarities, namely:
in the variant of traditional and biologized II
technologies, where the full rate of mineral fer-
tilizers was applied, the nitrogen content in the
soil significantly decreased throughout the entire
vegetation period until the micro-stage BBCH
89. A similar pattern was observed for extensive
(minimal) cultivation technology. Different re-
sults were obtained for the use of biologized I and
organic cultivation technologies: starting from
the emergence phase to the micro-stage BBCH
55, there was a slight increase in the content of
readily hydrolyzable nitrogen in the plow layer of
soil, which can be explained by the intensification
of nitrifying activity of both natural soil microflo-
ra and bacterial strains included in microbiologi-
cal preparations. From the micro-stage BBCH 65
to BBCH 89, the content of readily hydrolyzable
nitrogen in the 0-30 cm soil layer decreased.
The intensity of loss of available nitrogen in the
plow layer of soil during the crop vegetation pe-
riod averaged for factor A was as follows: in the

Table 4. Dynamics of the content of easily hydrolyzed nitrogen in the arable layer of the soil of the experimental

site (average for 2020-2023), mg/100 g of soil

Hybrid o Growth and development phase
(factor A) |  CHtivation technology (factor ) BBCH 10 | BBCH 12 | BBCH55 | BBCH 65 | BBCH75 | BBCH 89
Traditional — control 3.91 3.65 3.22 2.62 2.04 1.56
Biologized | 1.94 227 297 217 1.88 1.22
PR?:41F66 Biologized Il 3.83 3.53 3.17 2.90 2.23 1.71
Organic 1.82 2.33 3.1 2.56 2.01 1.32
Extensive 1.42 1.24 1.20 1.19 0.90 0.63
Traditional — control 4.07 3.49 3.22 2.70 2.16 1.60
Biologized | 1.94 222 2.91 2.24 1.81 1.27
Tunca F1 Biologized Il 3.98 3.39 3.17 2.95 2.34 1.90
Organic 1.82 2.19 3.30 2.64 2.10 1.29
Extensive 1.60 1.44 1.40 1.31 1.04 0.77
LSD For mean (main) effects A-0.14;B-0.31
% For partial differences A-0.08;B-0.18
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traditional (intensive) technology variant — from
3.99 to 1.58 mg/100 g (utilized 60.4%), in the bi-
ologized I variant — from 1.94 to 1.25 mg/100 g
(36.6%), in the biologized II variant — from 3.91
to 1.81 mg/100 g (53.7%), in the organic vari-
ant — from 1.82 to 1.31 mg/100 g (28.0%), in the
extensive variant — from 1.51 to 0.70 mg/100 g
(53.7%). Thus, variants with the application of
elements of biologization in the system of min-
eral nutrition were characterized by significantly
higher efficiency and economy of consumption of
soil reserves of the main macroelement for poten-
tial yield formation.

The study of phosphorus content dynamics in
the soil allows us to assert the absolutely similar
nature of the dependence of this indicator on the
investigated factors. Thus, in the variants of in-
tensive, biologized I1, and extensive technologies,
the P O, content in the soil decreased throughout
the vegetation period, with the only difference be-
ing that until the flowering phase, the intensity of
this process was insignificant, and with the begin-
ning of generative yield formation (from micro-
stage BBCH 65 to BBCH 89), the intensity of
phosphorus consumption by plants from the plow
layer of soil significantly increased.

Regarding the efficiency of plant consump-
tion of soil reserves of P O, during the vegeta-
tion period, averaged for factor A over the years
of research, it amounted to: traditional (intensive)
technology — from 7.63 to 5.71 mg/100 g (uti-
lized 25.2%), biologized I — from 6.29 to 5.57
mg/100 g (14.5%), biologized II — from 7.67 to
5.44 mg/100 g (29.1%), organic — from 6.20 to

5.30 mg/100 g (14.7%), extensive — from 7.62 to
6.11 mg/100 g (19.8%). Thus, as in the case of
available nitrogen, the biologization of the crop’s
mineral nutrition system led to an increase in the
efficiency and rationality of consumption of mo-
bile phosphorus (Table 5).

Considering the fact that the content of mo-
bile potassium K, O in the soil of the experimental
plot is characterized as high (36.7 mg/100 g), and
the calculated norm of mineral fertilizers applied
in the variants of traditional (intensive) and biolo-
gized II cultivation technologies did not include
the application of potassium component, we did
not conduct an analysis of the dynamics of ex-
changeable potassium content in the soil and its
consumption by sunflower plants. As for the dy-
namics of soil reserves of NO, and P O, the use
of elements of biologization in the system of min-
eral nutrition in sunflower cultivation technology
was determined by us as an effective method of
increasing plant consumption of these macroele-
ments from the soil.

In modern scientific works, the inhibitory ef-
fect of active substances and metabolites of syn-
thetic pesticides (primarily fungicides and bacte-
ricides) on the total population and activity of soil
microbiota has been repeatedly reported (Meena
et al., 2020; Roman et al., 2021). In most cases,
modern groups of pesticides are not selective in
their action on pathogenic and beneficial micro-
flora, therefore, along with controlling the pop-
ulation of crop pathogens, there is a significant
potential danger of bactericidal action towards
groups of microorganisms that play a direct role

Table 5. Dynamics of the content of available phosphorus in the arable layer of the soil of the experimental site

(average for 2020-2023), mg/100 g of soil

Hybrid o Growth and development phase
(factor A) |  CHtivation technology (factor ) BBCH 10 | BBCH 12 | BBCH55 | BBCH 65 | BBCH75 | BBCH 89
Traditional — control 7.63 7.34 6.48 6.06 5.77 5.70
Biologized | 6.29 6.33 6.60 6.19 5.65 5.53
PR?:41F66 Biologized Il 7.67 7.25 6.49 6.21 5.73 5.43
Organic 6.20 6.44 6.64 6.09 5.69 5.30
Extensive 7.62 7.37 6.85 6.61 6.40 6.09
Traditional — control 7.63 7.39 6.55 6.10 5.80 5.72
Biologized | 6.29 6.38 6.62 6.17 5.66 5.60
Tunca F1 Biologized Il 7.67 7.26 6.57 6.26 5.79 5.45
Organic 6.20 6.50 6.68 6.15 5.73 5.29
Extensive 7.62 7.41 6.87 6.72 6.50 6.12
LSD For mean (main) effects A-0.07; B-0.06
% For partial differences A-0.02;B-0.05
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Table 6. Dynamics of microbiological activity of 1 g of completely dry soil under different sunflower growing

technologies (average for 2020-2023)

Growth and development phase

Cultivation
tochnology BBCH 12 BBCH 89

(factor B) 52;2: Ammonifying | Oligonitrophils | Actinomycetes | Nitrophils | Cellulolytic, | Nitrifying, :e:;iilg Ammonifying | Oligonitrophils | Actinomycetes | Nitrophils | Cellulolytic | Nitrifying,

pe 'on’ agents, million million million million | thousand | thousand r;jﬂj_on agents million million million million | thousand | thousand

T_ra:;r']‘t’rr;‘l" 175 166 12.9 10 15.1 13 74 103 13 89 07 97 07 5.1
B'°'°|g'29d 189 17.0 16.2 14 150 13 83 206 230 190 09 184 22 109
B'°'°|?'Z‘°'d 195 17.2 16.9 10 156 17 85 209 233 194 08 190 23 16
Organic | 19.6 17.6 17.2 1.1 15.4 18 8.6 213 237 19.3 0.9 19.2 25 12.1
Extensive | 18.0 16.9 125 1.1 13.0 1.1 75 1.9 14.2 10.7 0.6 1.8 0.8 59

in soil formation processes, perform mineraliza-
tion, nitrogen fixation, ammonification, cellulo-
lytic functions, and act as antagonists to patho-
genic microbiota (Shahid and Khan 2022).

In the case of sunflower production intensifi-
cation, the activity of the aforementioned nega-
tive processes potentially increases by an order
of magnitude, taking into account the premature
return of sunflower to the same field in crop ro-
tation, cases of repeated plantings, and even
monoculture in individual and small-scale farm-
ing. This increase in pesticide load per hectare of
sunflower wedge creates even more unfavorable
conditions for the normal functioning of microor-
ganisms in the plow layer of soil.

Below we present the results of experimen-
tal studies on the dynamics of soil microbiologi-
cal activity under different sunflower cultivation
technologies, focusing on the main groups of mi-
croorganisms involved in soil formation process-
es and responsible for various aspects of soil fer-
tility formation. The experimental data indicate
that during the vegetation period, under tradition-
al (intensive) sunflower cultivation technology,
both the overall colonization of the plow layer
of soil on the experimental plot and the quantity
of microflora by individual groups significantly
decreased compared to variants where individual
elements of biologization or their complex ap-
plication were implemented (organic cultivation
technology) (Table 6).

Thanks to the absence of negative pesticide
pressure on the agroecosystem and the additional
influx of soil microorganisms by specific groups,
we observed a positive trend in the population
dynamics of microorganisms in the variants of
biologized I and II, as well as organic sunflower
cultivation technologies. On average, based on
factor A, from micro-stage BBCH 12 to micro-
stage BBCH 89, the overall colonization of 1 g of

completely dry soil by aerobic species increased
as follows: in biologized I technology — by 8.3%,
biologized II — by 6.7%, organic — by 8.0%; by
ammonifying species — respectively by 6.1%,
6.2%, and 5.7%; oligonitrophils — by 14.7%,
12.9%, and 10.9%; nitrophils — by 18.5%, 17.9%,
and 19.2%; cellulolytic — by 40.9%, 28.0%, and
28.0%; nitrifying — by 23.9%, 26.7%, and 28.9%.
A decrease in soil colonization was observed
for the group of actinomycetes during the veg-
etation period in the variants of biologized and
intensive technologies, which we interpret as a
positive effect, as this group is mostly represent-
ed by pathogenic species that cause diseases in
crops, including sunflowers. The analysis of soil
microbiological activity dynamics in the variants
of traditional and extensive cultivation technolo-
gies allows us to conclude that the number of soil
microorganisms decreased in all groups, except
for actinomycetes, with a higher intensity of this
process observed in the traditional cultivation
technology due to the use of synthetic pesticides
that have an inhibitory effect on soil microbiota.

CONCLUSIONS

The technology of sunflower cultivation up to
micro-stage BBCH 15 did not have a significant
impact on the moisture content of the 0—100 cm
soil layer. However, a decrease in this indicator
was observed during the period from micro-stage
BBCH 15 to BBCH 55, especially in the variants
of traditional and extensive technologies. Starting
from micro-stage BBCH 55, significant differ-
ences between the cultivation technology variants
were observed, reaching their maximum during
micro-stage BBCH 89. The biologized and or-
ganic sunflower cultivation technologies showed
significantly higher moisture levels in the 0-100
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cm soil layer. A similar pattern was observed for
the indicator of productive moisture reserves in
the 0—100 cm soil layer.The implementation of
biologization elements in the cultivation technol-
ogy contributed to a reduction in the daily wa-
ter consumption by sunflower plants. The most
efficient water consumption and minimal water
consumption coefficient were observed when us-
ing organic agrotechnology.The content of easily
hydrolyzable nitrogen in the plowed soil layer
gradually decreased throughout the entire veg-
etation period for the traditional, extensive, and
biologized II cultivation technologies. For the
biologized I and organic technologies, a slight in-
crease in this indicator was observed up to micro-
stage BBCH 55, after which it started to decrease.
Variants with the implementation of biologization
elements in the mineral nutrition system showed
more efficient consumption of easily hydrolyz-
able nitrogen and mobile phosphorus.

The overall colonization of the plowed soil layer
and the quantity of microbiota by individual groups
decreased more significantly during the vegetation
period of sunflower in the traditional technology
compared to variants where specific elements of bi-
ologization or their complex application were imple-
mented (organic cultivation technology).
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