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IMPACT OF PROJECTIVE SOIL COVER WITH POST-HARVEST RESIDUES ON SOIL
MICROBIOLOGICAL INDICATORS IN THE CONDITIONS
OF THE LEFT-BANK FOREST-STEPPE OF UKRAINE

The transformation of crop residues is an important factor in shaping the spatial and functional structure of
the soil microbial biome, crucial for enhancing soil fertility and ecological sustainability. Their application as a
component of agrotechnology contributes to developing a stable, active, and diverse microbial community.

Purpose. To determine the effect of crop residue ground cover on the abundance of actinomycetes in soil.

Methods. Field experiments, laboratory-analytical procedures, and statistical methods.

Results. The data on the impact of various crop residues on the abundance of actinomycetes in soil presents.
It was proven that residues of sunflower, corn, and soybean significantly enhanced microbiological activity, par-
ticularly increasing actinomycete numbers compared to the control without residues. The highest abundance of
actinomycetes was recorded in soil with sunflower residues, indicating the high potential of this residue type to
improve soil biological quality. An inverse relationship was found between actinomycete abundance and both soil
moisture and temperature: optimal conditions were observed at 18.3% moisture and 26.0°C. The developed re-
gression model demonstrated a moderate correlation between soil moisture and actinomycete abundance. The
study emphasizes the importance of the chemical composition of crop residues, particularly the carbon-to-nitrogen
(C:N) ratio, in creating favourable conditions for soil microbial development.

Conclusions. The use of crop residues in resource-saving farming systems is an effective measure to stim-
ulate microbiological processes and improve soil fertility. Establishing the dependence of microbial activity on
soil moisture and temperature makes it possible to optimize the water regime, reduce energy inputs for soil man-
agement, and ensure the sustainable development of the microbiota under climate change conditions.

KEYWORDS. actinomycetes, crop residues, soil microbiota, soil temperature, soil moisture, stress con-
ditions, tillage, corn
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Introductions

Microorganisms play a crucial role in the and reproduction, as they provide a nutrient-rich
soil ecosystem and in the cycling of key ele- environment by increasing the organic matter
ments such as nitrogen and carbon. Plant resi- content in the soil [1]. The microbiological
dues are of great importance for their growth properties of soil depend on the type and quan
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tity of crop residues post-harvest, as well as the
soil conditions. For example, Y. Su et al. [2] re-
ported that the soil microbiome responds more
positively to the accumulation of corn residues
compared to winter wheat residues. Changes in
microbial biomass content in the soil are also in-
fluenced by soil temperature and moisture. Ele-
vated temperatures negatively affect microbial
productivity both in the soil and in agroecosys-
tems as a whole. Under conditions of insuffi-
cient precipitation and increased temperatures
(Hydrothermal Coefficient = 0.5-0.7), the pop-
ulation of soil microorganisms decreases by ap-
proximately 1.5 to 2.8 times. The application of
organic and organo-mineral fertilizers mitigates
the adverse effects of high temperatures on mi-
crobial productivity. Optimal soil moisture con-
ditions positively affect microbial development
(r= 0.66-0.79) and alleviate the negative im-
pact of elevated temperatures [3].

Crop residues (such as stubble, leaves,
and stems) serve as a source of organic matter
that stimulates the activity of soil microbiota,
including actinomycetes. Their abundance is in-
fluenced by the carbon-to-nitrogen (C:N) ratio,
the presence of specific phenolic compounds or
lignin, and the rate of residue decomposition.
Changes in the quantitative and qualitative
composition of root exudates within crop rota-
tion systems lead to the reorganization of ac-
tively metabolizing microbial communities and
affect the intensity of biochemical processes in
the soil [4, 5, 6]. The study of the structure,

abundance, and dynamics of ecological-trophic
groups of microorganisms, as well as the func-
tional activity of microbial communities in
soils, provides valuable insights into changes in
the trophic conditions of the soil biocenosis.
Crop residues from soybean, corn, and sun-
flower significantly affect the development of
actinomycetes in the soil, primarily due to
changes in the composition of organic matter,
microbial activity, and soil physicochemical
properties. Actinomycetes are key soil microor-
ganisms involved in the decomposition of com-
plex organic compounds, the synthesis of anti-
biotics, and the formation of humus.

Actinomycetes play a key role in the de-
composition of complex organic compounds
such as lignin and cellulose found in plant resi-
dues. These aerobic soil microorganisms are es-
sential for the humification of organic matter
and the biosynthesis of antibiotics. The negative
correlation between actinomycete populations
and soil moisture can be attributed to several
factors: limited oxygen availability under high-
moisture conditions, which is critical for their
survival; increased competition with other mi-
croorganisms, such as bacteria and fungi that
thrive in moist environments; and the possible
accumulation of metabolites toxic to actinomy-
cetes under excessive moisture levels.

Purpose. To determine the impact of pro-
jective soil cover on microbiological indicators
of soil under abiotic stress conditions.

Methods

The study was conducted in 2023-2024
at the Educational-Scientific-Production Center
(ESPC) “Dokuchaievske Experimental Field”
of the State Biotechnological University, lo-
cated in the Left-Bank Forest-Steppe zone of
Ukraine. The soil cover of the experimental
field is represented by typical heavy loam Cher-
nozem developed from loess-like loam. This
soil is characterized by high reserves of plant-
available nutrients, a significant humus content,
and high biological activity. The arable soil
layer (0-30 cm) is characterized by a humus
content (according to Tyurin's method) of 4.9-
5.1%, easily hydrolyzable nitrogen content (ac-
cording to Kornfield's method) of 81 mg/kg of
soil and mobile forms of phosphorus and potas-
sium (according to Chirikov's method) amount-
ing to 100 and 200 mg/kg of soil, respectively.
The content of exchangeable cations is as fol-
lows: calcium — 37.8%, magnesium — 6.6%, so-
dium — 0.49%, potassium — 0.5%; the hydrogen
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content is 21 mg-eq./kg of soil. The soil reaction
is characterized by a pH of 7.0 in aqueous ex-
tract and 5.2-5.6 in salt extract. Groundwater
occurs at a depth of approximately 18 m [7].
The experiment was conducted with
three replications. The plots were arranged se-
quentially. The area of the sowing plot was 750
m2, and the accounting plot area was 100 m?,
The experimental design included the
following treatments:
No plant residues (control)
Projective soil cover with post-harvest
soybean residues
Projective soil cover with post-harvest
corn residues
Projective soil cover with post-harvest
sunflower residues
The amount of plant residues on the win-
ter wheat field was determined using the line-
transect method. A measuring tape with mark-
ings at 10 cm intervals was used for this
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purpose. The sampling area was selected using
a random sampling method. The measuring tape
was placed at a 45° angle to the crop rows. A
visual inspection of the presence of plant resi-
dues at the intersection points of the marked di-
visions was carried out along the tape. Each in-
tersection of a marked point with plant residues
was recorded as 1, and the absence of residues
as 0. To improve the accuracy of the measure-
ment method, repetitions were conducted on
several lines placed at varying distances from
one another across the field. The number of
points where plant residues intersected the line
was summed for each tape separately. The for-
mula for determining the coverage fraction is as
follows:
P =2 %100 % (1)
Where N is the number of points where
the intersection with plant residues was rec-
orded; T —the total number of points (the length
of the ruler divided by the interval between
markers).
The average coverage fraction is calcu-
lated for all measured lines:
n

()

where n is the number of measured lines;
P; — the coverage fraction for each individual
line.

Variants of soil tillage treatments:

1. Plowing with PLN-4-35 to a depth of
20-22 cm (control).

2. Local loosening with PCh-2.5 to a
depth of 33-35 cm.

3. Chisel plowing with PCh-2.5 to a depth
of 33-35cm.

4. Disking with DMT-4 to a depth of 10-
12 cm.

5. Chisel plowing with PCh-2.5 to a depth
of 20-22 cm.

Microbiological investigations were car-
ried out at the Soil Microbiology Department of
the NSC “O.N. Sokolovsky Institute of Soil Sci-
ence and Agrochemistry Research.” In soil sam-
ples collected from the 0-25 cm layer, the abun-
dance of actinomycetes was determined using
the soil suspension plating method on starch-
ammonia agar (SAA). Statistical analysis of the
data was performed using analysis of variance
(ANOVA), as well as correlation and regression
analysis. All data were processed in the Cola-
boratory software environment.

Results and Discussion

According to the obtained results, the
population density of actinomycetes was found
to depend on both the presence and type of crop
residues (Table 1). The highest abundance of
actinomycetes was recorded in the variant with
sunflower residues — 59.8% — indicating a high
potential of these residues to stimulate microbi-
ological processes in the soil. The incorporation
of corn residues resulted in a 10% increase in
actinomycete populations compared to the con-
trol (no residues), highlighting the effectiveness

of corn as a source of organic matter. It is note-
worthy that the distribution of corn residues was
influenced by soil tillage methods.

In particular, the highest concentration of
residues was observed following chisel plowing
with the PCh-2.5 implement to a depth of 33—
35 cm. In contrast, disking with the BD-2.5 im-
plement to a depth of 10-12 cm finely frag-
mented the corn residues, leading to the near-
complete absence of a protective mulch layer on
the soil surface.

Table 1

Actinomycete Abundance in Relation to Soil Cover by Crop Residues

Crop residues Soil moisture, Soil temperature, Actinorr_lycet(_e abundance
% °C in Soil, %
No plant 19.0 30.7 45.0
Sunflower 18.3 26.0 59.8
Corn 18.0 26.7 55.0
Soybeans 18.1 23.3 51.1

Soybean residues contributed to a 6.1%
increase in actinomycete abundance compared
to the control, indicating a positive, though less
pronounced, effect relative to sunflower and
corn residues. This can be attributed to

differences in the chemical composition of the
residues, particularly the carbon-to-nitrogen
(C:N) ratio, which affects decomposition rates
and microbial activity in the soil. The lowest ac-
tinomycete counts were observed in the variant
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without crop residues, emphasizing the im-
portance of organic inputs in sustaining soil mi-
crobial activity. The absence of organic matter
suppresses the development of actinomycetes,
which negatively impacts the overall condition
of the soil environment.

The incorporation of plant residues into
the soil is a key component of energy-saving ag-
ricultural technologies, as it not only improves
the physicochemical properties of the soil but
also enhances microbiological activity. The
highest actinomycete density in the variant with
sunflower residues demonstrates their effective-
ness in restoring biological activity in the soil.
Corn and soybean residues also support the sta-
ble development of microbial communities by
providing a favorable habitat for soil microor-
ganisms.

Elevated temperatures create adverse
conditions for actinomycetes. At the same time,
soybean residues had a moderate effect on acti-
nomycete development, which is explained by
their high nitrogen content and rapid decompo

sition. However, compared to sunflower and
corn residues, this effect is less significant due
to the quick depletion of available substrates.

The highest actinomycete population —
59.8% — was observed at a soil moisture content
of 18.3%, whereas the lowest — 45.0% — oc-
curred at 19.0%. This suggests that excess soil
moisture deteriorates conditions for actinomy-
cete proliferation, as they tend to thrive under
moderately moist, aerobic conditions. Figure 1
illustrates the relationship between actinomy-
cete abundance (%) and soil moisture content
(%). The key elements of the graph include ex-
perimental data points (blue markers) and a re-
gression line (red dashed line), which depicts
the trend between the variables. The coefficient
of determination (R? = 0.47) indicates a moder-
ate relationship between these variables. In
other words, while there is a clear association,
actinomycete populations are also influenced by
other environmental factors such as tempera-
ture, soil chemical composition, or the presence
of organic residues.
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Fig. 1 — Relationship between microorganism abundance and soil moisture under various crop residues

The regression line reveals a negative
trend: as soil moisture increases from 18% to
19%, actinomycete density gradually declines.

~ 150 ~

This indicates that moisture levels exceeding
optimal thresholds create unfavourable condi-
tions for microbial development. The data
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points exhibit moderate variability around the
regression line, suggesting that although the re-
lationship is statistically significant, certain de-
viations exist. The highest actinomycete counts
were recorded under the lowest moisture levels,
supporting the hypothesis that their activity is
strongly linked to aerobic conditions. This obser-
vation aligns with the findings of K. Kasman and
D. Mance [8], who demonstrated that nitrogen
mineralization by soil microorganisms is propor-
tional to soil moisture content: when water con-
tent was increased in air-dry soil without reach-
ing full equilibrium, nitrogen mineralization de-
creased linearly with rising water content.

Soil temperature is one of the key factors
influencing biological activity in the soil. It has

a decisive impact on the abundance of soil or-
ganisms, which play a crucial role in maintain-
ing soil fertility and health. The abundance of
actinomycetes exhibited an inverse relationship
with temperature. The lowest population was
recorded at the highest temperature of 30.7°C
(Fig. 2). Temperatures of 26.0°C and 26.7°C in
treatments with sunflower and corn residues, re-
spectively, were found to be optimal for micro-
bial development. In contrast, a lower tempera-
ture of 23.3°C in the soybean residue treatment
slightly reduced the actinomycete population.

At a soil temperature of 23.3°C, the pop-
ulation of soil organisms reached 51.1%, indi-
cating that this temperature was favourable for
a significant portion of the soil biota.
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Fig. 2 — Relationship between microorganism abundance and soil temperature
under different crop residues

As the temperature increased to 26.0°C,
microbial abundance rose to 59.8%, suggesting
that this is the optimal temperature range for ac-
tive growth and reproduction. A further increase
in temperature to 26.7°C led to a decrease in
abundance to 55.0%, likely due to thermal stress
experienced by the microorganisms, which neg-
atively affected their activity. At the highest rec-
orded temperature of 30.7°C, microbial abun-
dance dropped to 45.0%, confirming that ele-
vated temperatures are unfavourable for most
soil biota, reducing both their activity and pop-
ulation levels. These results highlight the signif-
icant impact of plant residues on soil microbio-
logical activity, a finding supported by both
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domestic and international studies. It is well es-
tablished that organic residues from agricultural
crops serve as a major source of carbon and en-
ergy for soil microorganisms. Their presence in
the soil creates favourable conditions for the
growth and biochemical activity of microbial
communities.

A study by Ellanska et al. focused on
changes in the microbial community of soil un-
der the influence of silicon-containing mineral
mixtures during the cultivation of various crops,
including sugar beet, soybean, and corn. The re-
sults indicated that the abundance of specific
ecological-trophic groups of microorganisms
varied depending on the crop and the applied
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mineral mixture. The most significant shifts in
microbial communities were observed under
soybean and corn, particularly with the applica-
tion of mineralized sapropels. A positive effect
on the rhizosphere microbiota of sugar beet was
observed when mixtures of raised bog peat with
silicon-containing minerals and potassium sili-
cate with silicon minerals and sapropel were ap-
plied. The mineralization processes of soil or-
ganic matter remained balanced, indicating the
stability of the microbial community under the
influence of the applied amendments.

Research by V. Rozhko et al. on the ef-
fect of agricultural crops on soil microbiologi-
cal activity showed that a crop rotation includ-
ing pea—winter wheat-buckwheat—corn led to a
balanced microbial community, activation of
enzymatic processes, and mitigation of soil fa-
tigue. Similar findings were reported by L.V.
Tsentilo, where, in typical chernozem soils, the
application of organo-mineral fertilizers com-
bined with plant residues led to an increase in
the population of ammonifying bacteria to 4.7
million CFU/g, significantly exceeding the con-
trol (2.9 million CFU/g). Under the same condi-
tions, enzymatic activity (urease, catalase) in-
creased by 18-24%, further indicating the posi-
tive impact of plant biomass on microbial pro-
cesses in soil.

In a study by L. Tokmakova and A. Tre-
pach, it was found that the application of shred-
ded plant residues stimulated the development
of actinomycetes up to 1.2 million CFU/g,
nearly twice that of the control. Microbial activ-
ity peaked within 3—4 weeks after residue incor-
poration, corresponding to the phase of active
organic matter decomposition.

Our results align with international re-
search. In a five-year field experiment, D. Yin
et al. reported that corn residues increased mi-
crobial biomass carbon by 21-34% and

enhanced the abundance of Trichoderma fungi
and nitrogen-fixing bacteria. Additionally, mi-
crobial diversity (Shannon index) increased
from 2.8 to 3.4, indicating the stabilization of
the soil ecosystem. S. Lee et al. demonstrated
that the diversity of cover crop residues posi-
tively influenced the structure of soil microbial
communities. A mixture of three crops (pea,
rye, and rapeseed) increased total microbial bi-
omass by 42% compared to monocultural resi-
dues. This effect is attributed to the diverse car-
bon sources provided by the mixture, which
supports a broader range of trophic groups.

However, as noted by L. Kerdraon et al.,
plant residues can act not only as a source of en-
ergy but also as a reservoir for pathogenic mi-
croorganisms. The authors describe the concept
of «residue microbial ecology», suggesting that
plant residues represent a transitional ecosystem
where saprotrophs and potential pathogens co-
exist, which may have epidemiological implica-
tions in field conditions.

In the study by M.V. Patyka et al., the ef-
fect of plant residue transformation on the spa-
tial-functional structure of the soil microbiome
was analysed. Using metagenomic analysis, the
authors found that straw incorporation altered
the prokaryotic community composition, partic-
ularly increasing the abundance of cellulose-de-
grading microorganisms. These changes were
accompanied by enhanced enzymatic activity,
including catalase and dehydrogenase, indicat-
ing intensified microbiological processes in the
soil. The findings align with previous studies
showing the positive impact of plant residues on
soil microbial activity. For instance, the incor-
poration of rye straw or organo-mineral fertili-
zation combined with plant residues stimulated
an increase in ammonifying bacteria and enzy-
matic activity.

Conclusions

Crop residues, particularly those from
sunflower, corn and soybean, are effective in
maintaining actinomycete populations, which in
turn help to sustain and improve soil fertility.
Sunflower and maize residues contributed to a
high abundance of actinomycetes under the con-
ditions tested. This can be attributed to the pro-
longed decomposition of cellulose and lignin,
which provides a continuous substrate for these
microorganisms.

The analysis of the relationship between
soil microorganism abundance and soil tempera-
ture indicated that the optimal temperature range
for their activity lies between 23.3 and 26.0°C. A
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gradual decline in microorganism abundance
was observed as temperature increased, suggest-
ing that higher temperatures create stressful con-
ditions for these microorganisms.

A negative correlation between soil mois-
ture and actinomycete abundance was observed,
which can be explained by the biological charac-
teristics of these microorganisms. Although the
coefficient of determination (R = 0.47) suggests
a moderate strength of this relationship, the find-
ings underscore the importance of maintaining
optimal soil moisture levels to support the activ-
ity of actinomycetes, which play a crucial role in
promoting soil fertility.
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BIIVIMUB TPOEKTUBHOI'O NOKPUTTSA NICJISI2DKHUBHUMU PEIITKAMUA
HA MIKPOBIOJIOTTYHI IOKA3HUKU IPYHTY B YMOBAX
JIBOBEPEKHOI'O JICOCTEIY YKPATHH

Tpanchopmaliisi pOCIMHHHUX PEIITOK € BAXIUBUM (DaKTOpOM (GOpPMYBaHHS MPOCTOPOBO-(PYHKIIIOHATBHOT
CTPYKTYPH MIKpOOHOT0O 0i0MY IPYHTY, IO Ma€ 3HAYCHHS JJIs MiABUIICHHS HOrO POJFOYOCTI Ta CKOJOTIYHOT CTa-
6inpHOCTI. [X BUKOpHCTAHHS K eeMeHTa arpoTeXHOJIOTIH crpuse GopMyBaHHIO CTaGiNbHOT, AKTHBHOT i pi3HO-
MaHITHOI MiKpOOHOI CIIUTFHOTH.

MeTta. Bu3HaunTH BIUIMB ITPOEKTUBHOTO TIOKPUTTSI POCIIMHHUMH PEIITKaMH CUITbCEKOTOCIIOAAPCHKUX KY-
JIBTYp Ha YHCETbHICTH AKTHHOMIIIETIB Y TPYHTI.

MeTtoan. [1omp0Bi, TAOOpPaTOPHO-aHATITHYHI, CTATUCTHYHIA.

PesyabraTu. [IpencraBneHo pe3ynbTaTi JOCHIIKEHHS BIUIMBY PI3HUX BHIIB POCIMHHUX PEIITOK HA YH-
CEJIbHICTh aKTHHOMILIETIB y IPYHTI. JlOBeIeHO, 1110 POCIMHHI 3aJIMIIKH COHSIIHUKA, KYKypY/3H Ta cOi 3HAYHO TIi-
JIBUIIYIOTh MiKpOO10JIOTUHY aKTHBHICTb, 30KpeMa KUJIbKICTh aKTHHOMIIIETIB, OPIBHSHO 3 BApiaHTOM 0€3 PELITOK.
HaiiBuiuii piBeHb aKTHHOMILIETIB 3a(hiKCOBAHO y IPYHTI 3 PEIITKAMHU COHSIIHUKA, IO CBIAYMTH PO BUCOKHIA
MOTEHIIaJl [IUX PEIITOK Y NOKPAalIeHHI 010J0TiYHOro CTaHy IPYHTY. Pe3ynbTaTi noka3ajii HasBHICTh 3BOPOTHOT
3aJIKHOCTI MK YMCEJIbHICTIO aKTHHOMIIIETIB 1 BOJIOTICTIO Ta TEMIIEPATYPOIO IPYHTY: ONTHMANbHI YMOBH CIIOC-
Tepirajuch mpu cepeaniit Boorocti (18,3 %) ta Temmeparypi 26,0 °C. IToOyaoBaHa perpeciiina MOJelb BKa3ye
Ha TIOMIpHY CHITY 3B’SI3Ky MK BOJIOTICTIO IPYHTY Ta YHCEJBHICTIO aKTHHOMIIETIB. Y MOCITIDKEeHHI ITiIKPECICHO
Ba)XXITUBY POJb XIMIYHOTO CKJIaIy POCIMHHUX PEIITOK, 30KpeMa criBBigHomeHHs C:N, y ¢popMyBaHHI YMOB IS
PO3BHUTKY IPYHTOBOT MiKpOQIIOpH.

BucHoBkH. BukopucTaHHS pOCIMHHHX PELITOK Y CHCTEMax €HEeproomaHoro 3eMiuepodcTBa € eexTh-
BHUM 3aXO0JIOM JIJIsl aKTHBI3allii MIKpOOIOJIOTIYHIX MPOIECIB i MiABUIICHHS POIIOYOCTi IPyHTY. BcraHOBICHHS
3aJIE)KHOCTI MiKpOOi0JIOTIYHOT aKTHBHOCTI Bijl BOJIOTOCTI i TEMIIEpaTypH IPYHTY Ja€ 3MOTY ONTHUMI3yBaTH PEKUM
3BOJIOKEHHS, 3MCHIIINTH €Hepro3aTrparu Ha 0OpoOiTOK i 3a0e3rmeunT cTanuii pO3BUTOK MIKpO(hIOpH B yMOBax
3MiHH KJTIMaTy.

KJIFOYOBI CJIOBA: akmunomiyemu, poCIuHKi peumxu, Mikpooioma IpyHmy, memnepamypa tpyHmy,
80J102iCb, CMpecosi yMosu, 00pobIimox IpyHmy, KyKypyosa

Kongpnixm inmepecie

JociipkeHHs] BUKOHAHO 32 MATPUMKN MiHicTepCTBa OCBITH 1 HAyKH YKpaiHH B paMKax npoekty Ne 2-24-
26 I'pomancekoi opranizamii «Po3poOka 3axo1iB M0A0 3a0e3neUeHHs CTaI0l MPOIYKTUBHOCTI arpOSKOCUCTEM ITiJ
BIUIMBOM a010THYHUX Ta O10THYHUX CTPECOBUX (akTopiB», nepkaBHa peectparis Ne 0124U000457.

ABTOpH 3a5BIISIFOTH, 0 KOH(IIIKTY iHTEpEeCiB 010 MyOIiKallii 1iboro pykonucy Hemae. Kpim Toro, aBropn
MOBHICTIO IOTPUMYBAJIUCh €ETUYHUX HOPM, BKJIIOYAIOUH IUIariar, hanbcrgikallito JaHUX Ta TOABIHHY MyOTiKarlio.

Buecok agmopis: Bci aBTOpH 3p00WIN PIBHUI BHECOK Y IO pOOOTY
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