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The results of studies of the influence of individual elements of
the potato fertilization system of different maturity groups on the
cellulolytic activity of grey forestal surface-gleyed coarse-silty light
loamy soils on loess-like parent material are presented. It was
established that the decomposition of flax fabric depends on the content
of available Nitrogen, Phosphorus, Potassium and other trace elements
in the soil. The rate of the decomposition process makes it possible to
determine the general indicator of the microbiological activity of
organisms in the soil. This indicates the participation of all transforming
microorganisms in the decomposition processes. Cellulose, as a
polysaccharide, leads to the formation of simple sugars during
decomposition processes, which serve as the primary source of carbon
in the environment. Cellulose chains, connected by hydrogen bonds,
contain 44.4 % Carbon, 6.17 % Hydrogen and 49.4 % Oxygen.
Cellulolytic organisms provide Carbon sources to increase soil fertility
and maintain nutrient balance by accelerating residue decomposition
processes. The lowest cellulolytic activity of flax decomposition was
observed in the control variant, i.e., without using any fertilizers. It
amounted to 46.2 and 49.8 %, respectively, for the early-ripening potato
variety Slauta and the mid-ripening variety Lehenda. The most
intensive decomposition of flax occurred in variants with the
application of dry granulated chicken manure (0.5 t/ha) and biohumus
fertilizer (4.0 t/ha). Accordingly, in the Slauta potato variety, these
indicators were 70.4 and 71.5 % and exceeded the control variant by
22.4 and 23.8 %. For the mid-ripening potato variety Legend, when
applying the above fertilizers, the excess over the control variant was
21.3 and 24.1 % and amounted to 71.2 and 73.9 % of cellulolytic
activity, respectively.

Keywords: potato, fertilization, cellulolytic  activity,
microorganisms, organic fertilizers.
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EdexTuBHIiCTH Pi3HMX BapiaHTIB CHCTeMM KMBJICHHS
100 BIJIMBY HA LEJI01030/1iTHYHY AKTUBHICTb IPYHTY
Ta HAKOMUYEHHS YPOKAIHOCTI KapTONIi

[HCTHUTYT CiJIBCHKOTO TOCIIONapCTBA
Kapnarcekoro periony HAAH

eyn. I pyuescvkoeo, 5, c. Obpowute,
JIvsiecokuil p-H, Jlbsiscora 001.,

HageneHo pe3ynbTaTv AOCIIIKEHD BIUTHBY OKPEMHUX EIIEMEHTIB
cucteMn ymoOpeHHS KapTOILIl pI3HMX TpyHo CTUTIIOCTI Ha
LIEJTFOJIO30JIITUYHY aKTHBHICTh CipHX JIICOBHX TOBEPXHEBOOTJICEHUX
KpYITHOIMITYBaTO-JICTKOCYTJIMHKOBUX ~ IPYHTIB Ha  JICCOIOMIOHMX

81115 BiJKiIagax. BeTaHoBIeHO, O pO3KITAaHHS JUITHOT TKAHWHY 3aJICKHUTh
Bil BMICTy B IPYyHTI AocTymHuX (opm azory, docdopy i Kamito Ta
Ipo asTopa: IHIINX MIKpOENeMEHTIB. 3a IIBWAKICTIO TIpOLEeCY pO3KIadaHHs
MOXJIMBE BH3HAUCHHS 3arajbHOT0 IIOKa3HUKAa MIKpOOioIoTigHOl
Bonoamvup KOPOJIb, TiSUTPHOCTI OpraHi3MiB y TIPYHTI 1 @€ CBIAYWTH MPO YYacTh YCiX
acrmipadr MIKpOOpraHi3MiB-TpaHcOpMepiB y  mpormecax  PO3KJIaJaHHS.

ORCID: 0000-0003-1837-4206 Lenrono3a, sk mosticaxapu 3a MPOIECiB PO3KIAaHHS PU3BOIUTH 0
YTBOPEHHSI NPOCTHX LYKPIB, MO CIIyKaTb IEPBUHHHUM JKEPEIIOM
BYTJICII0 B HABKOJMIIHBOMY CepeloBHINi. L[enroiio3H1 naHIory, mo
3’€¢JlHaHI BOJHEBUMH 3B’si3kamu MicTaTh 44,4 % Byrnemo 6,17 %
BozHIO Ta 49,4 % xucHio. Llenton030miTHYHI OpraHizMu 3a0€31e4y0Th
MOCTayaHHsI PKEPeIl BYTIISIIO 321 MiABUIIEHHS POIIOYOCTI IPYHTIB
Ta MATPUMKH OallaHCy MOKMBHUX PEUOBHH Yepe3 MPHUIIBUALICHHS
MPOLIECiB PO3KIIaaHHs 3anIKiB. llemono3opyiiHytoua aKTHBHICTH
PO3KJIAAaHHS JUISHOTO IIOJIOTHA 33 HAaWHIKYMX  IIOKAa3HUKIB
BiMiuallach Ha KOHTPOJILHOMY BapiaHTi, TOOTO 0e3 3acToCyBaHHS
Oynb-skux no0puB 1 craHoBwia 46,2 Tta 49,8 % BiANOBIAHO
PaHHBOCTHUIJIOrO COpTy KapTomii CiayTa Ta CepelHbOCTHIIOTO COPTY
Jlerenna. HaiiGinpm iHTEHCHBHE pO3KJIAJaHHs JUISHOTO TIOJOTHA
BiOyBajoCsd Ha BapiaHTax 3 BHECCHHSM CYXOr0 TIPaHYJbOBAHOTO
kypsgoro mnocmimy (0,5 1/ra) Ta mobpmBa Oiorymyc (4,0 T/ra).
Bigmosigao y copty kaptorun Cnayta 11i noka3Huku ckmanu 70,4 ta
71,5 % Ta nepeBUIININ KOHTPOJIbHUHN BapianT Ha 22,4 Ta 23,8 %. [dns
CepeIHbOCTUINION0 COpTy Kaprorul JlereHaa 3a BHECEHHS BHILE
HaBeIEHUX 103 JOOpUB NEPEBHILIEHHS KOHTPOJIBHOTO BapiaHTy Oyio
Ha 21,3 ta 24,1 BifcoTka i BiAmoBigHo ckiagano 71,2 ta 73,9 Bigcorka
LIEJTFOJIO30PYHHYIOY0T aKTUBHOCTI.

KuarouoBi ciioBa: xaprorurs, y1oOpeHHs, [eN0I030pyHHIoYa
AKTHUBHICTh, MiKPOOPaHi3MH, OpTaHiuHi T0OpHUBa.
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Introduction. Organic farming is based
on the sustainable replenishment of soils with
organic matter through the introduction and
use of green manure crops, organic fertilizers,
crop by-products and root residues since
organic matter is the source of energy for soil
microbiota nutrition. The latter transforms
organic matter into humus substances and
creates conditions most conducive to the
fixation of atmospheric nitrogen by nodule
bacteria. These processes contribute to
improving the activity of beneficial microflora
in the soil and increase the mobilization of
hard-to-reach forms of phosphorus [1].

The biological activity of the soil can be
characterized by the amount of flax tissue
decomposed by microorganisms during the
potato growing season under different
fertilization options in the soil layer where the
mother tubers are located, along with most of
the applied fertilizers.

The activity of cellulolytic
microorganisms in the soil depends on many
factors, namely the temperature and pH of the
soil solution, soil structure, the chemical and
qualitative composition of organic residues
and fertilizers applied, and their distribution
along the profile. These aspects enable the use
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of cellulolytic activity to assess biological
indicators of the soil when using various types
of mineral and organic fertilizers [13, 21].

The decomposition of fibre, namely flax
tissue, depends on the content of nitrogen,
phosphorus, potassium and other essential
trace elements in the soil, and therefore, its
decomposition rate can determine the overall
biological activity of microorganisms in the
soil. This indicator can also reflects the level of
general microbiological activity since all
microorganisms that transform organic
compounds participate in the decomposition
process [5, 11].

Organic matter and soil enzymatic
activity directly affect fertility. The dominant
component of soil organic matter, plant
residues and organic fertilizers is cellulose,
which is one of the main links in the chain of
transformation of organic compounds in the
soil. Cellulase is an enzyme that catalyzes the
hydrolysis of beta (1,4)-glycosidic bonds with
the formation of glucose or cellobiose, i.e. it
splits  the cellulose  molecule into
monosaccharides.

The enzyme is well studied, but it
continues to attract interest because celullase
and the microorganisms that synthesize it play
a significant role in the carbon cycle, namely
the release of CO into the atmosphere.
Therefore, cellulase activity is studied by
different methods in different soils and under
different conditions, and since cellulase
directly affects the rate of decomposition of
plant residues, studying the activity of this
enzyme is a priority task when researching the
biological activity of soils of agrocenoses
[10, 16, 24].

Cellulose is a polysaccharide with the
formula (CeHsO10)n, Where n varies from 500
to 5000, depending on the polymer’s origin. It
consists of a linear chain of several hundred to
more than ten thousand B (1—4) linked D-
glucose units. Cellulose chains, connected by
hydrogen bonds and Van der Waals forces,
form fibrils and mainly contain Carbon (44.44
%), Hydrogen (6.17 %) and Oxygen (49.39 %)
[24].

Decomposition leads to the formation of
simple sugars, which are used by the soil

edaphon as the primary carbon source in the
environment. Microorganisms that produce
cellulase enzyme complex possess the ability
to decompose cellulose. Cellulolytic enzymes,
called cellulases, are enzymes that hydrolyze
cellulose, thus forming water and soluble sugar
[22, 23].

Fungi are well-known agents in
decomposition of organic matter in general and
cellulose substrate in particular [17]. There are
many reports of the production of fungal
cellulase, but only a few of them have proven
high activity [5]. Under aerobic conditions,
cellulose is decomposed by fungi such as
Trichoderma,  Penicillium,  Aspergillus,
Fusarium and Rhizopus [19, 25, 28]. The most
active producers of cellulolytic enzymes were
Aspergillus terreus and Aspergillus niger [15].

After the initial loosening of the
material, further transformations are carried
out by, among others, the following bacterial
species: Cellulomonas, Streptomyces and
Micromonospora [13, 14, 20].

The cellulolytic properties of some
bacterial genera, such as Cellvibrio,
Pseudomonas, Micrococcus, Sporocytophaga
and species such as Bacillus cereus, Bacillus
subtilis, Paenibacillus amylolyticus,
Pseudomonas fluorescens and Serratia
marcescens have also been reported [12, 18].

The product of the decomposition is
cellobiose and even glucose; coloured
compounds are often produced with uronic
acids and proteins. Under anaerobic
conditions, cellulose is degraded by bacteria of
the genus Clostridium. However,
methanogenic archaea are involved in
cellulose degradation in environments where
oxygen access is difficult.

Cellulolytic microorganisms provide
carbon sources to increase soil fertility and
maintain nutrient balance in the ecological
system by decomposing cellulose residues.

The study aims to analyze the impact of
different fertilizers on the cellulose-destructive
activity of soil and potato yield, particularly to
assess the effectiveness of organic and mineral
fertilizers of varying composition and their
combinations.
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Materials and methods. The study was
carried out on the fields of a four-field crop
rotation at the Department of Crop Breeding of
the Institute of Agriculture of Carpathian
Region of the National Academy of Sciences
of Ukraine, in Obroshyne village, Lviv district,
Lviv region. Winter grains were sown as a
preceding crop for potatoes with post-harvest
sowing of green manure crops.

Mineral fertilizers were applied in the
form of nitroammophoska  (N1sP16K1e);
potassium magnesia (K2sMgsSis) was used to
balance the deficiency of Potassium and
Magnesium.

The soils used in the experiment were
grey forestal surface-gleyed coarse-silty light
loamy on loess-like parent material. They are
heterogeneous in terms of their mechanical
composition, and their moisture regime largely
depends on this factor. The upper horizons
have higher moisture level compared to the
lower ones. For this reason, soils in rainy
seasons or years with much precipitation are
subject to excessive moisture and gleying. In
dry years, they are sufficiently provided with
productive moisture. In addition, gleying is
also significantly influenced by groundwater,
the depth of which is within 1.3-1.5 m.

Based on the agrochemical analyses
conducted, it was found that the experimental
soils were low in humus (1.58-1.67 %), have
an acidic reaction of the soil solution (pH
4.80-5.17), the sum of absorbed bases was
6.20-7.22, the hydrolytic acidity was
2.87-3.29 mg-eq per 100 g of soil.

The scheme of the experiment included
the following options: control without
fertilizers; manure (40 t/ha) with the addition
of the recommended dose of mineral fertilizers
(NgoPgoK120); recommended dose of mineral
fertilizers (NooPoKi20); manure (40 t/ha); dry
granulated chicken manure (0.5 t/ha),
Biohumus fertilizer (4.0 t/ha) and Bioactive
fertilizer (8.0 t/ha), which were applied locally.

The research was conducted using
methodological ~ approaches  used in
international practice and met the standards of
the State Standards of Ukraine and the
requirements of 1SO 17025. The experiment

design, plot size and replication methods were
guided by: “Potato Growing: Research
Methodology”, “Methodology for Evaluating
Potato Varieties for Resistance to Major Pests
and Diseases”, “Methodology of Scientific
Research in Agronomy”, “Fundamentals of
Scientific Research”, “Potato Growing: A
Manual”, “Methodological Recommendations
for Conducting Research with Potatoes” and
“Methodological Guidelines for Implementing
the Requirements of the Global G.A.P.
Standard in Potato Growing. USAID Project
“Support to Agrarian and Rural Development”
[2-4, 6-9, 11-14, 16].

Results and discussion. Based on the
obtained in the research data and
statistical processing (HIPos = 0.33-0.45;
HIPos = 0.52-0.40) by comparing the
reliability of deviations between the variants of
the experiment and their interaction, it can be
concluded that the cellulolytic activity of grey
forestal surface-gleyed soil varied depending
on the type of fertilizer studied in the research.
The lowest cellulolytic activity was noted in
the control variant without fertilizers. It
amounted to 46.2 and 49.8 % for the early-
ripening potato variety Slauta and the mid-

ripening variety Lehenda, respectively
(Table 1).
The application of organo-mineral

fertilizers in the recommended dose for the
Western Forest-Steppe (40 t/ha of manure and
NooPooK120) led to an intensification of
microbiological and biochemical processes in
the soil, which in turn contributed to the active
action of cellulose-degrading microorganisms.
In this variant, the decomposition of linen
fabric was quite intensive.For the early-
ripening variety Slauta the decomposition rate
was 59.9 %, and for the mid-ripening Lehenda
it reached 70.4, exceeding control by 12.3 and
20.6 %, respectively.

The most intensive decomposition of
linen fabric occurred in variants with dry
granulated chicken manure (0.5 t/ha) and
biohumus fertilizer (4.0 t/ha). For the potato
variety Slauta, the decomposition rates were
70.7 and 70.1 % and exceeded the control
variant by 22.4 and 23.8 %.
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1. The influence of elements of the fertilizer system on the intensity of flax linen decomposition
during the cultivation of potatoes of different maturity groups, %*

Research options Year of research Average of
2023 | 2024 2023-2024
v. Slauta
Without fertilizer (control) 49.6 42.9 46.2
Manure, 40 t/ha + NooPgoK120 70.8 50.2 60.5
Recommended fertilizer dose NgoPaoK120 54.6 58.7 56.6
Manure, 40 1/Ta 67.8 66.5 67.1
Granulated chicken manure, 0.5 t/ha 70.7 70.1 70.4
Biohumus, 4.0 t/ha (locally) 72.1 70.9 71.5
Bioactive, 8.0 t/ha (locally) 56.8 57.5 57.1
HIPos 0.33 0.45 0.33-0.45
v. Lehenda
Without fertilizer (control) 50.1 49.5 49.8
Manure, 40 t/ha + NooPgoK120 71.2 70.3 70.7
Recommended fertilizer dose NgoPaoK120 55.0 56.4 55.7
Manure, 40 1/Ta 68.0 67.3 67.6
Granulated chicken manure, 0.5 t/ha 70.9 71.5 71.2
Biohumus, 4.0 t/ha (locally) 73.8 74.1 73.9
Bioactive, 8.0 t/ha (locally) 58.0 57.3 57.6
HIPgs 0.52 0.40 0.52-0.40

*Note: Exposure time 30 days.

For the mid-ripening potato variety
Legend, the application of these fertilizers
resulted in 21.3 and 23.8 % higher
decomposition rate than the control, with
overall cellulose-degrading activity reaching
70.9 and 71.5 %.

Analysis of potato yield on the 70th day
after planting in the variant without fertilizers
(control) in the Slauta variety with an average

weight of tubers per bush of 0.350 kg, the
yield was 19.3 t/ha, respectively, for the
Lehenda variety, the yield indicator was
18.9 t/ha with a tuber weight of 0.343 kg. It
should be noted that compared to the yield on
the 60th day, relative to the Slauta variety, it
slightly decreased by 1.9 t/ha, and relative to
the Lehenda variety, it increased by 0.5 t/ha
(Table 2).

2. Potato yield on the 70th day after planting depending on the dose of applied fertilizers on

average for the years of the study (2023-2024)

. Slauta Lehenda
Variants weight of . weight of .
of the experiment tubers, kg yield, t/ha tubers, kg yield, t/ha
Without fertilizers (control) 0.350 19.3 0.343 18.9
Manure, 40 t/ha + NooPgoK120 0.577 31.7 0.423 23.2
Recommended dose
of fertilizers NgoPgoK120 0.350 19.2 0.334 18.4
Manure, 40 t/ha 0.690 38.0 0.436 24.0
Granulated chicken manure, 0.5 t/ha 0.560 30.8 0.483 26.7
Biohumus, 4.0 t/ha (locally) 0.467 25.6 0.523 28.8
Bioactive, 8.0 t/ha (locally) 0.415 22.8 0.347 19.1
HIPos 6.8-7.4 11.4-12.0
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In the variant applying the
recommended dose of fertilizers (manure +
NooPooK120) for the Slauta variety, the tuber
weight and yield indicators were 0.557 kg and
31.7 t/ha. They were higher than during the
first dynamic digging by 0.034 kg and 1.9 t/ha.
Accordingly, in the Lehenda variety, the tuber
weight was 0.423 kg, and the yield was
23.2 t/ha, which remained at the same level as
on the 60th day of vegetation.

By conducting dynamic digging on the
70th day, it was established that the highest
yield rate in the Slauta variety was observed
when 40 t/ha of manure was applied and
amounted to 38.0 t/ha. However, it was also
relatively high when granulated chicken
manure was applied at a dose of 0.5 t/ha and
amounted to 30.8 t/ha of potato tubers.

Accordingly, the highest yield of the
Legend variety was observed when applying
bio-humus fertilizer, which amounted to
28.8 t/ha. However, it was also relatively high
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when fertilizing with granulated chicken
manure (0.5 t/ha) — 26.8 t/ha with a tuber
weight of one bush of 0.523 kg.

In all other variants of the experiment
with the Slauta variety, with different doses of
fertilizers, the weight of tubers ranged from
0.350 to 0.467 kg, and the yield was
19.2-25.6 t/ha. Accordingly, for the Lehenda
variety, the weight of tubers and yield was
from 0.334 to 0.436 kg, and the yield was

18.4-24.0 t/ha.

Conclusions. Changes in the quantity
and quality of mineral and organic fertilizers
applied to the soil, using a wide range of plant
protection products, and intensive tillage of the
soil negatively affect microbiological and
enzymatic activity. As a result, a significant
change in soil forming processes occurs, which
in turn is reflected in the content of nutrients
and humus.
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