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Labile organic matter and fertility of chernozems

Abstract. Soil organic matter can be divided into stable and labile, with the latter directly supporting
plant growth and development during the growing season. To restore soil fertility and ensure high
productivity of agrocenoses, a certain ratio between the labile and stable parts of humus must be
maintained. The purpose of this study was to determine the content of labile organic matter under
different tillage and fertilisation options and to establish the optimal ratio between their content
and the content of total carbon, based on which to develop measures to restore and improve the
fertility of chernozem soils. In stationary experiments, the study investigated the impact of the
intensity of chernozem use, its cultivation and fertilisation systems on the humus state of the
amount of labile organic matter and its ratio to humus carbon. Field research, laboratory method of
soil sample analysis, systematisation, analysis, and generalisation were used in the study. The soil
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Labile organic matter and fertility of chernozems

samples were analysed for humus content according to DSTU 4289:2004 and labile organic matter
content according to DSTU 4732:2007. When chernozems are ploughed up, labile organic matter is
mineralised the most and their share in humus decreases, while when arable land is converted to
fallow land, it is restored the fastest. Minimising tillage systems and applying organic and mineral
fertilisers increases the amount of labile organic matter in the humus of chernozems. The use of no-
till for sixteen years resulted in a 0.13% increase in humus content, and a 0.53% increase over forty-
two years compared to ploughing. The application of organo-mineral fertiliser increased the ratio of
labile organic matter carbon content to total carbon content compared to the unfertilised variants.
A strong correlation was found between the content of labile organic matter in chernozems and the
yield of winter wheat and maize. The practical significance of the research results is to minimise the

fertiliser rate and the C:N ratio to ensure gross crop yields and restore soil fertility

Keywords: humus; mineralisation; humification; winter wheat; maize

INTRODUCTION

Understanding the essence of fertility and the
factors that have the greatest impact on crop
yields and cenosis productivity will help deter-
mine land quality more accurately and allow de-
veloping measures to restore and improve fer-
tility. One of these factors will be the content and
reserves of humusin the root or half-metre layer
of soil, which provides 80-85% of crop yields
(zabaluev et al., 2020). Humus is called an inte-
gral indicator of fertility because it affects most
soil properties, especially chernozems, regu-
lates and coordinates the processes on which
their fertility depends, and determines the level
of crop productivity for a long period (Volkogon
etal., 2019; Oldfield et al., 2019; Rattan, 2020).

Many authors note the ongoing dehumifi-
cation of agricultural land and provide evidence
of a decline in the humus content of Ukrainian
soils, especially chernozem (Litvinova et al., 2019;
Balyuk et al., 2023). According to S. Balyuk et al.
(2023), humus losses are observed on 43% of ar-
ableland at an average rate of 620 kg/ha, and this
process has been ongoing for decades. M. Mayer
et al. (2022) indicate that agricultural use has led
to substantial losses of soil organic matter, ac-
companied by increased CO, emissions and re-
duced soil fertility. That is why, in view of global
warming, it is necessary to ensure the sustaina-
ble development of agroecosystems.

Humus is a multicomponent organic sub-
stance that includes dozens of soil-specific and
non-specific compounds that have different
transformation capacities during the growing
season, including resistance to mineralisation.
Humus substances are divided into stable and
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labile on this basis. Some authors (Volkogon
et al., 2018) believe that labile organic matter is
associated with the microbiological regime of
the soil and due to their mineralisation, plants
can consume macro- and microelements re-
leased from them. Furthermore, they contain
enzymes and plant growth stimulants, which
also contribute to crop productivity.

Labile organic matter acts as the closest
reserve of micronutrient nutrition, determin-
ing the content and dynamics of mobile forms
of trace elements. Co, Cu, Fe can be actively re-
leased from them and transferred to the soil
solution, while Mn and Zn are subject to fixation.
The positive effect of fertilisation on the humus
state of organic systems is reported in M. Chen
et al. (2022). The issues of regulating the content
of labile organic matter and humus have been
investigated and discussed in scientific sources
by Ukrainian and foreign researchers (Volkogon
etal., 2019; Yang et al., 2019).

Stable organic matter provides soils with
such characteristics as structural and wa-
ter-physical properties, indicators of the
soil-absorbing complex, buffering capacity,
humus group composition, carbon, nitrogen,
phosphorus, and sulphur reserves (Demydenko,
2019; Rattan, 2020). Therewith, J. Zhou et al.
(2021) point out that the supply of labile carbon
to the soil can accelerate the decomposition of
soil organic matter, as well as cause changes in
the dynamics of soil organic matter, changing
the direction and intensity of humus forma-
tion. Therefore, the carbon balance depends on
both the amount and frequency of labile carbon
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input. They conclude that the supply of labile or-
ganic matter in large quantities can lead to in-
tensive decomposition of soil organic matter.

Potentially mineralised C represented the
largest labile C pool, while microbial N biomass
was the largest labile N pool. As for the rate of
carbon and nitrogen mineralisation, they were
oppositely distributed over the seasons. The
authors also conclude that it is important to
achieve zero soil degradation based on a de-
tailed investigation of organic matter (Kokovi¢
etal.,2021)

The purpose of this study was to investigate
labile organic substances, establish their rela-
tionship and optimal correlation with total soil
carbon and crop productivity, and develop meth-
ods for regulating their amount in the soil to re-
store and improve the fertility of chernozemes.

MATERIALS AND METHODS

The studywas conducted inlong-termstationary
experiments in 2017-2022, which investigated
the impact of the intensity of use of chernozem
soils, different tillage systems and fertilisation
on the content of humus and labile organic
matter, their correlation and relationship with
crop productivity. The virgin chernozem of the
Mykhailivska Tsilyna Reserve was chosen as a
reference, where organic matter transformation
processes contribute to maintaining a high level
of soil humus with an optimal content of labile
organic matter. The amount of labile substances
and their share in chernozem humus were in-
vestigated on virgin plots and fallow land, which
served as models of natural self-regulation of
humus formation and humus accumulation.

In a stationary experiment at the Sepa-
rate Subdivision of the National University of
Life and Environmental Sciences of Ukraine
“0.V. Muzychenko Velykosnitynske Educational
and Research Farm” in Fastiv district, Kyiv re-
gion, the study investigated the impact of 16
years of use of different tillage and fertilisation
systems on the humus and labile organic matter
content, their correlation and relationship with
crop productivity at the Drabivske Experimen-
tal Field of the Cherkasy Experimental Station
of the Educational and Research Centre “Insti-
tute of Agriculture of the National Academy
of Agrarian Sciences” over 42 years of use of
different tillage and fertilisation systems. The
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fallow land options were taken as natural mod-
els of organic matter transformation and resto-
ration of chernozem fertility. The experimental
variants were replicated three times and ran-
domised across replications. Short rotation crop
rotations were used in the experiments.

A 16-year experiment in the Kyiv region at
the Separate Subdivision of the National Uni-
versity of Life and Environmental Sciences of
Ukraine “0.V. Muzychenko Velykosnitynske Ed-
ucational and Research Farm” had the follow-
ing crop rotation: soybeans, winter wheat, grain
maize, barley, and at the Drabivske experimental
field of the Cherkasy Experimental Station of the
Educational and Research Centre “Institute of
Agriculture of the National Academy of Agrar-
ian Sciences” - perennial grasses, winter wheat,
sugar beet, grain maize, barley with grasses.

Soil of the stationary experiment at the SS
of the NULES of Ukraine “0.V. Muzychenko Ve-
lykosnitynske ERF” - a typical coarse-grained
and light-loamy in the forest — was character-
ised by the following indicators: soil sericulture
reaction was neutral, the amount of extracted
cations was 354 mg-eq/100 g of soil, and the de-
gree of saturation of cations was 93.4%.

In the multifactorial stationary experiment
of the Cherkasy State Research Station of the
ERC “Institute of Agriculture of NAAS” at the
Drabivske experimental field, the soil of the ex-
perimental plot was typical low-humus light
loamy chernozem.

Laboratory tests were carried out according
tostandardised methods. The humus contentwas
determined according to DSTU 4289:2004 “Soil
quality. Methods for determining organic matter”
(2005); the content of labile organic matter (LOM)
was determined according to DSTU 4732:2007
“Soil quality. Methods of determining available
(labile) organic matter” (2008). The study was
conducted per the requirements of the Interna-
tional Convention on Biological Diversity (1992).

RESULTS AND DISCUSSION

Soil functioning and fertility depend on envi-
ronmental conditions, soil use, and crop culti-
vation techniques. They determine the intensity
of soil formation processes, their focus on pre-
serving and restoring soil fertility or on increas-
ing degradation processes and loss of fertility.
These factors also affect the integral indicator of
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chernozem fertility — the humus content of its
upper layers. According to researchers (Dmytruk
§ Demid, 2019), it is the top 0-50 cm layer of soil
that is crucial for the productive function of
chernozems. This layer accounted for 80-85% of
crop yields in the author’s research. Bagherifam
et al. (2023) emphasise that soil organic matter

plays a key role in the environmental chemistry
of macro- and micronutrients.

Table 1 shows the results of a study of the
impact of different uses of typical chernozem in
the Mykhailivska Tsilyna Reserve on the indica-
tors of their humus state, namely the content of
humus and labile organic matter.

Table 1. Content of humus and labile organic matter in typical chernozem under different uses in
the Mykhailivska Tsilyna Reserve, %

Layers Organic substances
Land of soil, %, of absolute %, of absolute e
cm Humus G, . - C - .
umus virgin soil los virgin soil
Absolute 0-20 879 536 100 0.63 100 117
virgin soil 20-40 | 625 | 362 100 034 100 94
Mown virgin 0-20 779 4.51 841 0.51 810 113
soil 20-40 5.33 309 854 021 677 67
0-20 7.29 423 79.0 0.33 524 7.8
Fallow
20-40 579 3.36 92.8 0.20 64.5 59
0-20 5.62 3.25 60.6 015 175 46
Arable land
20-40 540 313 86.5 011 25.8 35
Note: C - carbon content of humus, %; C,__ - carbon content of labile organic matter

humus lom

Source: compiled by the authors of this study

The table shows that the more intensively
the soil is used, the more humus mineralisation
processes are manifested. Therewith, the com-
ponents of humus that are more easily accessi-
ble to microorganisms mineralise faster. Thus,
while the humus content of mown virgin soil,
fallow land, and arable land compared to abso-
lute virgin soil in the upper 0-20 cm soil layer
decreased by 15.9%, 21.0%, 39.4%, respectively,
the labile organic matter content decreased by
19.0%, 47.6%, and 82.5%, respectively. Given that
these compounds can be an affordable source
of macro- and microelements for plant growth
and development during the growing season,
the findings suggest a substantial decrease in
potential soil fertility and, consequently, crop
productivity. On all variants with natural veg-
etation, they are much more numerous in the
upper 0-20 cm layer, which is saturated with
plant roots and their secretions are part of la-
bile organic matter. Thus, while in the variant

of absolute virgin soil in the 0-40 cm layer their
share was on average 10.6, in mown virgin soil,
fallow land, and arable land, respectively, it was
8.5, 6.9, 41. On arable land their number in the
upper layer is 4.2 times less than in absolute
virgin soil. The high ratio (S__:C, )/100 against
the background of significant humus content of
the upper layers of virgin chernozem indicates
the stability of the humus state of this soil and
itslarge reserves of available macro- and micro-
elements for microorganisms and plants, and
thus high potential productivity. A decrease in
this ratio indicates a deterioration in the condi-
tions for humus formation and a possible deficit
in the balance of organic matter in the soiland a
decrease in its potential fertility.

The natural humus-accumulative process
takes place in chernozems under natural veg-
etation on fallow land, which helps restore the
content of humus and labile organic matter.
Therewith, comparing arable land and fallow
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land, the share of labile organic matter in hu-
mus increases faster on the latter. Thus, their
content on fallow land increased from 17.5% to
52.4%, i.e., by 34.9%, and humus by only 18.4%,
from 60.6% to 79.0%. Notably, both on virgin
soil and on fallow land, relative changes in the
amount of LOM are 2 times faster than humus.
In the modern period, there are three
primary areas of achieving a neutral level of
degradation while restoring the fertility of
chernozems, including minimising tillage,
biologising fertiliser systems, and ensuring a

deficit-free balance of basic nutrients in crop
rotation (Balyuk et al, 2023). These factors
were studied in a stationary experiment at the
SS of the NULES of Ukraine “0.V. Muzychenko
Velykosnitynske ERF”, which investigated the
effect of different tillage and fertilisation sys-
tems on the humus status of typical chernozem
(Table 2). The table data shows that minimising
tillage helped preserve the organic matter of
chernozems and, when organic and mineral
fertiliser was applied, increased the humus
content.

Table 2. Humus and labile organic matter content and their ratio for 16 years of using different
tillage and fertilisation systems in typical chernozem in the SS of the NULES of Ukraine
“0.V. Muzychenko Velykosnitynske ERF”, %

Fertilizer variants
Straw 1.2t/ha+
Soil ]5?};211? Control (no fertiliser) SI\tIraJrVI\Gl'%t/ 1;1(a+ green manure+
cultivation system om | 12 778" 687768 N, +N P K .
humus | bs | DUMUS | o bs | DUMUS |~ G2
Chumus fos hum Chumus los Chum Chumus fos Chum
020 |« 28 o009 48 | 338 loum | 67 | 22 o020 92
Different depth : : :
ploughing 3.05 348 3.69
20-40 177 011 6.2 202 0.16 79 214 0.23 107
3.26 364 3.85
Different depth 0-20 189 012 6.3 11 0.16 7.6 293 0.28 125
non-ploughing
tillage } 3.01 353 368
20-40 175 0.10 57 205 018 87 514 0.23 107
020 | 228 lom | s | 23 o | 7 32024 109
Mimimum non- ' ’ )
ploughing tillage 297 350 358
20-40 172 0.09 52 203 011 54 502 019 9.3
398
0-20 531 0.30 129
Fallow
392
20-40 297 0.24 10.5

Source: compiled by the authors of this study

Without fertilisation, there was a tendency
to increase the humus content only in the top
0-20 cm of the soil layer. The same pattern was
observed in the content of labile organic matter,
where in the non-ploughing variant their con-
tent was higher than in ploughing.

Plant and Soil Science, (14) 2

Fertiliser application contributed to the
enhancement of the humus-accumulative
process, the accumulation of humus and la-
bile organic matter in both soil layers under
study. The growth in the upper layer of 0-20 cm
was 040-0.53% in the variants with straw and
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mineral fertilisers and increased to 0.54-0.59%
when green manure was also used. In the lower
layer of 20-40 cm, the growth from fertilisa-
tion and green manure use was significant and
amounted to 0.43-0.67%. The effect of fertilisers
on labile organic matter was even more signifi-
cant, with the content of LOM increasing by 1.5-
2.0 times or more compared to the unfertilised
variant. The best results, especially in the topsoil,
were observed in the variants with non-plough-
ing and amounted to 0.24-0.28%. The best indi-
cators of the humus state of typical chernozem
were observed on the fallow land variant, which

served as a benchmark for comparing the effec-
tiveness of soil fertility restoration measures,
and where the humus content was 3.98% and
labile organic matter was 0.30%.

Comparable patterns were observed in the
typical chernozem of the Drabivske experimen-
tal field, where the content of humus and labile
organic matter in the soil decreased without fer-
tilisation (Table 3). Minimal tillage, even without
fertilisers, substantially reduces humus min-
eralisation, as its content is much higher in the
variant of different depth non-ploughing tillage
than in different depth ploughing.

Table 3. Humus and labile organic matter content and their ratio under different tillage and
fertilisation systems in typical chernozem at the Drabivska Experimental Station,
%, average for 2017-2019

Fertilizer variants
Soil Layers = :
cultivation T, Control (no fertiliser) NP, K, ,/ha of crop rotation
system cm humus C . humus C G2
Chumus fos hum Chumus fos Chum
297 3.02
0-20 e 0.041 2.36 py— 0142 811
Different depth 173 175
ploughing 254 295
20-40 1a7 0.035 2.38 171 0.085 4.80
329 3.55
Different depth 0-20 190 0152 808 Soe 0211 103
non-ploughing 200 31
tillage _ 200 214
8 20-40 180 0.079 4.38 182 0.078 4.29
4.02
0-20 233 0113 4.85
Fallow 37
20-40 E 0.061 3.26

Source: compiled by the authors of this study

The content of labile organic matter varied
in proportion to the total humus. Notably, it was
high - 0.152% in the upper 0-20 cm layer in the
variant with different depths of non-plough-
ing tillage, which may be caused by more than
40 years of incorporating plant residues in
this layer. In addition, very low values of the
C,,iCpur Tatio (2.36-2.38) were observed in the
ploughed variant, indicating an unfavourable
humus regime, namely, increased mineralisa-
tion of organic matter caused by intensive till-
age and insignificant new formation of humus
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substances due to the lack of fresh organic
matter. On the fallow land variant, the humus
content was the highest, and an increased
amount of labile organic matter was observed
in the upper 0-20 cm sod layer saturated with
plant roots. The absence of tillage and excessive
loosening contributes to the formation of more
formed and stable humus substances, which
increase humus accumulation.

Figure 1 shows the dependence of winter
wheat and grain maize yields on the content of
LOM in typical chernozem.

Plant and Soil Science, (14) 2
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Figure 1. Influence of LOM content on the yield of winter wheat and grain maize
(polynomial dependence)

Note: a — winter wheat, b - grain maize

The lowest yields of winter wheat and grain
maize are dependent on the content of LOM in
typical chernozem. The lowest crop yields and
LOM content were recorded without fertilisation
and amounted t02.78-3.08 t/haand 0.09-012% for
winter wheat, respectively, and 543-5.62 t/ha and
012-015% for grain maize. When organo-mineral
fertilisers were applied, the yields increased for
winter wheat by 510-5.44 t/ha and 0.14-018%, and
for grain maize by 6.85-7.82 t/ha and 0.16-0.19%.
When green manure was used in this fertilisa-
tion system, the content of LOM and the yield of
grain maize increased to 0.20-0.29% and 7.29-
8.20 t/ha and were the highest, while the produc-
tivity of winter wheat stayed at the same level

The intensification of mineralisation pro-
cesses in chernozems under agricultural use
reduces the proportion of labile organic matter
in the fractional composition of humus. The ap-
plication of fresh organic matter to the soil in

Plant and Soil Science, (14) 2

combination with mineral fertilisers restores
soil humus content, increases the amount of la-
bile organic matter, and helps optimise the for-
mation of soil microorganisms, enhances bio-
logical processes in the soil, which has a positive
impact on potato yields. From an environmental
standpoint, it is undesirable to use mineral fer-
tilisers when there is a deficit of organic matter
in the soil, as this increases gaseous nitrogen
losses and intensifies mineralisation processes
(Volkogon et al., 2018). According to the authors
(Balyuketal,2016),a decrease in the humus con-
tent in the 0-20 cm layer of typical chernozem
from 4.70% in the virgin variant to 3.60-4.00%
under different fertilisation systems led to a sig-
nificant reduction in labile humus substances.
Therewith, in the organic-mineral fertilisation
system, they accounted for 0.38%, 0.22% - upon
mineral fertilisation, 0.15% — upon organic fer-
tilisation, and 0.14% - no fertilisation.
G
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It is safe to say that there is a connection be-
tween total soil carbon and labile organic matter,
and it is logical to assume a correlation between
them and plant productivity. This is noted in the
studies of several authors (Balaevetal,2019). Land
productivity is associated with labile organic mat-
ter as an easily accessible and balanced source
of macro- and microelements for agricultural
plants and microorganisms, which are released
during its mineralisation, and it also contributes
to the release of hard-to-reach compounds into
solution. The authors (Rattan, 2020) note a prom-
inent correlation between the content of LOM and
the yield, and a closer correlation between the
yield and the content of total carbon in the soil.

In modern conditions, it is necessary to
consider not only the crops grown and soil fer-
tility indicators, but climate aridisation. Stud-
ies by G. Wu et al. (2023) revealed the impact of
global warming on changes in soil organic mat-
ter. The multifunctionality of the soil, caused by
enzyme activity, was lower when warming due
to lower soil moisture, nutrient availability and
the supply of labile organic matter. The close
relationship between microbial diversity and
functional genes and soil multifunctionality has
highlighted the importance of soil biodiversity
in maintaining the functioning of agroecosys-
tems, which is linked to nutrient cycling. With
increasing soil and air temperatures, leaving the
straw on the field resulted in higher bacterial
diversity (by 3.6%) and the number of microbial
functional genes of the C, N, and P cycle com-
pared to removing the straw from the field. The
straw reduced the amplitude of soil temperature
fluctuations. Overall, the return of straw created
a favourable habitat for microorganisms and
thus mitigated the adverse effects of warming
on microbial communities and soil functional-
ity. Comparable results were obtained from the
study of the microbiological state of meadow
chernozem soil (Motruk et al., 2021)

In soils where the humus-accumulative
process is manifested and soil fertility is re-
stored, the proportion of labile organic mat-
ter in the humus composition increases. In the
experiment at the SS of the NULES of Ukraine
“O.V. Muzychenko Velykosnitynske ERF”, the
ratio of C__:.C, ~ was the lowest in the vari-
ants without fertilisation and increased with
the improvement of the humus state of the

chernozems, which is typical for the applica-
tion of different fertiliser rates or the use of
minimised tillage. The highest indicators were
observed in multi-depth no-till cultivation and
on fallow land, where they were 10.7-12.5 and
10.5-12.9, respectively. Studies by E. Litvinova
et al. (2019) found that the use of no-till variant
created conditions for increasing the content of
labile organic matter in the arable layer of typi-
cal chernozem by 4-7% compared to ploughing.

Notably, there is a direct correlation be-
tween stable and labile organic substances and
a certain ratio between them should be main-
tained for the soil to effectively perform its pro-
ductive function over a long period of time, as
well as its ecological function in the biosphere
(Lukas & Weil, 2012; Gamkalo & Bedernyk, 2014;
Balyuk et al., 2016).

Due to the high humus content, the C__.C,
ratioaveraged4.85-3.26,andwashighestinthetop
layer upon multi-depth no-till cultivation - 8.08.

Correlation analysis of the data for the
0-20 cm soil layer showed that soil organic matter
stock was positively related to labile compounds,
the proportion of large macroaggregates, and
negatively related to small macroaggregates, aro-
matic compounds, and the aromaticity index. The
accumulation of soil organic matter in the topsoil
under no-till was influenced by the accumulation
of labile organic compounds (Briedis et al., 2023).

ST. Lukas & RR. Weil (2012) found that the
content of labile organic matter is closely related
to total organic carbon in the soil (r=94). The re-
sults of the study show that labile organic mat-
ter can serve as a test in soils where agronomic
practices are used to increase their productivity.

When fertilising the Drabivske experimen-
tal field, an increase in the humus content of
the soil layers was observed under both tillage
systems. The highest results were observed in
the variant of different depth non-ploughing
tillage, where the humus content in the lay-
ers 0-20 and 20-40 cm was 3.55% and 3.14%,
which is 0.25% and 0.14% higher than upon
ploughing, respectively. The content of labile
organic matter was also better here, espe-
cially in the top 0-20 cm of soil. Fertiliser ap-
plication increased their share in the humus
composition, indicating favourable conditions
for the formation of humus substances, the
predominance of humification over humus

Plant and Soil Science, (14) 2
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mineralisation and the focus of soil processes
on restoring the fertility of typical chernozems.

In the studies of V.V. Volkogon et al. (2018),
the authors pointed out that it is not possible to
improve the microbiological and nutrient re-
gimes of the soil under the influence of LOM,
although there is little evidence of a direct link
between their content and crop yields. The paper
by T. Yang et al. (2019) notes that grain yields are
correlated with both LOM and soil organic mat-
ter content. The maximum yield was achieved
at an organic matter content of about 4.0% and
a high LOM value. J. Shen et al. (2023) found that
water-soluble organic matter stability is not an
intrinsic trait during initial pedogenesis: sta-
ble water-soluble organic matter compounds
stay after bacteria rapidly utilise its labile com-
pounds, while fungi slowly decompose the re-
maining pools.

The dependence of winter wheat and grain
maize yields on the content of LOM was strong,
with correlation coefficients of r=0.83 and r=0.85,
respectively. E. Oldfield et al. (2019), using data
from 240 experiments from 29 countries at the
global level, established a link between organic
carbon content from 0.1% to 2.0% and maize and
wheat yields. Thus, the yield of these crops was
1.2 times higher with an organic carbon content
of 1.0% compared to 0.5%. The yield increase
stabilises at a concentration of about 2.0%, and
this value is proposed as a critical limit for tem-
perate soils. An analogous opinion is shared by
L. Rattan (2020), who suggests that the critical
threshold for reducing the organic carbon con-
tent in temperate soils is 2.0%, and for tropical
soils 1.1%. The author notes the relationship be-
tween the content of organic carbon in the soil
and crop yields due to its ability to improve the
water regime of the soil, especially in arid condi-
tions, and provide plants with nutrients, primar-
ily nitrogen, phosphorus, and sulphur.

Thus, the content of LOM can be considered
notonly as an indicator of the humus state of the
soil and a favourable regime of humus forma-
tionin chernozems, but as an indicator of poten-
tial soil fertility and crop productivity.

CONCLUSIONS

The intensity of mineralisation of the organic
matter of chernozems depends on the methods
and period of their agricultural use. Increased
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anthropogenic pressure, intensification of soil
cultivation, and a decrease in the supply of fresh
organic matter to the soil under arable conditions
lead to losses in the content of humus reserves.
When virgin chernozems are ploughed up, labile
organic matter in the humus is mineralised more
rapidly, and when arable land is converted to fal-
low, it is restored more quickly. Relative changes
in the amount of labile organic matter under the
influence of agricultural practices are twice as
fast as humus. Thus, labile organic matter can
be an indicator of changes in the humus state of
chernozems under the influence of agricultural
practices and crop cultivation technologies.

Minimising soil tillage and applying or-
ganic and mineral fertilisers enhances the
humus-accumulative process, increases the
amount of humus and LOM, and increases their
ratio in typical chernozem. The long-term use of
non-ploughing tillage and fertilisation signifi-
cantly increases the humus content, especially
in the top layer, compared to ploughing. During
the 16-year period of their use, the increase in
humus was 0.13%, and during the 42-year pe-
riod - 0.53%. Without fertilisation, the ratio of
labile organic matter carbon to humus carbon
was 2.36-6.3, with fertilisation it was 4.8-12.5.
The highest ratiowasin the case of non-plough-
ing tillage and fertilisation and was 10.9-12.5.

The content of labile organic matter and the
ratio of labile organic matter carbon to humus
carbon in chernozems can indicate potential
soil fertility and favourable conditions for the
growth and development of crops during the
growing season. The prominent ratio of LOM to
humus carbon indicates a favourable humus
condition and the predominance of humification
processes over the mineralisation of organic
matter. A strong correlation was found between
the content of LOM in typical chernozems and
the yield of winter wheat and grain maize with
correlation coefficients of 0.83 and 0.85, respec-
tively. Studies on changes in the content of LOM
in other soil types are considered promising.
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J1a6inbHi opraHi4yHi pe4oBUHMU i POAIOYICTb YHOPHO3€EMIB

AHoTauia. OpraHiyHi peyoBUHHU I'PYHTY YMOBHO MOKHA PO3IUIUTH Ha CTab1IbHi i TabibHi, mpraoMy
ocTaHHi 6e3rmocepeHbo 3a6e3MeUyIOTh PiCT i PO3BUTOK POC/IVH BIIPOJOBIK BETETALIMHOTO ITepiony.
Il BiIHOBJIEHHS POXIOYOCTI I'PYHTIB i BHCOKOI IIPOAYKTHMBHOCTI arpolieHO3iB y HUX IIOBHHHO
BUTPUMYBATHUCh II€BHE CIIiBBiJHOIIEHHS MDK JIabiIBHOIO i CTAbIIBHOI YaCTHHOI TyMycy. MeTa
IOCTiI>ReHHS — BUSHAYWTY BMICT JIab6iTbHUX OPTaHIYHUX PEYOBUH 3a Pi3HUX BapiaHTIB 06po6iTKy
TPYHTY Ta yI0OPEHHS, 8 TAKO)K BCTAHOBUTH OIITUMAJIbHE CITiBBiIHOIIIEHHS MK IX BMiCTOM Ta BMiCTOM
3araJIbHOIO BYIJIEITI0, Ha OCHOBI IKOTO pO3pO6UTHU 3aX0/IH 3 BiTHOBJIEHHS Ta MiABUIIEHHS POIIOYOCTi
YOPHO3eMHUX I'PYHTIB. Y CTallioHApHUX AOCIiaxX BUBYABCA BIIJIUB IHTEHCMBHOCTI BUKOPHCTaHHSA
YOPHO3EeMiB, ix ccTeM 06pobiTKY i ymobpeHHs Ha I'yMyCHUM CTaH KiTBKOCTI JTa6iTbHUX OpraHiuHux
PEYOBUH i iX CIIBBIIHOIIIEHHS 3 ByITIelleM IyMycy. Y po60Ti BUKOPUCTOBYBAJIU II0JIBOBI OCITIIKEHH,
nabopaTopHUM MEeTOJl aHaji3y 3pasKiB IPYHTY, CMCTeMaTH3allifo, aHasi3 Ta y3araJbHEHHS. Y
3pa3Kax [PYHTY BU3Ha4Ya M BMICT TyMycy 3rizHo ACTY 4289:2004 i BMicT 1abibHUX OpraHiyHUX
pedoBuH 3a JICTY 4732:2007. 3a po30pioBaHHS YOPHO3EMIB Halbibille MiHEPaTi3yIOThCS Ta6iTbHI
OpraHiuHi pe4OBUHU i IX YaCTKa B CKJIaZi TYMYCY 3MEHIIYEThCS, a 3a [lepeBeZleHH P B [IepeioTu
BOHU BiJIHOBJIIOIOTBCSA HaMWIIBHAIIe. MiHiMizallia crucreM 06pO6ITKY IPYHTY i BHECEHHS OpPraHo-
MiHepaJIbHOTO yA06peHHs 36iNbIye KiMbKICTh JabiTbHUX OpraHiYHUX PEYOBUH B CKIIAJI TyMyCy
YOpHO3eMiB. 3aCTOCYBaHHA 6Ge3MONNILIEBOTO O6pPOGITKY IPYHTY MPOTATOM LIICTHAALATH DPOKIB
3yMOBWJIA MTiZIBUILIEHHA BMICTY ryMycy Ha 0,13 %, IpOTAroM COpPOKa IBOX POKIB — Ha 0,53 % BIAHOCHO
OpaHKU. BHECEeHHs OpraHo-MiHepaJbHOTO YAO6PEeHHS MMiIBUILYBAJIO CIIiBBIJHOIIEHHS BMICTy
BYIVIEL[IO JIA61TbHUX OpraHiYHUX PEYOBUH JI0 BMiCTY 3araJIbHOTO BYTJIELIIO IIOPiBHAHO 3 BapiaHTaMuU
6e3ymobpeHHs. BCTaHOBJIEHA CUITbHA KOPEJISLIiFHA 3aJIE3KHICTh Mi’K BMiCTOM JTa6i/TbBHUX OpraHigyHMX
pPEYOBUH B YOpHO3eMaxX i BPOKAWHICTIO 03MMOI MIIeHUIN i KyKypyZ3u Ha 3epHo. [IpakTHyHe
3HaYeHHS Pe3yJIbTaTiB JOCITiIKeHb MTOJIATae B MiHiMisallil HopMu yo06peHHS Ta CITiBBiAHONUIEHHS B
HiY C:N z7151 3a6e31e4eHHS BaJIOBOI BPOJKAMHOCTI KY/IBTYP i BiZHOBIEHHS POIIOYOCTi IPYHTIB
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