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Abstract. The main source of nutrients and energy for all living things in the soil is organic matter,
thanks to which the continuous cycle of nutrients in nature is maintained. Long-term functioning of the soil
in agrosystems leads to a state of equilibrium of organic matter with an appropriate level of its stability.
As a result of reducing the application of fertilizers, especially organic ones, fundamental changes have
occurred in the small (biotic) cycle of substances. Every year, the negative balance of humus reaches
370400 kg/ha, and the annual decrease in its reserves exceeds 20 million tons. According to soil survey
materials, in the most fertile typical black soils of the Karlivska community of the Poltava region, the
humus content currently does not exceed 6.0—6.5 %, or 2.0-2.5 % less than at the time of their survey by the
expedition of V.V. Dokuchaev in 1890. The problem of humus is undoubtedly one of the key ones in solving
the problems of stabilizing and restoring soil fertility.

Long-term studies with winter rye in constant crops, which are conducted at the Poltava Agricultural
Research Station, make it possible to determine and generalize its influence on the dynamics of winter rye
productivity. At the same time, changes in agrochemical soil indicators are also observed. As a result of the
experiment on the cultivation of winter rye in constant crops, it was found that humus content in the soil is
not a statistical indicator and changes in absolute values, both in the spring and summer-autumn periods,
and over the years of observation. Statistical analysis of the data obtained during the studies showed
a direct and inverse correlation between the humus content indicators and the hydrothermal conditions
during the research. It is proposed to widely use the results of the studies in solving fundamental issues
of agriculture, in deep complex studies, and for the demonstration of the role of the main factors and
conditions of plant life.
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Relevance of research. The current
state of the agricultural sector of Ukraine is
characterized by a certain range of problems,
among which the key one is the preservation and
reproduction of the fertility of agricultural soils

Annual decomposition, synthesis and trans-
formation of humus, conservation and binding
of nutrients in it and their continuous release and
entry into the soil solution are the features of
humus substances in the soil. The formation of

[1-5]. To determine this function, the correct
choice of the main criteria is of great importance.
A sufficiently informative indicator in this regard
can be the content of organic carbon in the arable
soil layer. Soil fertility depends on the rate of this
organic matter by 85-90 %, which is essentially
a form of accumulating solar energy on the
Earth [6-10].

this organic compound in the soil is a necessary
basis and means for plants to obtain nutrients, as
well to create an optimal ecological environment
in the soil profile [11, 12].

The problem of humus is undoubtedly one of
the key ones in solving the problems of stabilizing
and restoring soil fertility. So these issues
determined the area of the research conducted.
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Analysis of the state of research and
publications. The humus content influences all
the properties closely related to all soil regimes,
and primarily to the nutrient one. In particular,
it is worth noting that 98 % of nitrogen, 60 % of
phosphorus, 80% of sulfur and a large number
of other macro- and microelements accumulate
in organic form, which are in organo-mineral
complexes and are reliably kept from leaching
[13-16]. This explains the well-known fact: the
higher the humus content in the soil, the higher
the productivity of plants under different weather
conditions [17-20].

As a result of reducing the application of
fertilizers, especially organic ones, fundamental
changes have occurred in the small (biotic) cycle
of substances. Each year, the negative balance of
humus reaches 370400 kg/ha, and the annual
decrease in its reserves exceeds 20 million
tons. According to soil survey materials in the
most fertile chernozems typical of the Poltava
(former Karlivsky) district of the Poltava region,
the humus content currently does not exceed
6.0-6.5 %, or 2.0-2.5% less than at the time of
their survey by the expedition of V.V. Dokuchaev
in 1890 [21, 22].

Research objective: to determine quantitative
and qualitative changes in humus content during
long-term constant cultivation of winter rye in
dark gray podzolized soil.

Materials and research methods. The
research was conducted in the experimental field
of the Poltava State Agricultural Research Station
named after M.I. Vavilov of the Institute of Pig
Breeding and Agroindustrial Production of the
NAAS of Ukraine in dark gray podzolized soil in

E

the subzone of unstable moisture of the left-bank
Forest-Steppe.

The experiment on growing permanent rye
at the Poltava experimental field was initiated
in 1884. The sowing and accounting area of
the experiment is 0.4 hectares. In the entire
area of the experiment, only one factor is
studied — permanent cultivation of winter rye.
Repetition is one-time. Agricultural technology
does not change throughout the entire research
period. Fertilizers, as well as chemical means
of controlling weeds, diseases and pests are
not used. Pre-sowing cultivation and sowing of
winter rye with subsequent rolling are carried out
in mid-September. The sowing rate is 6 million
seeds per hectare. Over the entire historical
period, 9 varieties of winter rye were sown.
Varietal change was carried out after the variety
was removed from zoning.

Research results and their discussion.
Determining the effect of long-term constant
rye cultivation on humus content in the soil
shows that humus amount in the soil is not
statistical and varies in absolute values, both in
the spring-autumn periods and over the years of
observations (Fig. 1).

Thus, if in April 2001 the humus content in
the 0-20 cm soil layer was 2.58 %, then in July it
decreased to 2.29 %, and in October it increased
to 2.63%. The same dynamics of the organic
matter was observed by years and months and,
accordingly, in percentage terms, it was equal
to the following values: 2008 — 2.60; 2.30; 2.69,
2015 -2.52;2.22; 2.60, 2023 — 2.48; 2.29; 2.55.

These research results, in our opinion, are
quite logical since the intensity of hydrolysis
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Fig. 1. Dynamics of humus content changes during the vegetation of winter rye in the years of sampling
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and synthesis of organic matter is influenced by
anthropogenic and natural factors. The main one
is the amount of organic mass entering the soil,
which directly contributes to humus accumulation
in the soil. Such factors as different intensity of
nutrient use from the soil by plants during their
growth and development, as well as different
water and temperature regimes of the soil at
the time of sampling, which directly affect the
intensity of hydrolysis and synthesis of organic
matter, indirectly affect this process (Table 1, 2).

In addition, it is necessary to take into account
that plants absorb nutrients from the soil with
different intensity at different stages of their
development. All this has a direct impact on the
dynamics of humus content during the growing
season.

When using statistical calculations and
analysis of the humus content in the soil
in relation to the amount of precipitation it
was established the following: for the spring
(March-May) and summer (June-August) periods,
an average direct correlation was recorded; the
correlation coefficient was r=0.52 and r = 0.45
respectively, while for the autumn period
(September-November) the correlation was
average inverse, and the correlation coefficient
r was —0.50.

The relationship between the humus
content in soil and temperature regimes was
in a somewhat different paradigm. During the
spring (March-May) and summer (June-August)
periods, a high negative correlation was observed

1. Precipitation in the years of the research, mm

and the correlation coefficient was r = —0.74 and
r = —0.88 respectively. During the autumn period
(September-November) the relationship was
average inverse, and the correlation coefficient
r was —0.62.

Long-term observations indicate that for
the entire period of the experiment with the
permanent rye crop, the humus content in the
dark gray podzolized soil has been undergoing
transformation, but this process is relatively
stable.

Over the years of research, there has been
a change in the qualitative indicators of humus in
both 0-20 and 20—40 cm soil layers. In particular,
the carbon content of humic acids during 1964,
1979,2012, 2022 in 0-20 cm soil layer was in the
following dynamics: 0.353; 0.288; 0.307; 0.294.
and in 20—40 cm soil layer it was 0.258; 0.261;
0.234; 0.246 respectively. In a slightly different
paradigm, this process occurred with the carbon
of fulvic acids and, accordingly, by years and soil
layers it had the following values: 0.306; 0.311;
0.329; 0.271 and 0.210; 0.225; 0.236; 0.220
respectively.

The ratio between the carbon of humic and
fulvic acids also changed throughout the entire
observation period. Thus. if in 1964 this indicator
in the upper and lower layers of the soil was 1.15
and 1.26, respectively. then in 1979 it was 0.93
and 1.16, in 2012 it was 0.93 and 0.99. and in
2022 it was 1.08 and 1.12 units (Table 3). Despite
the dynamics of this indicator during the research,
the type of humus was static — fulvate-humate.

Months For +/—to
Years March- April June- Jul September- October the erennials
May pri August "Y' | November ¢ year P
2001 194.9 73.5 282.7 10.0 208.2 27.1 781.0 212.0
2008 152.8 58.7 129.5 27.1 125.9 31.9 491.4 -77.6
2015 172.4 38.5 168.4 8.5 54.7 2.0 539.8 -29.2
2023 132.5 77.0 221.6 67.3 226.1 82.1 732.5 163.5
Average | 1510 | 400 | 177.0 | 71.0 135.0 42.0 569 X
long-term
2. Average air temperature, t °C
Months For the +/— to
Years March- April March- July March- October year perennials
May May May
2001 9.2 11.0 20.7 18.4 7.5 6.4 8.3 0.7
2008 10.0 11.3 20.7 22.1 9.2 10.5 9.2 1.6
2015 9.9 94 21.1 21.6 9.8 6.7 9.8 2.2
2023 11.0 11.0 22.0 22.1 11.2 11.5 10.9 33
lAverage 8.0 8.8 194 | 20.1 7.8 7.6 7.6 x
ong-term
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3. Composition of soil humus during cultivating winter rye in constant crops

Years
. 1964 | 1979 | 2012 | 2022
Indicators "
Soil layer, cm

0-20] 2040 0-20 20-40 0-20 20-40 0-20 20-40
Humus = 5 351 4 76 2.26 1.84 2.33 1.81 2.29 1.70
content, %
Organic | 47| | 1.30 1.97 1.42 1.19 1.38 1.15
carbon in soil
Carbon in
0.1H HSO, 0.066| 0.056 0.095 0.072 0.088 0.069 0.084 0.059
Carbon in
N,P,O,+ [0.659| 0.465 0.599 0.486 0.613 0.472 0.608 0.467
NaOH
Carbonin 143531 (58 0.288 0.261 0.307 0.234 0.294 0.246
humic acids
Carbonin |4 306l 910 0.311 0.225 0.329 0.236 0.271 0.220
fulvic acids
Ratio of
humicacid | (5| 56 0.93 1.16 0.93 0.99 1.08 112
carbon to
fulvic acids

Conclusions. Based on the results of the
research, it was established that during the
long-term period of the experiment (with the
permanent rye crop), the transformation of the
humus content in the dark gray podzolized soil
occurs in spring, summer and autumn periods,
respectively, in the following paradigm: 2.55 %;
2.28%; 2.62%. Over the period of long-term
observations, there has been a general trend
towards a decrease in humus content in the soil
when cultivating winter rye in constant crops.

Statistical analysis of the data obtained as
a result of the research showed a direct and
inverse correlation between the values of humus
indicators and the hydrothermal conditions of the
observations.

During long-term cultivation of winter rye
in one place, the ratio between humic and fulvic
acids was in the soil layers (0-20 and 2040 cm)
in the range of 0.93-1.15 and 0.99-1.26
respectively. These indicators correspond to the
fulvate-humate type of humus.
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Anomauia. OcnogHUM 0dcepenom NOHCUSHUX PEYOBUH | eHepeemUYH020 Mamepiany O0lisl Cb020 HCUBO2O
YV IPYHMI € Op2aHiuHa PeyosUHa, OAKYIOUU YOMY I NIOMPUMYEMbCs be3nepepsHuil Kpy200odie NONCUSHUX
peuosun y npupooi. [logeompusaie (hyHKYIOHYS8aAH S IPYHMY 6 A2POCUCEMAX NPUBOOUMb 00 CIAHY PIGHO-
8aecu Op2aHiuHol pewoGUHU 3 HANEICHUM PIGHEM 1020 cmabitbrocmi Y pe3ynvmami 3meHueHH s GHeCeHH s
000pus i 0COONUBO OPSAHIUHUX, KOPIHHI 3MIHU NPOUMAU Y MATOMY (OIOMUYHOMY) KpY20obicy peuosuH.
Koorcnuii pix 6i0 emuuti bananc eymycy oocse 370400 xke/ea, a wopiune 3meHuleHHs 11020 pe3epsis nepe-
suwgye 20 man. m. 3a mamepianamu IpyHmo8o20 06Cmedtcents y Hatlbinbul POOIOYUX YOPHOZEMAX MUNOBUX
Kaprniecvroi epomaou [lonmascvkoi obnacmi y oanuii uac emicm aymycy ne nepesuwye 6.0-6.5 %, abo na
2.0-2.5 % menwe, nigic na yac ix oocmedicenns excneouyicio B.B. [oxyuacea 6 1890 p. Ilpobrema cymycy
6e3 CYMHIBY € 0OHICIO 3 KIOHOBUX HA WITAXY GUPIUEHHS 3A60aHb CMAabinizayii i 6i0MEOPEeHHs IPYHMOBOL
poorwuocmi. J]0620cmpoKosi O0CHIONCEHHSA 3 Oe33MIHHUM JHCUMOM, K npo6odsimbcsi Ha [1oimagcoKitl cinb-
CbKO2OCNOOAPCHKIll QOCHIOHII CIMAHYIT 0armMb MONCIUBICIb BUSHAUUMU | Y3A2ANbHUMU U020 6NIUE HA
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OUHAMIKY 8eUdUHY NPOOYKMuUsHocmi. Pazom 3 mum 6edymuvcsi cnocmepesicenst 3a 3MiHOI0 A2pOXIMIYHUX
NOKA3HUKIG IpYHmMY. Y pe3ynomami nposedents 00cioy 3 BUpOUySanis scuma 6e33minHoeo 0y 6cmanos-
JICHO, WO BeTUYUHA 8MICITY 2YMYCY Y IDYHNI NOKA3HUK He CIAIMUCTIUYHULL | 3MIHIOEMbCA, 8 AOCONIOMHUX
BEUUUHAX, K 30 6ECHAHUL MA TIMHbLO-0CIHHIL nepioou, max i 3a poxamu cnocmepedsicerv. Cmamucmuunuil
amaniz Oamux, OMpPUMAHux y pes3ynomami 00CHiOdceHb NOKA3Aa8 NPAMUL Ma 360POMHUL KOPETAYIHUL
36 SI30K MIJIC GETUMUHAMU NOKAZHUKIG SYMYCYy Ma 2I0OpOMeEPMIYHUMU YMOBAMU NPOBEOEHHS OOCIIONHCEHD.
3anpononosano pezyromamu 00CAiOACEHb WUPOKO BUKOPUCMOBYBATNU NPU GUDIULEHHT DYHOAMEHMATbHUX
nUMAanb 3emMaepoocmed, 01 2TUOOKUX KOMIJLEKCHUX OOCIIONCEHb, OEMOHCMPAYii poai OCHOGHUX YUHHUKIG
Ma yMo8 HcUmms poCiuH.

Knrouosi cnosa: sxcumo, 6e33minHull nocie, Micm 2ymycy, n0200HI YMO8U, KOPenayiuHUull 36 930K
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