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Abstract. The purpose of the research is to present the results of studies obtained in the long-term stationary
experience of the Geographical Network of Experiments with Fertilizers of the Russian Federation on the effect
of various methods of straw, crop residues and nitrogen fertilizers utilization on the humus state of leached black
soil. Establish the effect of the systematic introduction of straw and crop residues on the content of total and labile
humus in leached black soil, provide data on the fractional composition of humus. Methods. There were used
conventional methods: total nitrogen by the method of indophenol greens, humus according to Tyurin in Sima-
kov’s modification; fractional group composition according to Ponomareva and Plotnikova; labile carbon — by the
release of humic substances during treatment with 0.1n NaOH, soil treatment with sodium pyrophosphate 0.1m
Na,P,O, (Dyakonova’s method) and hot water (Schulz’s method). Results. The results of studies obtained in a
long-term stationary experiment on the study of the effect of straw and crop residues on the humus state of the soil
are presented. It has been established that the annual introduction of straw and crop residues into the soil makes
it possible to maintain the humus state of the leached black soil at the level of the initial content. Significant dif-
ferences in the humus reserves in the arable soil layer according to the methods of utilization of organic residues
were not revealed, they were assessed as very high. On a long fallow, humus reserves were high, on virgin lands
they were ultra-high. The results of the studies showed that the fractional composition of fulvic acids depended on
the method of using straw and stubble residues; the fractional composition of humic acids did not differ from the
method of utilizing straw and stubble residues. A decrease in the content of total humus was revealed against the
background of burning and removing straw and stubble, while an increase in its content was noted during the sys-
tematic plowing of post-harvest residues. Scientific novelty consists in changing the fractional-group composition
of humus when using organic residues (straw, stubble) for the reproduction of soil organic matter.
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Introduction searchers, the annual loss of organic matter in Russia

The earth as a natural body and the main means of
agricultural production is a constantly changing sys-
tem. All atmospheric processes, physical phenomena,
flora, fauna affect the state of the earth, especially its
upper layer. Reproduction of soil fertility is one of the
most important tasks of agriculture. Under conditions
of intensive use of arable land, especially in areas prone
to erosion processes, the problem of restoring the loss
of soil organic matter remains without the necessary
attention, dehumification is noted, expressed in a no-
ticeable decrease in natural humus reserves. The low
ability of soils to form humus is explained by the insuf-
ficient supply of fresh organic matter to the soil. With
low reserves of organic matter, especially during the
growing season and under adverse weather conditions,
plants are prone to depression. According to many re-
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reaches 0.3-0.4 t/ha, significantly increasing in areas
with the manifestation of erosion processes [1-3]. The
decrease in the number of livestock in the farms of the
region, the increase in prices for fuel and lubricants
have sharply reduced the volume of organic fertilizers
applied to the soil. In this situation, it was important to
find alternative ways to replenish the reserves of organic
matter in soils on arable land. At the same time, straw,
tops and other production wastes become the cheapest
and most accessible source of organic carbon replen-
ishment. However, information about the role of straw
used as organic fertilizer is highly conflicting. This is
explained mainly by the difference in soil-climatic and
technogenic conditions in experiments carried out by
various scientific institutions.
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Humic substances are the dominant factor in the
state of natural soil fertility. The agrophysical and ag-
rochemical properties of the soil, the state of its bio-
logical activity depend on the content of humus and its
qualitative characteristics. In well-humused soils, the
processes of mobilization of plant nutrients proceed
better, such soils are less prone to overconsolidation,
and are better aerated. The natural-historical process
caused differences in the reserves and qualitative com-
position of the humus in the soil cover of the earth. In
agricultural soil science, humus is considered as an
integrated indicator of the economic value of the soil.
The chemical composition, physical condition, biologi-
cal activity, energy potential and other properties of the
soil depend on the content of humus in it, the ratio of its
various components — humic and fulvic acids, humates,
etc. [3-9].

In the natural environment, the stationary equilib-
rium state of humic substances is maintained by the
phytocenosis characteristic of this soil-climatic zone.
Quantitative and qualitative changes, together with
erosion and deflation, contribute to the imbalance of
organic matter, the activation of destruction processes,
and, ultimately, the decrease in the humus reserves in-
herent in this soil. Under the conditions of extensive
farming on fields not fertilized with manure and com-
posts, the most radical and, at the same time, affordable
and low-cost means of enriching the soil with organic
matter is straw cutting, introduced into the soil when
harvesting grain crops.

Methods

The experiment was carried out on permanent sow-
ing of spring wheat. The arrangement of options is ran-
domized, the backgrounds are sequential. The experi-
ence is laid by the method of split plots: the plots of the
first order are the backgrounds for the use of straw, the
second — the doses of nitrogen fertilizers. Harvesting
in the experiment was carried out by direct combining,
while leaving chopped straw on the field surface. In
parallel with this, the removal and burning of the entire
non-grain part of the crop is carried out.

Background 1 is a traditional, accepted practice,
when the straw is removed from the field.

On background 2, chopped straw is annually
left, which is incorporated into the soil by repeated
(2-3 tracks) disking with a heavy disc harrow.

On background 3, the entire non-grain part of the
crop is removed by combing (multiple harrowing).

On background 4, the straw is evenly spread out
over the experimental plots by hand and burned, af-
ter which disking is carried out in order to prevent the
spread of ash and ashes by the wind.

On backgrounds 2 and 4, the same amount of straw
is left.

Subsequently, moldboard plowing of all back-
grounds to a depth of 23-25 cm is carried out across
the plots.

The amount of straw introduced into the soil is de-
termined by meter platforms and weighed on scales
with an accuracy of 0.1 kg.

Mineral fertilizers are spread into the soil for pre-
sowing cultivation.

Repetition 4-fold. The total number of plots in the
experiment was 64. The area of the elementary plot of
the first order was 800 m?, the area of the second or-
der was 200 m? (50 x 4), and the accounting plot was
190 m? (50 x 3.8).

In studies of soil organic matter, generally accepted
methods are used: total nitrogen — by the indophenol
green method; humus — according to Tyurin in Sima-
kov’s modification, fractional-group composition of
humus — according to Ponomareva and Plotnikova.
To extract labile carbon, the following methods were
used: isolation of humic substances during treatment
with 0.1 N NaOH, soil treatment with sodium pyro-
phosphate 0.1 M Na,P,O. (Dyakonova’s method) and
hot water (Schulz’s method).

Results

As a result of long-term studies, a decrease in the
content of total humus was revealed compared to the
control (5.72 %) against the background of burning
and removing straw and stubble to 5.45 and 5.51 %,
respectively. While with the systematic plowing of
post-harvest residues, the humus content increased to
6.03. For comparison, the results of observations of the
humus state of the soil in a state of long-term fallow-
ing and on a virgin analogue of the studied type are
given. With prolonged fallowing, the content of total
humus decreased to 4.22 %; on the virgin analogue
of leached black soil, the content of total humus was
10.2 %. Against the background of nitrogen fertilizer,
in the variants with the studied methods of straw utili-
zation, the humus content was higher, which is due to
the large amount of fresh organic matter entering the
soil in the form of crop and root residues (Table 1). The
same results were obtained in studies by other scien-
tists, including German ones [14—16].

The main source of nitrogen in the soil is humus.
Humus nitrogen passes into soluble and accessible
forms as a result of a number of complex and lengthy
microbiological transformations. Soil nitrogen, pre-
sented in the form of complex organic substances of
humus, becomes available to plants only after its min-
eralization. The intensity of mineralization of humus
nitrogen depends on the physical and chemical proper-
ties of the soil, climatic and agrotechnical conditions.
When studying the humus state of the soil in long-term
experiments, it is advisable to determine the enrichment
of humus with nitrogen and the content of labile, easily
transformable humus in it, which is very important for
assessing the nearest reserve of nitrogen necessary for
the growth and development of plants [3; 7; 8].
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Table 1

Influence of straw utilization methods on the humus state of the soil (average for 1971-2020)

Option Nitrogen dose, Humus content. % Humus reserves | Enrichment of humus| Labile
P kg/ha > 721 (0-30 cm), t/ha with nitrogen, C:N | humus, %
The straw 0 5.72 238.5 10.0 0.40
is removed, . Below the average Very high Average
the stubble is 80 5.79 241.4 10.5 0.46
plowed Below the average Very high Average
Systematic 0 6.03 251.4 11.4 0.44
plowing straw Below the average Very high Low
and stubble 80 5.93 247.3 10.8 0.45
Below the average Very high Average
Straw and 0 5.45 227.3 9.0 0.42
stubble removal Below the average Very high Average
80 5.58 232.7 10.0 0.41
Below the average Very high low
Systematic 0 5.51 229.8 9.6 0.36
burning of Below the average Very high Average
straw and 80 5.74 239.4 11.8 0.36
stubble Below the average Very high low
Long steam - 4.22 175.6 11.3 0.39
Below the average High Low
Virgin soil - 10.2 425.3 12.2 1.01
High Ultra-high Low

Studies have shown that the humus content in all
studied variants of a long-term stationary experiment
was assessed as below average, only on the virgin soil
analog, the humus content was high. The reserves of
humus in the arable layer of the soil did not differ sig-
nificantly according to the methods of utilization of or-
ganic residues and were assessed as very high, while
they were high on a long-term fallow, and ultra-high
on virgin lands.

The enrichment of humus with nitrogen character-
izes the nitrogen regime of the soil, which is formed
after the mineralization of organic matter.

The data in Table 1 show that when a large amount
of organic matter enters the soil, humus with a low
nitrogen enrichment is formed, while humus with an
average degree of enrichment is formed in the variants
with straw removal.

The low enrichment of humus with nitrogen in the
variants with long-term fallow and virgin soil is ex-
plained by the limited supply of organic matter. In the
virgin lands, despite the richness in nitrogen, in the bal-
ance of nitrate nitrogen available to plants, according
to A. E. Vozbutskaya, there is a predominance of the
expenditure part (consumption by plants, restoration)
over the incoming part (nitrification).

One of the important points in the study of the qual-
itative characteristics of humus is the determination of
mobile, labile forms, water-soluble components of the
composition of humus as the most sensitive to natural
and agrogenic influences [5; 12; 15].

The results of the determination of easily trans-
formed organic matter, presented in Table 1, show the
undoubted advantage of the variant with the system-
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atic plowing of straw and stubble; the content of labile
carbon, determined in the pyrophosphate extract, was
the highest here and amounted to 0.44 %, while in the
control variant it was only 0.40. The least labile carbon
is in the variant with systematic burning of the entire
non-grain part of the crop and perpetual fallow (0.36—
0.39 %, respectively).

In the study of soil organic matter, according to the
methods proposed by the Geoset laboratory, we carried
out laboratory studies on the extraction of labile (trans-
formable) humus from the soil with various reagents
in order to unify the methods for determining labile
humus.

The highest total carbon content was noted on the
virgin analogue of leached chernozem, it amounted
to 5.55 %; the smallest — with the annual removal and
burning of straw and stubble without the introduction of
nitrogen (2.93 and 3.11 %, respectively); when apply-
ing nitrogen fertilizer, it increased to 3.02 and 3.14 %,
which was caused by the influx of more root residues
in these options. Against the background of the annual
plowing of straw and stubble, the content of total car-
bon without nitrogen was 3.38 %.

Studies have shown a different degree of extraction
of labile organic matter during extraction with various
preparations. So, when extracting 0.1 N NaOH on vir-
gin soil, up to 24.0 % of carbon was extracted, in other
options in this extract, from 16.1 to 20.1 % of the total
soil carbon was extracted.

When extracting labile organic matter with a py-
rophosphate extract (0.1 m Na,P,0.) without apply-
ing nitrogen fertilizer against the background of straw
and stubble plowing, the content of labile carbon was
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14.8 % of the total; against the background of straw and
stubble burning only 13.2%. Also, little soluble organic
matter was extracted from virgin soil, which is due to
the greater stability of organic matter in virgin soil.

Easily decomposable organic matter was extracted
least of all with hot water according to the method of
E. Schulz [20], the content of easily decomposable or-
ganic matter did not exceed 2—3 % of the total soil car-
bon (Table 2).

The dynamics of changes in the humus content in
the leached black soil over the entire period of research,
presented in Figure 1, shows that the systematic plow-
ing of straw and crop residues makes it possible to sta-
bilize the humus content at the level of the initial con-
tent. The remaining options, in particular the removal
and burning of straw and crop residues, leading to a
gradual decrease in humus reserves, the control option
also shows the processes of humus degradation, mani-
fested in a decrease in its content.

Humus is not only involved in the supply of plants
with nitrogen, phosphorus, potassium and other im-

portant macro- and microelements of nutrition, its role
is also undeniable in other important processes of soil
formation and ensuring soil fertility, such as protect-
ing soils from weathering, creating their granular struc-
ture, supplying plants carbon dioxide necessary for
photosynthesis, biologically active growth substances.
Therefore, the preservation and enhancement of humus
reserves is one of the priorities of farmers.

The quality of humus is characterized by the con-
tent and ratio of humic and fulvic acids in it, their indi-
vidual groups, which differ in solubility in weak acids
and alkalis. Fractionation makes it possible to assess
the trends in the development of humus formation un-
der the influence of such a powerful agrogenic factor
as the long-term systematic introduction of straw, crop
residues and nitrogen fertilizers into the soil. With the
same content of humus in the soil, there can be sig-
nificant differences in the ratios of SgC:Sphc and C:N, the
content of different Cc and Cfc groups in relation to
the content of total organic carbon in the soil [3; 5; 10].
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Fig. 1. Dynamics of changes in the content of humus in leached chernozem depending on the method of utilization of straw and
crop residues (for 1971-2020)

Table 2

The content of organic carbon during extraction with various reagents depending on the amount of fresh

organic matter entering the soil, %

Extraction
C total Hot water 0.1m 0.1 N
acegring | SIS | Napo, | NaoH
C % of C % of C % of
general general general
Virgin soil 5.55 0.17 3.1 0.77 13.9 1.32 | 238
The straw is removed, the stubble N, 3.25 0.07 2.1 0.49 15.1 0.59 | 18.2
is plowed N, 318 | 006 | 19 |052] 163 |060| 189
Systematic plowing straw and N, 3.38 0.07 2.1 0.50 14.8 0.59| 174
stubble N, 339 007 | 21 [o052] 153 [067] 198
Straw and stubble removal N, 2.93 0.06 2.0 0.47 16.0 0.59 | 20.1
N, 302 [ 006 20 051 169 [060]| 19.9
Systematic burning of straw and N, 3.11 0.06 1.9 0.41 13.2 0.50 | 16.1
stubble N, | 314 Joos| 16 [038| 121 |051] 162
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Table 3

Fractional composition of humic acids in leached chernozem (0-30 cm) with various methods
of utilization of organic residues and nitrogen fertilizer, (C, % to total soil C) (2000)

Nitro- GK fraction FC fraction Humi-
gen in" G, +| G/ fication
Background t;':;ze, soil, | 11 2 | 3 |Sum 7 2 3 | Sum ﬁA F E emi 'indika-
“a % 4 tor
of a. i.
The straw 0 3.00 (4412294732025 79 |43 |63 |21.053.0|1.5]|027| 86
lsremoved,. 120 3.14 [2.9228(2.0\27.711.9102| 2.8 | 89 |23.8|51.5| 1.2 0.26 7.2
the stubble is
plowed
Systematic 0 3.57 |2.7121.13.227.0(1.9102| 0.8 | 9.5 |2241494\| 1.2 | 0.27 7.3
plowing 120 300 |45127.0\2.233.7128|11.7| 4.2 |12.11308|64.5|1.1|027| 9.1
straw and
stubble
Straw and 0 292 11.61258(311305(23| 86| 3.1 |88 22853313025 7.6
stubble 120 | 3.07 |2.6]21.5126|267|2.0] 98 | 26 | 9.7 | 24.1]508| 1.1] 025 6.7
removal
Systematic 0 306 (251229251279 120| 9.1 | 05 |10.321.9|498| 13| 0.24 6.7
burning of 120 285 1351165231223 128] 9.0 10.2|12.8|34.8|57.1]0.6| 0.24 5.3
straw and
stubble

Black soils of the Chelyabinsk region are the most
valuable and fertile in comparison with other types of
soils. The formation of these soils is associated with
the development of forb-grass vegetation, which has a
significant effect on the processes of humification of or-
ganic matter (together with climatic conditions).

Determination of the fractional composition of hu-
mus is one of the important indicators of the humus
status of soils. In the described stationary experiment,
the fractional composition of humic substances, which
characterizes the distribution of substances included
in certain groups of soil humus according to the forms
of their compounds with the mineral components of
the soil, basically corresponds to the characteristics of
black soils.

The composition of humic acids is dominated by
humic acids of fraction 2, soluble in 0.1 N NaOH, as-
sociated mainly with calcium, they have the property
of almost complete solubility in water. The remaining
two fractions of humic acids account for approximately
equal amounts. The total amount of humic acids with-
out the use of fertilizers is 27-32 %, with the use of ni-
trogen fertilizers, the content of humic acids decreased.
Differences due to the use of different technologies for
the use of straw and crop residues have not been identi-
fied (Table 3).

Fulvic acids of various fractions are the most mo-
bile and “young” forms of humic acids. Against the
background of straw and stubble plowing, SFA ac-
counts for 22.4-30.8 % of fulvic acid carbon in relation
to the total soil carbon. Characteristically, against this
background, there is a narrower ratio of humic acids
to fulvic acids, respectively 1.2-1.1 versus 1.5-1.2
against the control background, where the straw is re-
moved and the stubble is plowed (Table 3).
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Against the background of the plowing of straw and
stubble, the biological absorption of mineral nitrogen
increased in the process of decomposition of cellulose
and fiber, while the amount of humic acids decreased,
the application of nitrogen fertilizer at a dose of
120 kg/ha a. i. contributed to an increase in the amount
of humic acids.

As for the fractional composition of S, and S e
the differences in the content of groups of acids sol-
uble in NaOH and H,SO, of various concentrations
should be considered insignificant, with the exception
of fulvic acids in the extract of 0.1 N NaOH (No. 1)
and 0.02 N NaOH (No. 3). Against the background of
plowing into the soil of straw and stubble, its content
in relation to the amount of S e Was higher. These S,
groups are associated with free and mobile sesquiox-
ides, clay fraction and stable forms of soil sesquiox-
ides. The ratio of carbon of humic acids to the total
carbon of the soil reflects the degree of humification
of organic matter, and the ratio S_:S | is the degree
of maturity or hydrolyzability of humic acids. Against
the background of straw and stubble and in the control,
the type of humus is fulvate-humate (SgC:SthC less than
2.0). Some tendencies can be noted in differences in
the degree of humification and in the ratio of humic
acid carbon to total organic carbon; in the enrichment
of humus with nitrogen (in the control variant, the C:N
ratio was 10.0-10.5, while against the background of
straw and stubble plowing it was 11.4-10.8) (Table 1).
This phenomenon quite fully fits into the concept of
the inevitable decrease in the content of nitrogen, pri-
marily its mineral forms, in the process of biological
decomposition of cellulose by cellulose-decomposing
bacteria [13; 17; 18].
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The smallest difference between the carbon of hu-
mic acids (S, +S,0) and organic carbon (S mani-
fested itself against the background of straw and stub-
ble plowing + N, , which is also quite natural in view
of a noticeable increase in the content of humic acid
carbon in humus.

Discussion and Conclusions

The problem of replenishing the reserves of soil
organic matter remains one of the priority areas. With
the systematic introduction of straw and crop residues
into the soil, the content of both total and labile (easily
transformable) humus increases, while when straw and
crop residues are removed and burned, the indicators
characterizing the humus content of the soil decrease.

ences in the content of various fractions of total car-
bon, the fractional composition of humic acids did not
differ from the method of utilization of straw and crop
residues, the fractional composition of fulvic acids de-
pended on the method of using straw and crop residues.

It is well known that not all soil organic matter
directly affects plant productivity, but only its easily
transformed part, which takes part in nutrient cycling.
In this regard, the determination of the easily trans-
formable soil substance was carried out. Straw utili-
zation methods influenced the content of easily trans-
formable carbon in the soil. Thus, when plowing straw
and stubble, its content was higher than in the variants
with burning and removal of organic residues.

The fractional composition of humus showed differ-
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