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INTRODUCTION

It is known [1] that the anthropogenic impact on soil 
leads to the changes in chemical, physical, agrochemi-
cal, physical-chemical, and biological properties, in 
particular, in the amount and quality of humus. The 

experimental studies on humic substances are directed 
towards the study of the composition, structure, and 
functions of humic substances [1–5]. The results of the 
analysis of humic substances are controversial on many 
issues. Regardless of numerous current experimental 
works and theories, the issue of the role of humic sub-
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stances in the processes of transformation of the main 
indices of soil fertility is still urgent [6–9].

Long-term experiments provide an enormous amount 
of information about the level of productivity and qual-
ity of the agricultural products, the status of soil fertil-
ity, the impact of different intensity of using chemiza-
tion means on the main components of agroecosystems. 
This is the only correct way, which ensures deeper un-
derstanding of the main regularities of the agrogenic 
impact on each component of agroecosystems and the 
whole system in general [10].

Recently the energetic principle of estimating the 
circulation of substances and energy has been used to 
characterize the agricultural systems in general and 
some chains in particular [11]. The studies have deter-
mined that soil contains considerable stocks of active 
energy. The higher the humus-related energy is, the 
higher soil performance is. The main energy accumula-
tor in humus is humic acids (HA); their share is about 
40 % of the total amount of energy in humus [12]. 

The study was aimed at determining the regularities 
of the transformation of quantity and quality composi-

tion of humus, its energy intensity at long-term fertil-
ization of chernozem soils.

MATERIALS AND METHODS

The work was performed in stationary experimental 
 elds of Poltava IAIP on typical heavy loamy cherno-

zem (established in 1964) and Myronivka Wheat In-
stitute – on typical weak alkali light loamy chernozem 
(established in 1912). Soil samples were collected from 
the 0–20 cm soil layer on the following variants: with-
out fertilizers (control); organic fertilization system; 
mineral fertilization system. Comparison variants were 
fallow and wild land.

The analytical work was done in the certi  ed labo-
ratory in accordance with the current normative docu-
ments: preliminary treatment of samples for physical 
and chemical analysis (DSTU ISO 11464); determina-
tion of dry substance and humidity by the mass – by the 
gravimetric method (DSTU ISO 11465); mass fraction 
of total carbon was determined by the oxidimetric meth-
od (DSTU 4289:2004); fraction and group composition 
of humus  by Turin’s method in the modi  cation of 
Ponomariova and Plotnikova (DSTU 7828:2015); low 

Table 1. The impact of long-term fertilization in  eld crop rotations on the group and fraction composition of humus

Note. FH – fulvic-humic type of humus, H – humic type of humus, HF – humic-fulvic type of humus, SMDhs – system mo-
bility degree of the whole system of humic substances.

Index

Typical heavy loamy chernozem Typical weak alkali light loamy 
chernozem

Control Manure NPK Fallows Wild land Control Manure NPK Wild 
land

Ctotal, %
Humus, %
CHA, % to Ctotal

2.71
4.67
36.2

2.76
4.76
52.2

2.92
5.03
47.6

2.83
4.88
37.5

3.89
6.71
43.8

2.11
3.64
29.8

2.29
3.95
33.2

2.05
3.53
36.6

3.08
5.31
25.3

Humi  cation degree High Very high High Very high Average High Average

CFA, % to Ctotal

HA/ FA

28.4
1.27

15.9
3.27

18.5
2.57

21.9
1.71

14.0
3.13

40.2
1.74

24.5
1.36

38.5
0.95

32.8
0.77

Type of humus FH H FH H FH HF

HA1, % to total

CHA, % to Ctotal 

FA1, % to total

FA2, % to total

HA1/ FA1
HA2/ FA2

SMDhs

3.7
15.5
6.6
8.1
0.83
1.91
0.19

1.5
26.8
8.4
1.8

0.24
14.80
0.17

1.7
31.5
9.3
2.1

0.24
15.33
0.20

1.1
27.9
7.0
7.4

0.25
3.76
0.10

5.3
20.4
3.6
9.7

1.50
2.09
0.18

1.8
25.0
11.4
15.6
0.17
1.61
0.23

2.6
27.9
10.9
7.9

0.24
3.56
0.31

6.3
27.3
4.6

19.0
0.43
1.44
0.39

3.9
17.9
11.0
12.0
0.35
1.48
0.35
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heating value of the soil and organic material  by 
the calorimetric method using -08-  set (DSTU 
7866:2015); preparations of humic substances were 
isolated according to DSTU 7606:2014: the extrac-
tion took place due to consecutive treatment of soil 
samples with the solution of sulfuric acid, molar con-
centration c(1/2H2SO4) = 0.1 mol/cubic decimeter 
(decalci  cation) with further isolation of HA using 
potassium hydroxide and their precipitation, the pu-
ri  cation by centrifugation and drying under the  ow 
of warm air and breaking. Humus condition was esti-
mated by the system of indices, suggested by Orlov et 
al. [13]. To characterize the intensity of humi  cation 
process on different stages, the indices of the quan-
titative ratio of humic acids of fractions 1 and 2 to 
the corresponding fractions of fulvic acids (FA) were 
used; HA1/ FA1 – to evaluate the intensity of the pro-
cess of new formation of humic acids and the forma-
tion of their mobile forms; HA2/ FA2 – to evaluate the 
intensity of polymerization of humic structures and 
formation of humates [4]. The mobility degree of the 
system of humic substances (SMDhs) was determined 
by the ratio of the sum of mobile fractions (HA1 + 
FA1) to the sum of stable fractions (HA2 + HA3 + 
FA2 + FA3) of humic substances.

RESULTS AND DISCUSSION

It was determined that the long-term application of 
fertilizers causes the differentiation of soil fertility by 
the level of humus content and qualitative changes of 
the organic matter (Table 1). While the long-term intro-
duction of mineral fertilizers led to increase of humus 
content by 7.7 % in typical heavy loamy chernozem, 
the introduction of organic fertilizers had a somewhat 
lesser positive effect (increase by 1.8 % only). As of 
the moment of samples collection, humus content on 
the fallow was at the level of 4.88 % and on the wild 
land – 6.71 %.

Long-term fertilization promoted considerable 
changes in the quality composition of the whole system 
of humic substances. The 3-fold decrease in the content 
of “free” humic acids (HA1) compared to the control 
with no fertilizers was noted for organic and mineral 
fertilization systems. The content of this fraction of 
humic acids in the wild land turned out to be 1.3-fold 
higher than that for the control. The introduction of 
both organic and mineral fertilizers promoted the in-
crease in the content of humic acids, connected with 
calcium (HA2), in humus. The content of this fraction 
in humus of the wild land soil was at the level of the 

control; the amount of HA2 fraction increased twice, 
compared to the control, in fallow humus.

The content of tightly bound HA (HA3) in humus 
decreased after the introduction of mineral fertilizers 
in the fallow down to the “low” level by the scale of 
Orlov et al. [13]. The application of organic and min-
eral fertilization systems promoted the increase in the 
degree of humi  cation for the organic substance of the 
soil, the change in humus type for the humic one (in 
the control and fallow the humus type is fulvic-humic). 
The HA2/ FA2 ratio is the re  ection of the second stage 
of humi  cation, which is remarkable for the aggrava-
tion of HA structure and the increase in the condensa-
tion degree [4]; it expands considerably in typical cher-
nozem with organic and mineral fertilization systems. 
The HA1/ FA1 ratio re  ects the  rst stage of humi  ca-
tion or the process of new formation of HA. The new 
formation of HA in typical heavy loamy chernozem 
with organic and mineral fertilization systems occurs 
due to the second and third fractions on the background 
of the decrease in the  rst, the most mobile fraction of 
HA. The mobility degree of the whole system of humic 
substances in this type of chernozem under the impact 
of studied fertilization systems did not differ from the 
control considerably; the tendency towards the increase 
in this index was observed only for the mineral fertil-
ization system.

After long-term application of the organic fertiliza-
tion system on typical weak alkali light loamy cher-
nozem, some advantage was registered for the humus 
content (the increase by 8 %) compared to the control; 
the content of humus decreased by 3 % for the mineral 
fertilization system. In the wild land (the comparison 
variant) the content of total humus in the soil was at the 
level of 5.3 % (1.5-fold higher than that for the control).

The content of the mobile fraction of HA (HA1) 
after the introduction of mineral fertilizers increased 
2.7-fold compared to the control; after the addition of 
organic fertilizers – 1.2-fold, and on the wild land – 
3.6-fold. There were no signi  cant changes observed 
regarding the content of fractions HA2 and HA3 for 
different fertilization systems, but the content of hu-
mins in the wild land and the soil after the introduction 
of manure increased 1.4-fold compared to the control. 
In all the experiment variants there was a narrowing 
in the HA: FA ratio, the type of humus for the organic 
fertilization system was fulvic-humic (similar to the 
control), and with the mineral fertilization system the 
type of humus changed for humic-fulvic (similar to the 
wild land). The aggravation of HA structure and the 
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increase in the degree of condensation in typical weak 
alkali light loamy chernozem was registered only for 
the organic fertilization system. In the organic and min-
eral fertilization systems, the new formation of HA in 
this soil occurs due to the  rst and second fractions. 
The degree of mobility of the whole system of humic 
substances in this soil increased compared to the con-
trol under the impact of the organic and mineral fertil-
ization systems.

According to the results of direct calorimetric de-
termination of the soil and preparatively isolated 
humic acids, there was basic information, obtained 
about the quantitative indices of their energy capac-
ity (Table 2).

The organic fertilization system in typical heavy 
loamy chernozem promoted the maximal accumula-
tion of energy in the soil (the increase by 0.11 MJ/kg) 
compared to the control without any fertilizers (0.96 
MJ/kg) and the mineral fertilization system (1.03 MJ/
kg). Less energy was accumulated in typical light 
loamy chernozem with the organic and mineral fer-
tilization systems, compared to the control. With the 

mineral fertilization system, more energy was accu-
mulated in the  rst HA fraction in the soils, different 
in their granulometric composition, compared to the 
control and the organic fertilization system. A larger 
amount of energy in the second HA fraction was accu-
mulated with the organic fertilization system in typi-
cal heavy loamy chernozem. Less energy was accu-
mulated in the second fraction of HA in typical light 
loamy chernozem compared to the control without 
any fertilizers. With the organic fertilization system in 
typical heavy loamy chernozem, humic acids, bound 
to the clay fraction and stable sesquioxides (HA3), 
accumulated more energy than these fractions in the 
soil of the control variant and after the introduction 
of mineral fertilizers. HA3 fraction accumulated 2.5 
times more energy in typical light loamy chernozem 
in case of the mineral fertilization system, and 1.8 
times more energy in the organic system, compared 
to the control.

CONCLUSIONS 
Long-term fertilization promotes considerable 

changes in the quality composition of the whole sys-

Table 2. The energy capacity of soils and preparations of humic acids

Variant Extraction method

Typical heavy loamy 
chernozem

Typical light loamy 
chernozem

low heating value, MJ/kg

Control
Manure
NPK

Fraction 1 – HA1
Extraction agent o.2 n 
NaOH

12.29
10.62
15.85

12.24
11.44
12.88

LSD05 0.86 0.19

Control
Manure
NPK

Fraction 2 – HA2
Extraction agent 0.1 n
NaOH, after soil decalci  cation

10.46
15.12
10.65

5.92
3.82
2.85

LSD05 0.96 0.08

Control
Manure
NPK

Fraction 3 – HA3
Extraction agent 0.2 n 
NaOH, after 7 h of heating on boiling water bath

2.91
4.09
3.13

1.47
2.69
3.71

LSD05 0.08 0.10

Control
Manure
NPK

Initial soil
0.96
1.07
1.03

0.90
0.89
0.74

LSD05 0.01 0.01
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tem of humic substances of chernozems of different 
granulometric compositions. The new formation of 
HA in typical heavy loamy chernozem with organic 
and mineral fertilization systems occurs due to the 
second and third fractions on the background of the 
decrease in the  rst, the most mobile fraction of HA. 
The mobility degree of the whole system of humic 
substances under the impact of different fertilization 
systems does not differ from the control variant con-
siderably; the tendency towards the increase in this 
index was observed only for the mineral fertilization 
system. The aggravation of the structure of humic 
acids and the increase in the degree of condensation 
in typical weak alkali light loamy chernozem was 
registered only for the organic fertilization system. 
In the organic and mineral fertilization systems, the 
new formation of HA in this soil occurs due to the 
 rst and second fractions. The level of mobility of 

the whole system of humic substances in this soil is 
increased compared to the control without any fer-
tilizers under the impact of the organic and mineral 
fertilization systems.

A considerable difference in the indices of energy, 
present in the soil and the fractions of humic acids, 
isolated from this soil, was determined. The maximal 
amount of energy was registered in labile forms of hu-
mic acids – from 10.62 to 15.85 MJ/kg, the smallest 
amount – in the fractions, tightly connected to the min-
eral part of the soil (1.47 – 4.09 MJ/kg). The amount of 
energy is in direct relationship to the applied fertilizers, 
which is in good agreement with the data on the impact 
of different fertilization systems on the humic condi-
tion of soils.
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