
859

ISSN 1064-2293, Eurasian Soil Science, 2016, Vol. 49, No. 8, pp. 859–867. © Pleiades Publishing, Ltd., 2016.
Original Russian Text © M.F. Ovchinnikova, 2016, published in Pochvovedenie, 2016, No. 8, pp. 932–941.

Transformation of Humus Substances in the Long-Drained 
Surface-Gleyed Soddy-Podzolic Soils under Conditions 

of Pronounced Microrelief and Different Agrogenic Loads
M. F. Ovchinnikova

Educational and Experimental Soil-Ecological Center, Moscow State University, Moscow oblast, 141592 Russia
е-mail: biochem.ovchinnikova@yandex.ru

Received January 14, 2015

Abstract—The transformation of humus substances resulting from artificial drainage of the surface-gleyed
soddy-podzolic soils under conditions of pronounced microtopography and different agrogenic loads was
studied. The studied soil characteristics included acid–base conditions, the content and group composition
of humus, the ratios between the fractions of humus acids, and optical density of humic acids. The features
attesting to humus degradation were found in the soils of microdepressions periodically subjected to excessive
surface moistening, in the soils of different landforms upon the construction of drainage trenches, and in the
plowed non-fertilized soils. The response of humus characteristics to the changes in the ecological situation
in the period of active application of agrochemicals for reclamation of the agrotechnogenically disturbed soils
was traced. It was shown that the long-term dynamics of the particular parameters of the biological produc-
tivity of the soil depend on the hydrological and agrogenic factors, as well as on the weather conditions.
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INTRODUCTION
Construction of drainage systems in humid land-

scapes a purposeful action of agrotechnogenic nature,
carried out in order to optimize the air-water regime in
waterlogged soils of different genesis. Drainage amelio-
ration is especially relevant for soils formed on heavy
parent rocks with unfavorable hydrophysical properties
inherited by soils. Intensification of the percolative
water regime and, hence, stronger removal of fine par-
ticles, depletion of the upper part of the soil profile in
exchangeable bases, and acidification, mostly pro-
nounced in soils on acid and leached loamy and clay
rocks, were observed in drained soils, together with pos-
itive consequences (optimization of hydrological, ther-
mal, and redox regimes and activation of biological pro-
cesses) [1, 3, 6, 9, 10, 22].

Such physical and physicochemical soil properties
as composition and proportion of particle-size frac-
tions, concentration and composition of exchangeable
cations, and soil reaction are known as important fac-
tors of humification and are closely connected with
the parameters of the humus system [16]. Unfortu-
nately, there are few literature data about the effects
and aftereffects of drainage amelioration. Moreover,
the changes of humus characteristics recorded by dif-
ferent authors are ambiguous, possibly due to the dif-

ferences in the methods of drainage and the properties
of soils and parent rocks. The results of drainage are
discussed in some works together with agricultural
practices for fertility restoration of drained soil, and
this makes it difficult to evaluate the real contribution
of drainage to the changes of humus characteristics.
Humus content as a rule decreased when drainage
works were carried out without application of organic
fertilizers or in the period before their application [1,
8, 13, 22, 26]. Agricultural use of drained soils with
application of organic fertilizers promoted humus
accumulation, and this was observed mostly within
the plow layer [3, 8, 22].

The direction and depth of the changes in the com-
position and properties of humus substances and
molecular structures of humic acids in drained soil are
determined greatly by the degree of “dilution” of the
upper part of the soil profile with the material of the
lower layers and by its properties [11, 14].

Insufficient available information, unfortunately,
does not allow characterizing in details the features of
the changes in humus characteristics when draining
different soils on different parent rocks, taking into
consideration any other factors than drainage. The
problem of preservation the fertility of ameliorated
soils and their active agricultural use under the condi-
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tions of recent unbalanced agriculture remains rele-
vant, but poorly studied.

The task of this work is to study the transformation
of humus substances in soddy-podzolic soils in the
case of prolonged drainage under the conditions of
pronounced microrelief and different agrogenic loads,
and to assess the results of changes in humus charac-
teristics relative to soil productivity.

OBJECTS AND METHODS
The study was carried out on soddy-podzolic

loamy soils of production field, Educational and
Experimental Soil-ecological Center, Moscow State
University (Moscow oblast). The parent rock was rep-
resented by mantle loams on moraine deposits. Soil
cover of the field was characterized by small-pattern
and mosaic character caused by the prominent
microrelief. The total area of the field was 12 ha, of
which approximately 1/3 was composed of microde-
pressions in the form of shallow hollows with a specific
surface-flowing moistening against the background of
percolative water regime. Soil cover of microhighs was
presented by soddy-podzolic soils (Albic Glossic Reti-
sols (Abruptic, Aric)) typical for automorphic land-
scapes of southern taiga subzone (Аp–А2–В1–В2).
Soddy-podzolic surface-gley soils (Albic Stagnic
Glossic Retisols (Abruptic, Aric)) formed in the lower
landscape positions subjected to periodical surface
water-logging in the time of snow melt or long-lasting
rains in summer and autumn with characteristic signs
of gleyzation (Аpg–А2g–В1g–В2g). The morpholog-
ical profile of surface-gley soils was characterized by
bluish and rusty mottles in all horizons, humus mobil-
ity, abundance of Fe–Mn concretions, and a more
pronounced podzolic horizon. The drainage system in
the form of subsurface tile drainage was constructed all
over the field in 1987. Drains 7.5 cm in diameter were
placed at the depth of 0.8–0.9 m with spacing of 15 to
20 m. The field was used in the systems of four-field
grain–grass–row-crop rotation up to 1996. Peat-
manure compost was applied under the row crop at the
rate of 40 t/ha in 1989; liming was carried out in 1989
and 1990 (at the rate of 1 and 0.5 hydrolytic acidity).
The rates of mineral fertilizers were calculated accord-
ing to the demands of agricultural crops: N260P90K270
in 1988–1992. Agricultural chemicals were not used
since 1993. The field was taken out of the crop rotation
system in 1997 and was occupied by legume-grass mix-
tures up to now. Agricultural impact in this period was
connected with the periodical tillage operations
(plowing, disk harrowing, and cultivation), grass
mowing, and sowing of perennial grasses.

Soil samples were taken in June on microhighs and
microlows from the depths of 0–20 and 20–40 cm in
fivefold for every component of the relief. The samples
were taken before the drainage amelioration (1987),
one year after drain ditching (1988), and then at five-
year intervals (1992, 1997, 2002, 2007, 2012). Humus

content, pH of salt extract, hydrolytic acidity, and
exchangeable calcium and magnesium were deter-
mined in soil samples with routine methods [21];
group and fraction composition of humus was deter-
mined by Tyurin’s method in modification by
Ponomareva and Plotnikova [20]; optical density of
the fractions of humic acids was also determined [19].
Humus composition and properties of humic acids
were assessed according to the improved system of
humus status parameters [18]. Parameters of the
intensity of humic acid neoformation and humate for-
mation were calculated by the results of analysis of the
humic acid composition. Soil bioproductivity was
evaluated in the years of legume-grass mixture cultiva-
tion by 1 m2 sampling plot [7].

Statistical analysis of the results was carried out
with the methods of variance, dispersion, and correla-
tion analyses [7].

RESULTS AND DISCUSSION
Parameters of the soil cation exchange complex

(CEC) and humus contents. The changes of the param-
eters of soil chemical properties is the integrated
reflection of the effects of different factors with peri-
odical strengthening or weakening of the effects of
particular factors. The influence of microrelief with
different degrees of manifestation was observed up to
the end of the observation period. Maximal contrast
range of parameters in soils of different relief compo-
nents was found in the period before the performance
of drainage work (1987). The increase of hydrolytic
acidity (by 18–21%), decrease of the sum of exchange-
able bases (by 24–30%), and 1.5–2-fold decrease of
humus content were recorded, along with well-defined
signs of gleyzation in soils of microdepressions in com-
parison with their automorphic analogs (Table 1).
Acidity increase and dehumification are the charac-
teristic features of different hydromorphic soils [2, 5,
12]. Drainage contributed to optimization of the hydro-
logical regime and decrease of contrasting parameters,
but conditions more favorable for humification in soils
of microhighs remained practically until the end of
study period.

The disturbance of soil cover in the course of con-
structing the drainage system deteriorated soil chemi-
cal properties in all components of the relief (1988).
The increase of acidity parameters (by 9–21%) and
decrease of the sum of exchangeable bases (by 9–25%)
and humus content (by 11–20%) were observed within
the 40-cm layer of both soil varieties. Active applica-
tion of lime and organic and mineral fertilizers in
1989–1992 promoted restoring of chemical properties
of agrotechnogenically disturbed soils. The return of
CEC parameters to their initial values (in some cases
exceeding these values) was observed in 5 years after
draining. Humus content in the plow layer of both soil
varieties returned to its initial level by this time, but it
was lower in the plowpan.
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There was no expressed regularity in the changes
of the soil acid-base status in the period of field use
in crop rotation without application of agricultural
chemicals (1993–1997). The changes in humus con-
tent over this period were observed as the trend

towards its decrease in soils of microhighs and
increase in soils of microlows.

Acidification (or the trend towards acidification)
was most clearly manifested in the changes of hydro-
lytic acidity parameters; it was observed within the

Table 1. Chemical properties of soddy-podzolic soils depending on the duration of drainage, microrelief (numerator—
microhighs, denominator—microlows), and agrogenic loads

* Ac tot—Total (hydrolytic) acidity.

Duration
of drainage, years Depth, cm Humus, % рНKCl

Ac tot* Са2+ Mg2+ Са2++Mg2+

cmol(+)/kg

Crop rotation with application of agricultural chemicals

0 (before drainage)
0–20

20–40

1
0–20

20–40

5
0–20

20–40

Crop rotation without application of agricultural chemicals

10
0–20

20–40

Withdrawal of the field from crop rotation, growing of grass mixture

15
0–20

20–40

20
0–20

20–40

25
0–20

20–40

LSD05

0–20 – –

20–40 – –

4.27
2.79

6.2
6.0

1.6
1.9

11.6
8.4

4.5
2.8

16.1
11.2

3.39
1.69

6.0
5.7

1.9
2.3

10.3
7.1

3.8
3.5

14.1
10.6

3.77
2.46

5.6
5.4

1.9
2.3

9.6
8.3

3.7
2.0

13.3
10.3

3.02
1.36

5.6
5.1

2.3
2.5

7.8
7.6

2.8
1.6

10.6
9.2

4.38
2.78

6.8
6.3

1.2
1.4

11.4
10.8

5.3
4.5

16.7
15.3

3.12
1.45

6.2
6.0

1.4
2.1

9.8
9.4

4.3
3.7

14.1
13.1

4.14
2.81

6.6
6.4

1.4
1.5

10.0
9.8

4.0
4.2

14.0
14.0

2.92
1.80

6.5
6.2

1.5
1.8

9.1
8.5

4.6
4.0

13.7
12.5

3.97
3.00

6.7
6.2

1.5
1.5

12.1
9.5

6.1
4.5

18.2
14.9

2.70
2.08

6.6
6.0

1.6
1.7

9.0
9.2

5.3
4.6

14.3
13.8

3.86
2.80

6.5
6.0

1.6
1.7

11.0
9.6

6.0
5.4

17.0
15.0

2.60
2.11

6.4
5.8

1.7
2.0

9.2
9.0

5.9
5.0

15.1
14.0

3.73
2.98

6.4
5.8

1.7
1.9

11.2
10.5

6.6
5.5

17.8
16.0

2.51
2.05

6.4
5.7

1.9
2.2

10.0
10.0

5.7
5.1

15.7
15.1

0.21
0.14

0.3
0.3

0.2
0.3

1.5
1.8

0.25
0.23

0.3
0.3

0.2
0.3

1.3
1.7
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40-cm soil layer irrespective of the relief over the
15-year-long period of cultivating the legume-grass
mixture without agricultural chemical application
(1997–2012). An increase in CEC in both soil varieties
recorded over the same period was presumably
explained by the positive effect of long-lasting cultiva-
tion of legume–grass mixture restricting the removal
of exchangeable cations and contributing to the
increase of their biological accumulation by root sys-
tem of plants [4]. The former trend in the changes of
humus content was preserved: humus content
decreased over 15 years by 10 and 14% in the plow
layer and plowpan on the microhighs; it increased by 6
and 14% in the same soil layers of microlows, presum-
ably due to lesser effect of tillage operations in spring.

Fractional and group composition of humus. The
change of humification conditions under different
effects was adequately reflected in some qualitative
humus characteristics. The signs of degradation
humus were recorded in the soils of microdepressions
subjected periodically to the effect of excessive surface
moistening. The most pronounced manifestation of
the adverse effect of the hydrological factor was
observed in the podzolic horizon of non-drained soil,
where a 2.7-fold decrease of total content of humic
acids HA (% of Corg), 2.5-fold weakening of humic
acid formation, 4.1-fold weakening of the process of
humate formation, and replacements of the fulvate-
humate humus type by the strongly fulvate type were
observed (Tables 2 and 3). Although the contrast in
soil properties between the different relief components
was mitigated after drainage, the advantage of humus
quality by many parameters remained obvious in
microhigh soils.

The signs of humus quality degradation connected
with soil cover disturbance in the course of drain
ditching were manifested in the decrease of humifica-

tion degree and unfavorable change of humus type.
Adverse changes of humus quality were clearly
observed within the 40-cm-thick layer of soil in ele-
vated sites and mostly in the plow layer of soil in
microdepressions. The intensity of adverse effect of
the agrotechnogenic factor on the qualitative humus
characteristics within plow layer was comparable with
the effect of excessive surface moistening before drain-
ing was performed.

Restoration of humus characteristics was recorded
in most cases 5 years after drain ditching due to active
application of agricultural chemicals (lime and
organic and mineral fertilizers) and two years of grass
growing (Tables 2, 3). Application of organic fertilizers
mostly promoted the activation of humic acid neofor-
mation and the increase of the relative portion of the
first fraction in humic acids. Liming affected most sig-
nificantly the content of humic acids of the second
fraction: humates and fulvates. Primary formation of
humates induced by liming was observed under opti-
mal conditions for humification typical for automor-
phic soils; primary fulvate formation was observed
under unfavorable conditions for humification typical
for negative landforms. Humates dominated the com-
position of humic acids of the second fraction in the
40-cm-thick layer of soil in microhighs before the per-
formance of drainage construction (1987) and during
some time after liming (1992, 1997); subsequently, a
gradual decrease of the relative portion of humates and
the increase of the portion of fulvates was observed as
agrogenic effects grew weak. Fulvates dominated the
composition of humus acids of the second fraction in
the soil profile of microdepressions during 25 years of
observation (Fig. 1).

The deterioration of the humus characteristics
restored after drainage works was observed when the
field was used without application of agricultural
chemicals (from 1993 to 2012). Unfavorable trends in
the humification process and degradation of humus
quality at the group level of humus substances were
characterized by the decrease of humification degree
with unfavorable replacement of humus type, and at
the level of the fractions of humic acids by the weaken-
ing of both stages of humification and the decrease in
the quantity of agriculturally valuable fractions HA1
and HA2. The 1.5–3.2-fold weakening of the process
of HA formation and 1.4–1.7-fold decrease of HA1
content, as well as a 2.2–2.9-fold weakening of the
process of humate formation and 1.9–3.0-fold
decrease of humate content, were recorded within the
40-cm-thick layer of automorphic soil and in plow
layer of soil in microdepressions during 20 years.
Weakening of both stages of humification and humate
destruction were clearly observed in the plow pan of
soil in microdepressions against the background of an
increase in the content of humus and insignificant
changes in the humus group composition.

Fig. 1. The pools of (1) humates and (2) fulvates in the
upper soil layer (0–40 cm) of (a) microhighs and (b)
microlows under the impact of drainage and agrogenic
loads. 
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Optical density of the fractions of humic acids. The
changes of optical density parameters characterizing
the structural features of HA were less significant
during 25 years of observation than the changes of
qualitative characteristics of HA (Table 4). The values
of long-term variations in concentrations of different

HA fractions ranged within 24–43% and those of opti-
cal density within 9–15%.

Some authors identified the relationship of optical
parameters of HA different in origin and concentra-
tions with the proportion between the structures dif-
ferent in their degree of condensation, molecular

Table 2. Group composition of humus in soddy-podzolic soils depending on the duration of drainage, microrelief (numer-
ator—microhighs, denominator—microlows), and agrogenic loads

Duration of 
drainage, years Depth, cm Corg, %

Cha Cfa Cnh Сha Сfa Cnh

% of soil % of Corg

Crop rotation with application of agricultural chemicals

0 (before drainage)
0–20

20–40

1
0–20

20–40

5
0–20

20–40

Crop rotation without application of agricultural chemicals

10
0–20

20–40

Withdrawal of the filed from crop rotation; growing of grass mixture

15
0–20

20–40

20
0–20

20–40

25
0–20

20–40

LSD05

0–20

20–40

Cha
Cfa

2.47
1.62

1.19
0.62

0.72
0.61

0.56
0.39

48.0
38.4

29.3
37.5

22.7
24.1

1.64
1.02

1.97
0.98

0.89
0.16

0.63
0.44

0.46
0.37

45.1
16.7

31.8
45.3

23.1
38.0

1.42
0.37

2.10
1.43

0.76
0.44

0.75
0.57

0.59
0.42

36.3
30.9

35.5
39.9

28.2
29.3

1.02
0.77

1.75
0.79

0.51
0.11

0.64
0.31

0.60
0.37

29.2
14.5

36.5
39.1

34.3
46.4

0.80
0.37

2.54
1.61

1.28
0.58

0.76
0.55

0.50
0.47

50.2
36.1

30.0
34.4

19.8
29.5

1.67
1.05

1.81
0.84

0.81
0.21

0.56
0.32

0.43
0.31

45.0
25.4

31.1
37.9

23.9
36.7

1.45
0.67

2.40
1.63

0.83
0.52

0.72
0.59

0.84
0.65

34.5
32.0

30.3
35.9

35.2
39.8

1.14
0.89

1.69
1.04

0.56
0.25

0.56
0.37

0.59
0.42

33.1
23.8

33.0
35.4

34.9
40.8

1.00
0.67

2.30
1.74

0.71
0.50

0.76
0.59

0.83
0.65

31.0
29.0

33.0
33.7

36.0
37.3

0.94
0.86

1.57
1.21

0.47
0.28

0.50
0.43

0.60
0.51

30.1
22.9

31.7
35.2

38.2
41.9

0.95
0.65

2.24
1.62

0.72
0.41

0.71
0.59

0.82
0.62

32.0
25.5

31.6
36.4

36.4
38.1

1.01
0.70

1.51
1.22

0.43
0.28

0.53
0.47

0.55
0.47

28.3
23.0

35.4
38.3

36.3
38.7

0.80
0.60

2.16
1.73

0.62
0.39

0.73
0.69

0.81
0.65

28.5
22.8

34.0
39.8

37.5
37.4

0.84
0.57

1.46
1.19

0.39
0.27

0.60
0.49

0.47
0.43

26.6
22.4

41.1
41.5

32.3
36.1

0.65
0.54

0.12
0.08

0.19
0.11

0.02
0.04

0.12
0.10

5.3
4.3

2.1
2.0

5.8
5.3

0.21
0.10

0.15
0.13

0.17
0.06

0.02
0.06

0.05
0.06

6.4
3.1

2.9
3.0

4.9
2.8

0.18
0.11
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weight, and optical density [23–25, 27–30]. The HA
fractions of podzolic soils under study were character-
ized by low and very low values of optical density, and
this fact suggested their simplified structure. Minimal
values of optical density (Ес 3.5–5.1) were typical for
HA3, composition of which was dominated by the
long-chain aliphatic structures with high molecular
weight (70–100 kDa and more) and low optical den-
sity [17]. The increase of optical density of HA2 by 2–
3 times (up to 7.3–10.5) in comparison with HA3 was
related to the increase of a relative portion of more
optically dense medium-molecular aromatic struc-
tures. HA1 were close to HA2 in terms of proportion
between the structures with different molecular weight
and optical density values [17].

The changes in optical density of HA fractions were
ambiguous in different periods of observation; the
degree and direction of changes were significantly
determined by the structural features of HA fractions,
strength of their bonds with mineral components, and
the character of impacts.

More pronounced response to the changes in the
environment caused by different factors was observed
for HA1 and HA2 fractions that actively participated
in metabolic biochemical processes. Maximal sensi-
tivity to the influence of excessive surface moistening
was recorded in HA1. The Ес parameters of HA1 in
soil of microdepressions were inferior to correspond-
ing parameters of automorphic soil at most observa-
tion dates. Most pronounced was the adverse effect of
hydrological factor prior to drainage amelioration.
The decrease of Ес HA1 by 9–24% in comparison with
that in the soil of the microhigh was recorded in this

period, and this indicated the destruction of both ali-
phatic and aromatic structures. Significant increase of
Ес HA2 (by 15–17%) in this period attested to the pre-
dominant destruction of peripheral structures of ali-
phatic nature.

The direction of the changes in optical density
parameters of HA fractions (increase of Ес HA1 and
HA2 and decrease of Ес HA3) a year after drainage
construction (1988) was determined by the character
of profile distribution of parameters in the initial soil,
and this confirmed the mechanical nature of agro-
technogenic impact.

The changes of Ес HA1 and HA2 in the periods
with different agrogenic loads were determined mostly
by the intensity of corresponding stages of humifica-
tion process. A significant decrease of Ес HA1 (by 13–
26%) and HA2 (by 22–32%) was the result of enrich-
ment of HA with high-molecular and less optically
dense components owing to application of agricultural
chemicals (1989–1992), activation of new formation
of HA, and humate formation in the 40-cm soil layer
in different components of the relief. A trend was
observed towards some increase of Ес HA value under
the conditions of slowing of both stages of humifica-
tion and intensification of the processes of organic
matter mineralization (when agricultural chemicals
were not applied). Similar patterns were observed in
particular dates of the study during long cultivation of
grass mixtures. Inverse correlation (from medium to
strong) between Ес HA1 value and the intensity of the
first stage of humification (r = –0.65, –0.31) and Ес
HA2 value and the intensity of the second stage of

Table 3. Intensity of the process of humic acid new formation (Cha1/Cfa1) and humate formation (Cha2/Cfa2) depending
on time of drying, specificity of microrelief, and agrogenic load (above the line, soils of microhigh; under the line, soils of
microlows)

*а—Agricultural chemicals.

Depth, cm

Time of drying, years

LSD05
0 1 5 10 15 20 25

4-field crop rotation
legume-grass mixture without a

with a* without a*

Cha1/Cfa1

0–20

20–40

Cha2/Cfa2

0–20

20–40

2.32
1.51

1.33
1.08

2.24
2.21

1.23
1.19

1.12
0.90

1.40
0.87

1.51
0.70

0.28
0.28

1.91
0.76

1.03
0.57

1.95
1.81

1.20
1.21

1.30
1.24

1.04
1.08

0.97
0.92

0.24
0.24

2.01
0.61

0.86
0.62

1.67
0.98

1.14
0.78

0.93
0.70

0.79
0.50

0.60
0.45

0.30
0.15

1.57
`0.38

0.96
0.49

1.26
0.57

1.32
0.30

0.86
0.34

0.62
0.29

0.43
0.24

0.24
0.11
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humification (r = –0.91; –0.56) was found for the
plow layer of soil in elevated and lower sites in the
period of active application of agricultural chemicals
in crop rotation. Such relationship between the
parameters was not observed over the whole period of
observation because of ambiguous character of their

changes depending on a particular environmental sit-
uation.

Generally, the decrease (or the trend towards the
decrease) of Ес HA1 and HA2 values was recorded
over the 25-year period of observations in the 40-cm-

Table 4. Composition and optical density of humic acid fractions (above the line, soils of microhighs; under the line, soils
of microlows)

Time
of drying, years Depth, cm

HA fractions, % of Corg

1 2 3 sum total HA1 HA2 HA3

Crop rotation with application of agricultural chemicals

0

0–20

20–40

1

0–20

20–40

5

0–20

20–40

Crop rotation without application of agricultural chemicals

10

0–20

20–40

Withdrawal of the field from crop rotation; growing of grass mixture

15
0–20

20–40

20

0–20

20–40

25

0–20

20–40

LSD05

0–20

20–40

mg mL
сE

21.6
17.5

14.3
9.2

12.1
11.7

48.0
38.4

7.5
6.8

9.0
10.5

4.2
4.1

18.6
4.6

13.5
8.5

13.0
3.5

45.1
16.7

7.5
5.7

9.5
10.9

4.4
5.0

16.4
12.8

9.6
7.3

10.3
10.8

36.3
30.9

8.6
7.5

10.5
10.2

3.5
3.6

11.7
3.1

8.6
6.7

8.9
4.7

29.2
14.5

9.3
6.9

10.3
11.1

3.7
4.3

19.3
16.8

15.6
11.7

15.3
7.6

50.2
36.1

7.0
6.4

7.9
8.0

3.7
4.0

19.1
11.4

12.9
8.4

13.0
5.6

45.0
25.4

6.9
6.0

7.3
7.5

3.6
4.2

13.5
9.5

12.0
9.3

9.0
13.2

34.5
32.0

7.1
6.8

8.3
8.0

4.0
4.2

15.0
10.3

8.6
5.0

6.5
8.5

33.1
23.8

7.0
6.5

8.1
7.8

4.2
4.5

14.0
12.0

10.5
6.8

6.5
10.2

31.0
29.0

7.5
6.9

8.1
7.9

4.2
4.4

14.3
13.0

9.0
3.7

4.4
6.2

30.1
22.9

7.3
6.4

8.3
7.6

4.1
4.0

12.5
13.0

9.5
5.0

10.0
7.5

32.0
25.5

6.5
6.3

8.6
7.3

3.9
4.4

14.5
15.7

7.8
3.0

6.0
4.3

28.3
23.0

6.3
6.0

8.0
7.9

4.3
4.7

11.0
11.3

8.3
3.9

9.2
7.6

28.5
22.8

6.2
6.3

8.8
8.6

4.5
4.7

13.8
14.5

5.8
2.2

7.0
5.7

26.6
22.4

5.9
5.3

8.3
8.2

5.0
5.1

2.2
1.7

1.8
2.2

1.5
1.3

5.3
4.3

0.4
0.3

0.5
0.7

0.2
0.2

1.5
3.2

1.8
2.1

2.0
1.4

6.1
3.1

0.6
0.4

0.6
0.8

0.3
0.2
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thick layer of the reclaimed soil relative to the initial
level before amelioration, and this was one of the signs
of simplification of their structure and the decrease of
agriculturally valuable properties. The most pro-
nounced decrease of Ес HA1 (from 7.5 to 5.9–6.2)
characterized the soils of microhighs; the decrease of
Ес HA2 (from 10.5–10.9 to 8.2–8.6) characterized the
soils of microlows, and this basically corresponded to
the scale of destruction of these fractions over 25 years.
A similar trend in the changes in optical density of
HA1 and HA2 was observed in soddy-podzolic gleyed
sandy soil after withdrawing the land from agriculture
and 20 years of being under natural herbaceous vege-
tation [15].

As for Ес HA3, insignificant increase (or the trend
towards the increase) in comparison with the initial
level was recorded over the 25-year-long period of
observations. The long-term dynamics of Ес HA3 had
no explicit regularity.

Biological productivity of the soil. The impacts of
different factors were clearly expressed in the character
of long-term dynamics of the parameters of soil bio-
productivity, which were assessed in the years of grass
mixture cultivation by the yield of their herbage. The
most pronounced adverse effect of excessive surface
moistening was observed before drainage construction
in 1987: herbage yield of grass mixture in depressions
was 2.9 times lower than that of soil on elevated sites
(Fig. 2). The degrease of grass yield all over the field
(mostly on elevated sites) 3–4 years after the perfor-
mance of drainage work (1990, 1991) was the result of
negative changes in the parameters of soil fertility and
of extremely low precipitation in 1992. Maximal yield
exceeding the level before amelioration was recorded
in both soils in 2012, when the amount of precipitation
over the growing period was 1.4 times higher than the
normal annual precipitation. A pronounced decrease
of contrast between the relief components in biopro-
ductivity was observed in the period of grass cultiva-

tion, but the advantage of soils on the elevated sites
remained up to the end of the period of observations
(LSD05 = 2.98 t/ha).

CONCLUSIONS

The transformation of humus substances during
long agricultural use of ameliorated soddy-podzolic
and surface gleyed soddy-podzolic soil were charac-
terized taking into consideration different types of fac-
tors: hydrological, agrotechnogenic, and agrogenic.
The signs of degradational transformation of humus
substances were recorded under the influence of
hydrological and agrotechnogenic factors and in the
periods of field use without application of agricultural
chemicals. The unfavorable effect of hydrological fac-
tor manifested itself mostly before drainage ameliora-
tion and was preserved more or less until the end of
observation period, despite the optimization of mois-
ture regime after amelioration. The signs of agrotech-
nogenic humus degradation caused by the disturbance
of the soil cover in the course of drainage ditching were
characterized a year after drainage construction (before
the application of the set of agricultural measures);
more pronounced manifestation of these signs was
observed in soils of microhighs. The weakening of
humification processes and deterioration of humus
characteristics were observed in both cases despite dif-
ferent nature of the factors and different mechanisms
of degradation.

Application of the system of agricultural measures
in order to reclaim the agrotechnogenically disturbed
soils promoted activation of both humification stages
and restoration of most humus characteristics up to
the initial (before the amelioration) level. The deterio-
ration of humus properties restored after amelioration
was observed when agricultural chemicals were not
applied: it occurred quickly in the period of intense use
of plowed field and slowly in the period of long-lasting
use of the perennial grasses.

It should be noted that most pronounced evidences
of degradational changes of humus characteristics over
the 25-year-long period of agricultural use of reclaimed
soddy-podzolic soils (last 20 years without application
of chemicals) were observed within the 40-cm layer of
soils on microhighs, where the 1.5–2-fold decrease of
the intensity of HA new formation process, 3.4–
3.7-fold weakening of the complication process of
humus structures, decrease of the content in humus of
agriculturally valuable fractions HA1 and HA2, simpli-
fication of their structures, replacement of humate and
fulvate-humate type of humus by the fulvate one, and
the decrease of total humus content were recorded. Less
pronounced changes of humus characteristics of the
same direction in the soil of microdepressions were
observed mostly within the plow layer.

The changes of humus properties under the influ-
ence of different factors and the effect of weather con-

Fig. 2. Yields of the green mass of herb mixtures during the
25-year-long period after drainage of the surface-gleyed
soddy-podzolic soil: (1) microhighs, (2) microlows, and
(3) precipitation in May–September. 
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ditions (and first of all of rainfall) were reflected in the
character of long-term dynamics of soil bioproductiv-
ity, which was evaluated in the years of growing the
grass mixtures by their herbage yield.
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