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The research of organic matter content in major subtypes of black soils of the
Central Ciscaucasia, namely: ordinary carbonated, ordinary regular (not boiling from
the surface), leached and alkalized-firm (similar to vertisols) on virgin and on arable
soils, has been performed. It has been found that within 70-100 years of soils exploitation
in the system of agrobiocenoses, the content of humus in the upper horizons of soils has
reduced by 16-38 % for carbonated, 25 to 33 % for regular, 6-21 % for leached, and 8-24%
for alkalized-firm black soil. This trend has not been observed below the illuvial zone.
Humic acids contain significantly less fulvic acids, and the humic to fulvic acids ratio
(HA:FA) increases in arable soil, as compared to virgin soils from 1.52 to 2.77 for
carbonated, from 1.74 to 2.17 for regular and from 1.72 to 2.00 for leached black soils. In
alkalized-firm soils, the difference for this indicator has not been detected.
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One of the elements of soils fertility in
the modern agriculture is transformation of fresh
organic matter, and, first of all, the processes of
humus synthesis and mineralization1-5. Many
researchers6 agree that humous soils are
characterized by a favorable and ecologically
balanced composition of microbian cenoses,
buffering capacity, optimal for plants combination
of water, air, thermal and nutritious regimes.

Continuous inflow of organic residues
and their biochemical transformation into the soils
are the necessary conditions for formation of
humus7-9. It is obvious that organic plant residues
inflow into the soils may be balanced only in the
conditions of natural ecosystems10-12. Alienation
of a considerable amount of plants biomass in

agrocenoses disturbs the balance of leaf mold
inflow into the soils13-15.

Biochemical circulation of nutrients in
natural ecosystems is nearly of closed type. It is
a mechanism of capturing, accumulation,
redistribution and consumption of energy by
organisms and soil, controlled by the established
biocenosis. In these conditions, soils hold a
tremendous amount of potential energy that is equal
to its content in the aboveground biomass, and
accumulate nutrient reserves for many generations
of plants. Almost all biological products in natural
ecosystems are retained, decomposed and
mineralized on the surface and in the soil. Only a
small portion (3-4%) in the form of organic and
mineral compounds is removed along with
the aboveground and underground flows, and is
included into the geological circulation of
the planet16-18.

Agricultural production is dramatically
changing the mechanism of natural ecosystems
functioning. First, 20 to 80% of the organic
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products are alienated as food, fodder, fuel or
organic raw materials. This results in openness of
substances circulation and in changes in the energy
balance of the ecosystem1-21. Therefore, soil,
reserves of potential energy and important mineral
nutrients get gradually depleted22-25.

After 50 to 70 years of agricultural use
without losing organic fertilizers, most soils lose
20-50% of humus, as compared to the initial
indicators26-30.

METHODS

The research was focused on main
subtypes of black soils of the Central Ciscaucasia:
ordinary carbonated, ordinary regular (not boiling
from the surface), leached and alkalized-firm soils.

Ordinary carbonated black soils occupy the
largest area (19.6%) confined to the Central,
the Western and the Northwestern parts of the Central
Ciscaucasia. Ordinary regular and leached black soils
are located in the center of the Stavropol upland.
Loess-like loams are parent rocks for these soils.

Alkalized-firm black soils are located in
the Southern and the Southwestern parts of
the Mineralovodsk hilly plain that is a part of the
Armavir wind corridor. The parent rocks of these
soils are highly compacted eluvium and
structureless tertiary Maikop clays of marine origin.

Ordinary black and alkalized-firm soils
develop in the conditions of unstable
humidification. The hydrothermic coefficient (HTC)
is 0.9 to 1.1. The sum of active temperatures is in
the range of 3000-3400 °C. Winters are relatively
cold, with average January temperature of - 4...-5
°C. The snow cover is unstable. The summer is
hot. The average July temperature is + 23- + 24 °C,
and the maximum temperature is + 42 °C.

Precipitation is short, mostly of rainfall
nature. Total precipitation per year ranges between
450 and 500 mm. Total precipitation per period of
active temperatures ranges between 300 and 350
mm.

Ordinary and leached regular black soils
develop in the more humid conditions. Precipitation
is higher by 100-120 mm, the sum of active
temperatures is in the range between 2800-3000 °C,
and the hydrothermic coefficient is 1.1 to 1.3.

In our studies, we have dug pits in the
soils of typical plots of studied black soils

subtypes, using the index method. The content of
organic matter was determined in paired sections
of virgin and arable land 150-200 meters away from
each other. These soils have been used in the arable
land for 70 to 100 years.

Virgin vegetation is represented by mixed
herbs associations. Almost all zoned crops (wheat,
barley, oats, maize, sunflower, beans, etc.) are being
sowed in the tillage.

The thickness of the studied upper
horizons was as follows: turf (Aturf) on virgin soils
- in the range of 0 to 10, 0 to 12 cm, on tillage (Atill)
- 0-18 cm.

Organic matter content was determined
by the Tyurin method in the modification of
CRDIAS (the Central Research and Development
Institute of Agricultural Support).

Black soils have some differences in the
main fertility indicators (Table 1).

Black soils formed on loess-like loams
feature relatively favorable physical properties
(density of 1.20 to 1.30 g/cm³), and low content of
exchangeable sodium (less than 5%). Nitrate
nitrogen content is low to medium, within 25 to 34
mg/kg, mobile phosphorus content is medium (25
to 30 mg/kg), exchangeable potassium content is
medium to high.

Among them, leached black soils feature
slightly greater density and lower content of
exchange potassium. Alkalized-firm soils have
negative physical properties, however, they feature
high content of exchange sodium (18.5 -19% from
the sum of exchangeable bases) and exchange
potassium. The amount of exchangeable sodium
makes them closer to alkali soils. According to
Western classification, they fit into vertisols.

RESULTS AND DISCUSSION

Studies have shown that all studied black
soils were characterized by significantly varying
amount of organic substances both by key plots,
and within them.

In ordinary carbonated black soils (Figure
1), the content of organic matter in the virgin land
in the Aturf horizon was 4.67 %. In the tillage, this
indicator decreased by 1.35 %. In horizon A on
virgin soil, the amount of organic matter is 4.11 %,
which exceeds the same indicator in the tillage by
0.64%.
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Down the profile, both in the virgin soils
and in the tillage, a regular decrease in the studied
parameters has been detected, which reaches 0.59
and 0.62% in the parent rocks, respectively. It
should be noted that the content of organic matter
is higher in virgin soils than in the tillage only in
layers A+B. Below horizon B, the difference is not
detected, or the tillage even features higher
indicators than the virgin soil.

In ordinary regular black soils (figure 2),
the trend in organic matter distribution of along
the profile and between the virgin and arable land
plots is similar to that in carbonated black soils.
The distinctive feature is the fact that the total
content of organic matter exceeds this indicator in
ordinary regular black soils, as compared to
carbonated black soils by 1.68% in virgin soil, and
by 0.96% in the tillage.

Table 1. Main black soils fertility indicators

Soil pH Density, Porosity NO3, P2O5, K2O, Exchange
 g/cm³ , % mg/kg mg/kg mg/kg sodium,

% of Σ

Ordinary carbonated black soil 8.2-8.4 1.20-1.30 54-60 25-30 25-30 300-350 0.8-1.5
Ordinary regular black soil 7.6-7.8 1.20-1.27 55-60 30-34 25-30 240-260 2.0-2.5
Leached black soil 6.5-6.7 1.30-1.38 52-55 25-35 18-25 180-200 2.5-2.8
Alkalized-firm black soil 8.1-8.2 1.38-1.50 45-52 15-20 25-30 430-450 18.5-19.0

Table 2. Qualitative composition of organic matter in black soils of Central
Ciscaucasia (in virgin soils - in the 0-12 cm layer, in the tillage - in the 0-18 cm layer)

Soil Kind of land Humus % Group composition % Relation

Humic HA:FAfulvic remain
acids acids der

Ordinary carbonated black soil virgin soil 4.67 1.08 0.71 2.87 1.52
tillage 3.32 0.81 0.31 2.08 2.77

Ordinary regular black soil virgin soil 6.35 1.52 0.87 3.96 1.74
tillage 4.28 1.15 0.53 2.60 2.17

Leached black soil virgin soil 6.97 1.72 1.00 4.25 1.72
tillage 5.48 1.28 0.64 3.56 2.00

Alkalized-firm black soil virgin soil 5.98 1.46 0.94 3.58 1.55
tillage 4.41 0.94 0.61 2.86 1.54

The highest humus content was detected
in natural biocenoses of leached black soils
(Figure 3). Thus, in the upper turf horizon, its
content reaches 6.97 %, and gradually decreases
downwards to 0.83% in the rocks. In the tillage,
organic material content decreases to 5.48%, or to
1.49%, as compared to the virgin land. In horizon
A, humus content in the virgin land is 5.92 %; it
decreases in the tillage by 0.33%. In the rock, the
amount of organic matter is not much higher than
that in virgin soil; it is 0.95%. Thus, soils in the
virgin plot are classified as medium-humic, and in
the tillage - as low-humic.

It is also worth noticing that the amount
of organic matter in the studied soils of agrocenosis
in the subsurface horizons is higher, or has no
significant difference from that in the tillage.
The obtained data indicate a considerable increase
in the rate of humus mineralization in
the agrogenically converted horizon in the
conditions of significant decrease of leaf mold.

The content of organic matter in the
upper horizon of virgin soils of the alkalized-firm
black soils (Figure 4) is 5.98%. It is 1.57% higher
than that in the tillage. In horizon A in the virgin
lands, this indicator is 4.39%. It is 0.31% higher
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Fig. 2. Variation of humus along the
profile of ordinary regular black soil

Fig. 3. Changing humus content along
the profile of leached black soil

Fig. 1. Variation of humus along the
profile of ordinary carbonated black soil

Fig. 4. Changes in humus content along
the profile of alkalized-firm black soils

than that in the tillage. Down the profile, natural
reduction of its amount occurs towards the parent
rock in virgin soils and in the tillage, to 0.47% and
0.41%, respectively.

In compacted soils, the content of organic
matter in the tillage horizon exceeds that in
the subsurface horizon. Thus, no evident
regularity is observed in the distribution of organic
matter between the arable and the subsurface
horizons that has been revealed for the ordinary
black carbonated, ordinary regular and leached
horizons. The reason for this is less active activity
of saprophytic microbial flora in the upper arable
horizon due to negative physical properties, and
less prolonged use of these soils in agricultural
production (50 to 60 years). We have studied
qualitative composition of humus (Table 2).

In the tillage of ordinary black soil, their
content is 0.81%, which is lower, as compared to
the virgin lands 25%. The content of fulvic acids

in the tillage is 0.31%, which is 2.3 times lower, as
compared to the virgin soil. This confirms the
opinion of some scholars that fulvic acids are less
resistant to degradation31-32.

A similar situation is observed on other
subtypes of black soils. The alkalized-firm black
soils are somewhat different. Here the difference
between virgin soils and the tillage for humic acids
is 0.44%, while for fulvic acids, it is 0.41%.

The humus is humate and fulvate-
humate. The humic to fulvic acids ratio (HA:FA) in
the virgin lands for all studied subtypes of black
soils is within 1.52 - 1.74. Due to the decreased
share of fulvic acids, the HA:FA ratio increases in
the tillage. It increases to a greater extent in
the ordinary carbonated black soils (2.77) and to a
lesser extent in the ordinary regular (2.17) and
leached (2.00) soils. In the alkalized-firm black soils,
ratio of humic to fulvic acids varies weakly between
the virgin soils and the tillage.
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CONCLUSION

As can be seen from the above, plowing
of black soils results in a reduced amount of organic
matter in the upper soils horizons. This is the result
of disturbed leaf mold cycle, and accumulation and
mineralization of organic matter. The studied
indicator decreases mainly in the A+B horizons.
This trend was not observed below the illuvial zone.
In addition, the organic matter content in
the subsurface horizons of the ordinary
carbonated, ordinary regular and leached black
soils is higher than that in the tillage horizons.
Once again, this fact confirms accelerated
degradation of the upper soils horizon that is the
most saturated with root systems and
microorganisms. It can be assumed that along with
degradation of organic matter, degradation of
mineral rock of soils occurs due to aggravation of
the weathering processes.
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