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FEATURES OF HUMUS AND NITROGEN
ECOLOGICAL STATUS FOR STEPPE ZONE
CHERNOZEMS OF THE NORTH CAUCASUS!

Novikov A.A.

The purpose of the paper presented is to determine tendency and intensity
for quantitative and qualitative changes in humus and nitrogen status of cher-
nozems. The system approach to study natural objects is assumed as the basis
for research methodology of humus and nitrogen status of soils.

It is established that the depth typical values of chernozem humus horizons in
the North Caucasus are 120—180 cm for South European facies of leached cher-
nozems, 100170 cm for modal chernozems, 70—160 cm for common cherno-
zems, 70—120 cm for southern chernozems, for East European facies of southern
chernozems the value is 55—70 cm. A distinctive ecological feature of the soils is
thought to be a low humus content in the arable layer; its deep distribution along
the profile and slight variability among each subtype.

Nitrogen quantity in chernozems of the region variates within a compar-
atively wide range: 0.20—-0.35% in South European facies of leached, modal
and common chernozems, 0.22—0.30% in East European facies of southern
chernozems. Southern chernozems of South European facies contain least of
all nitrogen, i.e., 0.18—0.22%. Total nitrogen composition is mainly presented
by non-hydrolysable facies, making 74.2—78.9%.

The research materials are intended to design farming systems on the land-
scape basis for specialists dealing with the issues of soil preservation, increas-
ing soil fertility as well as environment protection. The results of the research
may contribute to making a purposeful impact on decision making to control
humus and nitrogen status of soils, thus serving as the basis for preservation of
bioecological potential of chernozems.

Keywords: soil; soil fertility; chernozems, humus, nitrogen.
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OCOBEHHOCTH YKOJOI'NMYECKOI'O COCTOSIHUSI
I'YMYCA U A3B0TA YEPHO3EMOB CTEITHOM 30HBI
CEBEPHOI'O KABKA3A

Hoeuroe A.A.

Llenv npedcmasiennoii pabomsi ycmanosums HANPAGIEeHHOCb U UHMEH-
CUBHOCTb KOTUYECTNBEHHBIX U KAYECTNBEHHbIX USMEHEHUI 2YMYCHO20 U A30M-
HO20 COCMOSIHULL YEPHO3EMO8. B 0CHOBY Memodono2uu uccied08anull 2yMyc-
HO20 U A30MHO20 COCIOAHUS NOYE NOTOIHCEH CUCTNEMHDIL NOOX00 K U3VHUEHUIO
00BeKmMo8 npupoowl.

Yemanoesneno, umo munuunle 3HaueHust MOWHOCIU 2YMYCOBbIX 20PU30H-
moes uepnozémos Ceseprozo Kaskaza cocmasnaiom: 104cHo-e8ponetickol ga-
yuu eviwyenovennvix 120—180, munuunwvix 100—170, obviknosennvix 70—160),
toorcHwix 70—120, 6ocmouno-egponetickou gayuu 1odxcuvix 55-70 cm. Omauuu-
MENbHASL IKONOSUHECKASL OCODEHHOCHb NOY8 — HUZKOE COOEPICAHUEe 2YMYCA 6
NaxomHom ciioe, 2n1yboKoe pacnpeoeienue e2o no npopuio, manas eapuadensb-
HOCMb Cpedu Karico02o NOOmund.

Konuuecmeo azoma 6 uepnozémax pe2uona Koaeonemcsi CpasHumenbHo 8
WUPOKUX NPedenax. 6 I0CHO-e8PONeCKOl ayuu blujel0UeHHbIX, MUNUYHDIX,
obwiknosennvix 0,20-0,35%, eocmouno-egponeiickou gayuu wicuvix 0,22—
0,30. Menvuie 6ceco azoma cooepircam 4epHO3EMbL 10AHCHbIE F0XHCHO-e8pONeli-
ckou payuu — 0,18-0,22%. Cocmag 8ano8oeo azoma 6 0CHOBHOM NPedCmaeieH
nezuoponuzyemou gpparxyueti — 74,2—78,9%.

Mamepuansl uccredosanus npeonasHayenvl Oist APOEKMUPOSAHUsL CUCTIEM
3emnedenust Ha azpoiaHOuapQmHOl 0OCHO8e, CNEYUATUCTAM 3AHUMAIOUWUMCS
B0NPOCAMU COXPAHEHUS U NOGBIUEHUS. NI000POOUS. NOYE, OXPAHBL OKPYIHCAIO-
wetl cpedvl. Pezynomamol uccied08anusi no3eosiom OCyWecmesiims yeie-
HANpagieHHoe 6030elCmeue Ha NPUHSMUE PeuleHUll no pe2yiupoSanulo 2y-
MYCHO20 U A30MHO20 COCMOSIHUSL NOYS, UMO NOCAYICUN OCHOBOU COXPAHEHUS
OUOIKONIOZUYECKO2O NOMEHYUATA YEPHOZEMOB.

Knrwouesvie cnosa: nousa, niodopooue nous;, 4epHo3Emul; yMyc, d30m.

Introduction
V.V. Dokuchaev, a prominent soil analyst and natural scientist, repeatedly
noted that chernozem is the basis of Russia’s wealth and prosperity. However,
for a long period of time, we have, especially recently, been facing a number
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of significant problems concerning chernozems fertility, namely, progressive
degradation of the soil, dehumification, loss of organic and readily available
mineral forms of nitrogen, which have resulted in development of other nega-
tive processes and are mainly responsible for the current decline in productiv-
ity and sustainability of the agroecosystem.

It is the ecological problem of fertility preservation along with its main
indicators, i.e., humus and nitrogen in the chernozems of the North Caucasus,
being among the most fertile soils both in Russia and all over the globe, that
is becoming increasingly urgent. Thus, both generalization and monitoring the
humus and nitrogen status of the chernozems in the region are required.

Purpose
To establish the direction and intensity of both quantitative and qualitative
changes in the humus and nitrogen status of the chernozems of the North Caucasus.

Study data and methodology

The methodology of the research concerning the humus and nitrogen status
of soils is based on a systematic approach to the study of objects of nature that
points out the necessity not to isolate an object or phenomenon, but to consider
it in its interrelation and interdependence with the surrounding systems and
processes.

The following components constitute the basis of the methodology for
studying the humus and nitrogen status of chernozems that determine the level
of soil fertility, its bioenergy potential, sustainable ecological functioning of
the agroecosystem, as well as land protection:

— integrated approach to biological objects, i.e., soil derivatives and abi-

otic environment;

— profile-genetic and comparative-geographical assessment of soil status;

— taking into account spatial and temporal variability of soil properties;

— consistency of author’s research methods.

The research activities were carried out as the fieldwork on common and
southern chernozems at the three stations of the Don Zonal Research Institute
of Agriculture. Soil crossovers were made at the stations and allocated lots to
be used to take soil samples according to GOST (All-Union State Standard)
28168-89. Following “The general sampling procedure requirements” (GOST
29269-91), the samples were used to determine common humus (GOST 26213-
91), total nitrogen (GOST 26107-84), as well as fraction-group composition of
humus using the method by L. V. Tyurin as modified by V.V. Ponomaryova and
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T.A. Plotnikova. The mathematic treatment of the findings was carried out using
a technique developed by B.A. Dospekhov.

Results of the study and their discussion

Organic matter performs an enormous number of functions. It serves as
a direct source of nutrients for plants, affects nutrients accessibility and be-
havior, regulates soil structure formation, its hydrophysical properties, thermal
parameters, redox and ion exchange reactions [1, 2].

Considering the environmental aspect, it is especially important that humus
substances are characterized by their high absorption capacity, thus (as well as
other colloid substances) contributing to one of the most remarkable properties
of the soil, i.e., its buffering capacity, the ability to withstand the harmful ef-
fects of acidic and alkaline solutions [3].

Soil, once it is enriched with organic matter, becomes more resistant to
contamination due to a high content of various functional groups in humic
acids, including carboxyl, amine, phenolic, hydroxyl groups, involved in the
formation of simple and complex organo-mineral compounds [4].

Organic matter is characterized by having general significance for the
globe as it constitutes “humosphere” which is thought to be the most important
natural storage of energy, being essential to help plants obtain mineral nutrition
elements out of inaccessible forms, i.e., nitrogen out of air, ash constituents out
of minerals of soil-forming materials [5].

At present, bioenergetics issues are becoming increasingly relevant, which
is due to both general environmental problems and specific practical tasks of
preserving and improving soil fertility and productivity of crops [6, 7].

Sources of soil organic matter and energy it contains are the remains of
plants, animals, microorganisms and their products that are subjected to com-
plex, sometimes opposite, transformations [8, 9, 10, 11].

During the decomposition process of organic substances in the soil, pro-
cesses of mineralization and the so-called “aging” of both newly formed hu-
mus substances and previously accumulated ones are observed. As a result of
mineralization of the “destructive” (i.e. annually decomposing) humus, as well
as decomposition of decaying plans and other organic compounds, a certain
amount of substances enters the soil. Their level depends not only and not so
much on the total amount of humus as on the amount of the humus part and
total organic matter that dissolve.

New portions of humification products enter into exchange reactions with
the already existing humic acids, as well as with the exchangeable and non-ex-
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changeable occluded mineral part of the soil, participate in the completion
and fragmentation of the renewed humus substances, perform the protective
function of the “old” humus as it were. Along with plant and animal remains,
soil receives energy fixed by photosynthesis [12].

It is the loss of the main property of natural soils, i.e. the rhythm of de-
struction of a part of humus and formation of a new part within the same year,
that is the main ecological criterion for the deterioration of the humus status
of plowed soils.

According to G. Reuter, the loss of humus in soils as a result of long-term
use amounts to 13-25% of the original content [13]. In Canada, the humus
content in the arable land has decreased by an average of 45% within the past
50 years, including chernozems by 48.2%; in soils of the south of the USA the
humus content has decreased to 60%.

Over the last 70-80 years, the loss of humus in the arable soils of the USSR
amounted to 40—50%, different subtypes of chernozems annually lost 0.5-1.8
tons per hectare [14, 15].

Most studies of the humus status of the North Caucasus chernozems were
carried out in the areas of the warm Southern European facies, while the others
were conducted in the areas of the warm-temperate Eastern European facies.

The study of the humus status of soils of the Southern Russia showed that
its formation was determined by a complex of natural historical prerequisites,
the most important being rank motley grass and fescue-feather grass vegeta-
tion with well-developed root system. The remains of the latter were humified
for a long time in warm and warm-temperate climate.

It was established that the greatest thickness of the humus horizon charac-
terizes chernozems of the leached Southern European facies, reaching 180 cm.
Lesser A+B thickness of 100—170 cm characterizes modal chernozems, com-
mon chernozems have even lesser value of 70-160 c¢cm, while southern cher-
nozems are characterized by the value of 70—-120 cm thickness of the humus
horizon. The least thickness was found in the South Eastern European facies,
being 55-70 cm [16, 17].

The typical values of humus of each subtype varies within a just small
range. A somewhat larger content of organic matter is characteristic of modal
chernozems.

According to the average content of humus and typical values fluctuations
modal chernozems are characterized as being low-humic. The scarcely-humic
variants of these chernozems are rare, being determined by the lowest values
lying beyond the scale of typicality. The extensive area of common and leached
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chernozems of the South European facies is less homogeneous in terms of the
humus accumulation intensity.

The southern chernozems of the Southern European and East European
facies are mainly low-humic, being considerably different from other soils in
the region. The coefficient of variation amounts to 10-28%.

The study of the humus content and its fraction-group composition that
we carried out in the common chernozems of the South European facies at the
Don Zonal Research Institute of Agriculture as well as southern chernozems of
the East European facies at the Severo-Donetsk experimental station showed
that common chernozems are characterized by having a considerable thickness
of the humus horizon (84 cm) compared to southern chernozems (62 cm) [18,
19]. Higher value of carbon content and less sharp decrease along the soil pro-
file was also found in common chernozem.

The carbon percentage in the arable horizon of common chernozems
amounted to 2.38, while in southern chernozem the value was 2.19; the one in
BC horizon was 0.91 and 0.80; in C it was 0.53 and 0.32. The amount of humic
acid groups in these chernozem subtypes, being equal to A 0.98 and 0.94%,
shows a considerable decrease to 0.09 and 0.05% in C horizon. The groups of
fulvic acids in the A, common and southern chernozems were also approxi-
mately equal, i.e. 0.48 and 0.46%, whereas the amount decreased in the lower
horizons of the southern chernozem.

The humus type of A, chernozem horizon was found as being humate-ful-
vic: R, 1R, =2.0. The degree of humification, estimated as the proportion of
humic acids in the total amount of carbon, being equal to 41-43%, indicates a
“high” conversion degree of organic substances into humic compounds.

As the ratio R, : R in the lower horizons narrowed, humus in BC as well
as C horizons acquired properties of the humate-fulvic type.

In the arable horizons of both subtypes of chernozems, the main amount of
humic acids is attributed to fraction 2 bonded with calcium in complex forms
of compounds, being 0.72-0.69%, whereas southern non-carbonate cherno-
zems are characterized by a slightly lower value. The content value of this frac-
tion in (A+B) humus horizon was 0.57 and 0.47%, in C horizon — 0.04-0.02.
The absolute value of fraction 3, bonded with clay minerals and stable sesqui-
oxides, was 0.21 0.20% in A__, = of the profile of these soils, while decreasing
to 0.05-0.03 in C horizon.

The content of free humic acids and humic acids bound with movable sesqui-
oxides of fraction 1 in the arable horizon of common and southern chernozems is
quite small (0.05%), being even lower along the soil profile, in particular, in B,



B Mupe Hay4HbIx oTkpbITUiA, Tom 9, Ne3, 2017 53

horizon — 0.01; and the fraction was not found at all in C horizon, which deter-
mines the low formation rate of humus substances in the soil profile.

The fulvic part of humus is characterized by approximately similar amount
of fraction 2 and 3 fulvic acids inA__ ,i.e.,0.21-0.18 and 0.20-0.17%, bond-
ed in a complex polymer compound with the corresponding fractions of humic
acids. In the lower layers, the percentage of these fractions drops to 0.03—-0.06%
in C horizon, the drop being especially significant in southern chernozems.

The content of fraction 1, i.e. free humic acids and humic acids bound
with movable sesquioxides, as well as fraction 1 is insignificant, amounting
t0 0.05-0.04% in A, 0.01 in C horizon, which indicates the stability of the
chernozems organic matter. The amount of insoluble residue in A, and A,
common chernozem horizons is 0.92—0.80 absolute percent, decreasing to 0.31
in C horizon; concerning southern chernozems the values are 0.79-0.62 and
0.20%, respectively. The relative groups and fractions content values while
a part of carbon compositions correspond to their percentage in soils, being
characteristic of these subtypes of chernozems.

The proportion of humic acids in the total amount of carbon in the upper
horizon is slightly lower in common chernozems (41%) compared to southern
chernozems (43%), in the humus horizon it amounts to 38.2 and 37.5% respec-
tively, while in C horizon the proportion is 17-15.6%.

The relative content of the fulvic acids group amounts to 20.2-21.0% in
A, 20.8 and 22.2% in the humus horizon, i.e. the content value is somewhat
larger in southern chernozems, whereas in C horizon, on the contrary, the value
is slightly less in southern chernozems (22%) compared to common cherno-
zems (24.5%), which indicates a large migratory capacity of fulvic acids in this
type of chernozem.

As a part of their humic acids in (A + B) humus horizon, southern cher-
nozems contain 68.3% of fraction 2, whereas common chernozems contain
73% of fraction 2. The proportion of other fractions, especially fraction 1, is
relatively small.

Concerning the fulvic part, the relative content of fractions 2and 3 in A __ -
is the same in both subtypes, namely, 8.8—7.6 and 9.1-7.8%, their amount in-
creasing along the profile in common chernozems, especially in BC horizon
(fraction 2) and C horizon (fraction 3). The same phenomenon can be observed
in southern chernozems, except for BC horizon, which contains less fraction 2
compared to A__ .

The relative percentage of fraction 1, and fraction 1 is low. No significant
changes in the content of these fractions along the profile of common cher-
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nozems were observed, their amount increasing in southern chernozems, for
example, the one of fraction lincreased from 1.8% in A to3.1inC.

The percentage of insoluble residue, amounting to 38.6% in A of com-
mon chernozems, increases to 58.5% in C horizon, from 36.1% in A_, to
62.5% in C horizon, which proves the lesser mobility degree of the organic
matter of this type of chernozem [20].

Nitrogen is the biogenic element, its transformation being entirely deter-
mined by the processes of humus formation and mineralization, as well as
the biochemical activity of the soil. This clearly affects the nature of nitrogen
compounds of the soil, that mainly consists of organic forms (93-97%), most
of them being a part of humus [21, 22, 23].

Formation of the nitrogen bulk of the main subtypes of the chernozems in
the South of Russia is determined by a complex of soil formation conditions,
the main components being a deeply penetrating vegetation root system and
favorable climatic conditions.

Typical values of the total nitrogen content in the arable horizon of leached
chernozems are 0.20-0.35%. Common chernozems, as well as modal and
southern of Eastern European facies are characterized by somewhat narrower
fluctuations ranges of these values. In southern chernozems of the Southern
European facies, when compared to other soils, the nitrogen content proves to
be lower, while its fluctuations range is also narrower, the variation coefficient
being 18-26% [24].

Specific data on particular soil crossovers of the North Caucasus show their
regional specific features and differences from chernozems in the European
part of Russia, i.e., a relatively low content of both nitrogen and humus in the
arable layer, as well as its deep and gradual decrease along the genetic hori-
Zons.

Both leached and modal chernozems of Krasnodar Krai contain approxi-
mately the same amount of total nitrogen, i.e., in 0.23-0.21% in A__ , 0.14—
0.13% in AB, horizon at a depth of 75-80 cm, 0.09% in B, horizon at a depth
125-130 cm. In common chernozem crossovers, the amount of nitrogen in the
soil layer 0-10 cm is slightly larger than in leached and modal chernozems, be-
ing 0.28%. The decrease of nitrogen down along the soil profile is proportion-
al, but its distribution is deeper in comparison to leached chernozems; thus, the
nitrogen content in the layer of 70-80 cm was 0.18%, 120-130 cm — 0.13%,
150-160 cm — 0.08%.

Modal chernozems of Stavropol Krai are characterized by the same values
of total nitrogen content in the upper horizon, just as leached and modal cher-
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nozems of the region do. Down along the soil profile, the amount of nitrogen
also gradually decreased, being 0.13% in AB, horizon at a depth of 80-90 cm.
In common chernozems, within the layer of 0-20 cm there is more nitrogen
than in modal chernozems, though its distribution along the soil layers is the
same.

The amount of nitrogen in the arable layer of common and southern cher-
nozems of Rostov Oblast was found as being 0.25-0.24% and 0.12—0.08% in
BC horizon.

The analysis of particular crossovers fractional composition of the North
Caucasus region chernozems showed that leached chernozems of the Southern
European facies of Krasnodar Krai that contain 0.149% total nitrogen in A__, -
were characterized as having mere 7 mg mineral forms (N-NH4 ++ N-NO3-)
per 100 g of soil, i.e., just 0.4% of total content. The share of more accessible
organic forms as represented by easily hydrolysable fraction (amines, a certain
part of the amides) was 16.1 mg per 100 g of soil, i.e., 8.3% of N .

It was found that there is twice as much hardly hydrolysable form of nitro-
gen, being a secondary reserve for plants nutrition, than easily hydrolysable
in both absolute and relative values. The major part of nitrogen (145.3 mg per
100 g, i.e., 74.9% of N ) is represented by a non-hydrolysable fraction, which
only slightly participates in the biological cycle.

As compared to A__, , the amount of mineral nitrogen slightly increased in
A horizon, whereas it dropped in B, horizon to 0.5 mg per 100 g of soil and
to 0.3 mg per 100 g of soil in B, and C. Its share in the total nitrogen amount
increased insignificantly in A horizon, whereas it decreased slightly in deeper
horizons, having the same value, except for C horizon.

The amount of the easily hydrolysable nitrogen fraction in the lower part
of the humus horizon (B,) was found as 5.5 mg per 100 g of soil and 2.3 in C
horizon. The relative value of this form in the lower horizons also decreased,
though less sharply than the absolute one.

The content of hardly hydrolysable and non-hydrolysable nitrogen in their
absolute value, as well as easily hydrolysable nitrogen, decreased along the
soil profile, but more gradually. The percentage of these fractions in N had
an increasing tendency, except for hardly hydrolysable nitrogen in BC horizon,
its share being the same asin A, and non-hydrolysable nitrogen in the upper
part of A, its amount being somewhat less than in A__ .

In common chernozems of Stavropol Krai, the content of total nitrogen
within the layer of 0-30 cm was 0.250% along with a low share of mineral
nitrogen (4.2% of total) and easily hydrolysable nitrogen (7.1%), while the
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content of hardly hydrolysable nitrogen (14.2%) and non-hydrolysable nitro-
gen (74.4%) was high.

The absolute amount of total, mineral, easily hydrolysable and hardly hy-
drolysable nitrogen decreased in lower soil layers, except for mineral nitrogen
in the layer of 30-40 cm that contains a bit more of this fraction compared to
the layer of 0-30 cm. The amount of non-hydrolysable nitrogen decreased in
its absolute value along the soil layers from 0-30 cm to 40—50 cm, while the
relative value increased in layers of 3040 cm and 40-50 cm.

The amount of total nitrogen in A__, = of chernozems obtained at the stations
of the Don Zonal Research Institute of Agriculture was found as 0.250%, which
is just the same as the one found for common chernozems of Stavropol Krai,
whereas the amount of mineral nitrogen is less, being 2.4 mg per 100 g of soil.
Along the soil profile, the amount of total nitrogen in C horizon drops to 0.080%,
while the amount of mineral nitrogen decreases to 0.8 mg per 100 g of soil. The
share of the mineral nitrogen fraction in N hardly varied along the horizons.

The fractions of easily hydrolysable, hardly hydrolysable and non-hydro-
lysable nitrogen varied along the soil profile the same way as total and mineral
nitrogen did. As a percentage of total nitrogen, the content of non-hydrolysable
fractions increased, while the one of easily hydrolysable fraction decreased,
the hardly hydrolysable fraction changing but a little.

A of southern chernozems contained 0.220% of total nitrogen, 13.3 mg
per 100 g of soil of easily hydrolysable nitrogen and 29.6 mg per 100 g of
soil of hardly hydrolysable nitrogen, which is less than in common cherno-
zem, while the share of mineral nitrogen was higher. The absolute and relative
amounts of mineral nitrogen fraction along the soil layers increased, being
more noticeable in B, horizon compared to A .

In deeper soil horizons, organic fractions underwent certain changes just
the way they did in common chernozems, though their quantitative character-
istics being more significant. Their share in N along the depth of the soil is
approximately of the same value. The content of non-hydrolysable nitrogen,
as well as other fractions, compared to common chernozems is lower in A_
(173.2 mg per 100 g of soil), higher in B, (168.2 mg) and B, (148.4 mg per
100 g of soil).

Conclusion
Thus, both common and southern chernozems, though having certain dif-
ferences in the total carbon content in the arable layer, are characterized by
roughly the same (absolute and relative) composition. The lower horizons con-
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tain a greater absolute quantity of humic and fulvic acids of fractions 2 and
3 as well as insoluble residue in common chernozems compared to southern
chernozems, which indicates a more intensive degree of both humus formation
and humus compounds fixation.

A study of the nitrogen fractional composition of certain chernozems sub-
types of the North Caucasus showed that its composition includes little min-
eral (0.4-4.2%) and easily hydrolysable (6.0-8.3%) fractions, though twice as
much hardly hydrolysable fraction (13.4—16.4%). The major part of the nitro-
gen bulk (74.4-78.9%) is represented by a non-hydrolysable fraction, which
only slightly participates in agricultural crops nutrition.

References

1. Orlov D.S. Khimiya pochv [Soil chemistry]. Moscow: MGU Publ, 1985, 376 p.

2. Grishina L.A. Gumusoobrazovanie i gumusnoe sostoyanie pochv [Humus for-
mation and humus status of soils]. Moscow: MGU Publ, 1986, 240 p.

3. Mineev V.G. Khimizatsiya zemledeliya i prirodnaya sreda [Farming chemiza-
tion and the environment]. Moscow: Agropromizdat Publ, 1990, 288 p.

4. Aleksandrova L.N. Organicheskoe veshchestvo pochvy i protsessy ego trans-
formatsii [Soil organic matter and processes of its transformation]. Moscow:
Nauka Publ, 1980, 287 p.

5. Orlov D.S., Biryukova O.N., Sukhanova N.I. Organicheskoe veshchestvo pochv
Rossiyskoy Federatsii [Organic matter of the Russian Federation soils]. Moscow:
Nauka Publ, 1996, 256 p.

6. Volodin V.M., Masyutenko N.P. Energeticheskie pokazateli chernozemnykh
pochv [Energy indices of chernozem soils]. Doklady Rossel khozakademii, 1993,
no. 6, pp. 12-15.

7. Volodin V.M., Shcherbakov A.P., Masyutenko N.P. Energeticheskoe sostoyanie
chernozemov TsChZ [Energy status of chernozems in the Central Chernozem
Zone]. Antropogennaya evolyutsiya chernozemov [ Anthropogenic evolution of
chernozems]. Voronezh: 2000, pp. 101-119.

8. Flaiq W., Beutelspacher H., Rietz E. Chemicalcompoition and physical proper-
ties of humic substance. In J. E. Giesekibq (ed.), Soil Components. 1975. 1, pp.
1-211. Springer Verlaq, New York.

9. Verma L., Martin J.P. Decomposition of algal cells and compontnts and their
stabilization through complexing with model humic acid-tepe phenolic poly-
mers. Soil Biol. Biochem. 1976. 8, pp. 85-90.

10. Shaposhnikova .M., Novikov A.A. Posleuborochnye ostatki polevykh kul’tur
v zernoparopropashnom sevooborote [Post-harvest residues of field crops in



58 Siberian Journal of Life Sciences and Agriculture, Vol 9, Ne3, 2017

grain fallow tilled crop rotation]. Agrokhimiya [Agricultural Chemistry], 1985,
no. 1, pp. 48-51.

11. Novikov A.A., Kisarov O.P. Obosnovanie roli kornevykh i pozhnivnykh ostat-
kov v agrotsenozakh [Substantation of the role of root and cover residues in ag-
rocenoses]. Nauchnyy zhurnal KubGAU : elektron. nauch. zhurnal. 2012, no.
78(04), pp. 643-652. http://ej.kubagro.ru/2012/04/pdf/36.pdf. (accessed Decem-
ber 12, 2016).

12. R.Teyt I1I. Organicheskoe veshchestvo pochvy [Soil organic matter]. Moscow:
Mir Publ, 1991, 400 p.

13. Reyter G. Zwanzig Jahre Rostocker Dauersuche zur Humusbildung im Boden.
Archiv-Acktr und Pflanzenbau und Bodenkunde. 1981. Bd 25. Ne 5, pp. 277-285.

14. Shcherbakov A.P., Vasenev L.I. Russkiy chernozem na rubezhe vekov [Russian
chernozem at the border of ages]. Antropogennaya evolyutsiya chernozemov
[Anthropogenic evolution of chernozems]. Voronezh: 2000, pp. 32—67.

15. Babushkin V.M., Krivokoneva E.Yu., Novikov A.A. Prirodnye resursy cherno-
zemov obyknovennykh Yuga Rossii i ikh ratsional noe ispol’zovanie [Natural
resources of common chernozems in the South of Russia and their efficient
use]. Novocherkassk: Lik Publ, 2013, 170 p.

16. Novikov A.A. Ekologicheskoe sostoyanie gumusa i azota v chernozemakh Sever-
nogo Kavkaza [Ecological status of humus and nitrogen in chernozems of the
North Caucasus]. NGMA. Novocherkassk, 2001, 181 p.

17. Novikov A.A. Gumusnoe sostoyanie pochv v sevooborotakh razlichnoy kon-
struktsii na chernozemakh obyknovennykh [Humus status of soils in crop ro-
tations of difftrent constructions in common chernozems]. Nauchnyy zhurnal
KubGAU elek-tron. nauch. zhurnal. 2012, no. 78(04), pp. 555-564. URL.: http:
//ej.kubagro.ru/2012/ 04/pdf/34 (accessed December 12, 2016).

18. Shaposhnikova I.M., Novikov A.A., Ignat’ev D.S., Medvedeva V.I. Gumusnoe
sostoyanie i azotnyy fond chernozema obyknovennogo [Humus status and and
nitrogen bulk of common chernozems]. Agrokhimiya [Agricultural Chemistry].
2005, no. 5, pp. 15-20.

19. Novikov A.A. Sovremennoe sostoyanie i puti sokhraneniya gumusnogo i azot-
nogo fonda chernozemov Severnogo Kavkaza [Modern status and ways for
conservation of humus and nitrogen funds of chernozems in the North Cauca-
sus]. Novocherkassk, 2002. 317 p.

20. Novikov A.A. Ekologo-meliorativnoe sostoyanie chernozemnykh pochv yuzh-
nogo regiona Rossii [Ecological and reclamation status of chernozems in the
southern region of Russia]. LAP LAMBERT Academic Publishing Publ, 2015,
103 p.



B Mupe Hay4HbIx oTkpbITUiA, Tom 9, Ne3, 2017 59

21.
22.

23.

24.

10.

11.

Mengel K. Ernahrunq und Stoffwechsel der Pflanze. Jena. 1972, pp. 140—153.
Aderikhin P.G., Shcherbakov A.P. Azot v pochvakh Tsentral 'no-Chernozemnoy
polosy [Nitrogen in soils of the Central Chernozem Zone]. Voronezh, 1974,
170 p.

Parton W.J., Stewart J.W., Cole C.V. Dynamics of C, N, P, and S in grassland
soil. A model. Biogeochem. 1988. 5, pp. 109-131.

Novikov A.A. Formirovanie azotnogo fonda osnovnykh podtipov chernozemov
Yuga Rossii [Nitrogen bulk formation for the subtypes of chernozems in the
South of Russia]. Nauchnyy zhurnal KubGAU elektron. nauch. zhurn. 2012, no.
78(04), pp. 620—630. http: //ej.kubagro.ru/2012/04/pdf/35.pdf (accessed Decem-
ber 12, 2016).

Cnucok numepamypul
Opros J.C. Xumus mous. M.: MI'Y, 1985. 376 c.
I'putinna JI.A. T'yMycooOpa3oBaHHe U TyMyCHOE COCTOSIHUE TI04B. M.: MI'Y,
1986. 240 c.
Mumnees B.I. Xumwuzanus 3emnenenus u npupoanas cpega. M.: BO Arpomnpo-
musaar, 1990. 288 c.
Anexcanzaposa JL.H. Opranuueckoe BELECTBO IOUBBI U IIPOLIECCHI €0 TPAHC-
¢dopmanmu. M.: Hayka, 1980. 287 c.
Opmos J[.C., buprokosa O.H., Cyxanosa H.W. Opranndeckoe BemecTBo moys
Poccuiickoit @enepanuu. M.: Hayka, 1996. 256 c.
Bonogun B.M., Mactorenxo H.I1. Dneprerndeckue noxkasaresin 4epHO3EMHbBIX
nouB // lokmansl Poc. akageMuu CebCKOXO3SHCTBEHHBIX Hayk. 1993. Ne 6.
C. 12-15.
Bononuua B.M., lllep6akos A.Il., Mactorenko H.I1. DHepreruyeckoe cocrosi-
Hue yepHo3éMoB U3 / AHTpomoOreHHas 3BOJIIOLUS YepHO3EMOB. BopoHexk:
2000. C. 101-119.
Flaiq W., Beutelspacher H., Rietz E. Chemicalcompoition and physical prop-
erties of humic substance // In J. E. Giesekibq (ed.), Soil Components. 1975. 1,
pp. 1-211. Springer Verlaq, New York.
Verma L., Martin J.P. Decomposition of algal cells and compontnts and their
stabilization through complexing with model humic acid-tepe phenolic poly-
mers // Soil Biol. Biochem. 1976. 8, pp. 85-90.
Tanomrnukosa M.M., HoBukos A.A. ITocieyOopouHble OCTATKU MOJIEBBIX Ky/b-
TYp B 3€pHOIIAPONPONAIIHOM ceBoodopote // Arpoxumust. 1985. Ne 1. C. 48-51.
Hosuxos A.A., Kucapos O.I1. OGocHOBaHHE POJIM KOPHEBBIX M MOKHUBHBIX
OCTaTKOB B arpoueHo3ax // Hayunsrit xypuan Ky6I'AY: anekrpoH. Hayd. xKyp-



60

Siberian Journal of Life Sciences and Agriculture, Vol 9, Ne3, 2017

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

Hai 2012. Ne 78(04). C. 643—652. URL: http: //ej.kubagro.ru/2012/04/pdf/36.
pdf. (nara obpamenus: 12.12.2016).

P. Teiit III. Oprannueckoe BeuecTBo noussl. M.: Mup, 1991. 400 c.

Reyter G. Zwanzig Jahre Rostocker Dauersuche zur Humusbildung im Boden
// Archiv-Acktr und Pflanzenbau und Bodenkunde. 1981. Bd 25. Ne 5. S. 277—
285.

[ep6axos A.I1., BaceneB U.U. Pycckuii uepHo3ém Ha pyOeske BekoB // AHTpo-
roreHHas 3Bosonus 4epHozémos. Boponex: 2000. C. 32—-67.

Babymkun B.M., Kpuoxonesa E.IO., HoBuko A.A. IIpuposaHsie pecypchl
4epHO3EMOB 00BIKHOBeHHBIX Ora Poccnu M MX panMoHalbHOE HCIOIB30Ba-
aue. HoBouepxkacck: JIuk, 2013. 170 c.

HoBukoB A.A. DKOIOTHYECKOE COCTOSIHUE TyMyca U a30Ta B uepHo3émax Ce-
BepHoro Kaskaza. HTMA. Hoouepkacck: 2001. 181 c.

HoBukoB A.A. I'yMycHOE COCTOSIHHE TIOYB B CEBOOOOPOTAX PAa3IMYHON KOH-
CTPYKIMHU Ha YepHO3EMax 0ObIKHOBEHHbIX // Hayunsblii xypHan KyOI'AY: anek-
TpoH. Hayd. )xypHas. 2012. Ne 78(04). C. 555-564. URL: http: //ej.kubagro.
ru/2012/ 04/pdf/34. (nara obparuenus: 12.12.2016).

[MManomnukoBa .M., HoBukoB A.A., UrnareeB /I.C., Mensenesa B.U. T'y-
MYCHOE COCTOSIHUE M a30THbIM (OHI uepHO3éMa OOBIKHOBEHHOTO // ATrpoxu-
must. 2005. Ne 5. C. 15-20.

HosuxoB A.A. CoBpeMEHHOE COCTOSHME M IYTH COXPAaHEHUS T'yMYCHOTO U
azoTHOro (onna uepHozémon Ceseproro Kaskasza: [luc. ... o-pa c.-X. Hayk.
Hosouepkacck, 2002. 317 c.

HoBukoB A.A. DKOJIOT0-MeIHOPATHBHOE COCTOSIHUE YSPHO3EMHBIX MTOYB FOXK-
Horo peruoHa Poccun. LAP LAMBERT Academic Publishing, 2015. 103 c.
Mengel K. Ernahrunq und Stoffwechsel der Pflanze // Jena. 1972, pp. 140—153.
Anepuxun IL.T., [llepbakoB A.Il. Azor B nmouBax lleHTpaipHO-UepHO3EeMHOM
nosiockl. Boponex, 1974. 170 c.

Parton W.J., Stewart J.W., Cole C.V. Dynamics of C, N, P, and S in grassland
soil // A model. Biogeochem. 1988. 5, pp. 109—131.

HouxoB A.A. ®opMupoBaHue a30THOTO ()OHJA OCHOBHBIX ITOJTHIIOB Yep-
HOo3éMOB [Ora Poccuu // Hayunsiii s)xypHan KyOI'AY: anekTpoH. Hayd. )KypHai.
2012. Ne 78(04). C. 620—630. URL: http: //ej.kubagro.ru/2012/04/pdf/35.pdf.
(nara obpamenus: 12.12.2016).

DATA ABOUT THE AUTHOR

Novikov Aleksei Alekseevich, Doctor of Agriculture, Professor at the Chair of

Cadastre and Monitoring of Lands



B Mupe Hay4HbIx oTkpbITUiA, Tom 9, Ne3, 2017 61

Novocherkassk Institute of Reclamation Engineering after A.K. Kortun-
ov, Donskoi State Agrarian University

111, Pushkinskaya Str., Novocherkassk, Rostov region, 346428, Russian
Federation

al.al.novikov@gmail.com

SPIN-code: 6731-7692

ORCID: 0000-0001-9013-2629

JAHHBIE Ob ABTOPE

HoBuxoB Anekceii AnexkceeBHY, JOKTOP CEIBCKOXO35MCTBEHHBIX HAYK, TIPO-
(beccop kadeapsl kKagacTpa U MOHUTOPUHTA 3EMEITh
Hoeouepracckuil unocenepHO-MenuopamuHolil UHCMUMYM UMeHU
A.K. Kopmynosa — ¢punuan gpedepanvrozo cocyoapcmeento2o 6100-
JHCEMHO20 00PA306AMENLHO20 YUPENHCOeHUs GblcUe20 00pa308aHUs
«/[onckotl cocyoapcmeenHulil azpapHulil YHUGEPCUMem »
yu. Iywrkunckas, 111, 2. Hosouepracck, Pocmosckas obnacmo, 346428,
Poccuiickas @edepayus
al.al.novikovi@gmail.com



