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Aim. To determine the specified parameters of the complex model of nitrogen-carbon circulation while using
different types of crop rotation, kinds of organic fertilizers and ways of soil cultivation in agroecosystems of
the forest-steppe zone of Ukraine. Methods. Field, laboratory, computational, mathematical and statistical.
Results. Specific types of organic fertilizers affect the emission of CO, into the lowest atmospheric layer: in
case of humus the typical emission interval is 25—85 t/ha, while in case of secondary products it is 70-160 t/
ha. The impact of the way of chernozem preparation on nitrogen-carbon circulation is manifested in the fact
that in case of subsurface tillage the carbon balance in soil was positively increasing compared to ploughing.
The interval of CO, emission into the lowest atmospheric layer due to the mineralization of humus and organic
fertilizers with ploughing changes in a wider range compared against subsurface tillage. Conclusions. The
nitrogen-carbon interactions are impaired due to the introduction of humus and removal of secondary products
beyond the boundaries of the agroecosystem in the course of ploughing. The application of ground secon-
dary products of crop production as organic fertilizers, wrapped up into the surface layer of chernozem during
the subsurface tillage of soil, simulates the natural course of nitrogen-carbon circulation in agroecosystems of
different types. Natural soil formation process is simulated due to the activation of photosynthetic activity of
cultivated crops with CO, saturation in the lowest atmospheric layer, which provides for extensive restoration

of chernozem fertility in the forest-steppe zone of Ukraine.
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INTRODUCTION

The circulation of nitrogen and carbon are the
main biochemical cycles, taking place in terrestrial
eco- and agroecosystems [1-3]. Recent studies dem-
onstrate that, on the one hand, it is common to in-
clude the carbon cycle of the ecosystem into climatic
models as an integral characteristic of a carbon cycle
— CO, concentration in the atmosphere [4, 5]; on the
other hand, the deficiency of mineral forms of terres-
trial nitrogen has negative effect on the development
of autotrophs both in natural systems and in agroeco-
systems, influencing the depositing of atmospheric
carbon which enhances the consequences of global
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climate changes [2, 6, 7]. The isolation of the nitro-
gen cycles from the consideration of the consequenc-
es of climate changes leads to incomplete estimation
of the response of ecosystems and agroecosystems,
where mineral forms of nitrogen in soil are the limit-
ing factor for the development of terrestrial plants in
nature [8—10] and agroecosystems [11].

There is considerable impact of the nitrogen circula-
tion on the inverse relation between the change in the
climate characteristics and the carbon cycle: the higher
the dependence of the performance of agro- and natural
systems on the amount of assimilated nitrogen in soil,
the faster the emission of CO, is accumulated by ter-
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restrial plant aggregations [ 12], thus the complex quan-
titative estimate of the interaction between the carbon
and nitrogen cycles has considerable impact on the
process of increasing or decreasing the carbon stocks
of terrestrial eco- and agroecosystems [13, 14]. The
interdependence and intensity of nitrogen and carbon
cycles result in changes in the content of nitrogen and
carbon in plants, detritus layer and soil organic matter
[1, 15-17] and are the foundation of the natural soil
formation in agrosystems using soil-restorative adap-
tive systems of soil preparation [16].

As a rule, climate warming leads to the decrease in
CO, depositing in eco- and agroecosystems [18] which is
related to the increase in the intensity of both productive
and destructive processes: the rate of organic matter de-
composition in soil is enhanced, soil breathing is intensi-
fied which results in higher dependence of the perfor-
mance of different plant aggregations on soil humidity
and air temperature. In case of excessive manifestation
of the abovementioned processes, the intensity of soil
breathing starts exceeding the rate of atmospheric CO,
accumulation by plants, and eco- and agroecosystems
transform into the sources of emission of carbon dioxide
[17] and nitrous oxide [3, 19] into the atmosphere.

The failure to take the interaction of nitrogen and
carbon circulation in the conditions of climate warm-
ing into consideration results in the reduction of stocks
of terrestrial carbon in plant aggregations (including
agroecosystems) and in soil due to the intensification
of autotrophic breathing and the rate of the decom-
position of organic matter of detritus and soil, i.e. the
carbon-climate interaction gets positive direction. The
course of the nitrogen cycle reflects on the increase in
the terrestrial carbon content due to the increase in the
air temperature which is conditioned by the increase in
CO, concentration in the atmosphere and the intensifi-
cation of mineralization processes in soil, which results
in terrestrial accumulation of available mineral nitro-
gen, stimulating the performance of eco- and agroeco-
systems and intensifying the productivity of photosyn-
thesis [11, 20, 21]. In case of a sufficient level of the
mentioned processes the need for atmospheric carbon
in plant aggregations starts exceeding the emission of
carbon in soil, while terrestrial eco- and agroecosys-
tems get transformed into systems — accumulators of
atmospheric organic matter, i.e. the carbon-climate in-
teraction becomes an inverse correlation model [2, 14]
which diminishes negative manifestations of the green-
house effect of the climate changes in the forest-steppe
of Ukraine.
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Therefore, the elaboration of a complex model of the
interaction of nitrogen circulation (using different types
of crop rotation and kinds of organic fertilizers as well
as different methods of chernozem cultivation) and
carbon circulation allows estimating carbon circulation
with expected climatic changes reliably, determining
the main regularities of the direction of nitrogen-carbon
circulation, nature and mechanisms of restoring natural
soil-formation using soil-restoring adaptive measures
in the agroecosystems of the modern climatic system
of the forest-steppe of Ukraine.

This work was aimed at determining the specified
parameters of the complex model of the interaction be-
tween nitrogen circulation and carbon circulation using
different types of crop rotation and alternative types of
organic fertilizers with different methods of soil culti-
vationas well as determining the main regularities of
the direction of nitrogen-carbon circulation, nature and
mechanisms of restoring natural soil formation using
soil-restoring adaptive measures in the agroecosystems
in the modern climatic system of the forest-steppe of
Ukraine.

MATERIALS AND METHODS

The study was conducted in the long-term field sta-
tionary experiment of the Cherkasy State Agricultur-
al Experimental station on typical heavy loam, light
clay, low humus chernozem with the humus content
of 3.8-4.2 %, the content of mobile phosphorus of
12—-14 mg per 100 g of soil and mobile potassium — 8§—
10 mg per 100 g of soil, pH, = 6.8-7.0. The arca
of the seeding bed was 162 m?, the reporting area —
100 m?, the experiment was laid down in triplicate.
The results for 35 years were rated. Two five-year crop
rotations were studied. Crop rotation 1: peas—winter
wheat—sugar beets—corn—corn. Crop rotation structure:
60 % of grain crops, 20 % grain legumes, 20 % tech-
nical crops. Crop rotation 2: perennial grass—winter
wheat—sugar beets—corn—barley with grass. Crop rota-
tion structure: 60 % grain crops, 20 % technical crops,
20 % perennial grass. The system of fertilization: with-
out fertilizers, single dose (one dose — N,.P, K, ) and
double dose (two doses — N P K, ) of mineral fertil-
izers. Until 2000 the mentioned doses of mineral fertil-
izers were introduced on the background of 6 t/ha of
humus with the extraction of secondary products, and
in 2001-2010 humus was substituted with 6 t/ha of sec-
ondary products. The ways of soil cultivation: different
deep ploughing; subsurface tillage, surface tillage. The
calculation of carbon balance in the agroecosystems
of different types and forecast of the humus condition
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Fig. 1. The general model of nitrogen-carbon circulation in agroecosystems of short-term crop rotations for the forest-steppe

of Ukraine

of chernozem as per weight of released CO, was per-
formed using the following flows:

C, - weight of CO,, released due to humus mineral-
ization, t;

Cp — weight of CO,, released due to the mineraliza-
tion of secondary products, crop and root remains, t;

C,., — total weight of CO,, released due to miner-
alization, t;

Cj — weight of CO,, released via the breathing of soil
organisms, t.

The level of ensuring potential bioproductivity of
crops with CO, resources was determined using the
balance of this resource, while the balance of organic
carbon was estimated as the difference between the
input of C_ to the agroecosystem and its introduc-
tion from the secondary products or pus into humus.
The expenditure item involves the removal of C_,
with the harvest and the weight of Coe of secondary
products, which passed to CO, due to mineralization.
For clarity of calculations C. was taken as a constant
for all the variants. The carbon balance was calcu-
lated using the common method taking into account
the removal of nitrogen (N) by the level of the per-
formance of crops; it was used as a basis to calculate
the balance (N) [22] in the agroecosystems of crop
rotation with further elaboration of the recommenda-
tions for the official publishing of the 6th National
Communication of Ukraine on the Issue of Climate
Change, 2012 [18].
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RESULTS AND DISCUSSION

The calculations were used to determine the speci-
fied average parameters of nitrogen-carbon circulation
for the forest-steppe zone (Fig. 1). The average re-
moval N with the harvest (30.6 t of feed units (f.u.) per
one crop rotation or 6.12 kg/ha per year) was 596 kg
(119 kg/ha) per one crop rotation with typical interval
values of 426-718 kg. The total removal of nitrogen
from the agroecosystem is 744 kg, and the typical in-
terval removal is 525-937 kg. The input of N due to
post-harvest, root, post-mowing remains and humus
was 478 kg on average, and 342—634 kg in the interval
measurement. The total input of N with the consider-
ation of mineral fertilizers, nitrogen-fixation, N of seed
material and rainfall amounted to 715 kg or 424-935
kg in the interval measurement with increasing remov-
al. The balance of N in agroecosystems amounted to 30
kg (-6 kg/ha) and was —203...+163 kg in the interval
measurement. The intensity of N balance was 101 %,
which was 77—122 % in the interval measurement. The
interaction between nitrogen circulation and carbon
circulation was established: there is 1.12 t of negative
carbon balance per one unit of negative value of ni-
trogen balance. The negativity of nitrogen balance in
agroecosystems ensures the positivity of carbon bal-
ance in soil (B, ) on the level of simple replacement
(Bey =10.5tor B, =0.1 t/ha, which in the interval
measurement is B, = —1.7...—2.9 t. On average the
intensity of N balance (I,) was 101 % or 77-122 %,
and I (C ) =21.5-86 %; insoil I, (C_)=69.5-116 %.
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While introducing humus and removing the secondary
products from the agroecosystems, the parameters of
nitrogen circulation as per the removal of yield were
decreased, compared to the average values, down to
551 kg (110 kg/ha) and the interval values were 383—
680 kg. Here the total removal of N increased up to
821 kg (164 kg/ha) and in the interval estimates it was
528-1031 kg (106-206 kg/ha). The input of N with
afterharvest and root remains decreased by 129 kg
(253.8 kg/ha) and the interval value of nitrogen input
corresponded to 300-389 kg (60—78 kg/ha).

The total input of N into the agroecosystem was 629
kg (125.8 kg/ha), which is 352-846 kg (70-169 kg/ha)
in the interval values. With humus introduction the ni-
trogen balance in agroecosystems was —203 kg (—41
kg/ha), which was —403...—64 kg or —80.6...—12.8 kg/
ha in the interval estimates. The intensity of N balance
was 37-91 %, or 82.1 % on average. The increase in
the deficiency of N balance with systematic introduc-
tion of humus is related to the increase in the deficiency
of carbon balance both in agroecosystems (B, ) and in
soil: B, =-28t(B,, =-315...-23.0t, B, =-1.3

C(s)

t, B = —4.5...~1.1 ). Here [, of carbon in the agro-

ecosystem and soil were on the level of 59.4—80.8 %.

With the systematic introduction of secondary prod-
ucts the total removal of N with the harvest compared
against the average value increased by 45 t (9 t/ha), and
as per interval estimates — by 102-93 t (20.4—18.6 t/ha).
The input of N from the secondary products increased
by 127 and 174 % against the average value and the
systematic introduction of humus, thus it amounted to
607 kg (121 kg/ha) or 425-702 kg (85-140 kg/ha). The
total input of N amounted to 802 kg which exceeded
the average value and the introduction of humus by
113 and 128 % respectively, and the interval value
amounted to 432-1052 kg or 86.4-210 kg/ha. The N
balance in agroecosystems was positive (+143 kg or
+28.6 kg/ha) which was +44...+272 kg (8.8-54.4 kg/
ha) in the interval estimate. The intensity of the balance
changed in the range of values from 112 to 130 %. In
case of applying secondary products the positivity of N
balance in the agroecosystem was accompanied with
the increase in the deficiency of carbon balance (B_(a)
= —38.8 t) and the positivity of carbon balance in soil
(BC(S) =+2.3t). Thus, I, in the first case was 62.1 %, and
in the second one — 110 %.

Due to the mineralization processes on average 101 t
CO, were released into the atmosphere per one crop rota-
tion, while in case of humus introduction it was 2.43 times
less, and it was 1.42 times less against the average value.
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In the crop rotation with peas (Fig. 2, Table 1) us-
ing the secondary products the removal of N with the
yield increases by 120 %, and the total removal of N
from the agroecosystem decreases by 180 kg (36.0 kg/
ha) against the average value. The interval value of the
removal of N tapers with the use of the secondary prod-
ucts, and extends with the introduction of humus with
the typical interval range of 1.68 (Table 1). With the
use of humus the input of N with the secondary prod-
ucts decreases 2.02 times, which is a 3-fold decrease
by the typical interval range. The total input of N in-
creases 1.42-fold, which is a 1.27-fold increase by the
typical range. In case of applying secondary products
the balance of N in the agroecosystem becomes posi-
tive (+97.8 kg), while in case of humus the balance of
N was negative (=345 kg), which was +32.6 and —55
kg by the typical interval range respectively. The inten-
sity of N balance was 109 and 66.7 % respectively with
the 1.62-fold decrease of the typical range using the
secondary products. The removal of N with the yield
increased by 62 kg or by 113 % in the crop rotation
with perennial grass using the secondary products than
in case of humus introduction, while the total removal
of nitrogen decreased by 129 kg (25.8 kg/ha).

The input of N due to the secondary products in the
crop rotation with grass (Fig. 2) was 116 and 20 kg
lower compared to the crop rotation with peas in case
of humus introduction, but in the framework of the
crop rotation with the application of humus the input
of N decreased by 183 kg (36.6 kg/ha), which is a 1.58-
fold decrease by the typical interval range. In case of
introducing the secondary products, the total input of N
in the crop rotation with grass decreased 1.14 times and
increased 1.13 times in case of humus application com-
pared to the crop rotation with peas, while in the crop
rotation with peas the application of secondary prod-
ucts ensured 1.15 times higher input of N compared to
humus application.

In the first case the balance of N was +189 kg (37.8
kg/ha), and in the second one it was —61.4 kg (-12.3kg/
ha). Thus, in case of applying the secondary products I
was 1.34 times higher.

The positivity of N balance in case of applying the
secondary products does not ensure the positivity of
the balance of organic carbon (-38.8 t) in the agroeco-
systems of crop rotations with peas and grass, whereas
the negative balance of carbon was formed in the men-
tioned crop rotations with the humus introduction and
it was 1.30—1.5 times less deficient. However, in case
of applying the secondary products the positivity of N
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Fig. 2. The general model of nitrogen-carbon circulation in agroecosystems of crop rotations for the forest-steppe of Ukraine:
A — crop rotation with grass; B — crop rotation with peas
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balance affected the balance of organic carbon in soil
(+2.0...—2.7 t or +0.40...—0.54 t/ha) in the crop rota-
tion with peas and perennial grass. With the humus
introduction the negativity of N balance determined the
negativity of carbon balance in soil; —3.12 t (—0.63 t/ha)
in the crop rotation with peas and —0.93 t (—0.06 t/ha)
in the crop rotation with perennial grass. Here [, of car-
bon in the agroecosystems of crop rotations regardless
of the kind of organic fertilizers amounted to 56.6—62.2
%, and I of carbon balance in soil for the application
of the secondary products in the crop rotation with peas
was 114.2 %, and in the crop rotation with perennial
grass — 107.6 %. In case of humus introduction in the
former case I, = 59.4 %, and in the latter — 102.6 %,
which testifies to the efficiency of applying humus and
secondary products specifically with the saturation of
crop rotations with perennial grass.

The calculations demonstrate that alongside with the
effect of the kind of organic fertilizers and type of crop
rotation the kind of soil preparation has its impact on
the circulation of N (Fig. 3, Table 2). Thus, with the
systematic deep ploughing the removal of N with the

yield is 645 kg; with subsurface tillage (20-25 cm)—
628 kg, and with surface tillage (10-12 cm) — 457 kg.
According to the typical interval range the removal of
N was more stable with the subsurface tillage, whereas
in case of deep ploughing and surface tillage the re-
moval of N was 1.24 and 1.23 times higher (Table 2).
The total removal of N from the agroecosystem was
the highest in case of ploughing (813 kg), while it was
17 and 252 kg or 3.4 and 50.4 kg/ha less for subsurface
tillage and surface tillage, respectively. The introduc-
tion of N with the secondary products was the same for
deep ploughing and subsurface tillage (488 kg) and it
was 38 kg lower for surface tillage. The total introduc-
tion of N into the agroecosystem for deep deep plough-
ing was 717-742 kg (143-148 kg/ha), and it decreased
by 105 and 80 kg respectively for surface tillage. The
balance of N for ploughing and subsurface tillage was
negative: —68.4 and —80.4 kg, whereas it proved to be
positive for surface tillage — +103 kg (+20.6 kg/ha).

The balance intensity for deep ploughing was 94.1—
94.6 %, and for surface tillage — 122 %. The intensity
of carbon balance in the agroecosystem and soil was

Table 1. The impact of a crop rotation and a kind of organic fertilizers on the specified parameters of nitrogen-carbon circula-

tion in the agroecosystems of the forest-steppe of Ukraine

40

Crop rotation with peas Crop rotation with grass
Parameter Humus, Secondary products, Humus, Secondary products,
of circulation 6 t/ha 6 t/ha 6 t/ha 6 t/ha
wer Interval wer Interval wer Interval wer Interval

Yield of feed units, t 29.0 24.8-33.3 33.0 25.3-41.0 29.3 25.8-32.4 30.7 27.8-35.3
Nitrogen removal with 601 501-721 718 551-895 502 356-644 564 370-718
the yield, kg
Total removal of nitro- 92.5 634-1204 745 563-921 717 450-981 588 384-749
gen, kg
Input of N, kg:

secondary products 330 265-389 665 473-849 366 314-387 549 379-669

N in the agroeco- 591 291-824 837 505-1096 667 387-875 767 441-1038

system, kg
Nitrogen balance, kg (+) | —345 | —535...-215 | +97.8 —64—188 —61.4| —176...—406 | 189 55.5-305
I, in the agroeco- 66.5 47.0-76.0 109 89-124 97.0 79.0-95.5 130 115-137
system, %
Balance of COrg of —25.8-29.0...—22.5 | —38.7 | —38.0...—25.0 | —=30.2 | —33.5...—23.8 | —38.8 | —46.3...-33.0
the agroecosystem, t
Balance of COrg ofsoil, t |—3.12|—5.88...—3.31 | +2.7 | +0.9...+44.0 |-0.93 | -0.63...-1.62 | 2.00 0.4-2.7
I, of Corg of the agro- 62.2 14.0-92.0 62.0 26.0-85.0 56.6 18.5-85.0 62.2 23.0-85.5
ecosystem, %
I, of Corg of soil, % 59.4 54.0-65.0 114.2 109-129 102.2 | 94.5-112.5 | 107.6 103-117
COrg (COy, t 30.8 26.0-35.0 111 77.0-142 52.3 42.6-58.9 91.5 86.0-102

Note. X — average value.
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Fig. 3. The general model of nitrogen-carbon circulation in agroecosystems of crop rotations for the forest-steppe of Ukraine:
A — deep ploughing; B — subsurface tillage
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under 100 % regardless of the way of soil cultivation:
55.3—62.7 % for carbon in the agroecosystems and
93.5-98.2 % for carbon in soil. Here CO, emission
due to the mineralization of the organic matter demon-
strates a stable tendency towards the decrease, caused
by ploughing (CO, — 77.5 t or 15.5 t/ha), compared to
subsurface tillage (67.9—68.5 t or 13.5 t/ha) and 60.2 t
(12.4 t/ha) for surface tillage. There was an ambiguous
effect of the way of soil cultivation on the amount of
NO, emission: 21-23 kg (4.2-4.6 t/ha).

The estimates demonstrated (Table 3) that the kind
of organic fertilizers affects the correlation level be-
tween the yield of feed units and the components of
the nitrogen balance. In case of humus introduction
there was a direct correlative relationship between the
performance of crop rotations, the total removal of
nitrogen, its input from the secondary products and
the total input of N: R =10.69 + 0.02; R =0.57 + 0.03,
R =0.87 £ 0.02 and R = 0.82 £ 0.02 respectively,
whereas in case of introducing the secondary prod-
ucts the relationship enhanced up to the level of di-
rect strong correlation: R = (0.82—0.88) £ 0.03. Here
with the increase in the performance of crop rotations
using humus introduction the balance of organic car-
bon in the soil was negative, whereas in case of intro-
ducing the secondary products it was positive in the
whole interval of the typed performance. In the latter
case one unit of performance increase had 2.1 times
smaller amount of the removal of total nitrogen, and

the input of nitrogen from the secondary products was
2.13 times higher than in case of humus application.

In case of humus introduction the relationship bet-
ween CO, emissions due to mineralization and the
input of nitrogen corresponded to the level of weak
correlation (R = 0.28—0.30 + 0.05), whereas in case of
introducing the secondary products it was on the level
of direct strong correlative dependence (R = 0.79—
0.85 + 0.02), while the unit of CO, released from the
mineralization of the secondary products had 5.59 and
8.44 kg/ha of N of secondary products and nitrogen of
general input.

In case of applying the secondary products the bal-
ance of C_in soil was positive in the typed interval
of CO, emission, whereas with the humus introduction
the positivity of carbon balance was accompanied with
the deficiency of nitrogen balance in the typed interval
of CO, emission due to mineralization. Direct correla-
tion was established between the performance of a crop
rotation with peas, the total removal of nitrogen, the
introduction of nitrogen from the secondary products,
total nitrogen introduction and the nitrogen removal on
the level of R = 0.57 &+ 0.03, with nitrogen input — on
the level of R = (0.79-0.91) = 0.03. In a crop rotation
with grass the relationship between the performance
and components of nitrogen balance weakens down to
the average level by the removal and input of nitrogen
from the secondary products R = (0.58-0.61) + 0.03,

Table 2. The impact of the ways of soil preparation on the specified parameters of nitrogen-carbon circulation in the agroeco-

systems of the forest-steppe of Ukraine

The way of soil cultivation
o ; (;airrirlrllle; teif)n Deep ploughing Subsurface tillage Surface tillage
wer Interval wer Interval wer Interval

Yield of feed units, t 31.7 27.4-34.2 31.0 27.0-34.6 28.1 23.5-31.6
Nitrogen removal with the yield, kg 645 646732 628 514-723 47.5 371-518
Total removal of nitrogen, kg 813 593-1005 796 650-979 561 452-648
Input of N, kg:

secondary products 488 339-638 488 340-657 450 371-525

N in the agroecosystem, kg 742 461-966 717 452-907 637 376966
Nitrogen balance, kg (+) —68.0 | —215...+115 | -80.4 | —245...+149 103 -93.0...+334
I, in the agroecosystem, % 94.6 77.5-117 94.1 71.0-122 122 83.0-102
Balance of C_ of the agroecosystem, t -39.8 | -42.1...-269 | -29.5 | -34.1...-22.1 | 273 | -33.0...-22.0
Balance of COrg of soil, t -0.75 -3.7...+12 1.4 -0.5...+3.8 0.7 -0.6...+2.8
I, of Core of the agroecosystem, % 62.7 21.5-87.5 55.3 21.0-85.0 57.8 22.0-84.0
I, of C_, of'soil, % 93.9 71.0-110 97.3 69.0-127 93.6 59.0-116
C,, (CO,, t 77.5 41.5-103 67.9 35.0-69.9 60.2 33.0-86.0
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and there is an established direct strong correlation be-
tween the total input of nitrogen and performance of
crops (R =(0.73—0.83) + 0.02); this dependence weak-
ens to the weak level with the nitrogen balance (R =
= (0.82-0.87) £+ 0.03). The same amount of nitrogen

is accounted for by the unit of increasing the crop per-
formance in the crop rotations regardless of the way of
soil preparation. In both cases the balance of Coe in soil
was positive, and the balance of C_ in agroecosystems
got impaired and, thus, deficient.

Table 3. The values of correlation coefficients and regression coefficients of linear equations of nitrogen-carbon circulation
depending on the components of the cultivation system in the agroecosystems of the forest-steppe of Ukraine

Type of crop rotation, kind of
organic fertilizers, way
of soil preparation

N balance, kg

Total
removal from

Entered the agroecosystem

the agroecosystem with secondary products total
Yield of feed units in a crop rotation, t
Introduction of 6 t/ha of secondary products
Crop rotation with peas 0.85/12.9* 0.88/48.4 —-0.01/-0.33
Crop rotation with perennial grass 0.37/7.90 0.86/53.6 0.13/5.9
Introduction of 6 t/ha of humus
Crop rotation with peas 0.94/24.5 0.94/37.4 0.77/15.3
Crop rotation with perennial grass 0.29/2.60 0.26/4.80 —0.06/-0.56
CO, emission in a crop rotation, t
Introduction of 6 t/ha of secondary products
Crop rotation with peas 0.78/10.7 0.79/40.7 —0.17/-8.93
Crop rotation with perennial grass 0.03/0.21 0.13/2.91 —0.11/-1.82
Introduction of 6 t/ha of humus
Crop rotation with peas 0.91/5.55 0.93/8.80 0.83/3.88
Crop rotation with perennial grass 0.66/5.59 0.62/10.6 0.35/2.78
Yield of feed units in a crop rotation, t
Ploughing for 22-25 cm 0.73/23.2 0.83/40.7 0.32/14.8
Subsurface tillage for 22-25 cm 0.75/22.0 0.81/39.5 0.37/17.8
Surface tillage for 10-12 cm 0.72/18.7 0.79/22.4 0.82/46.6
CO, emission in a crop rotation, t
Ploughing for 22-25 cm 0.87/4.48 0.59/4.65 0.66/4.94
Subsurface tillage for 22-25 cm 0.85/4.08 0.53/4.26 0.58/4.55
Surface tillage for 10-12 cm 0.76/3.61 0.52/4.90 0.32/2.60
Yield of feed units in a crop rotation, t (general model)
Crop rotation with peas 0.57/21.8 0.79/26.9 0.91/42.2
Crop rotation with perennial grass 0.61/28.5 0.58/16.6 0.74/39.1
CO, emission in a crop rotation, t (general model)
Crop rotation with peas —0.04/-0.19 0.94/4.53 0.72/4.7
Crop rotation with perennial grass 0.03/0.34 0.71/4.35 0.39/4.36
Yield of feed units in a crop rotation, t (general model)
6 t/ha of humus 0.69/47.1 0.57/10.7 0.87/51.2
6 t/ha of secondary products 0.82/23.2 0.88/22.7 0.82/35.1
CO, emission in a crop rotation, t (general model)
6 t/ha of humus 0.28/1.61 0.30/5.56 0.48/6.51
6 t/ha of secondary products 0.85/5.59 0.79/8.44 0.48/2.64

*Correlation coefficients (R)/regression coefficients (b) in linear equations of dependencies between the parameters.
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The estimation of the effect of the way of soil prepa-
ration on the relationship between the crop perfor-
mance in the agroecosystems of short-time rotations
and the components of nitrogen balance demonstrates
that regardless of the way of soil cultivation there
are relationships between the total removal and input
of nitrogen from the secondary products on the level
of direct strong correlation (R = (0.73—0.83) + 0.02),
whereas the dependence on the total removal of nitro-
gen weakens down to the weak correlative relationship
(R=1(0.32-0.37) £ 0.02).

The direct strong correlation (R = (0.85-0.87) +
+ 0.03) was established between nitrogen input from
the secondary products and the amount of CO, regard-
less of the way of soil cultivation, and with the total in-
put of nitrogen and its balance the relationship weakens
down to R = (0.55-0.65) + 0.03, which testifies to the
decrease in the effect of the ways of chernozem prepa-
ration on the relationships between the components of
nitrogen-carbon cycle in the agroecosystems of differ-
ent crop rotations. The types of organic fertilizers as
well as a crop rotation have the greatest effect on the
nitrogen-carbon circulation, while the way of soil cul-
tivation is a subordinate factor in the agroecosystems.
The production of CO, depending on the type of a crop
rotation is related to the total input of nitrogen (R =
(0.71-0.94) £ 0.03), and the balance of nitrogen in the
crop rotation with peas correlates with the performance
on the level of a direct strong correlation (R = 0.72 £
0.03), whereas this relationship weakens in the crop ro-
tation with grass (R = 0.45 £ 0.03).

The determination of the effect of the crop rotation
factor on the balance of C_ in soil demonstrates that
the crop rotation with grass has the positivity of the bal-
ance in the typed interval of CO, emission; there was an
increasing tendency of the balance of Coe in the crop
rotation with peas, and the positivity of the balance of
C,,, in soil is achieved due to the maximal input of ni-
trogen from the secondary products and the total input,
which simultaneously decreases the deficiency of Coe
of the agroecosystem down to —30 t/ha. There is an in-
crease in the deficiency of COrg balance in the agroeco-
system due to the removal of the weight of perennial
grass in the crop rotation with grass.

The amount of CO, released from the mineralization
of the organic matter is a direct function of the input from
the secondary products (R = (0.85—0.87) £ 0.02), while
the relationship with the total input of nitrogen to the
agroecosystem and the balance of N weakens to the di-
rect correlation of the medium level (R = (0.53—0.66) +
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+ 0.02). The regression coefficients in the linear equa-
tions decreased 1.21-1.79 times between the total re-
moval and input of nitrogen, and increased 3.15 times
with the total input. The amount of CO, released due
to the mineralization with the surface tillage correlates
with the components of the nitrogen balance in the
way, similar to that of deep ploughing, but according to
the regression coefficients of the dependence equations
one unit of CO, emission is accounted for by a 1.25
times smaller amount of nitrogen from the secondary
products and a 1.9 times smaller change in the nitrogen
balance. The regression coefficients were similar in the
values in the regression equations of the dependence of
crop rotation performance and CO, emissions on the
components of nitrogen balance, which testifies to the
uniformity of the impact of the way of soil cultivation
in the mentioned processes of biogenic element circu-
lation. In case of systematic surface tillage the yield of
feed units per 1 ha in the agroecosystems of crop rota-
tions (similar to deep ploughing) is related to the total
removal and input of nitrogen via strong direct correla-
tion (R =(0.72-0.79) £ 0.02). Contrary to deep plough-
ing the level of a correlative relationship between the
performance and the total removal of N increased up to
the strong direct correlation.

The use of secondary products as organic fertilizers
with the localization of the former at the subsurface and
systematic surface tillage simulates natural circulation
of the organic carbon in agroecosystems, which in the
long run promotes the restoration of the resources of
C,, both in the agroecosystem and in soil, bringing
its content closer to the natural status [19, 23]. It was
also demonstrated in the works [19, 23] that the total
emission of CO, decreases in the following order: wild
land—fallow—tillage. In spring and summer the emis-
sion of CO, on the wild land exceeds the emission of
carbon dioxide for tillage 10-23 times, also in spring
the emission of CO, is 10-25 times higher than in au-
tumn with the maintenance of wild land and fallow and
4-5 times higher — in case of systematic tillage in the
long run.

The interaction between carbon and nitrogen circula-
tion in the agroecosystems has a considerable impact
on the content of nitrogen and carbon in the cultivated
crops, detritus and organic matter of soil, and the inten-
sity of nitrogen and carbon circulation is determined
by the C to N ratio both in soil and agroecosystems
in general [18]. The use of different types of organic
fertilizers tells both on the removal of nitrogen and car-
bon. With humus introduction the removal of nitrogen
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beyond the boundaries of agroecosystems exceeds its
input by 154 kg, whereas, vice versa, in case of apply-
ing the secondary products the input of nitrogen into
the agroecosystem exceeds its removal by 145 kg due
to the input of nitrogen from the secondary products,
which increases 1.75 times with humus introduction.
Thus, the removal of COrg with the introduction of the
secondary products increases by 7.6 t, and the input of
C,,, increases 2.1 times compared to the application of
humus (Table 4).

Regardless of the kind of organic fertilizers, the
amount of nitrogen from 1424 to 1468 kg is involved
in the agroecosystems of crop rotations with the in-
crease in case of introducing secondary products, and
in the latter case there is 1.48 times more carbon than
for humus introduction. The C to N ratio for the to-
tal removal using the secondary products was 97 to 1
against 45 to 1 on average with humus introduction,
and by the articles of input the C to N ratio was 53
to 1 and 28 to 1. In the general circulation it was 54
to 1 and 37 to 1, respectively. The impact of the type
of crop rotation on the C to N ratio has some speci-
ficities: the total removal of nitrogen was 1.19 times
higher in the crop rotation with peas compared to the
crop rotation with grass. The input of nitrogen from
the secondary products was 1.1 times higher; the total
input — 1.05 times higher, and the amount of nitrogen

in the total circulation — 1.15 times higher compared
to the crop rotation with grass.

In the crop rotation with peas the removal of COrg
from the agroecosystems, regardless of their type, was
36.0-39.0 t, and the input of C_, , Was 1.23 times higher
though the total amount of C_ 1n the agroecosystems
with peas and grass was in the 1 range 0f'59.4—60.8 t. The
C to N ratio in terms of removal from the crop rotation
with grass was 1.53 times higher. The input of nitrogen
and carbon was registered in the range of 39.5-41.7
t regardless of the type of agroecosystem, though the
volume of the total circulation of C and N in the crop
rotation with grass was 1.24 times higher compared to
the crop rotation with peas. The impact of the way of
soil cultivation on the circulation of N was manifested
in the fact that with subsurface/surface tillage the total
removal, input and volume of N in the agroecosystems
decreased 1.05, 1.03 and 1.09 times respectively, while
the input and total amount of Coe had a stable tendency
towards decreasing 1.14, 1.12 times. It affected the C
to N ratio, the value of which for subsurface/surface til-
lage decreased 1.05, 1.08 times against tillage, respec-
tively, compared to the application of humus and straw
with tillage, which testifies to the decrease in the inten-
sity of C and N circulation with surface tillage both in
soil and agroecosystem in general. A higher amount of
reliable correlative inverse relationships between the C

Table 4. The ratio of carbon and nitrogen in agroecosystems of different types using different types of organic fertilizers and

ways of chernozem preparation

Parameter "

. ; X
of circulation aver

Interval * X *

aver

Interval *

Types of organic fertilizers

Humus, 6 t/ha

Secondary products**

COrg (removal) to N (removal) 44.7 34.0-49.0 67.4 52.0-75.0
C,, (input) to N (input) 28.0 17.5-39.5 53.2 37.0-64.0
Cm (agroecosystem) to N (agroecosystem) 36.9 27.5-40.5 54.2 38.0-57.0
Crop rotation with
Peas Grass
COrg (removal) to N (removal) 44.3 34.0-53.5 67.8 45.0-76.5
C,,, (input) to N (input) 41.7 18.0-58.5 39.5 28.5-44.5
C, ., (agroecosystem) to N (agroecosystem) 40.6 27.5-52.5 50.5 34.5-63.5

The way of soil cultivation

Ploughing for 22-25 cm

Subsurface for 22-25 cm

COrg (removal) to N (removal) 57.7 41.0-56.5 55.1 41.0-60.0
C,, (input) to N (input) 42.4 33.5-54.0 39.0 23.5-57.0
C (agroecosystem) to N (agroecosystem) 47.7 35.5-54.0 443 32.5-53.5

org

*C ,
org

tper 1 kg of N, **7 t/ha of secondary products.
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to N ratio of the abovementioned articles of nitrogen
and carbon articles was revealed using different kinds
of organic fertilizers: R = (—0.55...—0.81) + 0.02 for
humus introduction and R = (—0.56...—0.73) £ 0.02 for
the introduction of secondary products.

For different ways of soil cultivation the level of cor-
relative relationships decreased down to a weak inverse
correlation with the removal and input of nitrogen with
tillage, and there was a considerable strengthening of
the correlative relationship between the removal and
total circulation of C and N as well as their ratio: R =
(—0.65...—0.73) + 0.02. In case of surface tillage the
inverse reliable correlative relationships were revealed
relative to the total circulation of C and N and their
ratio, and the strengthening of the relationship to the
values of the medium level — relative to the total re-
moval of nitrogen. In the crop rotation with peas the
relationships between the mentioned parameters of the
nitrogen-carbon circulation were on the level of a weak
inverse correlation, and in the crop rotation with grass
they approximated the level of values of R = (=0.55...
—0.77) + 0.02. The emission of CO, due to mineral-
ization of COrg in the agroecosystems was 10.9-14.9 t
according to the normalized interval of values with the
increase up to 16.7 t with the introduction of second-
ary products. The emission of CO, due to mineraliza-
tion of secondary products was 3.85—6.83 times higher
compared to humus mineralization and amounted to
41.4-102 t, increasing to 139 t by the maximally typi-
cal value. The share of CO, emission due to mineraliza-
tion of humus and secondary products was from 74 to
85 %, and reached 89—90 % in its maximal values.

CONCLUSIONS

The circulation of nitrogen, which is one of the main
limiting factors of the manifestation of performance
and intensity of the destructive processes in the agro-
ecosystems of different crop rotations, has a consider-
able impact on the circulation of organic carbon with
the application of different types of organic fertilizers
and ways of chernozem preparation in the climatic sys-
tem of the forest-steppe of Ukraine.

The use of humus as an organic fertilizer creates the
conditions when the total removal of nitrogen from the
agroecosystems exceeds its input in the typical inter-
val of the performance increase which is related to the
increasing deficiency of the organic matter of humus
with excessive mineralization and removal of nitrogen.
In case of applying the secondary products the total
removal of nitrogen from the agroecosystems is less
than its input from the secondary products and mineral
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fertilizers which improves the balance of the organic
carbon in soil and causes the reduction of its deficiency
in the agroecosystem in general.

The types of organic fertilizers affects the emission
of CO, due to mineralization into the atmosphere: ac-
cording to the typical interval estimate the amount of
emission in case of humus application corresponds to
25-85 t, whereas in case of introducing the secondary
products the weight of emission reaches up to 80—-160
t which is accompanied with the increased removal of
nitrogen compared to its input into the agroecosystems
in the former case, and vice versa, linearly to the in-
creasing input of the total nitrogen relative to its re-
moval due to mineralization of the secondary products
— in the latter. At the same time there is increasing de-
ficiency in the carbon balance in soil with the humus
application and the increase in its positivity in case of
applying secondary products, i.e. there is extensive res-
toration of chernozem fertility due to surface tillage.

The impact of the type of agroecosystem (crop ro-
tation) on nitrogen-carbon circulation manifests itself
in the fact that the saturation of crop rotations using
crops with a high yield of secondary products (crop
rotation with peas) ensures linear increase in the nitro-
gen input in the typical interval measurements of in-
creasing the performance due to the mineralization of
secondary products and nitrogen removal from them.
The rate of removal and input of nitrogen gets leveled
with the removal of the weight of perennial grass, and
with the maximal performance they are not compen-
sated with remaining secondary products and nitrogen-
fixing, which results in the increase in the deficiency of
the carbon balance with the inverse linear dependence
whereas in the crop rotation with peas the increase in
the carbon deficiency changes parabolically in the typi-
cal interval of performance increase. In the latter case
the increased emission of CO, is accompanied with the
increasing carbon balance of soil and the increased per-
formance of the agroecosystem.

The effect of the way of chernozem preparation on
the nitrogen-carbon circulation manifests itself in the
fact that regardless of the type of organic fertilizers and
that of agroecosystem in case of surface tillage the car-
bon balance in the interval of increasing performance
is positively increasing compared to ploughing, where
the increase in the deficiency is parabolic. The interval
of CO, emission into the atmosphere due to mineraliza-
tion after ploughing was wider relative to surface till-
age, which testifies to the increase in the mineralization
processes in soil with the uniformity of nitrogen-car-
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bon circulation and determines the way of soil cultiva-
tion as a subordinate regulatory subsystem of the crop
rotation type and the kind of organic fertilizers in the
general circulation.

The introduction of humus and removal of secondary
products from the agroecosystem while deep plough-
ing leads to the balance between nitrogen-carbon cir-
culation which is accompanied with the decrease in the
stocks of terrestrial carbon in the agroecosystem and
its components (plants, soil, pool of microorganisms).
It leads to the intensification of autotrophic breathing
and the acceleration of the rate of detritus and humus
decomposition i.e. the relationship between carbon cir-
culation and climate becomes positive. In case of this
model of agroecosystem maintenance the replacement
of ploughing with surface tillage only increases the
processes of humification of the organic matter in soil
and somewhat improves the impact of the nitrogen-
carbon circulation on the year to year variations in the
surface heat resource due to the emission of CO, from
the agroecosystem into the atmosphere.

The application of secondary products as an organic
fertilizer enhances the process of optimizing the nitro-
gen-carbon circulation in agroecosystems of differ-
ent types towards natural organization which leads to
the increase in the stocks of surface carbon with the
enlargement of heat resources, conditioned by the in-
creased emission of CO, into the atmosphere due to
mineralization of the excess of the secondary products
and the release of mineral forms of nitrogen into soil.
The latter increases the performance of agroecosys-
tems due to the “stimulating effect of N’ and enhanced
adsorption of CO, of the atmosphere. In these condi-
tions the growth of the greenhouse effect promotes the
accumulation of organic carbon in agroecosystems and
farming ecosystems which get the properties of waste-
water systems, i.e. the higher dependence of the perfor-
mance of agroecosystems on the intensity of nitrogen
assimilation which entered the system of a farming
ecosystem, the faster the emission of CO, due to the
mineralization is consumed.

The maintenance and application of ground second-
ary products of crop production, sufficiently compen-
sated in terms of nitrogen using mineral fertilizers, as
organic fertilizers, and wrapped up into the surface
layer of chernozem during the surface tillage, simu-
lates the natural course of nitrogen-carbon circulation
in agroecosystems of different short-term crop rota-
tions. Here the simulation of natural soil formation in
agroecosystems alongside the microbiological activ-
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ity is ensured by the activation of the photosynthetic
activity of cultivated crops due to the restoration of
drain mechanisms of carbon with the increase in the
CO, content in the atmosphere and the accumulation
of heat resources in the agroecosystems in general
which should be the foundation of extensive restora-
tion of the fertility of typical chernozem of the forest-
steppe of Ukraine.
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Meta. BcraHoBUTH HOpMAaTHBHI HapaMeTpy KOMIUIEKCHOI
Mozeni o0iry a3oTy i ByIJIELIO HPH 3aCTOCYBaHHI PI3HHX
THUITIB CIBO3MiH, BHJIB OpPTraHIuYHHUX JIOOPUB 1 PI3HHUX CIIO-
co0iB 00po0ITKY IpyHTY B arporieHosax Jlicocreny VYkpai-
Hu. Metoau. IlonboBuii, mabopatopHuil, po3paxyHKOBHA,
MareMaTHKo-cTarucTuuHui. Pesyabrarn. Bua opraniusoro
nobpusa BrimBae Ha emicito CO, B npuseMHuil map ar-
MocdepH JIoKasTi3allii CTeOIOCTOr KYIBTYpP: 32 BUKOPUCTAHHS
THOIO THIIOBMH IHTEPBaJI BHUKHUIIB BYIJICKUCIOTH CTaHOBHTH
25—85 1/ra, ToAl SIK IPU 3aCTOCYBaHHI MOOIYHOT MPOIYKIIT —
70—-160 1/ra. Brums crnocoby oOpoOiTKy 4opHO3eMy Ha
a30TO-BYIVICIIEBUN 0O0Ir 3BOJMUTHCS JIO TOTO, IO 3a Oe3ro-
JIMIIEBOTO 00pOOITKY OallaHC BYIVICIO Y IPYHTI OyB JONATHO-
3pOCTarouMM TIOPiBHAHO 3 opankoro. Intepsan emicii CO,
B NpU3eMHUI map arMocdepu Bijx MiHepadizauii rymycy i
OpraHiYHUX JOOPUB 32 OPAHKH 3MIHIOETBCS Y OUIBII IIUPOKOMY
Jliarma3oHi BITHOCHO Oe3MONHIIeBOr0 00po0iTKy. BcHOBKH.
3a BHECEHHsI THOIO Ta BHJIyYEHHs MOOIYHOI MpOAyKLii 3a
MEXI arporeHo3y 3a OpaHKH MOPYIIY€EThCS BUBAKCHICTH B
A30THO-BYIVIELIEBOMY 00iry. BUkoprucTaHHs SIK OpraHivHOTO
nmo0prBa moApiOHEHOT MOOIYHOT TPOAYKIIii POCTUHHHIITBA,
siKa 3a OE3IONUIICBOTO 00POOITKY 3arOpPTa€ThCs Y MOBEPX-
HEBUIl IIAp YOPHO3EMY, MOJIECIIOE IMPUPOAHHN XapakTep
a30THO-BYIJICIIEBOTO 00ITy B arpoIeH03aX CIBO3MIH Pi3HOTO
tumy. [Ipy 1bOMY NOCHIIFOETBCS HPHPOIHE IPYHTOYTBO-
pPEHHS 32 paxyHOK aKTWBi3amii (POTOCHHTETHYHOI aKTHB-
HOCTI CLIbCHKOTOCTIONAPCHKMX KyJIBTYp npu HacuuenHi CO,
MPHU3EMHOTO TIapy arMocdepH JoKamizalii cTebIocTon y
mepion BereTarii, mo 3ade3nedye po3UIMpeHe BiITBOPCHHS
pomrodocti gopHOo3eMiB JlicocTemy YkpaiHu.

KirouoBi ciioBa: Byriiens, asor, COZ, Oe3monuIEeBuit 00po-
0iTOK, OpaHKa, arpOIIEHO3.
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B. A. Beinuko !, A. B. JlemuaeHko 2
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HauunonaybHbIil HayYHBIA LEHTP

! «IHCTUTYT MOYBOBEICHUS M arpoXuMuu umern A. H.
Coxomnosckoro» HAAH Ykpauabt

V1. HaiikoBckoro, 4, XapbkoB, YkpanHa, 61024
2 Yepracckasi TOCYIapCTBEHHAS CETbCKOXO3ANCTBEHHASL
ombITHas ctanmus HHI
«uctutyT 3eminenenus HAAH Ykpauasn

V. Jloxygaesa, 13, c. XomogasHckoe, CMIIITHCKHH p-H,

Yepxkacckas o011., YkpanHa, 20731

Lean. YcTaHOBUTH HOPMAaTUBHBIE ITAPAMETPhI KOMITJICKCHOMH
MOJIeNN KpyroobopoTra a3oTa M yriepoja Mpu pa3IndHbIX
ceBOOOOpOTaX, BU/IAX OPraHMYECKHUX YIOOPEHMH M CIIOCOo-
6ax 00paboTKHM MOYBKI B arporieno3ax Jlecocrenn YKpauHsl.
Mertonpl. [loneBoii, mabopaTOpHBINA, pacyeTHBINA, MaTeMa-
THKO-CTaTHcTHUeCKHid. Pe3yabTarsl. Bua opranmdeckoro
ynoOpenust BauseT Ha smuccuio CO, B MPU3EMHBIA CII0M
arMoc(epbl: pU UCHOIB30BaHIH HABO3a TUIIMYHBIN HHTEP-
BaJ BEIOPOCOB coOCTaBIsieT 25—85 T/ra, Torma Kak WpH
MpUMEHEHNU T000YHOH mponykuuu — 70—160 1/ra. Bims-
HHE crocoba oOpabOTKM YepHO3eMa Ha a30THO-YIVIEPO[-
HBIH KpyrooOOpOT CBOJAMTCS K TOMY, YTO HPH O€30TBAILHOM
PBIXJIEHNH OajaHC yriepoja B IOYBE COXPAHEH Kak Mo-
JIOKUTENIbHO-HAPACTAIOIIMNA 110 CPABHEHHUIO CO BCIIALIKOM.
Hnrepsan smuccun CO, B NMpH3EMHBIA CIIOH atMOChepsI
OT MHHEpaIN3alii TyMyca M OPraHMYECKHX YIOOpEeHHUH
IPU BCHAIIKE H3MEHSEeTCs B Oolice IMPOKOM HHTEpBAJe
OTHOCHUTENBHO O€30TBAJIBHOTO pBIXJIECHUS. BbiBoabI. IIpn
BHECEHUH HABO3a U U3BATHH [TOOOYHOMN MPOAYKIMHU 32 Hpe-
JIeTbl arpoIleHO03a MPU BCTIAIIKE HApYIIAETCs B3aUMOCBSI3b
B a30THO-yIIIEpOAHOM 0OopoTe. Vcronb30BaHNE B KaYE€CTBE
OpPraHUYECKOTO YAOOpEHHUs] W3MENFICHHOW MOOO0YHON Tpo-
JOYKLUH, KOTOpasl 3aJCIIbIBACTCSI B MOBEPXHOCTHBIN CIIOH
YepHO3eMa ITPU OE30TBAIILHOM PBIXJICHUH, MOJEIHPYET MPHU-
POIHBIN XapakTep a30THO-yIJIEPOAHOTO OOMEHa B arpolie-
HO3aX pasauyHOoro Twma. [Ipm sTOM MopmenmpyeTcs IpH-
POIHOE TIOYBOOOPA30BAHUE 33 CUCT aKTUBU3AIMH (POTOCHH-
TETUYECKOH aKTUBHOCTH CEIIbCKOXO3SIMCTBEHHBIX KYJIBTYP
npu Hacklenun CO, NpU3EMHOTO CIos aTMOC(HEPBI JIOKa-
JIU3AIMA CTEOJIECTOs, YTO 00SCIICUNBACT PACIINPEHHOE BOC-
CTAHOBJICHHUE IJIOIOPOIHS uepHO3eMOoB JlecocTenu YKpanHsl.

Kurouesbie cioBa: yriepos, azor, CO,, 6e30TBaIbHOE PhIX-
JIeHHe, BCIIAIIKa, arpOLIEHO3.
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