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BIOLOGICAL CO, CYCLE AND ORGANIC CARBON BALANCE IN MAIZE (ZEA MAYS) - SOYBEAN
(GLYCINE HISPIDA (MOENCH) MAXIM.) AGROCENOSIS IN SOD-PODZOLIC SOIL

V. M. Polowyi, L. A. Yashchenko, H. F. Rovna, B. V. Huk
Institute of Agriculture of Western Polissia NAAS, 5 Rivnenska St., Shubkiv village, Rivne region, 35325, Ukraine

Topicality. Today, the search for ways to accumulate organic carbon and restore soil fertility, as well
as increase crop yield, is a topical issue for the sod-podzolic soils of Western Polissia. Purpose. To deter-
mine the intensity of CO, emission and the organic carbon balance on sod-podzolic soil at different fertilizer
rates in the maize-soybean link against the background of chemical amelioration with incorporation of by-
products. Methods. We used such methods as a stationary field trial, comparative and calculation method to
determine the accumulated and emitted CO, by plants, analytical and calculation methods to determine the
organic carbon balance. Results. The CO, emissions from organic matter mineralization amounted to 5.01—
5.45 t/ha by the fertilizer rate recommended and calculated by the normative method on the background of
dolomite and lime meals, which was 23.4-34.2 % higher than the control (without fertilizers). The CO, emis-
sion into the atmosphere through plant mass mineralization, depending on fertilization and chemical melio-
ration, was in the range of 18.6-24.7 t/ha and exceeded the control (without fertilizers) and the background
of 1.0 Hy, (hydrolytic acidity) CaMg(COs), by 1.2-2.0 times, which is associated with improved soil condi-
tions, higher by-products mass and CO, accumulation by plants. The highest amount of CO, was accumulat-
ed by maize (64.8-65.0 t/ha) and soybean (15.0-15.8 t/ha) at combination of the fertilizer rate calculated by
the normative method with microfertilizers on the background of dolomite meal. The application of calcula-
ted fertilizer rates on the background of 1.0 Hh CaMg(COs), provided an advantage in the formation of or-
ganic carbon in the soil, which formed a positive balance of 0.12 and 0.15 t/ha. In the variant without ferti-
lizers and chemical amelioration, the ratio of total CO, emissions into the atmosphere per 1 t of grain yield
in the maize-soybean link was 4.65 and 4.62 units, while the application of the fertilizer rate calculated by
the normative method against the background of 1.0 Hh CaMg(COs), decreased to 3.78 and 3.89 units,
respectively. Conclusions. For increasing the maize and soybean productivity on sod-podzolic loamy sandy
soil, incorporation of plant mass into the soil with applying the fertiliser rates calculated by the standard
method against the background of 1.0 H, CaMg(CQ3); is an effective method to control soil degradation that
ensures the inclusion of additional organic carbon into the cycle, which is aimed at its fixation by forming a
deficit-free balance of 0.12 and 0.15 t/ha.

Key words: emission, organic carbon, productivity, fertilization, land amelioration, plant mass

Introduction. In the context of global and
regional climate change, an important source of
greenhouse gases is the soil from which they
enter the atmosphere, which is a powerful re-
serve for the accumulation and storage of organ-
ic carbon in the form of humus substances [1-3].
Soil respiration causes the loss of carbon, which
is mainly concentrated in organic matter. The
loss of carbon due to the irrational use of arable
soils turns agroecosystems into a powerful sour-
ce of greenhouse gas, i.e. carbon dioxide [4].

Author information:

The conversion of natural ecosystems to
agricultural use has reduced soil organic carbon
levels, releasing 50 to 100 Gt of carbon into the
atmosphere from the soil each year, and there-
fore minor disturbances to soil respiration on a
global scale can lead to major changes in at-
mospheric CO, concentrations [5]. Disturbance
of soil respiration results in changes of CO;
content in the surface layers of the atmosphere.
About 80-90 % of atmospheric carbon dioxide
is of soil origin, and among the CO, fluxes ente-
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ring the atmosphere, emissions from the soil
surface are one of the most powerful [6, 7].

The accumulation of organic matter in the
soil can be increased through the introduction of
scientifically based environmentally balanced
crop rotations. Supply of organic matter from
crop by-products and chemical amelioration of
acidic soils is an important reserve for stabili-
sing the humus content [8—10]. Carbon retention
in the soil is most optimal when there are large
volumes of aboveground biomass and roots de-
composing in moist soil, where aeration is not
limited [11]. According to opinion of scientists,
the main reasons for humus losses due to an-
thropogenic management of soils is an increase
in its biogenicity compared to natural cenosis,
which results in changes in the water regime
and increased humus mineralisation [12].

Plants play a key role in the dynamic pro-
cess of organic carbon cycle in the soil. The
organic materials are decomposed at a rate pro-
portional to the amount of organic matter in the
soil. The higher organic content of the soil re-
sults in a higher level of carbon reserves. Soils
with high organic matter content always emit
more carbon than poor soils. Unfertilised sandy
soils emit an average of 2 kg/ha/year of CO,,
loams — 4 kg/ha/year, and medium-fertilised
soils — 5 kg/ha/year [13]. The determining factor
behind the significant imbalance of deposited
carbon is tillage, unbalanced application of min-
eral fertilisers, and disruption of crop rotation,
which negatively impact soil biota, reducing the
environmental sustainability and productivity of
agroecosystems [14-16].

Currently, the research on organic carbon
management in the Polissia zone is insufficient;
therefore, there is a need to develop practices
for its sequestration in low-fertility soils. Car-
bon sequestration in the soil and CO, production
depends on humus reserves, since humus con-
tains 58 % of organic carbon on average [17].
Management of carbon sequestration processes
is essential to overcome soil degradation The
topicality of our research is related to finding
ways to accumulate organic carbon in the soil,
which will help reduce greenhouse gas emis-
sions into the atmosphere, increase humus con-
tent and preserve the fertility of sod-podzolic
soil. Therefore, the issue of the biological CO,
cycle under the impact of fertilisers against the
background of chemical amelioration and by-
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products in Western Polissia requires in-depth
analysis.

Purpose. To investigate the carbon diox-
ide cycle in the maize-soybean link at different
fertiliser rates against the background of chemi-
cal amelioration and incorporation of by-
products, to determine the intensity of CO,
emissions and the organic carbon balance of
sod-podzolic soil.

Materials and Methods. The research
was carried out in a stationary experiment in the
maize — soybean link of crop rotation. The sown
area of the plot is 99 m? (16.5x6), the account-
ing area is 50 m? (12.5x4), and the experiment
was replicated three times. The experimental
design is sequential. The crop cultivation tech-
nology is generally accepted for the Polissia
zone.

Experimental design: 1. No fertilisers (cont-
rol); 2. CaMg(COs3), (1.0 Hy) — background;
3. Background + NPK recommended + Sy +
microfertiliser (2 treatments); 4. Background +
NPK calculated by the normative method (ac-
cording to the nutrient removal by the main
product) + S + microfertiliser (2 treatments);
5. Background + NPK calculated by the norma-
tive method (according to the nutrient removal
by the main and by-products) + S4o + microferti-
liser (2 treatments); 6. Background + N calcu-
lated by the normative method (according to the
nutrient removal by the main products) + Sy +
microfertiliser (2 treatments); 7. CaMg(COz3),
(1.5 Hp) + recommended NPK + S, + micronu-
trient fertiliser (2 treatments); 8. CaCOs (1.0 Hy) +
NPK recommended + Sy + microfertiliser (2
treatments). The introduction of crop by-
products is the general background of the exper-
iment. Mineral fertilisers for maize and soybean
were applied in the form of ammonium nitrate,
ammophos, and potassium chloride according to
the experimental design in the recommended
rates of NPK (Table 1).

Chemical ameliorants in the form of do-
lomite CaMg(CO3), meal and lime CaCO3 meal
were applied before the laying out of a station-
ary experiment at a rate based on the hydrolytic
acidity (Hy) in each variant. Foliar feeding with
microfertiliser Nutrivant Universal (2 kg/ha)
was carried out twice in the first pair and 3-5
pairs of leaves stages for soybean, and in the 3—
5 and 6-8 leaves stages for maize.

At the time of laying out the experiment,
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Table 1. NPK rates according to experimental design

Application rate of NPK for crop, kg/ha

Variants X
soybean maize average

Rate recommended NsPsoKso N120Pg0K120 NgzP75Kgo
Rate calculated by normative method according to
the nutrient removal by the main product NssP2oKso Ni6sPa0Kso Ni10P2sKso
Rate calculated by normative method according to
the nutrient removal by the main and by-products NesPsok7s Na2ooP70K150 Ni3sPsoKi13
N rate calculated by normative method according N N N
to the nutrient removal by the main product > 165 110

the soil of the experimental plot was sod-
podzolic, cohesive sandy, with an acid reaction
of the soil solution pHgc;, low content of easily
hydrolysable nitrogen compounds (according to
Kornfield) and mobile potassium, and high mo-
bile phosphorus content (according to Kirsanov).

The organic carbon content in the soil was
determined according to DSTU 4289:2004
"Methods for determination of organic matter".
The balance of organic matter was calculated
using standard indicators and coefficients ac-
cording to the methodology of the National Sci-
entific Center "Institute for Soil Science and
Agrochemistry Research named after O.N.
Sokolovsky".

Results and Discussion. The carbon cycle
of agrocenosis is indicated by CO; reserves in
the biomass of crops and the intensity of CO;

emissions to the atmosphere from various
sources. Comparison of CO, accumulated by
plants and emitted to the atmosphere as a result
of mineralisation of plant residues and soil or-
ganic matter at different fertiliser rates and lim-
ing allows us to identify the best ways to man-
age sod-podzolic soil and minimise unproduc-
tive losses of organic carbon.

The biological productivity of crops is de-
termined by the CO, pool accumulated during
the growing season. The highest amount of CO;
was found in the experimental variants with the
application of complete fertiliser: 55.90—
65.30 t/ha for maize and 13.70-15.80 t/ha for
soybean. The required CO, amount for plant life
is supplied by various sources, with the main
part of its natural emission being released from
the soil surface (Table 2).

Table 2. CO, cycle for growing maize and soybean on sod-podzolic soil,
(average for 2021-2022), t/ha

CO, accumulated CO, emissions from different
by crops sources, t/ha
° CO, emission from:
. O = n
Variants kN % % < % 3 oo | -
T 2 5 E 2 S cl |y S
= =) = o2 = S | E= —
7] © LL g % 5 = o L -g
< 3 5ES
No fertilisers (control) 30.40 | 8.86 | 19.63 | 1.96 | 12.40 | 4.06 - 18.42
CaMg(COs3); (1.0 Hy,) — background 39.90 | 10.90 | 25.40 | 2.54 | 15.70 | 4.61 | 2.25 | 25.47
Background + Ng3P75Kgg 60.90 | 13.70 | 37.30 | 3.73 | 22.80 | 5.01 | 1.92 | 33.79
Background + Nj1oP,5Ks 64.80 | 15.00 | 39.90 | 3.99 | 24.20 | 5.01 | 1.60 | 35.07
Background + N133PgoKi13 65.00 | 15.80 | 40.40 | 4.04 | 24.70 | 5.01 1.68 | 35.71
Background + Njjo 48.30 | 11.70 | 30.00 | 3.00 | 18.60 | 4.61 | 1.68 | 28.08
CaCO; (1.0 Hy) + NgsP75Kgg 55.90 | 14.40 | 35.20 | 3.52 | 21.60 | 523 | 1.78 | 32.44
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According to scientific data, the volume
of carbon dioxide in the atmosphere is quite
stable, therefore the atmosphere is not the main
source of carbon dioxide and cannot fully satis-
fy the plant needs for this resource. In fact,
plants usually utilize about 10 % of the possible
diffuse inflow of CO, of their total requirements
from the atmosphere [18], which was 1.96-4.04
t/ha in the maize — soybean agrocenosis in the
conditions of the Western Polissia.

CO;, emission into the atmosphere through
plant mineralisation, depending on fertilisation
and chemical amelioration, ranged from 18.6—
24.7 t/ha and was 1.2-2.0 times higher than the
control (no fertilisers) and against the back-
ground of 1.0 Hy of CaMg(COs),, which is a
result of CO, accumulation by a larger mass of
by-products and plant residues under improved
soil nutrition. Without fertilisation and chemical
amelioration on acid soils, the CO, was slowly
accumulated by the aboveground and root parts
of maize and soybean plants in the amount of
19.63-25.40 t/ha, as a result, CO, losses due to
emission with plant mass were the lowest. Dif-
ferent mineral fertiliser rates on the background
of liming contributed to both an increase in CO,
emission fluxes and carbon accumulation in the
soil, due to a more intensive cycle of this ele-
ment. It was found that, on average, the highest
CO, accumulation was observed in maize and
soybean biomass in the variant with N133PgoK113
on the background of 1.0 Hp, CaMg(COs3),,
which, in turn, is a source of increased carbon
dioxide emissions during the incorporation of
non-commodity part of the crop yield into the
soil.

Intensive use of soil in agricultural pro-
duction upsets the balance of carbon emission
and deposition processes and leads to increased
mineralisation of organic matter. A significant
part of the minor constituents contains com-
pounds that are easily decomposed by soil mi-
croorganisms, and carbon is returned to the at-
mosphere in the form of carbon dioxide [19]. In
the experiment, the content of mineralised or-
ganic carbon converted to CO, under different
rates of mineral fertilisers against the back-
ground of chemical amelioration averaged 4.61—
5.45 t/ha, while the indicator for the control
(without fertilisers) was 4.06 t/ha. CO, emis-
sions due to application of the recommended
and calculated rates of fertilisers against a back-
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ground of 1.0 Hy of CaMg(COs3), increased by
23.4 % compared to the control (no fertilisers).
The application of the recommended fertiliser
rate at 1.5 t/ha Hy, of CaMg(COs); resulted in an
increase in CO, emissions by 34.2 % compared
to the control and by 18.2 % compared to the
background, which is related to the organic car-
bon content in the studied soil variants.

Lime materials used to neutralise the acid-
ity of the soil solution affect the flux of green-
house gases into the atmosphere. According to
researchers, while carbonate soils with high pH
act as CO; sinks, in acidic soils, ameliorants
serve as a net source of CO; [20]. CO, emis-
sions due to the liming process were calculated
considering the type, rate of ameliorant and
conversion factor of 0.48 for dolomite meal and
0.44 for lime meal [21]. Emitted CO, growth to
2.35 t/ha was achieved by the introduction of
1.5 Hy of CaMg(CO3), due to an increase in the
amount of carbonates in the dolomite meal.

According to the obtained data, it was
found that the total amount of CO, emitted into
the atmosphere was 18.42-36.18 t/ha and de-
pended on the fertiliser rates on the background
of chemical amelioration, which increased the
carbon dioxide deposition by 1.5-2 times com-
pared to the control (without fertilisers). The
photosynthetic CO, flux, on average for two
crops, varied in the range of 25.40-40.40 t/ha
depending on different fertiliser rates with the
addition of sulphur and microfertilisers against
the background of chemical amelioration with
incorporation of by-products and exceeded its
emission by 0.30-5.10 t/ha, due to the high as-
similation potential for the realisation of plant
bioproductivity.

Incorporation of the non-commodity part
of the yield increases the CO, dissipation into
the atmosphere. In the experiment, the CO,
emitted by plant mass in the fertilised variants
was 74.7-78.7 % in the total emissions, but the-
se variants showed higher crop productivity
compared to the control and background (Table
3). Under such conditions, non-productive CO,
emissions decreased, which indicates the effec-
tive use of carbon dioxide over the growing
season.

The ratio between total CO, emissions and
the average yield of grain units in the maize-
soybean link in terms of cumulative yield de-
pended on the mineral fertiliser rates against
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Table 3. Influence of fertilisation and land amelioration on crop productivity

and CO, emissions in Western Polissia, (average for 2021-2022)

. Productivity, General CO, emis- Rat_lo _between €0,
Variant - - - emissions and crop
grain unit, t/ha sions, t/ha .
productivity

No fertilisers (control) 3.54 16.46 4.65'1
CaMg(COs);, (1.0 Hy) — background 4.88 2256 4.62:1
Background + Ng3P+5Kqo 7.51 29.73 3.96:1
Background + Ni10P25Kso 8.15 30.81 3.78:1
Background + N133PeoK113 8.07 31.39 3.89:1
Background + Niso 5.76 24.89 4.32:1
CaMg(COs) (1.5 Hp) + NgsP7sKeo 7.93 32.20 4.06:1
CaCO, (10 Hh) + Ng3P75Kgo 6.89 28.61 4.15:1

the background of chemical amelioration with are no traditional organic fertilisers available,
the incorporation of by-products and plant resi- the source of soil carbon sequestration is the
dues into the soil. Thus, the ratio between CO, non-marketable part of the crop and root resi-
emission and 1 tonne of grain units was 4.65 dues of cultivated crops. It was found that the
and 4.62 units in the variants without fertilisers  crop-root and surface residues have almost
and chemical amelioration, while the ratio de- equal contribution to the accumulation of organ-
creased to 3.78 and 3.89 units, when the calcu- ic carbon in the soil (Fig. 1). Only in the variant
lated rates of NPK were applied on the back- (background + Ni33PsoKi13 + Ss0 + microferti-
ground of 1.0 H;, of CaMg(COs3),. liser) with the highest productivity of crops, on

Carbon is the main component of soil or- average for two years, CO, accumulation from
ganic matter. Its conservation and restoration is  by-products was noted at the level of 51.8 % of
essential for sustainable agriculture. When there  the total amount.
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Fig. 1. The share of crop production in the organic carbon supply
and its balance in the maize-soybean link, (average for 2021-2022)
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In a stationary field trial, it was found that
when there were no fertilisers in the control and
in the variant of land amelioration with 1.0 Hy
of CaMg(COs), (background), the most defi-
cient balance of organic carbon was formed on
average over two years (0.47-0.69 t/ha). It
should be noted that in the variants with unilat-
eral application of nitrogen fertilisers N1 on
the background of 1.0 Hy of CaMg(COs), and
Ns3P7sKgo (recommended rate) on the back-
ground of 1.0 Hy, of CaCOs3, due to the increase
in plant mass of maize and soybean by 16.0-
33.4%, the deficit balance of organic carbon
decreases, but the balance remains negative (-
0.27 and -0.10 t/ha, respectively). Only the ap-
plication of mineral fertiliser rates calculated by
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Tucmumym cinvcokozo 2ocnodapcmea 3axionozo Ilonicca HAAH, eyn. Pisnencovka,5, c. Lllyokis, Pienencvka o001.,
35325, Vkpaiua

AKTyaJIbHICTh JIOCIIPKEHB TTOB’si3aHa 3 HEOOXIMHICTIO MOIIYKY NUISAXiB HAKONMWYEHHS OPTaHiqHOTO
BYIJICHIO Ta BIATBOPEHHS POMIOYOCTI IPYHTY, IIJBUIICHHS TPOAYKTUBHOCTI KyIbTyp Ha JIEPHOBO-
nigzosnmctoMy IpyHTI 3axignoro [omiccs. Mera. JlocaiauTy UK JIOKCHY BYIJICLIO Y JIAHIN KYKypy/3a —
CcOs1 32 Pi3HUX 703 yI0OpeHHs Ha QoHi XiMiuHOI Meioparlii Ta 320proBaHHs MOOIYHOT MPOAYKIIii, BCTAHOBUTH
inTeHcuBHICTH emicii CO, 1 OajaHCc OpPraHivHOTO BYTJIEHIO JEPHOBO-MIA30IUCTOMY IpyHTY. Martepianu i
MeTtoau. CrarioHapHUH MOMBLOBUHN JOCII, MOPIBHAIIEHO-PO3PAXYHKOBUH — JUIsS BU3HAYEHHS aKyMYJIbOBaHO-
ro pociuHamu i emitoBaHoro CO,, aHANITUYHUA Ta PO3PaXyHKOBHH METOJM — JJIsi BU3HAYEHHS OasaHCy
oprasiqHoro Byriemnto. PesyabTaTn. BctanoBieHo, 110 y pa3i BHECEHHS PEKOMEHIOBAaHOI 1 pO3paxoBaHoi 3a
HOPMaTHUBHUM METOJIOM 03U JOOPHB Ha (OHI JOIOMITOBOTO 1 BamHsIKOoBOro OopomrHa emicis CO, Big miHe-
pauizaliii opraniuyHoi pe4oBuHu ctaHoBuia 5,01-5,45 1/ra, mo Buie 3a KOHTPoJb (0e3 no0puB) Ha 23,4—
34,2 %. Emicis CO, B atmocdepy Bij MiHepaii3allii pOCIMHHOT MacH 3aJISKHO BiJ| yIOOpeHHs 1 XiMidHOT
Merioparii 3HaxoamIace B Mexax 18,6—24,7 1/ra i nepeBuntyBana B 1,2-2,0 pa3u koHTpoib (0e3 100puB) i
¢don CaMg(COs), 1,0 H,, 110 1oB’s3aH0 3 MOKPALICHHUM PEKUMOM IPYHTY, OLIBIIOK Maco MOOiYHOI Mpo-
nykiii 1 HarpomapkenasM CO;, pociuHamu. HaiiBuina kiiekicte CO, akyMmylibOBaHa KyKypyza3oro 64,8—
65,0 T/ra i coeto — 15,0-15,8 T/ra 3a po3paxyHKOBOi A03HM JOOPWB 32 HOPMATHBHUM METOJOM CYMICHO 3
MiKpogoOpuBaMu Ha (OHI J0JIOMITOBOTO OOpoOIIHA. 3aCTOCYBaHHS PO3PAaXyHKOBUX 103 0OpUB Ha (oHI
CaMg(COs); 1,0 H; mix cinbChbKOrocmonapehbki KyabTypH 3a0e3Iedrsio mepeBary yTBOPSHHS OPraHiuHOro
BYIJIELIO B IPYHTI, 0 ¥ ¢opmyBano noxathii 6ananc 0,12 i 0,15 1/ra. Y BapianTti 6e3 100puB i XiMi4HOI
Meniopanii Ha 1 T BUXOXy 3€pHOBHX OAMHUI Yy JIaHLI KyKypyZA3a-cosl BigHOIIEHHs 3araiubHoi emicii CO; B
arMocdepy craHoBwiIo 4,65 1 4,62 of1., TOAI K 32 BHECEHHSI pO3PaXyHKOBOI 703U JJOOPUB 32 HOPMATUBHUM
metonoM Ha doni 1,0 H. CaMg(COs), BiamoBigHo 3HM3MIOCH 10 3,78 i 3,89 ox. BucHOBKH. 3a0proBaHHs
POCIMHHOI Macu B IPYHT 3a MiIBUIIEHHS NPOXYKTHBHOCTI KYKYpPYyI3W 1 COi Ha IEPHOBO-TIJI30JIUCTOMY
3B’SI3HOMINIAHOMY TPYHTI i3 3aCTOCYBaHHSM PO3PaXxyHKOBHX JI03 JOOPHUB HOPMATHBHUM METOJOM Ha (oHi
1,0 H, CaMg(COs); € edexTrBHIM 3aX010M y O0pOTHOI 3 IerpasaIli€io rpyHTy, OCKiIbKH 3a0€3IeUye BKITIO-
YEeHHS Y KOJIOOOIr 101aTKOBOI KIJIbKOCTI OPraHiuHOTO BYTJICLIO, SIKMH CHPSMOBaHUM Ha HOTO 3aKpilUIeHHS 3a
paxyHok gopmyBanHs OezaedinntHoro 6anancy 0,121 0,15 1/ra.

Knrouoei cnosa: emicis, opeaniynuil 8yeneys, npooyKMUGHICMb, YOOOPEHHS, MeTiopayis, POCIUHHA MACA
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