ISSN: 2312-3370, Agricultural Science and Practice, 2020, Vol. 7, No. 1

UDC: 631.452; 631.95

FOCUS OF MINERALIZATION-SYNTHESIS PROCESSES

OF THE ORGANIC MATTER IN THE LEACHED CHERNOZEM

WHILE CULTIVATING POTATOES ON DIFFERENT
FERTILIZATION BACKGROUNDS

V. V. Volkogon, O. V. Pyrig, S. B. Dimova, K. 1. Volkogon

Institute of Agricultural Microbiology and Agroindustrial Manufacture,
the National Academy of Agrarian Sciences of Ukraine
97, Shevchenka Str,, Chernihiv, 14027 Ukraine

E-mail: *volkogon@ukr.net, altrochmanl986@gmail.com, dimoval3@ukr.net, katerina_volkogon@ukr.net
Received July 29, 2019 / Received October 07, 2020 / Accepted March 20, 2019

Aim. To investigate the focus of the mineralization—synthesis processes in leached chernozem while cultivat-
ing potatoes in different fertilization systems, ensuring different supplies of raw organic matter into the soil.
Methods. Field experiment, gas chromatography. Results. The study of emissions of nitrous oxide and carbon
dioxide from the soil followed by the calculations of the specific losses of N-N,O (g/kg C-CO,), depending on
fertilization system and in comparison with the indicators of the “reference” soil, provide an opportunity for
rapid determination of the focus of the mineralization-synthesis processes in the organic matter in agrocenoses.
The use of exclusively mineral fertilization systems results in the highest specific losses of N,O as the increase
of the applied fertilizer doses initiates the mineralization processes in the soil. The combination of mineral
fertilizers with raw organic products (5 t/ha straw and 13 t/ha of lupine cover crop) significantly improves the
situation. At the same time, in experiment with the lowest (N, P, K, kg/ha) and medium (N, P, K. kg/ha)
doses of mineral fertilizers the balance of mineralization-synthesis processes of organic matter was observed.
The highest rate of mineral fertilizer dose in the experiment (N , P , K . kg/ha), even in combination with the
raw organic material, activates mineralization processes. With the use of manure, as well as upon its combi-
nation with the lupine cover crop and low doses of mineral fertilizers, the optimization of nitrous oxide and
carbon dioxide emissions is observed. Conclusions. The use of solely mineral fertilizers in the technology of
potato cultivation is inappropriate in terms of environmental reasons. The combination of mineral fertilizers
(not exceeding N, P, K. kg/ha dose) with straw and lupine cover crop ensures optimization of the processes
of mineralization-synthesis of organic matter. Moreover, the optimization of biological processes in the soil
was observed in experiments with the use of manure, its combination with lupine cover crop and low doses of
mineral fertilizers. The calculations of the indices of mineralization-synthesis of organic matter, considering
the emission factors of N,O and CO,, obtained with the use of modern high-sensitivity gas chromatographic
methods, allow to determine the focus of biological processes in the soil, depending on fertilization system, and
to estimate ecologic sustainability of types and doses of fertilizers.

Key words: N,O emission, CO, emission, mineral fertilizers, organic fertilizers, processes of mineralization
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INTRODUCTION

It is known that in natural phytocenosis soils the
processes of mortmass mineralization and synthesis
of de novo organic matter are balanced, which en-
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sures maintaining the stable humus content in them.
On the contrary, due to anthropogenic impact arable
soils are characterized by negative changes in both the
resources of humus substances therein and their agro-
nomic properties (Waksman S.A., 1952; Brock C. et.
al, 2013). The fertilization system of agricultural crops
is a special factor, impacting the humus state of agricul-
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tural lands. For instance, the excessive use of mineral
fertilizers does not envisage the introduction of fresh
organic matter (except for crop residue) which is the
substrate for humus synthesis, has negative effect on
the fraction-wise ratio of humic acids, conditions the
weakening of their bond with Ca?*, leads to the increase
in the motility and mineralization of humus constitu-
ents. The abovementioned results in gradual deteriora-
tion of soil fertility (Doran J.W. et al., 1996; Margdoff
F.etal., 1997, Baliuk S. etal., 2014; Purtova L.N. et al.,
2017). In some conditions, the additional application of
organic materials (manure, straw, mass of cover crops,
etc.) to fertilize agricultural crops and replenish soils
with carbon promotes the domination of organic matter
synthesis processes over its mineralization (Raupp J. et
al., 2001; Baliuk et al., 2016; Purtova L.N., Kiseleva
1.V, 2019). However, the consequences of the impact
of agrotechnical technologies on the optimization of
mineralization-synthesis processes and humus content
are widely separated in time which hinders timely con-
clusions on the efficiency of specific measures.

Therefore, the express method of determining the
focus of mineralization-synthesis processes of organic
matter was suggested (Volkogon et al., 2019). Its es-
sence lies in determining the emission of N,O and CO,
depending on the agrotechnology and subsequent cal-
culations of specific losses of nitrogen gas (per unit of
emission carbon dioxide) as well as mineralization—
synthesis indices for organic matter which take into ac-
count the intensity of processes in the soil of agroceno-
sis as compared to the “reference” soil (fallow, virgin
land). Gas chromatography analysis of emission losses
of nitrogen and carbon allows to determine timely and
accurately which of the two processes (mineralization
of organic matter or synthesis de novo) dominates in
the soil.

Taking the abovementioned into consideration, the
aim of our present research was to study the focus of
mineralization-synthesis processes in leached cher-
nozem while cultivating potatoes using the above-
mentioned methodological approaches (Volkogon et
al., 2019).

MATERIALS AND METHODS

The study was conducted in 20162018 at the field
long-term experiment of the Institute of Agricultural
Microbiology and Agroindustrial Manufacture, the Na-
tional Academy of Agrarian Sciences of Ukraine, initi-
ated in 2009 on leached chernozem. The agrochemical
characteristic of soil, determined by standard methods
(Fomin G.S., Fomin A.G., 2000), demonstrates the fol-
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lowing indices: pH_, — 5.3; humus content — 3.03 %;
easily hydrolysable nitrogen — 95 mg/kg of soil; mobile
phosphorus compounds (P,0,) — 150 mg/kg of soil; ex-
change potassium (K,0) — 108 mg/kg of soil.

The following agricultural crops were cultivated dur-
ing the experiment on 1 ha of short crop rotation: pota-
toes — spring barley — peas — winter wheat.

The potatoes were cultivated on different agrobac-
kgrounds for the purposes of the study. This crop is
a convenient study object, as its fertilization systems
may be based on the application of both organic, min-
eral, and organo-mineral fertilizers which may ensure
introduction of different fresh organic matter into soil
and thus different focus of biological processes.

The cultivation of potatoes (after winter wheat) was
done on the following agrobackgrounds: 1) no fertil-
izers (control); 2) straw; 3) intermediate cover crop;
4) manure; 5) straw + cover crop; 6) manure + cover
crop; 7) N, P, K, (the application rate was 40 kg/ha of
the active substance of each fertilizer); 8) N, P, K, +
straw + cover crop; 9) N P, K ; 10) N P, K. + straw
+ cover crop; 1) N, P K . 12) N P K + straw
+ cover crop; 13) manure + N, P, K ; 14) manure +

40" 407 40°
cover crop + N, P, K, .

The absolute control (“reference” plot) in the study
was a fallow (since 2009) with the area of 0.75 ha, lo-
cated next to the long-term field experiment.

In the corresponding variants of the experiment, 5 t/ha
ground straw of winter wheat were incorporated into to
the soil by disking immediately after harvesting. To re-
ceive green manure mass, blue lupine seeds were sown
immediately after wheat harvesting and disking. In
late autumn, the obtained green manure mass (13 t/ha)
was incorporated to the soil by disking and subsequent
ploughing. Cattle manure in the amount of 40 t/ha was
incorporated to soil by tillage at the same time. The
depth of tillage was 15 cm.

Complex mineral fertilizers (the content of the active
substance — N, P, K, ) were introduced in spring prior
to cultivating potatoes according to the experiment

scheme (40, 80 and 120 kg/ha of the active substance).

The experiment was arranged in a completely ran-
domized design with four repeats and the area of the
experimental plot of 44.6 sq.m.

The closed chamber method (Hutchinson G.L. et al.,
2000; Kusa K. et al., 2008; Zviagintzev, 1991) was
used to estimate the emission of nitrous oxide and car-
bon dioxide in the “soil-plant” system after our modi-
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fication (Volkogon et al., 2019). This method involved
the use of plastic 10-liter buckets, the bottom of which
was drilled to install a rubber plug to isolate gases, and
50 ml syringe was then used to take air samples.

The chambers were “installed” in soil at the depth of
5 cm. A “water plug” was made around the chamber for
better isolation of the system and prevention of the loss of
gases, accumulated in the chambers. A weighing cup with
water was put inside the chamber with the addition of 20
g calcium acetylide prior to the exposition (the reactions
of calcium acetylide with water result in the formation of
acetylene, inhibiting the enzyme of nitrous oxide reduc-
tase and terminating the process of dissimilation of NO,
and NO," at the stage of nitrous oxide reduction (Zviagint-
sev D.G., 1991). The exposition lasted three hours. The
selected gas samples were placed into previously vacu-
umed vials with rubber plugs, taken to the laboratory and
analyzed using gas chromatography.

The amount of N,O in the samples was detected
using gas chromatograph Tsvet-500 M (Dzerzhinsk,
Russia) with the electron capture detector. The 3—
meter-long steel sorption columns were filled with
sorbent Paropak Q 60—80 mesh (Water Corporation,
USA). The column temperature was 40 °C, the evap-
orator temperature — 120 °C, that of the detector —
330 °C. The amount of used carrier gas (argon with
methane 95/5) was 35 cc/min.

The investigation on the content of CO, in gas samples
was conducted using gas chromatograph Tsvet-500 M
with the thermal conductivity detector (bridge current of
130 mA). The steel sorption columns were filled with
sorbent Paropak Q 60—80 mesh. The temperature of col-
umns was 25 °C and that of the detector — 40°C. The
amount of used carrier gas (helium) was 20 cc/min.

The emission of N,O was estimated according to the
formula:

ExV,
V,xSx t

where E — amount of nitrous oxide in the sample under
analysis, nmol N,O; V| — volume of the chamber, cc;
V, — volume of the sample, introduced to the chroma-
tograph, cc; S — area of cross section of the chamber,

sq. m.; t — exposition time.

The same formula was used to determine the emis-
sion of CO,, but E was estimated as the amount of car-
bon dioxide in the sample under analysis, nmol.

The indices of gas chromatography determination of
the emission of N O and CO, were used to estimate the
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losses of nitrogen and carbon, taking into consideration
the molecular mass of N,O and CO, and the velocity of
gas emission from one hectare in 24 h.

The specific losses of N-N O were determined as
the ratio of g N-N O/kg C-CO, Based on the indices
obtained, the mineralization-synthesis indices were
estimated as the ratio of the module of the difference
between the emission ratio g N-N,O/kg C-CO, of soil
of the “reference” plot (fallow) and the soil of the agro-
cenosis to the emission ratio index g N-N,O/kg C-CO,
of the “reference” plot:

Im—s = (ErAp._E )/Enp‘

where 1 — mineralization-synthesis index; E, -
emission ratio of g N-N,O/kg C-CO, of the “reference”
plot; E_  — emission ratio of g N-N,O/kg C-CO, in the
agrocenosis.

agro

According to our method (Volkogon et al., 2019), the
negative values of [ index represent intense mineral-
ization processes in soil. The approximation of index
values to the zero index demonstrates the state of bal-
ance for the mineralization-synthesis processes. And
index values above zero prove that synthetic processes
in soil prevail over the mineralization processes.

The statistical processing of experimental data was con-
ducted using disperse analysis and Microsoft Excel 2010.

RESULTS OF INVESTIGATIONS

The determination of gas emission from soil under
potatoes during the emergence phase demonstrated
the highest losses of N, O in variants with the introduc-
tion of manure into soil, its combination with green
manure mass, organo-mineral fertilization (manure +
N,,P,K,,), and the highest dose of mineral fertilizers
in the experiment (Table 1).

The lowest indices of nitrous oxide emission were
registered in the fallow and the control variant (with-
out fertilizers). However, the difference between the
indices of the control and fallow is rather considerable
which demonstrates the imbalance of biological pro-
cesses in soil of agrocenosis even without the use of
fertilizers.

First of all, CO, emission increases after the intro-
duction of fresh organic matter into soil in the form
of manure, straw, green manure and their combina-
tions. It is quite logical, considering the mineralization
of the abovementioned organic materials. Noteworthy
is another issue: the emission of carbon dioxide in-
creases along with the increase in the doses of mineral
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fertilizers. For instance, at the introduction of N, P, K
into soil, the amount of CO,, released into the atmo-
sphere, increases by 37.7 % as compared to the index
for the control, while using N, P, K. — by 62.7 %, and
in case of the highest dose of fertilizers in the experiment
the emission increases by 80.0 %. As there is no suf-
ficient amount of fresh organic matter in soil (according
to the scheme of the experiment it may be in these vari-
ants only in the form of roots or afterharvest residues of
previous crops in the rotation), it may indicate the min-
eralization of conservative organic substances.

However, while assessing the dependence of the
emission of investigated gases from soil depending
on agrobackgrounds, the most interesting issue may
be related to the emission ratio of N-N,0/C-CO,, i.e.
specific losses of nitrous oxide per unit of carbon di-
oxide. Thus, the estimation of absolute losses of N,O
may bring us to the conclusion about ecological risks
of manure. However, specific losses of nitrogen gas in
this variant are some of the lowest in the experiment —
at the level of the control variant.

After the introduction of 5 t/ha of straw, the specific
losses of nitrous oxide are lower as compared to the
indices of the control variant and even the “reference”

soil (fallow). It indicates intense immobilization of ni-
trogen compounds under these conditions.

There is some increase in specific losses of N,O in
the variant with lupine mass which may be explained
by rather rapid mineralization of this organic mate-
rial and rather a high content of nitrogen compounds
therein. However, the combination of lupine and straw
eliminates these losses.

The highest specific losses of nitrous oxide are ob-
served after the introduction of mineral fertilizers. It
demonstrates that under deficiency of fresh organic
matter in soil, the nitrogen fertilizers applied may not
be effectively immobilized by microorganisms.

This conclusion is confirmed with the indices of
specific losses of nitrogen gas on condition of com-
bining mineral fertilizers with straw and green ma-
nure mass. For instance, after the introduction of low
and medium doses of mineral nitrogen on the back-
ground of “straw + cover crop”, specific losses of N,O
decrease sharply and are even lower than the indices
of the control variant. Nitrogen losses also decrease
in case of combining the highest experimental dose
of mineral fertilizers (N, P, K, ) and fresh organic
matter, but they still exceed control indices which evi-

Table 1. The emission ratio of gases and indices of the mineralization-synthesis of organic matter depending on fertilization

for potatoes, the seedling phase, 2017

Experiment variants Emissioniof N-N,O, | Emission .of C-CO,, Emission ratio I
g/hain24 h kg/ha in 24 h of N-N,O/ C-CO,* m-—s

No fertilizers, control 93.15 57.50 1.62 -0.15
Straw 98.91 75.50 1.31 +0.07
Cover crop 151.25 84.50 1.79 -0.27
Manure 226.00 138.45 1.63 —0.16
Straw + cover crop 154.20 108.01 1.43 —0.01
Manure + cover crop 219.80 144.05 1.53 —0.08
N,P,.K, 171.4 79.20 2.16 -0.53
N,,P,K,, T straw + cover crop 178.90 130.90 1.37 +0.03
N, PeoKy,0 207.68 93.55 2.22 —0.57
N P, K, T straw + cover crop 183.90 122.52 1.50 —0.06
NP 10K 238.05 103.50 2.30 —0.63
N,,0P 0K, ,, + straw + cover crop 207.80 111.90 1.86 -0.32
Manure + N, P, K, 0 245.71 159.55 1.54 -0.09
Manure + cover crop + N, P, K, 258.80 177.00 1.46 —-0.04
Fallow 29.20 20.70 1.41 0
LSD,, 15.35 9.20

Note. * — specific losses of N,O (in g per kg CO,).
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dently demonstrates the excess of nitrogen fertiliza-
tion for potatoes.

The indices of mineralization-synthesis (I ), as an
integral index of these processes compared to the data
of both the control and the fallow [8], demonstrate the
formation of predominantly synthetic processes (indi-
ces with “+”) in the variants with the introduction of
straw and in case of using N, P, K, in the combination
with straw and green manure. The indices of I, close
to the value of the “reference” soil, are also present in
the variants “straw + green manure”, “manure + green
manure”, “N, P, K, + straw + green manure”, as well
as “manure + green manure + N, P, K, ”” and “manure

40" 40240
+N, P K, ”.

407 407740
After the introduction of mineral fertilizers only, the
indices of mineralization-synthesis of organic matter
demonstrate the prevalence of mineralization processes
(Table 1).

During the second term of observations (the phase
of potato flowering), we observe a similar character of
mineralization and synthesis processes in soil depend-
ing on the fertilization for the crop (Table 2).

At the same time, in the variants with the introduction

of straw, the combination of N, P, K, with straw and

green manure and in case of using manure along with

the cover crop and the introduction of N, P, K, , the
increase in synthesis processes was observed (indices
of I _with “+” increase). There was also a decrease in
the intensity of mineralization processes in the variants
with the introduction of mineral fertilizers (I with the
value “—” decreased as compared to the indices, regis-

tered in the initial phases of plant organogenesis).

It should be noted that during this period in the vari-
ant “Ng P, K, + straw + green manure” the index of
mineralization-synthesis of organic matter had almost
no differences from the index for the fallow (-0.01
against 0), which demonstrated the optimization of
mineralization—synthesis processes under these con-

ditions.

Positive changes can also be observed in the vari-
ant with the introduction of the highest experimental
dose of fertilizers, but even the combination of fertil-
izers and additional organic matter was not capable of
ensuring optimal ratio of mineralization and synthetic
processes.

At the completion of vegetation period of potatoes,
the determination of the emission of N,O and CO,,
and estimation of their emission ratio and the indices
of mineralization-synthesis of organic matter generally
yielded findings, similar to the abovementioned (Ta-

Table 2. The indices of mineralization-synthesis of organic matter in soil under potatoes on different agrobackgrounds, the

phase of flowering, 2017

Experiment variants Emissionlof N-N,O, | Emission .of Cc-Co,, Emission ratio I
g/hain24 h kg/hain 24 h of N-N,O/C-CO,* m-s

No fertilizers, control 91.60 45.40 2.02 -0.17
Straw 98.90 66.5 1.49 +0.14
Cover crop 152.50 71.8 2.12 -0.23
Manure 219.20 99.1 221 -0.29
Straw + cover crop 147.10 80.9 1.82 —0.06
Manure + cover crop 205.10 117.3 1.75 —-0.02
N,P,.K, 162.20 71.8 2.30 —0.33
N, P, K,, t straw + cover crop 164.90 108.2 1.52 +0.11
N, P K, 0 191.50 78.7 243 -0.41
N P Ky, * straw + cover crop 170.10 97.6 1.74 —0.01
NP oK s 211.10 83.2 2.54 —0.47
N,,P 0K, ,, + straw + cover crop 196.90 93.8 2.10 -0.22
Manure + N, P, K, 0 254.10 1233 2.06 —-0.20
Manure + cover crop + N, P, K,/ 232.60 152.8 1.52 +0.12
Fallow 28.40 16.51 1.72 0
LSD,, 14.18 9.05
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ble 3). However, during this period there is a tendency
towards domination of mineralization processes in the
variants with previously determined prevalence of or-
ganic matter synthesis.

In case of introducing the additional organic matter
in the form of straw into soil, while combining the low-
est experiment dose of fertilizers and green manure,
or combination of manure and green manure with the
lowest experiment dose of mineral fertilizers, during
flowering phase the indices of mineralization-synthesis
of organic matter are negative (although the difference
from the fallow index is insignificant).

At the same time, negative values of [ _in the vari-
ants with the introduction of fertilizers increase consid-
erably. It should be noted though that the combination
of fertilizers, straw and green manure changes the in-
dex under investigation considerably (Table 3).

Therefore, the application of mineral systems of fer-
tilization while cultivating potatoes on leached cherno-
zem leads to initiating mineralization processes in soil.
The combination of fertilizers and additional organic
matter in the form of straw and green manure improves
the situation considerably. At the same time, the lowest
(N,,P,K,,) and medium (N, P, K ) experiment doses
of mineral fertilizers are characterized by optimal in-

dices of the balance of mineralization-synthesis pro-
cesses of organic matter.

The highest dose of mineral fertilizers (N, P, K,,),
even in combination with 5 t/ha straw and 13 t/ha green
manure, activates mineralization processes.

There is a noted optimization of the investigated pro-
cesses in case of combining manure and N, P, K, and
especially when these fertilizers are combined with lu-

pine mass.

The investigations, conducted in other periods
(2016 and 2018), confirm the abovementioned depen-
dences in the focus of the processes of mineralization-
synthesis of organic matter depending on the agrobac-
kground.

Improving the nutrition for potato plants using
orga-nic, mineral and organo-mineral fertilization
has positive impact on the productivity of the crop
(Table 4).

At the same time, mere introduction of 5 t/ha of straw
does not ensure a significant surplus of crop productiv-
ity. Still, the combination of straw and green manure
promotes a considerable increase in agrocenosis pro-
ductivity. The most effective ways to impact the pro-
ductivity of potatoes were found to be as follows: the
introduction of manure — gain of 9.8 t/ha, combined

Table 3. The focus of the processes of mineralization-synthesis of organic matter in soil under potatoes, the phase of potato

vine dying-off, 2017

Experiment variants Emission.of N-N,O, | Emission .of C-CO,, Emission ratio |
g/hain 24 h kg/hain 24 h of N-N,O/C-CO,* m-—s

No fertilizers, control 83.80 36.20 2.31 -0.42
Straw 85.50 51.41 1.66 —-0.02
Cover crop 145.10 62.00 2.34 —0.44
Manure 203.30 85.5 2.38 —-0.46
Straw + cover crop 138.90 71.05 1.96 -0.20
Manure + cover crop 188.60 93.38 2.03 -0.25
N,,P..K,, 146.00 59,30 2.46 -0.51
N, P, K,, + straw + cover crop 150.00 90.81 1.65 —-0.02
N, P K 0 174.60 67.30 2.59 -0.59
N, P, Ky, T straw + cover crop 161.20 87.40 1.85 -0.14
NP LK 196.10 73.42 2.67 —-0.64
N,,,P K ,, T straw + cover crop 183.90 83.00 2.22 -0.36
Manure + N, P, K, 0 232.20 105.90 2.19 —0.35
Manure + cover crop + N, P, K 219.80 128.60 1.71 —-0.05
Fallow 25.70 15.8 1.63 0
LSD,, 12.40 4.72
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application of manure and green manure — producti-
vity increase by 11.0 t/ha; the introduction of N, P, K./
(gain of 11.6 t/ha) and especially the combination with
straw and lupine mass (16.1 t/ha); the introduction of
N,,,P,K,,, (increase in productivity by 16.2 t/ha) and
especially in the combination with fresh organic matter

(gain to the control at the level of 21.2 t/ha).

High indices of productivity were also obtained
in case of combining manure with mineral fertilizers
(gain of 16.4 t/ha), and combining manure with green
manure mass and mineral fertilizers in the dose of
N, P, K, (gain of 18.6 t/ha).

40" 4040

However, the comparison of crop productivity rates
against the indices of the focus of mineralization-syn-
thesis process demonstrates the compromise between
economic effect and ecologic requirements only for the
use of organic fertilizers and organo-mineral fertiliza-
tion. After the introduction of mineral fertilizers, there
are considerable losses of nitrogen compounds and high
emission of CO, which may demonstrate enhanced de-
humification processes under these conditions. At the
same time, the addition of organic fertilizers to mineral
fertilization of the crop ensures the optimization of in-
vestigated indices. Only in case of using the highest
experiment dose of fertilizers (N, P, K,,)) this addi-
tion was not capable of changing the focus of the inves-
tigated biological processes in soil completely.

DISCUSSION OF RESULTS

It should be highlighted that a famous agrochemi-
cal statement (Doran J.W. et al., 1996; Baliuk S. et
al., 2014) regarding the decrease in soil fertility due to
limited introduction of fresh organic matter thereinto is
supplemented by our findings of determining the focus
of biological processes of mineralization—synthesis of
organic matter. In addition, the discussion point about
the conclusions of some researchers (Doran J.W. et
al., 1996; Margdoft F. et al., 1997; Purtova L.N. et al.,
2016) regarding the destructive impact of mineral fer-
tilization systems for agricultural crops on the humus
state of soils is confirmed with the data of gas chro-
matography determination of the emission of N,O and
CO, and subsequent calculations of the specific losses
of N-N,O and indices of mineralization—synthesis of
organic matter. Contrary to classic agrochemical tech-
nologies, the application of which allows determining
the prevalence of synthetic (or mineralization) pro-
cesses in soil on condition of adhering to specific fer-
tilization systems for quite a long time (sometimes the
verification of this conclusion requires decades), the
calculations of I ensure timely and accurate results
(it should be noted that gas chromatography (with elec-
tron capture detector) determination of the emission of
N,O allows detecting changes at the level of 10> mol
of nitrogen). We do not reject the need for classic agro-
chemical methods, but believe that the methodological

Table 4. The yield of potatoes depending on the agrobackground (average for three years)

Gain against the control
Experiment variants Yield, tons/ha

t/ha %
No fertilizers (control) 13.0 - -
Straw 13.4 0.4 3.1
Cover crop 14.6 1.6 12.3
Manure 22.8 9.8 75.4
Straw + cover crop 16.2 32 24.6
Manure + cover crop 24.0 11.0 84.6
N,P..K, 15.7 2.7 20.8
N, P, K, + straw + cover crop 21.1 8.1 62.3
N, P K, 0 24.6 11.6 89.2
N, Peo K, 0 + straw + cover crop 29.1 16.1 123.8
N 0P 120K 500 29.2 16.2 124.6
NP, K ,,0 + straw + cover crop 34.2 21.2 163.1
Manure + N, P, K 29.4 16.4 126.2
Manure + cover crop + N, P, K 31.6 18.6 143.1
LSD,, 1.13
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approaches, suggested by us, may be a reliable addi-
tion to the existing ones and may be useful for express
determination of ecologic perspectives of fertilization
systems for agricultural crops.

CONCLUSIONS

According to our findings, the use of solely mineral
fertilizers in the technology of potato cultivation is in-
appropriate in terms of environmental reasons. Orga-
no-mineral fertilization ensures the optimization of the
course of the processes of mineralization-synthesis of
organic matter, but exceeding the dose of N, P, K is
unfavorable.

The methodological technologies, used in the inves-
tigations, may serve as a relevant supplement to cur-
rent agrochemical methods of assessing agronomic
measures, whose results are remote in time. Consid-
ering rather low sensitivity of determining the carbon
content in soil, the statements about its quantitative
changes below 5 % may be rather doubtful. The cal-
culations of the indices of mineralization-synthesis of
organic matter while using modern high-sensitivity gas
chromatographic methods to determine the emission of
N,O and CO, allow to determine the focus of biological
processes in the soil timely and accurately, depending
on fertilization, and to estimate ecologic sustainability
of types and doses of fertilizers.

Adherence to ethical principles. This article does not
relate to any studies using humans and animals as in-
vestigation subjects.

Conflict of interests. The authors deny any conflict of
interests.

Financing. This study did not receive any specific
grant from the financing institutions in state, commer-
cial or non-commercial sectors.

CnpsiMoBaHicTh mponeciB MiHepaJii3anii-cHHTe3y
OPraHiYHOI pe4OBHHH B YOPHO3eMi BHIIY:KEHOMY
3a Pi3HUX cHCTEM YI00pEeHHSI KapPTOILIi
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Merta. JlocniauTH CpsSIMOBaHICTh MPOLECiB MiHepai3alii—
CHHTE3y B YOPHO3eMi BHIIY)KEHOMY IIPH BHPOIyBaHHI Kap-
TOIUI 32 CHCTEM YyHOOpEHHs KyJIbTYpH, 11O TependadaroTh
pi3He 3a0e3MeYeHHs] IPYHTY CBIKOIO OPraHiYHOK PEUYOBH-
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Horo. Metomau. IlompoBuii mocmin, rasoxpomarorpadidHi.
PesyabraTu. JlocmimkeHHs emicii 3akucy a3o0Ty i Byrye-
KHCIIOTO Ta3y 3 IPYHTY Ta HACTYIHI PO3paXyHKH MHUTOMHUX
Brpar N-N,O (r/kr C-CO,), 3a1€xkHO Bil CHCTEM yl00peH-
HS 1 B NODIBHSHHI 3 IIOKa3HHKAMH «ETAJIOHHOTO» IPYHTY,
JAal0Th MOXIIMBICTD INBHJKOTO BH3HAYCHHS CHPSIMOBa-
HOCTI TIPOIECiB MiHepati3amii-CHHTe3y OpraHidHOi pedo-
BUHHU B arpoleHo3aX. BUKOPHCTaHHSA BHKIIOYHO MiHepalb-
HUX CHCTEM YOOOpEHHS NPU3BOOUTH 0 HAWOUTBIINX IIH-
Tomux BTpar N,O. 3pocTaHHs HOPM TyKiB iHIliFOE PO3BUTOK
MiHepamizanifHuX nporeciB y IpyHTi. [loemHanHsS MiHEpaih-
HUX TOOpHB 3 JONATKOBOIO OPTaHIYHOIO PEUYOBHHOIO (5 T/Ta
cojomu Ta 13 T/ra Macu JIIOIMHOBOTO CHIEPATy) CYTTEBO
nokpamye curyaniro. [Ipn mpomy makimenma (N, P, K, ) i
cepennst (N, P, K ) B mociizii Hopmu MiHEpanbHUX 106pUB
XapaKTepU3yIOThCs 30aJaHCOBAHICTIO TIPOLIECIB MiHepai3a-
[ii-CHHTE3y OpraHiyHoi pedoBuWHH. HaiiBumma B mocmimi
Hopma TykiB (N, P, K. ), HaBite 3a ii moeaHanns 3i
CBDXKOFO OPraHiYHOK PEYOBHHOKO, NPH3BOAUTH JO AKTUBI-
3amii MiHepai3aliifHiX MPOoIeciB. 3a BUKOPUCTaHHS THOO,
a TaKoXK 3a HOro MoeIHAaHHA 3 CHICPabHOK MAacol Ta
HEBHUCOKHMH HOpPMaMH MiHEpalbHUX NOOpHB crHocTepira-
€TBCS ONTUMI3AIlisl TOCIiIKYyBaHUX MporeciB. BHCHOBKH.
BukopucTaHHs JMIe MiHEpaJbHUX IOOPHB NPH BHPOLLY-
BaHHI KapTOIUI HENOUIIbHE 3 €KOJOTIYHUX MipKyBaHb. [1o-
€THAHHS TYKIB 3 COJIOMOIO i CHIEpaIbHOI Macor 3abe3-
Teyye ONTHMIi3alifo Tepediry MpoleciB MiHepati3amii-CiH-
TEe3y OpPraHiYHOI PEYOBHHHM, NIPOTE HEPEBHUILICHHS X HOPMH
nonan N, P Ko € HeOaxxaunMm. OnruMiszarisg O10I0TTYHIX
NPOLIECIB Y IPYHTI JIOCSATAEThCSA 32 BHKOPUCTAHHS THOIO,
HOro MOE€IHAHHS 3 CHIACPATOM, a TAaKOX 3 HEBHCOKOIO
HOPMOIO MiHEpaJbHUX JO0OpHB. Po3paxyHKH iHIEKCIB
MiHepai3alii-CHHTe3y OpraHidYHOI PEYOBHHH, III0 BPaXOBY-
tothb nokasuuku emicii N,O i CO,, orpumani 3a BUKOpHC-
TaHHS Cy4aCHHX BHCOKOYYTIMBHX Ia30XpoMarorpadidHux
METO/IiB, JO3BOJSIOTh BU3HAYUTH CIIPSIMOBAHICTH 0i0JIOTiU-
HUX TIPOIECIB y TPYHTI 3aJICXKHO Bifl yIOOpEHHS Ta OI[iHUTH
€KOJIOTIYHY JOIUIBHICTD BUAIB i HOPM JOOPUB.

Kuarouosi ciosa: ewmicis NJO i CO,, miHepanbHi Ta opra-
Hi4HI 100pHBa, MPoIeCcH MiHepai3aLii i CHHTEe3y OpraHiq4HOl
PEYOBUHH, KAPTOIUISl, CHCTEMH YIOOPEHHSI.

HanpagiieHHOCTB NPOLECCOB MIHEPATN3AUH-CHHTE3a
OPraHHYeCKOro BelecTBa B YepHo3eMe BbIIeJI04e¢HHOM
NPH Pa3HBIX CHCTeMax yno0penus kaprodens
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Meab. MccnenoBars HampaBiIeHHOCTh MPOLIECCOB MUHEPA-
JIM3aUN-CHHTE3a B YEPHO3EME BBIIIETIOUEHHOM TIPH BBIPA-
IIMBAHUU KapTOQens ¢ MPUMEHEHHEM CHCTEM YIOOpeHws,
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TIPeyCMaTPHUBAIOIINX Pa3HOE 0OECIIEUeHNE MOYBBI CBEXKUM
opraHu4eckuM BemectBoM. Metoasl. [ToneBoro omneita, ra-
3oxpomarorpaduueckue. PesyasTarhl. VccnemoBanme smrc-
CHM 3aKHCH a30Ta W YIIEKHCIOIro Tas3a W3 TOYBBl M II0-
CIIEMYIOMMUE PACYEThl  yAENbHBIX mOoTeph N-N,O  (T/kr
C-CO,) B 3aBHNCHMOCTH OT CHCTEM yHOOpEHHA H TIO
CPaBHEHHIO C TOKAa3aTeJIIMH «3TAJIOHHOW» TMOYBBI, JAIOT
BO3MOYKHOCTb OBICTPO OIIPEAENATh HANpPaBIEHHOCTH IIPO-
LIECCOB MHUHEPAIN3AI[H-CHHTE3a OPTraHUIECKOTO BEIIECTBA
B arpoleHo3ax. Vcronp30BaHNe MCKIFOYNTEIBHO MHHEPAIb-
HBIX CHCTEM YZOOpEHUS TMPUBOIUT K HAHOONBIINM y/IENb-
HeIM TI0TEpsM N,O. YBenuueHne HOPM TyKOB MHHUIHMPYET
pa3BUTHE MUHEPAIN3AIMOHHBIX POIeccoB B mouse. Coue-
TaHNE MHUHEPAIBbHBIX YIOOPEHUI C JOMOJHHUTEIBEHBIM Op-
TaHUYEeCKUM BemecTBOM (5 T/ra comoMbl U 13 T/ra mMacchl
JIFOTTMHOBOTO CHJIEPaTa) CYIIECTBEHHO YIy4IIaeT CHUTYaIHIo.
Ipn stom mammensmas (N, P, K, ) n cpemnsas (N, P, K )
B ONbBITE HOPMBI MHHEPAIBHBIX yHOOPEHHH XapaKTepu3y-
I0TCSI COATTAHCHPOBAHHOCTBIO TIPOIIECCOB MUHEPATH3AIIHA—
CHHTE3a OpPraHW4ecKoro BemiecTra. IIpiuMeHenne Hanbomnee
BBICOKOH B OmbITe HOpMa TyKoB (N, P, K ), maxe npu ee
COYETaHHUHM CO CBEXHM OPTaHHYECKUM BEIIECTBOM, MNpH-
BOJAWT K aKTWBU3AIMM MHHEPAIM3AHOHHBIX MPOILECCOB.
[Tpn mcmonp30BaHWM HABO3a, a TAKXKE MPHU €T0 COYECTAaHWH
C CcUAEpalbHOM Maccoll M HEBBICOKMMHM HOpPMaMU MHUHE-
panbHBIX yA0OpEHUH HaOMOqaeTCsl ONTHMHU3AINS HCCIIey-
€MbIX IporeccoB. BeiBoabl. Vcmonbs30BaHNe TOIBKO MHUHE-
panbHBIX YIOOpEHWH TPH BBIPAIIMBAHUKM KapTo(ess He-
11eIeco00pa3Ho 10 AKOIOTHIECCKUM cooOpaxeHusM. Coue-
TaHWE TYKOB C COIIOMOH W CHIIEpaIbHOI Maccoii o0ecreanBaeT
ONITHMH3AINI0 TPOTEKAHUSI TMPOIECCOB MHHEPATN3AIIHA—
CHHTE3a OPTaHMYECKOTO BEIIECTBA, OIHAKO IPEBBIIICHUE
WX HOPMBI Oonee N Py Ky, HEKEMATENBHO. OnrruMu3anus
OMOJOTNYECKUX TMPOIIECCOB B TOYBE JOCTUTACTCS MPU HC-
TIOJTb30BaHUH HABO3a, €TO COUYETAHMUS C CHIECPATOM, a TaKKe
C HEBBICOKOW HOPMOW MHHEpATBbHBIX yHoOpeHwid. PacueTs
MHJIEKCOB MHMHEpAIN3alNU-CHHTE3a OPTaHNYECKOTO BeIIle-
cTBa, Oasmpyrommecs Ha mokasarensx omuccuun N,O u
CO,, monmy4eHHBIX PH HUCTIONB30BAHNH COBPEMEHHBIX BBI-
COKOYYBCTBHUTEJIFHBIX Ta30XpOMaTorpapuueckux METOIOB,
TTO3BOJISTIOT OTIEPATHBHO OTPEEITUTH HANPaBICHHOCTH OHO-
JIOTHYECKHX TPOIIECCOB B TOYBE B 3aBHCHUMOCTH OT YJIO-
OpeHHs 1 OLEHUTDH AKOIOTHIECKYIO IeJIeCO00Pa3HOCTh BH-
JIOB ¥ HOPM yOOpeHui.

Kirouesnbie caora: smuccus N,O u CO,, MuHepanbHble 1
OpraHuveckue ynoOpeHHs, IpOLEecChl MUHEPAIM3ALUH |
CHHTE3a OPraHUYECKOTO BEIECTBAa, KapTodeib, CHCTEMBI
YIAOOpEHUSL.
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