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Aim. To determine the peculiarities of N,O and CO, soil emissions under different systems of crop fertilization.
Methods. Field experiment, gas chromatography. Results. The data obtained during the permanent field
experiment on leached chernozem with crop rotation including potatoes, spring barley, peas and winter wheat
have shown that both absolute (N,O) and specific (relative to carbon losses in the form of CO,) losses of
nitrogen depend on crop fertilization system. The introduction of raw organic material to the soil in the form
of cattle manure or lupine (green manure) has led to the increased CO, emission levels. However, specific
nitrogen losses in the form of N O (g N-N,O/kg C-CO,) have remained at the control level. The application of
mineral fertilizers (under the absence of raw organic material) have triggered N,O emissions and more intense
production of CO, (up to 67 % in the variant with the highest dose of mineral fertilizers (N, P, K, ,, kg/ha
of active ingredient), which can be caused by the mineralization of humus compounds. In organo-mineral
fertilization system the specific losses of nitrous oxide have not exceeded the control and fallow. Based on
the obtained results the authors propose the method of determining the “mineralization-synthesis” indices of
organic matter in agricultural soils for estimation of the orientation of biological processes under different
crop growing conditions. Conclusions. Systemic application of mineral fertilizers without introduction
of raw organic material leads to the misbalance of mineralization and synthesis processes in soils. Under
such conditions the mineralization of organic matter is prevailing. The use of organic and organo-mineral
fertilizers has balanced these processes in the soil. The proposed methodological approach for determination
of mineralization-synthesis indices is based on the emission ratio of g N-N,O/kg C-CO, compared to the
reference values and can provide an objective view of the tendency of mineralization (negative ratio values)
and synthesis (positive ratio values) processes in the soils. It provides grounds to the decision-making principles
of agricultural crops fertilization or introduction of certain agronomic techniques.

Keywords: N,O soil emissions, CO, soil emissions, crop fertilization, mineralization, synthesis, organic
matter, humus.
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INTRODUCTION

The mineralization of organic matter in soil is known
to occur with the release of carbon dioxide and am-
monium [1]. In case of optimal ratio of C : N in soil,
the processes, following mineralization and preventing
the loss of nitrogen and carbon, are the processes of
synthesis of raw organic matter, the first among them
being the immobilization of nitrogen by newly-formed
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cells of microorganisms. Under conditions of deficient
raw organic matter in soil, the released ammonium gets
involved in nitrification and further on — in denitrifica-
tion. The processes of mineralization <> synthesis of
organic matter are closely interconnected and, depend-
ing on their direction, regulated by the C : N ratio; there
is either domination of mineralization over synthesis,
resulting in nitrogen loss, decrease in the content of
organic matter in the soil, including humus, or, vice
versa, prevalence of synthesis processes, ensuring the
increase in soil fertility [1]. These processes are more
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balanced in natural phytocenoses, on contrary to the
croplands. It allows to use the direction of the process-
es of mineralization < synthesis of organic matter is a
key indicator in the evaluation of measures, targeted at
the restoration of soil fertility.

The scientific approaches to the objective nature of
microbiological processes of mineralization < synthe-
sis of organic matter are based on different solutions.
For instance, there is widely applied determination of
mineralization-immobilization coefficients, using the
ratio of the number of microorganisms, mainly con-
suming mineral compounds of nitrogen, to the num-
ber of ammonifiers [2]. V.D. Mukha [3] improved this
method, having suggested the consideration of both
the ratio of the number of microorganisms of the men-
tioned groups and their total number.

However, the mentioned methodological approa-
ches do not take into consideration the fact that the
number of microorganisms cannot always reflect their
functional activity objectively. Thus, it is relevant to
determine the functional activity of key processes in
soil that characterize the direction of mineralization <>
synthesis reactions of organic matter.

MATERIALS AND METHODS

The research was conducted in 2018 in a perma-
nent (started in 2009) 1 ha experimental field of the
Institute of Agricultural Microbiology and Agroin-
dustrial Manufacture, NAAS, on leached chernozem
under short crop rotations (potato,0.25 ha — spring
barley 0.25 ha — pea 0.25 ha — winter wheat 0.25
ha). The agrochemical characteristics of soil deter-
mined by the standard methods described by Fomin
G.S. and Fomin A.G. [4] were as follows: pHsalt —
5.3; humus content — 3.03 %; easily hydrolysable
nitrogen — 95 mg/kg of soil; mobile phosphorus
compounds (P,O,) — 150 mg/kg of soil (according to
Kirsanov); content of exchangeable potassium (K,0)
(according to Kirsanov) — 108 mg/kg of soil.

During our investigations t, the crops were grown un-
der the following fertilization systems: 1) no fertilizers;
2) organic No. 1, (see below)); 3) organic No. 2 (see
below); 4) mineral low; 5) mineral medium; 6) mineral
intense; 7) organic-mineral (see below). The control
(“reference” plot) in the studies was permanent fallow
land (since 2009) with the area of 0.75 ha, located next
to the permanent experimental field.

Cattle manure was introduced once during the crop
rotation cycle (for potatoes) within organic system
No.1, with a dosage of of 40 t/ha. Organic system No.
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2 envisaged the application of 13 t/ha of the biomass of
an intermediate lupine green manure crop grown on the
same field prior to potatoes.

Mineral fertilization systems were characterized with
the application of compound nitrogen, phosphorus and
potassium fertilizer (N16P16K16 per 100 kg of prod-
uct) for potatoes, with a dosage of 40, 80, and 120 kg/
ha of the active ingredients; the same mineral fertilizers
were used for barley, pea and wheat in the doses of 30,
60, and 90 kg/ha.

The organo-mineral system envisaged the single
annual application of cattle manure (for potatoes,
40 t/ha), and mineral fertilizers (40 kg/ha of nitrogen,
P,O, and K,O each). The after effect of manure in the
combination with the direct effect of mineral fertilizers,
applied in the medium dose (60 kg/ha) for barley and
wheat, and in the low dose (30 kg/ha) for peas, was in-
vestigated for the crops, following in the crop rotation.

The area of the single experimental plotwas
6.4 sq.m. (7.2 x 12.0 m), the experiment was conduct-
ed in randomized four repeats. In total there were 112
plots (4 crops x 7 variants x 4 repeats).

The closed chamber method was used to estimate
the emission of nitrous oxide and carbon dioxide in
the “soil-plant” system according to references 5, 6
and 7 (pages 267-268) after our modification [8, pages
286-290]. Our adaptation involved the use of plastic
10-liter buckets, the bottom of which was drilled to in-
stall a rubber plug to isolate gases, and 50 ml syringe
that was 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 weigh-
ing cup with water was put inside the chamber with
the addition of 20 g of calcium acetylide prior to the
exposition (the reactions of calcium acetylide with
water result in the formation of acetylene, inhibiting
the nitrous oxide reductase enzyme and terminating
the process of dissimilation of NO,™ and NO,™ at the
stage of nitrous oxide reduction [7]). The exposition
lasted three hours. The selected gas samples were
placed into previously vacuumed vials with rubber
plugs, then taken to the laboratory and analyzed using
gas chromatography.

The amount of N,O in the samples was detected using
a Tsvet-500 M gas chromatograph (Dzerzhynsk, Rus-
sia) with an electron capture detector and 3-meter-long
steel sorption columns filled with sorbent Paropak Q
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60—80 mesh (Waters Corporation, USA). The column
temperature was 40 °C, the evaporator temperature —
120 °C, that of the detector — 330 °C. Carrier gas (argon
with methane 95/5) usage was 35 cc/min.

The investigation on the content of CO, in gas sam-
ples was conducted using the same gas chromatograph
Tsvet-500 M as described above with a thermal con-
ductivity detector (bridge current of 130 mA) and a
30 m steel sorption columns filled with sorbent Par-
opak Q 60—80 mesh. The temperature of columns was
25 °C and that of the detector — 40°C. The carrier gas
(helium) usage was 20 cc/min.

The emission of N O was estimated according to the
formula:
ExV,
V, xS xt

where: E — amount of nitrous oxide in the sample un-
der analysis, nmol N,O; V, — volume of chamber, cc;
V, — volume of the sample, introduced to the chromato-
graph, cc; S — area of chamber cross section, 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 losses of nitrogen and carbon caused by the emis-
sion of the gases studied were estimated for hectare per
day, taking into consideration the molecular mass of
N,O and CO, and the exposure time of the chambers
in the field.

The planning and conducting of field experiments
was conducted according to B. Dospekhov [8, pages
61-72] The statistical processing of the experimental
data was conducted using ANOVA disperse analysis
method.

RESEARCH RESULTS

The determination of the intensity of N,O and CO,
production from soil under potatoes demonstrated
rather considerable gas emission in the variants with
organic and organo-mineral fertilization (Table 1).
This is obvious evidence of the presence of raw or-
ganic matter and its active mineralization. There is
quite a logical increase in the emission of nitrous ox-
ide from soil under the introduction of mineral fertil-
izers into soil. However, the increase in the intensity
of CO, production (under conditions of the deficient
raw organic matter) may demonstrate active mineral-
ization of humus compounds.
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While analyzing the obtained data, we decided to
detect how many grams of nitrogen in the form of
N,O were used per one kilogram of carbon in the form
of CO,, i.e. to estimate the emission ratio of the inves-
tigated gases. The obtained results were rather surpris-
ing, demonstrating that the indices of gas emission
ratio in the variants with organic and organo-mineral
fertilization were almost at the control level. In other
words, though in case of the intake of organic matter
in soil the absolute values of gas emission exceeded
the data of the control variant considerably, the specific
loss of nitrogen did not exceed the control indices. At
the same time, the investigated ratio exceeded control
values by 35-37 % in the variants, where only mineral
fertilizers were used. The lowest indices of specific loss
of N-N,O were noted in the fallow.

The increased emission of nitrous oxide compared to
the emission indices of carbon dioxide demonstrated
the prevalence of mineralization processes in soil. The
decrease in specific emission losses of N,O demon-
strated the fact that a considerable amount of nitrogen
was immobilized in soil and thus the processes of min-
eralization <> synthesis of organic matter in soil tend
to balance.

Taking into consideration the fact that natural phy-
tocenoses (virgin soils, fallows) are characterized by
balanced processes, the more objective approach is
to compare gas emission to relevant indices of “refer-
ence” soils instead of control variants of experiments.

Table 1. The emission of gases and the emission ratio
(g N-N,O/kg C-CO,) in potato agrocenoses soils depending
on fertilization system

Emission . Emission
of Emission ratio
Experiment variants N-N.O, of C_C.OZ’ of g
2. kg/ha in
g/hain 24 h N-N,O/
24 h kg C-CO,
No fertilizers, control 99.29 60.53 1.64
Manure, 40 t/ha 226.04 138.47 1.63
N,,P..K, 185.28 84.02 2.21
N PeoKeo 201.06 89.29 2.25
NP oK 226.87 100.64 2.25
Manure, 40 t/ha + 266.30 166.47 1.60
+ N40P40K40
Green manure (lupine) 161.22 87.02 1.85
Fallow 36.2 22.7 1.59
HIP 21.0 11.4
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In our case, this is soil of the fallow, located next to the
experiment. The notion of soil reference was substanti-
ated in the monitoring investigations on the condition
of soils [9] and is actively used in the practice of eco-
logical studies [10].

Based on the emission ratio g N-N,O/kg C-CO,, we
suggest estimating the mineralization-synthesis indices
as the ratio of the module of the difference between the
emission ratio g N-N O/kg C-CO, of the “reference”
plot soil (fallow, virgin soil) and the soil of croplands,
to the emission ratio index g N-N,O/kg C-CO, of the
“reference” plot:

I =

m-s

r.p. N Eagro)/Er‘p‘

where I — mineralization-synthesis index; E, 6 -
emission ratio of g N-N,O/kg C-CO, of the “reference”
plot; Eagro — emission ratio of g N-N,O/kg C-CO, in
croplands.

Under intense mineralization processes in soil, the in-
dices of I will have negative values. The approxima-

Table 2. The indices of mineralization-synthesis in potato
agrocenoses depending on crop fertilization

Experiment variants L.

No fertilizers, control -0.03
Manure, 40 t/ha -0.03
N,.P. K, -0.39
N, P Ky, —0.42
N120P120K120 —0.42
Manure, 40 t/ha + N, P, K -0.01
Green manure (lupine) —-0.16
Fallow 0

tion of index values to “0” will demonstrate the state of
balance for the investigated processes. On condition that
synthesis processes in soil will prevail over the mineral-
ization processes, the obtained results will be positive.

The estimation of I __in potato agrocenoses (Table 2)
demonstrated that the absence of fertilizers (in the con-
trol variant) as well as the application of organic fertil-
izers ensures insignificant prevalence of mineralization
processes over the synthesis ones.

The use of only mineral fertilizers leads to consid-
erable prevalence of the processes of organic matter
mineralization over synthesis ones. At the same time,
the combination of an inconsiderable dose of mineral
fertilizers and manure (organo-mineral fertilization)
ensures the optimization of the processes of miner-
alization < synthesis of organic matter (index I_
approximates “07).

The emission ratio of g N-N,O/kg C-CO, in plots of
spring barley, the following crop of the crop rotation,
demonstrates the increase in indices in the variants of
direct impact of mineral fertilizers (Table 3).

The indices are getting higher along with the increase
in agrochemical burden. In case of the aftereffect of
organic fertilizers and organo-mineral fertilization, the
emission ratio of nitrogen and carbon approximated the
indices of fallow which demonstrated positive changes
in the ratio of mineralization <> synthesis of organic
matter. The estimation of mineralization-synthesis in-
dices confirmed this conclusion. For instance, the posi-
tive index demonstrated an insignificant prevalence of
synthesis processes in soil under organo-mineral fertil-
ization, and in case of aftereffect of organic fertilizers
the mineralization-synthesis index approximated zero
values.

Table 3. The emission ratio of N-N,O/C-CO, and the mineralization-synthesis indices in agrocenoses of spring barley de-

pending on fertilization system

Emission of Emission of Emission ratio of g
Experiment variants N-N,O, g/ha C-CO,, kg/ha N-N_ O/kg C-CO I,
in24h in24h 2 2

No fertilizers, control 83.60 33.10 2.53 —0.18
First year, manure aftereffect 174.85 77.13 2.27 —0.06
N, P, K, 125.51 45.25 2.77 -0.29
NP K 162.87 50.87 3.20 —0.49

00P00Ko00 206.43 56.94 3.63 —0.69
First year, aftereffect of manure + N, P K 185.99 89.28 2.08 +0.03
First year, aftereffect of lupine 104.25 47.68 2.19 -0.02
Fallow 34.6 16.1 2.15 0
LSD,, 15.4 7.8
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Table 4. The emission ratio of g N-N,O/kg C-CO, and the mineralization-synthesis indices in agrocenoses of peas depending

on fertilization system

Emission of Emission of Emission ratio of g
Experiment variants N-N,O, g/ha C-CO,, kg/ha N-N.O/kg C-CO .
in24 h in24 h 2 2

No fertilizers, control 40.7 21.46 1.90 -0.10
Second year, manure aftereffect 74.7 50.61 1.48 +0.14
N, P, K., 79.5 34.21 2.32 -0.35

P ek 143.7 44.54 3.23 —-0.88
NP Koo 219.4 53.45 4.11 -1.39
Second year, aftereffect of manure + N, P, K./ 82.2 51.42 1.60 +0.07
Second year, aftereffect of lupine 33.6 31.79 1.06 +0.38
Fallow 36.2 16.5 1.72 0
LSD, 16.5 7.9

Table 5. The emission ratio of g N-N,O/kg C-CO, and the mineralization-synthesis indices in agrocenoses of winter wheat

depending on fertilizers

Emission of Emission of Emission ratio of g
Experiment variants N-N,O, g/ha C-CO,, kg/ha N-N.O/kg C-CO -
in24h in24 h 2 2

No fertilizers, control 37.6 18.02 2.09 -0.22
Third year, manure aftereffect 86.9 51.02 1.70 +0.01
N, P, K., 73.9 26.72 2.77 —0.61
N PooKeo 91.4 32.59 2.81 —0.63

I 166.0 35.83 4.63 -1.69
Third year, aftereffect of manure + N, P, K/ 99.7 51.42 1.94 -0.13
Third year, aftereffect of lupine 33.0 22.47 1.47 +0.15
Fallow 28.4 16.50 1.72 0
LSD,, 13.8 8.0

Similar peculiarities were noted in agrocenoses of
peas (Table 4). The studies demonstrated rather a pro-
longed impact of manure and lupine on the optimiza-
tion of biological processes in soil. At the same time, in
case of only mineral fertilizers (without any additional
provision of raw organic matter for soil), mineraliza-
tion processes dominate in agrocenoses and get acti-
vated with the increase in the norm of solid fertilizers.
This fact is confirmed by the estimation of mineraliza-
tion-synthesis indices for organic matter (Table 4). For
instance, in the second year the aftereffect of manure
and lupine promoted obtaining the positive indices of
mineralization-synthesis which demonstrated the prev-
alence of synthesis processes in soil under these condi-
tions along with the restoration of its fertility.

Similar peculiarities of the impact of fertilizers on
the mineralization-synthesis processes in soil were

AGRICULTURAL SCIENCE AND PRACTICE Vol.6 No.1 2019

also observed while growing winter wheat, when the
aftereffect of organic fertilizers on the third year was
studied along with the direct impact of mineral fer-
tilizers (Table 5). According to the obtained miner-
alization-synthesis indices, the synthesis processes in
cropland soils were observed even on the third year of
the aftereffect of organic fertilizers (values with “+”
in Table 5).

At the same time, the application of only mineral
fertilizers led to the prevalence of mineralization pro-
cesses in soil. Their intensity increased along with the
increase in the doses of mineral fertilizers.

CONCLUSIONS

Systemic application of mineral fertilizers in the
technologies of growing agricultural crops without
providing the soil with organic matter leads to misbal-
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ance in the mineralization <> synthesis processes. The
mineralization of organic matter dominates under these
conditions. Organic and especially organo-mineral
fertilization ensures the balance of the mentioned pro-
cesses in soil.

The suggested methodological indices regarding
the determination of mineralization-synthesis indices,
based on the emission ratio of g N-N,O to kg C-CO,
and the comparison of indices against the value of
“reference” soil, may ensure objective vision of the
intensity of mineralization and synthesis processes for
the process of taking decisions on the fertilization of
agricultural crops or application of specific agronomic
techniques. The application of gas chromatography,
remarkable for high accuracy and analysis velocity,
while determining the emission of nitrous oxide and
CO, promotes fast tracking of changes in the direction
of soil-biological processes.

This article does not relate to any studies using hu-
mans and animals as investigation subjects.
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Mera. Busnauntn ocoGmuBocTi mepebiry emicii N,O i
CO, 3 TpyHTy 3a Pi3HHX CHCTEM YIOOPEHHS CillbChKO-
rocrnogapcbkux Kyiasryp. Metomm. IlonboBoro pnocminy,
razoxpomarorpadiuni. PedyasraTn. ¥ nonsoBomy crario-
HapHOMY JOCIiJi Ha YOPHO3eMi BHIY)KCHOMY IIPH BH-
pOlLIyBaHHI B CIBO3MiHI KapTOIUI, SIUMEHIO SIPOTO, IOpo-
Xy Ta MIIEHHUII O03UMOI BCTAHOBJIEHO, IO SIK aOCOJIOTHI
Brpatn asory (N,O), Tak i nuromi (BiIHOCHO BTpar
Byremio y dopmi CO,) 3anexarb Biji CUCTEM yHOOpEHHs.
3a HaJIXO/KEHHs J0 IPYHTY CBDKOi OpraHiqyHOi pe4oBHHHU
(rHiif, Olomaca MPOMDKHOI CHAEPaIbHOI KYJIBTYpH — ITIO-
HuHY By3bkonucToro) spocrae emicis CO,. Ilpore nuromi
srpary a3oTy B Gpopmi N,O (r N-N,O/kr C-CO,) npu ubomy
3aJIMIIAI0ThCS Ha PIBHI KOHTpOI0. MiHepajbHI CHCTEMH
yaoOpeHHst (3a gedinuTy B IPyHTI CBDXKOI OpraHidHoi pe-
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YOBHWHH) TIPHU3BOAATH JO 3POCTaHHA eMicil NZO. 3a mx
YMOB CIIOCTEpIraeThcsi TAKOXK IHTEHCHUBHE INPOLYKYBaHHS
CO2 (mo 67 % y BapiaHTI 3 HAUBHUIIOO 10300 MiHEPATHHUX
I00puB NP LK, 20), 10 MOKHA TTOSICHUTH MiHEpai3alli€ero
TYMYCOBHUX CIIOJyK. 32 OpraHO-MiHEpaJbHOTO YIOOpEHHS
ITUTOMI BTPATH 3aKHUCY a30Ty HE IMEPEBUIIYIOTh MOKA3HHUKIB
KOHTPOJIIO Ta repesniory. Ha oCHOBI OTpMMaHUX pe3yibTaTiB
IIPOTIOHY€EThCS METO/IMKA BU3HAYEHHS I1HJEKCIB «MiHepa-
Ji3auii-cMHTE3y» OpraHiuHOi PEYOBMHU B IPYHTaxX arpo-
LICHO31B JUIsl OIIHKU CIIPSIMOBAHOCTI O10JIOTTYHHMX HPOLECIB
3a pi3HUX arpomnpuiiomiB. BucHoBku. Cucremue 3acrocy-
BaHHS MiHEpAJIBHUX JOOpHB 0e3 3a0e3nedYeHHs IPYHTY CBi-
JKOIO OPraHiYHOIO PEYOBHMHOIO MPHU3BOJAUTH N0 po30ajaH-
CYBaHHS IIPOIIECiB MiHEpali3alii <> CHHTe3y. 3a IIUX yMOB
JIOMiHy€ MiHepaji3auis opraHiuHoi pedoBnHH. OpraniuHe
i, 0COOIMBO, OpraHO-MiHEpajbHE YIOOpEHHs 3abe3redye
BPIBHOBXEHHSI B IPYHTI 3a3Ha4eHUX IMPOIECiB. 3ampomno-
HOBaHI METOAMYHI PIICHHS IIOJ0 BCTAHOBJICHHS 1HAEKCIB
MiHepaiti3anii-cuHTe3y, ki 0a3yoThCsl Ha eMiciiHOMY CIIiB-
BIJHOIIEHH] T N-NZO/Kr C-CO, 1 MOPIBHSHHI MOKa3HUKIB 3i
3HAQUEHHSIMH «ETAJOHHOTO» TIPYHTY, MOXYTb 3a0€3MeUnTH
00’eKTUBHE OaueHHs IHTEHCHBHOCTI MiHepalli3aliiHUX Ta
CHUHTETHYHUX NPOLECIB JUIsI NPUHHSATTS pIilIeHb 00
MIPUHIMIIB  YIOOPEHHS CLIbCHKOTOCIIOAAPCHKUX KYIBTYP
a00 3aCTOCYBaHH: IIEBHUX arpOHOMIYHHX NPUHOMIB.

Karouosi ciopa: ewmicin N,O i CO, 3 rpynry, cucremu
YAOOpeHHS CLTbCHKOTOCHOAAPCHKUX KYIBTYp, MPOIECH
MiHepai3amii Ta CHHTe3y B IPyHTI, OpTaHi4YHAa PEYOBHHA,

ryMyc.

MeToanuyeckue acmeKThbl OIpeaeJICHUsI HAITPABJICHHOCTH
nmpoueccoB MUHEPAIU3ANNH <~ CHHTE3a OPraHuYeCKOoro
BeIECTBA B IMOYBaX arpomeHo30B
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Hens. OmpenenuTs 0COOEHHOCTH SMUICCHU NZO u CO2
W3 TIOYBBI TOJl BIMSHHUEM DPA3IMYHBIX CHCTEM YIOOpEHUS
CEJbCKOXO3SIUCTBEHHBIX KyIbTyp. MeTonabl. [1051€B0i OMBIT,
razoxpomarorpadudeckue. Pe3yabrarsl. B momeBom cra-
IIMOHAPHOM OIIBITE Ha YEPHO3EME, BBIMIEIOYEHHOM MpPH
BEIpAIIMBAaHUH B CEBOOOOPOTE KapTOQens, SIMEHS Spo-
BOTO, TOpOXa W NIICHUIBI O3UMOM, ITOKa3aHO, YTO Kak
abcomotreie moTepu azota (N,0), Tak W yzmenbHbIE (OT-
HOCHTENBHO mOTeph yraepona B ¢popme CO,) 3aBucaT
oT cucrteM ynoOpenus. [Ipu HOCTymieHWH B TOYBY CBe-
JKET0 OpPraHMYEecKOro BellecTBa (HaBo3, Onomacca rpome-
KYTOUHOH CHEpaNTbHON KyJIBTYPhl — JIIOTIMHA Y3KOJIHCTO-
ro) Bospacraer smuccus CO,. Onnako yjenbHBIE TIO-
tepu asota B (opme N,O (r N-N,O/kr C-CO,) npm
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9TOM OCTAlOTCS Ha YPOBHE KOHTPONs. MHUHEpanbHbIC
cucTeMsl ynoOpeHus (npu aeduImTe B MOYBE CBEXKETro Op-
TaHUYECKOTO BEIIECTBA) MPUBOASAT K YBEIMYCHUIO SMHC-
cuu N, O. B 3Tux yClIoBUsX POMCXOUT TAKKE UHTEH-CUBHOE
nponymuposanue CO, (10 67 % B BapHaHTe ¢ HAMOONBIICH
10301 MUHEpaIbHBIX ynoopenui N, P K, ), 910 MOXHO
OOBSICHATh MUHEPAIHM3ALUEH TYMYCOBBIX COeTMHEHHH. [Ipn
OpraHo-MHUHEPaJIbHOM yI0OPEHUH Y/IeIbHbIC TOTEPH 3aKUCH
a30Ta He NPEBBILAIOT T10Ka3aTelell KOHTPOIS U 3allekKH.
Ha ocHOBaHMM TOJIyYEHHBIX PE3YJIbTATOB IPEIJIATacTCs
METO-ZIMKA OTPEJENICHNS] WHIEKCOB «MHHEpaTU3alnuu <>
CHH-T€32)» OPTraHMYECKOI'0 BEIIECTBA B II0YBAX arpoleHO30B
JUISl OLICHKHM HAIPaBJICHHOCTH OHOJIOTHYECKHX MPOLECCOB
IIPY OCYLIECTBJIICHUU PAa3JIMYHbIX arpoNpUeMOB. BbIBOAbI.
CucteMHOe TpPUMEHEHHE MHUHEpANbHBIX yHoOpeHHi 0e3
oOecriedyeHns] TIOYBBl CBEKHUM OPTaHUYCCKUM BEIIECTBOM
MIPUBOANT K pa30aaHCHUPOBAHUIO MPOIECCOB MUHEPAIH3a-
U <> CHHTC3a. B atux YCJIOBUAX NOMHUHUPYET MUHEpA-
Jin3ausg OpPraHuYCCKUX COG}II/IHGHI/II\/'I. OpFaHI/I'-IeCKOC u,
0COOEHHO, OpraHO-MHHEpaJbHOE YI0OpeHne 00eCcTieInBacT
cOaTaHCHUPOBAaHHOE COCTOSHHUE B MTOYBE MCCIIEyEeMBIX MpO-
neccoB. llpemioxkeHHbIe METOANYECKNE DPEHICHHs IO OIl-
PEIeNeHNI0 MHJIEKCOB MHHEpaJIM3allui-CUHTe3a, 0a3upyro-
uecs Ha sMuccHoHHOM cootHowenun T N-N, O/kr C-CO,
1 CPaBHEHHWHM TIOKA3aTeICH CO 3HAUCHUSIMH «ITAJOHHOM»
MIOYBBI, MOTYT OOECIIeunTh OOBEKTHBHOE BHUJICHHE MHTEH-
CHBHOCTH MHHEPAJIN3ALOHHBIX ¥ CHHTETHYECKUX MpOLec-
COB JId TPUHATHUA peI_HeHI/Iﬁ OTHOCUTCIIBHO ITPUHIUIIOB
yROOPEHHsI CEeNbCKOXO3SHCTBEHHBIX KyJIBTYP WINM HpPUME-
HEHHUS OIPEJICIICHHBIX arPOHOMHYIECKHUX MPUEMOB.

Kurouesnbie ciopa: smuccust N,O n CO, U3 modBbI, CUCTE-
MBI yI0OPEHHsI CENbCKOXO3HCTBEHHBIX KYJIBTYP, MPOLIECCHI
MUHEpAIH3allMd W CHHTE3a B II0YBE, OPraHHMYECKOC Be-
IECTBO, TYMYC.
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