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1,

AnHoTtanus. OLEHEHO BIUSHUE UCTIOIb30BAHUS APEBECHOr0 OUOYTIIS HA arpOTeM-
HOT'YMYCOBBIE TIOJ0€IIbI, YAeHIercss 0co00e BHUMaHHUE MOTOKAaM MAPHUKOBBIX I'A30B:
okcuny azora (N20) u XUMHUYECKH akKTHBHOMY ra3oo0pasHomy ammuaxy (NHs), Mune-
pasbHBIM (hopMaM a30Ta 1ouBbl. OLEHEHa BO3MOXKHOCTb HCIIOIb30BaHU JAHHBIX O 10~
TOKaX Ta30B C HU3KMMH 3HAUEHUAMH KOd(pduimenTa qerepMuHaun R%, n3MEpEHHBIX
C MOMOILBIO BEICOKOYYBCTBHUTEIBHOTO JIa3epHOT0 razoananusaropa Picarro G2508 (cu-
crema CRDS). U3mepenne norokoB N2O u NH3 mpoBeieHO B BETr€TallMOHHBIN NIEPUOJT
2019 r. uepe3 11-16 mecsueB nocsie BHeceHus: OUOyriisi B mo4By. OMBITHBIC YIaCTKA
pacnonoxens!l B [Ipumopckom kpae Ha IIpumMopckoil OBOIIHOW ONBITHOM CTaHLWU.
Buoyrone, nonydeHnslii u3 6epesst Betula alba, BueceH B nouBy B urone 2018 r. B 1o3e
0, 1 u 3 xr/m%. Tlnomaaes Kaxaoro OIbLITHOTO ydacTka cocrasisia 21,6 M2, Jlna usme-
PEHUS IOTOKOB Ka/Iblil YyYacTOK ObLI HOJENIEH HA TP ACIAHKH ILIOWANbI0 7,2 M2,
4TOOBI OJIy4YHTh TPEXKPATHYIO IOBTOPHOCTH. B IepHo 1 u3MepeHHs IOTOKOB Ha y4acT-
Kax KyJbTHBHPOBaiach cost. JlaHHbIE MOKa3alu, YTO Yepe3 ToJ] I0C/ie BHECEHUsT O1o-
yroisip He noBiusl Ha noToku N2O. [Toroku N2O 3aBucenu oT BpeMEHH U3MEPEHHS.
IMTotoku NHs Obiin yBenuuensl Ha 40 u 69% B Mae U OKTAOpE COOTBETCTBEHHO NPH
n06aBiaenuu 3 Kr/mM> GHOYIIS 110 CPABHEHHUIO C KOHTpoJieM. He GbLIO BBISBJIEHO CyLile-
CTBEHHOT'O BJIMAHMS OMOYIJIS HA BIAXXHOCTh M TEMIIEPATYPy HOYBBI, COIEPIKAHUE MU-
HepasibHBIX ()OPM a30Ta B MOUBE.

KiroueBble ci10Ba: 3aKuch a30Ta, aMMHaK, MUHEPaJIbHBINA a30T MOYBBI, OUOYTOIb,
CeNbCKOe X035icTBO, ouBkl, Jlanpuuit Bocrok Poccuu, moaberns
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BaarogapHocTh: ABTOpPBI OiaroapsAT KOJIEKTUB [IpUMOpPCKON OBOIIHON OIMBITHOW
cTaHuuu-Quinana deaepasbHOro rocyJapCTBEHHOr0 Hay4yHOro yupexaenus «Dene-
paibHBIN Hay4HbIH HeHTp oBoleBocTBaY (Gpunuan PIBHY OHIIO) 3a npenocrasie-
HHE OIBITHBIX Y4AaCTKOB M IIOMOILb B MPOBEIeHNH HccienoBanusi. Ocolyro oimaronap-
HOCTH BbIpaxkaeM TapacoBoii TarbsiHe CepreeBHe Hay4HOMY COTPYAHHKY (uiuaia
OI'BHY ®OHIO u Cakape Huxonaro AHIpeeBUuYy KaHA. C-X. HAyK, JTUPEKTOPY IO
Hayke ¢uinana ®IBHY OHIO.

Hcrounuk ¢uuacupoBanusi: paboTa BBIIONHEHA NPHU MOJJEpP)KKe MuHHcTEpcTBa
HayKd W BbIclIero odpasoBanust Poccuiickoit @enepaimu mo npoexty Ne FZNS-2023-
0019.
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Summary. Biochar application in agriculture has gained increasing attention due
to its potential to positively impact crop productivity and climate change mitigation.
Biochar can directly and indirectly influence carbon (C) and nitrogen (N) processes in
soil. This study investigated the impact of biochar use on agricultural soils in the Rus-
sian Far East focusing on the greenhouse gas fluxes of nitrogen oxide (N20), reactive
ammonia (NHs), and mineral forms of soil nitrogen. The feasibility of gas flow rate
data with low R? values measured by a highly sensitive gas analyzer was assessed. The
experimental field plots were part of the Primorskaya Vegetable Experimental Station
of the All-Russian Scientific Research Institute of Vegetables, located near Surazhevka
village in the Primorsky District of the Russian Far East (43°25'22.4"N 132°18'50.6"E).
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The study was conducted in spring and summer of 2019, between 11 and 16 months
after biochar had been applied to the soil. Three plots were treated with biochar at doses
of 0 kg/m? (BCOkg), 1 kg/m? (BC1kg), and 3 kg/m? (BC3kg) (See Fig. 2). The biochar
were applied to the topsoil (0-10 cm) on June 15, 2018. No mineral or organic fertilizers
were added to the experimental plots. Biochar was produced from birch (Betula alba)
by slow pyrolysis at temperatures ranging from 360°C to 380°C. The biochar contained
78% carbon (C), the H/C and O/C ratios were 0.0518 and 0.1452, respectively, and pH
8.09 (See Table I). In 2019, soybeans were grown in the experimental plots. Soybeans
were sown on June 28, 2019 and harvested for yield and dry biomass assessment from
October 10 to October 12, 2019. Afterwards, soybean biomass was used by the farmer as
green fertilizer to enrich the soil with nitrogen. The soil in the experimental areas is clas-
sified as Luvic Anthrosols and has silt loam texture according to the FAO classification.
N20 and NH3 fluxes and concentrations of N-NH** and N-NO3 were monitored from May
to October 2019. The area of each plot was 21.6 m% The plots were divided into three
subplots. Three intact soil cores (three aluminum cores with a volume of 78.5 cm®) were
collected from each subplot, resulting in 27 soil cores selected for each measurement (135
soil cores for the measuring period). When soil cores were taken to determine N>O and
NHj, field soil moisture was measured with a Delta-T SM150 sensor (Devices Ltd, Eng-
land) and soil temperature was measured at a depth of 10 cm. Four additional soil cores
were collected from each subplot to estimate mineral nitrogen concentrations and to de-
termine N20O and NHi. The N20 and NH; fluxes from the intact cores were measured in
the laboratory using a Picarro G2508 laser gas analyzer (Picarro Inc., Santa Clara, CA,
USA). Three soil cores were placed in a 1-liter glass chamber equipped with a gas lid and
inlet and outlet ports with a gasket ring connecting the internal volume of the glass cham-
ber to a gas analyzer with Teflon tubes. The integration time for Picarro analysis was
5 minutes. Temperature and air pressure in the laboratory were also measured using a
Vaisala WXT520 weather sensor (Vaisala, Helsinki, Finland). Concentrations of N-NH**
and N-NO* in the soil were determined by the colourimetric method using a UV-1280
single-beam spectrophotometer (Shimadzu, Japan).

The study revealed no effect of biochar on soil moisture and temperature in the field
(See Fig. 2, 3). When comparing soil moisture with biochar application rates, a statisti-
cally significant effect (P = 0.001) of soil moisture reduction was observed in the
BClkg treatment compared to the BCOkg plot. Although a similar trend was observed
for the BC3kg treatment (P = 0.03), the latter was not significantly different from the
plots BCOkg and BClkg. Soil temperatures during the experiment did not vary signifi-
cantly between treatments (P = 0.99). Soil temperature correlated with air temperature
throughout the experimental period (P = 8.6x107). No correlation was found between
biochar application rates and values of N-NH*" (P = 0.98) and N-NO* (P = 0.88). The
N-NH*" and N-NO*- values correlated with the month of measuring (P = 0.007). The
results of N2O flux measurements showed no statistical relationship with the biochar
application rates (P = 0.87) (See Fig. 5).

When calculating N>O fluxes, it was found that all fluxes have very low R? values
(from 5.7x107 to 0.38). It is generally assumed that the data with similar R? values are
statistically insignificant, but this is not entirely correct. NoO formation is a very com-
plex process, and a large number of factors contribute to its high variability and, thus,
high fluctuation of indicators. The complex nature of the N2O production makes it sen-
sitive to real-time measurements, especially in disturbed soils. In some soils, emissions
of N20 or other gases may be low and unstable. In this case, high-precision real-time
measurement techniques may result in a concentration profile with high fluctuations.
Conventionally, a linear regression equation is used to estimate N2O fluxes. However,
high fluctuations lead to frequent deviations of values from the trend line, resulting in
low R? values. This study employed an optical method to measure gases using a Picarro
(2508 laser gas analyzer based on the cavity ring-down spectroscopy (CRDS) system.
This gas analyzer is designed to measure at a rate of 53 readings per minute and offers



boecyn M.A., Hecmepoesa O.B., Cemans B.A. u dp. Biuanue eénecenun ouoyans

high sensitivity in measuring gas concentrations (ppb). The measurements yielded data
with high variations in N2O concentration (See Fig. 6). High fluctuations in N2O con-
centration resulted in low R? values when using a linear flux regression. The Picarro
(G2508 can simultaneously measure CO2, CH4, N2O, NH3, and H»O. If measured cor-
rectly, CO2 always exhibits a good linear relationship. The previous research showed
that CO: fluxes had statistically significant R? values greater than 0.9. Since N2O and
CO: were measured simultaneously, the high R? index for CO; implies that the N2O
measurement is correct.

The results for NHs fluxes were quite variable (See Fig. 7). The lowest flux values
were recorded in the warmer months (June and July) when crops were increasing. In
May and October, the NH3 emissions were similar. The BCOkg and BClkg plots
showed almost identical results, but the flux was higher in the BC3kg plot. Thus, in
May, the flux at the BC3kg plot was 40% higher than that at the BCOkg plot. In October,
there was a 69% increase in flux at the BC3kg plot compared to BCOkg. May and Oc-
tober are not sufficiently conducive to microbiological activity, as shown in Figure 4.
However, the similarity in the distribution of NH3 fluxes suggests that biochar can sig-
nificantly change the temperature around the particles on the soil surface, i.e., it can
create warm zones favourable for living microorganisms. This might be explained by
the black colour of biochar (high in carbon), which absorbs solar radiation. Therefore,
higher NH3 rates at the BC3kg plot may be related to greater microbial activity around
the warm zones near biochar particles.

The article contains 7 Figures, 2 Tables and 40 References.

Keywords: nitrous oxide, ammonia, soil mineral nitrogen, biochar, agriculture,
soils, Russian Far East, Luvic Anthrosols
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BBenenne

Azot (N) sBIsIeTCS KIIOUEBBIM NMUTATENEHBIM BEIIECTBOM JJISI POCTa pacTe-
HUH, TIEPBUYHON MPOIYKTHBHOCTH W OallaHca 3KkocucTteM. KpyroBopor a3zora B
HA3eMHBIX HKOCHCTEMaX XapaKTEepPU3yeTCs] MHOTUMH (H3UKO-XUMHUYSCKAMH H
MHUKPOOHNOJIOTHYECKUMH IIPOIIECCAMH, KOTOPBIE MPHUBOAAT K MOTEPSM a30Ta W3
HKOCHCTEMBI C COOTBETCTBYIOIINM BO3/ICHCTBHEM Ha OKpyXaromryto cpeny. K ta-
KAM TIpOIIeCCaM OTHOCATCS: yieTyunBanne ammmuaka (NH3), okcmmoB aszora
(NOy), 3akucu azota (N2O) u MonekysspHoro azota (N2) U3 OYBHI; TOTEPH MTPH
BBHIIIEIAYMBAHAN TTOYBHI B BHAe HUTpaToB (N-NO®") 1 B Busie pacTBOPEHHOTO Op-
raandeckoro a3ota 1 ammonus (N-NH*) [1]. OcHOBHOI MpHUHHO#H TAKMX ITOTEPh

9
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SIBIISICTCSI KOJIMYECTBO a30Ta, KOTOPOE MPOXOIUT Yepe3 IKOCHUCTEMY, OTyIaecMoe
KaK U3 €CTECTBEHHOTO ITMKJIA a30Ta, TaK M N3 BHEITHUX UCTOYHIKOB, IPHYEM I10-
ciemHee 0COOCHHO aKTyallbHO [UIS arpOdKOCHUCTEM, KOTOPBIE MPEACTABISIOT CO-
0ol HanOoJiee BaXKHBIH TII00ATBHBIA UCTOYHUK BEIOpocoB N2O u NH3, a Takxke
MOTEPH N-NO> B BOIHBIE 0GBEKTHI [2, 3]. KnroueBble TpoIiecchl MUKIA a30Ta,
Takue KaK MAHEepaIn3aIys, HAITPH(QUKAITNSI U JeHATPUPHUKAIISL, HATPIMYIO KOH-
TPONUPYIOTCS a0MOTHIECKUMU (paKTOpaMu, TAKAMH KaK BIa>KHOCTH TIOUBEI, TEM-
neparypa, pH, kKaTHOHOOOMEHHasi CITOCOOHOCTH [4], a TakKe TCHETUYECKHM M
(YHKIIMOHATEHBIM Pa3HOOOpa3reM MUKPOOPTaHU3MOB [5].

Ha ceromnsmramii 1eHs O0IbIIe BHUMAHAS YACISETCS METOaM, KOTOPBIE MO-
T'YT: TIOBBICUTh YCTOMYMBOCTH arpOdKOCUCTEM; YIYUIIHTh CIIOCOOHOCTH IKOCH-
CTEM IIOTJIOMIATH YIIIEPOM; YBEIHUYHUTH MPOU3BOUTEILHOCTh IKOCHCTEM O€3 yBe-
JMYCHUS Harpy3KH Ha OKPYIKAIOIIYIO CPEy; CHU3UTE BRIOPOCHI IIAPHUKOBBIX Ta30B
(TIT") m peakumoHHOCTIOCOOHBIX coeuHeHni N, Taknx kak NHj3. 3aknch a3ota 00-
pasyercs B CeNbCKOXO3SMCTBEHHBIX TI0YBAX, B OCHOBHOM ITyTeM JACHUTPU(PHUKAIIAHI
Y B HE3HAUUTENHHON CTEIIEHH ITyTeM HUTPU(DHUKAIIN U SBIISICTCS CHIGHBIM TapHU-
KOBBIM Ta30M [3] ¢ MOTEHIHAIIOM TT00ATLHOTO MOTETUICHUS PUMEPHO Ha 298 pa3
BhIIE, 4eM y yrirekucioro ra3a (CO») [3, 6]. Konnentparus N>O B atMocdepe co-
CTaBIISIET OKOJIO 324 ppb, a Ha ero JOII0 TPUXOIUTCS OKOJO 7% aHTPOIIOTEHHOTO
rI00aJIbHOTO TIOTEIICHUs [3]. AMMUaK sIBISIETCS PEaKIMOHHOCIIOCOOHBIM Ta30M,
CHOCOOCTBYIONMM MOJKHUCIICHUIO M ABTPOPHKAINH, & CEIBCKOE XO3SHMCTBO Tpe-
CTaBIISICT COOOH €ro KpyImHEHIHA HCTOYHHUK BHIOPOCOB [7].

Cpenu BapuaHTOB YIIPaBICHAS KAYECTBOM MTOYBHI M COKPAIIEHUEM BEIOPOCOB
MApPHUKOBBIX Ta30B OMOYTONb BBI3BIBACT OONBIION mHTEepec. OTMedaeTcs, 4To
OMOYTONIb OKa3bIBAaeT IMOJOXKHUTEIHFHOE BIUSHHAEC HA IMHPOKAU CIIEKTp (hH3MUe-
CKHX, XHMUYECKHX W MUKPOOHOJIOTHYECKHAX CBOWCTB 1MOYB [8, 9], ypokaitHOCTh
CEICKOXO03SIMCTBEHHBIX KyJIBTYp [10, 11] 11 cokparieHue BEIOPOCOB TAPHUKOBBIX
ra3oB [2, 5]. [TouBbl, 0O6paboTaHHBIC OMOYTIIEM, KaK MTPABHUIIO, IMEIOT OoJiee HU3-
kue BRIOpoch N2O [2, 12—16]. OnHako KOHKPETHBIE YCIIOBHS ITOYBHI, BBIpAINBa-
€MBIE CEeNIbCKOX03IHCTBEHHBIE KYJIbTYPBI, TUI OHOYTIIS, a TAKKE MCIIONb3yeMast
71032 MOTYT CYIIECTBEHHO IOBJIHATH HA PE3YNIbTAT, 00ECIEeUNBasi B HEKOTOPBIX
cly4asiX HEWTpallbHbIE HIIM OTpHUIaTeibHble 3((QeKThl (YBEIMUCHHE MOTOKOB
N20) [17]. Cokpamenue BBIOpocoB NoO MOXKET MPOU30MTH 3a CUET yyUIIeHUS
anpaliy Mo4B Mpu npuMeHeHnn ouoyris [ 18], mossimenus pH nmoussl [19] nim
YITyYIIeHHs] MAKPOOHOIOTHYECKOM 3((EKTUBHOCTH HCIONB30BaHMS N B TTOYBE
[17, 20]. Madopmanuu o BimsHUH OHOYriIsl Ha moTokn NH3 mpencTaBieHO
menbie [21]. HemHorne mocTymHbIe WMCCIETOBAaHUS MOKA3bIBAIOT MPOTHUBOIIO-
JIO)KHBIC PE3YNIBTaThI, cOO0IIast 0 CHIKeHUH [22, 23] nnu yBesmuenuu [21, 24,
25] Be1OpocoB NH3 B 06paboTaHHBIX OHOYTIIEM ITOYBaX.

OnHolt W3 mpoOiieM Hm3ydeHHs MOTOKOB N>O SBISIOTCS HECTaOWIBLHOCTH
IpoIieccoB ero o0pa3oBaHuUs B ITOYBE U €0 HEOOIBIINE 3HAUCHUST KOHIICHTpa-
nuu [1, 26, 27]. DT TpoOIIEMBI MOTYT MPUBECTH K 3HAYUTEILHBIM KOJICOAHUSIM
KOHIICHTPALMHA TIPH HEMPEPHIBHOM JHHAMUYECKOM m3MepeHnn noTokoB N>O B
pEeXUME peaJbHOTO BpEMEHH (HallpuMep, H3MEPEHHE C TOMOIIBIO Ta30aHaIH3a-
TOpOoB). OOIIENPU3HAHO, YTO TSI pacueTa moToka N2O HcTonb3yeTcs TUHEeHHasS

10
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perpeccus [28]. OnHako BBICOKHE KOJCOAHHUS KOHIEHTPAIMA B OOJILITMHCTBE
CIydaeB HE JTAIOT CTATUCTUYECKH KOPPEKTHOW JTMHEWHOW PETPEecCHUH MOTOKOB.
Takum 06pa3oM, OMYICHHBIC MaHHBIE CYUTAIOTCS HEBEPHBIMH, YTO SBILIETCS
OIMNOOYHBIM.

B a3T0ii paboTe OBUTO OIICHEHO BIIMSIHAE BHECEHHOTO JIPEBECHOTO OMOYTIIS Ha
MUHepadbHbIe HOpMbI a30Ta TouBkl, ToTokH N2O 1 NH3 yepe3 11-16 mecsies
MOCJIe eT0 MPIMEHEHHNS Ha arpOTEMHOTYMYCOBBIX nogbenax [IpaMopckoro kpast.
Taxxe paccMoTpeHa mpodiieMa OIeHKH MOTOKOB NoO ¢ OONbIIAM KOJIeOaHuEM
KOHIICHTPAIWH TPH IUHAMHYECKOM HETPEPHIBHOM H3MEPEHHUH C IIOMOIIBIO Ja-
3€pPHOTO ra30aHajIn3aTopa.

MartepuaJibl U METOABI

OteHKHM BIHUSHUS ONOYTIIS HA HCCIIeTyeMBbIe TapaMeTphl IPOBEICHBI HA OTIBIT-
HBIX ydacTkaxX [IpEMOpCKOi OBOIIHOM ONBITHOW cTaHIMU-(GHmMana denepalb-
HOTO TOCYITapCTBEHHOTO HAYYHOTO yupexaeHus «DenepanbHblil HAyIHBIN HEHTP
oBomeBoncTBay (43°2522.4"N 132°18'50.6"E, c. Cypaxkeska, [Ipumopckuit
Kpai, Poccuiickas denepanus).

Tepputopus IIprMopckoro kpast XapakTepH3yeTcss YMEPSHHBIM MYCCOHHBIM
KIIIMATOM C YepTaMH KOHTHHEHTAIEHOTO. COTJIACHO TOJNTOCPOYHBIM KITUMATHYE-
CKHUM JTaHHBIM, 32 TIEPUO]] C aIpelis 110 OKTAOPH CPEeIHsIA TeMIIepaTypa BO3Iyxa
coctaBisieT +14,5 °C, a obmiee KOJHMYECTBO 0CaIKOB — 584 MM. 3a mepHoz ¢ ar-
penb 1o OKTA0ph 2019 T. IpUBeACHBI 3HAYCHUS TEMITEPATYPHI BO3IyXa H KOJINYC-
cTBa 0cagKoB (puc. 1), HAOIOIAIOCH CYIIECTBEHHOE MPEBBIIIICHHE CYMMBI Cpe/l-
HEMECSYHBIX MHOTOJICTHUX 0caaKkoB Ha 448 MM (1 032 MM), BEI3BaHHOE OOJIBITAM
KOJIMYECTBOM OCaJIKOB B aBrycte (521 mm). CperHeMecsaHas TeMIiepaTypa Bo3-
Jyxa 3a TIepruoJI ¢ ampens mo okTsops 2019 r. HeCcymeCTBEHHO OTIMYANIach OT
CpeIHEMECSYHBIX MHOTOJICTHIX 3HAYCHUH.

UccnenoBanne mpoBoamnock B BereTannoHHBINA miepros 2019 r., gepes 11—
16 MecsIieB TIOCIIe BHECEHHS OMOYTJIS B ITOYBY. B sKCTIIepuMeHTE HCTIOIh30BAITUCH
TPHU ydYacTKa, Ha KOTOpbIe BHOCHIHN 6moyrons B go3e 0 kr/m> (BCOkg), 1 kr/m?
(BClkg) u 3 xr/m* (BC3kg) (puc. 2). Broyrons BHECTH B BEpXHHH CIIOH TTOUBEI
0-10 cm 15 uronst 2018 r.

MuHepaIbHBIC WA OpTaHHYECKHE YIOOPEHHS Ha ONBITHBIC YIaCTKH HE BHO-
cunuck. [Imomane kaxxaoro ydactka cocrasisma 21,6 M2, KXl y9YaCcTOK Jie-
JIAITH Ha TPH JeISHKA. Vcnonp30Baics: OMOyToiIb, OXYIeHHBIH U3 OCTATKOB Oe-
pe3bl (Betula alba) MeTon0M MEUIEHHOTO TIMPOJTH3a IPH TeMiiepatype oT 360 1o
380 °C. buoyrons comepsxkan 78% yrinepona (C); nmen coorHomenne H/C u O/C
0,0518 u 0,1452 cootBetctBeHHO; pH 8,09 (Tadi. 1) [29]. buoyrons uMen 1uio-
maas moBepxHocTH 73,2 M%/r; 06Bem mop 0,048 cv’/r. B 2019 1. Ha ONBITHBIX
yuacTkax pociia cos (moceB 28 utoHs 2019 ., yOopka ypoxkast sl OIICHKA Ono-
Macchl mpoBoauiack ¢ 10 mo 12 okrsaops 2019 1.). Tlocite omleHKH yposkaHOCTH
O6romacca COHM HCITONBh30BaNach B KadecTBE CHuepaTa Uil OOOTAIlCHHUS ITOYBBI
a30TOM.

11



Azpoxumusn u nousogedenue / Agrochemistry & Soil science

[TouBa Ha OMBITHBIX yYacTKaX KIACCH(PUITUPYETCs KaK arpOTEMHOTYMYCOBBIH
mooert o kinaccugukanun mous Poccuu [30] (Luvic Anthrosols mo mexmyHa-
pomHoit knaccudukanmu WRB) 1 uMena cpeTHeCyrIIMHUCTBIA TPaHyJIOMETpHYC-
cKHif cocTas. J[o IKCTIEpHMEHTA BEPXHHUIA CJ10# TouBHI coepskan KoO 200 mr kr!,
P,0s 140 mr kr !, nerkornaponmsyemoro azorta 133 mr xr . 3mauenne pH (B
1 mons/mv® 1 KCl) B Bepxnem cioe moussl (0—10 cM) B mone 2019 r. ms BCOkg
coctaBisuio 6,1, mus BClkg — 5,9 u s BC3kg — 5,5. B oktsa6pe 2019 r. pH mns
BCOkg cocransut 5,6, s BClkg — 5,5 u mns BC3kg — 6.

MonuTtopunr motokoB N>O, NHz u koHIEeHTparuii MOYBEHHBIX N-NH4+,
N-NO*" nposomuncs ¢ Mas mo okta6ps 2019 . (7 mas, 22 wurons, 19 wmoons,
21 cents6ps u 25 okra6ps). Kaxprii yyactok (21,6 M%) pasmemuing Ha TpH Je-
nsrkn (7,2 M?). C KaxkKIoi JeNsHKH OTOHpPAIH TI0 TPH OIOKCA C MOYBEHHBIMHU 00-
pastamMu HeMOBPEKACHHOM CTPYKTYPHI (TPH aJJFOMHHHEBBIX OFOKCa 00beMoM 78,5
cm’). Takum 06pa3oMm, 1T KaKI0To H3MEPEHHMS, HalpuMep 7 Masi, OTOMpPaIH 110
27 GIOKCOB C MOYBEHHBIMU oOpa3iamu (135 OFOKCOB ¢ TIOYBOH 3a TIEpHOJ U3Me-
peHus). BrokChl TOCTaBIIUM B TaOOPaTOPHIO Yepe3 Jac mociie 0Toéopa npood s
n3Mepenust otokoB ra3za N>O n NHz. OHOBpeMEHHO ¢ 0TOOPOM OFOKCOB C MOY-
BEHHBIMHU 0oOpasiamu it onpenesieHns NoO u NH3 3amepsutich moJieBasi Biax-
HOCTbH mouBbI JaTaukoM Delta-T SM150 (Devices Ltd, AHrnus) u Temreparypa
mouBkI Ha TyOonHe 10 cM. J[iist olleHKH KOHIIEHTpAIlii MUHEPaIbHOTO N Ha Kax-
JIOM y9acTKe JONOJIHUTEIBHO OTOMpa 00pa3Ibl TOYBHI B YETHIPEXKPATHOH T10-
BTOPHOCTH.

Air temperature.

Konnectro 0cankos, My

TeMneparypa ko

| benbas oL

Ampene  Mai  Moms  Miom  Asryer Cemtstpe Oxrabpe Ampenn Maii Mione Hiom Ancyer Cormadpn Oxradm
[April] |May] [Tune| [July]  [August] [September]| October] |April]  [May] | Jane] [July]  [August] [September]| October|
[ {PenHeMecATHOE KOMHIECTRO 0CANKOR B 2019 rony O Cpsuemeeaarnan renieiiypa nos.gexa i 2019 rojy
| Average monthly precipilation in 2019] | Averape monthly air temperature in 2019
[ CpemIeMESTIIOs MITOMOIETIICE KOTHUCCTRO OCAIKOT [ CpeaneneciHag MHOTOETHL TEMTIENATYPA BO3IYXA
| Average monthly long-term precipitation | [Average monthly long-teriv alr wemperature]

Puc. 1. Temneparypa Bo3ayxa 1 KOJIUYECTBO OCAJKOB B TEYEHUE BEr€TAIIMOHHOTO NIEPUOIA
2019 1. Ha TEPPUTOPUH OMBITHOM cTaHIKH (10 AaHHBIM M/c «Caaropomy, asponopra
«BnamuBoctox» um. B.K. ApcenbeBa, http://rp5.ru, gara nocryna: 03.08.2022).

o ocu opauHAT — KOJTMYECTBO OCAKOB, MM; [0 OCH a0CIHUCC — MECSIBI H3MEPEHUSI
[Fig. 1. Air temperature and precipitation during the growing season of 2019 on the territory
of the experimental station of Primorsky Krai (according to the m/s "Sadgorod",
Vladivostok airport named after V. K. Arsenyev, http://rpS.ru, access date: 03.08.2022).

On the Y-axis - Amount of precipitation, mm; on the X-axis - Months of measurement]

BCOkg BClkg BC3kg
1 2 3 1 2 3 1 2 3
AcCASIIIKA AeAsIKa AeAAIIKa ACAIKA AeASIKA AeAsIKa AeAsIIKa AeAsITKa AeAsIIKa
[subplot] | [subplot] | [subplot] [subplot] | [subplot] | [subplot] [subplot] [subplot] | [subplot]

Puc. 2. Cxema BereTaijioHHOr0 OIIbITa
[Fig. 2. Scheme of vegetation experience]
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Taonuia 1 [Tablel]
I[Mapamerpsbi Ouoyras u3s Betula alba no npumeHeHus B no4se
[Parameters of biochar from Betula alba before addition to the soil]

[TapameTpsl [Parameter] 3HauyeHus [Value]
C, % 78,13
N, % 0,08
Ca, % 1,77
Mg, % 0,42
K, % 0,41
P, % 0,04
H/C 0,05
o/C 0,14
pH 8,09
EC, uS/cm 186,30
Jleryune BemectBa, % OT cyxoil Macchl 31.20
[Volatiles, % from is dry. masses] ’
3051bHOCTB, % OT CyXOi MaccChl 540
[Ash-content, % from is dry. masses] ’
Il1owmans NOBEPXHOCTH, M%/T 73.25
[Surface area, m*/g] i
O6bem nop, cm>/r 0.05

[Pore volume, cm?/g]

[Motoxn N>O u NH3 usmepsuti B 1a060paTOpHH U3 OFOKCOB C HEIOBPEKICH-
HBIMU [TOYBEHHBIME 00pa3iamMu ¢ ITOMOIIEIO JIa3epHOTo razoanann3atopa Picarro
G2508 (Picarro Inc., Canra-Knapa, Kammdopaus, CILIA). Tpu Groxca momeniamu
B CTEKISIHHYIO KaMepy Ta30aHam3aTopa 00beMOM OAWH JIUTP, 000PYIOBAHHYIO
KPBIIIKOH C YIUIOTHUTEIHHBIM KOJBIIOM W BXOAHBIM W BBEIXOJHBIM OTBEPCTUSMH
IUTSL IEpEMETIICHHS Ta3a, COeTMHEHHBIX C Ta30aHaIM3aTOPOM Te(hIIOHOBEIMH TPy O-
KamH. Bpemsi m3MepeHHs TOTOKa cocTaBiisuio 5 MuH (53 W3MepeHHWsS B MHU-
HYTY/265 n3Mmepenuid 3a 5 MuH). TakuM 00pa3oM, JIs KaKJIOTo ydacTka ObLIO
MONYYEeHO TPH IMATHMUHYTHBIX M3MepeHns (9 m3MepeHuil s BceX YJIacTKOB).
3a Bech BEreTalOHHBIN TIEproT (5 MECAIIER) MOTyYeHO 45 H3MEpEHHIA.

TemrepaTypa 1 IaBICHHE BO3AyXa B Ta0OPATOPHH U3MEPSUINCH C IIOMOIIBI0
moroaHoro natunka Vaisala WXT520 (Vaisala, Xenbcuaku, OUHISTHIHSA).

[Totoxn N>O u NH3 paccuntsiBamu o gpopmysie (1):

AlGas] Voo
Few=—0 (1
A
rie Fgqs — TIOTOK Ta3a, BhIpaskeHHbIH B pMonb NoO umu NHs Mm% ¢! A[Gas)/At —

M3MEHEHHe KOHIIEHTPAIUHU Ia3a BO BPEMEHHU, BHIPAXKEHHOE B [IMOJIb MOIb | ¢ ';

b
V — obuimii 06seM KaMephl B M°; A — IIIOMAIb KaMephl B M%; p — MONISPHAS TIOT-
HOCTB BO3/[yXa B MOJIb M -.

Ko>ddurment nerepmunanmu R* ncrons3oancs pu pacuete A[Gas]/At ns
OIIEHKH JIOCTOBEPHOCTH M3MEPEHHBIX TAHHBIX O IIOTOKE.

Konnentpammo N-NH*" 1 N-NO®~ B mouse ompenensiy KOIOpUMETpHYE-
CKHM METOJIOM C HMCITOJIb30BAaHHEM OJIHOJIY4eBOTO criekTpodoromerpa UV-1280

(Shimadzu, SIonwus).
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JIns KomMYecTBEHHOTO onpeaenenus kornenaTpanun N-NH** [31] 5 r cesxeit
MTOYBBI CMENTHBAN B K0JIOe o0beMoM 250 mit ¢ 50 mit 2% KCI B Teuenne 1 4 Ha
mieitkepe. PacTBop ¢puiibTpoBaiu ¢ momMomso OyMaxkaoro ¢puiabTpa Whatman 42.
OT¢unbTpoBaHHBINA pacTBOP (5 MIT) MOMEMAIN B MEPHYIO KOJIOY 00beMoM S50 M
¥ CMEIINBAIH C 2 MJI CETHETOBOM COJM 1 2 MII peakThBa Heccnepa, noBoaunm 10
50 mn guctuMpoBaHHOW BoAoi. PacTtBop BeIAepkuBaim B TeueHue 10 muH.
Konnentpammo N-NH*" onpenensnn cnekTpohoToMeTpoM NpH JUTHHE BOIHEI
425 am.

st onipeneneHust N-NO? 5 1 cBexeil TIOUBBI CMEIINBAIN B KOJIOE 06BEMOM
250 v ¢ 25 mit 0,05% K2SO4 1 BeTpsixuBanu B TeU€HUE 3 MUH Ha BPAIIAIOIIEMCS
meitkepe. [IpoOwl ¢uabTpoBamy, 5 Mi GuibTpaTa nmomMemand B GaphopoByro
YallKy ¥ BBITAPHBAIIH JIO CYXOro OCcTaTKa Ha BoJsHOW OaHe. CyXoii ocTaTok 00-
pabateiBasi 1 M AuCyTbHOPEHONTOBOM KACIOTH U TIIATEIBHO IMepeMEITHBATN
B Teuenue 10 muH. JoGarmsumi 15 mur quctriumupoBanHoi Boasl 1 20% NaOH
Karuts 3a Karuied 10 TIOJTy9YeHHUS KENTOH )XUIKOCTH. PacTBop mepeHocwim B Mep-
HYI0 KOJIOy 00beMOoM 50 MII U JOBOJMIIM J0 METKH. M3MepsuTi KOHIICHTPAIIHIO
N-NO*- TP ITTUHE BOJHBI 425 HM.

Conepxanne N-NH*" 1 N-NO*" (mr/100 T 110UBBI) PacCCUMTBIBAIA C HCIIONb-
30BaHueM ypaBHeHUH (2) u (3):

C-V-100
NHi=——— | )
m-Vi
NO,= &V 100 3)
m-Vi

rie C — KOHIIEHTpaIlUs pacTBopa; V — o0t 00beM pacTBopa; V1 — 00beM alTuk-
BOTHI; m — cyxas Macca oOpasia noussl; 100 — koadduruent nepecuera Ha 100 T
TTOYBHL.

st cpaBHEHUS aHAM3UPYEMBIX TApaMETPOB HCITOIB30BAIICS ABYCTOPOHHHMN
IMCTICPCUOHHBIA aHAIN3, YIUTHIBAIONINN KaK BIMSHIE 00paOOTOK, TaK U BPEMsI
(mHU ¢ MOMeHTa JToOaBJICHUsT OMOYTIIS) Ha aHAIM3UPYEMbIC TIepeMeHHbIe (Sigma
Stat, Jandel Scientific). JlanHabie OblH JIoTapu(PMUIECKH TPEOOPA30BAHBI, KOT/Ia
HE TPOXOJWIH TeCT Ha HOpMaiabHOCTH (KomMoropoB—CMHPHOB, ¢ TMOMPaBKOM
Jlwmmudopca). Korma Obuta moaTBepikieHa 3HAYNTEIbHAS PAa3HHIIA MEXKTY BapH-
aHTamu ombITa (p < 0,05), MpoBepsUTOCH «BCE MOMAPHOE» CPABHEHHUE C MCIIOJIB30-
BaaneM «putepusi Cteronenta—Hriomana—Keyiica.

Pe3yabrarsl ucciaenoBaHusi U 00Cy:KIeHUe

ComtacHO HCCIIEIOBaHUSAM, BIMSHUEC OHOYTIISI HA KOHIICHTPAIIHIO N-NH*" u
N-NO* B mouse Becsma m3menunBo. Castaldi et al. [2] He 0OHAPYKHIN PASHUIIET
B COJICPYKAHUH MHHEPAILHOTO a30Ta Yepe3 TPH MECsIIa IMOCiie BHECEHUS OOy
B CPEIU3EMHOMOPCKYIO CEIThCKOX03IHCTBEHHYIO TIOYBY. Takke OHM He O0Hapy-
JKUJTA HUKAKOM Pa3HUIIbI B KOHIICHTPAIIUU N-NO*- yepe3 14 mecsieB, B TO BpeMst
KaK OOHAPYKWITH 3HAYNTETBHOE CHIKeHHe comepxanms N-NH*,
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KonnenTpammu ammorus (N-NH*) n murpara (N-NO?") B mouse, m3MepeH-
HBIE ITPH 0TOOpPE MPOO, TPUBEICHEI B TA0I. 2.

Ilepen moceBoM coeBbIX 00608 (Maif) comepsxanme N-NH*" u N-NO*~ na
yaacTtke BCOkg coctansno 5,80 u 11,50 mr #a 100 1! MOYBBI COOTBETCTBEHHO.
ConeprkaHre MHHEPaITLHOTO N 0Ka3aJI0Ch COMOCTaBUMBIM ¢ ydyacTkoM BClkg u
HeMHOTrO BbIlie Ha yuyacTke BC3kg. B koHIle HIOHS TMOJie BCHaxXaid W TOCESUTH
coeBble 000bI. [TpoOBI MOUBKEI oTOMpaNH nepen ee oopadorkoii. [Tocie mocesa B
nouBe OOHapy)uImM Oonee Bricokoe cozepskanne N-NH*, xotopoe ysemmamBa-
JIOCH 70 OKTSIOpS Ha BCeX ydacTKaxX, IPHYEM caMble HU3KIE 3HAUCHHS IOy YCHEI
Ha ygactke BC3kg, a camble Bricokue — Ha yuactke BC1kg. Conepsxanme N-NO*~
B TI0YBE OBLIO OJMHAKOBBHIM Ha BCEX YYACTKAX M HE MTOKA3aJ0 YETKOH TCHICHIINH
K YBEIMYCHUIO WITH YMEHBIICHUIO C TCUCHUEM BPEMEHH.

Taonuiga 2 [Table?2]
Cpennee 3nauenue nousennoro N-NH** u N-NO*~ na ucciieryeMbIX y4acTKax
[The average content of soil N-NH*" and N-NO*" in the studied treatments]

mr 1001 Maii Hionb Hrionp Cenra6pb OkT0pBb
OYBBI [May] [June] [July] [September] [October]
[mg

100 g! |N-NH*| N-NO* |N-NH*" | N-NO* [ N-NH*" | N-NO?*" | N-NH*" | N-NO*~ | N-NH*" | N-NO*~
soil d.w.]

BCOkg 5,80 11,50 2,94 23,22 | 4,70 8,28 4,41 11,17 | 29,56 | 945
+0,001 | £0,001 | £0,002 | £0,001 | 0,002 | +0,002 | 0,001 | +0,002 | 0,001 | 0,002

BClk 5,80 11,50 1,49 16,96 5,46 8,44 5,15 13,50 | 33,30 | 9,46
g +0,001 | 0,001 | £0,002 | +0,001 | +0,002 | £0,002 | £0,002 | £0,001 | £0,002 | £0,002

BC3k 6,75 12,30 1,99 13,45 7,37 8,11 5,93 13,44 | 23,46 | 10,48
g +0,002 | 0,001 | 0,001 | +0,001 | +0,001 | +0,003 | £0,001 | £0,002 | £0,001 | +0,001

B okTs16pe (13.10.2019) coeByro Onomaccy OCTaBHIJIA Ha y4acTKaX B KAUESCTBE
cunepara. [Ipo6b1 mouBsl oTOMpanm 25 okTsaops 2019 1. BenencTeue nepBUYHOM
MUHEpaTH3aluy COCBBIX OCTATKOB, OOTaThIX N, MOIIO MPOM30MTH yBEIUICHIE
conepxanns N-NH*" B okTs16pe, kak mokasaHo B Tabu. 2.

He 6p110 00HApYKEHO KOPPETAIMNA MEXKTY 0301 MPUMEHEHUS OHOYTIISI M 3HA-
gyeansmu N-NH** (p = 0,98) u N-NO** (p = 0,88). 3mauenus N-NH*" u
N-NO*" xoppenupoamu ¢ MecsieM m3meperus (p = 0,007).

Wzyuyennsiit HaMu OHOYTOJH HE MOKET TIOBIUSTH HA COACPKAHNE MUHEPAIIh-
HOro N B TOYBE, TaK Kak B €r0 COCTaBE CONEPIKUTCS HEOONBIIOE KOIMYECTBO
asora (cM. Tabm. 1). OueBUAHO, YTO APyrre OUOYTIIN TaKXKe HE CMOTYT CTaTh Ya-
CTBIO TIOYBEHHOM AKOCHUCTEMEBI 32 Takoe KOpoTkoe BpeMs (11 MecsiieB B HameMm
SKCIIEPUMEHTE) ¥ CYIIECTBEHHO MOBJIHAThH Ha CONEepKaHIEe MUHEPAIEHOTO a30Ta
B ITOYBE KaK €T0 UCTOYHMKA. OHAKO OMOYTOIh MOXKET HOBIUATH Ha aKTHBHOCTD
MHUKPOOPTaHU3MOB, B PE3yIIbTaTe YeTro N3MEHSIETCS COlepKaHIe aMMOHUITHOHN 1
HUTpaTHOH ¢opM N B moUBe.

[Tockonbky 6HOyToNh 00JIaaeT TOPHCTON CTPYKTYPOM U BBICOKOM COPOIIMOH-
HOW CITOCOOHOCTHIO, OH BIMSET Ha COACPYKAHUE BJIIATH B MIOBEPXHOCTHOM TOPH-
30HTE, T.€. PETYJIMPYET BOJHBIN PEKUM B 30HE 0OMTaHUs KopHEH. [Tonesas Biax-
HOCTP ITOYBBI MMETA PasId4Hsl, CBA3aHHBIE CO BPeMEHEM m3MepeHwus (puc. 3).
[Ipu cpaBHEHNH BIA)KHOCTH ITOYBHI C JO3aMH BHECEHHSI OHOYTIIS CTaTHCTHYCCKH
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3HaYUMBIA pdekT (p = 0,001) cHWKEHUS BIAKHOCTH IOYBBI HAOIIOMAJCS Ha
yuactke BClkg mo cpasnenuro ¢ BCOkg. XoTs aHanornyHas TeHACHIUS HaOJIr0-
nanack ¥ Ha yuactke BC3kg (p = 0,03), mocnenHee CynecTBEHHO HE OTIHYAIOCH
ot BCOkg u BClkg.

Bce yuacTkn He3aBUCHMO OT IPUMEHEHUST OMOYTIIS TTOKa3aJld OTHOPOIHOCTh
[0 TEMIIEPaTypHBIM YCIOBHSM B MOBEPXHOCTHOM TOpH30HTE. Temmeparypa
MoYBHI (puc. 4) B TeUCHNE MIEPUOAA HCCIENOBaHMUS JOCTOBEPHO HE Pas3iiyuanach
Mex 1y BapuanTamu omnbita (p = 0,99). Temneparypa MmouyBsI 3a BECh MEPHOJ HC-
CcIIe/IoBaHMs KOPPENMPOBATIA C TeMIepaTypoii Bosayxa (p = 8,6x10°%). Hecmotps
Ha TO, YTO TEMIIEpaTypa MOYBHI HE 3aBHCHUT OT MPHMEHEHHUS OMOYTIIS, MOXKHO
MPEIIONIOKUTh, YTO B MECTaX, TIIE MPUCYTCTBYIOT YACTHITH OMOYTIISL, TIOUBa MPO-
rpeBaeTcs ObIcTpee (T.e. CO3MaroTCs Ooee TeIIbIe YIACTKH ), YTO JIOJKHO MOBITH-
STh Ha MEKPOOHOIOTHYECKYIO aKTHBHOCTB.
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Puc. 3. O0beMHas BlnaxHOCTb 1104BBI B % Ha yuactkax BCOkg, BClkg u BC3kg
3a BereraunoHHbId nepuon 2019 . CTonOLp! npencTaBieHbl Kak CpeHee
apuMeTHIeCKOe CO CTaHaapTHOI ormbko# (n = 4). [To ocu opauHaT —
BII&)KHOCTb MOYBBI, %; 110 OCH a0CIIUCC — IaTa U3MEPEHHS
[Fig. 3. Volumetric soil moisture % in the plots BCOkg, BC1kg, BC3kg for the season of 2019.
The columns are represented as an arithmetic mean with a standard error (n = 4).

On the Y-axis - Soil moisture, %; on the X-axis - Date of measurement]
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Puc. 4. Temnieparypa noussl Ha yuactkax BCOkg, BC1kg u BC3kg 3a BereTanimoHHbIi
niepuon 2019 1. CTonOLbI PEACTaBIeHbI KaK CpeiHee apupMEeTHIECKOe
co cranmaprHoi ommbkoi (n = 4). [lo ocu opauHar — Temmneparypa noussl, °C;
0 0cH abCIMCC — aTa H3MEPECHUsS.
[Fig. 4. Soil temperature in the plots BCOkg, BC1kg, BC3kg for the season of 2019.
The columns are represented as an arithmetic mean with a standard error (n = 4).
On the Y-axis - Soil temperature, °C; on the X-axis - Date of measurement]
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Usmepennsie 3Hadenns motokoB N>O BapwsupoBamuck ot —0,03 mo + 0,04 mr
N2O M 2a! (puc. 5). Pesynsrars n3mepenns motokos NoO He TTOKa3aIi CTATHCTH-
YECKOM CBA3M ¢ JI03aMU NMprUMeHeHus ouoyris (p = 0,87). Pe3kue u3MeHeHUs TeM-
TIepaTypsl ¥ BIaKHOCTH TTOYBHI MOBIMSITA HA 3Ha4eHUs ToTOKOB N2O. Temneparypa
U BJI@)KHOCTB TIOYBBI CUMTAIOTCS BAYKHBIMH IBIDKYIMMH (haKTOpaMu ra3000MeHa
MEKIy MTOYBOH M aTMOC(epoi, TOCKOIBKY OHM KOHTPOIHPYIOT MUKPOOHOIOTHYE-
CKHE MPOIIECCHI, YIACTBYIOIIME B TIPOU3BOCTBE a30Ta [32, 33]. OmHaKo MOCKOIBKY
OrOyTONb HE BIHSIT Ha TEMITEPATypy U BIaYKHOCTH IIOYBHI, HE OBIIIO HUKAKOH CBSI3U
MEXITy 7030 OOyt ¥ ToTokoM N>O.

[Tpu pacuete morokoB N>O ObLTI0 00HAPYKEHO, UTO BCE MOTOKH HMEIOT OYEHb
HU3KHE 3HAYCHHUS R> (ot 5,7x107 10 0,3 8). OOBIYHO TIpeaIoNaraeTcs, 4Yro JaH-
HbIE C aHAJIOTHYHBIMU 3HAYEHHSAMHU R CTATHCTHYECKH HE3HAYHMBL.

Ha 3nadenus R’ npu pacyere moTokoB N2O (M IPYTHX Ta3oB) MOXKET BIMSATH
HECKOJIBKO MTPHYHH: Iporiecc oopazoBanust N>O B IOUBe, METO M3MEPEHHS U Me-
TOJ] pacuera IOTOKa.

O6pazoBanue N,O sBIsIeTCS JOBOJIBHO CIIOKHBIM IIPOIECCOM, BKIFOYAIOIIAM He-
CKOJTbKO (DaKTOPOB, KOTOPBIE HEOOXOMMO YYUTHIBATH OJHOBPEMEHHO: CYOCTpaThl C
TIOHMKEHHBIM COJIEpKAHIEM YITIEPOJia, akienTopbl NO®~ 3lIeKTpOHOB, JOCTATOYHOE
KOJIMYECTBO BOJIBI VTS TIpenoTBpameHns quddy3un cyocTparoB U CHIKSHHUS Ta30-
MIPOBOJTHOCTH, YTO CITIOCOOCTBYET CO3JIAHUIO aHAIPOOHBIX TOPSIHUX TOUEK B a3POOHBIX
mouBax [1]. Bonpmioe konmrecTBo (HakTOpoB MPHUBOIMT K BEICOKOW BapHAOEIILHOCTH
TIpoIiecca B MPOCTPAHCTBE M BpeMeHH (BBICOKAs (WTYKTyallusl IToKasarenei). Takum
00pa3om, HU3KHE (UIYKTyalluy U BBICOKHE 3HAUCHUS MOTOKOB N2O MOTYT OBITH ITO-
JIy9IEHBI TOJBKO MTPY ONTHMATBHBIX COYETAHUSIX YKa3aHHBIX (hakTopoB [1, 26, 32].
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Puc. 5. IToroku N20O Ha yuacrkax BCOkg, BClkg, BC3kg 3a Bererarmonsstii nepuon 2019 r.
JlaHHbIe PECTaBICHBI KaK CpeHee apupMETHIECKOe CO CTaHAaPTHOU OImoKoit (1 = 3).
ITo ocu opmuHar — motok N2O M2 4! o ocu abeimec — 1ata u3MepeHust
[Fig. 5. N,O flux in the plots BCOkg, BClkg, BC3kg for the season of 2019. The data is presented
as an arithmetic mean with a standard error (7 = 3). On the Y-axis — Flux N;,O m2h';
on the X-axis - Date of measurement]

Jlis puKCUpoBaHUS BBICOKHX KoyieOaHWi KoHIeHTpammu N2O HeoOXomumo
HCIIONIb30BaTh BBICOKOTOYHBIE METOIBI C BBICOKOM JWCKPETHOCTHIO MaHHBIX
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(MeTox HempepHIBHBIX N3MEPEHNH B peaibHOM BpeMmeHH). I1lupoko mcmomns3ye-
MBIMI MeTogamMu m3Meperust NoO (i IpyTHX ra30B) SBILSIFOTCS Ta30Bast XpOMAaTo-
rpadus ¥ ONTHIECKUE Ta30aHaIN3aTOPEl. MeTox ra30Boii Xpomarorpadun oueHb
HaJiexeH [28], oHaKo MPU U3MEPEHUH TOTOKOB OCHOBHBIM HEIOCTATKOM Ta30BON
XpoMarorpaduu sSBISIETCS H3MEpEHHEe OTACIBHBIX 00Pa3IoB C IIUTEIHFHBIM Bpe-
MeHeM oToopa 1pod [34].

OnTHyeckre ra30aHan3aToOPbl CIIOCOOHEI BHITIONHATE HETTPEPHIBHEIC H3MEpe-
HUS C TUCKPETHOCTHIO B JIOJH CEKYHBI. Tak, ONTHIECKHE METOIBI UMEIOT OO0JIhb-
I0e IPEeHMYIIECTBO Tepe]] Ta30BOH XpoMaTrorpadueii, 4To IenaeT UX HIeallb-
HBIMU JJIS1 U3MEPEHMSI Ta30BbIX MOTOKOB [34].

Bricokast IUCKPETHOCTh H3MEPEHHI ONTHIECKAMH METOJJAMH MOKET BHI3BATh
MPOOJIEMBI ¢ KOPPEKTHOM OIICGHKOW NAHHBIX IPH BBIYMCICHUSAX. DTO OCOOCHHO
BEPHO JUIS Ta30B, KOTOPHIC HMEIOT BRICOKUE KoJIeOaHus BEIOPOCOB BO BPEMEHH M,
CJIEZIOBATENIFHO, BRICOKHE KOJIeOaHMsI KOHIICHTPAIMi B KOHKPETHOM U3MEPECHUH,
0COOEHHO KOT/Ia €T0 KOHIICHTPAIUS B TTOYBE HU3KASL.

OOmEenprHATO UCIIONB30BaTh YPaBHEHUE JIMHEHHON perpeccHu i pacdeTa
motokoB N>O [28, 35]. Ognrako B cirydasx, KOT/Ia U3MEPSIOTCS] HU3KUE 3HAYCHUS
KOHIICHTPAIIH, BRICOKAsI YaCTOTa M3MEPEHUH MPUBOAUT K UX YaCTHIM OTKJIOHE-
HUSAM OT JTMHUU TPEH/A, 9TO HPUBOIUT K HU3KUM 3HAYEHUAM R,

[Tockonbky konebanus kKoHIeHTpaun NoO SBISIOTCS €CTECTBEHHBIM MPOIIEeC-
COM, OCOBEHHO /1Sl aHTPOMOTEHHO TIPe0OPA3OBAHHBIX MOYB, HU3KOE 3HAaYeHHE R’
IUTS1 BEICOKOMICKPETHBIX JaHHBIX C BEICOKIMH KOJIEOAHUSIMH HE MOXKET CUATATHCS
HEJI0CTOBEPHBIM. B ToM ciryuae R? MOATBEPsKIAET BHICOKYIO (DIyKTYalMIO 3Ha-
yeHuid. HeoOxomumo moHuMaTh, 9to BEIOpOCH N2O (Wi Apyroro rasza) He sBis-
FOTCSI TTIOCTOSTHHBIMHA ¥ MOTYT OBITh 3a/IaHBl B BHJC AMANa3OHA 3HAUCHUH WIIH
CpemHero 3HadeHUs ¢ pa3dpocoM (HampuMmep, CTaHIAPTHOE OTKIOHCHWE WIIH
CTaHJapTHAs OLTHOKA).

Cremyet OTMETHTB, YTO B TAKUX CIIyYasx HEOOXOANMO KOHTPOJIHNPOBATH IIPO-
Hexypy U3MEepeHHs, YTOOBI OBITH YBEPEHHBIM, UTO KOJIeOaH!s 3HAYCHU BEI3BAHBI
€CTECTBEHHBIMH TIPOIIECCAMH B U3MEPSEMOH CHCTEME.

B 3TOM HCCIIenoBaHIH ITOTOKH T'a30B N3MEPSUTUCH ONITHYECKIM METOIOM C HIC-
MTOJTb30BaHKUEM JIa3epHOro razoaHamm3aropa Picarro G2508, ocHOBaHHOTO Ha CH-
creme CRDS (cavity ring-down spectroscopy). ['azoanammzarop Picarro G2508
MTO3BOJISICT TIPOBOJIUTH U3MEPEHUS C YaCTOTOM 53 M3MepeHus B MUHYTY U o0Jia-
JIaeT BBICOKOH YYBCTBUTEIBHOCTHIO U3MEPEHHUS KOHIIEHTpanuu (ppb). B pesyib-
TaTe U3MEPEHUI OBUIM MONTyYeHBI TAaHHBIC C BRICOKOH (DITyKTyarield KOHIIEHTpa-
mu N2O (puc. 6). Beicokue konebanust kKoHIeHTparuid NoO TpUBOIII K HU3-
KM 3HAUEeHHAM R’ TIpH MCTIONB30BAHIH JITHEHHON PETPECCHH pacyeTa TOTOKA.

Picarro G2508 moxeT omHoBpemenHo uaMepsath CO,, CHa, N2O, NH3, H2O.
N3 Bcex mpencraBnennbix razoB CO, Bcera MMEET XOPOIIYIO JTMHEHHYIO 3aBH-
CUMOCTH (TIpH TTPaBIIIEHOM H3MepeHnn ). [Ipeasiayee necireroBanue mokasaio,
yT0 noToku CO, MMeH CTAaTHCTHYECKH 3HAYMMbIe 3HAUYEHHs R°, TIPEBhIIAONIHe
0,9 [29]. Mockonsky N2O n CO» H3Mepsanch OAHOBPEMEHHO, BBICOKHH R* s
CO; yka3pIBaeT Ha TO, 4To m3MepeHne NoO sABisieTcs IpaBUIIbHBIM (CM. pHC. 6).
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Takum 06pa3oM, B TOM HCCIIEI0BAHNH HU3KHUIT R> MOKET He TIPHHAMATHCS BO
BHHUMaHMe Tipu orieHke moTokoB N>O. [Ipencrasnennsie moroku NoO (cM. puc. 5)
MOYXXHO CUHTATh JOCTOBEPHBIMH, IIOCKOJIBKY OHH OTPa)KaloT PealbHBIN IpoIece
BBIOpOCA Ta3a U3 MOUYBLI B aTMOchepy.
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Puc. 6. U3mepenus konuenrpauuii CO2 1 N2O B ppm 13 0YBEHHBIX 00pa3LIOB.
o ocu opmunar — konuentpanust CO2, ppm; 1Mo ocu abCIHce — BpeMsi H3MEPEHHUS, C
[Fig. 6. Measurement of CO, concentration, ppm and N,O concentration, ppm from soil samples.
On the Y-axis — CO, concentration, ppm; on the X-axis - Time of measurement, s]

Brustaune 6noymist Ha motokn NH3 HemocTaTouHO U3ydeHO B HAYYHOM JIMTEPa-
Type. AMMHAK SIBIISETCS PEAKIIMOHHOCIIOCOOHBIM T'a30M, YIaCTBYIOIIIM BO MHO-
THX COOTBETCTBYIOIIMX IIpOIleccax Ha aTMOC(hepHOM ypOBHE, M 3HAYUTECIHHBIM
HUCTOYHHKOM 3BTPOQUKAIIH, a TAKKE KOCBEHHBIM HCTOYHUKOM BEIOpOCOB N>O
n3-3a SBJICHUH ocaxkneHus asora [27]. [Tocne ocaxxaenns B mouBy NH3 ObicTpo
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pearupyer ¢ IPOTOHaMH BOIOPOAA, IIPUCYTCTBYIOIINMH B TIOYBEHHOM PacTBODE,
u BcrynaeT B Buie NH*' B peakium a30THOTo uK/Ia IyTeM HUTpH(HUKALHH, a
3aTeM JieHUTpUduKam [36].

B Heckonmpkux MOCTYmHBIX HcciienoBanmsx [24, 37, 38] ormeuaercs, 9To pH-
YHMHAMH H3MEHEHUS MMOTOKOB NH3 MOTYT CITy)KHTB ClleIyIomIre: N3MEHEHHE CKO-
poctu npespamenns NH; B NH* ipu npumenennu 6uoyms [24], ancopbmus op-
TaHWYECKUX COCTMHEHUN a30Ta OnoyrieM [27], M3MEHEHUE YCIIOBHIA a’parii 1
cofepykaHus BIATH B mouBe, ancopOmmst NHi KuciaoTHIME (QyHKIMOHATEHBIMA
rpymmnaMu ouoyriis [38].

HauGonemee Bausaue Ha moToku NH3 MoxeT oka3piBath pH moussr [25, 39].
[lenounoit Groyroyk MoxeT noBbimark pH moussl [40], onHako vepe3 roj d¢-
(eKT moAIIeTaYnBaHNs OHOYTIIS IMEET TeHCHITIIO NCUe3aTh, UTO JIENIAeT €T0 Me-
Hee aKTyaJbHBIM I ToTOKOB NH3 110 cpaBHEHHIO ¢ IEPHUOIOM cpa3y IOCIe BHE-
CeHUs OMOYTIIS.

Hab6monaembie morokn NH3 roka3am H3MEHYHBBIE pe3yiBTarsl (prC. 7): B OCHOB-
HOM TIpH BHECEHNH OMOyTIIsI ObIIa OTMEUEHA TeHICHIHS yBEIMICHNS MOTOKOB NH3.
Camble HU3KHE 3HadeHUs moroka NH3 3apukcHpoBaHbl B HIOHE W UIOJE (B TEILUIBIC
MECSIIIHI — B aKTUBHBIE (Pa3bl POCTA CEITBCKOXO3THCTBEHHON KYIBTYpHI). B Ipyrux Tpex

ciydasx or6opa mpod motoku NH; Bapsuposarich ot 5 10 15 mr NHy M2 u!,
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Puc. 7. IToroku NH; Ha yuacrkax BCOkg, BClkg, BC3kg 3a Bererarmonssiii nepuon 2019 r.
JlaHHbIe MPECTaBICHBI KAK CpeHee apUpMETHIECKOE CO CTaHAAPTHOW OImoKoit (1 = 3).
ITo ocu opmunar — motok NH3, M2 u™!; o ocu abenuce — nata usmMepeHus
[Fig. 7. NH; flux in the plots BCOkg, BClkg, BC3kg for the season of 2019. The data is presented
as an arithmetic mean with a standard error (7 = 3). On the Y-axis — Flux NH;, m2h'!;
on the X-axis - Date of measurement]

HaubGonemee ommmure B pachpenesieHun motokoB NHs or pacnpenenenus B
IpyTHe MECSIBI H3MEPEHU MEXIy BapHaHTAMH OIBITa OTMEUEHO B CEHTAOpE,
TaKke OTMEUEH PE3KHid poCT 3HaUeHUI MOoTOKOB NH3 B CEHTAOpE 10 CpaBHEHHIO
¢ utoneM. Bo3MOxHO, TPUUMHOM POCTa 3HAYCHUN CTAIO0 M3MEHEHHE BOIHO-BO3-
JIYITHBIX YCJIOBHA B MOYBE C aBr'yCTa IO CeHTsA0ph. Kak mokazaHo Ha puc. 1, B
aBTyCTE BBINAIO0 aHOMAJILHOE KOTMYECTBO OCAIKOB, COMOCTABIMOE C HOPMOH IS
BETETAMOHHOTO TIEPHO/a, UTO MPUBEIIO K MEpEyBIaKHEHHUIO MOUBHI. Tak, Ha nc-
CJIEyeMBIX yJacTKaX B KOHIIE aBTyCTa M Hadase CEHTIOPS II0YBa MMeTIa BEICOKYIO
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BIIQYKHOCTH Ml YACTUYHOE TTOKPHITHE BOIOH. [0 3T0i mprumHe B aBrycTE IPOBECTH
M3MEpEHUs He ObIII0 BO3MOXHOCTH. K KOHITy CEHTSOps, Korna OB MPOBEICHBI
W3MEpPEHHS, BIAYKHOCTh MOYBBI HOPMAaJIM30BaJIach (CM. pHC. 3), TaKkKe K ITOMY
MOMEHTY COsI IMeJla XOPOIIyI0 HAA3eMHYIO M MOA3EMHYI0 Omomaccy. beictpoe
VIydIIeHre BOTHO-BO3MYIITHBIX YCIOBHH C Ha4aja K KOHILYy CEHTAOPS B COUCTaHUHN
C JOCTaTOYHBIM KOJMYECCTBOM IMHUTATECIBHBIX BEIICCTB B pU30C(EPEe COH MOIIIO
YCKOPUTH TPOIECC aMMOHH(UKAIINN. YCKOPCHHE aMMOHH(HKAIN TPHBEIO K
YBEJMUYCHHIO 3HaYeHUH moToKoB NH3, ofiHaKo OoJIbIiee KOTMYECTBO OHOYIIIS TT0-
DIomaeT OOJbIIe BOABI M BBICHIXaeT MemeHHee. TakuM oOpa3oM, Ha ydacTKe
BC3kg BOmHO-BO3IYIIHBIC YCIOBUS H, COOTBETCTBEHHO, AMMOHH(DHKAINS ObLITH
xyxke, ueM B BC1kg, uro monusiio Ha motok NHs.

B mae u okTs0pe morokn NH3 nMenn aHanormydble 3HaueHus. Tak, U B Mae,
1 B okTs0pe Ha yuactkax BCOkg n BC1kg morokn NH3 uMmenu npiuMepHO ofnHa-
KOBBIE 3HaUCHUS, a Ha yuacTke BC3kg 3Hauenus norokoB NH3 Obumi BeIe. B mae
Ha ygacTke BC3kg motok Op11 yBemmueH Ha 40% 1o cpaBHermto ¢ BCOkg. B ok-
Ts10pe Ha yuactke BC3kg motox Opun yBenmdeH Ha 69% 1o cpaBHeHmo ¢ BCOkg.
Maii 1 oKkTSOph, KaK BHIIHO U3 PHC. 4, HEIOCTATOYHO OJATONPHUSTHBI TSI MUKPO-
OMONIOTHYECKOW aKTUBHOCTH TI0 TIPUYMHE HU3KHUX TeMreparyp. Tak kak oba me-
csIIa IMENN HeIOCTATOYHO BRICOKHE TEMIIEPaTy Pl IOUBHI, YBEJIMUCHNE 3HAYCHUIHA
Ha yyacTke BC3kg MOXHO OOBSICHUTH T€M, YTO OHOYTOJIb MOXKET 3HAYUTEIIBHO
H3MEHSTH TEMIIEPATy Py BOKPYT CBOWX YACTHUI] HA IOBEPXHOCTH MOYBHI. Jpyrumu
CJIOBaMH, OMOYTOJIb MOXKET CO37[aBaTh OIATONPHSITHBIE TEILTBIEC 30HBI [UIS YKA3HE-
NESITETPHOCTH MHUKPOOPTaHM3MOB: BO3MOXKHO, 3TO CBSI3aHO C YEPHBIM IIBETOM
Ouoymist (C BBICOKHM COZEpKaHUEM YIJIepoja), MOMIOMIAOIINM COTHEYHYIO pa-
nuaruro. Takum o0paszom, Oosee Beicokue moTokn NH3 Ha yyactke BC3kg mMoryT
OBITH CBSI3aHBI C OOINBIIEH AaKTHBHOCTHIO MHUKPOOPTaHIM3MOB BOKPYT TEILTBIX 30H
BOJTM3M 9acTHI] OHOYTJIS.

3akiarouenue

l'a3000MeH a30Ta MeXIy TOYBOM U aTMOC(HEPO ABJISIETCS CIIOKHBIM U JIETKO
HM3MEHYHBBIM TIPOIIECCOM, KOHTPOIMPYEMbIM a0HOTHYCCKUMH (pakTopamMu U (u-
3UKO-XUMHUYECKIMH ¥ MUKPOOHOJIOTHIECKUMH TPOIECCAMH, MTPOTEKAIOIINMHE B
moyBe. B Hamem ucciiefoBaHUM BBISBIICH CTAOMIIBHBIN Mpoliecc razooomeHa N,O
Ha MPOTSDKEHUH BCETO MCCIIEIOBAHMUS IIPH MPSIMOM W3MEPEHUH KaMEPHBIM METO-
JIOM C TIOMOIIBIO Ta30aHanm3aTopa. OIHaKO MOTyYeHHBIE JaHHBIE COOTBETCTBYIOT
HHU3KMM 3HAYCHUSM KOHIICHTPAIMH C BEICOKOHM CTENEHBI0 MX BapbupoBaHus. Tpa-
IUIAOHHO [UTS TIONTBEPKICHUS TOCTOBEPHOCTH PACCIUTAHHOTO TIOTOKA HCIIONb-
3y10T KO3((UIMEHT IeTepMUHAIIMN R%, HO JUIs JAHHBIX C BBHICOKOHM AMCKPETHO-
CTBIO M (MITyKTyalluel, Kak JUTsl OTY9YeHHBIX HaMH KoHIIeHTpamuid N2O, OH MOXKET
0Ka3aThCsl HU3KIM, TI03TOMY FCCIIEI0BATEIH, TIOyYUB TAKOH Pe3yibTar, PeIo-
YUTAIOT ero He myOnmukoBarh. C HAICH TOYKW 3peHUS, HA00OPOT, HEOOXOAMMO
MyOJIMKOBATh KaK MOXKHO OOJIBIIE MOMOOHBIX UCCIIEIOBAHIH, OTPAKAIONIHX €CTe-
CTBEHHBIE CTAOMIIBHBIC MPOIIECCHI Ta3000MeHa MEXIy MOYBOH M arMochepoii B
peXUME peaNbHOTO BpEeMEHH, YTOOBI BHIOpATh ajNbTEPHATUBHBIA BapHaHT
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MIPOBEPKH TOCTOBEPHOCTH pe3yibTara. JJaHHoe yTBep KIeHHE BEPHO TOIHKO B TOM
cIIydae, eciIi U3MEPEHUS IIPOBOIATCS IIPSMBIM METOIOM, UCIIONIB3YETCS BEICOKO-
qyBCTBHUTENFHBIN TPHOOP M METOMKA N3MEPEHUH HE HapyIlIeHa.

Ha ocHOBaHMY MOTyYeHHBIX PE3YNIBTAaTOB BEISBICHO, YTO OMOYTONb U3 Betula
alba B mepuon ot 11 1o 16 MecsilieB HAXOXKICHUS B arPOTEMHOTYMYCOBBIX MTOJI0C-
nax He BIHsII Ha MoToKH N>O u B OombIeii crerneHn BivsiT Ha motoku NHs. Io-
toku HN3 B Mae u okTs10pe yBemmunimch Ha 40 1 69% COOTBETCTBEHHO IO CPaB-
HEHHIO C KOHTPOJIeM TIpH BHeceHnH 3 Kr/M> 6uoyrs. Bonee Beicokne moToku NH;
IPU BHECEHHH 3 KI/M> GHOYIJIS MOTYT OBITh CBS3aHBI C OONBIIEH AKTHBHOCTHIO
MHUKPOOPTaHW3MOB B TEIUIBIX 30HAX BOJIM3W YaCTUI] OMOYTIS HA ITOBEPXHOCTH
TTOYBEI.

B pesynprare uccnenoBaHus HE BBISIBICHO KOPPEISIIMA MEKIY 030 BHECE-
Hus 6uoyris u conepsxarrem N-NH* u N-NO*", o Ha6mro1anach Koppemsmys ¢
MECSIIEM U3MEPEHHSL.

BrnmstHne 6moyTIIst Ha OOIIYI0 TEMIIeparypy IMOYBEI B TOBEPXHOCTHOM CJIOE Ha
BCEX yUacTKax He 00HapyXeHO. BIa>KHOCTH ITOYBBI JOCTOBEPHO YMEHBINIATACH HA
y4acTKe ¢ J1030if BHECEHHs GUOYTIA 1 KI/M* O CPABHEHHIO ¢ KOHTPOJIEM.
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