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AHHOTauuMA N3yyeHo BAMAHME BMoYapa Ha NoaBuKHOCTL Cu B YepHO3eme 0ObIKHOBEHHOM Mpw
COYETaHHOM 3arpA3HEeHUN MeTanNoM U beHs(a)nMpeHom. YCTaHOBNEHO yBeIMYEHME KONYECTBA
HENPOYHO  CBA3AHHbIX CcoeguHEeHUH  (OBMEHHbIX, KOMMNEKCHbIX U  cneumduyecku
copburpoBaHHbIX) B 3arpA3HEHHOM noyse. BHeceHne copbeHTa B NoYBY NPUBENO K YMEHbLUEHUIO
cofepykaHusa Hanbonee MobUNbHbIX coeguHeHui Cu.

KnioueBble cnoBa. Yrnepoauctblit copbeHT. Taxenble meTannbl. [loyBa. CoueTaHHoe
3arpasHeHue. MoamumKnnyeckme apomaTmyeckme yrnesonopoabl.

BsepeHue

MoyBa KNOYEBOE 3BEHO BMOTrEOXMMUYECKUX LUKAOB XMMUYECKUX 3N1EMEHTOB. B 3arpsA3HeHHbIX
noYBax M3MeHsoTCA PU3NYECKME, XMMUYECKNE, Buonornyeckme cBoncTea. Taxenoie metannbl (TM) n
NONNUMKANYECKME apomaTuyeckne yrnesogopoapl (MAY) ogHM M3 NPUOPUTETHLIX 3arpssHUTENel
nousbl (Rajput et al., 2020). locTaTOYHO XOPOLLO U3YYEHO BAUAHME OPraHUYECKUX U HEOPTraHUYECKMX
3arpsAsHUTeNIen, ogHaKo codeTaHHoe 3arpasHeHne TM u MAY M3y4yeHO HeAoCTaTOYHO KOMMJIEKCHO
(Mackay et al., 2006). Meab aBnAeTcA NPUOPUTETHLIM 3arPA3HAIOLLMM BELLECTBOM NOYB POCTOBCKOM
obnactn (MunHKMHa 1 ap., 2008). OaHO M3 cambix ONACHbIX cCoeauHeHWM 13 rpynnbl MAY, oTHocAWwmMxcA
K KceHobuoTukam, sBnsaetca 6Oens(a)nupeH (Ball). Ball BbICOKOMOJIEKY/IAPHOE OpraHMyeckoe
coeanHeHue (Haritash et al., 2009) nonapatoulee B NOYBY U3 NPUPOAHbIX UCTOYHMKOB, a TAKKE U3-33
aHTponoreHHon peatenbHocTM (MuHKMHa n ap. 2011). [lnA BOCCTAaHOB/AEHMA MOYB, NOABEPTLUMXCA
3arpA3HEHnto, B OCHOBHOM NMPUMEHAIOT MeToAbl, KOTOpble CNOCOBCTBYIOT CHUMKEHUWN KOHLEHTPaLLMiI
nontoTaHToB A0 6e3onacHoro yposHA (Kabata-Pendias et al., 2011). BbipakeHHble COPOLMOHHbIE
CBOWCTBA B OTHOLUEHMW PA3/INYHbIX NOANOTAHTOB KAtoYeBasa 0CO6eHHOCTb MeanopaHToB (Epmakos m
Ap. 2012). buoyap (6bMoyronb) — BbICOKONOPUCTBIN MaTepuan obnagarowmii 60ablWON NNOLWALALHO
NMOBEPXHOCTU, YTO CMOCOOCTBYET MOBbLIWEHHON COPOLUMM MMOBUNBHOCTU OPraHMYECcKUX, TaK U
HeopraHM4YecKMx NONNOTAHTOB U CHUMKEHME X MOBUABHOCTU B 3arpA3HeHHbIX No4yBax (3epLinKoBa m
ap. 2011).

Lenb paboTbl — onpeaenntb 3pGeKTUBHOCTb NPUMEHEHUA YraepogucToro copbeHTa (buoyapa)
Ha CHUXeHue noaBuKHOCTM Cu B codeTaHHO 3arpsasHeHHom (CuO u ball) yepHo3eme 06bIKHOBEHHOM.

O61beKTbl U MeToAbl UccnenoBaHUA

Ona AocTMKeHMA nocTaB/IeHHOM Lenn bbla 3a/10XKeH MOAENbHbIN OMNbIT: B NN1ACTUKOBbIE EMKOCTU
nomewanm no 50 r noyBbl, NPOCEAHHON Yepes CUTO AMAMETPOM AveeK 2 MM, A0b6aBAANM BOAHbIN
pactBop auetata Cu u pactsop ball B auetoHutpune. Jo3a sHeceHna metanna 5 NAK (275 mr kr,
(MeTtopa,. ykas., 1992) n 10 NAK BaN (200 mr n!) (Sushkova et al., 2019). Yepe3 2 mecaua nocne
3aK/N1aZlku1 OMbiTa B 3arpA3HeHHYo noyBy gobasnanun copbeHT (0,5; 1,0; 1,5; 2,0; 2,5 % OT Mmaccbl NoYBbI).
B KauecTBe copbeHTa BHOCMAKN Broyap. OnbIT NPpoBeAeH B TPEXKPATHOM NOBTOPHOCTU Ha MCKYCCTBEHHO
3arpA3HEHHOM 4epHo3eme OObIKHOBEHHOM KapbOHAaTHOM MOLWHOM MO CAeAylowen Ccxeme:
1) KoHTponb; 2) 0,5% 6uouap; 3) 1% 6uouap; 4) 1,5% 6uouap; 5) 2% 6uouap 6) 2,5% 6mouap 7) 10 NAK
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Bal + 5 MNAK Cu - ®oH 1 8) ®oH 1+ 0,5% 6noyap 9) PoH 1+ 1% 6uoyap 10) PoH 1+ 1,5% 6Guouap 11)
®oH 1+ 2% 6uouap 12) ®oH 1+ 2,5% 6mouap. Mccnegyemblin obpasel, noyusbl 061agaeT cneayrowmmm
OUBUKO-XMMHYECKMMM cBoMcTBamU: pH — 7.3; coaepKaHue pmsnyeckom ruHbl — 48,1%; nna — 28,6%;
opraHuyecKkoro yrnepoaa — 3,7% (MuHKuHoM 1 ap., 2011).

Banosoe cogeprkaHne Cu onpeneneHo C UCMNOb30BaHMEM METoAa PEHTreH(NoPECLLEHTHOMN
cnekTpomeTpumn. CoaeprkaHme Henpo4yHo ceA3aHHbIX (HC) coeamHeHnit Cu B noyBe onpeaesieHo Ha
OCHOBE pPe3y/IbTAaTOB 3KCTPAKUMM M3 MOYBbI TPEMA NAPANNENbHbIMU BbITAXKKAMMW, MO3BONAIOLLMMM
n3BNeKaTb obMeHHble (1 H. amMMOHUIMHO-aueTaTHbIN bydep (AAB), pH 4,8), KomnnekcHble (pasHuua
MeXAy coaepykaHMem B BbITAXKKax 1% pactsop I4TA B AAB, pH 4,8, n AAE) n cneunduyeckn
copbupoBaHHble (cneunduueckn mexkay Konmyectsamu, UsBnekaembiMn BbITAKKamu 1H HCl u AAB)
coeguHeHNs MeTaNIoB U3 NOYBbI.

CopeprkaHme Cu B 3KcTpaKTax bObl/o onpeaesnieHo C MOMOLLbD aTOMHO-abcopbuUMOHHOM
cnekTpopoTomeTpum (AaTOMHO-abCOPOLMOHHDBIN CNEKTPOMETP C SNEKTPOTEPMUYECKON aTOMU3ALMEN U
NonsApPU3aLMOHHOMN 3eeMaHOBCKON KOPPEKLUMEN HECENEKTMBHOrO noroueHna MIrA-915M4, HNd TK
«Jllomake», CaHKT-lNeTepbypr).

Pe3ynbTtatbl u 06cyKaeHue

Banosoe copepxkaHne Cu B uccnegyemoi noyse coctasmno 44,0 Mr Krl, 4To COOTBETCTBYET
CaHUTAPHbIM HOPMaM W NUTepPaTypHbIM AaHHbIM (Tabn. 1) (FpomakoBa u ap. 2011). CpeaHee
cogepskaHme Cu B 4epHo3emax OObIKHOBEHHbIX YCTaHOBMEHO Ha yposHe 29,0-32,6 mr krl.
PernoHanbHble OLEHKU COAEP!KaHMM 3N1eMeHTa, nponsBeneHHble bonee 50 neT Hasahd, COCTaBAAKT
15-40 mr Kr'! ana yepHosemos (Akumues v ap., 1962).

CopepskaHne HC coeguHeHunit Cu B 4YepHo3eme O6bIKHOBEHHOM He npesblwaeT 3 mr Krt
(Tabn. 1). OcHoBHaa pona B coctaBe rpynnbl HC coeauHeHM npeactaBneHa cneunduyecku
copbupoBaHHbIMKU dopmamu (Puc. 1), aBnarowmmmnca 6anxKanwMm pesepBom NPOYHO YAEPHKUBAEMbIX
coeauHeHnt metanna. CopaeprkaHne OOMEHHbIX W KOMMJEKCHbIX COEAMHEHMM MeTanna
He3HayuTenbHoe. HM3Kana KOHUeHTpauua Haubosiee noABUMKHbIX (0BMeHHbIX) coeamHeHuit Cu B
yepHo3eme OObIKHOBEHHOM KapboOHAaTHOM 0O6BACHAETCA NPUCYTCTBMEM KapOOHATOB, MX BbICOKO
AncnepcHon muuenspHon dopmoit 1 cnabolenodyHol peakumen cpeabl (Akumues u gp., 1962). Mpu
Aob6aBneHnn yrnepogmcToro copbeHta (buovapa) B YepHo3em OObIKHOBEHHbIM cogep:kaHne HC
coegmHeHnin Cu NpaKkTUYeckn He nsmeHsetca (Tabn. 1, Puc. 1).

Tabnnua 1. CogepkaHune Cu B YepHo3eme 06bIKHOBEHHOM NPU BHECEHUWN COPHEHTOB B YC/IOBUAX
MOoZeNbHOro 1abopaTopHOro sKCNePUMEHTa, Mr Kt

Obuee Cneundunueckn
BapuaHT onbiTa coniepaHme ObmeHHble KomnneKcHoble COp6VIp:BaHHbI Cymma HC
KoHTponb 44,00+2,4 0,43+0,04 0,34+0,06 1,82+0,06 2,59
0,5% 6uouap 46,1242,9 0,44+0,05 0,33+0,06 1,82+0,06 2,57
1% 6uouap 42,1042,8 0,37+0,04 0,29+0,04 1,58+0,05 2,24
1,5% 6uouap 42,7413,1 0,31+0,06 0,24+0,05 1,31+0,04 1,86
2% 6uouap 44,05%2,6 0,19+0,05 0,23+0,05 1,18+0,05 1,60
2,5% 6buouap 43,99+2,3 0,14+0,03 0,17+0,04 0,88+0,05 1,19
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C yBennyeHmem Ao03bl BHeceHus copbeHTa o 2,5% Habnwoganacb TEHAEHUMA K CHUMKEHUIO
coaeprkaHua noasuKHbIXx popm Cu. Hanbonbluee ymeHbleHNEe HaboAaeTcA Npy BHECEHUM BroYyapa
B Ao3ax 2,5 %: cymma HC coctasuna 1,1 mr kr! u 1,2 mr Kr! cOOTBETCTBEHHO, UTO HUMKE KOHTPO/IA Ha
4% 1 3% (Tab. 1).
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KoHTponb 0,5% 6uouap 1% 6uoyap 1,5% 6uouap 2% 6buovap 2,5% buouap

B O6meHHble D KomnneKkcHble  ECneunduryeckn copbrposaHHble

Puc. 1. OTHOCUTEeNbHOE COAEpPKaHME HEMNPOYHO CBA3AHHbIX coeanHeHu Cu B YepHO3eme
06bIKHOBEHHOM MOC/Ie BHECEHUA COPOEHTOB B YCIOBUAX MOLENBbHOIO 1abopaTopHOro
aKcnepumeHTa, % OT BaNIOBOTO COAEPKaHUA

Mpy NCKYCCTBEHHOM 3arpA3HEeHMK BanoBoe cogep:KaHue Cu yBeIMYmMBaEeTCA B COOTBETCTBUMU C
00301 3arpasHeHua (Tabn. 2). YctaHossieHo, 4To cogeprkaHune Bcex ¢opm HC coeguHenunit Cu
YBE/IMYMJIOCh B HECKOJIBKO Pa3 Npu BHECEHWUUN B MOYBY OPraHNYECKUX M HEOPraHUYECKMX NOJTIOTAHTOB
(Puc. 2). C yBennyeHmem pno3bl 3arpasHeHuns gonsa HC coeamHeHW OT BasnoBoro cogeprkaHua Cu
yBenuumnsaetca: npu BHecenun 5 NAK Cu copepkaHme noasuxKHbIX dopm coctasuno 49 % (Tab. 2).
Tabnuvua 2. CogeprkaHune Cu B 3arpAsHEHHOM YepHo3emMe 06bIKHOBEHHOM NpPU BHECEHUM cOpHeHTOB

B YCNOBUAX MOAE/IbHOTO N1aboPaTOPHOrO 3KCNePUMEHTa, Mr Krt

BapuaHT onbliTa Obwee ObmeHHble KomnneKcHble Cneunguyecky Cymma HC
coaeprkaHue copbupoBaHHble
10 NAR Barl +5 321,83+11,7 51,74%2,2 45,00+1,9 61,53+2,1 158,2
NnAK Cu - doH
0,
o+ 0,5% 315,15+11,4 41,3913,2 34,54+0,6 47,9412,1 123,87
6uouap
doH+ 1% buouap | 321,72+12,6 30,46%1,8 24,82+0,7 38,54+2,2 93,82
0,
bont+ 1,5% 312,87+12,2 21,92+1,7 16,31+2,3 27,91+2,7 66,14
6uouap
doH+ 2% buouap | 311,69+11,0 13,56+2,1 15,73+2,4 20,65+2,3 49,94
o,
o+ 2,5% 322,99+12,7 | 4,80+2,8 5,89+2,0 14,11+2,7 24,80
6uouap

Mpwn coyeTaHHOM 3arpA3HEHUN NOYBbI MPOUCXOAUT USMEHEHME B FPYNNOBOM COCTAaBE HEMPOYHO
CBA3aHHbIX coeanHeHnn Cu: yBenmunnacb onA O6MeEHHbIX M KOMMAEKCHbIX COeAUHEHUM 3a CYET
YMEHbLUEHUA 40U cneunduyeckn copbupoBaHHbIX COeANHEHUI NPAKTUYECKK B 2 pasa (Puc. 2).

Mpn pobaBneHMn copbeHTOB K 3arpA3HEHHON MOYBE COAEPXKAHME MOABUMHbLIX dOpM Meau
CHW}KANOCb Ha BCEX YPOBHSAX 3arpasHeHua (Tabn. 2, Puc. 2). [losa copbeHtoB 0,5 % He OKasbiBana
3HauntenbHoro addekTa Ha cogeprkaHne HC coegmnHenunin Cu, 0OAHAKO AarKe Npu TaKoON HU3KOW ao3e
CcopbeHTOB NPOC/NEXKMBAECTCA TEHAEHUMA K CHUMKEHUIO COAEepXKaHWUA MOABWMMKHbIX dopmM MmeTanna
(Puc. 2).
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B O6meHHble KomnnekcHble Cneumouyeckm copbunpoBaHHble

Puc. 2. CogepaHne HeNpPoOYHO CBA3AHHbIX coeanHeHu Cu B YepHo3eme 06bIKHOBEHHOM
MoZeNbHOro N1abopaTopHOro skcnepmMmeHrTa, 3arpsasHéHHom 10 MAK bal + 5 NAK Cu (PoH 1), npwm
BHeCeHun copbeHTa, % OT BaNIOBOro coAepKaHUA

C yBenmyeHmem a03bl copbeHToB nx apdeKT ycunmnsanca. Hanbosbluee CHUKEHUE CoOAepKaHUA
HEeNpPOYHO CBA3aHHbIX coeanHeHni Cu HabogaeTcs Npu BHeceHUU buodapa B Ao3se 2,5 %: cymma HC
coeguMHEeHNN ymeHbliMnack Ha Ha 42 % (Puc. 2). ddeKkT npm npumeHeHun bGuovapa obbAcHsAeTcA
cnepylowmm MexaHMsmoB copbummn - ycuneHue rmMapoPobHOCTM UM yBeMYEeHME NAoLaAM
pearvpytoLLLen NOBEPXHOCTU, YTO NPUBOANT K YyCUaeHHoM aacopbuum (Tsui et al., 2008).

BHeceHne copbeHTa NpoBOLMPYET CHUMKEHME 40N 0OMEHHbIX M KOMMNAEKCHbIX GOpM MeTanna,
yBean4mMBaa npu 3Tom Aont cneumoduyeckn copbupoBaHHbIx coeanHeHui (Puc. 1, 2) Mpu pose
3arpasHeHua 5 MAK Cu aaHHbIN 3 dEKT NposBAAETCA A0CTAaTOYHO APKO.

BbiBoAbI

YCTaHOBNEHO, YTO BHECEeHMe B MOYBY MOIOTAHTOB NPUBENO K yBeandeHunto noasukHoctn Cu B
noyse mogenbHoro n1abopaTtopHOro skcnepmumeHrTa. Mpun 3Tom 401 0OMEHHbBIX U KOMNAEKCHbIX GOpM
Cu yBeniMumBanach 3a CY4ET yMeHbLUEHMA J0AM cneunduryeckn copbuposaHHbIx popm meTanna.

BHeceHne yrnepoguctoro copbeHta B He3arpAsHEHHYH NO4YBY AOCTOBEPHO HEe MOBAMANO Ha
copepxaHme HC coeamHeHun TM. BHeceHMe OuMoYapa B COYETAHHO 3arpA3HEHHYH Mo4BY
cnoco6cTBOBaN0O MHaKTMBaUuKM Cu. Mpu 3TOM CHUXKANOCH B NEPBYI0 o4epesb coaeprkaHme Hanbonee
NOABUMKHbIX - 06MeHHbIX popm Cu. Hannyuwmnii apdeKT Ha 3arpAasHeHHOM NOYBe OKa3as buoyap B go3e
2,5%: npu BHeceHun ero B noysy coaepxaHne HC coegMHEHMN CHU3MNOCH A0 3HAYEHUN, BAU3KKX K
KOHTpobHbIM. PacnpegeneHne Cu no ¢éopmam coeguMHEHUN B He3arpA3HEeHHOW M 3arpA3HeHHOMN
noyse OAMHaKoBoe: cneunduryeckn copbnpoBaHHbIE> KOMMNJIEKCHbIE> OOMEHHbIe.
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EFFECT OF BIOCHAR ON CU MOBILITY IN COMBINED POLLUTED HAPLIC CHERNOZEM
BARAKHOV A.V.%, LOBZENKO I. P.1, DUDNIKOVA T. S.1, MINKINA T. M.}, BREN D. V.1

1 Southern Federal University, Rostov-on-don, Rostov region

tolik.barakhov@mail.ru
Abstract. The study of Cu mobility in a soil with combined contamination of HM and PAH after
application of biochar was carried out. An increase in the amount of loosely bound compounds
(exchange, complex, and specifically sorbed) in the polluted soil was found. The biochar
application led to a decrease in the content of mobile Cu compounds, as well as to a reduction of
their mobility in the soil.
Keywords. Carbon sorbent. Heavy metals. Combined pollution. Polycyclic aromatic
hydrocarbons. Biochar.
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BZIMAHUE BUOYINA HA COAEPXXAHUE HEKOTOPbLIX ®OPM A3OTA B NOYBE U
BUOMACCE KANYCTbI

BENIAA A.A. %, MATPYLLEBA O.B.}, HECTEPOBA 0O.B.1, BPUKMAHC A.B.1
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AHHOTaumA. M3yyeHbl arponoyBbl M NO34HAA KanycTa C SKCNepuMeHTaNbHbIX nosiei NMprumopcKom
OBOLLHOW OMbITHOM cTaHuMKu (n. CyparkeBKa) C ApEeHa*KHOM W 6e3apeHa*kHOM cucTemamu.
OnpepeneHo copeprkaHMe B MOYBAaX aMMOHUMHOM M HUTpPaTHOM GOpM a30Ta, CoAeprKaHue
yrnepoga v pH. Mokasatenm aMmMOHMMHOTO M HUTPATHOrO a30Ta B arponoyBe NpPU BHECEHUU
61oyrna B KOHLE BeretauMoHHOro nepuMoga Bo3pactatoT. B 6Guomacce KanycTbl onpeaeneHo
coAeprKaHne HATPATOB U HUTPUTOB. YCTAHOB/IEHO, YTO NPW BblpaLLLMBAHUM KYNbTYpPbl Ha nose 6e3
OPEHaXKHOW CUCTEeMbl C BHeceHMem 3 Kr 6Moyrna npoucxoguT MUHMMANAbHAA MUrpaumns
coeguHeHNN a30Ta B pacTeHume.

Kntouesble cnosa. brnoyronb. A3oT. Arponousbl. buomacca.

BeepeHue

B HacToAWee BpemA B CE/IbCKOM X03AMCTBE NPUMEHAIOTCA HEMANO ya06peHn, cogepKalumx B
cebe a30T, a TaKk¥Ke ero pasnMyHble coegMHeHuA. Bce 3TO HEraTMBHO CKa3biBaeTCA HA COCTOAHUMU He
TO/IbKO MOYBbI, HO U aTMocdepbl. B pe3ynbTaTe NpoLLECCOB, NPOUCXOAAWMX B NOYBe, B aTMmocdepy
BbICBODOXKAAETCA OFPOMHOE KOJIMYECTBO MAPHUKOBbIX ra30B, CPeAn KOTOPbIX 3aKMCb a3oTa. MMeHHO
OAHHbIM NAPHMKOBBLIN a3 B 60NbLIEN CTENEHN Pa3pyLLAET 030HOBbIM CNOM, KOTOPbIN 3aLLMLLAET HAac OT
rybutenbHbIX yabTpadunoneTosbix Ayden. na Toro YtTobbl yMeHbWUTb BbICBOOOXKAEHME NAPHUKOBbBIX
rasos, a TaK¥Xe [/1A COXPAHEHMA a30Ta B NOYBE, KOTOPOWN B CBOKD oYyepeab HEOBXOANM pacTeHUAMm, B
Ce/IbCKOM XO3ANCTBE B MOCAEAHNE BPEMSA CTA/IM NMPUMEHATL BUOYTob.

O6beKTbl U MeToAbl UccnenoBaHUA

B KauyectBe 0ObBEKTOB MUCCAeAOBaHMA OblAM BblOpaHbl arponoysbl (arpoTeMHOrymycoBble
nog6bensbl) MPUMOPCKOM OBOLLLHOM ONbITHOM cTaHuuK (. CypaskeBKa) Ha SKCNepMMeHTaIbHOM y4acTKe
C ApeHaxHoh (Op) n b6esgpeHaxkHol (Bap) cuctemamum (rnybuHa apeHaxka 120 cm) n buomacca
nosgHen KanycTbl, COBpaHHOW C 3KCMEepMMEHTasibHbIX Y4Y4acTKOB. B KayecTtBe me/nnopaHTa Aana
y/y4lIEeHMA NOPO3HOCTU MOYB MCMNO/b30Bann BMOYronb, NPOU3BEAEHHbIM U3 APEBECHbIX OCTAaTKOB
6epesbl Betula alba (MonoBa wn ap., 2019). [o3bl BHeceHMAa 6GMOYrnA Ha 3KCNEePUMEHTaNbHbIX
naowaaKkax cocrasnanm 1 u 3 krm=.

OnpeaeneHne HUTpaTHON GOPMbI a30Ta B A@HHbIX NOYBAX NPOU3BOANNOCH U3BECTHBIM METOA0M
lpaHABaNb-J1AKY, C MOMOLLbIO KOTOPOrO MOXHO Hanbonee NPOCTO U TOYHO ONPeAENNTb KOIMYECTBO
HUTPaTHOro a3oTa B no4yse. MeToa OCHOBaH Ha B3aMMOAENCTBUN HUTPATOB C AnCYNbdodeHON0BOM
Kucnoton ¢ obpasoBaHnem TpUHUTpPOodeEHONa (MMKPMHOBAA KMCNOTA), KOTOPbLIA B LLENOYHON cpese
AAET KENTYIO OKPACKY 3a CYET 06pa3oBaHMA TPMHUTPODEHONATA Kanua (MM HAaTpUA B 3aBUCMMOCTU OT
MCNONb3yeMOoM LWENOYN) B KONMYECTBE, IKBUMBANEHTHOM COAEP!KAHUIO HUTPATOB. MHTEHCMBHOCTb
OKpacku onpegensawT Ha ¢oToKonopumetpe. OnpepeneHne aMMOHWMMHOrNO asoTa NPOBOAMIOCH
KONOPUMETPUYECKMM METOA0M, OCHOBAHHbIM Ha B3aMMOAENCTBUM X0pPUAA aMMOHUA C PEaKTUBOM
Heccnepa, npu KoTopom 0bpasyetca MoAUCTbIA MEPKYPAMMOHWIM, OKPALLEHHbIN B KenTbli LBeT. o
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MHTEHCMBHOCTMU OKPACKN MOXHO CYyANTb O COAepKaHUN aMMOHUINHON dopmbl a3oTa (FTOCT 26488-85;
ApuHyLWKKHa, 1961).

Ona onpeneneHna cogeprKaHna HATPATOB U HUTPUTOB B KY/bType UCNOJIb30BaH KOYaH U KOpeHb
Kanyctol. OnpegeneHne copep)aHMa HuTpatosB nposogman no MY 5048-89. CywHoOCTb meToga
COCTOUT B M3BAEYEHUM HUTPATOB W3 aAHANM3UPYEMOro maTepuasa pPacTBOPOM aJtOMOKaINEBBIX
KBAacCLOB C NOCNeAyloWMM MU3MEPEHUEM MX KOHLUEHTPALUMW B MOJYYEHHOW BbITAMKE C NOMOLLbIO
MOHOCENEKTMBHOIO 3/1eKTpoga. Mpu aHanuse KanycTbl ANA paspylieHus npumecen (xnopugos),
MeLLaoLWmxX onpeaeneHuto HUTPATOB, AONO/IHUTE/IbHO MPOBOAUAN NX OKUCIIEHUE MAPTAHLLEBOKUC/IbIM
Kanvem. OnpegeneHue coaepxaHma HUTpuToB nposoaunm no NOCT 29270-95. MeToa, OCHOBaH Ha
SKCTPaKUMM  HUTPATOB M3 MNPOAYKTA, BOCCTAHOBAEHUM UX [0 HUTPUTOB C MNoCaenyoLwmm
dboTOMeTpMpOBaHMEM pPacTBOPA a3ocoeanHeHua, obpasytowerocs Nnpu B3aMmMoAencTBUN HUTPUTOB C
APOMATUYECKMMUN aMUHAMMW.

Pe3ynbTtatbl u 06cyKaeHue

MccnepoBaHMA NOKasanu, 4TO B HAyasle BereTtauMoOHHOro nepuoga arponoysbl obnagatoTt
BbICOKMM COAEepaHMeM HUTpaTHoro asota (Tabnuua 1). B KOHTpone ApeHakHOW CUCTEMbl ero
3HavyeHune coctasmno 17,28 mr 100 r! nousbl, B cucteme 6e3 apeHaska - 18,15 mr 100 r! noussbl.
AMMOHMIMHOrO a30Ta BO BCeX 0O6beKTax MCCnen0BaHMA COAEPHKUTCA HE3HAUYMTEIbHO U He NpeBbllaeT
0,198 mr 100 r! nousbl. B KOHUE BereTauMOHHOrO Nepuoja CoAepaHWe HUTPATHOro asoTa B
KOHTPO/bHbIX 06pa3suax ApeHa)kHoW cuctembl coctasua 8,12 mr 100 r! nousbl, a B cucteme 6e3
ApeHa)ka 6,1 mr 100 r'! noysbl. HabitopaeTca CHUXEHMe HATPATHOro a3oTa NoYTu B ABa pasa. Buammo,
CBA3aHO 3TO C 60NbLION NOABUKHOCTHIO CAMUX HUTPATOB U KaK C/leCTBME BO3MOXKHbIM BbIMblBaHMEM
MX M3 NOYBbI, IMBO BbIHOCOM C yporKaem. B obpasuax ¢ BHeceHMem 6UOyrna 3HaYeHMe HUTPATHOro
a3oTa Bo3pacraloT. B gpeHaxHol cucteme rae BHocunca 1 kr 6uoyrna NOs™ coctasnset 8,12 mr 100 rt
nousbl, a B Ao3e 3 Kr 6uoyrna — 9,42 mr 100 r! noussbl. MoKa3aTenn amMOHUIMHOrO a3oTa B KOHLE
BEreTauMoHHOro Nepuoja B KOHTPONAX HEe3HaunTeNbHO Bo3pacTatoT 40 0,51 mr 100 r! nousbl. OgHaKo
ero 3HayeHua B obpasuax c BHeceHnem 1 u 3 Kr 6uoyrna sbiwe u goxoaut Ao 1,27 mr 100 r! noussl.
MN3BECTHO, YTO coaeprkaHMe a30Ta B NOYBE 3aBMCUT OT KOIMYECTBA OPraHMYECKOro BeLW,EeCTBa, Npexae
Bcero rymyca. CnegoBatenibHO, Yem 6onblue rymyca cogepaT nouysbl, Tem 6osblle B HMX a30Ta
(TropuH, 1965).

Tabnnua 1. HeKoTopble arpoxMmn4eckne noKasaTesIn arponoys
B Hayane n B KOHLe BereTaLMoHHOro nepmoaa.

NHamr NOs, mr NHg4, mr NOs, mr
O6bekT 100 r! 100 r! PH 20 C, % 100 r! 1001t | pHuo | C %
ncenenoBaHuUA no4Bbl no4yBbl no4BbI no4yBbl
mai 2018 OKTA6pb 2018
Ap K 0,16 18,15 6,67 2,05 0,51 6,78 7,14 2,1
Op K 1 kr 0,16 18,15 6,67 2,05 0,51 8,12 6,98 2,6
Op K 3 Kkr 0,16 18,15 6,67 2,05 1,27 9,42 6,82 2,8
bap K 0,18 17,28 6,8 2,62 0,51 6,61 6,65 2,62
bap K 1 Kr 0,18 17,28 6,8 2,62 0,86 6,66 6,95 2,5
bap K 3 Kr 0,18 17,28 6,8 2,62 1,16 7,3 6,81 2,4
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CopeprkaHme yrnepoga B arponoyBax B KOHTPOMAX MPAKTUYECKM HE W3MEHAeTcA, ero
coAepXKaHue B Havane BereTaLMoHHOIo Nepnuoaa B ApeHaKHoM cncteme coctasmao 2,05 %, a B KoHLe
2,1 %. B cucteme 6e3 pgpeHarka coaeprkaHue obuiero yrnepoga He M3MEHWUNOCb U OCTasoChb B
HEM3IMEHHOM COCTOSHMU 2,62 % Kak B Havane, Tak U B KOHUe BeretTauuu (tabnuua 1). OgHako B
obpasuyax, rae BHocMACA 6UOYroib BUAHO 3aMEeTHOE ero yBe/IM4eHne B KOHLe BereTalumm B ApeHa*KHom
CMUCTEME U COCTaBU/O C BHeceHMem 1 Kr buoyrna 2,6 %, a 3 Kr - B 2,8 %. BO3mMOKHO BHeceHue 6uoyrns
cnocobCcTBOBAIO HAKOMNEHUIO Yyrnepoa B NoYBe, a, C/IeA0BaTeNlbHO, 3TO MOI/10 NMOBANATb TaKXKe Ha
YBE/IMYEHME HUTPATHOTO W aMMOHWUMHOrO as3oTa. KWCAOTHO-LLEe/IoYHbIe CBOWCTBA OCTAlOTCA B
AVanasoHe OT HenTpasibHOM A0 cnabo WenoyHon peakummn cpedbl. OAHAKO MOXKHO HabnwaaTb He
3HauuTesibHOe yBennyeHne pPHeon B CTOPOHY HENTpanbHOM peakumm cpegbl B obpasuax, rae
NpUMeHANN BMOoYrosib, 0COBEHHO NONOKUTEIBHOE B/INSIHUE HablogaeTca B APEHAXKHOMN cUcTeme, rae
nokasartenb pHBog c BHeceHnem 1 n 3 Kr 6Moyrna B Hayase Beretauuu coctaBun 6,67, a B KoHUeE
BereTauMoHHOro nepmoaa 6,98 n ¢ BHeceHnem 3 Kr 6uoyrna 6,82. [JaHHble U3MEeHEeHUA MOryT bbITb
CBSI3aHbl C aKTUBHOM AEATEeNbHOCTbIO BO BPEMS BEretaluunu, a TakkKe BAUAHMEM HaNYNA APEHAXKHOM
CUCTEMBI.

CopepskaHue HUTPUTOB B 6Momacce M KopHe KanycTbl coctasnaet 0,003—0,064 mr Kkrt
(tabnuua 2). Mpu gobasneHMn 6uoyrna HabagaeTcA yBe/IMYEHNE COAepPKaHUA HUTPUTOB B KOpHE
Ky/bTypbl. MakcumanbHoe cogeprkaHue HUTPUTOB B KOpPHe HabntogaeTtca y obpasua ¢ gpeHaXKHoro
nona ¢ gobasneHnem 1 kr 6uoyrna n coctrasnset 0,064 mr Krl, uto 6osble B 3,3 pasa B cpaBHEHUN
KOHTPO/IbHbIM 06pa3LLoMm.

Tabnuua 2. CoaepskaHme HATPUTOB B NO3AHEN KanycTe, Mr Krl,

JKCcnepMMeHTaNbHbIM KouaH KopeHb
Y4acToK
Op K 0,021 0,019
Op K 1 Kkr 0,008 0,064
Op K 3 Kkr <0,003 -
bap K <0,003 <0,003
bap K 1 Kr <0,003 -
bap K 3 Kr 0,005 0,011

MccnepoBaHMA MNOKasanu, 4To cogepyaHue HUTPATOB B KO4vaHe KanycTbl (pucyHok 1)
HeoAHOPOAHO, 0AHaKo He npesbiwaet MAK (500 mr krl) y Bcex obpasuos. B KopHe cogepkaHue
HUTPATOB HE HOPMUPYeTCA. 3HAYEeHUA NOKasaTend B KOpHe Bbille, YeM B KOYaHe KanycTbl, B 2,4-3,7
pa3. MakcMmanbHoe 3HauyeHuWs HabnaalTCAs Yy KOHTPO/AbHOro obpasua Ha nose C ApeHarkKHOWM
cuctemoin (698 mr kr, B 3,7 pasa 6onblue, 4em B KouaHe KanycTbl). [pu BHeceHWn 6Uoyrna B Nousy B
KOPHe KanycTbl COAepXaHMe HUTPATHOrO a30Ta CHUXKAETCA M COCTAaBMAO Ha MOAAX C APEHAXKHOMU
cuctemon ¢ BHeceHunem 1 Kr 6uoyrna 440 mr kri, a 3 kr - 8 401,5 mr kr'l. Ha none 6e3 gpeHaskHOM
cucTembl gobasneHne 3 Kr 6uoyrna npuBoamuT K 6bonee HU3KUM 3HavyeHUA. MOXKHO OTMETUTb, YTO
6ONbLWMHCTBO HUTPATHOrO a30Ta OCTAeTCA B KOPHE, MPW 3TOM B KOYaHe COAEP)KAaHWE HEBbICOKO W
coctasnset 0,23-0,37 NAK. BeposaTHO, BHeceHne OMOYrna CHUMKAET MUIpauuto a3oTa M3 MOoYBbl B
pacTeHne. MUHMMa bHbIe 3HaYeHUA B KOPHE M KouyaHe KanycTbl (116 u 277 mr Kr'! cooTBETCTBEHHO)
HabnroaatoTca y obpasua c noas 6e3 gpeHaxkHoM cuctemsbl ¢ gobaBneHmnem 3 Kr buoyras.
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Puc. 1. CogeprkaHne HUTPATOB B KOYAHE KanycTbl M KOpHe (noJsie 6e3 agpeHakHOM U C ApeHaXKHOM
cuctemolt): ip — apeHax, bap — 6e3 apeHarka, 1 Kr n 3 Kr — KOIMYECTBO BHECEHHOTO buoyras.

Bbisoabl

B Hauane BeretauMoHHOro nepmoga HabngaeTcsa BbICOKOE coAepXKaHne HUTPATHOro a3oTa B
arpornoyBax Ha NoJAX C APeHar*kHOM 1 6e3 gpeHarkHoM cuctembl. CogeprKaHne aMMOHMNHOIO a30Ta He
npesbiwaet 0,198 mr 100 rl. B KOHLe BereTauMoOHHOro nepuoga Habnwgaetca obuiee CHUKeHue
HUTPATHOrO a3o0Ta B arpono4yse, OAHAKO BHeceHwe 6MoOyrna nNpuBOAUT K 6onee BbICOKOMY
CoAEepPrKaHUIO a30Ta U yrneposa no OTHOLIEHWUIO K KOHTPO/IbHbIM 06pa3Lam, CHUXKAETCA NOCTyNaeHne
a3oTa B pacteHus. Ha none 6e3 pgpeHa)kHoM cuctembl C BHeceHMem 3 Kr Buoyrna npoucxogut
MMHUMANbHAA MUTPaLMA COegMHEHNI a30Ta B KOPHEBYHO CUCTEMY M KOYAH KanycCTbl.

bnaropapHocTu
PaboTa BbiNnosHEHA NpW NoaaepKe rpaHTa PODN Ne 19-29-05166.
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INFLUENCE OF BIOCHAR ON THE CONTENT OF SOME FORMS OF NITROGEN IN SOIL AND
CABBAGE BIOMASS

BELAIA A. A., PATRUSHEVA. O. V.}, NESTEROVA. 0.V.1, BRIKMANS A.V.1

1 FSAEI HE FEFU, Vladivostok
belaia.aa@students.dvfu.ru

Abstract. The objects of the study were agricultural soils and cabbage collected from the
experimental fields. The content of nitrogen compounds (NHs* and NOs’), the percentage of
carbon and pH values were measured for the soils. In the samples of cabbage, the content of
nitrates in the root and leaf of cabbage was determined. Different rates of biochar were studied
and it was shown that application of 3 kg of biochar into the soil of the field without a drainage
system resulted in the minimal migration of nitrogen compounds from the soil into the plant.

Keywords. Biochar. Nitrogen. Agricultural soils. Cabbage. Nitrates. Nitrites
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1 1IB®Y, Bnadusocmok,

2 ®rb6HY LeHmp 6uopasHoobpa3susa [JBO PAH, 2. Baadusocmok

3 Mpumopckasa o8owHasA onbiMHaAa cmaHyus — gunauan ®r6HY «®HL| osowesodcmea»
bovsun.ma@dvfu.ru

AHHOTaumA. Pe3ynbTaTbl UCCIEA0BaHUA CBUAETENLCTBYIOT O MONOKUTENbHOM AeNCTBUM Buoyrns
Ha ymeHblueHne ammnccum 13 nousbl CO, nocne 53 gHel nocne BHeceHnsa. OCHOBHoe AencTame
6Moyrona Ha No4YBYy OCHOBAHO Ha ero ocoboil MoOpoOBOM CTPYKType, 6naroaaps KOTOPOW OH
NnoAo6HO AEeNCTBUIO APEHAKHON CUCTEMbI MOXKET MOT/IOWATh 3HAYUTENIbHYIO Maccy BOAbl, YTO
AB/IAETCS OYEHb aKTya/IbHbIM A5 NepeyB/a*KHEHHbIX NOYB, B TOM Yncsie A4 noys MpMmMopcKoro
Kpaa. OTBeAeHWe NULIHEN BNarn BeAeT K YNyYLEeHUI0 BOAHO-BO3A4YLWHOMO PEXMMa NoYBbl U,
COOTBETCTBEHHO, K YBE/IMYEHUIO MUKPOOMONOrMYECKOM aKTUBHOCTM U YBEJIMYEHUIO
CEeKBEeCTPaLMOHHOM CNOCOOHOCTM NOYB.

KnioueBble cnosa. buoyronb. dmuccua yrnekucnoro rasa. KymynatmeHbI noToK. [peHa.
Mousa. NMpPUMOpPCKMA Kpa.

BsepgeHue

BHeapeHMe HU3KOYrnepoaHblX TEXHONOMMIM B CeNbCKoe X03ANCTBO Poccum u coxpaHeHwue
NMOYBEHHOrO0 N0A0POANSA CTAaHOBWUTCA BCce 6osiee aKTyasibHbIM. [TOUCK HOBbIX TEXHONOIMK, Npu
KOTOpbIX 06paboTKa MOYBbI CTAHOBUTCA MWHMUMAJIbHOM, @ YCBOEHME Yyriepoaa BHYTPWU MOYBEHHbIX
LUWKNOB CTAaHOBUTCA 6onee Mo/sHbIM, BbIXOAMUT Ha MepBbIi NAaH COBPEMEHHbIX arpPo3KO/IOrMYecKux
nccnenoBaHun.

BonbWwMHCTBO nous JanbHeBOCTOYHOrO pervoHa ABNAOTCA TAXKENbIMU no
rPaHyNOMETPUYECKOMY COCTaBY M MPU MeXaHMYecKoM o6paboTKe TepAIT arpOHOMUYECKU LEHHYIO
CTPYKTYPY, 3@ CYET Yero YMeHbLUAETCA NPOTMBO3PO3MOHHAA YCTOMYMBOCTb U yXyALUAeTca BOAHO-
BO3AYLUHbIA pPeXMM B MPUKOPHEBOM 30HE pacTeHWid. B nepByto ovyepeab 3TO KacaeTCA OBOLUHbIX
KY/IbTYP, YPOXKal KOTOPbIX 3aBUCUT HE TONIbKO OT KO/AIMYECTBA MUTATE/IbHbIX 3/IEMEHTOB, HO N OT UX
OOCTYNHOCTM AN PacTeHUIA 3a CYET ONTUMAJbHbIX YCNOBMA B MaXOTHOM cnoe noys. [Mouck
3KONIOTMYECKN YNCTbIX U HEQOPOrMX CTPYKTOPOB MOYBbI, BHEAPEHNE UX B arPO3KOCUCTEMbI, OLEHKA
3MWUCCUM MAPHUKOBBIX TA30B B CENbCKOXO3AMCTBEHHOM MPOM3BOACTBE ABAAIOTCA HOBbIMMU
nccnenoBaTeIbCKMMM 3aia4amm Anda noysosenos 21 Beka.

CuynTaeTcaA, 4YTO BHECEHHbIXW B MNOYBY OMOYronb NpPU  MNPUMEHEHUM Ha  3eMAAX
CeNbCKOXO3ANCTBEHHOIO HasHauyeHua bsarogapsi cekBecTpauum cnocobeH ymeHbllaTb KOJIMYECTBO
BbIOPOCOB MapHWMKOBLIX ra3oB. OAHAaKO CyUWecTBYHOT WCC/AeA0BaHUA, He MNoATBepKAatolime
CEKBECTPaLMOHHble CBOWCTBA OMOYrAA, YTO CTAaBMT MOA COMHEHWE TEOPUI0 €ro MoI0KUTENbHOrO
aencreus.

Broyronb — 370 BbICOKOYFEPOAUCTbIA U BbICOKONOPUCTbIA NPOAYKT, KOTOPbIA NOAYYalOT Npu
nuponuse buomaccol. bnarogapa cBoen yrnepoAmMcTol BbICOKOMOPUCTOM CTPYKTYype OH crnocobeH
YyNyylaTbh BOAOYAEPKMBAIOLLYO CNOCOOHOCTb M yBEAMYMBATb NAOLLAAb NOBEPXHOCTM No4Bbl (Sohi et
al., 2009), oH obnapaetr pagoM PUINMKO-XMMMUYECKUX CBOWCTB, BAMAIOWMX Ha pH, noyBeHHyto
arperaumio, AOCTYMHOCTb NUTATe/IbHbIX BELWECTB, AOCTYNHOCTb OpraHMyeckoro yranepoaa (Lehman et
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al., 2015), a TakKe cnocobcTByeT POCTY pPacTeEHUM, YBEIMUMBAET YPOXKANHOCTb KYNbTYp U YMEHbLUaeT
KO/IMYecTBO 3arpAasHatowmx sewects (Ding et al., 2016). Tem He MeHee, CyLLLeCTBYeT MHOXKECTBO BUAOB
B6UOYrNA, UMELMX LMPOKUI Anana3oH GU3NYECKUX U XUMUYECKMX NOKa3aTenel, B PasHOW CTeneHu
BAVAIOLLMX Ha CBOMCTBA NOYB.

B ycnoBuax nonesoro BereTauMoHHOro OMbiTa UCCNeA0BaAHO AelcTBMe BUOYINA, a TaKKe ero
B3aMMOZENCTBME C APEHAXKHON 1 Be3apeHaKHOM cMCTeMaMM, Ha SMUCCUIO YIIEKMCIOro rasa.

O61beKTbl U meToabl UCCNea0BaHuUA
Monesoli onbIT H6b1n 3an10XKeH B MtoHe 2018 roaa Ha Tepputopmmn OO0 «MpPMMOpPCKON 0BOLLHOM
onbITHOM cTaHumMn BHUNO» B c. CyparkeBKa, Mpumopckuii kpan (Puc.1).

Mone 6e3 gpeHaxkHOM cUcTeMbI Mone c ApeHarkHOW cucTemomn

BC O kr BC 1 kr BC 3 kr BCOr BC 1 kr BC 3 kr

Puc. 1. Cxema onbiTa

Moysbl Ha nccnegyemblx  yyacTKax — MpeacTaB/eHbl arpo3emMom  TEeKCTYpHO-
anddepeHunpoBaHHbIM (TeMHorymocoBbin noaben) (Anthric Luvisol) (55 % ¢dusmnyeckoro necka, 45%
dU3NYECKol rnHbI — B6esapeHarkHoe none; 62% dusmdeckoro necka, 38% ¢GM3NYECKON UHbLI —
ApeHaxHoe none). Ona uccnegoBaHus Obln BbibpaH G6MOYrosib, NPOU3BEAEHHbIA U3 APEBECHbIX
ocTtatkoB bepesbl Betula alba metogom nuponnsa npu temnepatype 360-380 °C. buoyrosb B Ao3ax
O Kr M2 (KOHTPOAb), 1 KFrM™ M 3 Kr M2 BHOCUAM Ha OMbITHbIE YHACTKM Ha MOAA C APEHaXHOU U
6e3apeHarKHOW cucTemamu. B pamKax gaHHoM paboTbl NpeacTaB/ieHbl pesyabTaTbl amuccum CO; nocne
O4HOrO W fABYX MecsaueB nocne BHeceHWa 6buoyrna. M3mepeHwe smuccum  NpPoOBOAMNOCH
HEenocpeacTBEHHO B MOJIEBbIX YC/IOBUAX KAMEPHbIM METOLO0M B YETbIPEXKPATHOM MOBTOPHOCTM MpU
NMOMOLLM NOPTATUBHOIO TPEXIa30BOro aHanmnsartopa Picarro G4301 (Picarro, USA).

Pacuét amumccumn nposogunca B nporpamme MS Excel, cornacHo cneaytowen popmyne:

A[Gas]

. At *V*p’
gas A
- A[Gas]
rae Fgas — JIMHEHbIN NOTOK nccnegyemoro rasa (COz) B8 umonb CO; m2 ¢l A—t - KO/IMYECTBO YacTuL,

rasa B MOMEHT BPeMeHMU t, BblpaskeHHoe B UMOAb Moabt ¢ty V — obwmii ob6bem Kamepsbl, m3; A —
naowWwaab MCCAefyemoin MOBEpXHOCTU, M2 0 — MOAAPHAA MAOTHOCTb BO3Ayxa (monb m3),
onpeaenaeman Kak P/RT, rae P — naBneHune Bosayxa, MNa; R — yHMBepcanbHasA ra3osas NMocTosHHanA
pasHas 8,31 Na*m3*monbK1; T — TemnepaTypa Bo3ayxa, K.

JOCTOBEPHOCTb MOTOKOB OMNpeaensanachb cornacHo KoadPuumneHTy getepmuHaumnm Ra.

Pe3ynbTatbl M 06CyKAeHME

B pesynbTaTe npoBeAEeHHbIX WCCAeA0BaHUIM BbIABAEHO Aydllee pAeicTBUe 6Ouoyrna Ha
ymeHbleHne amuccnmn CO, Ha yyacTKax 6e3 oeicTBUA ApeHaXHOW cuctembl. TaK, Ha y4vacTke bes
A PEHAXKHOM cMCTEeMbI BHeceHMe B1oyrns B A03e 1 Kr M2 MPUBE/IO K CHUMKEHWNIO KYMYNATUBHOIO NMOTOKa
CO2 Ha 35,78% no cpaBHEHMIO C KOHTPO/IEM (y4acToK 6e3 BHeceHMA Buoyrnaa). Ha yyacTke ¢ gosom
BHECeHMA BUOYINA 3 K M2 CHUXEHME KyMy/IATUBHOIO NOTOKa cocTasmao 50,15% no cpaBHeHUIo C
KOHTpO/EM.
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Ha yuyacTkax ¢ AelCTBMEM APEHAXKHOM CUCTEMbI BHECEHME BMOYrnA NPUMBENO K yBENUYEHWUIO
3HaYeHMA KYMyNATUBHOTO MOTOKa Ha 9,53% B BapuaHTe onbiTa C BHeceHnem 1 Kr m?2 6uoyrnsa u Ha
7,36% B BapnaHTe OnbiTa C 40301 BHECeHUs 61MOoYraa 3 Kr M2 Mo CpaBHEHMIO C KOHTPO/IbHbIM YHaCTKOM.
CpaBHeHME 3HAYeHUN KyMyAATMBHbIX NOTOKOB CO2 KOHTPO/IbHbIX YYaCTKOB APEHAXHON W
6e34peHaXKHOM CUCTEM MOKA3a/10, YTO 3HAYEHUE KYMYNATUBHOIO NOTOKA HA KOHTPO/IbHOM y4acTKe 6e3
AEUCTBUA ApeHaxHOM cuctembl Ha 41,85% 6onblue, YeM 3HaYeHMEe KyMyAATUBHOTO MOTOKAa Ha
KOHTPOJ/IbHOM Y4acTKe C AEeUCTBMEM APEHAXKHOM cucTeMbl. TakMm obpa3om BUAHO, YTO HayasbHOe
3HaYeHWe NOoToKa Ha 53 AeHb NPUMEHEHUA BUOYTIA KOHTPOJIbHOTO Y4aCTKa C APEHAXKHON CUCTEMOW
NPUBANKEHO K 3HAYEHWUIO KYMY/IATUBHOIO NOTOKA Ha y4vyacTKe 6e3 AeNCTBUA APEHaXKHOW CUCTEMbI C
BHeceHnem 1 kr m?2 6uoyrsa (puc. 2).

1500 1500
T ".‘}_
= 1000 | 2 1000 |
8 S
; s00 % 500 |
S 8
= Y
5 0 . . 3 o . . .
3 13-16.07 7-9.08 z 13-16.07 7-9.08
m (3]
—s—Control =-= BClkg BC3kg =—s—DControl =-s= DBClkg DBC3kg

Puc. 2. KymynatusHbii notok CO2 U3 arpoTeMHOrymycoBbix Noab6enoB npyu BHECEHUN BUOYTNA U ero
OEencTBumM B TeyeHune 53 aHen nccnegoBaHus.

OcHoBHOe aencTene bMoyraa Ha NOYBY OCHOBAHO Ha ero 0cobon NopPoBoOM CTPYKTYpe, braroaapa
KOTOPOW OH NoA06OHO AENCTBUIO APEHAXKHON CUCTEMbI MOMKET MOT/I0LLATb 3HAYUTEIbHYIO Maccy Baaruy,
YTO AB/ISIETCS OYEHb aKTya/ibHbIM A5 NepeyBAarKHEHHbIX NMOYB, B TOM Yncae Ans noys MpumopcKoro
Kpasa. OTBedeHue JNUIWIHEN BRarn BeAeT K Y/AYy4YllEeHUIO BOAHO-BO3AYLIHOTO PEXKMMa MOYBbl W,
COOTBETCTBEHHO, K YBEJ/IMYEHUIO MUKPOOUONOTMYECKON aKTUBHOCTM, a TaKKe YBeJNYEHUIo
CEeKBECTPaLMOHHOM CcnocobHOCTM no4yB. TakMm 0Opa3om, CpaBHEHUE KYMYAATMBHbLIX MOTOKOB
KOHTPOJIbHbIX  YY4aCTKOB  CBUAETENbCTBYET, 4YTO JApEHaXHad CUCTEMA WMEET  XOPOLLUM
CEeKBEeCTPaLUNoHHbIN 3¢deKT. BHeceHMe 6MOYrna Ha yyacTKax C APEHaxKHOM cucTtemol BedeT K
YBEIMYEHUIO  KYMyNAaTMBHOro notoka CO,, BepoATHO CBSI3AHHOMY C  OTpMLATENbHbIM
B3aumogelicTenem (MeLlaroumm AencTBMem) bUoyrns ¢ ApeHaxKHoM CUCTEMON.

BbiBOAbI

Mony4yeHHble pe3ynbTaTbl UCCNEAOBAHMA B LENOM CBUAETENbCTBYIOT O MOJIOMKUTENbHOM
AeNcTBUM BHeceHua 6uoyrna B noyBy Ha smuccmio CO; nocne 53 agHel nNpuUMeHeHus, ogHaKo
NMONOXUTENbHLIN 3PPeKT BHeceHus Ouoyrns npu  AOATOCPOYHOM MPUMEHEHMU HA 3SMUCCUIO
YFIEKUC/IOTO Fa3a OCTAETCA OTKPbLITbIM U HyXKAaeTcA B 6onee f0NroBpeMeHHbIX NCCeL0BaHUAX.
bnaropapHocTu
NccnepgoBaHusa 6b11v NnpoBeaeHbl Npu noagepskke rpaHta POOU Ne19-29-05166\19.
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B/IMAHUE BUOYTNA HA CE3OHHYIO AUHAMUKY MUHEPA/IbHbIX $OPM A3OTA B IEPHOBO-
NoA30/IMCTON CYNECYAHOM NOYBE PA3SHOTO KAYECTBA

GEOWLIOBA /1.B.%, PUMKMA E.A.L2

L ®reHY A®U, CaHkm-lemepbype,

2 @re0Y BO «Pocculickuli 2ocydapcmeeHHblili 2udpomemeoposozuyeckuli yHusepcumem», CaHKm-
Memepbype,

larisa30.05@mail.ru

AHHOTauuA. BeretTauMoOHHO-NO/EBOM 3KCNEPUMEHT 3a/10XKeH Ha ArpodM3nyeckom cTalMoHape
onbITHOM cTaHuun GreHY A®U (n. MeHbKOBO, MATYMHCKMI palioH, JleHUHrpaackaa o6aacTb) Ha
AepHOBO-MOA30/IMCTbIX CyNecyaHbIX NoYBax PasHOM OKYAbTYPeHHOCTU. CpeaHe OKYy/NbTypeHHas
nousa (COK) - HaBO3 He BHOCW/IM, U BbICOKO OKyNbTypeHHasa (BOK) — BHeceHo 540 T r'! HaBo3a
KpynHoro poratoro ckota B 2003-2005 rr. ®pakumn b6uoyrna <2 cm B ANAMETPE BHOCUIN B
BepxHUit 10-cm cnoii noysbl. Ha aensHkax BosaesnbiBasnacb cmech Vicia sativa L. n Avéna sativa L.
CogeprKaHuMe HUTPaATOB U aMMOHWMIHOIO asoTa B MOYBAX ONpPedensann KoNOPUMETPUYECKUM
MEeTOA0M C Ucnosb3oBaHnem cnektpodpotomeTtpa SPEKOL. YcTaHOBNEHO CE30HHOE YMEHbLLEHNE
coAepKaHUA MUHepanbHbiX GOpPM a30Ta BO BCEX BAapPMAHTAX A0 KOHUA ceHTAbps, cBA3aHHOEe C
TEMNEepPaTypHbIM U BAAKHOCTHbIM pexXumom no4ys. OAHAKo B noyBax C buoyrném pgaHHoe
CHUXXEHMEe NpouCXoauno megneHHee. bruoyronb cnocobcTBoBan AOCTOBEPHOMY YBEAUYEHUIO
coAepKaHua MUHepanbHbiX Gopm a3oTa.

Knwouesble cnoBa. [lepHOBO-NOA30/AMCTaA cynecyaHas noysa. buoyronb. AMMOHWIAHBIA a30T.
HuTpaTHbIN a30T.

BsepgeHue

MwuHepanbHble COegMHEHMA a30Ta CAyXaT HEenocpeAcTBEHHbIM  WUCTOYHMKOM MUTAHMA
pacteHMn. BHeceHue 6uoyrns BAUSAET Ha PU3NYECKME YCNIOBUS MOYBEHHOM cpeabl U U3MeHAeT
WHTEHCUMBHOCTb MPOLLECCOB aMMOHUPUKALUM N HUTPUPUKaLMKM, obycnasamBatowmx GopmMmnpoBaHmne
MOHOB aMMOHMA W HWUTpPaToB. [loKa He yAaeTca HaWTU YCTOMYMBOM 3aBUCMMOCTU  MEXKAY
KOHUEHTPaUWE AaHHbIX MOHOB B MNOYBE M HaAMUYMEM B Helt Ouoyrna, BCAeacTBUE CUAbHOWM
M3MEHYMBOCTM MOYBEHHbIX YC/IOBUIN B TeYEHME BEreTauMOHHOro nepuoaa. M3BecTHo, YTO CKOPOCTb
npoL.eccoB aMMOHUPUKALUM U HATPUDMKALMM 3aBMUCAT OT TEMNEPATYPbI, BIAXKHOCTU, Ppeakumn cpeabl,
COAEpPKAaHMA OPraHNYECKOro BeLWecTsa U OT MHOTUX APYIMX XapaKTEPUCTUK.
Llenb uccnedosaHus — BbIABUTb BAUAHWE BHECEHMA BUOYINA B AePHOBO-NOA30AMCTYIO CYNECHAHYIO
MOYBY Ha CE30HHYIO AMHAMMUKY B HEM MUHEpPaAsbHbIX POpMm a3oTa.

O61beKTbl U MeToAbl uccnepoBaHUnA

BeretauMoHHO-NONEBOM 3KCMEPUMEHT 3aN0XKeH Ha Arpodusnyeckom CTauMoHape OnbITHOM
cTaHummn OIFBHY A®U (n. MeHbKOBO, MATYMHCKMIA paiioH, JleHUHrpagckas obnactb) Ha AepPHOBO-
NoA30AUCTbIX cyrnecyaHbix noysax (Moucees u ap., 2013). MNMoyBbl y4aCTKOB Pa3NYaINChL MO CTEMNEHU
OKY/IbTYPEHHOCTU: cpeaHe okynbTypeHHas (COK) u BbicOKo oKy/bTypeHHasa (BOK). B 2003-2005 rr. B
nousy COK HaBO3 KpynHOro poratoro ckota He BHocuu, B nousy BOK BHeceHo 540 Tt (OneHYeHKo 1
Ap., 2012). OnbiTHbIE AENAHKM pasmepom 4 M2 (2x2 m) 3an0oxeHbl B mae 2019 roaa Ha napueniax noys
¢ COK 1 BOK 1 Ha KOHTpO/IbHbIX y4acTKax. Cxema onbiTa BKAOYaNA: KOHTPob (6e3 6uoyras) n noysa
6uoyrnem B ao3e 20 Trat (unm 8 Kr Ha 4 m2). Broyrna npeactasnan coboin ApeBecHbI yronb U3 6epessl
copTa «Mpemunym» (1 Knacca), ppakyma c pasamepom yactuy yrna 0,5-5 cm. Buoyronb npomsseseH
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HbIcTpbIM NUpoan3om npu Temnepatype 600 °C. Ppakumm buoyrna < 2 cm B AMaMeTpe, BHOCUAN B
BepxHMM 10-cm cnoi nousbl BpyyHyto. Ha genaHKkax B Te4eHWe BereTauMoHHOro nepnoaa B Kavecrse
TecT-06beKTa BO34e/biBalacb BUKOOBCAHaA cmeck (Vicia sativa L. aposasa copTta J/IbroBckun u Avéna
sativa L. aposoit copTa boppyc, B cooTHoweHumn 30:70%, cooTBETCTBEHHO) M3 pacyeTta 200 Krra™t (uam
no 85r Ha 4 m?). Otbop npob nposedeH C cepeauHbl Mas Mo KoHew, ceHTA6pa 2019 roga no
CTaHgapTHOM meToamke (Jocnexos, 1979) ¢ nomowptko noyBeHHoro bypa u3 cnoa 0-10 cm.
MeprogmuHocTb oT6opa Npob — Kaxaple 10—12 gHelt ¢ MOMEHTa 3aKNaAKuM aKCNepuMeHTa.

CpegHecyTouHan TemnepaTypa Bo3ayxa 3a nepuog mai — ceHTabpb 2019 r coctasuna 14,2 °C,
CymMmma ocagkos —451,2 mm.

CopeprkaHMe HUTPATOB M aMMOHMMHOIO a30Ta B NOYBE ONPeAensinv KOJOPUMETPUYECKMM
MeToA0M B coneBom BbITAXKKe (1 H pactBop KCl) c ucnonb3osaHmnem cnektpodpotometpa SPEKOL.

Pe3ynbTtatbl u 06cyXKaeHue

Buoyronb o6n1agaeT BbICOKOM 0OMEHHOM CNOCOOHOCTBIO B OTHOLLIEHWM KaTUOHOB M BbICOKOM
NOrnoTUTENbHON CNOCOBHOCTLIO B OTHOLLEHUN MONEKY BOAbl. OpraHMyYeckuin yrnepos, BXoasawmn B
cocTaB 6MoyrasA, MOXKET ObITb UCNOb30BaH MUKPOOPraHU3MaMM, YTO MPUBOAMUT K YBESIMYEHUIO
NnoTpPebHOCTM MUKPOOPraHM3MOB B MUHEPA/ZIbHOM a30Te, CNeACTBUEM AAHHOIO NpoLecca ABAseTca
MUKpobuonornyeckaa MUMMobumansauma nocnegHero. Bee BbilensnoxeHHble CBONCTBA buoyrns
B/INAIIOT HA U3MEHEHMA COAEPKAaHNA MMHEPAJIbHOTrO a30Ta B MOYBE MPU ero BHECEHUN.

B onbiTe ¢ bBuoyrnem cogeprkaHne aMMOHUIMHOIO a3oTa B A4€PHOBO-NOA30/IMCTON CyNecyaHoM
noyse COK nocTeneHHO CHWUXKAaNoCb B TeYeHMe BereTauMOoHHOro nepuoaa, Torga Kak B BapuaHTax
noysbl BOK oTmeuyanocb ero noBbllleHWME BO BPEMA MNepBbiX ABYX HeAeNb 3KCNepumeHTa W
nocneaywouwee CcHuKeHune (puc.l). [daHHOe noOBblWEHWEe, BEPOATHO, BbI3BAaHO 6GonbleNn
MUKpOBMoNornyeckon akTMBHOCTbIO B noyBax BOK nocne 3smmHe-seceHHero nepuoga. BOK noussbl
M3HaYaNbHO coAeprkann bosblluee KO/AMYEeCTBO OpraHMYEeCcKoro BELWEeCcTBa, YTO crnocobcTBoBasio
YCUNIEHUIO B HUX OMONOrMYECKOM aKTUBHOCTM M YCWUIEHUIO Pa3BUTUA KOPHEBOM CUCTEMbI
BO3/e/1bIBa€MbIX KY/1bTYp.

0.0 T . . .
15.5 4.6 24.6 14.7 is 238 12.9 2.10

—~COKK —=COKE —-O0-BOKK -e-BOKE

Puc. 1. inHamuka copepanua ammoHuniiHoro (N-NHs*) asota B 4epHOBO-N0A30/IMCTON CyrnecyaHomn
nouse co cpeaHein (COK) u Bbicokon (BOK) cTeneHbto OKynbTypeHHOCTH, B BApUaAHTAX NOYBbI-
KoHTpob (K) n nousbl ¢ 6uoyrnem (B).
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CHU)KeHMe KOHUEHTpaLUMM aMMOHUMHOIo a30Ta B TeYeHWe BereTalMOHHOIo nepmoga B noysax
obycnaBnmBaeTca yBe/IMYEHUEM WMHTEHCUBHOCTU HUTPUOUKALMM, BO3MONKHOM acCUMUNALMNEN
aMMOHMA NOYBEHHON BMOTOM M ero akTMBHbIM NoTpebaeHnem pacTeHUAMU B nepuog pocta. Kpome
Toro, obwas TeHAeHUMA ymeHbleHusa cogepkaHma N-NHs* B nouyBax, BO3MOMXHO, CBfi3aHa C
M3MEHEHMEM BO3AYLIHOro, TEM/JIOBOrO U BOAHOIO PEXMMOB MOYBbI M3-3a 3aCyXU B UIOHE U Utone,
KOTopaA OKa3asia HebnaronpuaTHOe BAMAHME Ha MHTEHCMBHOCTb MMKPOOMONOrMYECKUX NPOLLeccoB
LUMKNa a3oTa.

CunTaeTcs, YTo ONTUMaibHas TemnepaTypa A1 MUHEPaANU3aLnmM NOYBEHHOTO OPraHMYeCcKoro
BewecTBa coctaBnseTt okono 28-30 °C, npu nageHun TemnepaTypbl Ha 10 °C, eé MHTEHCUBHOCTb
ymeHbluaeTca Ha 50%. MuHepanunsaums opraHMYecKoro BeLW,ecTBa CTAHOBUTCA AOCTAaTOYHO HU3KOWM
NPW HU3KMX TemnepaTypax, M OHa MNoYTM ocTaHaBnauBaeTcs okono 0 °C (Kirschbaum, 2006).
CopeprkaHvMe BnarM B MNO4YBE B/IMAET Ha MWHEPanM3auuilo MeHblle, YemM TemnepaTypa MouyBbl.
MuHepanmsaums 6osee MHTEHCMBHA, KOr4a YepeayoTca 3acyxa U B/IaXKHble Nepuoabl.

BHeceHne 6uoyrns NpMBeo K NOBbILEHMWIO COAEPKAHNA aMMOHMIMHOIO a3oTa B noyse ¢ COK u
BOK. B BapuaHTax c nouysoii COK 6uoyronb crnocobctBoBan nosbilleHUo cogepxaHua N-NHi* B
cpeaHem Ha 38%, a B BapuaHTax ¢ noysoint BOK — Ha 33%. lMoBbileHWe cogeprKaHns aMMOHUINHOTO
a30Ta B No4se c buoyrnem morKeT bbiTb cBA3aHO ¢ agcopbumen N-NHs* Ha noBepxHoCcTM Buoyrasa, u,
KaK pe3y/ibTaT, CO CHuXeHunem BbiwenaunsaHna N-NHas* n3 nousbl. AHa/IOrMYHbIE pe3yabTaTbl Obian
noay4yeHsbl B aKkcnepumeHTax Yao et al. (2012). Kpome Toro, 6Moyrosb, Kak MeIMoOpaHT, obnagarowmm
BbICOKOM aACcopOLUMOHHOM CNOCOOHOCTLIO, MyTEM KaTUOHHOTO obmeHa moxKeT aacopbuposatse NO3z u
NH4*, cHUXaa yneTyumMBaHWe MOYBEHHOro aMMMaKa W, TakMm obpas3om, yBe/nnuMBan coaeprKaHue
AOCTYMHOrO a30Ta B NOYBe, Y/Ayyllas naogopoaune no4vsbl. Tem He meHee, aacopbuma ammMOHUNHOIO
asota OuWoyrném MOXeT TMPUBECTU K CHUMMKEHWID ero AOCTYNHOCTU  HUTPUPULMPYHOLLMM
MUKpoopraHnamam (Nguyen et al., 2017).

12.10

Adata

- COKE —=-COKE ———PBOKEKE —e-BOKE

Puc. 2. uHaMmuKa coaepkaHma HuTpaTHoro (N-NOs) a3oTa B 4epHOBO-N0A30/IMCTON CynecyaHom
nouse co cpeaHen (COK) u Bbicokon (BOK) cTeneHbio OKyNbTypeHHOCTH, B BapUaHTax NoYBbI-
KOHTponb (K) 1 noussl ¢ 6uoyrnem (B).
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CopeprkaHue HATpaATHOro a3oTa B noyse ¢ BOK 6bin0 goctoBepHo Bbiwe (p < 0.05), 4em B noyse
c COK. B aepHoBo-noasonncton cynecyaHon noyse ¢ COK Habnoaanocb CHUMKEHWE COAeprKaHuA
HUTPaATHOro a30Ta B X0A4e BeretauMoHHoro nepuosaa (puc. 2). B nouse BOK B TeueHune nepsbix 5 Hegenb
aKcnepuMmeHTa KoHueHTpauuna N-NHs 3HauMTeNbHO He M3MeHANacb, HO Aafiee C TeYEHUEM BPEMEHMU
Hab/104aN0Ch €€ CHUXKEHWNE, 3aTeM YBE/IMYEHME K OKOHYAHMIO BereTauMOHHOro nepmnoaa.

BHeceHue 6uoyrna B nousbl COK 1 BOK npuBeno K HakonneHuto B noyse goctoBepHo (p < 0,05)
H6onblIero KoANMYecTBa HATPATOB MO CPABHEHMIO C KOHTPOJIbHbIMW BAapUAHTAMM, YTO, NO-BUAUMOMY,
CBUAETEeNbCTBYET 0 60s1ee MHTEHCUBHOM Mnpouecce HUTpUdMKauum B nousax ¢ 6uoyrnem. bruoyrons,
bnarogapa cBoel MOPUCTON CTPYKTYpPe, NOBbIWAET YMCA0 aspPOOHbIX Y4aCTKOB B MOYBE, 4YTO
CNOCOGCTBYET  YBE/IMYEHUID  MHTEHCMBHOCTM  HUTPUOMKALMM U CHUKEHWUIO WHTEHCMBHOCTU
AeHUTpudUuKaummn. Nostomy yBenmumMBaeTca cogepaHne HUTPATHOroO a30Ta NOYBE M CHUMKAKOTCA ero
notepu npu nepexoge B rasoobpasHyto ¢opmy. BHeceHne 6uoyrna B nousy ¢ COK nosbicuno
cogeprkaHme N-NOsz™ B cpegHem Ha 120 %, a B nousy ¢ BOK —Ha 51 %.

OnpegeneHne coaeprkaHUs MUHEepanbHOro asoTa aKcTpakumen ¢ 2 M KCl B 6buoyrne He
NO3BOAIMMA MONYYUTb AOCTOBEPHbIE Pe3ynbTaTbl. YCTaHOBAEHbI CneAbl NPUCYTCTBUA aMMOHWUIMHOIO
a30Ta M OTCYyTCTBME HUTPATOB B GMoyrne. B paHee npoBeAeHHbIX 3KCMEPMMEHTax MO M3y4YeHWo
copbummn nuTaTeNbHbIX BEL,ECTB YCTAHOBNEHO, YTO OMOYrosb MOXKET MOrnoTUTb Kaama B 4 pasa
b6onblle, YeM cogepKuTca B pactBope. B meHbluem KonnyecTBe ycBamBaeTcA aMMOHUN, dochop m
Kanbuui. [laHHble 31eMeHTbl MOrNoWATCA MNPUMEPHO C OAMHAKOBOM MHTEHCMBHOCTBIO W
KonnyectBoM. HUTpaTbl U MarHuMim NpakTUYeckn He copbuposanmcb buoyrnem (Pvxkusa u gp., 2015).

BbiBoAbI

Buoyronb okasan BAMAHME HA CE30HHYIO ANHAMUKY MUHEPaNbHbIX GOpPM a3oTa B noyse.

Buoyronb cnocobctBoBan AOCTOBEPHOMY YBE/IMYEHUIO COAEPMKAHMA MUHEpanbHbiX Gopm
asoTa.

B uenom Habnoganocb Ce30HHOE yMEHbLUEHWE COAEpPXKaHUA MUHepanbHbix GOpm a3oTa BO

BCEX BapMaHTaxX A0 KOHLA CeHTABPA, CBA3AHHOE C TEMMNEPATYPHbIM U BAAXKHOCTHbIM PEXUMOM MOYB.
OpHako B novBax ¢ buoyrnem gaHHOE CHUXKEHWE NPOUCXOANN0 MeSIeHHee, YeM B NOYBE KOHTPOAA.
Tak B no4se KOHTpoaA COK cogeprKaHMe aMMOHMA CHU3MANOCH B 2,8 pasa, B nouse KoHTpoasa BOK B 2,1
pas3a, a B no4yse ¢ buoyrnem B obomx BapuaHTax B 1,5 pasa. B nouse KoHTpona COK copep:kaHue
HUTPATOB CHU3MAOCL B 17 pas, B nouBe KOHTpona BOK B 2,6 pa3a, a B no4yse ¢ buoyrnem sapunanta COK
B 2,6 pasa, sapuaHta BOK B 1,8 pasa.

bnaropapHocTu
PaboTa BbinosiHeHa Npu noaaep»Kke rpaHta PODU 19-016-00038 A.
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INFLUENCE OF BIOCHAR ON SEASONAL DYNAMICS OF MINERAL FORMS OF NITROGEN IN SODDY-
PODZOLY SANDY SOILS OF VARIOUS PRODUCTIVITY

BOITSOVA L.V.%, RIZHIYA E. Ya.}?

1 Agrophysical Research Institute, St. Petersburg, Russia
2 Russian State Hydrometeorological University, St. Petersburg, Russia
larisa30.05@mail.ru

Abstract. The vegetation-field experiment was established at the Experimental Station of the
Agrophysical Research Institute (Menkovo, Gatchinsky District, Leningrad Region) on soddy-
podzolic sandy loam soils of different productivity. Medium-cultivated soil (SOC) - no manure was
applied, and highly cultivated soil (WOC) — 540 t ha! of cattle manure was applied in 2003 - 2005.
Biochar (fractions <2 cm in diameter) was applied to the top 10-cm soil layer. A mixture of Vicia
sativa L. and Avéna sativa L. was cultivated on the plots. The content of nitrate and ammonium
nitrogen in soils was determined by the colorimetric method using a SPEKOL spectrophotometer.
A seasonal decrease in the content of mineral forms of nitrogen in the soil of all the treatments
was found until the end of September. That was associated with the soil temperature and
humidity regimes. However, in the soil with biochar, this decrease was happening slower. Biochar
contributed to a significant increase in the content of mineral forms of nitrogen in the soil.
Keywords. Sod-podzolic sandy loam soil. Biochar. Ammonium nitrogen. Nitrate nitrogen.
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OCHOBHbIE HANPAB/IEHUA UCCNEAOBAHUIN MO NPUMEHEHUIO BUOYT/IA1 B CE/IbCKOM
XO3AMUCTBE PO

NYPOBAT.A.

®reHY AU, Carkm-llemepbype,
gurova_t@mail.ru

AHHOTaumA. B cTaTbe paccMOTPEHbl OCHOBHbIE Hay4YHble HanpaB/ieHUs UCCIe40BaHNIA, KOTopble
NPOBOAATCA B Hay4yHO-UCCNeA0BaTeNbCKMX M 0b6pasoBaTesibHbIX OpraHM3aumax Poccuiickoi
depepaunm No NpUMeHeHU0 6uoyrna B cenbCkom xosaiictee. [poBegeH 0630p nntepaTypbl,
OTpPa*KeHHOW B Hay4yHoM bubaunoTeke elibrary.ru 3a nocnegHue Tpu roaa.

Knrouesble cnoBa. broyrosb; 61Moyap; Hay4Hble UCC/IeA0BaHNA; CBOMCTBA NOYBHI.

BeepeHue

N3pgpesne Ha Pycn nNpaKTMKOBanM nNoACEeYHO-OTHEBOE 3em/efenue, OLHAKO C Pa3BUTMEM
UMBUAM3ALUMN CUCTEMBI 3EMNEOEeNNa U3IMEHANNCb, M MUCNONb30BaHME YIAA B KayecTBe areHTa,
BAAIOWErO0 Ha NA04OpPOAME U YpOrKal, He paccmaTpuBanocb. MccnepoBaHMs Mo MPUMEHEHMIO
6uoyrna B cenbCkom xo3sictee Poccuiickon Pepepaumm BeayTcs CPaBHUTENBHO HegaBHO. C Kaxabim
rogom MOABAAKTCA HOBble Nyb6/AMKaUWKM, MOABAAETCA MHTEPEC Y HOBbIX HayYHbIX KONNEeKTUBOB. B
OaHHOM paboTe OCBELLAOTCA Pa3/IMYHbIE aCMeKTbl NPUMEHEHUA BMoyrna B CENbCKOM XO3ANCTBE,
OTPa*KeHHble B HAy4YHOM NUTepaType 3a nocaegHue 3 roaa.

Pe3ynbTathbl U 06CcyKaeHue

Pasymos, Hasunosa (2015) oTmeuatloT, YTO MAeAa 3aMeHbl KaMeHHOro yras — WUCKOMaemoro
TonnAuBa, 6uoyrnem onucaHa 6onee Beka Hasag. lpouecc Tepmuyeckor 06paboTKM ApeBecuHbI
nsyyanm H.U. HukmtMH n B.H. Ko3nos. OgHako Mcnonb3oBaHME 6MOYrna B CENbCKOM XO35IUCTBE B
Poccmmn maccoBoro pacnpocTpaHeHms He Halwno.

B KoHue XX BeKa y4yeHble 06paTMIM BHMMAHME Ha TO, YTO CBOMCTBA MOYB C BbICOKMM
coaeprkaHnem 6Moyrna cywecTtBeHHO OTIMYAINCb OT CBOMCTB @aHA/IOMMYHbIX PErMoHaAbHbIX NOYB. B 31O
BPeMsA NOABUNCL NepBble Hay4YHble PaboTbl NO BANAHMIO BHECEHMA BMOYrAsA Ha CBOMCTBA NOYB, POCT
W pa3BUTME PACTEHUA.

Bce paccmoTpeHHble B nnTepaType BapuMaHTbl UCNOAb30BaHMA BMOYrNa MOXHO pa3fenvTb Ha
HECKO/IbKO Fpynn, cpeaun KOTopbIX UCCeA0BaHUA, OTPAXKaloLWMe Kak CBOMCTBA camoro buoyrns, Tak u
ero BANAHUE Ha CMCTEMY NOYBa-pacTeHMA-aTMocdepa.

YueHbie Pecnybnuku TatapcTtaH (PasaHoB u ap., 2020; KynarmHa u ap., 2018a) oueHuBatoT
OUTOTOKCUMYHOCTb 6MOYrnsA, MNONYYEeHHOro M3 OcafKa CTOYHbIX BOZ, PACCMATPMBAOT BAPMWAHTbI
CHUXKEHMA 3arpsA3HEeHMA NOYBbI M PACTEHWUI NyTEM NOBbILEHMA TeEMNepaTypbl NMpoan3a buoyrnsa.

Ha sKoHOMMYecKyto cocTaBaAtoLWyo npouecca nepepaboTkn otxoaos nTnuedabpuk B 6Moyronb
obpauwatoT BHMMaHue P.B. CmupHoB 1 coaBTopamu (2020).

JKcnepumeHTbl, npoBedeHHble J1.M. CyHratynnnHon c coastopamu (2019), nokasbiBaloT
CHUXKEHMEe aKTMBHOCTM aMMOHUPULMPYIOLLMX MUKPOOPraHM3MOB B NOYBax c buoyrnem. B Toxke Bpema
M3MEHSETCA COOTHOLWEHME OTAENbHbIX TPYNNn MWKPOOPraHM3MOB MPU BHECEHUU Pa3/INYHbLIX 403
6uoyrna B Cepyl JIeCHYH CPeAHECYr/IMHUCTYIO MO4YBY NpPU COXPaHeHUM obLlen aKTUBHOCTU
MUKpobHoro coobuiectsa (Kynarnna u ap., 20186).
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N. Yewnk n A. HUKuTUH (2019) npeanaratoT UCNONb30BaHME MOYBOYAYYLIAOWMX A0OABOK Ha
OCHoBe 6uoyrnA M KOMNAEKCa MWKPOOPraHM3MOB (MOJIOYHOKMC/bIE W MyphypHble 6akTepuu,
APOXKKeBble rpUbbl) ANA CHUXKEHUA BMOAOCTYNHOCTU PaAMOaKTUBHOIO N30TOMNA LEe3uA.

Mpu n3yyeHnn BAnAHMUA BUoyrna Ha GU3MYecKMe CBOMCTBA MOYBbI PACCMATPUBAIOT NAOTHOCTb
CNOXEeHUA W BOAOYAEPKMBatOWY cnocobHoctb nous (banawos, Pwkua, 2020). YnydyweHue
arperMpoBaHHOCTM, YyBeAuYeHue BOAOMPOYHOCTU aArpoOTEeMHONYMYCOBbIX MOYB C eCTeCTBEHHbIM
BOAHbIM PEXMMOM OTMeyeHo B pabote A.[. Monosoi ¢ coasTopamu (2019). BHeceHne 6uoyrns B
CPeAHECYTIMHUCTYIO CEepPY0 JIECHYIO MOYBY CNOCOOCTBYET YMEHbLUEHUIO JIMHEMHOW U O0OBEMHOWM
ycagku (Fpaues un ap., 2018).

B Kncnbix NoYBax BHECEHME ApPEeBECHOro 6Moyraa NPMBOAUT K 3HAUNTENbHOMY U3MEHeHUo pH
cpenbl U 0OOMEHHOM KUCNOTHOCTU, YBE/IMYMBAETCA coAepKaHMe 0OMeHHbIX OCHOBAHWUI, B TOM Yucne
Kanbuma (QybposuHa, 2019).

BHeceHMe Ouoyrnsa, He meHsAa obllee coaeprkaHWe Kanus, oboraliaer noyBy Hambosnee
AO0CTYNHbIMU dopmamm Kanua (Bogopactsopumoin n obmeHHoin) (Kynarnna m gp., 2019).

MpumeHeHne 6uoyrna Ha [EepPHOBO-NOA30/IMCTOM MOYBE PA3HOM CTENEHU OKY/IbTYPEHHOCTU
(Pvkma n gp., 2020) He OKa3ano BANAHMA HA KOHLEHTPALMIO AMMOHMMHOIO a30Ta U cnocobcTBoBaio
YBE/IMYEHMIO KOHLEHTPALLMN HATPATHOrO a30Ta. B TOXKe Bpema coBMeCcTHOe MCMOo/ib30BaHKe buoyrns c
cynbdaToOM aMMOHMA U KOMMOCTOM CHUMKAET NoTePU aMMOHUMHOIO U HUTPATHOrO a30Ta M3 TEMHO-
cepoii-necHon nousbl (MyxmHa u ap., 2019). BHeceHne 6uoyrna B COYETAHUM C PACTUTEJIbHbIMMU
OCTaTKamMM Cnoco6CTBYET CHUMMKEHWIO MHTEHCMBHOCTM MUHEPANM3aLMOHHbIX MPOLECcCOB B Mo4YBe
(Munocepgosa u ap., 2020).

N3meHeHne arpoxMmmnyecknx noKkasatenemn npu BHeceHMn BUoyrna NoNoXKUTEIbHO OLLeHMBAETCA
M B NOYBaxX NOCEBHOr0O OTAENEHUA NECHbIX MTMTOMHUKOB (ypoBa, *KuryHos, 2018).

Bo3MOXKHOCTM pemeamaLmm TEXHOreHHO-3arpA3HEHHbIX NOYB C NOMOLLbID BUoyrna us nysru
noACONHEeYHMKA paccmaTpumBatoT B lOXKHOM deaepanbHOM yHMBepcutete (MUHKMHA 1 ap., 2019).

YueHble M3 KasaxcTaHa OTMeYatoT CHUMXKeHMe copepaHnua Zn, Pb, pH n ysennyeHne NPK B
TEXHOreHHO-3arpA3HeHHOM YepHo3eme ¢ buoyrnem (Kepmkynosa u ap., 2019).

ArpoHOMMYECKYIO OLEHKY BHECEHMA B1oyrna no ysenmyeHunto ypoxxanHoctm gaet A.W. MiBaHoB ¢
coasTopamu (2020) B ycnoBmAX MOLENLHO-MOIEBOrO ONbITa NO 3a4€/1Ke B TAXKENOCYT/IMHUCTYHO NOYBY
0CBaMBaeMO 3a/1eXKn NPoAYyKTOB nepepaboTKn apeBeCcHO-KYCTapPHUKOBOM pacTUTENbHOCTU B dopme
wenbl n 6uoyrna. Ha ycuneHue nNMHEMHOro poCTa, NOBbIWEHWE MNPOAYKTUBHOCTM HaA3EeMHOWM
6Momaccbl AYMEHA U coaep)KaHne NpoTenmHa B 3eneHon buomacce ykasbiBaeT U.A. lybposuHa ¢
coasTopamu (2020).

MpumeHeHne GUoyrna B 4ePHOBO-NOA30/NCTOM CyNecYaHOM NoYBe, OKa3blBaA NOOXKUTEIbHOE
B/IMAHME HA NOYBEHHO-6MONOrMYECKME NPOLLECCHI, MPUBOAMUT K CHUMKEHMIO SMUCCUM NAPHUKOBbIX ra30B
(Pvxkuna v ap., 2019). IMUCCMIO NAPHMKOBbIX FAa30B TaKMKe MJIaHUPYIOT UCCNe0BaTb B IYroBO-6ypoii
nouse B Mpumopbe (Cakapa v ap., 2019).

®uHCKNM yyeHbii M. XennwTtear (2019) npepnaraet ncnosib3oBaHue cmecu buoyrnsa ntopda ana
CHUXXEHUA MHTEHCMBHOCTM 3amaxa OT *KMBOTHOBOAYECKUX depm.

OCHOBHble HanpaB/ieHUA HAYYHbIX UCCNEeA0BaHUIA MO MCNO/b30BAHUIO BMOYrNA B CENbCKOM
XO03AMCTBE, B TOM YMC/IE YNIOMAHYTbIE Bbllle, BHECEHbI B Tabumuy.
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Ta6nmu,a. OcHoBHblE HanpaBneHUA MCCﬂeAOBaHMﬁ no ncnoab3oBaHUIO 6M0yl'l'lﬂ B CE/IbCKOM

X03qucTBe.

MN3yueHune cBoMnCTB BMoyrns

OueHKa BanaHuA
Ha NoYBbl

OueHKa BInAHUA
Ha pacTeHuA

OueHKa BAUSAHUA Ha
aTmocoepy

MeTogabl nonyyeHus
6uoyrns

dusmnuyeckme cBocTBa (NOPUCTOCTD,
NNOTHOCTb C/IOXKEHUS,
MexaHM4ecKas nNpPoYHOCTb,
TMIPOCKOMUUYHOCTD,
BOAOYAEPKMBaOLWAA CNOCOBHOCTb,
HabyxaHue, arperaTHoe cocTosaHue)

OugeHka
YpOKaltHOCTH

dMunccma NApHUKOBbLIX
rasos

D/IeMEeHTHbIN COCTaB,
30/1bHOCTb,
ApPOMaTMYHOCTb,
cofepiKaHME TAKEbIX
MeTannos

Xrmunyeckme cBOMCTBA
(kmcnoTHocCTb, coaeprKaHue
MWHepanbHbIX Gopm asoTa,
NOABWKHOCTb NUTATE/IbHbIX

BELL,EeCcTB)

DOUTOTOKCUYHOCTb
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CopeprkaHue
TAME/IbIX METaN0B B
pacTeHunax

BbiBOAbI

PasnnyHble ycnoBus nuponmsa GMomaccbl M OpraHMYECKUX OTXOA0B, BAeKylMe 3a cobomn
nosyyeHmMe 6MOYrAa € Pas/INYHbIMU CBOMCTBAMM, LUMPOKUIA CNEKTP MO4YB Ha Tepputopun Poccum m
conpeaenbHbIX FOCYyAapcTB AenatoT MNepcnekTUBHbIMU AajibHEeMLME HayyHble UCCnedoBaHus Mo
NPMMEHEHUIO BUOYTNIA B CENIbCKOM XO35IACTBE.
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MAIN DIRECTIONS OF RESEARCH ON THE USE OF BIOCHAR IN AGRICULTURE OF THE RUSSIAN
FEDERATION

GUROVAT. A.

Agrophysical Research Institute, St. Petersburg, Russia
gurova_t@mail.ru

Abstract. The paper describes the main areas of investigations that are carried out in research
and educational organizations of the Russian Federation on the use of biochar in agriculture. The
scientific literature for the last 3 years that is listed in the elibrary database was used for the
analyses.
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NPO/IOHTIMPOBAHHOE BIMAHUE BUOYTNA HA ATPOXUMWYECKUE CBOMCTBA IEPHOBO-
Nnoa30/1UCTON CYNECYAHOM NOYBbI

OYBPOBUHA U. A.

UHcmumym 6uonozuu KapHL PAH, 2. llempo3as8odcK
vorgo@mail.ru

AHHOTaumuA. B xope 2x-n1eTHero nNoaeBoro MOHWUTOPMHIA MCCNenoBann BAUAHME BHeCeHUA
6uoyrna Ha arpoxMMmmnYecKkne CBOMCTBA AEPHOBO-NOA30/NCTOM CynecyaHol noysbl. MpumeHsaan
[peBecHbIN yrosb dpakumm <1 cm B Konmndectse 15 T ra’l. B TedeHMe BereTaLMoOHHbIX NEPUOLOB
eXXemMecsiyHo oTbmpanmn obpasubl NOYBbl U aHaNn3MpoBanm B HUX pHu2o, pHkc, N-NHa, N-NOs,
P20s, K20, Copr, Nosw, ¥ C/N. B BapuaHTax ¢ 6uoyrnem oTmeyeH pocT BOAHOMO M CONeBoro pH,
yBenYeHne coaepKaHua NoABUMKHbIX dochopa M Kanua, a TaKKe OpraHMYecKoro yraepopga.
CopeprkaHue obuiero asoTa MpPaKTUYECKM He MeHAeTcA M HabntogaeTcs [OCTOBEPHbIM pocT
cooTHoweHusas C/N nousbl. [nA nokasaTenen HUTPATHOrO M aMMOHMIMHOIO a30Ta XapaKTepHa
60nblIaA CE30HHAA U MeXBapMaHTHAA M3MEHYMBOCTb. [ BapuAHTOB C BMoyriem nony4yeHobl
6onee Bbicokne ypoBHM N-NHs* n N-NO3z’, ocobeHHO npu NoBbIWEHHOM TemnepaType BO3AyXa.
[NA KOHTPO/IbHBIX BAPUAHTOB OTMEeYeHa 0H6paTHaA 3aBUCMMOCTb OT KOIMYECTBA 0CaZKOB, KOrga
WX NOBbIWEHWE BEAET K CHUXKEHMIO COAEPKAaHUA MMHEPANbHOTO a30Ta.

KnioueBble cnosa. buoyronb. KucnotHoctb. [MogBukHbIM docdop M Kanuin. Obwui un
MWHepPanbHbIN a30T. OpraHNYecKuii yraepoa.

BeepgeHue

MHorne mexaH1M3mbl B3aMMoOAENCTBMA BMOYrIA C NOYBEHHOM Cpeon U BAUSHUE ero Ha CBOMCTBA
MOYB OCTAlOTCA HeonpeaeneHHbIMU, HECMOTPA Ha LUMPOKOE uccnenoBaHuMe buoyrns B nocieaHue
rogbl. bonbloi WHTepec Bbi3blBalOT HUOreoxmmuyeckme oCOBEHHOCTM U AMHAMWMKA OMOTeHHbIX
3/IEMEHTOB B MO4YBax C npumeHeHnem 6uoyraa. Ona NOHUMAHMA OTCPOYEHHbIX 3ddeKkToB
NCNO/b30BaHMNA BMOYINA B CE/IbCKOXO3AMCTBEHHOM NPAKTUKE HEOBX04MMO NPOBOAMUTL AONTOCPOUHbIE
nonesble 3KCNePUMEHTbI M ONbITbl. OCOBEHHO 3TO KacaeTca NOYB YMEPEHHOM 30HbI U BbICOKMX LUMPOT,
roe AaHHble BOMPOCbl HeAOCTAaTOYHO W3ydeHbl. Lenbto gaHHoOM paboTbl 6bl10 MccnepoBaHue
NPO/IOHIMPOBAHHOIO BAUAHUA BMOYINA HA OCHOBHbIE arPOXMMMYECKME NapaMeTpPbl U UX AMHAMMUKY B
OEepHOBO-NOA30/AMCTOM NOYBE NETKOro rPaHy10METPUYECKOrO COCTaBa.

O6beKTbl U MeToAbl UccnenoBaHUA

Mnowaakn 2-x NeTHero MOHMUTOPMUHra Obln 3a/0XeHbl Ha ydacTke nons Kapenbckol
rocy1apCTBEHHOM CEJ/IbCKOXO3MCTBEHHOM OMbITHOM CTaHUUM B M. BuaaHbl MpaAXKMHCKOro panoHa
Kapennun. YHacTku ¢ B1oyrnem v KOHTPO/IbHbIE YYaCTKM NAOWaAb0 5 m2 B 4-X KpaTHOM NOBTOPHOCTH
pPacnosioXKeHbl Ha NoOJe PaHAOMM3MPOBAHO. [loyBa y4yacTka LAEepHOBO-MOA30/AUCTAA CynecyaHas
(arpo3em anbderymycoBblii UNNHOBUANIbHO-}KENE3UCTbI) HOPMA/JIbHOFO YBAAXKHEHUA Ha 03epHbIX
neckax. 0 OCHOBHbIM ArpPOXMMUYECKMM MOKa3aTenAM MNo4YBa CU/IbHOOKYNbTYPEHHAA: MOLLHOCTb
rymycosoro ropusoHnTa > 30 cm, pHkc — 6,1, copepskarne C —3%; N —0,23%; P20s — 510 mr kr'i; K20 —
175 mr kr'l. B uccnegosaHum MCNonb3oBanm yronb agpesecHbl (TOCT 7657-84), mapka A B JO3MPOBKe
1,5 kr m2 (15 T rat), pasmep dppakummn <1 cm. Yronb BHOCUMAM U NepeKanblBaan BPYUHYIO.

OTbop NOYBEHHDLIX MPOO NPOBOAMAWN EXEMECAYHO B TeYeHWe BereTauMoHHbIX MepuoaoB
2018-19 rr. C Ka»kAoro yyactka otompanm noysy c r/ybuHbI NaxoTHOro ropnsoHTa 5-20 cm meTogom
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«KOHBEPTA» WM aHaNM3NPOBaANM CMellaHHbIM obpaseu,. B obpasuax aHanusmpoBanun pHuzo, pHka,
copeprkaHne ammoHuiHoro asota (N-NH4*) B cBexkem obpasue 1 coaeprkaHme HUTpaTHoro asoTa (N-
NO3’) — NOTEHUMOMETPUYECKU; coaepKaHMe noasuKHoro pochopa (P20s) n kanuma (K20) no KnupcaHosy
CO CNeKTpodOTOMETPUUYECKMM OKOHYaHMeM (pochop) M aTOMHO-IMUCCUOHHBIM OKOHYaHMEM (Kanuii);
cogep)kaHme obuwero opraHuyeckoro yraepoda (Copr) METOAOM  BbICOKOTEMMEPATYPHOrO
KaTa/IMTUYECKOTO CHWUraHua; copeprkaHue obuero asoTa (Nosw) No Kbenbaanto; paccymtbiBanm
cooTHouweHue C/N. [na ctatucTuyeckon obpaboTKM AaHHbIX NpUMeHsanu t-tect CTblogeHTa npu
ypoBHe 3HauumocTtu p <0,05 1 KoppensauMOoHHbIN aHaNns.

Pe3ynbTtatbl u 06cyxaeHue

N3yyaemad B JaHHOM OMbiTe NOYBA XapaKTEPU3YyeTCA BbICOKMM YPOBHEM NA0A0POAUA, OAHAKO
npumMmeHeHne BUOYrNA BHOCUT 3aMeTHble M3MeHeHMA B 6a30Bble arpOXMMMUYECKME NOKa3aTe M NoYBbI
(tabnuua). PacteT ypoBeHb BoaHoro u conesoro pH Ha 0,2—-0,3 eguHUUpBI NOC/ie BHECEHMA Buoyraa
HEeCMOTPSA Ha TO, YTO MOYBA U3HAYA/IbHO MMEET HEMTPAJIbHYO PeaKuMIo, Pasinina 4OCTOBEPHbI ANA
BCEX AaT HabnoaeHu. MNoBbllWeHHbIA YpoBeHb PH coxpaHAaeTcs B BapuaHTax c buoyrnem B Te4eHue
ABYX NeT HabatogeHun.

Buoyronb yBennumBaeT cofeprkaHme noasuKkHoro ¢ocdopa, HECMOTPA Ha BbICOKMMA YPOBEHDb
obecneyeHHOCTN MOYBbI 3TUM 3nemeHTOM. Hausbicwnii yposeHb P2Os oTmeyeH B KOHLe ce30Ha B
nepsbii rog HabAOAEHUN, UTO MOMKHO 0OBACHUTL Kak yBesnnyeHnem pH cpeapbl, Tak U cABUIOM B
COCTaBe MNOYBEHHOr0 MWKpPOOHOro coobuwiectsa, B TOM 4YMCAe YyBE/MYEHMEM KONMYECTBA rpynn
b6akTepuin, conobunmnsmpyrowmx noyseHHole ¢ocdatbl (Rafael et al.,, 2020). BHeceHue 6uoyrna
3HAYUTENIbHO MOBbILWAET COAEPKaHME NOABUKHOIO Kanua, B NepBblit rog HabatoaeHUi B cpegHem Ha
30%, a BO BTOpOM — Ha 60% K KOHTPOAIO, pasnuma AOCTOBEPHbl ANA Bcex AaTt. Ha sTopoi rog
HabnloAeHUI coaepKaHMe Kanma B BapMaHTax c buoyrnem yBenM4ynBaeTcs B 4Ba pasa, YTO MOXKET ObITb
06ycnoBaeHoO NPsiMbIM BHECEHMEM Kanusa B coctaBe buoyrna (dybposuHa, 2019; AybpoBuHa u ap.,
2020). Takxke BO3MOXeH 3pdeKT npeobpa3oBaHMA MaANOAOCTYMHOrO Kaauva B AOCTYMHbIA MyTem
M3MEHEHMA COCTaBa FIMHUCTbIX MWHEPAZOB U pocTa uncna 6akTepuit, BbICBOOOXKAAOLWMX Kanuin
(Zhang et al., 2020).

CopeprkaHme yrnepoaa B BapuaHTax ¢ buoyrnem BO3pacTaeT, YTO OTMEYEHO MHOIMMMM
nccneposatensamum (Dong et al., 2018). K KoHUy BTOpOro roga ucciefoBaHUi cogepaHue yrnepoaa B
BapuaHTax c 6uoyrnem poctoBepHo Bbiwe (B 1,2—1,4 pas3a) Yyem B KOHTPO/bHbIX. Mpu 3TOM
coaepaHue obuiero asota NpakTUYECKM He MeHseTcs, HabngatoTca KonebaHua B npegenax
CTaTUCTUYECKOM norpelwHocTn. MNockonbKy npun gobasneHnn 6Moyrna B NoYBY CoAeprKaHMe yriepoaa
pacTeT, a NokasaTenn obuwiero a3oTa OCTAOTCA HEUM3MEHHbIMW, HabngaeTca OOCTOBEPHbIA POCT
cootHouweHma C/N Ha 15-20% K KOHTpoAto. M3BeCcTHO, YTO BUOYrIn C LWMPOKUM cooTHoweHnem C/N
(Bbilwe 20—-32) ctTumynumpyroT tUMmobunmnsaumio noyseHHoro asora (Nguyen et al., 2017).

CopeprkaHMe MUHepanbHOro asoTa Npu  BHeceHMM OuoyrnAa HanpoTuB, npeTepneBaeT
3HauYMTeIbHble U3MeHeHUA. MUHepanbHbI a30T B ONbITe MMeEeT A0CTaTOYHO HU3KKUe 3HavyeHuA, go 10
mr k't ana N-NHs" v go 20 mr kr't gaa N-NOs™. [1na nokasaTenei HATPaTHOro M aMMOHUIMHOMO a3oTa
oTMeyeHa 6onbllas Ce30HHas M MeXBapWaHTHasA M3MEH4YMBOCTb. M3-3a BbICOKOM BapuabenbHOCTU
3HAYEHWUI, Pa3NMunA AOCTOBEPHbI He ANA BCex AaT. B TeyeHue 2-x neT HabawoAEHWUIN, NPU BHECEHUMN
6uoyrna cogepxaHue B noyse N-NOsz  BospactaeT oT 10 go 50% K KOHTPO/O B BECEHHe-NeTHUM
nepuog, 0cob6eHHO CUNBbHO B UIOHE-UIONE U CHUMKAEeTCA B ceHTAbpe. [1na KOHTPO/IbHbIX BAapPWUAHTOB,
HanpOoTKB, XapaKTepHbl bonee BbICOKME 3HauYeHus cogeprkaHna N-NOs B mae u ceHTAbpe, a B IeTHUE
MecALbl 3HAYEHMA HUXKE, YEM B BapMaHTax c buoyrnem.
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Ta6nmu,a. CraTucTnyeckne gaHHble AMHAMMKN MOYBEHHbIX CBOWCTB

pHH20 pHka P,0s, mr Kr

OaTa/MapameTp
KOHTPO/b 6uoyronb KOHTPO/b 6uoyronb KOHTPOAb 6uoyronb
16.07.2018 7,310,03a 7,5%0,03b 6,110,01a 6,210,01b 553+19,2a 585+36,8a
16.08.2018 7,210,02a 7,410,02b 6,110,02a 6,210,02b 525+10,8a 662+41,8b
20.09.2018 7,210,02a 7,410,04b 6,110,01a 6,210,06b 490%20,8a 645+18,9b
15.05.2019 7,210,03a 7,510,02b 6,110,02a 6,210,02b 525+17,7a 580+51,5a
20.06.2019 7,210,01a 7,510,07b 6,0+0,03a 6,310,08b 500+£20,8a 520+£15,0a
17.07.2019 7,1+0,05a 7,410,04b 5,910,02a 6,210,04b 435%11,5a 578+69,3a
20.08.2019 7,210,01a 7,5%0,05b 6,0+0,01a 6,410,08b 458+3,9a 570+17,6b
18.09.2019 7,010,033 7,310,05b 5,910,01a 6,310,05b 518+7,3a 597+44,8a

KO, mr krt N-NOs, mr Krt N-NHa, mr Kkr?

HaTa/MapameTp
KOHTPO/b 6uoyronb KOHTPO/b 6uoyronb KOHTPONb 6uoyronb
16.07.2018 20318,9a 24319,2b 13,1+1,41a | 18,9+2,11b 4,5+0,12a 8,510,14b
16.08.2018 123+1,5a 196+13,2b 8,5%1,65a 9,4+1,85a 4,8+0,08a 6,410,23b
20.09.2018 128+2,0a 179+11,5b 15,2+0,54a 7,910,33b 6,410,14a 6,110,87a
15.05.2019 119+8,0a 222+15,1b 10,3+1,23a 8,810,90a 1,4+0,57a 1,8+0,27a
20.06.2019 135+20,5a 324+35,4b 7,310,85a 11,1+2,51a 4,7+0,64a 8,911,61b
17.07.2019 148+21,3a | 375+10,8b | 6,3t0,72a | 12,8+1,15b | 0,2+0,05a | 4,5+0,27b
20.08.2019 114+10,6a 407+420,9b 6,6+1,37a 8,4+0,72a 0,2+0,12a 6,2+0,37b
18.09.2019 121+16,4a 338+26,2b 13,0+2,04a 9,4+0,40a 0,1+0,01a 3,311,08b

Copr, % No6uw, % C/N

flara/Napametp KOHTPO/1b buoyronb KOHTpPOJIb buoyrosb KOHTPO/b 6uoyrosb
16.07.2018 3,2+0,11a 3,8+0,15b 0,23+0,01a | 0,23+0,01a | 16,3%0,33a | 19,3%0,53b
16.08.2018 3,1+0,01a 3,4+0,05b 0,22+0,01a | 0,22+0,01a | 16,5%0,26a | 18,0+0,12b
20.09.2018 2,910,16a 3,7+0,15b 0,22+0,01a | 0,23+0,02a | 15,8%0,47a | 19,2%0,29b
15.05.2019 3,1+0,07a 3,740,21b 0,10+0,01a | 0,20+0,01a | 19,3%0,16a | 23,2%0,47b
20.06.2019 2,7+0,07a 3,940,17b 0,20+0,01a | 0,22+0,01a | 15,4+0,20a | 20,6%0,03b
17.07.2019 2,9+0,07a 3,5+0,10b 0,20+0,01a | 0,20+0,01a | 17,4+0,28a | 20,1%0,44b
20.08.2019 2,9+0,03a 3,810,11b 0,20+0,01a | 0,22+0,01a | 17,1+0,45a | 20,0%0,72b
18.09.2019 3,1+0,15a 4,1+0,17b 0,21+0,01a | 0,23+0,01a | 17,3%#0,71a | 20,9%0,46b

MpumeyaHue: MNpeacTasieHbl faHHble cpeaHero apuemeTnyeckoro (n=4) + owmnbka cpegHero. PasHbiMu
6yKBammn 0603HaUeHbl CTAaTUCTUYECKN 3HAYMMbIE OTIMYUA MEXKOY KOHTPOSIEM U BapMaHTOM C Buoyrnem.

CopeprkaHme N-NHs4* npu npumeHeHun 6uoyrna B nepsblit rog HabnwaeHuit Bo3pacTaeT
NPaKTUYEeCKN BO BCe aaTtbl HabaoaeHnn ot 25 ao 45% K KoHTpoato. OcobeHHO 3aMeTHbl pasnymnAa B
coAepXaHMM aMMOHMMHOINO asoTa BO BTOPOM rof HabnwogeHwuit, Koraa kKonmdectso N-NHz* B
KOHTPO/IbHbIX BapWaHTaX YMEHbLUAETCA MNPAKTUYECKM A0 Hy/NeBbIX 3HAYeHMW, a B BapMaAHTax C
H61oyrnem octaeTca Ha NPEeXXHeM ypOBHe.

B BapuaHTax ¢ buoyrnem oTmeyeHa YeTKaa 3aBUCMMOCTb COAEPHKAHUA MUHEPANbHOrO a3oTa oT
TemnepaTypbl Bo3ayxa (3amep B AeHb oTbopa obpasuos). MNpu NoBbilWeHMM TemnepaTypbl BO34yXa
cofepraHue a3oTa B AaHHbIX BapuaHTax ysenuumusaetca (r =0,72 ana N-NOs u r =0,87 ana N-NHs*),
T.e. YCMIMBAETCA MUKpPOBMOoNormyeckas akTMBHOCTb, HUTPUOMLMPYIOLWAA M aMMOHUOUUMPYIOLWAn
CNOCO6HOCTb NOYBbI. M3BECTHO, YTO BHECEHUE BMOYrNA BEAET K CHUMKEHUIO KUCIOTHOCTU U YAYYLLEHWUIO

BO4HO-BO34YLIHOrO peXXnma noysbl, 4TO B COYETAHNN C ONTUMA/IbHbIMU TEMNEPATYPaMU CTUMYNTNPYET

pa3BuTUE HUTpudukatopos (Prommer et al., 2014). OnA KOHTPO/IbHbIX BAapMaHTOB XapaKTepHa
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06paTHaA 3aBMCMMOCTb OT KOJIMYECTBA OCAZKOB (CymMa B MM 3a 2 Heenun Ao otbopa 06pasLLos), Koraa
MOBbIWEHHOE MX KO/MMYECTBO BeAET K CHUMKEHUIO COAEPKAHWA a30Ta, OCOBEHHO aMMOHWWHOIO
(r=—0,48 pna N-NOs n r=-0,66 gna N-NHs*). TakMe 3aKOHOMEPHOCTU MOMHO OOBACHUTH
cTabunmsmpytowein ponbto buoyrna AnAa mumHepanbHoOro asoTa. M3secTHo, yto AobaBku Buoyrna B
MOYBE CHUMKAIOT BblLLENa4MBaHMe MUHEPAIbHOTO a30Ta. ITO 06BACHAETCA KaK XMMUYECKon copbumer
GYHKLUMOHaNbHbIMM Fpynnamu, Tak u ¢msmnyeckor agcopbumneit B Mukponopax 6uoyrna (Zheng et al.,
2013; Oladele et al., 2019).

BbiBOAbI

B xome AByxneTHero nosieBoro MOHUTOPWHra 6blNO YCTaHOBNEHO, YTO BHeceHue buoyrnsa B
Konuuectse 15 T ra! B CMNbHOOKYNbTYPEHHYIO AEPHOBO-NOA30MUCTYIO CyrnecyaHyto NoYBY OKa3biBaeT
3aMeTHOe B/IUAHME Ha OCHOBHbIE arpPOXMMMUYECKME MapaMeTpbl U UX AMHAMUKY. PacteT ypoBeHb
BOAHOro u conesoro pH, coaep:kaHme noasuxkHoro ¢ocdopa, Kanms U opraHMYeckoro yrnepoaa. Ana
nokasartenei pHkc, Kanua u yrnepoaa xapaktepeH 3¢deKT nocneneincTsnsa BHeceHUs buoyrna Ha
BTOpOW rog, uccnegoBaHuii. NOCKONbKY codepraHue obuiero asoTa MNPaKTUYECKUM He MeHseTcs,
HabAoaaeTca A0CTOBePHbIA pocT cooTHoweHna C/N. A nokasaTenein HUTPaATHOroO U aMMOHUMHOTO
a3oTa oTMeyeHa 60/ibllan Ce30HHas U MeXXBapWaHTHas M3MEHYMBOCTb. B Leslom Ans BapuaHTOB C
buoyrnem xapaktepHbl b6onee Bbicokne ypoBHUM N-NHs n N-NOs, ocobeHHO npu MNOBbILWEHHOM
TemnepaTtype BO34yxa, Koraa yCMIMBaeTca MUKPOBMOIOrnyeckan akTMBHOCTb, HUTpUdMUMpyowan u
aMMOHUPULMpPYIOLWAA CNOCOBHOCTb NoYBbl. AN KOHTPO/IbHbIX BapMaHTOB XapaKTepHa obpaTtHan
3aBMCMMOCTb OT KOJINYECTBa 0CaAKOB, KOrga MX MOBbIWEHMEe BeAEeT K CHUXKEHUIO coaepKaHus a3oTa,
0CO6EHHO aMMOHUNHOTO, YTO NOATBEPKAAET CTAOUNMIMPYIOLLYIO PO/b BUOYrIA ANA MUHEPANbHOTO
asorTa.
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PROLONGED INFLUENCE OF BIOCHAR ON AGROCHEMICAL PROPERTIES OF SODDY-PODZOLIC
SANDY LOAM SOIL

DUBROVINA I. A.

Institute of Biology of the Karelian Research Centre of RAS, Petrozavodsk, Russia
vorgo@mail.ru

Abstract. The effect of biochar application on agrochemical properties of a soddy-podzolic sandy
loam soil was studied during the 2-year field monitoring. Biochar made of wood (fraction <1 cm)
was used with an application rate of 15 t ha. Soil samples were collected monthly during the
growing seasons and analyzed for pHu2o0, pHka, N-NH4*, N-NOs", P20s, K20, Corg, Ntot and C/N. An
increase in water and salt pH, content of available phosphorus and potassium as well as organic
carbon was observed in biochar treatments. Total nitrogen content did not change significantly
and there was a significant increase in C/N ratio of the soil. Large seasonal and inter-treatment
variability was characteristic for the contents of nitrate and ammonium nitrogen. Higher levels of
N-NHas* and N-NOs were obtained for the treatments with biochar, especially at elevated air
temperatures. An inverse dependence on the amount of precipitation was noted for the control
treatments when the increase in precipitation led to a decrease in the content of mineral
nitrogen.

Keywords. Biochar. Acidity. Available phosphorus and potassium. Total and mineral nitrogen.
Organic carbon.
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AHHoTauma. Mpu npumeHeHMn 6uoyrna cneayeTt yyuuTbiBaTb €ro aAcopbuMOHHbIe CBOWCTBA,
BAMAOWME Ha 6MoAOCTYynHOCTb repbuumaoB B noyse. B nabopatopHbix ycnoBuax 6bina
nccnegoBaHa agcopbums repbuungos guypoHa u randocaTa B NoYBe Nocse BHECEHUA Buoyrns
M ero «crapeHusa». Aacopbumsa 3aBucena oT XMMWUYECKUX CBOMCTB repbuumpa. BbissneHo
YMeHbLUeHMe aacopobumm npu Npoao/IKUTENbHOM 3KCNO3ULMKM BMOoYTA B NOYBE.

Kniouesble cnosa. nundocat; AuypoH; cTapeHune buoyrns.

BeepeHue

Buoyronb, nnm 6uoyap —aTo 6oratoe yrnepoaom TBEPAOE BELLECTBO, NOYyYeHHOEe N3 b1uomacchbl
Pa3IMYHOIO MNPOUCXOXKAEHMA (OpPEeBeCHble OMWIKKW, OPraHU4YecKMe OTXOA4bl, HAaBO3) C MOMOLLbLHO
nuMpoamnsa (HemosHOro CXuraHusa cbipba) npu TemnepaTtypax ot 200 go 800°C B ycnoBuAX
OorpaHW4YyeHHoro npucytctBum Kucaopoga (Kookana, 2010). CsoictBa 6buoyrna 3aBUCAT OT
MCNO/Ib30BAHHOIO CbIPbA M YCNOBMI NUPOoan3a: Bromacca 06bIMHO onpenenseT XMMUYECKUn COCTaB,
KONMYECTBO MaKpoOMop M cogepKaHue nuTaTeNibHbIX BEWecTs, a YC10BMA MNMUPOAM3a
(npogonkuTenbHocTb, TemnepaTypa) OnNpeaensalT U3MeHeHMA MopdOoNorMn U CTPYKTYPbI
NOBEPXHOCTN B UCXOAHOM Cbipbe U cooTHoweHue C:H (Ahmad et al., 2014).

Buoyronb ucnonblyerca Ana yayyleHWs CBOMCTB CE/IbCKOXO3AMCTBEHHbIX noyB. OgHaKo ero
aAcopbLUMOHHbIE CBOMCTBA MNO3BONAIOT NPUMEHATb €ro ANa pemegmaumm novs U B GUNbTPALNOHHBIX
cuctemax (Ahmad et al.,, 2014; Biederman and Harpole, 2013; Cayuela et al., 2014). Agcopbums
ABNAETCA BaXHbiM GaKTOPOM, BAMAKOWMM Ha 6MOAOCTYNHOCTL repbuumaoB ANA PACTEHUR U
MUWKPOOPraHM3mMoB, W1, CNef0BaTeNbHO, Ha CKOPOCTb MX Pa3/iIoXKeHUA. BUOYroib MOXKET HeCeNeKTUBHO
aacopbupoBaTtb pasINYHbIE TUMbl OPraHUYECKUX U HEOPraHNYECKUX XMMUYECKMX BeLLecTB bharoaapn
6onbLON NaoWwaan NOBEPXHOCTM U BbiCOKOM nopuctocTu (Herath et al., 2016). Kpome Toro, Hanmuune
KOHKPETHbIX Y4acTKOB aacopbuum Ha noBepXHOCTU buoyrna (MHOroYMCAeHHble apomaTUyeckue
CTPYKTYPbl BHYTPWU YacTUL, U OKUCIAEHHbIE MOBEPXHOCTHblE TPYMMbl C NEepeMeHHbIM 3apAgoM W
rmapodobHOCTbIO) MOTyT NPUBOAUTL K 6onee n3bupaTtenbHbIM B3aMMOAENCTBMAM C repbuumaamu.
YBennueHnue agcopbumm nousoi Npmn BHeceHMn buoyrnsa Habatoganocb ANa cnegyowmx repbuumaos:
anypoH (Yang et al., 2006), 6pomokcuHMA 1 ameTpuH (Sheng et al., 2005), cumasmH (Jones et al., 2011),
MUNA - 4-xnop-2-meTnndeHoKcnyKcycHaa kucnota (Tatarkova et al., 2013), atpasuH (Martin et al.,
2012) n ppyrue xnopopraHmyeckune nectnymapl (Ali et al., 2019).

N3meHeHnss  aacOpOLUMOHHBLIX  CBOWCTB  OMOyrna  MOryT  MNPOU3OUTU  BC/IEACTBME
NPOAO/IKUTENIbHOTO HaX0oMXAeHMA B no4yse — 3pPeKT «cTapeHma». C 0AHON CTOPOHbI, cOpbupyoLLLan
CNocobHOCTb BrMoyrns moxeT 6biTb yBEIMYEHA 33 CHET OKUCEHNA aPOMATUYECKUX KONeL, U BHeApeHMUA
KucnopoacoaepKawmx GyHKUMOHANbHbIX Tpynn Ha nosepxHocTn (Joseph et al., 2010), nsmeHeHua
3apaza NOBEPXHOCTU C yBEAMYEHNEM €MKOCTM KaTMoHHOro obmeHa (Cheng et al., 2008), gerpagaumm
CKOHAEHCUPOBAHHbIX Ha MOBEPXHOCTU rMAPO0POOHbIX MaTepranos U NOBbIWeHWA nopucTocTu (Trigo et
al., 2014). C gpyroit cTOpOHbI, Ha MOBEPXHOCTb buoyrna moryT 6biTb aAcopbupoBaHo NabunibHoe
OpraHMYecKoe BELLEeCTBO M MMUHEpPasibHble YacTuLbl, YTO CHU)KAeT ero noTeHuuan K agcopbumm
repbmumnaos (Lin et al.,, 2012). B 60/1blUNHCTBE C/ly4aeB BHeceHMe buoyria B No4YBy CNocobCTBYET
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yBenunyeHuto agcopbumm, a ero «ctapeHue» - K cHukeHuto (Hale et al. 2012; Martin et al. 2012; Zhang
et al. 2016). OgHako HabaogaeTca n 06paTHLIN 3PPeKT — copbLma NMKNOPaMa 3aMeTHO BO3pacTaeT
npw «cTapeHnn» buoyrna (Gamiz et al., 2019). Xapaktep U3MeHEHUI MOKET 3aBUCETb OT TEMNEPATYPbI,
npu KoTopon nposoaunca nuponus 6uoyrna (Ren et al., 2018).

3apauen nccnenoBaHma bblna oueHKa BAMAHKUA BUoyraa Ha agcopbumto repbruumnaos guypoHa u
rnmdocaTta B NOYBE U €ro U3MeHeHMe Npu «KCTapeHum» buoyrna.

O61beKTbl U MeToAbl UccnepoBaHnA

OT60p nouBeHHbIX 06pa3LOB Obia NponsseaeH B ceHTabpe 2015 roga Ha NoOAAX Y HAace/IeHHOTo
nyHKTa J1aHHa (59°52°N, 17°58’E) u B Ynncane, Yanepokep (59°49’N, 17°39’E), LLseuwma. Moysbl noneun
NaHHa (ganee L) n Ynnepokep (aanee U) oTamMyanucb No rpaHyIOMeTPUYECKOMY COCTaBy: B noyse L
npeobnagana ¢ppakuma ramHbl (< 0.002 mm), B nouse U — ppakuma necka (0.2-0.6 mm). MNMousbl ABYX
yactelt nonAa y JIsHHbI pasnMyYanmncb NO NPOLLEHTY OpraHMYeckoro Bellectsa: ¢oHoBan noysa (LC) u
ncTopuyeckm oboralleHHas buoyapom (LB), B KoTopyto BHOCUAM ApeBeCHbIN yrob (NPoAyKT NMpoamsa
6Momacchl, aHanorn4yHbIM Buoyapy) — NOBOYHbIA NPOAYKT NMPOU3BOACTBA KenesHok pyabl. M3-3a
[O/ITOCPOYHOro BHeceHMst Buoyapa oboralleHHas MM Mo4YyBa XapakTepusoBanacb bonee HU3KOM
NJAOTHOCTbIO U B0J1IEE BbICOKOW BOAOYAEPKUBAIOLLEN CNOCOOHOCTLIO, YeM HeobpaboTaHHasA No4Ysa Toro
e Mos, YTo NpMBOAUIO K bosnee BbICOKMM ypoxkasam B cyxue rogpl (Kihlberg et al., 2010). Obpa3upb!
KaXKZ0M nousbl U3 BepxHero csios (5—15 cm) otbmpanm B 5 TOUKax U FOMOTreHU3MPOBaAIN.

Ona skcnepumeHToB Obln McNonb3oBaH buoyronb Skogens kol, coenaHHbIA U3 ApeBECHOM
6uomaccbl Betula sp. (80%) u Picea abies (20%) nyTém measI€HHOro NUPO/JIM3a C MaKCMManbHOM
Temnepatypoi 380-430 °C (Cederlund et al. 2016).

Buoyronb cmewmnsanu ¢ noysom us pacyeta 1, 10, 20 n 30% buoyrna Ha eaAnHULY CyXON macchbl
nousbl (0603HayeHb! L1, L10, L20, L30 1 U1, U10, U20, U30). ina cmeceit onpenensny npenenbHyto
NONEBYIO BNAaroeMKoCTb M pH. DKCNepuMeHT No cTapeHuto buoyrna B noYse NpPoBOAUAN CO CMECSMMU
Ha ocHoBe no4ysbl U: cmecn nHKybuposanm B TemHoTe npu 20°C B TeueHme 3,5 mecsaues. CoaepkaHue
Bnarm posoaunu o 55% ot MMNB n exeHeaenbHO KOHTPOMPOBAIN WU peryinpoBanun nytem
nobaBneHna 4eMOHN3MPOBaHHOMN BOAbI.

Ons nccnepoBaHma 6binm BbIbpaHbl ABa repbuumaa ¢ pasanyHbIMU XMMUYECKUMU CBOMCTBAMU —
rnndocaTt, NpPeuMmyLLecTBEHHO aAcopbMpyemblit Ha MWUHEpPanbHOM YacTU MOYBbI, WM AUYPOH,
agcopbupyemblii Ha opraHMyYeckom BellecTse. Aacopbuumio repbuunaoB onpenensnm CornacHo
metoanke OECD guideline 106 (OECD, 2000) B rpaguMeHTe KOHUEHTPAUWi U pPaccymUTbiBaN
KoaddunumeHT agcopbumm Kr (KoHcTaHTy PpentHanmxa). MoapobHo meToauKa onncaHa B (Zhelezova et
al., 2017).

Pe3ynbTtatbl u 06cyKaeHue

Buoyronb ysennumean BoAoyaepKuBatowyto cnocobHocTb noysbl U ¢ npeobnagaHmem ppakumm
necka, OAHAaKO He OKasan BO3AEWCTBMA HA BOAOYAEpPXKMBaOWY CnocobHoCcTb noysBbl L C
npeobnagaHmem dpakLmMm rnHbI. ITO cornacyeTca ¢ AaHHbIMM ApYrux uccneposaHmin (Hussain et al.,
2020). YBenuyeHne BoAOYyAEPKMBAIOLLEM CNOCOOHOCTN NPOUCXOANT 3a CHET YBEIMYEHMA KOIMYECTBA
M M3MEHEHMA XapaKTepa pacnpegeneHus nop. pH obeux nouys yBennYMBaNacb C KOAMYECTBOM
BHeceHHoro 6uoyrna. B npouecce «ctapeHua» pH TakKe yBesIM4MBanacb, YTO MOXKeT ObiTb 06bACHEHO
BbICBOOOXKAEHMEM LIENo4YHbIX cosient n3 buoyrna (Joseph et al. 2010).

BHeceHue 6uoyrna ysenmunno agcopbunio anypoHa B 06enx nccnenoBaHHbix noyBax. Kr B nouse
LB coctaBuna 364 mkri/n (W)/n -1 410 npnbamM3nMTenbHO cOoTBETCTBOBANO K, NONyueHHOM ana 20%
cmecu nousbl LC ¢ 6uoyrnem. B nouse U nocne «crapeHua» buoyrns KoapduUMeHT aacopbuum
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CHMXaNCA. BbiABNAEHbI MONOMKMUTENbHbIE KOPPENAUUM MeXay MPOLEHTOM BHECEHOro 6buoyrna u
aacopbumeit AMypoHa B NOYBax.

BbisBneHa BbiCOKas aacopbumoHHaa crnocobHocTb GOHOBOWM noysbl LC MO OTHOWEHWUIO K
randocaty (Kr = 1218 mrri-V/n (W)/n 1) He 6bin0 BbIABNEHO BAMAHUA KOAMYECTBa BUOYINA B CMeCK C
nousoii LC Ha KoaddpuumeHT aacopbunm (oH Bapbmposan B npegenax 1099-1294 mkri-V/n (wi/n 1) B
nouse LB KoadppuumeHT agcopbumm Kr 6b1n cHmken (539 mkri/n (W1)/n 1) B noyse U K cocTaBnana
146 mkrYn (W)tn 1 B cmecax nousbl U ¢ 6uOyrném  KosppuuUMeHT aacopbumn HeraTUBHO
KOppPenupoBasn ¢ NPOLEHTOM BHECEHHOTO BMoyrnsa, n «cTapeHune» 6uoyrna eweé 6onblle YMEeHbLLaNo
agcopbumto.

BbiBOAbI

Mpu npumeHeHun buoyrns gns MMmobunusauuu repbuuMaoB B NoyBe cledyeT y4uTbiBaTb
HECKO/1IbKO $aKTOpPOB, BANAIOLMX Ha 3GDEKTUBHOCTb aacopbunm: ceolicTBa bmuoyrnda, obycnoBneHHble
€ro COCTaBOM W MNPOLECCOM M3roToB/AEHMA (TemnepaTypa MNMPOAM3a), XMMWYECKMEe CBOICTBA
repbuumaa, U3MeHeHe CBOMCTB B pe3y/ibTaTe KCTapeHMUAY.

bnarogapHocTu
ABTOP BbIpa)KaeT NPU3HATE/IbHOCTb KOJINIEKTUBY JlabopaTtopumn noyBeHHoOM MuKkpobuonormm SLU 3a
copeincTeme B pabore.
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Abstract. Biochar adsorption properties affect the bioavailability of herbicides in soils. The
adsorption of diuron and glyphosate herbicides in the soil after the biochar addition and its ageing
was studied in laboratory conditions. The adsorption depended on the chemical properties of the

herbicide. A decrease in adsorption was revealed during prolonged exposure of biochar in soil.

Keywords. glyphosate; diuron; biochar ageing.
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BMONIOTMYECKAA AKTUBHOCTb J1YTOBO-YEPHO3EMHOM NOYBbI HA ®OHE BHECEHUA BUOYAPA

3MHYEHKO B.B.1, MOrOHbIWEB N.4.1, AHTOHEHKO C.A.1, ®EJOPEHKO E.C.1, TOB3EHKO M.M.1%,
rOPOBLOB A.B.%2, MUHKMHA T.M.%, CYLLKOBA C.H.1

1L ®rAOY t0xcHbIl hedepansHbiii yHusepcumem, Pocmos-Ha-/loHy, Pocculickas ®edepayus
2 Ore6HY ®edepansHbiii PocmoscKuli azpapHbIli Hay4yHbil ueHmp, n. Pacceem, Pocculickas
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zinjo07 @gmail.com; gorovtsov@gmail.com

AHoTaumAa. Lenbio AaHHOM paboTbl ObINO OLEHUTb BAWAHUE YIIEPOAUCTOro copbeHTa, B
YyacTHoCTM BmMoyapa BHECEHHOro B 3arpA3HEHHYK MoyBy Normbl peku Cesepckuii [oHeu, u
WTaMMOB MMUKPOOPTraHWM3MOB, BblAeNeHHbIX U3 AaHHOM NOYBbI, HA NOKasaTenn buonornyeckom
aKTMBHOCTM nouys. Habnwogaetrca npouecc MHrMOUpoOBaHMA HUTPUOUKAUMM MNPU BHECEHUMU
6rMoyapa M WTAaMMOB MWMKPOOPraHM3MOB. YUCNEHHOCTb aKTMHOMMLETOB BO3pacTaeT Mnpu
COBMECTHOM  BHECeHMM 6Buoyapa M  WTAMMOB  MWKPOOPraHM3MOB.  YMCNeHHOCTb
cnopoobpasylowmx MUKPOOPraHM3MOB BO3pacTaeT nMNpuM  BHECEHMM CMeCcM LITAaMMOB
MMKPOOPraHM3moB. AKTUBHOCTb JAernaporeHasbl BO3pacTaeT NpuM  WUCNOAb30BaHMKU  BCeX
BAapMaHTOB ONbITa.

KnioueBble cnoBa. buonornyeckas  akTMBHOCTb.  HUTPUPUKALMOHHAA  aKTUBHOCTb.
CnopoobpasytoLme MUKpoopraHmamel. [lernaporeHasHaa akTMBHOCTb. 3arpasHeHue. bruovap.

BsepgeHue

MoHATME 6MONOTMYECKOM aAKTMBHOCTM MOYB  BK/AOYAET B cebA  LWMPOKUI  CMEKTP
B3aMMOCBA3aHHbIX Bronoruyecknx n Buoxmmmyecknx npoueccos. MUKpoopraHMambl, HacenawoLlmne
noysy, ABAAKOTCA OCHOBHbIM CybHCTPATOM A1 MPOTEKAHMA MHOXKECTBa BMOXMMMUYECKMX NPOLECCOB.
HekoTopbie Broxmmunyeckme npoueccbl NPOTEKAKOT BO BCEX FPynnax MMKPOOPraHM3MOB onpeaenssn ux
06Ly0 aKTUBHOCTb, HEKOTOPbIE TONIbKO B onpeaeneHHbix rpynnax (Nannipieri et al., 1990).

HUTpndMKaumMoOHHAA aKTMBHOCTb MOXKET OKas3biBaTb HEratMBHOE B/AWAHME Ha CenbCKoe
X03ANCTBO NoCpeacTBOM Npeobpa3oBaHUs aMMOHUA B HUTpaT (Beeckman et al.,, 2018). 3Tum ke
06pa3som NPoOUCXOAUT 3HAUMTENIbHAA NOTepA a30Ta, BHOCMMOro B BUAe yaobpeHui. Ana cHUKeHuA
HUTPUPUKALMOHHOM AKTUBHOCTU B CENbCKOM XO3AMCTBE WMCMONb3YIOT XMMUYECKUE WHIMOUTOPSI.
OpfHaKO BMECTE CO CHUXKEHMEeM AaKTUBHOCTU HUTPUOUKALUM CHUMNKAETCA aKTUBHOCTb U YUCNEHHOCTb
rpynn MMKPOOPraHM3MOB, HE BK/IOYEHHbIX B LMK a3oTa (Florio et al., 2016).

JernagporeHassbl — rpynna ¢epmeHTOB, TECHO CBA3AHHbIX C NPOL,EeccaMn MUKPOOBHOro OKUCEHUA
(Moeskops et al., 2010). ABnsAacb BHYTPUKIETOYHbIMU GEPMEHTAMMU, OHWN ABNAKOTCA UHANKATOPaAMMU
aKTMBHOCTU MUKpobBHOro coobuwectsa nouysbl. JlernaporeHasbl y4acTBylOT B 6OMO0rMyeckom
OKWUC/IEHMW OPraHMYECKOro BeLLEeCTBa NoYBbl NyTEM NepeHoca BOA0POAA OT OpraHMYeckux cybctpaTos
K HEOPraHMYEeCKNMM aKLEeNToOpam.

Llenbto gaHHOM paboTbl 6bIN0 OUEeHUTL BAnAHME B1oYapa Ha Bronornyeckmne nokasaTenm nNoys B
YC/NI0BUAX MOAENbHOrO ONbITa.

MaTtepuanbl u metoabl

O6beKTOM uMccnenoBaHUI ABAANACL /IYTOBO-YepPHO3EMHas MNo4vyBa MOWMMbl peku CeBepcKui
[oHeu, pacnonoxeHHoi B KameHcKkom palioHe PoctoBckoit obnactn. buoyap 6bin npousseaeH 13
LEeNyXn NOACONHEYHUKA MPU KOHeYHON TemnepaType nmponmnsa 5000C HayyHOM rpynnoi Kadeapbl
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NoYBOBELEHMA M OLLEHKWN 3eMEeNbHbIX pecypcoB. buoyap paBHomMepHO cmellrBanm ¢ 06pasuamm NoYBbl
KOHUeHTpauun 2,5% ot obuwero obbéma. CoBMecTHO ¢ 6MO4apomM BHOCMIACb CMECb LITaMMOB
MUKpoopraHusmos. Ltammbl Bacillus subtilis, Bacillus pumilus, Bacillus cereus BHocuaucb B Buae
BOZHOM CyCneH3mmn B KoHueHTpauumn 1010 KOE kr. JaHHble wrammbl 6biiM BblaeneHbl M3 Noys O03.
ATaMaHCKoe M NPOoABAAIOT BbICOKMI YPOBEHb YCTOMYMBOCTU K LMHKY (Gorovtsov et al., 2019). Bbino
chopmmMpoBaHO YeTbipe BapmaHTa onbiTa: KOHTponb; baktepuun; bruoyap; baktepun n brnoyap.
AKTUMBHOCTb ABYX CTagui HUTPUOUKALUM ONpesensinm no CKOPOCTU OKUCIEHUA aMMOHUA U HUTPUTA
(Sauvé et al.,, 1999). Ana onpeneneHns akKTUBHOCTU AerngporeHas GpoTOMETPUYECKM M3MEepPSIoch
KOJINYeCTBO TpudpeHundopmasaHa, obpasoBasLlerocs B xoae BOCCTaHOBNEHUA
TpudeHUNTeTpa3oAnXN0pMaa, NOCAe ero sKkcTpakumm ataHonom (Kizilkaya et al., 2004). YucneHHoOCTb
OTAENbHbIX FPYNN NOYBEHHbIX MMKPOOPraHM3MOB onpeaensanm nyTem NpAmMmoro noAacyeta KOJ0HUM Ha
NNOTHbIX MUTATENbHbIX CPeAAX.

Pe3ynbTatbl M 06CyKaeHME

JobasneHnn wtammos cnopoobpasyrolmx 6akTepmnii 3amMeTHO CHUMKAJI0 CKOPOCTb 06eunx cTaanit
HUTpUdUuKaumm (Puc. 1). BepoATHO, 3TO CBSA3aHO B MEPBYIO OYEpeb C NoAaB/eHUEM aBTOTPOPHbIX
HUTpUdULUMpyrowmx baktepuii retepotpodHbiMmmn 6aktepuamm (Horsley et al., 1982). 310 Bbi3biBaeT
aKTUBHOCTb 0OpPa30BaHMA HUTPUTOB N HUTPATOB Honee Yyem B 2 pasa.

Mpwn BHeceHMM Buovapa, aKTUBHOCTb HUTPUODMKALMM TaKKe OKA3bIBAETCA CHUMKEHHOM, 4TO
CBA3aHO C POCTOM YMCNEHHOCTU reTepoTpodHbIX BaKkTepuii npu ero BHeceHun (Puc. 1, 2).

OKKMcneHne ammMmoHKWA OKuUcNeHWe HUTpUTa
1,500 1,500

1,300 1,300
1,100 1,100
0,900 0,900

0,700 0,700

0,500 0,500 I

0,300 = 0,300

0,100 0,100

-0,100 KoHTpons BakTepu Buouap BakTpenu+Buouap | -0,100 KoHTpons BaKTepuu Brovap BakTpenu+buouap
Puc. 1. AKTUBHOCTb HUTPUUKALMM HA GOHE COBMECTHOTO U Pa3aeNbHOro BHeceHMA bruoyapa u

WwTamMmos crnopoobpasytowmx 6aktepuit, mkr N-NO2 rt abc. cyx. nousbl yac™

[loCcTOBEPHOE CHUXEHME CKOPOCTU OKUC/IEHMA aMMOHMA HabnogaetTca npu COBMECTHOM
MCNONb30BaHUM LUTAMMOB MMKPOOPraHM3MoB U buodapa (Puc. 1). Mo-sugnumomy, B LJAHHOM C/ly4ae Ha
HUTpUPUUMpYoWMe H6aKTepUn HEeraTUBHO NOB/MANIN BHECEHHbIE LUTaMMbl MUKPOOPraHn3moB. Mpwu
3TOM TaKOM BapWaHT ONbITa HE OKa3blBAET AOCTOBEPHONO BAUSAHMA HA OKUCNeHWUe HUTpUTa (Puc. 1).

[aHHble N0 YUCNEHHOCTU OTAENbHbIX FPYNN reTepoTPodHbLIX MUKPOOPraHU3MOB COTACyHOTCA C
npeacTaB/ieHHbIMM Bbile AaHHbIMW. BHeceHne cnopoobpasyowmnx 6akTepuin B NoYBY yBENMYMBAET UX
06LLYI0 YNC/IEHHOCTb, OA4HAKO NPUPOCT CYLLECTBEHHO HUXKE BHOCMMOW A,03bl. BEpoATHO, BHECEHHbIE
MWKPOOPraHM3Mbl He BbIAEPXKANN KOHKYPEHLMMU C YKE MMEKLWMMUCA B NoYBe BUAaMWU. TpeHs, B
CTOPOHY CHMXEHMA KOJIMYEeCTBa CMopoobpasylowmx MUKPOOPraHM3MOB MOKa3biBAaeT BapWaHT C
COBMECTHbIM BHECEHMEM PEMEANAHTOB MO CPABHEHUIO C BAPMAHTOM C BHECEHMEM TO/IbKO LITaMMOB
MWKPOOPraHM3MOB, YTO CBA3AHO C TOKCMYHOCTbIO NPOAYKTOB NMpoaun3a (Puc. 2).
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CTOUT OTMETUTb 3HAYMTE/IbHbIV MPUPOCT YUCAEHHOCTM CNOPOO06Pa3yOLWMNX MUKPOOPraHN3MOB (B
3, 4 pa3a) npu BHeceHun 6uouapa (Puc. 2). laHHbIN NPUMPOCT 06YCNOBAEH HAAUYUEM AONONTHUTENbHBIX
MUKPOHULW A8 KOJOHM3aumMn nop 6uouapa.

Brouap He OKa3blBaeT CTaTUCTUYECKU AOCTOBEPHOrO BAMAHMUA Ha YNCEHHOCTb aKTMHOMMULLETOB,
B CPaBHEHWW C KOHTPOJEM M BapMaHTOM C WMCMNO/Nb30BAHMEM LITAMMOB MMKPOOPraHWM3MOB.
CoBMeCTHOE BHECEHWEe OKasblBaeT CTUMY/IMPYIOWEe BAMAHME HA YMUCIEHHOCTb aKTMHOMMWLIETOB
(Puc. 2).

Kon-go Baumnn Kon-80 akTMHOMMWUETOB
6000000 700000
5000000 600000 1
500000 &
4000000
400000
3000000 1
300000
2000000
I 200000
1000000 100000
0 0

KoHTponb baktepuu Buouap bakTepumntbrodap KoHTpons bakTtepuu buoyap baktepuutbuovap

Puc. 2. YucneHHOCTb OTAENbHbIX TPYMNN NOYBEHHbIX MUKPOOHbIX cO06LLECTB Ha GPOHE COBMECTHOTO U
pa3aenbHOro BHeceHmsa 6rnoyapa M WTaMMoB crnopoobpasytowmx 6aktepuit, KOE rt

Pa3genbHOe BHeCEHWE LWITAMMOB MUKPOOPraHM3MOB U BUoYapa OKa3blBAeT CTATUCTUYECKU He
[OCTOBEPHOE BANAHME HA aKTUBHOCTb AErMAPOreHasbl, O4HAKO NPEBbIWAET 3HAYEHMUA KOHTPOJIBHOTO
ob6pasua B 1,5 pasa (Puc. 3). Takoe Bo3pactaHMe AerMApOreHa3HoM akKTUBHOCTM BEPOATHO OTParKaeT
CHUXXEHME TOKCMYHOCTU MOAMIOTAHTOB A5 NMOYBEHHOM MMKPOO6MOTbI. COBMECTHOE MCNO/b30BaHME
6uoyapa M WTAaMMOB MMUKPOOPraHM3MOB MOKa3blBAaET MOBbILWEHNE AKTUBHOCTU MO CPABHEHWUIO C
KOHTPONbHbIM B 3 pasa (Puc. 3). Takum obpa3om, coueTaHHOE MCNO/b30BaHWE BUOYapa M WTaMMOB
METaNI0YCTOMYMBBIX MUKPOOPraHM3amoB 6onee 3PpPeKTMBHO B CWUAY B3AUMHOFO  YyCUIEHMUA
NonoxutenbHoro adpdekTa.

[OervpaporeHasHaa akTUBHOCTb

30

I I

20
10

0
3arpAsHeHue bBakrepuu Buouap baktepuutbuouap

Puc. 3. AKTMBHOCTb AernaporeHasbl Ha ¢oHe COBMECTHOIO U pPa3aebHOro BHeceHns brovapa u
LWTaMMOB crnopoobpasytowmx 6aktepuit, mkr TO® r! abce. cyx. Mousbl yac™.
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BbiBoAbI

Takum obpasom, 6uovap 3PPEKTUBHO CHUMKAET aAKTUBHOCTb HUTPUPUKALMM, NOBbiWAET
KONMYeCTBO Cnopoobpasylowmx MUKPOOPraHM3IMOB M aKTUBHOCTb AernaporeHasbl. KomniekcHoe
BHECEHME CMeCU LWTAaMMOB Cnopoobpasylowmx MUKPOOPraHM3MOB C BMoYapom AeMOHCTpupyet
CHUEHMEe YNCNEHHOCTb Bauuan, CKOPOCTU NpoTeKaHnsa obenx ¢as HUTPUDMKALUM MO OTHOLIEHUIO K
KOHTPO/IbHbIM 06pasuam. B Tex Ke yCcnoBMAX YUC/NEHHOCTb AKTMHOMMULIETOB W aKTUBHOCTb
aernaporeHasbl BO3pacTatoT.
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PaboTta BbinonHeHa Npu noagepKke rpaHta PH®, npoekT N2 19-74-10046.
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NPOTUBO3PO3NOHHAA YCTOMUYMBOCTb ArPONOYB NPU BHECEHUU BUOYTNA
MBAHKOBA A.1.1, BPUKMAHC A.B.1, CEMA/Ib B.A.%-2

1 ®@rA0yBO /IB®Y, Banadusocmok,
2 ®HL| BuopasHoobpasusa f1BO PAH, Banadusocmok
creativewriter1903@gmail.com

AHHoOTauuA. Bnepsble a41a arponoys tora MpUMopCcKoro Kpasa Ha NpMMepe arpoTeMHOTYMYCOBbIX
noaben0B paccMaTpMBaEeTCsA BANAHME BHECEHHOTO B NOYBY 6Moyrns (buoyapa), npomMsBeaeHHOro
M3 AOpeBecHbIXx oOCTaTKOB bepesbl Betula alba, Ha ¢u3nYeckne cBoOICTBA MOYBLI:
rpaHyIOMeTPUYECKUn coctas, KoadduumeHT aucnepcHoctM no KaumHckomy (Ka), creneHb
arpermpoBaHHocTn no baliBepy u Poagecy (Ka), ¢aktop ctpyktypHocTm (Kc) no BagtoHuHOW,
NPOTMBO3PO3MOHHAA YCTOMYMBOCTb MO BopoHUMHy 1 KysHeuosy (MMC) B 3aBUCMMOCTM OT pasHbixX
03 BHeceHusa 6uouapa (1 krm2 (10 Tra™) u 3 krm2 (30 Tra™l)) u Hanuuma apeHa>kHoM
MEeIMOPaTUBHOM CUCTEMBbI.

Knouesble cnoBa. buoyronb. [poTMBO3PO3MOHHAsA  yctonumsocTb. PusmKka  nous.
lpaHyNOMeTpUYecKmii coctaB. MUKpoarperaTHbli COCTaB.

BeepeHue

MpPOTMBO3PO3MOHHAA YCTOMUYMBOCTb MOYB XapaKTepusyeT CNOCOHBHOCTb MOYB MPOTMBOCTOATH
CMbIBAtOLLLEMY BO34EMNCTBMIO BOAHOIO NOTOKA MM B3AaMMHOMY BO34EMCTBMIO MOTOKA BOAbI U Kanenb
A0XAA, BENMUYMHA BbIPAXKAETCA pPa3MbIBalOWEN CKOPOCTbIO MOTOKA, OnpeaensAeTca pasMepom
BOAOMNPOYHbIX arperaToB M CUenneHMem UX Apyr ¢ Apyrom. MpoTUBOIPO3MOHHAA YCTOMYMBOCTb B
3HAUYMTEeNIbHOM CTENEHW ONpeaensaeTca CBOMCTBAMM KONNOUAHO-AMCNEPCHBIX MMHEPA/IOB, BXOAALLMX B
COCTaB MOYB U npeobnagatolmMx HenocpeacTBEHHO B MAMCTOM ¢pakuum Yactuy (Lehmann, 2007.
Atkinson et al., 2010. Hillel, 1998). BHeceHune 6uoyrna Banset Ha pU3NYEeCKMe CBOMCTBA arporous,
OLEHMB WX W3MEHEHUA, BO3MOMKHO BbIABUTb BO34eNcTBME 6uMoyrna Ha NPOTUBOIPO3UOHHYIO
YCTOMYMBOCTb MOYB.

Uenb wuccnepgoBaHna — onpeaenvtb MNPOTUBOIPO3MOHHYHOD YCTOMYMBOCTb arponoys tora
MpUMOPCKOro Kpasa npu BHeceHun buoyrns.

O6beKTbl U MeToAbl UccnenoBaHUA

O6BbeKT mnccnepoBaHMA — arpoTemMHorymycosble nogbenbl [PUMOPCKON OBOLWHOM OMbITHOM
CTaHLMM C OBOLLHbIM CEBOOHOPOTOM C NpUMeEHeEHMEM r1yboKoro apeHaxa (120 cm) n 6e3 gpeHaka. C
2018 r. B KayecTBe mennopaHTa Ansa yaydleHnsa pU3MYeckmux U npoTUBO3PO3MOHHbBIX CBOMCTB MOYB
BMepBble BHeC/ANM 6MOyrosb, NPOU3BEAEHHbIA W3 APEBECHbIX OCTaTKOB bepesbl Betula alba
(1 v 3 krm2) (Monosa u ap., 2019).

Pe3ynbTatbl M 06Cy}KaeHMe

AHanus uccneayemblx 06pasL0B arpoTEMHOINYMycoBbix noabenos B oktabpe 2018 roga no
rpaHyI0MeTPUYECKOMY COCTaBY NMOKa3aJl, YTO BCE NOYBbI ABNAIOTCA [NIMHOM Ierkoi. MUKpoarperaTtHbii
COCTaB 3TUX e 06pa3LoB B KOHTPOJIE C APEHAXKeM NpeacTaBnseT cobol cpeaHuit CyrnnMHoK. B
ApeHaKe ¢ BHeceHnem 1 u 3 kr buoyrns, B 6esapeHarkHon cucteme 6e3 6uoyapa u ¢ gosamu B 1 n 3 Kr,
MWKpoOarperaTHbiA COCTaB NpeaCcTaBAeH NEerKUM CYTIMHKOM.
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B Hayane BereTauMoHHOro nepuvoga (Mai) arponoyBbl KaK C APEHaXkem, Tak M 6e3 Hero no
rpaHy/IOMEeTPUYECKOMY COCTaBY B KOHTPOJIbHbIX 06pasuax ABAAAUCH TAMKENbIM CYrIMHKOM. B pnose
6uouapa 1 Krm? rpaHCcOCTaB NpPeACTaBNeH CYr/IMHKOM TAXENbIM Kak B APEHaXHOW, Tak U B
6e3apeHakHoM cuctemax. B no3e 3 Kr m2 B1oyrna B ApeHaxHON cUCTeMe rpaHCcoCTaB ABAAETCA [IMHOM
Nerkom, B cucteme 6e3 gpeHarka - Cyr/IMHKOM TSXKe/bIM.

B muMKpoarperaTHoOmM aHanu3le HabnwogaetTca HU3Koe cofeprkaHue vactuy < 0,01 mm Kak B
CUCTEME C ApeHarkem, Tak 1 6e3 Hero, He npesblwaruee 10 %. B KoHLUe BereTauMoHHOro nepuoaa
(OKTABPDL) ANA KOHTPOAA C APEHAXKEM TPAHY/IOMETPUUYECKUIA COCTAB YTAXKENUICA U NepeLLen B rNnHy
Nerkyto, B 6e3gpeHa)kHoW cucTteme OCTaNcAa CYrIMHKOM TaxKenbim. B gose 6uouapa 1 kr m?2 B
APEHAXKHOM cUCTEeME NPOU30LLEN NEPEXO, C CYTIMHKA TAXKENIOrO A0 INMHbI Nerkom, B 6esgpeHarkHom
cucteme octanca 6e3 nsmeHeHWin. B gose 3 Kr m2 - rMHOM Nerkon Ana ApeHaXKHOW CUCTeMbl U
CYI/IMHKOM TaXenblM ana 6esgpeHarkHol. Takmum obpas3om, BHeceHue buoyrna cnocobcTBoBasio
obneryeHnto rpaHyOMETPUYECKOrO cOoCTaBa arponoys. MuKpoarperaTHbl aHaM3 MOKasan, YTo K
KOHLYY BEreTauMoHHOro nepuvoga cymma ¢ppakumini pusmyeckon ramHbl coctasuna ot 20% ao 35%,
TaKKe MOXHO Habnoaatb yBeAMYEeHUEe COAEpPNKaHMA ITUX 4YacTuL, NPU BHECEHUM BUoyrna Kak B
OPEHaXXHOM cUCTeMeE, TaK U 6e3 Hee.

COOTHOLEHME AaHHbIX FPAHY/IOMETPUYECKOTO M MMUKPOArperaTHOro COCTaBoB MO3BONSAET CYANTb
0 NOTEeHLMaNbHON CNOCOBHOCTM NOYB K arpermnpoBaHuio, 0 COCTOAHUM NAa3Mbl U BOAOYCTOMYMBOCTH
MOYBEHHbIX CTPYKTYp (Tabn.). lpoueHTHOe OTHOLWEHME CcoAeprKaHWe Wuaa, MoJIyYEHHOEe Npwu
MWKpPOArperaTHOM aHa/In3e K ero CoAepKaHMo Npu rpaHyI0MeTPUYECKOM aHanuse, aeT Ham GakTop
ANCNEPCHOCTM, KOTOPbIM BECHOM MOKa3an BbICOKY BOAOMNPOYHOCTb arperaTtos, a 3HAYMT, NYYLLYO UX
BOAOCTOMKOCTb. [lpyM  3TOM  daKTOp  CTPYKTYpHOCTM  OONbLUMHCTBA 06pasuoB  ABAAETCA
He3HayuTe/IbHbIM, 3TO TOBOPUT O TOM, YTO arponoysbl 061a4at0T HE3HAYUTEIbHOM CNOCOOHOCTLIO K
OCTPYKTypuBaHMto. CTeneHb arperMpoBaHHOCTM NOYB B CpegHEM YyA0BAETBOPUTE/IbHASA, BCTpeYaeTca
BecbMa cnabasa un cnabas.

Tabnaunua. OueHKa KayecTBa CTPYKTYpbl arpOTEMHOMYMYCOBbIX Noa6enos.

CreneHb
KoadpodumumeHt MpoTBO3PO3MOHHaA
dDaKTOp CTPYKTYPHOCTH arpernpoBaHHOCTM .
LMCnepcHOCTH . . YCTOMYMBOCTb
O6beKT . (KaunHckumin, 1958) noys (KaumHckui, N
(KaunHckumid, 1958) 1958) (KaunHcKkumi, 1958)
%
OkTA6pb 2018

29 —cnabo 49 — He3HayuTeNbHaA 26 — Becbma cnabasn 1,6 -
Op K BOAONpPOYHAA cnocobHoCTb K cTeneHb NPOTUBO3PO3NOHHAA
CTPYKTYpa OCTPYKTYPUBAHUIO arpermpoBaHHOCTU YCTOMYMBOCTb HU3KaA

58 -
29 —cnabo 49 — He3HayuTeNbHaA 1,6 -
Y4,0BNETBOPUTENIbHAA
Op K 1 Kr BOAONPOYHAnA €nocobHoOCTb K crenen NPOTUBO3PO3NOHHAA
CTPYKTYpa OCTPYKTYPUBAHUIO CTOMYMBOCTb HU3KaA
PYKTYP PYKTYP arpermpoBaHHOCTM y
54 —
49 — He3HauuTeNbHanA 0,8 -
57 — He BOAONpPOYHas Y4,0BNETBOPUTE/NIbHAA
Op K 3 Kr €cnocobHoCTb K NPOTUBO3PO3NOHHaA
CTPYKTYpa cTeneHb N
OCTPYKTYPUBAHUIO YCTOMYMBOCTb HU3KasA
arpermpoBaHHOCTU
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CreneHb
Koadpduument MpoTMBO3PO3NOHHAA
@PaKTOpP CTPYKTYPHOCTH arpernpoBaHHOCTM .
AMCnepcHOCTH . . YCTOMYMBOCTb
O6beKT . (KaunHckumin, 1958) noys (KaumMHckui, N
(KaumHckmin, 1958) 1958) (KaumHckmin, 1958)
%
54 —
27 —cnabo 56 — He3HauuTenbHan 2,07 -
y4,0BAeTBOPUTE/IbHAA
bap K BOAONPOYHAnA cnocobHoCTb K cTeneHs NPOTUBO3PO3NOHHaA
CTPYKTYpa OCTPYKTYPUBaAHUIO CTOMYMBOCTb HU3KaA
PYKTYP PYKTYP arpernpoBaHHOCTM y
23 - cnabo 49 — He3HauuTebHaA 2,13 -
39 — cnabas cTeneHb
bap K 1 Kkr BOAONPOYHAnA cnocobHoCTb K NPOTUBO3PO3NOHHaA
arpernpoBaHHOCTU o
CTPYKTYpa OCTPYKTYPUBAHUIO YCTOMUYMBOCTb HU3KasA
20 — gocTaTtoyHo
A 61 - 62 -
BOAONpPOYHAA 3,05 -
y4,0BAETBOPUTEIbHAA Y4,0BNETBOPUTENIbHAA
bap K 3 Kr CTPYKTYpQ, NPOTUBO3PO3NOHHaA
cnocobHoCTb K cTeneHb .
nepexogAwan 8 cnabo YCTOMYMBOCTb CpeaHAA
OCTPYKTYPUBaAHUIO arpernpoBaHHOCTH
BOAOMNPOYHYHO
Mai 2019
10 — BogonpoyHasn
CTPYKTYypa 35 — He3HaunTenbHaA 3,5-
PYKTYP, 88 — BbICOKas cTeneHb ’
Op K nepexogAllas 8 cnocobHoCTb K NPOTUBO3PO3NOHHaA
arpernpoBaHHOCTM .
O0CTaTO4YHO OCTPYKTYpPUBaAHUIO YCTOMYMBOCTb CpeaHAs
BOAOMNPOYHYHO
39 — He3HauuTeIbHaA 4,3 -
9 — BogonpoYHan 86 — BbICOKaA cTeneHb
Op K1 Kr CNocobHOCTL K NPOTUBO3PO3MOHHAA
CTPYKTYpa arpermpoBaHHOCTM .
OCTPYKTYPUBAHUIO YCTOMYMBOCTb CpeaHAA
18 — pocTaTto4HO 49 — He3HauuTeNbHanA 2,7 -
79 — xopolwan cTeneHb
Op K 3 Kr BOAONpPOYHAnA cnocobHoCTb K NPOTUBO3PO3NOHHaA
arpermpoBaHHOCTU N
CTPYKTYpa OCTPYKTYpPUBaAHUIO YCTOMYMBOCTb CpeaHsas
62—
35— He3HauuTenbHan 4,3 -
8 — BogonpoyHan Y40BNETBOPUTENIbHAA
bap K cnocobHoCTb K NPOTUBO3PO3NOHHaA
CTPYKTYpa cTeneHb .
OCTPYKTYpPUBaAHUIO YCTOMYMBOCTb CpeaHsas
arpermpoBaHHOCTU
65—
OBJ/IETBOPUTE/IbHAA
39 — He3HauuTesIbHaA YA P 4,87 —
8 — BogonpoyHan cTeneHb
bap K 1 kr €NocobHOCTb K NPOTUBO3PO3MOHHAA
CTPYKTypa arpernpoBaHHOCTH, N
OCTPYKTYPUBAHUIO YCTOMYMBOCTb CPEeaHAA
nepexoaAuLan B
XOpoLyto
23 —cnabo 41 — He3HauuTeNbHaA 1,78 -
73 — xopowan cTeneHb
Bbap K 3 Kr BOAONpPOYHAA CnocobHoOCTb K NPOTUBO3PO3NOHHAA
arpermpoBaHHOCTH N
CTPYKTYpa OCTPYKTYPUBAHUIO YCTOMUYMBOCTb HU3KasA
OkT1A6pb 2019
65—
OB/IETBOPUTE/IbHAA
17 — pocTaTo4yHO 43 — He3HauuTebHaA ya CTel‘IF()EHb 2,52 -
Op K BOAONpPOYHAnA cnocobHoCTb K NPOTUBO3PO3NOHHaA
CTPYKTYpa OCTPYKTYPUBAHUIO arpernposanHocty, CTOMYMBOCTb CpeaHsAA
PYKTYp PYKTYp NepexoaAlLan B Yy pea
XOpoLyto
47 — He3HayuTeibHanA 5,87 -
8 —BogonNpoYHan 71 — xopowan cteneHb
Op K 1 Kr cnocobHoCTb K NPOTMBOIPO3NOHHAA
CTPYKTypa arpermpoBaHHOCTH .
OCTPYKTYPUBAHUIO YCTOMYMBOCTb CpeaHAA
14 — pocTaTo4yHO 45 — He3HauuTebHanA 3,21 -
70 — xopowasa cteneHb
Op K 3 Kr BOAOMNPOYHan CnocobHOCTb K NPOTUBO3PO3NOHHaA
arpermpoBaHHOCTM .
CTPYKTYpa OCTPYKTYpPUBaAHUIO YCTOMUYMBOCTb CpeaHsas
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CreneHb
Koadpduument MpoTMBO3PO3NOHHAA
daKTOp CTPYKTYpPHOCTH arperMpoBaHHOCTH .
AMCNepcHOCTH . N YCTOMYMBOCTb
O6beKT . (KaunHckumin, 1958) noys (KaumMHckui, N
(KaumHckmin, 1958) (KaumHckmin, 1958)
1958)
%
10 — BogonpoyHas
CTPYKTYpa 30 — He3HaunTebHaA 3-
PYKTYP3, 45 — cnabas cteneHb
bap K nepexoaAwasn B CnocobHOCTb K NPOTMBO3PO3MOHHASA
arperMpoBaHHOCTH o
A0CTaTOYHO OCTPYKTYPUBaHUIO YCTOMYMBOCTb CPeAHAS
BOZOMPOYHYIO
55—
30 - cnabo 33 — He3HauuTeNbHan 1,1-
YO0BNETBOPUTE/IbHAA
bap K 1 kr BOAOMNPOYHaA CnocobHOCTb K CTeneHsb NPOTUBO3PO3MOHHAA
CTPYKTypa OCTPYKTYPUBaHUIO CTOMYMBOCTb HU3KaA
PYKTYP PYKTYP arpernpoBaHHOCTU y
18 — pocTtaTo4yHO 35 — He3HaunTebHaA 1,94 -
46 — cnabas creneHb
Bap K 3 Kkr BOZOMNPOYHas CnocobHOCTb K NPOTMBO3PO3MOHHAsA
arperMpoBaHHOCTH o
CTPYKTYypa OCTPYKTYpPUBaHUIO YCTOMYMBOCTb HU3KAA

NpumevaHme™ [lp — ApeHaXkHaA cucTema; bap — cuctema 6e3 ApeHarka; K — KOHTPosib; 1 Kr — BHeceHue 1 Kr 6uovapa; 3 Kr
— BHeceHwue 3 Kr buoyapa

MPOTUBO3PO3MOHHAA YCTONYMBOCTb arponoys B okTAbpe 2018 r. npenMmyLLecTBEHHO HWU3KaA U
konebnetca B npegenax ot 0,8 po 2,13%, B KOHTpone 6e3 apeHaxka u Ao3on 6uoyrna 3 Kr —
NPOTUBO3PO3MOHHAA YCTOMYMBOCTb cpegHAaa (3,05%). B Hayane BeretauMoHHOro nepuoga (mawn
2019 r.) noKasaTenn NPOTUBOIPO3NOHHOMN CTOMKOCTU U3MEHAIOTCA U BCe 06pa3Lbl, KPOME KOHTPOAA
6e3 ppeHaka ¢ 3 Kr 6uMoyapa (MOKasaTenb CHWUKaeTca M coctasasetr 1,78% — HM3KaA
NPOTUBO3PO3MOHHAA YCTOMYMBOCTb), NEPEXOAAT K MOKasaTento cpefaHel NpPOTUBO3PO3UOHHOM
cTorKkoctn (2,7-4,87%). ITO NOKasblBaeT Y/AyylWeHWE CONPOTUBAAEMOCTM MOYBEHHbIX YacTul, K
BHELIHEMY BO34EMCTBUIO BOAHbIX MOTOKOB M MOCnedylowemy paspylweHuto. Yepes rog (oKtabpb
2019r.) nocne Havana BeAEHWUA 3KCNEPUMEHTA MNOKA3aTenu NPOTUBO3PO3NOHHOM YCTOMYMBOCTH
6onbWKNHCTBA 06pa3LOB OCTaIMCb ONTUMMANbHLIMM M NMOKasblBaAn cpeaHue 3HaveHua (2,52-5,87),
ofHaKo B 0bpasuax 6e3 ApeHa)ka U C BHECEHMEM Pa3/IMUHbIX 403 6uoyrna (1 1 3 Kr M™2), yxyalwanucs
n coctasnsanm 1,1-1,94% cooTBETCTBEHHO, HNU3KasA NMPOTUBO3PO3MOHHAA YCTOMUYMUBOCTD.

Bbisoabl

BblNo yCTaHOBNEHO, YTO NPUMEHEHME BUOYINSA B KAYeCcTBe CTPYKTOPa arponoys No0XKUTEIbHO
B/INSIET Ha MPOTUBO3PO3UOHHYIO YCTOMYMBOCTb, HO TOJIBKO MPU HANYUKN APEHAXKHON CUCTEMBDI,
napameTpbl 3HAYUTEIbHbIM 00Pa3oMm Yyy4LLAOTCH, YTO CMNOCOHCTBYET MNOSABAEHUIO CNOCOOHOCTM NoyB
CONPOTUBAATLCA BO3AEUCTBMIO BOoAbl. Jlo3bl 6uouapa 1 u 3 Kr/m? OKasanM NONOXKUTENbHOe
BO3/elCTBUE Ha CTPYKTYPY NOYB.

bnarogapHocTu
PaboTa BbinosiHEHa Npu noaaepxKe rpaHTa POOU Ne 19-29-05166.
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ANTIEROSION PROPERTIES OF AGRICULTURAL SOILS AFTER BIOCHAR APPLICATION
IVANKOVA A.I.%1, BRIKMANS A.V.}, SEMAL V.A.12

I Far Eastern Federal University, Vladivostok, Russia
2 Federal Research Center for Biodiversity, Vladivostok, Russia
creativewriter1903@gmail.com

Abstract. For the first time for agricultural soils of the south of the Primorskiy Region (Russia),
the influence of bio-charcoal (biochar) applied to soil was studied on Endoargic Anthrosols. The
biochar was made from wood residues of birch (Betula alba) and obtained by pyrolysis at a
temperature of 360-380°C. Different rates of biochar application (1 kg m2 (10 t ha!) and 3 kg m"
2(30t ha)) in soils with and without drainage systems were studied. The physical properties of
the soil: particle-size distribution, dispersion coefficient according to Kachinskiy, aggregation
degree according to Baver and Rhoades, structural factor according to Vadyunina, and anti-
erosion properties according to Voronin and Kuznetsov were studied.

Keywords: Biochar. Anti-erosion properties. Soil physics. Grain-size distribution. Micro-aggregate
distribution.
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BEMOYroJlb B TEXHO/IOTMAX OCBOEHUA 3AKYCTAPEHHOM 3ANEXU
MBAHOB A. N.

®rbHY A®U, CaHkm-llemepbype,
ivanovai2009@yandex.ru

AHHOTauusa B 2016-2020 rr. BbINONHEHO UCCNeA0BaHME MO OLLEHKe 3anaca Haa3eMHon brnomaccsl
OpeBeCcHO-KyCcTapHMKoBOW pacTutenbHoctu ([AKP) Ha 3aKycTapeHHbIX Ce/IbCKOXO3ANCTBEHHbIX
YyrofpbAx, a TaKXe TeXHOJIOTMYECKMX BapMaHTOB WX OCBOEHWUS, B TOM uucne buoyrnesom
TEXHO/IOrMK. YCTaHOB/IEHO, YTO 3amac HaasemHoh Ouomaccbl [AKP  onpegensertcs
arpo3KON0rMYECKUMU YCIOBUAMMK, €€ BOTaHNUYECKMM COCTaBOM W Bo3pacTom. OH BapbupyeT npu
Bo3pacte oT 5 go 20 net B npegenax ot 6-67 tra’t go 81-255T1ral, coctasnaa B cpeaHem
132 Ttral. Pe3synbTaThl MOMEBOrO 3KCNEPUMEHTa MOKa3a/iM, 4TO BCe BWUAbI NPOAYKTOB
nepepaboTtkm AKP (wena, ceyka, 301a M 6BMOYrosb) CHUXKAKT NPOAYKTUBHOCTb OAHONETHUX U
MHOrosieTHux TpaB. Wx 3agenka B NO4YBY [OO0/KHA COMPOBOMAATHCA MNPUMEHEHUEM
TPaAMUMOHHbBIX MEJIMOPAHTOB: A0/IOMUTA CbIPOMOJIOTOIO U NTUYbEro NomMéTta. lprumeHeHuMe no
nx ¢poHy 10 T ra’! 6uoyrna oNTMMM3NPOBANO KOMMIEKC PUUKO-XMMUYECKMX, arpOPU3UYECKUX U
arpoOXMMMUYECKMX CBOMCTB AEePHOBO-NOA30/IMCTOM NOYBbI, NOBLICMIO NPOAYKTUBHOCTb TPABAHOIO
3BeHa ceBoobopoTa Ha 24%, cogeprkaHne B 3e/IEHON Macce TPaB CbIporo npotenHa — Ha 11%,
CHU3MNO YPOBEHb HAKOMNIEHUA HATPATOB B Helt Ha 19%. MoTeHuMan BbIGPOCOB Yr/IEKMCAOTO rasa
npu 3Tom cHu3muaca ¢ 51-86 go 10,3 Tral.

KnioueBble cnoBa. [lpeBeCcHO-KYCTapHMKOBAA PacTUTENbHOCTb. [lepHOBO-NOA30/1MCTan MOYBA.
MenuopaHT. Buoyronb. ArpoHomuyeckan 3GHeKTUBHOCTb.

BsepeHue

Ob6ocTpeHMe 3KOMOTMYECKMX M MNPOAOBONLCTBEHHbIX NMPobaem, CBA3aHHbIX C r106afbHbIMU
KAMMATUYECKUMM  U3MEHEHUAMM, NOOYXKAAET K MNOMUCKY TEXHONOMMM, CHUMKaoWMX BbiIGpoC B
aTmocdepy napHMKoBbIx ra3os (Lal, 2000; Major et al., 2010; Smith, 2010). HecmoTps Ha To, 4YTO BKAaA4,
3emnenenma oTHOCUTENIbHO HEBEJINK, ero posib B AenoHnposaHum CO; B noyBe MOXKET bbiTb BECbMa
cywectBeHHon (KypraHosa u ap., 2018; Kudeyarov, 2019). OTKa3s OT aKTUBHOrO WCMNO/b30BaHUA
CeNbCKOX03ANCTBEHHbIX yrogmin B HeuepHo3émHoM 30He Poccum NpuBEN K MX 3apacTaHMIO APEeBECHO-
KYCTAapPHMKOBOM pacTUTENbHOCTbIO Ha nnowagn 6onee 10 mnH. ra. C ogHON CTOPOHbI, 3TO
cnocobcrBoBano aenoHumpoBaHuio CO; B noyeBax M 6momacce OKP, pocturatowemy B macwTtabax
cTpaHbl 45 mnH. T B rog (Kudeyarov, 2019). C apyroi cTOpoHbl, OrpaHMYNA0 pecypcHyto 6asy pa3Butua
CENbCKOX03ANCTBEHHOIO NPOM3BOACTBA Ha CTOJ/IbKO, YTO TONIbKO A/1A €€ COXpaHeHMA cpeaHeroaosble
TeMMbl Ky/NbTYPTEXHUYECKON Mennopaumm AomkHbl gocturate 300 Tbic. ra (MBaHoB, Myntok, AHKO,
2020), a ana macwTtabHoro peuweHua 3aga4dy JOKTPUHbLI NPOAOBONALCTBEHHOM 6e3onmacHOCTM — A0
1 mnH. ra. MoTeHuman BbIBPOCOB YrEKUCAOrO rasa npu aTom byaeTt conoctaBum ¢ macwtabamu ero
0EeNOHNPOBAHUA B NPeALecTBYOLWNI NEPUOA,.

B cnoxuBLIMXCA 0OCTOATENbCTBAX ABHbIM MPEMMYLLECTBOM 06/1a4at0T KynbTypTEXHUYECKME
TexHonorum npeobpasoBaHmMa 6uomaccel AKP B 6MOyronb U ero BHeceHua B noyBy. OpgHako
MMetoLLMECA K HacToALEeMY BPeMeHM AaHHble OTHOCUTENbHO OCObBeHHOCTeM cocTaBa M CBOWCTB,
ONTMMaNbHbLIX L03MPOBOK, ArPOHOMMYECKOM WM IKOHOMMYECKOM 3PPEKTUBHOCTU, 3IKOJIOFMYECKOM
6e30nacHOCTM BeCcbMa HeoAHO3Ha4YHbl M MOJyYeHbl, B H6ONbWNHCTBE CBOEM, B nabopaToOpHbIX U
MMUKpomnoaeBbix akcnepumeHTax (Amonette, Joseph, 2009; Puxkusa n ap., 2014, 2015; Bayan, 2015;
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CoKonuk u gp., 2015; MpuropaH u ap., 2016). Mpun sTom Henb3a cbpacbiBaTb CO CHETA U 0COBEHHOCTH
COBPEMEHHbIX  MOYBEHHO-KAMMATMYECKUX  YCNOBWIM:  CKPbITylo  Aerpagaumio  3bdeKTMBHOro
NA0AOPOANA LOMUHUPYIOLLNX B PETMOHE AEePHOBO-NOA30AUCTbIX NoyB (/IuTBMHOBMY, MBaHOB, fIHKO,
2019; UeaHoB U1 ap., 2019), ero BbICOKYIO NPOCTPAHCTBEHHYIO HEOAHOPOAHOCTL (/IuTBMHOBMY, 2007;
MBaHoB U1 ap., 2014) n oboCTpeEHNE PUCKOB MNOrOAHO-KAMMATUYECKMX aHOManui (Yckos, Yckos, 2014;
MBaHoB, KoHalieHKoB, 2018).

B 2015-2019 rr. BbINOJIHEHO KOMIJIEKCHOE WUCC/egoBaHWE MO OLEHKe 3anacoB HaA3eMHOoM
6uomaccbl [OKP B pasnunyHbIX MOYBEHHO-3KONOrM4Yecknx ycnosusx Cesepo-3anaga PO wu
3¢ EKTMBHOCTM 334€/1KM B NOYBY NPOAYKTOB €€ nepepaboTKn Npn 0CBOEHUM 3aKYCTAPEHHOMN 3aneXKu.

O61beKTbl U MeToAbl UccnepoBaHnA

MeTo40n0rnMyeckn nccnegoBaHme onmMpanocb Ha reobotaHnyeckoe obcnenoBaHne M nonesoe
aKcnepumeHTUpoBaHMe. boTaHMYeCcKnit coctaB M 3anac HagzemHon Buomaccol AKP onpeaenanca Ha
3apacTtatowmx [KP  cenbCKOXO3AMCTBEHHbIX YrogbAX B NpeAesaXx MOPEHHbIX, O3epHO- MU
BOAHOJIEAHNKOBbIX PaBHUH [CKOBCKOM U JIeHUHrpaackon obnacteit B TUMUYHbBIX arpo3KO/I0rMYECKNX
ycnoBuAx. TakoBbIMKU Bblin BblIOpaHbl NOYBbI TAXKENOro U NErKOro rpaHy/IOMeTPUYEeCKOro cocTaBa, a
TaK»Ke aBTOMOpOHbIE U NONYTMAPOMOPPHbIE YC0BUA YBNAXKHEHMA. BTOpbIM OLEHOUYHbIM paKkTopom
3/lecb BbICTynanan gomuHupytowme suapl AKP, Tpetbum — Bo3pacT 3anexun n OKP. ObcnegoBaHue
BbINO/IHEHO  METOA4O0M  3aKNaAKM B e4MHO0DOpasHbiX reoMopdosorMyecknx YCcnoBusAX B
YeTblpexKpPaTHON MNOBTOPHOCTU K/KOYEBbLIX yyacTKos nsowaapo 100 m2. Ha Hux onpegenanca
6OTaHMYECKNIA COCTaB M 3anac Hag3eMHOW pacTuTenbHol Guomaccbl AKP cnnolwHbIM BeCcoBbiM
METO40M.

MoneBol CTaUMOHApPHbLIM ONbIT B CUCTEME MNOJEBOro ceBoobopoTa «OAHONETHME TpaBbl +
MHOroNIeTHUE TPaBbl — MHOTONIETHME TPaBbl 1 r.n. — MHOrosIeTHKE Tpasbl 2 I.M. — MHOTOJIETHME TPaBbI
3 r.n. — 03nMble 3epHOBble — APOBble 3epHOBbIE» bbla 3anoxeH B 000 «Codpumsa» TOCHEHCKOro paiioHa
NeHuHrpaackon obnactm B npegenax TOCHEHCKOM HU3MHbI. Cxema onbiTa AByxdpakTopHan. PakTop A —
npoAayKT nepepabotkn [OKP, COOTBETCTBYIOWMIA TEXHOAONMU OCBOEHUA 3aKYCTApPEHHOM 3anexu:
KOHTpo/b (6e3 OKP) — TexHonorma Kop4yeBku u yganeHusa OKP B 6ypTbl; wena AKP — TexHonorua
ceegeHna OKP n 3agenku B nousy ¢pesamu; cedka AKP — texHonorma ceegernsa OKP n 3agenku B
noysy My/bdepHbiMM ¢pe3amun; BUOYronb — TEXHONOMMA KOpYEBKM M npeobpasosaHuns AKP B
61oyronb; 301a — TEXHONOIMA KOPYEBKM U NOCAea0BaTeENbHOIO Npeobpa3oBaHMA B eBPOAPOBA M 301Y.
Bce npoayktbl AKP 6biin nonyderbl M3 100 T ra! HagzemHolt 6uomacchl. Paktop B — Komnaekc
mennopaHTos (KM) (gonomut cbipomonotbiii (ACM) — 10 T ra’l; nTmumin nomér (MN) — 20-40 T ra’l;
Kanmn xnopuctbln — K70-140): KoHTponb — 6e3 KM; KM1; KM2; KM3; KM4. B KM1 n KM3 go3a noméra
coctasnana 20 T ra~! no cyxomy seuectsy u K70, a 8 KM2 n KM4 —40 T ra™* n K140. B KM1 1 KM2 posa
JCM BHOCMANacb NOCNOMHO: ¥ - NoA, BCnalKky u % - noa, KyabTusauuto, a 8 KM3 m KM4 — rnyboko nog,
BCMaLLKY.

MNoyBa onbiTa AepPHOBO-MOA30AMUCTAA rNeeBaTad TAXKENOCYrIMHUCTaA. Ha MOMEHT 3aKnagku
obnapana pHka—4,27 v cogepxana 3,87 % opraHM4YecKoro sewecTsa, 54 mr kr! noasuskHoro docdopa
n 123 mr kr!l noasm»kHOro KanuaA. B KauecTBe OAHONETHMX TPaB B OMbITE€ BO34e/bIBa/ICA OBEC,
MHOTFONeTHUX TpaB — CMeCb KaeBepa AYyroBoro, dectynonnyma m TumodeeBkm nayrooi. OnbIT
MOZAENbHO-NONEBON C CUCTEMATUHECKMM pPasMeLLLeHNEM AEeNAHOK B 3-KPAaTHOM NOBTOPHOCTU. YYETHAA
naowazab ogHoM AenaHkn 1,5 M2, YueTbl NpoBeseHbl CrIOLWHbIM BECOBbIM METOA0M, CTaTUCTUYECKas
06paboTKa OCHOBHbIX PE3yNbTAaTOB — AMUCMEPCUOHHbIM METOAO0M C UCMO/Ib30BAHMEM MPOrPaMMHOrO
Komnnekca Stat.
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Pe3ynbTtatbl u 0b6cyKaeHue

Pe3ynbTaTbl reoboTaHn4eckoro obcnenoBaHMs NOKasanM BCe M3YYeHHble Npu 3TOM GaKTopbl
(boTaHWYeckMn cocTaB, BO3PACT, NOYBEHHO-IKONIOTMYECKME YCNOBMA) OKasblBaNW BblpaXKeHHoe
BAMAHME Ha 3anac Hag3emHol bnomaccel KP. Tak B cpegHem No M3yyYeHHbIM BapuaHTam 3anac JKP
Ha Taxenbix nousax (135Tral) okasanca B aBa pasa Bble, 4yem Ha nerkux (68 Tral) no
rpaHy/I0MeTPMYECKOMY COCTaBy, a B NOAYrMAPOMOPPHbIX YCNOBUAX yYBNaxKHeHua (117 tra?t) -8 1,8
pasa Bbllle, Yem B aBTOMOPPHbIX (65 T ral). CpeaHunin 3anac HagzemHol 6momaccel JKP K Bo3pacty
3apactaHua B8 5, 10, 15 n 20 net coctasun: 27, 80, 113 n 165 T ra! cootBeTcTBeHHO. MpU oLEeHKe
BIMAHNA daKTopa AOMMHUPOBAHMA OAHOro M3 boTaHMYecKnx BMAoB chopmmpoBancsa ybbiBarowmi
pAL: oNibXa cepan u bepésa 6opogasyatad — 114 T ra > ocuHa o6bikHOBeHHasa — 110 T ra™t > Buapl nsbl
(npeumyLecTBEHHO, KO3bA) — 89 T ra™t > XxBoWHbIe (COCHa M enb 0BblKHOBEHHbIe) — 55 Tra?.

CpegHnin 3anac Haa3emHol 6uomaccbl € Y4ETOM (PaAKTUYECKOro AOMWHUPOBAHUA Ha
CENbCKOXO3ANCTBEHHbIX YyroapAx 60see BO3PaCTHbIX APEBECHO-KYCTAPHUKOBbLIX 3apacTaHMM Ha
MOMEHT 3aBeplueHuns obcnenosanunsa 8 2017 r. oueHunsanca Hamm B 132 Tral. C y4ETOM yCTaHOB/IEHHbIX
AMHAMUYECKUX XapPaKTEPUCTUK MpUpocTa HagzemHol 6uomaccbl JKP B HacTodulee Bpemsi 3Ta
Be/IMUYMHa B cpegHem no HeuepHo3emblo cocTasnseT e meHee 160 Tra™t.

Taknm obpasom, abCcoNtOTHLIA NOTEHUMAN BbIOPOCOB YIAEKUC/IOrO rasa B C/yyae [APOBSHOIO
CXUraHWA HaaszemHon 6uomaccol [IKP npu ocBoeHWMM 3aKyCTapeHHOM 3aneXn BapbMpyeT B Npeaenax
25-153 Tral, coctasnana B cpegHem okono 78 Tral. C yueTom A0CTUIHYTbIX GaKTUUYECKUX NOKasaTenen
coctaBa buoyrna, ero NPoOM3BOACTBO B MOJIEBOM 3KCMEPUMEHTE MO3BOJIUIO CHU3UTb NApPaMeTpbl
noTeHumManbHbIX Bbibpocos CO2 ¢ 51-86 ao 10 Tra* (8 5,1-8,6 pasa).

OpHako, ero BbiCOKas arpoHomuyeckasa 3¢dEKTUBHOCTb KaK MenuMopaHTa MouBbl Mpwu
daKkTMueckom BHeceHUM B Ao3e 10 Tra™! Ha CUMIbHOKUCNON TAKENON AepHOBO-NOA30/NCTON NoyBe
NPOSABUNACL TONIbKO Ha POHE TPAANLMOHHbIX MeNNOopPaHTOB (puc. 1).
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KoHTponb — 0 Lena Buoyrons KM Lena + KM Buoyronb + KM
BapuaHTt

l[] oaH. Tp. OMH.Tp.1 BMH.Tp.2 B ceaooGopOTl

Puc. 1. BansHue npoayktoB AKP 1 Komnnekca mennopaHtos (KM) Ha NpoayKTUBHOCTb KybTyp U
3BeHa ceBoobopora (3.ea.) HCPos: ogH. Tp. — 3,3, MH. Tp.1 = 5,7, MH. Tp2 — 7,0, ceBoo6opoT —0,9 T ra!

B nepsblli rog, ocBOeHMA BCce NPOAYKTbl nepepaboTkn AKP no pasHbiM NpuyYMHamM Bbi3Banu
CHUXEHUE YPOXKAaMHOCTU 3eNE€HOM MacCbl OAHONETHUX TpaB Ha 42-80%. He cTan MCKAOYEHMEM U
KOHKYPUPYIOWMA C pacTEHUAMM 33 MUHEpPasibHble KOMMOHEHTbl MOYBEHHOro pacTsopa buoyronb
(-42%). OgHako B ycnoBuAx HeHGNAronpuATHOM AOMKAAMBOM NOroAbl M 3analKkuM B MOYBY MOLLHOM
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AEePHUHbI HEOObIYHO HN3KOM 3PDEKTUBHOCTLIO OTMETU/ICA U KOMMNEKC TPAAULMOHHbIX MEIMOPAHTOB.
CHU)KEHMIO 0TAA4YM OT Hero B nocieayrowem cnocobcTBoBaso OTpULUATENbHOE B/IMAHME Aa30THOrO
KOMMNOHEHTa MOMETA Ha PaA3BUTUE KaeBepa JYroBOro BeCbMa HENPUXOTAMBOrO K MNo4YBe COpTa
«Opden».

Ha ¢oHe npoaykToB nepepabotkm AKP apdpekTnBHocTb KM 3ameTHO Bo3pacTana. YporkaitHOCTb
OAHONETHMX Tpas yBennuunnacb Ha 23—-36% OTHOCUTENbHO BapuMaHTa KOpYeBKU U B 2,7 n 2,5 pasa —
OTHOCUTENIbHO BAPWAHTOB C NPUMEHeHMeM Lwenbl n buoyrna. M ecam wena HeraTMBHO B/MANA U HA
pa3BUTME MHOTONETHUX TPaB, TO OMOYrosb 3a CYET HEKOTOPOro YAy4YlEeHWs KUCOTHO-OCHOBHbIX
CBOMCTB MOYBbI MOBbIWAA WMX MNPOAYKTUBHOCTb Ha 31% B nepBblit M Ha 7% - BO BTOPOW rof
XO3ANCTBEHHOIO MCMO/Ib30BaHUA. B pesynbtate no ¢oHy KM 6uoyrnesas TexHONOrMA nos3so/siva
NOBbICUTb MNPOAYKTUBHOCTb 3BeHa ceBoobopota Ha 28% M [06MTbCA MaKCMMaNbHOW  ero
NPOAYKTUBHOCTM.

Mo BAMAHMIO HA KUCNOTHO-OCHOBHbIE CBOMCTBA MOYBbI BMOYronb HECKOIbKO ycTynan 3oe. Moy,
Aenctenem 10 T/ra 6uoyrna obmeHHaa KMUCAOTHOCTb CHU3WAACb Ha 5%, cogeprkaHue MNOABUMKHOMO
ANNOMUHUA — Ha 26 %. 3a CYET yAydLLIEHUNA YC/IOBMI ANA Pa3BUTUA KJeBepa SyroBoro oH obecneuun
yBeNn4eHne cogepaHua u opraHMYecKkoro BeLecTBa, U Aerkorngpoamsyemoro asorta Ha 13 %. Ho,
YCUINB MOTNOLLEHNE YPOXKAEM MUTATE/IbHbIX BELLECTB OH CNOCOBCTBOBAN CHUMEHUID COAEepKaHuA
noasu»KHbIXx ¢ochaTtoB U Kanma B nouyse Ha 31-32%. CuTyaumio paguKkasibHO MEHS/T KOMMJIEKC
MennopaHToB. WMx coBmecTHoe pJeinctBue npuobpeTtano aafuTUBHBIA Xxapaktep. B pesynbrate
coAeprKaHue opraHMYecKoro BelecTsa B npegenax naxoTHOro caos yseandmnocb ¢ 3,76 0o 5,46 % (Ha
45%), nerkormaponnsyemoro asota - ¢ 64 go 88 mr kr! (Ha 38 %), nogsmxHoro asota — ¢ 31 go
45 mr kr! (Ha 45 %), noasuskHoro dpocdopa — ¢ 57 go 162 mr kr! (Ha 182%). ONTMMM3NpPOBaANCA BeCb
KOMMIEKC KUCNOTHO-OCHOBHbIX CBOMCTB MOYBbIl: pHkc yBennuunca c 4,25 po 5,68 (Ha 34%), cymma
0B6MeHHbIX OCHOBaHWUI — ¢ 6,36 A0 12,18 cmonb Krt (Ha 92 %), cTeneHb HaCbILLEHHOCTN OCHOBaHUAMM
— Ha 60 %, CHM3MAUCbL: rMAPONUTMYECKAA KMCNOTHOCTb — ¢ 5,97 ao 2,60 cmonb Krl (Ha 56%) u
cofiepskaHme NoABUMKHOro antomuHmsa - ¢ 0,34 0o 0,11 cmonb Krt (Ha 68%).

B oTanume oT 3agenaHHoOM B noysy uamenbyéHHonm [KP, cHU3UBLWIEN copeprkaHne B 3e/IEHOM
Mmacce TpaB CbIporo npoTemHa Ha 6%, cbipoi 30/bl — HA 16%, 6uoyronb B coveTaHmm ¢ KM nossoaun
NnoBbICUTb €€ obecneyeHHOCTb NMPOCTbIMUM Caxapamu, CblPbIM MPOTEMHOM, 30/1bHbIMWU BELLECTBAMMU,
KapoOTMHOM Ha 9-28% (OTH.). MpK 3TOM COKpPaATMNOCb COAEPKAHWE CbIPOM KneTyaTKM Ha 11%, a
HUTpaToB — Ha 12% K KoHTposato. OTHOCMTeNbHO BapuaHTa ¢ KM ypoBeHb HakKonneHua HUTPaToB
cHM3MACA Ha 19%.

Cpegu Bcex TexHonormn ceegeHunsa u nepepabotkm AKP nepepaboTka B bMoyronb oKasanacb
camoit poporocroauein — 109-114 Tbic. py6 ral. OgHAKO M MPM 3TOM CPOK €€ OKynaemocTu B
3aBMCMMOCTM OT XO3SIUCTBEHHO-3KOHOMWYECKMX YCI0BMM BapbupoBan oT 1 pgo 3,5 net npwm
peHTabenbHOCTU 33 3 roaa Ao 143%.

BbiBOAbI

MNoaseprwuecs 3apacTaHuio LPEBECHO-KYCTapPHMKOBOM PaCcTUTENbHOCTbLIO
CENbCKOX03ANCTBEHHbIE yroaba B HeuepHo3éMHoOM 30He Poccum 3aHMMatoT 6onee 10 mMaH. ra, a 3anac
Hag3zemHon Buomaccbl [IKP Ha Hux B nepuog 2017-2020 rr. coctasnan B cpegHem 132-160 Tral.
MoTeHumMan BbIGPOCOB YrNEKUCNOrO ra3a MNpPWM CEeNbCKOXO3AUCTBEHHOM OCBOEHUM TaKUX 3emenb
BapbupyeT B npeaenax 25-153 Tra’l, coctasnan B cpegHem okono 78 T rat. CHu3uTb ero 8 5,1-8,6 pasa
nossonsaeT buoyrnesas TexHonorua npeobpasoBaHma 6nomaccol AKP. OgHaKo BbICOKOIpDEKTUBHOE
npumeHeHne BUoyrona Ha AerpagnpoBaHHbIX NoYBax TpebyeT 06A3aTeNIbHOrO NPUMEHEHUA BbICOKMX
03 TPAANUMOHHbIX MENIMOPAHTOB (CPOMONOTOrO A0NOMUTA U AONONHEHHOTO KaIMMHbIM yaobpeHnem
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NTUYbEro NoméTa), YTo MO3BONAET HapAZY C orpaHuMyeHnem BblbpocoB CO2 [OO6UTLCA MNOBbILWEHUA
3dPEKTUBHOIO NNOAOPOAMA NOYBLI, MPOAYKTUBHOCTU OLHONETHUX U MHOTONETHUX TPAB U YAyYLLEHUS
Hanbosee BaXKHbIX MOKasaTesiel KayecTBa 3eNEHOW Maccbl Tpas. 3a CYET 3Toro obecneuymBaeTcs
peHTabenbHOCTb 0CBOEHMA 3anexkmn o 143%.
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AHHoTauuA. Mo gaHHbIm dPepepanbHOM CAyXKObl rOCYAAPCTBEHHOM CTaTUCTUKKM (PocctaT) m
depepanbHOlt cnybbl No Hagsopy B chepe npupoaononb3oBaHus (PocnpupoaHansopa)
nposeaeH aHanu3 no GOPMMPOBAHMIO OTXOA0B NPOM3BOACTBA M noTpebneHma 3a 2015-
2019 roabl B Poccuitickon Pepepaumn. YCTaHOBAEHO, 4YTO B CEKTOpPaAX 3KOHOMWKMW, rae
bopMUPYIOTCA OPraHMYecKne oTXoAbl, U KOTOPbIe NOTEHLNAAbHO MOTYT ObITb MUCMOJ1Ib30BaHbI AN1A
npousBoAcTBa buoyrana, He ucnosbayetca Ao 15-20% OTX040B CE/IbCKOrO M JIECHOIO X03AMUCTBA,
Ao 50% oTxomoB nuUEBOM W nepepabaTbiBalollen NULLEBON NpoMbIWaeHHocTM U 20-30%
OTX0408B iepeBoobpabaTbiBatoLLEN MPOMbILLIEHHOCTY.

Kntouesble cnosa. brnoyronb. OpraHnyeckue oTxogbl.

BeepeHue

Npoea wcnonb3oBaHuA 6uoyrnsa, Kak nNpogykTa KapboHM3aumm  pasHbiX  OpPraHMYecKux
MaTepuasoB, C LeNblo yy4dlleHNs KayecTBa noys, Npuobpena nonyasapHOCTb ¢ Hayana 2000-x roaos.
K Tomy BpemeHu 6bliv U3yYeHbl HEKOTOPbIE CE/IbCKOXO03AMCTBEHHbIE NOYBbl J/ITAaTUHCKOM AMEpUKK C
60NbWINMM KONNMYECTBOM APEBECHOrO yraa B npodune, noayumBlIMX Ha3BaHue Teppa MpeTa (4epHan
3eM1A UHAENUEB), OTIMYABLUMXCA OT OKPYMKAKOLWMX eCTECTBEHHbIX MOYB BbICOKMM MI0A0POAUEM
(Glaser et al., 2002; Lehman et al., 2006). Hayancs 6ym 6uoTexHonorui no NnpomnsBoAcTBy buoyrns Ha
OCHOBE NNPOM3a OPraHNYECKMX MaTepPManoB (BbiCOKOTEMNEpPaTypHOM 06paboTKM B HECKMCIOPOAHOM
cpege). OOHAKO OKas3anocb, YTO BbICOKOAPOMATUYHble KapbOHW3MPOBaAHHbIE  MaTepuassbl,
npounsBeeHHbIE B Pa3HbIX TEXHOIOMMYECKUX YC0BUAX U U3 pa3HOM opraHMKK (TemnepaTypa ot 400 ao
700°C, b6eckucnopoaHaa wunu cnabokucnopogHaa cpeaa, ObICTPbIA WMAM MeAsIEHHbIA MUPOAU3),
pasnMyanmcb nNo GU3MKO-MEeXaHUYECKOMY COCTaBYy, MOPUCTOCTU, MAOTHOCTU CNOXKEHUA, MPOYHOCTH,
FMrPOCKOMMUYHOCTU M BNAronorioWeHmnto, 31eMEeHTHOMY COCTaBYy, 30/IbHOCTM U KMCNOTHOCTK (Sohi et
al., 2009; Woolf et. Al, 2010). Nostomy nepBoe AecATUIETUE Y4YeHble BCEro Mupa W3y4daau
BO3MOXHOCTb MPUMEHEHMA pas3anyHbix buoyrnen (M3 oTxo4o0B AepeBoobpabaTbiBatoLLEl
NPOMbILINEHHOCTH, PACTUTENbHbIX OCTAaTKOB, LUEYXM WUAU CKOPAYMbl Pa3/IMYHbIX OPEXOB, HaBO3a M
BOAOPOC/NEN) Ha BCEBO3MOMHbIX CE/NbCKOXO3AMCTBEHHbIX MNo4yBax. B uenom, He cmoTpA Ha
pa3Hoobpasme 6Guoyrnen, H6oin yCTaHOBNEH PAL MOJIOXKUTENbHbIX CBOMCTB BHECEHHOrO MPOAYKTA B
NoYBbl, B 4YaCTHOCTM HA ¢M3MYecKMe CBOMCTBA (MNOTHOCTb M MOPUCTOCTb, CTPYKTYPY W BOAHO-
BO3AYLUHbINA peXnm), MUKPOOMONOrMYECKYIO aKTUBHOCTb U YPOXKaMHOCTb KyabTyp (Liang et al., 2006;
Chan et al., 2007). O6nagan HeUTPaNbHOM NN LLENOYHOM peaKLuelr, BUoYrn CHUMKANM KUCIOTHOCTb
nouys (Lehman et al., 20034 Luo et al. 2013). 3HauMTeNbHOE KONMYECTBO UCCAEA0BaHMUA A0Ka3ano
CHUMKEHME SMUCCUM MaPHUKOBbLIX ra30B U3 no4us ¢ buoyrnem (Puxkunsa u ap., 2015; Amelot et al., 2013;
Zwieten et al.,, 2009). Ho Hu3Koe copep:kaHue nuTtatenbHbix anemeHToB (NPK) v ctabunbHas
apomaTunyeckas popma yrnepoga He NO3BOINAN NEPEBECTU AAHHbIN NPOAYKT B pa3pas, OpraHUYecKux
yO06peHuin, n Ha BTOPOM AeCATKE U3y4eHUa BMoyrns CcTano akTMBHO Pa3BMBATbCA HanpaBieHWe Mo
COBMECTHOMY WCMO/Nb30BaHMIO MNPOAYKTOB MNUPOAM3HOM KapbOHM3aUMM C  MUHEpasbHbIMU
yaobpeHuamu, nmbo opraHnyeckumm komnoctamu (Schulz, Glaser, 2012).
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B HacToAwee Bpema 6UOYro/b LMPOKO UCMO/b3YETCA B CE/IbCKOM XO3ANCTBE Pa3HbIX CTPaH MMUpa
B KayecTBe OPraHNM4YecKoro mesInopaHTa, rMaBHbIM 06pa3om peluas BONpoChl NOBbIWEHMA N1040Pp0ANA
NnoYB, YTUAM3ALMU HEUCNOJ/Ib30BAHHbIX OPraHUYEeCKMX OTXOAOB, CHUMKEHMA SMWUCCUM NAPHUKOBDIX
rasoB. OgHako B Poccum aaHHbIM NPOAYKT OCTaeTcA Ha CTaann uccnegyemoro ob6bekTa, NpoaoaKaeTca
N3y4yeHue ero BAMAHUA Ha CBOMCTBA TOM UAM MHOM MOYBbI B PA3/IMYHbIX A03ax U dpakumax. N ecam B
EBponeinckMx cTpaHax Ansa nNpou3BoAcTBa OMoOyrns vaule BCEro WUCNOAb3YHTCA OTXOA4bl arpapHoi
oTpacau, To B Poccum — apesecHas npoaykums, T.K. MPOU3BOACTBO APEBECHOMO YIAs MUPOJIU3HbIM
cnocobom 6blN0 HaNAXKEHO elle B COBETCKOE Bpems, HO C NpeaHasHaYeHWEM WCMONb30BaHUA B
SHEepreTUKe, MeTaNNyprum, XMMUYECKOM NPOMBbILWIEHHOCTU U MeauunHe. M, HecMoTpA Ha To 4TO B
HalLel CTpaHe CyLLeCcTByeT OrPOMHOE KOIMYEeCTBO KOMMAHWMI MO NPOU3BOACTBY U peannsaumm MUHK-
YCTaHOBOK NO NPOM3BOACTBY AAaHHOIO NPOAYKTa, arPapHbI CEKTOP OCTAETCA He 3aUHTEPECOBAHHbLIM B
MCMONb30BaHMM AAHHOTO NPOAYKTA.

[NaBHble OMaceHWs CcBA3aHbl C HEBO3MOXHOCTbIO BbIXO4A HA MNPOMbIWAEHHbIE YPOBHM
Npou3BoACTBa BMOYT/IA U PUCKOM OTCYTCTBUSI OPraHNYECKMX OTXOA0B A/1A ero NnponssoacTea. Moatomy
LeNblo AAaHHOro MCCNeAoBaHMA ABWUICA aHaM3 06pa3oBaHMA OpraHUYecKux oTxoaoB B Poccuiickom
depepaymm ona BO3MOMKHOIO NPOM3BOACTBA 6MOyrnsA. 3agaya MCCNenoBaHUS — OMNUCATE/bHbIN
KONMYECTBEHHbIN aHaNM3 fgaHHbIX PepepanbHOM cny*Kbbl rocyaapCcTBEHHOW CTAaTUCTUKK (PoccTaT) u
depepanbHon cnybbl nNo Hagsopy B chepe npupogononb3oBaHma (PocnpupoaHapsopa) no
GOPMUPOBAHMIO OTXOA40B MNpPou3BoAcTBAa M noTtpebneHua 3a 2015-2019 rogbl B Poccuiickoi
depepaunn.

Pe3ynbTatbl M 06CyKaeHue

MNpobnema oTx040B NPOM3BOACTBA U NOTPEOAEHUS ABNSETCA OAHOM M3 BaXKHeNLWnx npobnem,
cToAWeEelN nepen COBPEMEHHbIM 4YenoBeKOM. MU3HeAeATEeNbHOCTb YENOBEKA, MMBOTHbIX, /t0bas
TEXHON0TMYecKasa AeATeNbHOCTb HeM3beXHO NpMBOAAT K 06pa3oBaHMIO Pa3IMYHbIX BUAOB OTXOA0B,
OKa3blBalOWMNX OnpeaesieHHOe BO3AENCTBME HA OKpyrKatowyt cpeay. CornacHo PepepanbHOMy
3aKoHy oT 24.06.1998 N 89-®3 «06 oTxogax npou3BoACTBA M MNOTPebAeHMA» noa OTXo4amu
MOHMMAlOTCA BELLECTBA WMAW NpeaMeTbl, KOTOopble 06pa3oBaHbl B MpoLEcce NPOM3BOACTBA,
BbINOJIHEHUA PAbOT, OKa3aHUA yCAyr UAM B npouecce notpebnaeHua. Mog ytmansaumen noHMMaeTca -
MCNO/MIb30BaHME OTXOA40B A/1A NPOU3BOACTBA TOBApPOB (MPOAYKUMK), BbINONHEHMA PabOT, OKa3aHUA
YCNyr, BKAOYasA NOBTOPHOE NPUMEHEHNE OTXOA0B MO NPAMOMY Ha3HAaYEHUIO (PELLMKANHT), UX BO3BpaT
B MPOW3BOACTBEHHbIN LMK MOC/NEe COOTBETCTBYIOLWEN MNOArOTOBKM (pereHepauus), M3BnedYeHue
Nosie3HbIX KOMNOHEHTOB A/ UX NOBTOPHOrO NpMMeHeHUa (pekynepauus).

Ucxopga wm3 pgaHHbIX PocnpupogHagsopa B Poccuiickoint ®Pepepaumm 3a 2019 roa, 6bino
Nnpou3BeZleHO OTX0I0B NPOM3BOACTBA U NoTpebneHuns B konndectee 7750,9 msH. (13 Hux 100.6 mAH.
(1.3%) 6bIn0 OTHeceHO K Kateropuu onacHbix). 3800,8 maH. T (50.1 %) 6biNIO YTUAN3UPOBAHO U
obe3BpexKeHo NN pasmMeLleHo Ha 06beKTax, NpuHaanexkawmx npegnpuatnam (Poccrat, 2020).

N3 paHHOM ob6uwein Kateropum oTxoA0B OblnO yaeneHO BHMMaHME TeMm, KOTopble WMetoT
OpraHMYecKoe MPOUCXOXKAEHUE, W KOTOpble NOTEHUMANbHO MOryT ObiTb MCNONb30BaHbI ANA
npounsBoAacTBa BMoyras, a UMEHHO: OTXO4aM Ce/bCKOro M IECHOTO X03ANCTBA, NULLEBbIX NPOAYKTOB U
HanMTKOB (NULWEBOM NPOMbILIIEHHOCTU U NepepaboTKM NULLEBbIX NPOAYKTOB), OTX04aM BTOPUYHOM
nepepaboTkn pgpeBecuMHbl U u3genuii M3 pgepesBa. Ha pucyHke 1 npeacrtaBneHO NPOLEHTHoe
COOTHOLUEHNE OCHOBHbIX OTXOA0B OPraHWUYecKOro NPUPOLHOro NMPOUCXOXKAEHMA NO YCPeAHEHHbIM
AaHHbim 2015-2019 rogos.

Jo 60% oTxo[0B OaHHOW KaTeropum NPUXOLMUTCA Ha OTXOAbl CE/IbCKOrO M JIECHOTO XO03AMCTBA.
MNepBble NoApasfenalTCcA Ha OTXOAbl PAacTEHMEBOACTBA WM MBOTHOBOACTBA, Y KarKAOM M3 3TUX
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oTpacsielt UmetloTCs CBOM 0COBEHHOCTM, OTpaxKatowumeca B Buaax obpasyrolmxca otxoaos. Ha obuee
KONM4YecTBO 06pasylolLMXCa OTXOA40B PaCTEHMEBOACTBA BAMAET YPOXKANHOCTb UAN HE YPOXKAWHOCTb
BbIPaLLMBAEMbIX Ky/bTyp, COOTBETCTBEHHO €)erogHo obpasyloTca pasnyHble 06BbEMBI OTXOAOB.
OTxo4bl *KMBOTHOBOACTBA B BO/bLUMX KOIMYECTBAX MOTYT 3arpA3HATb BO34yX BelecTBaMu, BPeaHO
BO34ENCTBYIOLMMM HA YE/0BEKA, PACTEHMA U KUBOTHbIX. OCOBEHHO OCTPO 3Ta Npobaema CTOUT Tam,
roe 3HauyuTeIbHOE KOIMYECTBO OTXOA40B He YTUIU3MPYETCA, B pe3y/bTaTe 3TOro B OKPYKaloLLyto cpeay
nonagatT HenpuaTHble 3anaxu. B necHom xo3dAicTBe oOTXo4bl 06pasyloTca B pesysibTaTe
N1ecO3aroToBOK, NeconuieHns M aepeBoobpaboTku. MpaKTUYEecKn BCe OTXOAbl AAHHOMK KaTeropuu
ABNAIOTCA LEHHbIM CbipbeM [A1A MPOM3BOACTBA Pa3/IMYHON MNPOAYKLUM, HO MO BO3MOMKHOCTM
YTUAN3ALMU OHU HE PABHOLLEHHbI.

H Ce/IbCKOE W JIeCHOE X03AWCTBO

m [uesas MPOMbILNEHHOCTb

06paboTKa ApeBecuHbl U MPOU3BOACTBO
W3AEe/Nit U3 fepesa

B MpowsBoACTBO DyMarn u ByMakHbIX
u3aenui

Puc. 1. — [lona 0OCHOBHbIX OTXO40B OPraHNU4YeCcKOro NpMpPoaHOro NPOUCXOXAEHMA, cpeaHee 33
2015-2019 roabl.

Cnepyet 06paTUTb BHUMaHME, YTO MENIKME CbiNy4yme OTXOAbl 1€CO3aroTOBKU U IECONUIEHMA,
TaKMe KaK XBOA, ONWJKWK, CTPYXKKA, BETKWU, KOpPHEBAA 4acCTb, 3e/ieHaa Macca, BCe ellé LMPOKO He
MCNONb3YKOTCA NO NPUYUHE UX TEXHUYECKOM M 3KOHOMMYECKON HeaoCTynmHOCTW. 3aTpaTbl Ha cbop,
06paboTKy M TPAHCMOPTMPOBKY AAHHOIO CbiPbA BO MHOTMX C/ly4anX MPEBbIWAOT CTOMMOCTb FOTOBOW
NPOAYKLUN.

AHann3 CTaTUCTMYECKUX [aHHbIX 33 nocaegHue 5 neT nokasas, yYTo KOAMYEeCTBO OTXO40B
Ce/IbCKOro M NIeCHOro X03AMCTBa BapbupyeT B npegenax 45.8-49.2 maH. T roal. MpoueHTHas aons
YTUAN3AUMM AaHHbIX OTXOA0B cocTaBaseT Ao 78—85%, a 15—20% oTxoa0B BOObLLE HE UCMOb3YETCS B
CBA3N C HEBO3MOXKHOCTbIO MM HELLeNnecoobpasHOCTbIO YTUAM3MPOBATb (HanpuMmep, KoXKypa, Ny3ra,
wenyxa, CKOp/yna, *MblX, MOYATKMU, KOCTOYKKN NN0[0BbIX GPYKTOB, cTebaeBasa macca 1 1.4.). OgHaKo ¢
BHEApPEHMEM MPOrPeCcCUBHbIX TEXHONOTMYECKMX MPOLLeCCOB AaHHble OTXOAbl MOTYT MEHATb CBOHO
06L,ecTBEHHYIO MONE3HOCTb M MOTYT CTaTb CbIPbeM A/1A NOy4eHUA KayeCcTBEeHHO NPoAyKLMn broyras.
Kpome TOro, cornacHO 3KCNepTHbIM OLEHKAaM, OCHOBaHHbIM Ha WHOOPMaUUM O COCTOAHUMU
arponpoMbIWNEHHOrO Komnsekca Poccuitickon @Pepepaumn, peanbHble 06bemMbl  eXerogHo
06pasyloLmxca 0TX0A0B CENbCKOro X03AMCTBA U MULLEBOM NPOMbILIJAEHHOCTU MNPEBbLIWAT AaHHblEe
PocnpupoaHagsopa 06 ux konndyectse B 4-5 pas.

Cnegyloweir No KOAMYECTBY OTXOAOB ABAAETCA nNuweBad W nepepabaTtbiBatowian
NPOMbILWAEHHOCTb (29%). K oTx04am AaHHOM KaTeropum OTHOCATCA TBEPAbIE U MKUAKNE OCTAaTKM NULLN
YyesloBEKa, a TaKXKe O0TX0A4bl KYXOHb M nekapeH. CocTaB MX MEHAETCA B 3aBUCMMOCTU OT UCTOYHMKA:
oTxoAbl PPYKTOB M OBOLLEer, KapTodenbHas nynbna, 60eHCKMe oTxoAabl (KaHbira, me3gpa), KOCTu
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CKeneTa ¥XMBOTHbIX 1 pblb, cnupToBana bapaa, NMBHAA APO6MHA, NPOCPOYEHHbIE NULLEBbIE NPOAYKTbI U
MHOTIMe ApyrMe oTXo4bl Pa3/IMYHbIX NULLEBbLIX NPOM3BOACTB. 3a NocnegHMe NATb IeT B 06pa3oBaHUK
O0TX0Z,0B NULLLEBON NPOMbILLIEHHOCTU BapbnpoBano B npegenax 19.5 o 30 mnH. T B roa, NpUTOM, YTO
e¥XerogHoe Ko/INY4ecTBO YTUAIN3MPOBAHHbIX OTXOA0B AaHHOM KaTeropuu cocTaBaano meHowe 50% -
oKono 10.8 maH. Trogt.

Ha nepeBoobpabaTbiBatoLLyto NPOMBbILWAEHHOCTb (7 %) 1 Nnpon3BoAcTBO Bymaru n 6ymakHble
nsgenva (7 %) npuxoaaTca NPMMeEpPHO OL4MHAKOBbIE MPOLLEHTHbIE 40NN, AHANN3 NOCNeAHUX NATU NeT
NMoKasas, YTO B HACToAWEe BpemAa, B CBA3M C MPUMEHEHMeM pecypcocbeperatomx TEXHONOMUM
npoucxoauTt cnag obpa3oBaHUA OTXOAO0B LLeA0A03HO-6ymarkHoro npomssoactea. B 2015 roay mx
KOQIMYeCTBO COCTaBAANO 6,8 MAH. T B rog, Toraa Kak B 2019-m rogy yxe 5,5 maH. . OgHOBpEMEHHO,
YBEINMYMICA NPOLLEHT eXerogHoro KOAM4YecTsa YyTUAM3auMM AaHHOM KaTeropum otxonos ¢ 92.6% B
2015 roay oo 100% B 2019 roay. 3To eAMHCTBEHHAA KaTeropusa, rae Habnwopgaerca noytn 100 %
YyTUAM3AUMA OTX040B. B ToXKe Bpema ana aepesoobpabaTtbiBatowweit NPOMbILLIEHHOCTU MO OKOHYAHWUIO
peannsauunm NponsBoACcTBa XapakTepHo obpasoBaHue oT 17 A0 29 % OTXOAHOrO Cbipbs, KOTOPOE He
ncnonbsyetca. [lpeBecHble OTX0A4bl MOXHO KnaccuduumpoBaTb MO BUAamM M 3Tanam 06paboTku
ApeBecuHbl. o Buaam Bce oTxodbl AeNATcA Ha TBepaple (ropbbiin, peiiku, obpesKkn, BeTsu u T.4.) U
MATKME (CTPYXKKK, onuakn 1 T.4.). Mo atTanam obpaboTKM apeBecuHbl OTXOAbl AENATCA Ha OTXOAbl,
CBA3aHHbIE C 3arOTOBKOM /ieca, 0OTX0Abl NePBUYHON 06PabOTKKN ApeBeCUHbI B 1econuneHmnm, paHepHom
NpPOM3BOACTBE, OTXOAbl BTOPUYHOM 06paboTku B mebesibHbiX Npou3BoAcTBax. Mcxoaa u3 aHanmsa
AaHHbIX 6blN10 YCTaHOBNEHO, YTO 3@ NOCAegHMe 5 neT Nnpomncxoamnno ysennyeHme ob6pasoBaHMA 0TX0408
AepeBoobpabaTbiBatollelt NpomblwieHHOCTN ¢ 4,5 0o 5.9 MnH. T B rog, B TO e BPeMs exerogHoe
KONMYECTBO YTUIM3UPOBAHHbIX OTXOA0B BO3pacTano, oT 3.7 Ao 4.2 MAH. T, YTO CBA3aHHO C 06WMM
pocTom 06pa3oBaHMA OTXOA0B, TaK KaK B MPOLLEHTHOM COOTHOLLEHUM A0NA YTUIU3UPOBAHHbIX OTXO40B
eXerogHo cHmxanaco - ¢ 82.2% 8 2015 roay, 2o 71.2 % 8 2019 roay.

3aknoyeHue

Taknm obpasom, npobiema OTX0A0B, B TOM YMC/I€ PACCMOTPEHHbIX OPraHMYECKMX OTX0408B B
CTpaHe B LENOM pPeLUAeTCA, HO OCTAaeTCA CYLWECTBEHHbIM MPOLLEHT HEWCNO/b30BAaHHbLIX OTXOAOB,
HEraTMBHO BAMAIOLLMX Ha OKPYKAOLWY cpeny, KOTOpble MOTEHUMANIbHO MOTyT MCMNOAb30BaTbCA B
Ka4yecTBe CbipbA ANA NPOU3BOACTBA buoyrna.

YcTtaHoBNEHO, 4TO BoobOWe He ucnonabdyetcs A0 15-20% OTXOA0B CEMbCKOrO W JIECHOTO
Xo3AaKcTea, 4o 50% oTxo408B NULLEBOIM N NepepabaTbiBatowWwen NULWEBON NpomblwieHHOCTN K 20-30 %
oTX0A0B AepeBoobpabatbiBatowlen npombiwneHHoctn. CornacHo MaHgaTty buoyrns, paHHble
KaTeropum oTxono08 cogeprkaT 6bonbwe 10% opraHMYecKOro yriepoga M MOryT CAYXUTb CblPbeM ANA
NPoun3BOACTBA KAPOOHM3MPOBAHHbBIX MaTePMANOB ANA Aa/IbHENLLEN CeKBECTPaLMM yrneposa B noYsax
W yNyyleHna nokasaTenen ee n1o4opoaus.

K colkaneHuto, B HacTosLLLEe BPEMA KaXKAbIM M3 MApPaMeTPOB CNOXKMBLLENCSA cMCTeMbl 0bpalLeHns
C OTXOZaMW PACCMATPMBAETCA OTAENbHO, B OTPbIBE, HE CBA3AHO C APYyrMmU. CUCTEMHbIN NOAXOA4 K
AaHHOW npobneme no3BonuMa 6bl  peanns3oBaTb Pas/IMYHble NPOrpammbl MO YBEAUYEHUIO
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POSSIBILITIES OF USING ORGANIC WASTE IN THE RUSSIAN FEDERATION FOR PRODUCTION OF
BIOCHAR

KOSTETSKIY D. M., RIZHIYA E. Y.

Russian State Hydrometeorological University, St. Petersburg
dan-kost@mail.ru

Abstract. An analysis on the production and consumption of waste in 2015-2019 in the Russian
Federation was carried out based on the data of Federal State Statistics Service and the Federal
Service for Supervision of Environmental Management. It was established that up to 15-20% of
agricultural and forestry waste, up to 50% of waste from the food and food processing industry,
and 20-30% of wood processing industry waste were not used in those sectors of the economy
where the organic waste was formed. These waists can potentially be used for biochar
production.

Keywords. Biochar. Organic waste.
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AHHOTauumA. B xoae nccnenoBaHua 6bin nonyydeH 6Guovap ¢ ONTUMaNbHbIMU XapPaKTEPUCTUKAMM

NOPUCTON CTPYKTYpbl. MpoBeaeHa oueHKa 3GPeKTMBHOCTN BUovapa ANA MHAKTMBALMM MeaMm B

NIYrOBOM TAXKENOCYIIMHUCTON NOYBE B YC/IOBUAX MOAE/IMPYEMOrO 3arpA3HEHUA C NPUMEHEHNEM

¢uTO-TecTa. YcTaHOBNAEHA ONTMManbHaA fAo03a copbeHTa ANA YMEHbLUEHMA MNOABUNKHOCTU

MeTanNa B Uccneayemom noyse.

KnioueBble cnosa. TaxKesble meTaanbl. buoyap. @PUTOTOKCMYHOCTBE. pemeguauma MNouYB.

MopdomeTpuyeckme nokasaten. COpbLMOHHbIE XapaKTEPUCTUKN.

BeepeHue

Cepbé3Hyl0 Yrpo3y COCTOAHWUIO NMPUPOAHbLIX IKOCUCTEM B HacToAllee BpemA NpeacTaBaAatoT
TAKENble metannbl (TM). Ocobbim oTanumem TM OT OpraHUYECKUX NOJIJTIOTAHTOB ABNAETCA TO, YTO OHMU
He NoABepP*KeHbl MUKPOOUOIOTMYECKOM NN XMMUYECKON Aerpagaumm U HakanamMBaloTCs B NOYBE B
TeyeHne aamTenbHoro BpemeHu. lNMonagaa U3 nodsbl B pacteHmda, TM TaKkxKe nonagatoT B OPraHuU3m
4yeNoBeKa, Bbi3blBas CEPbE3HbIe HapyLleHuA 3a40poBbsa (Konuuk, 2014).

Hanbonee adpdpekTMBHOM NpeacTaBnaeTcs COpObUMOHHAA pemeamauma XMMUYECKM 3arpAa3HEHHbIX
noys. MpumeHeHMe OaHHON TEXHONOIMM He HAHOCUT CYLLECTBEHHOrO BpeAa 3KOCUCTEME, 3a CYET
COKPALLEHNA MEXAaHNYECKOTO U XMMMUUYECKOTO BO3AENCTBUA MEIMOPATUBHBIX MEPOMNPUATUI HA NOYBY.
Takke oTMeYyeHa sKoHoMMYecKan apdeKTUBHOCTb AaHHOro cnocoba BoccTaHoBeHMA noys (Konumk u
Ap., 2016). B KayectBe copbeHTa 4acTo npuMeHaT 6uovap. MonyyeHnme 6uovapa npoucxoguT
NpPeumyLLeCTBEHHO MYTEM MMPOSIN3a OTXOA0B PACTEHMEBOACTBA WM JIECHON MPOMbIWIEHHOCTH.
[aHHbIA copbEeHT, COrnacHoO MHOIMM MCCNeAO0BaHUAM, XapaKTepusyeTca OONbMMW 3HAYEHUSMU
YOENbHOM MNOBEPXHOCTM M MOPUCTOCTM, a TaKKe BbICTYMAeT B KayecTBe cybcTpaTa ANAa MHOTIMX
MUKpoopraHnamos (MFpuropban u gp., 2016; Joseph et al., 2009; Gorovtsov et al., 2019). OTmeueHo, 4To
XapaKTEPUCTUKN NOJSydaemoro 6uovapa CUAbHO 3aBUCUT OT CbiPbA, WUCMNO/Ib30BAaHHOrO ANA €ro
Npou3BOACTBA, OAHAKO BHE 3aBMCMMOCTM OT Cbipbs OMOYap OCTAETCA XMMMUYECKU WMHEPTHbIM
(Kishimoto, Shugiura, 1985; Mukhin et al., 2017).

O4HUM M3 NpenmyLLecTs BMoYapa ABAAETCA BOSMOXHOCTb €r0 U3roTOB/IEHWNS U3 PErMOHaNbHbIX
OTX040B pacTeHneBoacTBa. [nAa PocToBCKOM 06n1acTM  TaKMM  OTXOAOM  ABAAETCA  Lenyxa
nogconHevyHmka. OHa Na1oXo noaBepraeTcsa nepepaboTke U BTOPUYHOMY MCNOb30BaHMUIO, BCIeACTBUNE
yero HakanmeaeTca B 6oabwnx o6bémax. TakKe, Wenyxa NoACONHEYHMKA HE COLAEPKUT TOKCUYECKUX
BELLLEeCTB, YTO AeNlaeT e€ XOPOLLIMM CbipbEM A4 NPON3BOACTBa BMovapa.

Ons oueHKn adpdpeKTMBHOCTU AeNCTBMA COPOEHTOB Ha 3arpPA3HEHHbIX MOYBAX MCMO/b3YHOT METos,
¢utoTecTMpoBaHuAa. OCHOBHbIM  MeTOAOM onpegeneHna (GUTOTOKCMYHOCTM MOYB  ABAAETCA
NnabopaTopHbI MeToa, TaK KaK OH SIBAAETCA 3KCMPECCHbIM, AelWEBbIM U CPAaBHUTENbHO MPOCTbIM B
MCNONHEHUU. [laHHbIA  MeToh, MCNONb3yeTcA MHOrMMKM  3apybeXXHbIMM U OTeYeCTBEHHbIMU
nccneposatenamu (AHucbKMHa, 2006; BanHosa, 2014; Joseph et al., 2009; Gorovtsov et al., 2019).
Lenbto paHHOro uccneaoBaHMA  ABNANOCH  M3roTOB/AeHWMEe 6uoyapa € ONTMManbHbIMM
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XapaKTEPUCTUKAMM MOPUCTON CTPYKTYPbl M MNPUMEHEHME €ro Ana pemeguaumn  XMMUYECKM
3arpA3HEHHOM MOYBbI.
MaTtepuanbl U meToAbl

MN3rotoBneHne 6uovapa NPoM3BOAUNOCL M3 LWENYXM MOACONHEYHMKa NyTém nuponusa. Ons
storo 100 r. cblpbA 3acbiNann B TOJICTOCTEHHbIA COCYA, U3 HEpPXKaBeLWeN CTaAn C repMeTUYHOM
KpbIWKON (peTopTy). PeTopTy nomewann B nabopaTopHyto mydenbHyto nedb. [anee nytém
BapbWpOBaHUA KOHeYHoM TemnepaTtypbl oT 500°C ao 900°C u BpemeHn 06paboTku ot 10 Ao 30 MUHYT
6blN10 NONYy4YeHO HEeCKONbKo 0b6pasuos bumoyrna. OnpegeneHne yaenbHOW naowaan nNoBEpPXHOCTU U
nopuctoctu 06pasyoB 6bII0  BbINOJHEHO HA BOJIIOMETPUYECKOM aHanu3atope ASAP 2020
Micromeritics no metToay HM3KOTEMMNEPaATYPHOM agcopbummn azota. Pacyét napameTpoB NOPUCTOCTU U
NMoOBEPXHOCTU ocywecTeaancs metogom bB3T no N2 B Anana3oHe pPaBHOBECHbIX 3HAYeHUM
P/Po = 0,05-0,33.

Ons oueHKM 3dGEKTUBHOCTM NONYYEHHDBIX COPOEHTOB OblN1 3aN10KEH MOAENbHbIM SKCMEPUMEHT C
MCKYCCTBEHHbIM 3arpA3HeHMeM NoYBbl Meapto. Miccneayemas noysa — nyroeas KapboHaTHAaA MoLLHasA
TAMENOCYIIMHUCTAA CpeAHEeryMyCMpoBaHHAsA Ha aNNlOBMANbHbIX CYrIMHKAX, oTobpaHHas B
LEHTPAZIbHOM 4YacTW Nlyra Ha BbICOKOM norime Ha nesom bepery p. CeBepckuit [loHel, KameHck-
LLlaxTMHCKoro palioHa PocTtoBcKon ob1acTu. B KauecTBe TecT-Ky/ibTypbl Obin1 BbibpaH peauc (Raphanus
sativus radicola). [aHHoe oAHO/NETHEE OBOLWIHOE pPaCTEHUE XapaKTepU3yeTcss OYEeHb BbICOKOM
YyBCTBMTE/NIbHOCTBIO K 3arpA3HEHUto Noysbl. TOMMMO 3TOro, cemeHa peamca HbICTPO NPOPaACTaloT C
NOYTU CTONPOLEHTHOMN BCXOXKECTbIO, KOTOPAs 3aMEeTHO YMEHbLLAETCA B MPUCYTCTBMM NOANIOTAHTOB. Y
noberoB peamca HabnOAAOTCA CywecTBeHHble MOPdO/IOrMYeckMe M3MEHeHus nog AencTBUuem
3arpAsHUTENen.

B nnactukoBble KoHTeMHepbl 06béMmom 100 mn nomectuam no 100 r aHanM3Mpyemoi noysbl,
npoweawen obLLyo NoAroToBKy. 3aTem BHocunm auetaT meam (Il), B KoHueHTpaumm 300 mr krt B
nepecyéte Ha yncTbii Cu. PacTBop BHOCUAM B KoanyecTse, paBHOM 60 % OT nNoseBon BNAaroEMKOCTH.
Janee B TeuyeHWe BCEro 3KCMNEPMMEHTA BAAXKHOCTb MNOALEPXKMBANACL HA TOM Ke YpOBHe
OVUCTUNNMPOBaAHHOM BoAoN. Yepes mecAy, nocsie Aob6aBfeHNA METaNN0B B COOTBETCTBMU CO CXEMOW
onbiTa 6bl1M BHeceHbl copbeHTbl B A03ax 0,5%, 1%, 2,5% n 5% (Tabn. 1)

Tabanua 1. Cxema onbiTa.
KoHTponb
3arpasHeHue Cu 300 mr krt
3arpAasHeHue + buouap 0,5 %
3arpAasHeHue + bruovap 1 %
3arpAasHeHue + buouap 2,5 %
3arpAsHeHune + bruovap 5 %

Eweé yepes mecAy, B KOHTEMHEPbI C NOYBOM BbICEBA/INCL CEMEHA peamnca B Koandectse 10 WT. Ha
OAMH KOHTeWHep. MOBTOPHOCTb ONbiTa TPEXKPATHaA. Yepes 7 aHen Oblin M3MmepeHbl A/IMHbI KOPHEN U
noberos TecT-pacteHma. CTaTucTnyeckaa 06paboTKa AaHHbIX Benacb C UCMOJ/Ib30BAHMEM NMPOrpaMmm
STATISTICA 2010 n Microsoft Excel.
Pe3ynbtatbl M 06CyKAeHME

Ona 6uoyapa, mnsrotosneHHoro npu 500 °C, paccymTaHHble BeINYUHbI YAE/NIbHOW MNaoWaam
NMOBEPXHOCTU MMEIOT HU3KME 3HAYeHMA Ha BCEM Auana3oHe BpemeHM 06paboTKM Ha KOHeYHOoM
Temnepatype: ot 5,04 m? r! go 40,03 m? rt (tabn. 2). Mpu yBeAnYEHUN KOHEYHOMN TemnepaTypbl
06paboTku go 700 °C nponcxo4nn TaKKe 3HAYMUTENbHbIN POCT YAeNbHOM naowaam nosepxHocTu. Mpu
3TOM C yBennveHnem BpemeHn ob6paboTkM pocno M 3HaYeHue yaenbHOM NAoLWaan NoBEPXHOCTU: OT
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660,28 Mz ! npu 10 mmHyTax A0 1919,83 m? r! npu 30 MmmHyTax. Of4HaAKO NPU YBEANYEHUN KOHEYHOM
TemnepaTypbl 06paboTkm go 900 °C npoucxoamT HapylweHWe CTPYKTypbl 6uouvapa: pa3pbiBbl
NOBEPXHOCTU Ha OTAEe/bHble MUKPOBIOKK, yBennyeHne pasmepa nop Ao 38 A. [laHHble nameHeHus
YXYALWAT COPOUMOHHBIE XapPaKTEPUCTUKKN NOoAyYaeMblx yraen. BoiNONHEHHbIN aHAN3 CTPYKTYPHbIX
XapaKTepUCTUK MO3BOJIAET YCTAHOBUTb, YTO ONTUMA/IbHbIMU YCNOBUAMMU ANA CO3AaHUA copbeHTa ¢
ONTMMA/IbHbIM 63aTAHCOM MUKPO- M MEe30MOp W1 BbICOKOW yAEeNbHOM NA0OWAAbI0 MOBEPXHOCTU ABAAETCA
CTyneH4yaTbIi HarpeB A0 KOHe4YyHol TemnepaTtypbl 4o 700 °C B gnana3oHe BpemeHu Bblaepxku 10-30
MWH. (Tabn. 2). Muponans npu 900 °C npeacTaBAAETCA MEHEE IKOHOMUYHbIM, K TOMY }Ke YBe/IMYeHue
TemnepaTypbl BEAET K pa3pyLLUEHMIO CTPYKTYypbl copbeHTa.
Tabnnua 2. Cxema onbiTa

KoHeuHan Bpemsa
TemnepaTypa Bblp,epF:KM BaHUA, SEET_’l Vf’ 4 VMg"pf’l’ VM§3°f1C Drores,
o0bpabotku, °C MU/H. wer cmer M wer A
10 5,04 0,47 0,04 0,35 14,5
500 20 24,35 0,65 0,1 0,43 17,6
30 40,03 0,72 0,18 0,49 20,9
10 660,28 1,06 0,24 0,68 21,6
700 20 1367,74 2,08 0,38 1,46 25,4
30 1919,83 2,45 0,5 1,65 26,7
10 1678,29 1,71 0,34 0,93 28,3
900 20 1078,02 1,34 0,17 0,54 31,5
30 965,22 1,01 0,06 0,42 37,9
POCT KOPHEBOM CUCTEMbl — OAMH M3 Haubonee HarnNAAHbLIX NPU3HAKOB, MOKa3blBAIOLLMX

TOKCMYECKOoe AelCcTBME MeTanna, Tak Kak KopHeBas cucTema ABAAETCA nepBbiM HGapbepom Ha nyTu
TpaHCc/AOKauuM meTtannos 13 nousbl (MnbuH, CtenaHoBa, 1982). 3arpsAasHeHMe NOYBbI MeAbto B A03€e
300 mr Kr! okasano Tokcuueckuin addeKT Ha pocT Raphanus sativus radicola: pnnHa KopHeBOM
CUCTEMbI COKpaTUNacb Ha 57%, a noberos — Ha 59 % No cpaBHEHUIO C KOHTPObHbIM 06pasLom (puc.).

BHeceHune 6MoYapa B pa3nMyHbIX 403aX OKa3a/0 BAUAHUE HA AIMHY KOPHel u noberos. Tak, npu
npumeHeHnun Ao3bl 1% ananHa KopHen ysennumnacb 11 %, a noberos — Ha 48 %. C yBesinyeHnem A03bl
copbeHTa yBe/IMYMBAOTCA TaKKe U MOPPOMETPUYECKME MOKA3ATENN aHANUIMPYEMOrO PacTeHUA: NP
no3e copbeHTa 2,5 % ANMHbI KOPHEM u noberos ysenmuunamcb Ha 19 % n 52 % cootBeTcTBeHHO. NpK
3TOM yBenunyeHue Ao3bl copbeHTa A0 5 % OKaszano noxoxuit apdeKkt. OgHaKo, oA NPUMEHEHMUA
AaHHOro copbeHTa Ana pemeanaLnmm NoYB C SKOHOMUYECKOM TOYKU 3pEHMA A0CTaTOYHO NPUMEHEHMe
003bl 1%.
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20 I I
0

KoHTponb  Cu 300 mr/kr Cu 300 mr/Kr Cu 300 mr/kr Cu 300 mr/kr Cu 300 mr/kr
+0,5% + 1% 6unoyap +2,5% + 5% 6u1oyap
6uouap 6uouap

B KopHu Mobern

Puc. Bananue pasnnyHbix fo3 buoyapa Ha AnvHY KopHei n noberos Raphanus sativus radicola npu
no3e 3arpsasHeHnsa 300 mr krt Cu, % OT KOHTpoAA
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3aKknoueHue

Takum obpasom, 6bina paspaboTaHa TexHONOrMA MNOAYYEHWs yraepogmctoro copbeHta M3
Wenyxm noACONHEeYHWKA ANA BOCCTAHOB/JEHWA /IYrOBOM MOYBbI, 3arpPA3HEHHOrO0  Meablo.
JKCNepMMEeHTa/IbHO YCTAHOB/IEHO M NOATBEPKAEHO, YTO Hanbosee oNTMMabHbIMK YCNOBUAMMK ANA
nonyyeHua copbeHTa aBnaeTcsa ctyneH4yaTbit Harpes Ao 700 °C n Bpemsa KoHeyHoi obpaboTku ot 10
MWH. 0 30 MUH. YBennyeHne TemnepaTypbl NPUBOANNO K YXYALEHUIO CTPYKTYPbl COpOEHTa 3a CYET eé
4YaCTUYHOrO Pa3pyLLEHUA.

C nomouwpto d¢utotectMpoBaHna 6blna npoaHanusmpoBaHa 3GGEKTUBHOCTb BHECEHUA
nosy4yeHHOro 6uoyapa B NIYroByr TAMKENOCYI/IMHUCTYIO No4vsy. HecmMoTps Ha BbICOKyl 6ydepHOCTb
nccnesyemon noyBbl, UCKYCCTBEHHOE 3arpAsHeHWe e€é menblo HEeraTMBHO CKA3asoCb Ha Pa3BUTUM
peauca. BHeceHMe 6uoyapa CMOCOOCTBOBANO Y/YYULIEHWUHO YCAOBUI poOCTa TecT-pacTeHus.
YcTaHOBNEHO, 4TO Hanbonee oNTMMAbHOM A030M NpuMmeHeHua Brovapa asnsetca gosa 1%.
bnaropgapHocTtn
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noa301UCTON NOYBE

MOCKBUH M.A., AYEOBUNLKAA B.N., TKAYEBA A.10., KOHOHYYK IM.10.

®IrbHY A®U, CaHkm-llemepbype,
voron27_88@mail.ru

AHHoOTaumA. B 90-gHeBHOM 1abOPATOPHOM IKCNEPUMEHTE U3yYanca KaTanusmpyowmin spdexT
nonndeHonokemaasbl (MPO) n nepokecnagassl (MO) B AepHOBO-NOA30ANCTOM CyrnecyaHOM noyse
pa3HOM CTENEHM OKYNbTYPEHHOCTU NpuK pasHoi TemnepaTtype (20 n 28°C) n BnaxkHoctu: 18,21 n
24% — nns cpegHeoKynbTypeHHoi (COK) n 22, 25 n 28% — BbICOKOOKYbTypeHHOW (BOK) noussi.
OTmeueHa obuLan TeHAEHUMA CHUXKEHUA aKTUBHOCTM MPO ¢ yBennyeHmem temnepaTypsbl, Torga
Kak gna MO c ysennyeHnem TemnepaTypbl MHTEHCMBHOCTb CHU)KaslaCb HECYLLECTBEHHO.
BHeceHMe Buoyrns npusoano K 4OCTOBEPHOMY YBE/IMYEHUIO aKTUBHOCTU Kak MNP0, Tak n MO B
nouse ¢ BOK, no cpasHeHuto c noyBamu 6e3 6moyrns, a B nouse c COK goctoBepHoe Bo3pacTtaHue
MN®O aktmBHOCTM Habatoganocb ¢ 30 no 100 cyTKM aKcnepumeHTa. [JOCTOBEpHblE Pa3nMuusA
aktmsHocTM NMPO 1 MO B NoYBax C pa3HOM BNAKHOCTbIO HABNOA4ANNCE TONBKO MEXAY CYXMMU U
nepeysBna*KHEeHHbIMM BapuMaHTaMu, nNpuyem Hambosnee Cyl,eCTBEHHble Pa3nMynsA OTMeYeHbl B
BapuaHTax c 6uoyrnem. Pacuét koadpduumeHta rymudukaumm (no otHoweHuo MNDO/MO)
MoKasan, YTo BO BCEX BApPWMAHTAX 3KCMEepMMEHTa OH 6bia MeHble 1, YTO CBUAETENbCTBOBANO O
npeobaafaHMmn NPOLECCOB MUHEPANM3ALMM T'YMYCOBbIX BELLECTB HAA, X CUHTE30M.

Kniouesble cnosa. TemnepaTypa. BnaxkHocTb. MonndeHonokecmaasa. Nepokcmaasa. buoyrons.

BeepgeHue

MHTEeHCMBHOCTb  GEPMEHTATUBHbLIX  MPOLECCOB  3aBUCUT  OT  KOHKPETHbIX  YC/0BUNA,
CKNaAblBAOWMXCA B MOYBE, M M3MEHYMBA B MPOCTPAHCTBE, T.€. MOXET OblTb BEPTMKANbHON W
rOPM30HTaNbHOW. [OPU3OHTaNbHAA W3MEHYMBOCTb 3aBUCUT OT WM3MEHEHMA B TeYeHWe ropga
TEMNEpPATypbl, BAAXKHOCTM W WHTEHCMBHOCTM MNOCTYNNEHUA CBEXKEW OpPraHUKWU. BepTuUKanbHbIN
rPagMeHT 3aBUCUT OT M3MEHEHMA TaKUX MOKas3aTesiel KaK KayeCTBO OPraHMYecKoro BEeLecTBa WU
¢dur3myeckune ceoiicTea noysbl (Xasmes u MNynbko, 1991).

Ocoboe BHMMaHME B MOYBE YAENAETCA OKUCAUTENbHbIM depmeHTam, KOTopble MpPUBAEKAIOT
BHMMaHWe 6Gnarogapa UX pPonu B npoueccax rymmpuKkaumu. Mo coBpemMeHHbIM NpencTaBAeHMAM
KaTanmMsatopamu rymubukaumm (OKUCAEHUs UM NOAMMEepM3auuu) pasnaralowmxca  JUrHUHOB
PaCTUTENbHbIX OCTATKOB CUYMTAOTCA MUKPOOHble oKcuAaasbl — nonvdeHonokenaassl (MPO) wm
nepokcngasbl (MO) (Van Gestel et al.,, 2013). [daHHble ¢depMeHTbl y4acTBYHOT BO BCeX 3Tanax
TpaHcdopMaLMM NOCTYMNAOLWEro B NMOYBY OPraHUYECKOro BELLECTBA OT CMHTE3a rymyca A0 MOHOM
MMWHepannsaunm, Ho oHM cneundunyHbl B OTHOWEHMWU TUMA KaTanu3mMpyemoi peakuunu. Hanpumep,
N®O okucnaetr nonumdeHonbl U ux npomssogHble, MO OKUCNAET OpraHU4YecKne CoeauHEHUA B
pacteHuax (nonndeHonbl U HEKOTOpble apoOMaTUYeCKMe COeAMHEHWMs) C MOMOLLBbI NepeKkucu
BOAOPOAA UM APYTMX OpraHUYecKknx nepekucen (Zimmermann, Bird, 2012).

Pa3paboTka M BHeapeHMe HOBbIX pecypcocbeperatowmx TeXHONOTMA B CENbCKOM XO3fMUCTBE,
HanpaBAEHHbIX Ha NpefoTBpaLleHMEe HErAaTUBHOIO aHTPOMOreHHOro BO34ENCTBMA HA OKPYXKAKOLLYIO
cpeay, ABAAKOTCA NPUOPUTETHBIMM WM aKTyanbHbiMU. K uymcny nogobHbIX TEXHONOrMM OTHOCKUTCA
BHeCEHMe B NO4YBYy KapboHM3MpoBaHHOWM  OBMOMacCbl, MNONYYEHHOM  MNyTemM  NUPOAU3aA
(BbicOKOTEMNEpPATYypPHOE 0OYyrnMBaHWe BO30OHOBAAEMOro Ccbipba B OeskucnopogHoin cpege). K

HacToAuwemy BpemMeHU YCTaHOBJIEHO, YTO BHeCeHMUe 6I/I0yl'l'lﬂ B NOYBY U3MEHAET d)M3I/1'~IeCKMe n
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XMMMUYECKME YCNOBWUS, KOTOpble BAMAIOT Ha AEeATENbHOCTb MWUKPOOPraHWM3MOB, KOHTPOJIMPYHOLLMX
notokn C u N B buocdepe (Puxkuns, 2020). NosaTomy MccnenoBaHUA BAMAHUA BMOYrAA Ha aKTUBHOCTb
okucantenoHbix ¢epmeHtoB (MPO m MO) npu pasnMyHbIX TEMMepaTypax Mo4YBbl M BAAXKHOCTU
NO3BONAIOT ONPEeAENNTb XapaKTep BO3AENCTBUA AAHHOMO NPOAYKTa Ha MOYBEHHbIM MOKPOB U PACKPbITb
MEeXaHW3Mbl €ro B3aMMOAEeNCcTBUA C NOYBOM. MonydeHHble AaHHbIE MOTYT CIYXUTb OCHOBOM MPU CO34aHMM
pekomeHAauMi No pauMoHasibHOMY NMPUMEHEHUIO CETbCKOXO3ANCTBEHHbIX MEPONPUATUIM, HEOOXOAUMbIX ANA
peweHMa 33434 3KONOrMW MO YCTOMYMBOCTM M BOCCTAHOBNEHWUIO CUCTEMbI «NOYBA — pacCTeHMA —
NPU3EeMHbI CNOMN aTMOCdepbI».

Lenb wuccnegoBaHUA — M3yYeHME BAMAHUA TeMNepaTypbl M BAAXKHOCTM HA aKTUBHOCTb
nonndeHoNoKcnaasbl U NepPoKCcMaasbl B AePHOBO-NOA30/IMCTOM CynecyaHoli noyse B 1abopaTopHbIX
YyCNoBUAX.

O61beKTbl U MeToAbl UccnepoBaHnA

B cBA3M C pa3NNYHOM HauMeHbLLEN BNaroeMKkocTbio (HB), KoTopoli xapakTepusoBaanch Noysbl €
COK 1 BOK, npunHATO pelueHne nsyvyaTb BPEMEHHYH M3MEHYNBOCTb OCHOBHbIX XapPaKTEPUCTUK BUoyrns
npu cieayoLlmnx YPoBHAX coaepkaHua Bnaru: (1) cootsetcraytouiee HB nouBbl — Hopma: (2) Huxke
HopMbl HB 1 (3) Bbiwe Hopmbl HB. KaTanusupyowmin apdpekT nonmdeHoNoKcnaasbl U NepoKkcnaasol
N3y4yaaun B AePHOBO-NOA30/UCTOM CynecyaHoM NoYBe pa3HOM CTENEHM OKYNbTYPEHHOCTU NPU Pa3HOM
Temnepatype (20 n 28°C) 1 BnaxHOCTU: gnAa cpeaHeokynbTypeHHol: (1) 18, (2) 21 v (3) 24% v gna
BbICOKOOKYNbTypeHHo: (1) 22, (2) 25 n (3) 28%. KomnocTtnposaHue no4ysbl, Becom 300 r, npoBoAMIOCH
B BEreTauMoHHbIx cocyaax ob6bemom 500 mn B Gronornyeckmx wradax ¢ 3agaHHbIMKU TEMNepaTypamm.
BnaKHOCTb NOYBbI NOALEPKMBANACH BECOBLIM METOAOM.

B KauecTse 6MOYyrns NCcNonbL30BanCca ApeBeECHbIN yrosib U3 bepesbl copTta «lpemnym» (bepesa 1
Knacca), ¢pakuma c pasmepom uyactuy yraa 0,5 cm. lMpowuseBeaeH ObICTPbIM MUPOAN3OM NpU
TemnepaType 600°C. CogeprkaHune obuiero yrnepoga B 6uoyrne coctasnano 88 %, pH —7,8.

CpaBHUTeNbHasA arpoXMMMUYECKas XapaKTePUCTMKA M3yYaeMbIX BAPUaHTOB NOYB NpeacTaB/eHa B
Tabanue 1.

Tabnnua 1 — Arpoxvmmyeckan XapaKTepUCTMKA MNaxoTHoro ropusoHTta (0-21 cm) gepHoBo-
NoA30/IMCTON CynecyaHOoM MOoYBbl PA3HOrO KAayecTBa (MCXo4Hble AaHHbIE A0 HAYaNa BEreTaluMOHHOro
nepuoga 2020)

MuHepanbHbIit a3oT MoaBuXKHblE
Cobuy Nobuy
Mousa PH N-NO; N-NHq P.Os | KO
% mr Krt
COK 5,3 1,68 0,16 11,3 7,6 235 121
BOK 6,4 2,73 0,27 16,5 9,7 692 322

MpumeyaHue — rae 3peco u pganee: COK — cpegHeoKynbTypeHHasa noysa; BOK — BbICOKOOKYyIbTypeHHan No4Ba;
pHkci — KUCNOTHOCTb NOYBbI; Cosu, — COAEPKAHME 06LLErO OpraHMYeckoro yrnepoaa; Nosy — COAeprKaHne obwero
a3oTa; N-NOs — coaeprkaHue HUTpaTHOro a3ota; N-NH, — cogep:kaHme ammoHMiMHoro a3oTa; P,Os — cogepkaHue
noasukHoro ¢pocoopa; K.0 — copepikaHne NOABUKHOIO Kanus.

B aKcnepumeHTe yaennan BHUMaHME KaTanusupylouwemy 3¢dekTy nepokcuaasbl (1,2,3-
nuporannon : Ho0z-okecnagopeaykrasa, Ko 1.11.1.7) u nonndeHonokecnaassl (O-gudeHon : Kucnopoa-
oKkcnpopeayktasa, K& 1.10.3.1). Bbibop AaHHbIX GepmeHTOB 060Yyc/NOBAEH WX  BbICOKOWM
YyBCTBUTE/IbHOCTBIO K PA3/INYHBbIM BO34AEUCTBUAM U 3HAUMMOCTbIO B TPAHCPOPMALLUM OPraHMYECKOro
BeLLeCcTBa, OT KOTOPOM 3aBMUCUT LMK a30Ta.
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OnpepeneHve NpPoBOAWMIOCL MO CTaHAAPTHbBIM METOAMKaM OMOXMMMUYECKOTOo MpPaKTUKyma —
doToKoNnopumeTpuyeckum metogom (no anctaHy, 1972) npu anvHax BonH 440 u 590 Hm,
COOTBETCTBEHHO, aKTUBHOCTb BblpaxKanu B Mr nypnypraanHa 100 r! noussbl B yac.

Pe3ynbTtatbl U 06CyKaeHue

Ncxopa ns 3HaveHui aktmsHocT MNP0 B noysax bblno o4eBUAHO, YTO OHa AocToBepHo (p <0,05)
3aBUCesa OT CTENEHM OKY/IbTYPEHHOCTM NOYBbI, MOCKONbKY 6blna B 1,3-1,4 pa3a 6osblue B noyse ¢ BOK,
yem B noyse ¢ COK. C ysenmueHmnem BnaxKHocTu nous, Kak ¢ COK, Tak n ¢ BOK aktnBHocCTb MPO TaKxke
noBblilWanacb, HO 6&3 AOCTOBEPHbIX PA3IMUUIA MEXAY BapMaHTaMu.

70 1 COK
60 -

50 A
40
30 %
20

].0 T T T 1
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Puc. 1. - AnHamunKa NonndpeHON0KCMAa3HON aKTUBHOCTM AEPHOBO-NOA30/IMCTbIX NMOYB C Pa3HbIM
KayecTBOM Mpu BHECEHUWN BMOYrnA B BapuaHTax NouBbl-KoHTposb (K) 1 noussbl ¢ 6uoyrnem (B) npu
Pa3HOM coAep’KaHuM BnarvM B 1abopaTtopHOM aKCNepumeHTe npm Temnepatype 20°C.

XapaKtep AMHamMWKM akTMBHOCTM PO onucbiBasnca Bo3pacTaloWen KpWBOM OT Hadana
BEreTauMOHHOrO Nepuoaa K ero cepeanHe M HUCNALAWEN KPUBOM K €ro OKOH4YaHuIo. [JMHamuKa
akTMBHOCTU MPO B Nnoyse ¢ Guoyrnem u 6e3 buoyrna mano otamyanacb. BHeceHmne 6uoyrna B nousy ¢
BOK cnocobctBoBano gocrtosepHomy (p <0.05) yBennueHuto aktmsHoctn MO0 ¢ eé makcMManbHbIMU
3HaYeHUAMU B cepeamHe BereTaLmoHHOro nepmoaa — 68 mr nypnypraavHa Ha 100 r! nousbl yac™t. B
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ToXe Bpems B noyse ¢ COK TakKe Habatoganock ysenmnyeHne aktuHocT MNP0, Ho pasnnuma mexay
BapWaHTamm ¢ buoyrném m 6e3 buoyrns 66111 HeAOCTOBEPHbBIMM BO BPEMSA BEreTaLMOHHOIo nepmoaa.

B nouse c COK (KOHTpOAb) BbIAB/AEHbI A4OCTOBEPHbIE PAa3IMUMNA B aKTUBHOCTU MTDO mexay meHee
BNA*KHOM nouBoi (18%) n 6onee BnaxkHoM noysoi (24%) B Te4eHUe nepmoaa HabnogeHui. Torga Kak
B KOHTPO/IbHOM BapuaHTe noysbl ¢ BOK gocTtoBepHble pasnanuyma B akTMBHocTM MPO Habnwoganm
TONbKO B CEpeaMHe nepmnoga uccnesoBaHumn.

BHeceHune buoyrns npmseno kK goctosepHomy ysennyenuto MNP0 B nouse ¢ BOK, no cpaBHeHUO
c noyBamm 6e3 buoyrns, a B nouse ¢ COK goctoBepHoe Bo3pactaHue MNPO akTUBHOCTU HabAO4aNOCh
¢ 30 no 100 cyTKKU aKcnepumeHTa.

Onsa NOO Temnepatypa MHKybauum asnanacb cyuwectBeHHbIM ¢aktopom. OTmeuveHa obuian
TeHAEHUMA CHUKEeHUA akTuBHOCTM MNP0 c ysennyeHnem Temnepatypbl. MOXHO NpeanosioKuTb, Y4To
NpyM HU3KOM TemnepaType WHKybauum (20°C) [OCTYMHbIM ANA  MUKPOOPraHM3amoB cybcTpaT
pacxonoBancs MeAJIeHHO, YpPOBEeHb MWKPOOHOM 6uomaccbl M aKTUBHOCTb MNoAMdEHONOKCUAA3
COXPAHANACb HA BbICOKOM ypoBHe. MIHKybauma noysbl npu 28 °C npusBoamaa, no-sugmumomy, K bonee
HbICTPOMY MCYEPNAHUIO AOCTYMNHbIX CybCTPAaTOB M KUC/IOPOAa, U yMeHblieHuto nyna MNP0, Tak yTo
aKTMBHOCTb GEepMeHTOB, onpeaeneHHaa MNocne WMHKybauuu, oKasanacb HAMHOFO HUXKe, Yem ans
nouysbl, MHKYBUpyemoii npu 20 °C.

B otanume ot NAPO, rge c yBenmyeHnem TemnepaTypbl WMHKYOMPOBAHWA WMHTEHCUMBHOCTb
nonndpeHoNOKCNAa3HON aKTUBHOCTU CYLLECTBEHHO CHM¥Kanacb, Kak B nouse ¢ COK, Tak u BOK,
nepokcuaasHaa aktmeHocTb (M0O) ¢ yBennyeHnem TemnepaTypbl CHUXKANACb HECYLLECTBEHHO, O4HAKO
TPEHA CHUMKEHMA NPOCAEXMBANCA.

Pe3ynbTaTbl MccnefoOBaHUA NOKasanu, YTo akTMBHOCTb MO nouysbl BOK 6bina HecylecTBeHHO
BblWwe, B cpegHem Ha 10-11%, yuem B nouse COK, 4TO CBA3AHO C Pa3INYMAMM B COAEPNKAHUM 0bLero
yrnepogaa u obuiero asota (tabn. 1).

B Hauyane skcnepmmeHTa B noyse COK makcMmanbHaa akTMBHOCTb MO oTmeyeHa B nouyse C
BNAXKHOCTbIO 21 %, HECYLLLECTBEHHO HUXKe — B NOYBE C BAa*KHOCTbIO 18 %, n AocTtoBepHO HMKe (p<0,05)
B nouBe ¢ n36bITKOM Bnaru — 24%. AKTMBHOCTb MO cHMXKanacb K 4-m cyTKam MHKYOMpoBaHMA B NOYBeE C
B/IaXKHOCTbtO 21%, ocTaBasnoCb HEM3MEHHOM B MOYBE C BAAXKHOCTbIO 18% M BO3pacTasia B No4yBe C
B/lAXKHOCTbiO 24%, HO panee BO BCEX BapMaHTax HabAo4aNoCb CHUMEHWE AKTUBHOCTM K KOHLY
3KCNepumeHTa.

BHeceHne 6uoyrna B MNo4yBy CNOCOOCTBOBA/MO YBE/AMYEHMIO AKTMBHOCTM MEPOKCMAA3bl NO
CpaBHEHUIO C BapuaHTamm be3 6uoyrna, ogHako 6e3 e€ AOCTOBEPHbIX MEXKBAPUAHTHbIX Pa3NymMin B
TeyeHne Nepunoaa HabaaeHU.

Pacuét Krym (no otHoweHuto MPOO/MO) noKasan, uTo BO BCEX BapUaHTAX IKCNEPUMEHTA OH bbin
MeHblLUe 1, YTo CBUAETEeNbCTBOBA/O O NpeobiasaHMm NPOLECCOB MUHEPANIN3ALLMMN T'YMYCOBbIX BELLLECTB
Hag ux cnHtesom. OaHako B noyse ¢ BOK 3ToT nokasatenb 6bin B 1,7 pasa Bbllle, yem B noyse ¢ COK,
T.e. B noyse ¢ BOK Habntogann 6onee NonoKutenbHble yCA0BMA ANS NPOLECCOB r'yMycoobpa3oBaHUA.

BbiBOoAbI

Takum obpasom, gna NPO TemnepaTypa MHKybauuu ABAANACL CYLLECTBEHHbIM (GaKTOPOM.
OTmeyeHa obwan TeHAEHUMA CHUXKEHUA akTuBHOCTM MNAPO c yBennyeHmem TemnepaTypbl, TOrAa Kak
ana No c ysennyeHmem TemnepaTypbl €r0 MHTEHCUBHOCTb CHUKANACh HECYLLLeCTBEHHO, OAHAKO TPEHA,
CHUXXEeHMA npocnexunsanca. BHeceHne 6Moyrna npueeno K 4OCToBepHOMY yBennyeHuo Kak MNP0, Tak
n MO B nouse ¢ BOK, no cpaBHeHuto c noyBamu 6e3 6uoyrna, a B nouse ¢ COK pocrtosepHoe
Bo3pactaHue MPO aktmBHOCTM Habawoganocb ¢ 30 no 100 cyTKM sKcnepumeHTa. JlocToBepHble
pa3nnumna aktmBHoctM MPO m MO B NoyBax C PasHON BAAXKHOCTbIO HAbNOAANUCHL TOIBKO MeEXAY
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CYXMMW 1 NepeyBNarKHEHHbIMM BapMaHTaMM, NpUyem Hanbosee CyLecTBEHHbIE PAa3IMYNA OTMEYEHDI
B BapuaHTax ¢ 6uoyrnem. Pacuét Krym (no otHoweHuto NPO/MO) nokasan, 4To BO BCEX BapuaHTax
3KCNepMmeHTa OH Obln MeHbwe 1, 4TO CBUAETENBCTBOBANO O npeobnagaHum npoueccos
MUHepann3aLunm ryMycoBblix BeLeCcTB Had UX CUHTE30M
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INFLUENCE OF TEMPERATURE AND MOISTURE ON THE ACTIVITY OF POLYPHENOL OXIDASE AND
PEROXIDASE IN SODDY-PODZOLIC SANDY LOAM SOIL

MOSKVIN M. A., DUBOVITSKAYA V. |.,, TKACHYOVA A.Y., KONONCHUK P.Y.

Agrophysical Research Institute, St. Petersburg, Russia
voron27_88@mail.ru

Abstract. In a 90-day laboratory experiment, the catalyzing effect of polyphenol oxidase and
peroxidase was studied in soddy-podzolic sandy loam soil of varying quality at different
temperatures (20 and 28 °C) and humidity: 18, 21 and 24% - for medium-quality and 22, 25 and
28% - for high quality soil. A general tendency for a decrease in polyphenol oxidase activity with
an increase in temperature was found, while for peroxidase the intensity decreased
insignificantly with an increase in temperature. The introduction of biochar led to a significant
increase in polyphenol oxidase and peroxidase activity in the soil with high quality. In this soil,
compared to the soil without biochar, and to the soil with medium quality, a significant increase
in polyphenol oxidase activity was observed from 30 to 100 days of the experiment. Significant
differences in the activity of polyphenol oxidase and peroxidase in the soil with different moisture
were observed only between dry and waterlogged treatments, and the most significant
differences were characteristic to the treatments with biochar. The humification coefficient
(based on polyphenol oxidase / peroxidase relation) for all the treatments of the experiment was
lower than 1, which indicated the predominance of the processes of mineralization of humic
substances over their synthesis.

Keywords. Temperature. Humidity. Polyphenol oxidase. Peroxidase. Biochar.
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AHHOTauua. B 90-gHeBHOM  MHKYDAUMOHHOM  JKCMEPUMEHTE  MU3YYEHO  BAUAHME
OeKanbuMpoBaHHOro 6uoyrna Ha cofeprkaHuMe M COCTaB TYMMHOBBIX KUCIOT arpogepHoBO-
NoA30/UCTbIX MOYB PA3HOM CTEMEHW T[YMYCMPOBAHHOCTU. [lOKa3aHO, 4YTO YyBe/MYEeHUe
COAEPKAHUA YCTONUYMBBIX GOPM FYMMHOBBIX KMCAOT B COCTABE MX MyMyca CBA3AHO C BbICOKOWM
HACbILLEHHOCTbIO BUOYIrNA KanbLUMEM.

Kntouesble cnosa. N'yMUHOBbIE KMCNOTbI, ryMUbUKaLMA, MUHEpanusaums, bMoyronb, Kanbuuii.

BeepeHue

Buoyronb (BY) ABnAeTcA HOBbIM BWMAOM OPraHOTreHHbIX MenMopaHToB. [lepcnekTusa
NCNO/Ib30BaHWUA €ro B CE/IbCKOM X035AMCTBE, B TOM umncae n Poccuiickon ®egepaummn, obycnosnnmsaer
npUcTasbHOe BHMMaHUE uccnepoBaTeNielt K Pas/IMiHbIM acnekTamM ero AeWCcTBMA Ha CBOWMCTBA M
GYHKUMOHNPOBAHME KOMMOHEHTOB arpoueHo3oB. Ocobbii MHTepec NpPeacTaBAAOT CBEAEHUA O
BAMAHUM BY Ha cocTosiHMe u npoueccbl TpaHchopMaLMKM Tymyca, TaK Kak OT HUX 3aBUCAT YPOBEHb
NAO4OPOAMA M 3IKOMOTMYEeCKas YCTOMYMBOCTb No4vB. B psage paboT oTmevanacb 3HayuTesbHan
aKTMBM3ALUMA MUHEPASTM3ALMOHHBIX MPOLECCOB OPraHMYECKOro BeLLecTBa No4vs nog gencrsmem bY,
yTO MPUBOAMIO K pa3sBuTUIO npouecca aerymmoukaumm (Rittl et al., 2015; Luo et al., 2017). Takne
cBefleHMs CTaBAT Bonpoc 06 akonormyeckom 6€3o0nacHOCTU NPUMEHEHUA 3TOro meanopaHTa. OaHaKo
nocneaHue MccnenoBaHWA MOKasanu, Y4To nNog BavaHvem BY B arposepHOBO-NOA30/UCTbIX NOYBAX
Habnoaanacb aKTUBU3ALUMA HE TO/IbKO MUHEPANU3aLUMKn, HO U TyMUdUKaLMK, 1, OTYACTU, NPOLLECCOB
ctabunusaumm rymyca (Orlova et al., 2019). BbisiBneHo, YTO OANH M3 Hanmbonee MHGOPMATUBHbLIX
rnoKasaTteneih rymycoBOro COCTOAHMA MOYB — TUM Tymyca, Nnoj BAusHMEM BY meHanca B CTOpOHy
NOBbILLIEHMA T'YMaTHOCTU. Kpome Toro, yBenM4mMBaioCb KOIMYECTBO FYMUHOBBIX KMCAOT (MK), cBA3aHHbIX
C Kanbumem. 0b6a 3Tux daKTa ABNAIOTCA XapPaKTepPHbIMW MPU3HAKaMM YBE/MYEHUA CTabunusayuma
CUCTEMbI TYMYCOBbIX BellecTB. [puyem, ecnM akTMBM3aumsa nog BaAuAHMem BY npoueccos
rymmourKaumm, BEPOATHO, CBA3aHa C USMEHEHMEM COCTaBa U CTPYKTYpPbl MUKPobuoThl (LLlaxHa3apoBsa u
Aap., 2020), To MexaHU3M yBe/IMYeHMA B cOoCTaBe rymyca 6osiee yCTOMUYMBBLIX K MUKPOOMOIOrMYecKom
TpaHchopmaunmn Gopm ryMMHOBBIX BELLLECTB NOKA OCTAETCA HEACHbIM. BO3MOXHO, Nnpu BHeceHun BY B
no4yBy cosgalTca crneunduryeckne ycnosua aAna obpasoBaHUA 3TOM PpPaKuUM — OYEHb BbICOKOE
cogepskaHue Kanbuma u/mam cnocobHoctb camoro BY K agcopbumm K.

Lenb paboTbl — OUEHUTb BO3MOMXHble MeXaHW3Mbl CTabunausauum rymyca arpofepHOBO-
NoA30AMUCTbIX NOYB NPU BHeceHMU B noysy bBY. 3apgaya uccnenoBaHMA — CPaBHUTENbHOE U3YyYeHUe
TpaHcpopmMaLmMKM rymyca Npu BHECEHMM B NoYBy BY, 40 1 nocne ero AeKanbUMpOBaHMSA.

O61beKTbl U MeToAbl UccnenoBaHUA
OCHOBHbIMW O0ObEeKTaMM UCCNeA0BaHMA ABUAUCL MNaxOoTHble ropusoHTbl (0-20 cm) AByx

OKY/IbTYPEHHbIX AEPHOBO-MOA30/MUCTbIX NOYB MAaTYMHCKOrO panoHa JleHuHrpaackoi obnactu. Moysbl
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XapaKTepM30Ba/IUCb aAHANOTMYHbIM FTEHE3NUCOM W CTPYKTYPOM, HO pPasAnMyanncb NO COLEPKaHWIO
rymyca: noysa 1 — cpeaHee, noyBa 2 — BbiCOKOe. BMOyronb, Mcnonb3yembii B 3KCNepuMeHTe, 6bin
npousseaeH ObICTPbIM NUPOAN3OM M3 ApeBecuHbl bepesdbl M ocuHbl Npu 550°C. MogpobHas
XapaKTepucTuKa BY npeactasneHa paHee (Orlova et al., 2019). lekanbunpoBaHue BY ocywecTBnanocb
06paboTKOM €ero KMCNoToM A0 OTPULATENbHOM pPeakuuu Ha KanbUuii aHANOTMMYHO TPaAULMOHHOM
onepauuu ageKkanbumpoBaHua noys (Opnoea, bakmHa, Opnosa, 2008). SKCNepUMeEHT NpPoBOAMAN B
MAacTUKOBbIX cocygax npu Temnepatype 25°C m BnaxHoctm 60% OT MOJIHOM BAAroemKocCTy,
AnuTenbHocTb MHKybaunm 90 gHelr. Macca nousbl B cocygax coctaBnana 300 r B nepecyeTe Ha cyxoe
BellecTBo. Mccnegosanm 3 BapuaHTa OMbiTa A5 Ka)KAoW Mo4YBbl: KOHTPO/b (noyBa 6e3 go6aBok),
noysa + BY, nousa + BY AekanbuupoBaHHbI (BYAek.). KoHueHTpauma BY B nouse coctasnana 1%.
MoBTOpHOCTL ONbiTa 4-XxKpaTHasa. [ns onpegeneHusa cocTaBa rymyca ObliM MUCNONb30BaHbl ABe
oTaenbHble BbITAXKU: HenocpeacteeHHaa 0,1 M NaOH-BbITAXKa, KOTOpaA W3BJIEKAEeT rNYMUHOBbIE
kucnotbl (FK) n ¢dynbeokucnotol (PK), cBoboaHble M CBA3aHHblE C NOABWMKHBIMW MONYTOPHBIMM
okcngamm (ppakums 1), n 0,1 M NasP,07-BbiTAXKKa, B KOTOpyto nepexoanaT MK u ®K, nssnekaemole
HenocpeACTBEHHOM LWeNoYHOM BbITAXKKOM, natoc MK n @K, cBAsaHHble ¢ Kanbunem (Ppakumm 1 + 2).
OnTnyeckaa NAOTHOCTb PpPaKUMIA, OocaxKAaeMblX KUCNOTOM, b6blna usmepeHa npu 465 Hm (E4). Ona
OLLeHKM cTeneHn BeHsomaHocTv TK Mcnonb3oBaH MHAEKC onTuyeckoi naoTHocTH (Ecn™ mal).

Ctatuctuyeckyto 06paboTKy AaHHbIX npoBoanaun ¢ nomouibio IBM SPSS Statistics, Version 25.
[OCTOBEPHOCTb PasNYMn MeXay CpefHUMU OLEeHMBAAN C nomolubto Tecta CTbtogeHTa-HblomeHa-
Kenca (Student-Newman-Keuls test) npu P <0,05.

Pe3ynbTaTbl U 06Ccy}KaeHue

MokasaHo, YTo 06a MccneaoBaHHbIX BapuaHTa BY (M He 06paboTaHHbIN, U AeKaNbLUUMPOBaHHbIN)
33 TPEXMECAYHbIN CPOK MHKYBaLUUKM Bbi3BaN 3HAUMTE/IbHbIE U3MEHEHUA B COAEPXKAaHMM U COCTaBe
rymyca arpoAepHoOBO-MOA30/AUCTbIX MOYB. B xapakTepe mM3ameHeHWU 6blan BbiABAEHbI Kak obuiue
4yepTbl, TaK U pasnmuunsa (tabanua).

Tabnunua. BavaHve pasnnyHbix popm bUoyrns Ha cogeprkaHue obLLero yrneposa U OCHOBHbIX
rpynn ryMUHOBbIX BELLECTB

Cymma MK Cymma OK

rosea Bs::i:T Cosu, % : C, %K Co6u\f. Cr/ Con
CpeaHe- RoHTpone 1,34 b* 22,4 a 22,4b 1,00 a
ryMycMpoBaHHas By L17a 27,4 c 214 a 1,28
+bYaex 1,30b 23,8b 20,0 a 1,19b

Bbicoko- KoHTponb 2,54b 22,83 24,4c 0,94 a
ryMyCcMpOBaHHas By 2,39a 23,8b 16,3 a 1,46 b
+bYaex 2,45 a 25,0 ¢ 19,6 b 1,34 b

* - pasHbIMM ByKBaMK 0603HaYEHbI CpegHME 3HAYEHUSA, CTAaTUCTUYECKM 3HAYMMO pas/inyatolLmecn
mexay cobori npu P < 0,05 (NpnHaANEeKHOCTb K Pa3HbIM NMOAMHOXECTBaM).

Pe3ynbTaTbl M3yyeHUsA BAMAHMA BY, He npollealuero onepauymn AeKanbLMpoBaHUs, Ha NPOL,ECcChl
TpaHchopMaLmMm rymyca NONHOCTbIO MOATBEPAMAMN BbiIBNEHHbIE paHee 3akoHomepHocTu (Orlova et
al., 2019). U B Toi, 1 B Apyroi noyse HabOLANOCH CHUKEHUE COAEPMKAHUA 0BLLErO OpraHNYecKoro
yrnepopga, nosbiweHune gonu MK n cHmkeHme ®OK B coctase rymyca, pacwmpeHune oTHoweHua Cr K Cox,
3HauuMTenbHoe yBenunyeHue Konudyectsa MK ¢pakumm 2 (puc.). Cheagyet oTMETUTb, YTO FYMUHOBbIE
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KMCNOTbl 3TON PpaKLMn ABNAIOTCA XMMUYECKN aKTUBHBIMW, CNOCOOHbI K B3aMMOLENCTBUAM MO TUNY
MOHOTeHHbIX cBA3el, 06pa3ya reTepononApHble COeANHEHMA CO LLLENOYHBIMU U LLLEeNOYHO3EeMENbHbIMU
KaTMoHaMu (B NnepByto oyepessb, ¢ Kanbuuem) (Opnosa, bakmHa, Opnosa, 2008), n B 3Toi popme cBA3U
C MMHEepPanbHbIMN KOMNOHEHTaMM 061a4at0T NOBbLIWEHHOW YCTOMUYMBOCTbIO K MUKPOBMONOorMyeckomy
BO34ENCTBUIO.

0,6

0,5

0,4

@ rk1
M K2

KoHTponb bY bYnek. KoHTponb bY bYnek.

CpeAHeryMycnpoBaHHas BbICOKOTYMYCMPOBaHHasA
BapWaHT onbiTa

Puc. BansaHue pasnnyHbix popm BY Ha cocTaB r'yMMHOBbLIX KUCAOT.

B BapraHTax skcnepumeHTa € AeKanbLMpoBaHHbIM BY B ryMyCcOBOM COCTOAHMM UCCIeA0BaHHbIX
MoyB TaKXKe OoTMeyeHOo nosbiweHune KonmvectBa MK n otHoweHua Ci K Cox. OCTaNbHbIE N3MEHEHWA,
Bbl3BaHHble BO34ENCTBMEM Ha nNoyBbl BYAEK., HOCMAM WMHOW XapakTep — aKTMBM3auMA
MWHEpPaZIN3aLMOHHbIX NPOLECCOB BblparKeHa TO/IbKO B MOYBE C BbICOKMM COAEPKAHWEM TFymyca, U
3HauuTeNbHO cnabee, yem B BapuaHTe C HEM3MEHEHHbIM BY. BO3MOXKHO, 3TO CBA3AHO HE TONbKO C
notepen KanbuuMAa Npu ero npeasaputenbHon o6paboTKke, HO W noTepen APYrUX 3SN1EMEHTOB
MWHEPAZIbHOTO MUTAHUA, YTO M CKa3aNloCb HA CHUMKEHUU WHTEHCUMBHOCTU MUKPOBMONOrMYecKmx
npoueccos. Kpome TOro, OTCyTCTBOBANM U3MEHeHUA B cogepkaHum K, cBA3aHHbIX C KanbLMem — He
6bIN0 BbLIABNEHO HW MNOABNEHME WX B CPeAHErymycMpoBaHHOM MO4YBE, HU YyBe/NMYEHUE B
BbICOKOTyMycMpoBaHHoOM. CnepoBatenibHO, ob6pa3oBaHue 3tux ¢opm K npu BHeceHun BY B nousbl
06YyCNOBNEHO BbLICOKUMM cOAep’KaHMEM B HeM obmeHHbix ¢opm Kanbumsa (Dai et al., 2017), u
aHa/ZIOMMYHO MpOLECCY, KOTOPbIM Habnogaetca B MOYBax MpPU MX M3BECTKOBAHUM WUAM BHECEHWUM
KanbLMN-COAEPIKALLNX MESTUOPAHTOB.

65



Proceedings of the international scientific seminar
"Biochar: properties, application in agriculture, effect on soils, crops and environment"
Agrophysical Research Institute, St. Petersburg, Russia December 08, 2020

BbiBoAbI

BHeceHne bBY B arpogepHOBO-NOA30/UCTbIE MOYBbI  BbI3bIBAET KaK OTpULATENbHblE
(aerymmounKkauma), Tak M NONONKUTENbHble (MOBbIWEHME YCTOMYMBOCTM Tymyca) WM3MEHEHMA B
TpaHchopmaumm opraHudeckoro BewectBa. OCHOBHbIMM nNpoueccamu cTabuamsaumm rymyca
ABNAIOTCA 3HAUUTENIbHOE paclWMpPEeHMe OTHOWEHUA T[YMUHOBBLIX KUCAOT K (y/bBOKUCAOTaM WU
YBE/IMYEHME B COCTABE NyMyca yCTOMUYMNBbLIX GOPM 'YMUHOBBIX KNCAOT.
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THE STABILIZATION OF AGRO SODDY-PODZOLIC SOIL HUMUS UNDER BIOCHAR

ORLOVA N.E.!, ORLOVA E.E. 1, SHAHNAZAROVA V.Yu. %2, SMIRNOVA K.A. 1
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2 All-Russian Research Institute for Agricultural Microbiology, St. Petersburg, Russia
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Abstract. The effect of decalcified biochar on the humic acids content and composition in agro
soddy-podzolic soils with different humus content was studied in a 90-day incubation
experiment. It was shown that the increase in the humic acids stable forms content was

associated with the high saturation of biochar with calcium.

Keywords. Humic acids. Humification. Mineralization. Biochar. Calcium.
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AHHOTauua. B nonesom onbiTe ObINO M3Yy4EeHO BAMAHME OWoOyrns Ha rugpodusmnyeckmne
XapaKTEPUCTUKN arpoTEMHOIyYMycoBbIX noabenos MpnmMmopcKoro Kpad, 061aarowmx TaKENbIM
rpPaHy/IoOMeTpMYEcKMM cocTaBom. OCHOBHbIe TMAPODOUIMYECKME XaPaAKTEPUCTMKM NOKa3ann, 4to
Ha BTOPOM rof, nocne BHeceHua buoyrna B go3ax 1 n 3 Kr m—2 — 6Moyronb He AaéT 3aMeTHbIX
YAYYLLIEHUIN, HO U He yXyALluaeT NoKasaHUsa BOAHO-PMU3NYECKUX CBOMCTB NaxoTHbIX FOPU3OHTOB.

Kniouesble cnosa. buoyronb. Mmpgpodusmyeckme csoictea. lMaxoTHble nousbl. MpMMOpPCKUIA
Kpan.

BeepeHue

BogHo-pusnyeckne cBOWCTBA ABAAIOTCA OAHMMM M3 BAXKHbIX MOKasaTesnen B MNOBbILLEHUM
NA0A0POAMNS arponoys. B yc/10BUAX MHTEHCUBHOTO 3eMe4e/INA NOYBbI UCMbITLIBAIOT Ha cebe CUNbHYIO
aHTPOMOreHHY0 HarpysKy, NoABEPraoTCA BO34ENCTBMIO Pa3/INYHbIX MPUEMOB BO3AE/bIBAHUA KY/bTYP,
npeaycMaTpUBaOLWLMX MHOTOKPaTHbIe NPOXOoAbl TEXHWUKKW, 6ONbLIMX HOPM yaobpeHulid U cpeacTs
XMMU3aLMWN, YTO MOXKET MPUBECTM KaK K HEraTUBHOMY B/AMAHMIO Ha MOYBY, TaK M Ha MOYBEHHbIE
npoueccol (Kosbibaesa, 2017).

Ona arponous MPUMOPCKOro Kpaa xapaKTepeH TAMXKe bl rpaHyioMmeTpuyeckuin coctas (Menes,
2001), B COBOKYMHOCTM C BAMAHUEM MEXAHNYECKOro BO3AEMNCTBUA HA NOUYBbI NPUBOAUT K YXYALIEHUIO
YCNOBUIA poOCTa W pPa3BUTMA pPacTEHW, a 3TO, B CBOK oOuYepedb, MOXKET CHU3UTb YpPOXKal
CEe/IbCKOX03ANCTBEHHbIX KyAbTyp. O4HUM M3 Npeanaraembix NyTen peweHua sTux npobnem asnaerca
BHeceHue B noysy buoyrns.

Lenb wuccnegoBaHMA: MNoOKas3aTb M3MeHeHMe rMapodU3MUYEcKMX MoKasaTenen naxoTHbIX
rOPM30HTOB arPOTEMHOINYMYCOBbIX N0A6€108B NPU UCNO/Ib30BaHMM Pa3INYHbIX 403 6KMOYraA Ha BTOPOW
rof, aKcnepmmeHTa. B 3a4aum BXoAWIO: NPOCAEANTb U3MEHEHUSA B NOKa3aHUAX 06bEMHOM macchbl (OM)
M NOYBEHHO-TUAPONOrMUYECKUX KOHCTAHT (nonHaa BnaroémkocTb (MB), HaMMeHblLaa BAAroEMKOCTb
(HB), BnaxkHOCTb pa3pbiBa Kanuanapos (BPK), ananasoH nerkonogsuykHoi Bnaru (4/1B)) naxoTHbIX
rOPU30HTOB arpoTEMHOryMycoBbiX noabesnos npu gobasneHmn 6uoyrna gozamu 1 m 3 Kr/m? Ha
ApeHaxHon u besgpeHaxkHoOM cuctemax. OT60p NpPob MOYB BLIMNOAHANANCL MO OOLEMNPUHATLIM
METOAMNKAM; rMapodU3nYecKan XapaKTepUCTUKa MOYB — C NOMOLLbIO MeToAuKK onpeaeneHuns FOC
Nno4s U3 OZIHOr0 Me30MOHO/INTa (4-5 NOBTOPHOCTEN).

O61beKTbl U MeToAbl UccnepoBaHUA

O6beKTbl UCCIeA0BaAHMA PACMO/IOKEHbI B NPUOpPEXKHOM arpoKAMMaTUYEeCKoM 30He NpMMOopPCKoro
Kpana Ha TepPUTOPUM SKCMEPUMEHTANIbHOIO OMbITHOrO y4YacTKa (6 ra) c oBowHbIM ceBoobopoTom ¢
npumeHeHnem rnybokoro apeHaxka ([) (120 cm) n 6e3 apeHaxa (B[l) Ha TeppuTopumn Mprumopckoi
OBOLWHOWM ONbITHOM cTaHuun — dunmana PreHY «PHL osouweBoactsa» (c. CypaskeBka). lNousbl
npeacTaBNeHbl arpOTEMHOryMyCOBbIMM MNoabenamm Ha AeNtoBUaNbHbIX OTAOMKEHUAX TAUHUCTbIX
cnaHues. buoyronb (M3 apesBecHbIx octaTkoB Bepesbl Betula alba, nonyyeH metogom nuponmsa npwm
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Temnepatype 360-380°C) B go3ax 1 v 3 Kr M Bbl/1 3a/103KEH B NaxOTHbIA FOPU3OHT B UioHe 2018 r.,
noyBeHHble 06pasLpbl 6b1M 0TobpaHbl B 2018-2020 rog,

Pe3ynbTtatbl M 06CyKaeHue

MnoTHOCTb NoYBbl Ha Be3apeHaxkHoM cucteme oceHb 2019 roga nNaxoTHble ropu3oHTbl Honee
ynnoTtHeHbl (1,21+0,05 (KoHTponb), 1,24+0,04 (1 kr), 1,15+0,11(3 Kr)) no cpaBHeHUto ¢ BecHoi 2019
(1,01+0,04 (KoHTpOAB), 0,96+0,14 (1 Kr), 0,99+0,05 (3 Kr)) 1 2020 rogos (1,00+0,03 (k), 1,14+0,04 (1 kr),
1,11+0,09 (3 Kr)) - B 3TOT Nnepuog, bbina pasa NoJHOro CO3PeBaHUA COU, HA APEHAXKHOM cUCTEME B 3TOT
nepuog 6bin yxe cobpaH Kaptodenb. CpaBHMBAA C KOHTPO/MEM, 3HAYEHMA OOBEMHOM Maccbl B
BapMaHTax ¢ buoyrnem MHoOrga MoBbIWAOTCA, 0OBACHUTL 3TO MOMKHO TEM, YTO BO3MOXKHO 6MOyronb
pacnagancb Ha YaCTUYKKU, YaCTUYHO BIOKMPYET NOpPbl, TEM CaMbiM YBE/IMUYMBAA NJOTHOCTb MOYBbI, HO
3TO HEe NOB/IUANO OTPULLATENIbHO Ha OLEHKY MIOTHOCTU FOPU3OHTOB.

MonHas BNAaroéMKocTb — Hambosbluee KOMYECTBO FPaBMTALMOHHOW BOAbI, KOTOPOE MOXKET
BMECTUTb MNOYBa MNPW MOJNHOM 3aMO/IHEHMM BCEX MNOP BOAOW, 3@ WCK/IOYEHMEM 3aHATbIX
“3awemneHHbim” 1 agcopbupoBaHHbiM Bo3agyxom (LLeunH, 2005). 3HayeHUs NOIHOM BNAaroeMKocTu B
BapuaHTe onbiTa 6e3 apeHarka BecHol 2019 (57,8+1,6 (K), 56,9+2,6 (3 Kr)) npakTUYECKN HA YPOBHE
3HayeHu yepes rog, (58,5+1,5% (K), 56,8%3,8% (3 kr)). OgHaKo B nepBoM caydyae 6Moyrosib B Ao3e 1 Kr
yBe/MuYMBaeT BogoBmecTMmocTb (66,5+0,8%), a Bo BTopom — ymeHbliaeT (48,7%). B apeHakHoM
cucteMe HabnwaaeTcs 3aMeTHOE MOBbllEeHWe 3HadyeHuin BecHon 2020 roga c yBe/IMYEHMEM A03bl
6uoyrna (64,7 +1,2% (3 Kr)) no cpaBHeHUIO ¢ KOHTposiem (49,6%).

HavmeHbluaa BNaroemKocTb - Haubosbluee KOJMYeCTBO KanUANAPHO-MOABELEHHON BAaru,
KOTOpYHO MNo4yBa CNOCOBHa yAepKuBaTb KaNUANAPHbBIMK CUAaMM nocne CBOOOAHOro CcTeKaHus
rpaBUTaLMOHHOM BlarM. 3TO OYeHb BaXKHas XapaKTePUCTMKA, YKa3blBaloLW,an Ha BOAOYAEPKUBAIOLLYIO
cnocobHocTb noysbl 3HayeHMAa HB Ha obenx cuctemax oceHb 2019 roga (25,6-26,8 + 0,9-1,7%) —
OLLeHMBAETCA KaK HeyaoB/NeTBOPUTENBHO M YA0BAETBOPUTENBHO MO LWKane oueHKK (Tabamua 1). Ha
APEeHaXKHOW cucteme 6Moyronb NosBbicuA 3HavyeHMA HB oceHbto 19 roaa (28,3+0,9% (3 Kr)) 1 BecHol 20
roga (44,9+1,7% (3 Kr)), n nonyynmna OUEHKY — XOpoLlaa M Haunydwasn. B ocTanbHbix BapuaHTax
BUAUMbIX U3SMEHEHUI He NPOU30LLNO.

Tabnuua 1. OueHKa 3Ha4YeHN HaumeHbLuel Bnaroémrkoctn (0O3HobuxmH, 1985)

HB, % OueHKa

40-50 HannyyLwasn

30-40 Xopouas

25-30 YAOBNETBOPUTEIbHAA
MeHee 25 Hey[0BNeTBOPUTEIbHAA

BnaxKHOCTb paspbiBa KanUAAPOB - XapaKTepu3yeT 3aMeTHOe YMEHbLIEHME MNOABUMKHOCTU
KanunnAapHOM BAarv, Koraa NOYBEHHAs KanWANApPHaAA Baara y)e He npepncraBnset coboit eanHom
rMOPaBANYECKON CBA3M, a PAcnafaeTcA Ha OTAe/bHble Kanuanapbl U OCTAaeTcA B BUAE MJIEHOK.
[BuxKeHne BOAbl, ee AOCTYNMHOCTb ANA PACTEHUN PE3KO CHMXKAeTCA. ITa BAara HenoABUXKHA, HO
dur3nonornyeckn AoctynHa Kopewkam pacteHuin (LenH, 2014). 3Ha4yeHMA CUBHO HE BapbUPYHOT BO
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BCEX BapMaHTax ONbITa, CaMble HU3KWNe 3HauYeHns Habnroaatotcs oceHbto 2019 roga Ha o6eunx cuctemax.
B BapunaHTe 6uoyronb 3 Kr Ha gpeHaxkHol cucteme (35,9+1,3%) Ha BTOpoM roa 3Ha4YeHMA NOBbICUAUCD
Mo CpaBHEHWUIO C KOHTponem (29,7+4,1% (K)).

[Onana3oH NerkonoaBWMKHOM, NerkogocTynHoM Aana  pacteHui Bnarm (HB — BPK) -
paccMaTpUBaeTCA KaK KaTeropusa Mexay OTAeNbHbIMU T[UAPOIOTMYECKMMM KOHCTAaHTaMKU. 3ITO
Hanbonee apdeKTMBHAA YacTb TON NPOAYKTMBHOM BNarn, KOTopas XxapakTepusyeTtcs guanasoHom (HB-
B3). 3TOT Anana3oH BNAXKHOCTU ceayeT NoAAepPKMBaATb B KOPHEOBUTaeMoM c/ioe, YTobbl M3bexaTb
HEeNpPOAYKTMBHbIX MOTEPb B/IAarM HA CTEKAaHME €ee B HUKenexawue C/oNn U B TO Ke Bpemsa
cnocobcTBoBaTh Hambonee adpdpekTMBHOM paboTe GOTOCMHTETMYECKOrO annapaTta pacteHuit (Lewnn,
2014). 3necb HabnoaaeTca NOXoXKasA TeHAEHUMSA, YTO M Npeablaylwein noYBeHHO-TMAPON0rMYECKOM
KOHCTaHTe. 3HaYeHMA OCEHHEero nepmoaa Ha obenx cucTtemax HUXe, Yem B BeceHHue nepuoabl. EcTb
TEHAEHUMM K NOBbILIEHMIO 3HaYEeHUI B BapnaHTe ¢ buoyrnem Ha BTopoi rog (9,0+0,3% (3 Kr)).

BbiBOAbI

Takum obpazom, 06bemMHan macca Ha obenx cuctemax He3HauyMUTeIbHO YBENNYNAACh B BECEHHUA
nepuog 2020 roga no cpaBHeHuo ¢ 2019 rogom. B HeKoTopbIx BapuaHTax ¢ bMoyriém npounsowno
NnoBbllleHMe 3Ha4YeHN 00 BEMHOM Macchl. Bce BapnaHTbl UMEOT ONTUMAJIbHYIO NAOTHOCTb.

1) NonHana BnaroémkocTb 3Kcn. (%) BapunaHTe onbiTa 6€3 gpeHarka BecHon 2019 npaKTUYECcKn Ha
ypoBHe 3HauyeHui uyepe3 roa. OgHako B nepBomM ciyy4ae 6uoyronb B Ao3e 1 Kr yBennymBaet
BogoBmecTMmocTb (66,5+0,8%), a Bo BTOpomM — ymeHbliaeT (48,7%). B apeHarkHOU cucteme
HabnogaeTca 3ameTHoe NoBbiWweHWe 3HaYeHni BecHon 2020 roga ¢ yBennyeHnem ao3bl buoyras no
CPaBHEHMIO C KOHTPONEM.

2) HaumeHbLan BNaro@MKocTb 3Kcn. (%) Ha obeunx cuctemax oceHb 2019 roga — oLeHMBAETCA KakK
Hey40BNETBOPUTENbHO U YA0BAETBOPUTENBHO. Ha ApeHarkHOW cucTeme 6MOYyro/ib MOBbICUA 3HAYEHUS
HB oceHbto 19 roga u BecHon 20 roga, v NoAy4Ynaa OLLEHKY — XOpPOLUAs U Hauayywas.

3) Bna*KHOCTb paspbiBa KanuanapHon ceAsn (%) B obemx cuctemax 3HayYeHWsi KOHTpOnA u
BapWaHTbl ONbiTa C 6BMOyrnem CcubHO He BapbMpPYlOT, OAHAKO B BeceHHWM nepuon 20 roaa,
HabnogaeTca yBenmyeHune 3HaveHuit BPK B gose 3 kr 6uoyrns (35,9 +1,3%).

4) Inana3oH nerkonoAsuskHon snaru (%) 6uoyronb B fo3e 3 Kr m2 yBeAMUYMBaAET 3HaYEHUA B
BeceHHUM nepuog 2020 roga Ha obenx cuctemax, B OCTa/lbHbIX BapuMaHTax 3HAYE€HMA CUNbHO He
BapbUpPYHOT.
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THE HYDROPHYSICAL PROPERTIES OF ENDOARGIC ANTHROSOLS PLOUGHED HORIZON WITH
BIOCHAR

POPOVA A.D.%2, SEMALV. I.1.2

1 FEFU, Vladivostok, Russia
2 Federal Scientific center of the East Asia Terrestrial Biodiversity, Vladivostok, Russia
popova.ad@students.dvfu.ru; semal.va@dvfu.ru

Abstract. In a field experiment the effect of biochar on hydrophysical characteristics of heavy Endoargic
Anthrosols of Primorsky Krai was studied. The main hydrophysical characteristics showed that in the
second year after biochar application in rates of 1 and 3 kg m™ — biochar did not have any positive
effect on the studied soil properties, but did not worsen the indications of water-physical properties
of arable horizons eithe.

Keywords. Biochar. Hydrophysical properties. Arable soils. Primorsky Krai.
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CTAPEHUE U TPAHC®OPMALIUA BUOYTIA B NOYBE

PUXMA E. A.22, BANIALLOB E. B.!, XOMAKOB 0. B.%, BEPTEEHbIN B. E.}, AYEOBULIKAA B. 1.2,
MOCKBMH M. A1

L ®reHY A®U, CaHkm-lemepbype,
2 rb0Y BO «PITMY», CaHkm-lemepbypz
alenarizh@yahoo.com; agrophys.inst@yandex.ru

AHHOTaumA. B BeretTauMOHHO-NONEBOM 3KCNEPUMEHTE Ha AEPHOBO-NOA30/IMCTON cynecyaHou
NMoYBe C Pa3/IMYHOMN CTENEHbLIO OKY/IbTYPEHHOCTU M3Y4YaioCb U3MEHEHUE YAeIbHOW MOBEPXHOCTU
M XMMMUYECKOro cocTaBa 6uoyrns, BHeceHHoro B go3e 20 T ra™l. YaenbHas nosepxHocTb 6uoyrns
M3yyanacb nNo metoay aacopbumm metuneHosoro ronyboro (FOCT 13144-79), XMMUYECKUM
aHanu3 6Moyrna BbINOMHANM Ha 3/1eMeHTHOM aHanu3atope Euro EA3028-HT (EuroVector,
Wtanua). Pe3ynbTaTbl MCCNeLOBaHMA MOKA3aaW, YTO HaxoxKAaeHue («cTapeHue») buoyrna B
BapuMaHTax MoyB CNocobCTBOBA/IO MOBbLIWEHUIO €ro yAes/lbHOM MOBEPXHOCTU U YBEINYEHUIO
coaepraHusa KucnopoacoaepKawmx GyHKLUMOHANbHbIX Fpynn. Pe3ynibTaTbl pacyéToB OTHOLEHW
H/C, O/C n (O+N)/C cBuaeTenbcTBoBasM O TOM, YTO CTE€MeHb apoMaTM3auuM OpraHUYecKoro
BeLlecTBa 6Moyrna B NepBbIi rod, UCCeA0BaHNIM OCTaBasacb NOCTOAHHOM, HO apoMaTUYecKoe
OpraHM4YecKkoe BeLLecTBO buoyrna M3 nousbl ¢ 6osee HU3KMM KavyecTBOM 6bio B Hosbliein
CTeneHu NoABepPsKeHO MMHEPaN3aLLUK

KntoueBble cnosa. buoyronb. lepHoBo-noa30ancTas noysa. CrapeHue. YaenbHas NoBepPXHOCTb.
XUMUYECKMI1 coCTaB yras.

BsepgeHue

Mcnonb3oBaHue GUOyrna gna CeKBECTPaUMM yraeposa B NOYBaX U y/yylUeHWA NOKasaTenew
NOYBEHHOrO NJ1040POAMUA MPUBNEKNO HAyYHOE BHUMaHWe BO BCcemM mupe. bruoyronb - 3To obyrneHHas
6buomacca, npousBogMMaAa MNpU MNOMOLLM MNUPOAM3A B YCNAOBUAX OFPAHUYEHHOrO MOCTYNAEHUA
KMcnopoga wAu npu nosHom ero otcytctBum (Lehmann et al., 2011). Bo Bpema nupoamsa
anndatunyeckme uenm C B UCXO4HOM Cbipbe NpeBpaLLatoTca B apomatmyeckuii C (Zeng et al., 2011), u B
TaKoM BuAe 6MOYronib MOXKET COXPaHATLCA B MOYBE B TeYeHWUe coTeH M Tbicad neT (Knicker et al., 2013;
Kuzyakov et al., 2009). CnepoBatenbHo, BHeceHne 6Moyrna B No4By MOXKeT cBA3bIiBaTb C, ocnabnsa
yBenn4eHne cogep:kaHua yrnekucnoro rasa (CO;) B atmocdepe (Lehmann, 2007). Kpome Toro, Bo
MHOTUX nccnenoBaHmAx bbI10 YCTaHOBAEHO, YTO 6BMOYronb cnocobeH CHUMKATb IMUCCUIO 3aKMUCK a30Ta
(Pvxkna n gp., 2015), yennumaTb NOPO3HOCTb a3paLLMn U BAArOyAEPKUBAKOLLYH CNOCObHOCTL (Basso
et al.,, 2013), ymeHbLaTb BbIMbIBaHNE NUTATE/IbHbIX BELLECTB M3 MOYBbI M MOBbIWATb YPOXKANHOCTb
CENbCKOX03ANCTBEHHbIX KyNbTyp (MyxuHa, 2017).

OpHako 60NbLWKNHCTBO PaboT He yunTbiBaEeT Te PU3NYECKME N XMMUYECKME N3SMEHEHMA, KOTOpPbIE
npoucxoaAaT B 6buoyrne B pesysnbTate e€ro NPOrpeccUpyroLlero «CTapeHua» npu BHECEHMU B MOYBY
(Major et al., 2010; Rechberger et al., 2017). Mocne BHeceHMs B NO4YBbl apOMaTUYECKUE CTPYKTYPbI,
NopMCcTOe NPOCTPAHCTBO M NOBEPXHOCTb BMOYrNA NOABEPratoTCA BO34ENCTBUIO MUKPOOPraHNU3MOB U
B3aMMOLENCTBYIOT C MOYBEHHbBIMW  OPFraHUYECKUMU U HEOPraHUYeCKMMWU  COeAMHEHUAMM,
MUHepanamu n pactBopamu. Hanpumep, ulyyeHue «CTapeHua» 6uoyrns, NpPUroToBNeHHOro M3
Pa3/IMNYHOTO CbipbA, NPOAOKUTENBHOCTU OKUCIEHMA U TEMMNEPATYPbl B UCKYCCTBEHHbIX 1aB0OPATOPHbIX
ycnosuax (C MCNosb3oBaHMEM BOAAHOIO Mapa WAWM BO34yXa, TAKXKe KaK M C MCNO/Jb30BaHUEM
Pa3/INYHBbIX XMMWYECKUX peareHToB), MOKasa/n, 4YTO B MeSIMOpPaHTe M3MeHANacb yAeNbHasA
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MOBEPXHOCTb 3a CYET YAANEHUA NeTyuyux opraHudeckux coeauHeHuin (Vithanage et al., 2015),
3/1eMEHTHbIN cocTaB U GyHKLUMOHaNbHble rpynnbl (Mia et al., 2017), ymeHblwanace nabunbHaa pakuma
(Singh and Cowie, 2014). MNocKonbKy BHeCceHWEe B MOYBbl BMOYrNA Kak OpraHMYecKoro MeanmopaHTa
ABNAETCA HeobpaTMMbIM, OLLEHKA BPEMEHHbIX M3MEHEHUI €ro apoMaTUYECKOW CTPYKTypbl WM
3/1eMEHTHOro CoCTaBa TaKKe HeobxoaMma Ana 060CHOBAHHOIO BbIGOpa paLMOHaAbHbIX CNocob0oB ero
ANUTENBHOTO NpUMeHeHuA. Takum obpasom, ana 060cHoBaHUA 3PDEKTUBHOCTM MCNONb30BAHUA
6Moyrna B CeNbCKOXO3AMCTBEHHbIX MOYBAaX HEOOXOAMMO YETKO NpeAcTaBAATb HaMpPaB/IEHHOCTb ero
N3MEHEHMN, NpoTeKaowWwMmx B noyse. NosToMy Lenb A4aHHOrO UccaeaoBaHMe — U3yYeHMe CTAPEHUA U
TpaHchopmaunmn 6Moyrna B NONEBbIX YCNOBUAX LAEPHOBO-NOA30/IMCTON MOYBbI MO U3MEHEHUIO €ro
yOEeNbHOM NOBEPXHOCTM M XMMUYECKOTrO COCTaBa.

O61beKTbl U MeToAbl UccnepoBaHnA

Monesble nccnefoBaHUA NPOBOAUANCL HA TEPPUTOPUN IKCNEPUMEHTANIbHOM OMbITHOM CTaHLLUK
®reHY A®U (MOC-A®U) (n. MeHbKOBO, [laTUMHCKUI painoH, JleHWHrpagckaa obnactb). Ha
Arpodusnyeckom craumoHape MOC-ADPUN B mae 2019 roga 6Gbin 3a10XKeH BereTaLMOHHO-NONEBOM
aKkcnepumeHT. O6BbEeKT uccnegoBaHWA - AEPHOBO-NOA30MAUCTbIE CcynecyaHble no4Ysbl. OnbiTHble
fenaHkn pasmepom 4 m? (2x2 m) 6bian 3an03KeHbl Ha napuennax noys co cpegHeit (COK) 1 BbICOKOM
(BOK) cTeneHbio OKYyNbTYPEHHOCTW, Ha KOHTPOJIbHbIX y4yacTKkax (6e3 A0no/HUTE/IbHOrO BHECEHUS
Pas3/INYHbIX 403 MMUHEPasbHbIX yaobpeHuit). Mousa nmena ciaboKUCyO peakLuto cpeapl, cpeaHee
coaepaHue obwmx yrnepoga u asota (1,72 n 0,11 % 1 2,94 n 0,17 %, COOTBETCTBEHHO), AOCTAaTO4HOE
KONMYECTBO MMUHEPasIbHOIO a30Ta U Kanus, BbicoKoe cogepkaHune ¢ocdopa. OTHoweHmne CK N (11,7 m
17,3, cOOTBETCTBEHHO) YKa3blBaeT Ha NpeobaafaHNe B BApMAHTAX NOYB NPOLECCOB MUHEPAIN3ALMMN.

B KauecTBe BMoyrna NCNoNb30BanCA APEBECHbIN Yyronb U3 6epesbl copTa «Mpemuym» (bepesa 1
Knacca), ¢pakyma c pasmepom uYactuy yrna 0,5-5,0 cm. MpomsBeaeH ObICTPbIM MUPOAN3OM MpU
Temnepatype 600 °C Ha npegnpuatnn 000 «Panepsya» (/leHUHrpagckas 06n, TOCHEHCKUIA p-H, A.
KopkuHo). Mepesn BHeceHMeM B No4yBy 6MOYrosib NpPoOCeMBanun Yepes CUTO C PA3MEPOM AYENKM 2 CM.
Takum obpasom, ona aKCNnepuMeHTa MCNosb3oBann ¢pakunn buoyrna meHblue 2 CM B AnameTpe.
Buoyronb BHocMAM B BepxHMM 10-cm cnoi nousbl BpyyHyto. Ha 87% 6uoyronb 6bin npeacrasneH
LUMKIMYECKMMM U apOMATUYECKMMWN CoeaMHEHNAMM yraepoaa. A3oT coaeprkanca B konmdectse 0,4%,
B OCHOBHOM B (opme aMMOHMA, HUTPATbl OTcyTcTBOBanM. B peduumte Haxoawmncs ¢ocoop —
8,3 mr Kr?, Kanuit — 73 mr Kr L. BUoyronb cofepskan o4eHb 60/bLIoe KONMYECTBO KaNbLMa U MarHus,
yem ob6bACHANACH ero LWenoYyHasa peakyma (pH = 7,8).

Takum obpa3om, cxema OMbITa BK/AKOYAsAA NO ABa BapuaHTa B 3-KpaTHOM nosTopHocTU: (1)
KoHTposnb (6e3 6uoyrna) u (2) nousa c 6uoyrnem 8 ao3se 20 Tral.

YaenbHaa nNoBepxHOCTb 6Moyrna ulyyanacb No meTogy agcopbumm metuneHosoro ronyboro
(fTOCT 13144-79) wn  paccuuTbiBasiacb, WCXOAA U3 KOJAMYECTBA  METU/IEHOBOTO  CUHETO,
aacopbupoasLeroca Ha 6Guoyrne n ocTaBLIErocs B pacTBope.

XMMMYECKMIA aHanuM3 OMOyrnA BLINOAHAAM HA 3N1eMeHTHOM aHanusatope Euro EA3028-HT
(EuroVector, Utanua) pna ogHospemeHHoro onpeaenerna CHNS-O. CkuraHue npob ocyLLecTBaanoch
B TOKE YMCTOro KUCA0poAa C MOC/NeAylLWMM BOCCTAHOBNEHMEM OKWUC/IOB a30Ta M pasgeneHuem
rasoobpasHbiXx NPOAYKTOB OKUC/AEHMA HA XPOMaTOrpaduyeckoin KOMIOHKe C AEeTEeKTMPOBAHWEM MO
TennonposoaHoOCTU. OnpegeneHne cogepKaHNA 3N1eMeHTOB OCYLLECTB/IAETCA HA OCHOBE COAEPKAHUA
B npogyKtax cropaHua CO,, H2O, N,. Mpubop AoOCHaLLEH NPUCTAaBKOM M HAabBOPOM pacxoayembix
MaTepuanos ANa onpeaeneHuna KMCAopoaa M cepbl, NyTEM aHa/M3a NPOAYKTOB BOCCTAHOB/NEHUA B
aTmocdepe renms.
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Pe3ynbTtatbl M 06CyKaeHue

[peBecHblt yronb npeactaBnseTr coboil NOPUCTbIA YrAepoaHbl aacopbeHT ¢ pasBuTOM
BHYTPEHHEN yAeNbHOM MNOBEPXHOCTbHD, COCTOALLEN M3 OTKPbITbIX MOP M KanWUAAAPHbLIX KaHanos.
Hanpumep, B 04HOM rpamMmme aKTUBMPOBAHHOTO YA 3Ta NOBEPXHOCTb MOXKET AocTuraTb 1000 m2,

Pe3ynbTaTbl MOMEBOro 3KCNEPUMEHTa MOKa3anM, YTO HaxoXKAeHue («cTapeHue») buoyrna B
no4yse yBe/IMUYNBAJIO YAENbHYIO NMOBEPXHOCTb MCXOAHOIO yrasa n GpopMMPOBaIO Ha ero NOBEPXHOCTU
KucnopoacogepKawme GpyHKUMOHanbHble rpynnbl. Tak B noyse ¢ COK ycTaHOBNEHO yBean4YeHue ero
yaenbHoM nosepxHoctn ot 270 m? r! B Havane BereTauMoHHOro nepuoaa Ao 340 m? r 8 ero cepeanHe,
YTO CBA3AHO C M3MEHEHWEM MJIOTHOCTU MOBEPXHOCTHbIX KUCAOPOACOAEPKAWMX PYHKLMOHANBbHBIX
rpynmn, Ucxoga Mx MOoAyYeHHbIX AaHHbix no UK-cnektpomeTpun. OQHAKO K KOHUY BereTtauMoHHOro
nepuoja 3HaYeHna JaHHOro NoKasaTena HeCyLeCTBEHHO CHU3UANCL, J0CTUrasa BeanumnHbl 320 m? ri.

MpucyTcTBmne 6Moyrna B nouse ¢ BOK He npuBeno K AOCTOBEPHOMY U3MEHEHUIO ero yaenbHOM
NOBEPXHOCTU, KOTOpas BapbuposBana oT 270 o 280 m? rl. B KoHuUe BeretauuMoHHOro nepuoaa
yOenbHaa NOBEpPXHOCTb 6Moyrna ymeHblMAacb NO CPaBHEHUID C €€ 3HayeHMAMM B cepeguHe
BereTauMoHHOro nepuoaa. CHUKeHue yaenbHOM NoBepXHOCTM buoyrna B ob6enx noysax mMorao 6uiTb
0bycnoBNEeHO 3aKyNmopKOM €ero nop MMUHepPasbHOM TOHKoAMCNepcHOM TBEpaoin ¢as3on nousbl,
OpraHMYeCcKMM BeLLECTBOM MOYBbI UAN MUHEPaNbHON TBEpPAOM dason (3ona) Buoyrna (Bakshi et al.,
2016).

Pe3ynbTaTbl HALLIMX UCCeA0BaHMI NOKa3aan, YTo npucytcramne buoyrna B nousax ¢ COK n BOK ¢
22 mas no 25 ceHTAabps NpPUBENO K YMEHbLUEHMIO COAEepXaHuA Yyriepoda, BXOAALWEro B
NerkoAo0CTyMNHble OpraHMYecKkme coeAMHEeHUs, acCoLLMMPOBaHHbIe C MOBEPXHOCTbIO b1oyraa. B nouse ¢
BOK Habntoganu HepgoctoBepHO HoNblLUEE CHUMKEHUE COAEPKAHMA Yraepoaa B buoyrne. 3T AaHHble
noATBepKAatoT, YTO MUKPOOHOe coobuiecTBO B 06emx noysax MOri0 ObiTb OAHMM W3 TNaBHbIX
baKTOpPOB MUHEPaANMN3aLMU NEerKoAOCTYMHbIX OPraHUYecKUX coeanHeHuin buoyrna (Bird et al., 2008).
CopeprkaHue asoTa B 6uoyrnae ns noysbl ¢ COK n BOK He n3ameHANOChb 40CTOBEPHO B TEYEHME Nepuoaa
HabnAeHU. YCTAHOBNEHO, YTO MEXBAPMaAHTHbIE Pa3iNumMA B COAEPKAHUM a30Ta B Buoyrne Takxe
6blNM HEAOCTOBEPHbIMU.

Tem He meHee, oTHowweHuna C/N B 6uoyrne 13 nousbl ¢ BOK 6bi1m goctoBepHO (p <0.05) meHblue,
yem B 6uoyrne mn3 noysbl ¢ COK B nepmosg HabntogeHMN. DTN AaHHblE MOKA3bIBAlOT, YTO CTapeHue
6uoyrna B noyse c BOK mokeT okasaTb 60s1ee 61aronpuATHOE BAUAHUE HA NPOLLECChl TPAHCHOPMaLMK
MWHepanbHbIX Gopm a3oTa 1 Ha oTHoweHune C/N B 3ToW nouse.

Bo Bpemsa nepuoga HabnwaeHU copep)kaHue Kucnopoga B 6uoyrne u3 nousbl ¢ BOK
yBenuMumBanocb 6osee UHTEHCMBHO, Yem B buoyrne u3 nousbl ¢ COK. [MoBbiWEHWE COAEPrKaHUS
Kucnopoga B buoyrne, BO3MOXHO, 00yc/I0BNEHO npoueccammn xemocopbunm Knucnopoga b6narogaps
GOPMUPOBAHUIO KUC/IOPOACOAEPKAWMX PYHKLMOHANbHbIX FPYNN Ha noBepxHocTu buoyrns (Cheng et
al., 2006). CopepskaHne Bogopona B 6uoyrne m3 nousbl ¢ BOK, B otinume ot nousbl ¢ COK,
YMEHbLLANOCb BO Bpems nepuoga HabnogeHui, BO3MOXKHO, BCNEACTBME pPeakuui KOHAEHcaumm
opraHuyeckux coeauHennii (Keiluweit et al., 2010). YcrtaHoBneHbl poctoBepHble (p <0.05)
MEXKBAPUAHTHbIE Pa3/INYMA B coaepKaHnmn sogoposa B buoyrne ns nous c COK n BOK.

OtHoweHua H/C, O/C wn (O+N)/C wucnonb3yloT AN8 OUEHKM CTerneHn apomaTusauuu
OpraHMYecKoro Bew,ecTsa bMoyrnsa, OKUCNEHHOCTU U NOAAPU3ALMM NOBEPXHOCTU BUoyrna. PesynbTaThbl
pacyéToB oTHoweHus H/C cBMAETENbCTBYIOT O TOM, YTO CTeMeHb apoMaTM3aLMM OPraHUYEecKoro
BelLecTBa 6BUoyrna octaBasnacb NOCTOAHHOM M Bblla HEAOCTOBEPHO Bbilwe B GBuoyrne us noussbl ¢ BOK,
yem B 6Moyrne n3 nousbl ¢ COK. BO3MOXKHO, apoMaTUYeCKOe OpraHMYecKoe BeLLecTBo 6uoyrna u3
noysbl ¢ COK 6b1710 B 6onblueit cTeneHn noasep>keHo muHepanusaumn. OTHoweHusa O/C B obenx
noyBax AOCTOBEPHO HE Pas/Myaancb BO BpemA nepuoga HabnoaeHuit M CBUAETeNbCTBOBA/IM O
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NPaKTUYECKN O4MHAKOBOM CTENEHU OKUCIEHHOCTU NOBEPXHOCTN BUoyrna. Tem He MeHee, OTHOLLEeHUSA
(O+N)/C yBennumnsanucb ot 0.064 (B mae) go 0.083 (B okTAbpe) B 6Moyrne 13 noussbl ¢ COK n ot 0.064
(22 masn) po 0.099 (25 ceHTAabpA) B GBuoyrne M3 nousbl ¢ BOK, HO MeXXBapUaHTHbIE Pa3NNuMa MeXay
3TMMW OTHOLWIEHMAMMU BblIN HeooCTOBEPHbIMU. B uenom, Habntogaemble BpeMeHHble M3MEHEeHMUA
oTHoweHua  (O+N)/C  cBuaetenbctByloT 0O  6onbwein  MHTEHCUBHOCTM  GOPMMPOBAHUA
KucnopoacoaepKawmx GyHKLUMOHANbHbIX FPynn Ha NnoBepxHocTM 6uoyrna B nouse ¢ BOK. MNosbiweHne
KOHLLEHTPaLMKN 3TUX TPYNN Ha NoBepxHOCTU buoyrna B nouse ¢ BOK ckopee Bcero cnocobctsoBasnio
YBE/IMYEHUIO €€ EMKOCTM KaTMOHHOIro obmMeHa, BogoyAepK1Batowe cnoCOOHOCTU U COAEPKaHUIO B
Hel MUHepanbHbIX Popm asoTa.

Ha JaHHbIM MOMEHT M3y4yaeTcAa BTOPOM rog, CTapeHua u TpaHchopmaumm Guoyrna B nouyse,
KOTOpble PaCLUMPAT NOJlyYEHHbIE AaHHbIE.

3aknoyeHue

Takum obpasom, HaxoxKaeHue («cTapeHune») Buoyrna B noysax cnocob6CTBOBaNIO MOBbIWEHMIO
ero yaenbHoW NOBEPXHOCTU U YBENIMYEHUIO COAEPXKaHUA Kucnopoacodepawmx GyHKUMOHANbHbIX
rpynn. B nouysBe C BbICOKOW CTEMNEHbI OKY/IbTYPEHHOCTU Habnwoaannm HeaoCTOBEPHO Oosbliee
CHUMKEHUME coZepkaHusa yrnepoga B buoyrne. MukpobHoe coobuiectso B obeunx noysax ABAANOCH
OZIHUM M3 TNaBHbIX PAaKTOPOB MMUHEPAIN3ALIUU NETKOAOCTYMNHbIX OPraHUYECKUX COeANHEHUI Buoyrns.
PesynbTaTbl pacuyétoB oTHouweHuit H/C, O/C n (O+N)/C cBuAeTeNbCTBOBAAM O TOM, UYTO CTeMeHb
apomaTmM3aLMn OpraHMYecKkoro BewecTBa 6buoyrna B NepBbl rof, UCCAeAoBaHMA OCTaBanachb
NOCTOAHHOM, HO apoOMaTU4YecKoe OpraHMYecKoe BeLLecTBO OMOyraa M3 MnoyBbl C 6onee HU3KMM
KayecTBOM 6bl110 B 60/1blUEl CTEeNeHM NOABEPIKEHO MUHEPANN3aLLUN.
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AGING AND TRANSFORMATION OF BIOCHAR IN LOAMY SAND PODZOLIC SOIL

RIZHIYA E. Y.12, BALASHOV E. V.1, KHOMYAKOV Y. V.1, VERTEBNIY V. E.}, DUBOVITSKAYA V. I.%,
MOSKVIN M. A.1

I Agrophysical Research Institute, St. Petersburg, Russia
2 Institute of Organic Fertilizer and Peat, p. Vyatkino Vladimir region, Russia
alenarizh@yahoo.com

Abstract. In a vegetation-field experiment on a sandy loam Sod-podzolic soil with different
degree of quality the change in the specific surface area and chemical composition of biochar
applied at a rate of 20 t ha™! were studied. The specific surface area of biochar was studied using
the adsorption method of methylene blue (GOST 13144-79); chemical analysis of biochar was
performed on an elemental analyzer Euro EA3028-NT (EuroVector, Italy). The study results
showed that the “aging” of biochar in soil promoted an increase in its specific surface area and
an increase in the content of oxygen-containing functional groups. The results of calculations of
theH/C,0/C,and (O +N)/Cratios indicated that the degree of aromatization of biochar organic
matter in the first year of research remained constant, and the aromatic organic matter of biochar
from the soil with lower quality was more affected by mineralization.

Keywords. Biochar. Sod-podzolic soil. Aging. Specific surface area. Chemical composition of
biochar.
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ArPOTEMHOTYMYCOBbIE NOABE/bl KAK NPUMEP CE/IbCKOXO3ANUCTBEHHbIX MOYB IOrA
NMPUMOPCKOIO KPAA ANA NPUMEHEHUA BUOYTNA

CEMA/Ib B.A.12, HECTEPOBA 0.B.%, KAPMEHKO T.10.13, BPUKMAHC A.B.1, CAKAPA H.A.#

I lanbHesocmoyHslii hedepanbHbiil yHUsepcumem, Baadusocmok

2 ®HL| BuopasHoobpazusa HazemHol 6uomel BocmoyHoli Asuu []1BO PAH, 2. Baadusocmok
3 Uhecmumym xumuu ABO PAH, 2. Baadusocmok

4 Mpumopckasa osowHaAA onbiMHas cmaHyusa — ¢unuan Or6HY « ®HL| osowesodcmea»,
c. CypaxesKa

semal.va@dvfu.ru

AHHOTauuA. [na OONTOBPEMEHHOIO M3y4yeHUA BIMAHWA BHECEHHOro 6Moyrna B MOYBEHHYHO
CUCTEMY NpegnaralTcs ANA WUCCNeAoBaHWS arpoTEMHOrymycoBble nogbesnbl Kak ogHU U3
OCHOBHbIX MAxOTHbIX NOYB tora MNMpPUMOPCKOro Kpas. PaccmaTpmBaloTCA OCHOBHbIE MOYBEHHbIE
NoKasaTe v, XapaKTepusyoLme «HOJIb»-MOMEHT U/IN KOHTPOb. Pa3paboTaHa cxema onbiTa gis
BHECEHMA OMOYyrnAs C y4eTOM BHOCMMbIX OPraHUMYECKMX U MUHEPANbHbIX YA006peHnin u
HaNM4YMA/OTCYTCTBUA 3aKPbLITON APEHANKHOMN CUCTEMbI.

Knwouesble cnoBa. Anthric Luvisol. Jlyrosbin nogben. JlyroBo-bypble nouysbl. buoyrosnb.
MprMOPCKM Kpail.

BsepgeHue

C TOYKM 3peHUA NpUMeHEHUA BUOoyrNAa B CE/bCKOM XO3ANCTBE M €ro NPeMmyLects Ans
BbIpaLLMBAEMbIX KyNbTyp M OKpyKatowen cpeabl, Hanbonee BaxKHbIMM BOMPOCAMM NPeACTaBAAOTCA
cnepytowme. CywectByeT 3HaUNTEIbHAA NOTPEOHOCTb B UCCNEA0BAHMAX, BbINONHEHHbIX B PEA/IbHbIX
nonesblx ycnosuax (Gurwick, 2013). BonbWKWHCTBO ONy6AMKOBAHHbLIX PabOT OCHOBbLIBAKOTCA Ha
NabopaTopHbIX IKCMEPUMEHTaX M IKCMEePMMEHTAxX B TeN/uuax, a He Ha MONEeBblX UCCNeaO0BaHUAX,
npUyYem Ha OCHoBe nocneaHux onybnvMKoBaHbl He 6onee 26% Bcex pabot o 6uoyrne (Zhang, 2016).
Op[HaKO MHOrMe BaKHble acneKTbl BO34EeMUCTBMA BMOYrna Ha NoO4YBYy M COOTBETCTBYIOLLME NAapamMeTpbl
9KOCUCTEMbI 3aBUCAT OT MECTHbIX YCIOBWUM, TAaKMX KaK TMUM NOYBbI U CTEMEHb €e HaCbIWEeHHOCTU BOAON,
0cobeHHOCTeN BeAeHUA CeNbCKOro X03AWCTBA M Kaumata. M3meHuMBoCTb 3TMX (aKTopoB U, B
4aCTHOCTKM, pasHoobpasne Mx KOMOBMHAUMK TPyaHO, @ MOPON M HEBO3MOXKHO BOCMPOM3BECTM B
nabopatopHbix nccneposaHuax. Cywecrsyet HEOHXOAMMOCTb YCTaHOBUTb KOHKPETHbIE KpUTEPUM NO
HOpMe MPUMMEHEHMUA pas3InYHbIX BUAOB BUOyrna ana onpeneneHHblX TMNOB MOYB. BOAbWMHCTBO
nccnefoBaHU NPOBOANANCE B TaBOPATOPHBIX YCAOBUAX C MCNONb30BaHMEM BONbLLIOFO KOMYeCTBa
6uoyrna (Angst, 2014), cnegoBaTtenbHo, Tenepb HeoHXo4MMO UcCNefoBaTb NpUMeHeHne Buoyrns B
peanbHbIX YCNIOBUAX, KOTOpble Obl CTUMYNINPOBANN NONOKUTENbHbIE 3PPEKTbI, NPU 3TOM He BAMAA
OTPULLATENbHO HA POCT ypoXKas.

Cpean pasBUTbIX IKOHOMMK CYLLECTBYIOT MPUMEpPbl CTPaH WM NOYBEHHO-KAMMATUYECKUX
YyCNOBMIM, KOTOpble HeAOCTaTOMHO MccnenoBaHbl M Poccma Haxogutca cpeau Hux (Zhang, 2016).
BONbLWMHCTBO 3KCNEPUMEHTOB M UCMbITAHUI HbINO NPOBEAEHO C UCMONb30BaHMEM 0BbIYHbIX 3€PHOBbIE
KYZbTYp, TaKUX KaK KyKypy3a, MWEeHWUA, PUC, HO BaXHO M3y4yuTb BAMAHME OBMOYrna Ha OBOWM WU
NN040BbIe KYNbTYpPbl B NONEBbIX YC/IOBUAX.

[axe HecMoTpA Ha yBe/NMYEHWE KOMYeCcTBa UcCCienoBaHU O Buoyrne, onybaMKOBAHHbIX C
2011 roga (Gurwick, 2013, Zhang, 2016), no-npexXHemy He xBaTaeT AaHHbIX, YTobbl cAeNaTb BbIBOAbI O
TOM, KaK NpuMmeHeHne 61uoyrna nosavaeT Ha obuyyto rnobanbHyO cekBeCTpauUmio yraeposaa, Bbibpocol
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MapHUKOBBIX Fa30B WM YPOXKAMNHOCTb LUMPOKOrO CMEKTPA CEebCKOXO3ANCTBEHHbIX KYAbTyp. TOYHbIN
CPOK AenctemAa BMoyrna A0 CUX MOP CAOMKHO OLEHUTb M MO3TOMY HeobXoAMMbl AOMNONHUTENbHbIE
nccnepoBaHua gna 6onee TOUHOM KOMYECTBEHHOM OLLEHKM CKOPOCTU pasnoxeHua 6uoyrna B nouse
(Ding, 2016). Heobxogumo 6onblue [AHHLIX ANA MOMHOrO MOHMMAHMA MPAMbBIX UM KOCBEHHbIX
MEeXaHU3MOB, MHTEPNPETUPYIOLWMX BO34eNCTBUE BUoyras.

TonbKo B nocneaHee BPeMA y4YeHble COCPeAOTOMMINCE Ha U3YYeHUM BAUAHUA Buoyrna Ha
dur3mMyeckne n rmgpasaMdeckne CBOMCTBA PA3/IMYHbIX MOYB, OAHAKO UCCNe[0BaHNA AEMOHCTPUPYIOT
HeogHO3HauyHble pe3ynbTaTbhl (Asai, 2009, Novak, 2009, Brockhoff, 2010, Busscher, 2010).
HeobxogmMmbl AONONAHUTENbHbIE UCCNEL0BAHUA O BAUMAHUM OMOYIrNA Ha LWIMPOKWUIA CMEKTP CBOWCTB
NouYBbl.

O6beKTbl U MeToAbl UcCief0BaHUA

Monesoli onbIT H6b1n 3a10XKeH B MtoHe 2018 roaa Ha Tepputopmmn OO0 «MpMMOpPCKON 0BOLLHOM
onbiTHON cTaHumn BHUUO» (c. CypaxkeBKa, MNMpumopckuii Kpan) (puc. 1) Ana OUEHKU BAUAHMUA
BHECEHMA pPas3NnYHbIX [03 6uoyrna B COBOKYMHOCTM C MWHEPANbHbIMM W OPraHUYECKUMMU
yA06peEHUAMM U Pa3INYHbIMU BOAHO-BO3AYLIHbIMM YCAOBUAMM NOYB (NONe C APEHAXKHOW CUCTEMOM
(rnybuHa 3aknaakm 120 cm) 1 none 6e3 gpeHarkHOM cUCTEMbI) Ha GUBNYECKUE N XUMUYECKUE CBOICTBA
NMoysB, SMWUCCUIO MAPHUKOBBLIX TA30B WM POCT M pPa3BUTUE PACTEHWUIA, pacyeTa SKOHOMMUYECKOM
peHTabenbHOCTM BHeceHMA buoyras.

Mone 6e3 ApeHaKHOM CUCTEMbI Mone c apeHa)KHoM cucTemom
6AO0prK BAOprikr bOO0pr3kr OOpr3kr | OOprilkr OOprK
BAMUHK | BAMUHI1Kr | BAMUH3Kr OMwuH3kr | AMuH1Kr AMunHK

bAK BAK1Kr BAK3Kr OK3kr OK1kr OK

B/l - 6e3 gpeHaxa; [, — gpeHax; K — KOHTponb; MUH — MUHepanbHble yaobpeHus; Opr —
opraHudeckue yaobpenus; 1 Kr, 3 Kr — 403bl BHECEHUA BUOYIA B pacdeTe Ha 1 m2.

Puc. 1. Cxema onbliTa.

Otbop obpasuos nous ocyuwectenanca no NOCT 28168-89. Mopdosornyeckoe onucaHue
pa3pesoB nposeaeHo no NOCT 17.4.2.03-86. B o6pa3uax no4s Obiiv onpeaeneHbl: NJIOTHOCTb TBEPAOM
¢dasbl, rPaHYIOMETPUYECKMIA COCTaB, KNUC/IOTHO-LLLEI0YHbIE CBOMCTBA, 0bLee coaeprKaHue yrnepoaa,
onpegeneHne nerkopactTBopumbix pochatos, NErKOrMapPOAN3YyEMOro a3oTa U NOABUMKHOIO Kaaua no
O0OLWENPUHATBIM METOAMKAM.

Pe3ynbTatbl U 06Cy}KaeHME

MouBbl NpeacTaBAeHbl TEMHOTYMOCOBbIM Nnogbenom (Knaccuoumrkaymsa nous Poccun, 2004) nnu
Anthric Luvisol (WRB), nyrosbie nogbensi (Knaccudumkauma n auardHoctmuka nous CCCP, 1977), nyroso-
6ypble noysbl (YKasaHMA No KnaccudmKaumm U AMarHoCTUKe NoYB), yroBo-bypble oT6eneHHble NoYBbI
(MBaHOB, 1976). OCHOBHble apeasnbl 3TUX NOYB UCMONbL3YIOTCA B CENbCKOM X03AlcTBe MPUMOPCKOro
Kpas.
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Ha KOHTpOAnbHbIX Yy4yacTKax (6e3 BHeceHMA yaobpeHuin) 6blan
3aN10eHbl pa3pesbl:
AP (0-30 cm) - arporymycosbii, TEMHO-CepbIi, 10YR3/2,
TAXKENOCYIIMHUCTbIN, KPYNHOMbIAEBaTbIMA, pacnagaeTca Ha blbbl MeNKnUX
pPa3MepoB U KOMKW, KOPHEBbIE BOJIOCKU U MENIKME KOPHU AnaMeTpom Ao 2
MM, BCTPEYAIOTCA BO BCEM TOJILLE TOPU3OHTA, Mepexos YeTKUM, rpaHuua
POBHas;
El (30-49 cm) — antoBUANbHbIN OTOENEHHbIW, CePOBATO- HE/bIN C XKEeNTOBATbIM
N opaH»XeBbiM oTTeHKom, 10YR 6/4, cpeaHecyrMMHUCTbIN, TOHKOCIOUCTbIN,
NAWTYATaA CTPYKTypa pacnajaetcs Ha MeJIKMe YellyiKu, YMAOTHEH,
KOPHEBble BOJIOCKM BCTPEYAOTCA PEeaKO, MapraHueBble KOHKpeuuw,
OCBETNAOWME MNPUMas3KM, MATHUCTbIM, Mepexos He OYeHb YeTKUM,
NOCTENEeHHbIN;
BT1 (49— 83 cm) —TeKCTypHbIN, Bypo-KeToBaTO-KOPUYHEBDBIM, NNOTHBIN, TUHUCTLIN,
MHOronopAAKoBasA CTPYKTypa: NPU3Mbl AeNATCA Ha rOPU30HTA/IbHbIE MJIUTKKU, PacKaibliBatowmeca Ha
MENIKNE Opexu, NMOXOXK Ha TBOPOT, MHOTO KENe3UCTbIX CTAKEHWUM, NMJIOTHbIN, NJIACTUHYATLIN, BA3KWUI,
nepexos nocTeneHHbI, Masio3aMeTHbIN’;
BT2 (83 —104 awv) —TeKcTypHbIN, KOPUYHEBATO-OYPbIi, HEMHOIO TEMHEE BbILLIE/IEMKALLIETO, BbIPAKEHHbIE BEPTUKA/IbHbIE
TPELUMHKN 3aMOJIHEHbI CTAXKEHUAMMW, CTPYKTYpa YNIOTHAETCA (Npu3ma NAMTKa opex KpyrnHee), oYeHb
MAOTHbIN, BA3KWUIN, ECTb TOHKWUE MOPbI, NIMHUCTLIN, TNMKUIA.

MoyBa: arpoTeMHOrymycoBblii Nogben Ha AeNtOBUANbHBIX OTAOMKEHUAX FMHUCTBIX CAAHLEB
(6e3 gpeHarka).

AP (0-27 <cm) — arporymycoBbiii, TemHo-cepbii (10YR3/2),
TAXKENOCYIIMHUCTbIM, KPYMHO MblaeBaTblii, MENKOKOMKOBATbIM, KOpPHEBble
BOJIOCKU U MEJIKUE KOPHU ANAMETPOM [0 2 MM, BCTPEYAIOTCA BO BCEN TOILLE
rOPM30HTa; Nepexog, no NyKHOW NoAOLWBE, HEPOBHbIN;

El (27-43 cm) — ant0BMANbHbLIN, CEpOBaTO-XKeNToBaTo-6enblit 40 cBeTNo-
KopuuyHesBoro (7,5YR 5/8), cpeAHECYrnMMHUCTbIN, YMNAOTHEH, KOPHEBble
BOJIOCKM BCTPEYAIOTCA PEXKE, YEM B BblLIENENKALLEM FOPU30HTE, C 6ONbLINM
KOZIMYECTBOM JKE/NE3UCTbIX KOHKPELUMA U MNATEH, MeHblUe BePTUKANbHbIX
TPELWMH, MeHee NIOTHbIN, YeM B pa3pese 1, nepexos NoCTENEHHbIN;

BT1 (43-79 aow) — TeKcTypHbiid, Gypo-KesmoBato-KopuuHesbii (10YR5/6), crpyktypa
NPU3MATUHECKasA, AE/MTCA HA FTOPM3OHTA/IbHbIE MJIUTKU, MAOTHbIW, FMHUCTBIN,
nepexos, nNocTeneHHbIn;

BT2 (79-94 aw) — TeKCTypHbII, KOpUYHEBATO-6YPbIi, HEMHOTO TEMHeE BbilLenexallero (75YR5/8), ramHuctoiii, 6onee
KOHTPACTHbIE »KeNe3ucTble NATHA M CTAXKEHWUA, CPeaHEenIMTYaTbli, NATHUCTbIM, OpexoBaTo-
NPU3MaTUYECKNIA, OYEHDb NJIOTHbIN, TUMKUNA.

MoyBa: arpoTeMHOrymycoBbii nogben arpoTeMHOrymycoBbii noaben Ha AentoBUANbHbIX
OT/IOXKEHUAX FIMHUCTBIX CIAHLEB (C 3aKPbITOM APEHAXKHOM CUCTEMOW).

Echm B ecTecTBeHHbIX BapuaHTax noabenoB OCHOBHbIMKM  Mo4YBOO6pa3oOBaTeNbHLIMM
npoweccamu ABAAKOTCA NOACTUNIKOOOPa3oBaHNE, F'YMYCOBO-aKKYMYNATUBHbLIW NPOLLECC, SNH0BUAILHO-
rneeBbl Npouecc, orneeHne (He 06A3aTeNIbHO) M IeCCUBAXK, TO B arpoBapuaHTax STUX NOYB OCHOBHbIM
npodnneobpasyowMM NPOLLECCOM OCTAETCA /IECCUBANXK, AaHTPONOTEHHAA AeATENIbHOCTb, KaK NPaBuIo,
3aTparMBaeT He TOJIbKO MOBEPXHOCTHbIA, HO W NOANOBEPXHOCTHbIN 3/H0BUA/IbHBIN TOPU3OHT,
dopMMpPYys NaxOTHbIN.
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Huskan dKTya/ibHaA KNCNAOTHOCTb MaXOTHbIX TOPU3OHTOB (Ta6nmu,a 1), pacnpegeneHne ee no
I'IpOd)MI'II'O HUCXxoaALLee, TO eCTb KMCNOTHOCTb nosblwaeTca. BennumHa I'IOTeHLIMafIbHOﬁ KNMCNOTHOCTHU
NOBTOPAET TaKOE pacnpegeneHune. rM,EI,pOI'IMTW-IeCKaﬂ KMCNOTHOCTb YBENIMYNBAETCA BHU3 NO npod)mmo,
M3IMEHAACb B WUPOKUX npeaenax. Konunyectso rymyca c Fﬂy6MHOV1 PE3KO YyMeHbWaeTCca no
SNHOBUANTBHO-UNNHOBUNAZIBHOMY TUNY pacnpeneneHna B npod)mne. Ana rpaHynomeTpmnyeCKoro CoCtaBa
XapaKTePHO o6e,u,HeHme BEPXHUX TOPU3OHTOB I'IpOd)MﬂFl MA0OM NMPUN MaKCUMa/ZIbHOM coLepPHaHUN ero B
MNNOBUANIbHbBIX TOPU30OHTAX.

Tabanua 1. PU3MKO-XMMUYECKME MOKA3aTENM arPOTEMHOTYMYCOBbIX Noabenos.

o FK, [paHcocTaB
30HT, pH make | 9 | C, % | on, | va, | NOs | P,Os | KO | P -
rny6uHa, 1001t | rem? % %
KaunHckomy
ct™m MouyBbl
H.0 | KCI mr 100 r! noyssl
bes gpeHaxa
Oljz 69 | 59| 28 24 | 1,9 | 47 | 17 | 21,4 | 16,8 | 20,0 | MmHa nerkaa
o 55 40| 48 | 25 | 05| 67 |14 | 174 | O 50 | CYUMHOK
42-71 cpegHun
BT1 MnuHa
J186 | O3 | 44| 147 | 24 102 ) 35 |35 - - - commtins
BT2 FnuHa
7 4 1 2 1 2 42 - - R
g6.104 | O7 | 34| 133 | 25 | 018 29 o
C ApeHarkHOM cucTtemomn
AP 6.7 | 6.0 | 31 24 | 25| 54 | 15 | 166 | 7,8 | 10,4 CyrnmuHok
0-30 TAXe bIN
3(;154 50 136 101 2,5 0,2 44 42 | 17,2 | 0,01 5,0 | IwuHa nerkas
BT1 FnuHa
. . 11 2,4 24 - - R
s493 | 50 35| 116 | 24 | 03 50 e
BT2 FnuHa
73-97 5.0 | 3.5 11,8 2,5 0,2 23 47 - - - cpearm

MNpumeyanuna: MK — rngponmtnyeckaa KMCAOTHOCTb;, Q@ naoTHocTb TBepaon ¢asbl; PN Pusnyecknii necok;
«-» - He Onpeaensanoch.

CopepyKaHuMe HUTPATHOrO a30Ta CHUMKAETCA A0 TEKCTYPHOrO rOPU30HTA, BTOPOM TEKCTYPHbIN
FOPU3OHT B 0OOMX CAy4asax COAEPKMT a3oTa Oosblie, YEM MAXOTHLbIM TOPU3OHT, 3HAUYUTE/IbHOE
nepemeleHne HUTPAT-MOHOB MOXKHO OOBACHUTb sABAEHMEM "OTcemBaHMA conein”, MNOCKO/NbKY
CYT/IMHUCTbIE MOYBbI C Y3KMMM MOPaMK AENCTBYIOT KaK NOAYNpPOHUUAeMble MembpaHbl, NponycKan
BOAY /ierye, 4em conb. Takum 06pa3om, HUKHUI UANHOBUANBHBIN TOPU3OHT ABNAETCA aACOPOLMOHHBIM
H6apbepom Npuv MUrpaLMM HUTPATHOrO as3oTa. BO3MOXKHO, Ha [AHHOM y4yacTKe NpPUCYTCTBYeT W
rOpM30oHTaNbHAA MUrpauma asota yaobpeHui. MNpu OTCyTCTBUM APEHAXKHON CUCTEMbI COAEPNKaHUE
noAsuKHbIX dopm docdopa NoyTn B ABa pas3a Bbllle B BEPXHEM FOPU3OHTE M B [Ba pasa HUXKe B
3N110BMAZIbHOM U TEKCTYPHbIX ropn3oHTax. ObecneyeHHOCTb 0OMEHHbBIM KasiMem BbICOKAA B MAaXOTHOM

ropusoHTe Takxe naet anddepeHumauma no snBMaNbHO-UANOBMANBHOMY TUNY (63 ApeHaka).
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OLIEHKA 3KONOIMMYECKMX PUCKOB BHECEHMA BUOYT/IEN B NOYBbI
CMWPHOBA E.B., TMHUATYNUH K.T., OKYHEB P.B.
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AHHOTaumA. M3yyeHa annuaHaa ¢pakums opraHnyeckoro sewectsa (OB) pa3nnyHbix buoyrne.
MokKas3aHo, 4YTo BbicOKOTEMMEpPATYpPHble 06pasupl (400 - 600°C) xapakTepusytoTca 6osiee HU3KUM
coaepxaHunem amnuaos (o1 0,16% ao 0,46% K macce buoyrns), a HU3KoTeMmnepaTypHble (<400°C)
— bosiee BbICOKMM cogeprKaHuem (oT 0,54% no 3,38%). PaccuntaHHble 3HaveHMa SUVAsa n Sr
CNEKTPOB MOr/IOWEHUA AnnuaHomn dpakuym B YO 1 BMAMMOM AMana3oHe MOoKa3biBaloT, YTo C
yBeMYEeHMEM  TemnepaTypbl NUPOAM3a  HabnogaeTca  3aKOHOMEPHOE  YMEHblUeHUe
MOIEKYNSAPHbIX MaCC U CTENEHN aPOMATUYHOCTU TMAPOGOOHbIX NOBOYHbIX NPOAYKTOB MMPON3A,
CHUMKeHMe coaepraHua [AY, Bxogawmx B AUNUAHYH ¢Gpakuuilo M YMEHbLUEeHWE A[04u
BbICOKOMOJIEKYNSIpHbIX MAY ¢ 601bLIMM KOMYECTBOM apOMaTUYECKMX aaep. bbin caenaH BbiBoA,
0 HeobxoaMmocTu npu paspaboTke TpeboBaHMIM K KadyecTBy BUOYrien oueHUBaTb KaKk obuiee
coAepaHue B HUX NOABUXHbIX ¢pakumii OB, Kak M Ka4yecTBEHHbIN COCTaB NabuabHbIX
COCTaB/AOLLMX, NPEACTABAAOLLMX NOTEHLMANbHYHO ONACHOCTb B aCNeKTe 3arpa3HeHMs Nous.

Knwouesble cnosa. buoyrons. Mousa. JiunuaHaa ¢pakumsa. NMosamapomatmyeckme yriesoaopoabl.

BsepgeHue

Kak M3BEeCcTHO, Ha cocTaB M cBOMCTBa Ouoyrnen BAUAIOT UCXOAHOE pPaCTUTE/IbHOE CbIPbe,
CKOPOCTb, NPOAO/IKUTENBHOCTb M KOHEYHas TemnepaTypa nNMpoamsa. B pesynbtate, B KOHEYHOM
npoaykTe Hapagy ¢ GopMMUPOBaHMEM MHEPTHOIO YINEpPOAMCTOro ckeneta, o0bpasyroTca B pasIMYHbIX
KonnyectBax NO60OYHbIE NPOAYKTbI. ITO MOTYT ObITb YCTOMUYMBBIE K TEPMOJIN3Y CMOJIUCTbIE BELLECTBA,
deHonbHble coeanHeHns (CMHULbIH € coaBT., 1995), nonnapomatmyeckue yrnesogopoasbi (MAY) (Yan
et. al., 2004, Wang et al., 2017), rankonunungpbl, pochonmnuapl, rymmHonoaobHble BewecTtsa (Kuzyakov
et. al.,, 2014), KoTopble, ABNAIOTCA MOTEHLWMANbHO OMAcHbIMK 3arpAsHuTensmu noys. K Hambonee
onacHbim coctasastowmm OB 6uoyrneit otHocat MAY (Freddo et. al., 2012, Keiluweit et. al, 2012, Wang
et al.,, 2017), KoTopble ABAATCA TOKCUMYHbIMU COEANHEHUAMMW, 06N1aAAIOWMMN KaHLLEPOreHHbIMU
csonctBamu (Abdel-Shafy, 2016). Bonblwas 4acTb NOAOOHbLIX NPOAYKTOB MMeeT rMapodobHyto
npupoay, cnocobHa nepexoauTb B a3y pacTBopa npu ob6paboTke opraHMYECKMMM PAaCTBOPUTENAMM U
npu BHeceHUM 6uoyrna B nouysy byaeT NOMNONHATbL cocTaB cBobogHoM nAnnuaHoh ¢pakumm ee OB.
3HaunTenbHasA ONAacHOCTb NonagaHusa NOB6OYHbIX NPOAYKTOB NMUPOAM3a, 0cobeHHo MAY BO MHorom
CBA3aHa C TEM, YTO OHW ABNAIOTCA YCTOMUYMBBLIMU K AECTPYKUUM NoYBEHHOW MUKpodaopoit (Kuzyakov
et. al., 2014, Wang et al, 2017, Okuvev et. al., 2018). HeKoHTponMpyemoe BHecCeHMue
HWU3KOKaAYeCTBEHHbIX BUOYrnel ¢ BbICOKMM COAEpPrKaHMEM MOABUMKHbBIX rMAPOdOOHbIX coeanHEeHWM
MOXET MPUBECTM K CyLLEeCTBEHHOMY 3arpA3HEHMI0 MOYB M COMpeaesibHbIX cCpes, U, TEM CaMbliMm,
NOBbICUTb 3KONOTMYECKNE PUCKU NCNONb30BaHMA BUoyrnei B KayecTse NOYBEHHbIX MENMOPAHTOB.

Lenb paboTbl: oueHUTb B BMOYrAsxX MONYYEHHbIX M3 Pa3/IMYHOrO PacTUTENIbHOrO CbipbA Npu
pasHbIX YCNIOBMAX MMPOIN3A COAEPHKAHNE N KAYeCTBEHHbIN COCTaB NOOOYHbIX NPOAYKTOB, BXOAALMX B
COCTaB AMNUAHOM GpaKLMM B acCNeKTe NOTEHLMANbHOIO 3arpA3HeHns NoYBbl.

O6beKTbl U MeToAbl UCCIeA0BaHUA
[na nccnepoBaHuii 6biAM MCNONb30BaHbI BUOYT/IM NOYYEHHbIE U3 OCTATKOB KYKYpPY3bl M NpOCa,
M [OPEBECUMHbl MBbI MNPU ABYX PeXMMax nuposiM3a — HuU3KoTemnepaTypHom (<400° C) w
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BblICOKOTEMMepaTypHom (400-600° C). IKcTpakuumto cBobogHoN nuvnuaHon ¢pakumMm npoBoAnaU
cmecbto cnupT/6eH3on (1:1) B annapatax Cokcneta B TedeHue 48 4. [ns CNeKTPOMETpUYECcKoro
n3yyeHma B YO 1M BMUANMOM AMana3oHe aJIMKBOTA SKCTPAKTA BbiMapuBanacb nog Bakyymom. OcTaToK
AMNUAHOW ¢pakuMM  pactBopsanM B aueToHutpune. [AY wn3 6uoyrnen BblAENANM CMECHHO
aueToH/umknorekcaH (1:1) 8 annapatax Cokcneta (Fabbri et al., 2013). O6wuii yrnepoa B 6uoyrnsax
onpeAensann Cyxmum cxuraHmem Ha npmbope vario MICRO cube (Fa Elementar), coaeprkaHue nMnnaos
— TPaBMMETPUYECKN, COAEep)KaHWe OpraHMYEecKoro yrniepoaa B AUNUAHON OGPaKUMM - MOKPbIM
CKUraHnem no metoay THopuHa. MiamepeHune CneKkTpoB MOr/OWEHMA B PAcTBOpPax MPOBOAWMAMN HA
Asynydyesom cnektpopotometpe Lambda 35 (PerkinElmer, CLUA) B amanasoHe 420-240 HMm,
onpegaenenue MAY - Ha BOXKX Flexar (Perkin Elmer, CLLUA) Ha KonoHke Hamilton HxSil C18 ynakoBaHHoM
4acTMUAMM Pa3MepPoM 5 MKM. DNHOMpPOBAHUE NPOBOAMAM NPU KOMHATHOW TeMnepaType B IMHENHOM
rpafieHTe C UCMNOIb30BAaHMEM CUCTEMbI COCTOALLEM M3 BOAbl M aueTOHUTpuaa. CKOpOCTb NOTOKA
noasu»KHoi ¢asbl coctasnsna 1,5 mn B muHyty. MaeHTuduKaums HadbTanuHa, auetoHadTuUNEHa,
aueHadTeHa npoBogmMaack Npy nomoum YO getektopa npnbopa Ha A/MHe BOAHbI 254 HM, OCTanbHble
MAY naeHTudunumposannce Ha pnyopecueHTHOM aetekTope (Ex: 260; Em: 420).

Pe3ynbTtatbl u 06cyKaeHue

B Ttabnuue 1 nokasaHoO coaepraHue B bGMoyrnax obuiero yrnepoda, AMnuaHom ¢pakumm wm
yrnepoga AvnuaHon ¢épakumn. [laHHble NOKasbiBAlOT, YTO YyBeE/IMYEHME TemnepaTypbl NUMPOsM3a
NPUBOAMUT K YBENINYEHUIO coAeprKaHuA obuwero yrnepoaa. Habnopgaetca cywecrBeHHoe OTanuyne
pa3HO TemnepaTypHbIX BUPOYraen NO coaepKaHUIO AMNUAHOM dpakuun. Tak, 06pasubl, NOAyYeHHblE
B AMana3oHe Temnepatyp oT 400 go 600 °C, xapaKkTepusytoTca 60see HU3KUM UX coaepkaHnem (oT
0,16% no 0,46% K macce yrns), HU3KOTemnepaTypHble 60/1ee BbICOKMM coaepikaHmem - oT 0,54% no
3,38%. C yBenvyeHnem TemnepaTtypbl NMPOaN3a TaK Ke Habnogaetca yBenMyeHWe coaepkaHua
yrnepoga nunuaHon ¢pakumm. OnpeseneHHoe BAUAHWE Ha cofepraHune ruapodobHbIX NPoayKToB
OKa3blBaeT TUM PaCTUTENbHOrO CbipbA, bonbllee UX KOAMYECTBO XapakTepHo ana buoyrnein wms
TpaBAHWUCTOrO MaTepuwana. [llpuyem pJaHHaa 3aKOHOMEPHOCTb MNPOCNEXKMBAETCA Kak  and
HU3KOTEMNepaTypPHbIX, TaK U BbICOKOTEMNEpPATypPHbIX 06pa3LLoB.

Tabnuua 1. CoaepaHue B buoyrnax obuiero yrnepoaa, AMNnaHom ¢ppakunm n yranepoga AMnmuaHom

dpakymm.
PactutenbHoe OctaTKm OcTaTtkmn MBa OcTaTKmn OcTaTKmn MUBa
Cbipbe KYKYpY3bl npoca KYKYpY3bl npoca
TemnepaTtypa nMponunsa <400°C 400-600°C
O6uiuit yrnepoa, Copr, % 57,2 63,1 77,3 66,3 71,2 79,6
Becy yrns
CoAepxarme mnnaHom 3,38 2,78 0,54 0,46 0,38 0,16
dpakumn, % K Becy yrna
CoanepxaHune Copr
amnuaHoi dpakumm, % K 2,10 1,84 0,26 0,31 0,27 0,13
Becy yrns
CoanepxaHue Copr
anugHon pakumm, % K 62,1 66,2 48,1 67,4 71,0 81,3
BEeCy IMNUAoB
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Ha pucyHKe 1. npeacTtaBieHbl CNEKTPbI NOF/IOWEeHWA pacTBOPOB AMNUAHON Pppakuum buoyrnen B
aueToHUTpUAE B AnanasoHe ganH BoaH 240-420 Hm.

1,0

0,5

240 250 300 350 400 420
nm 240 250 300 nm 350 400 420

Puc. 1. CnekTpbl NOrNOWEHNA IMNUAHOM dpakummn buoyrnei: A - HU3KoTemnepaTypHble (<400° C),
B - BbicokoTemnepatypHble (400°- 600° C) 13 ocTaTKOB KYKypy3bl (1), npoca (2) n gpesecuHbl ussbl (3).

CnekTpbl NOrNoLWeHNa AMNuaHon Gpakunmn npeactasaaoT coboit HenpepbiBHOE paBHOMEPHOE
YBE/IMYEHUE UHTEHCUBHOCTU norsoweHns (A) ¢ ymeHblUeHUEM AJIMHbI BOHbI. 1A XapaKTepPUCTUKM
TAKoro TMNa coeamHeHut no YO n BUAMMbIM CNEKTPAM 4YacTo MCNONb3yoT Kputepmumn SUVA u Sr. B
nccnepgosaHmn (Weishaar et. al.,, 2003), 6b110 NoKasaHo, 4To Haubonee cneundPuUUHbIM ABAAETCA
nornoweHue npu 254 HW, a paccumTaHHbIM Kputepuin SUVA,ss faeT cuabHyto Koppenauuto (r2>0,97) ¢
apPOMaTUYHOCTbIO pacTBopeHHoro OB, KpuTepuit Sr MMmeeT TecHyto 06paTHYH KOppenaumto ¢
MOJIEKYNIAPHBIMM  MacCaMM OKPALLUEHHbIX MPUPOAHbLIX PACTBOPUMbIX OPraHUYECKUX COEeAUHEHWM
(Helms et. al., 2008). AHanu13 NoAy4YEeHHbIX PE3Y/IbTAaTOB NMOKAa3bIBAET, YTO C YBE/IMYEHUEM TEMMEPATYPbI
nMpoan3a HabnogaeTca CyWeCcTBEHHOE YMEHbLUEHME CTEMNEHN apOMATUYHOCTU NNNUAHOM dpaKumu.
Tak, kputepuin SUVA54 Ana HU3KOTEeMNepaTypHbIx buoyrnen coctasnan 5,84 (octaTtku Kykypysbl), 6,07
(ocTtaTtkoB npoca) u 11,0 (apeBecMHa MBbI), ANA BblCOKOTEMNepaTypHbix —1,47, 2,81 u 2,8,
COOTBETCTBEHHO. W, ecnu, apomMaTUYHOCTb AUNMAHOM paKuMM BbICOKOTEMMNEPATYPHbIX 06pasoB
oueHuBaeTcs NpuMbAN3UTENBHO OAWMHAKOBO, TO apOMATUYHOCTb HU3KOTEMMEPATYPHbIX MOKa3blBaeT
33aBUCMMOCTb OT MCXOAHOro pacTUTesbHOro matepuana. lpu HU3KOTEMNepaTypHOM MNUpPoanse
3HaYeHUA KpuTepua Sr Ona pasanmyHblix 6uoyrneir wmsmeHsetca ot 0,946 pgo 1,009, npwu
BbICOKOTEMMNEPATYPHOM - 3HaYeHua ysenmumsatotrca ao 1,174 - 1,620, yto goKasblBaeT yBeanyeHume
00N HU3KOMOEKYIAPHbIX COEAVMHEHWNI B COCTaBe NOOOYHbIX NPOAYKTOB NMPOAM3A NPU YBENUYEHUN
Temnepartypsol.

CymmapHoe cogepaHue MNAY Bo Bcex b1Moyrnax, Nony4eHHbIX npy TemnepaType <400°C, B pasbl
npeBbIWAeT MX NpeaesbHOe COAEepPKAHUE, PEKOMEHAOBAHHOE MHULMATUBHOM rpynnon no 6uoyrawo
(I1BI, 2013) v coctaBnaeT 76,45 mr Kr'! (octaTku KyKypys3bl), 53,95 mr r (apesecnHa usbl) n 211,21 mr
Krl (ocTaTKM npoca), Toraa Kak BO BCEX BbICOKOTEMMEPATYPHbIX 06pa3sLax 3TO CoAepXaHue HUuKe -
18,32 mr krt, 8,61 n 8,49 mr Krl, cooTBeTcTBEHHO. TaK e HabngaeTca BaAMAHME TemnepaTypbl
NMUPOAIN3a HA KAYeCTBEHHbIA COCTaB BXOAAWMX B AnNUAHy ¢pakuuio MAY. B uenom, crteneHb
KaHueporeHHocTn [MAY 3aBMCUT OT 4UMC/A apOMATUYECKUX KOJieu, B MOJIeKy/le, MX B3aUMHOrO
PacnonoXeHUaA 1 HaAnYmMa 3amectTuTenel B moaekyne. HanbonblwmMmm KaHLeporeHHbIMU CBOMCTBaMM
obnapatot MAY, KoTopble MMetoT 4-7 6eH30/1bHbIX KOHAEHCUMPOBaAHHbIX Konel, (Bennuknin I.A., 2008).
Tak B HU3KOTEMNEepPaTypPHbIX 6MOYrNAX U3 OCTAaTKOB KYKYPY3bl COAEPKAHME ABYX- M YETbIpeX A4epPHbIX
MAY c monekynapHbIM Becom meHee 228 coctasnfaet 97,2%, ns octatkos npoca — 96,3%, n3 gpesecuHol
nebl — 77,9%. B BbicOKOTEMMNEPATYPHbIX coAeprKaHue Takux MAY coctasndeT - 99,1% ana 6uoyrnen ns
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KYKypy3bl 1 99,9% ana 6uoyrneit us npoca v usbl. CnefoBaTesibHO, B HU3KOTEMMNEPATYPHbIX BUOyrAax
COAEPKMUTCA CywecTBeHHO 6onbwee Konuyectso MAY M OHM OTAMYatoTcs 6Gosiee  BbICOKMM
coaepykaHmem Hanbosiee onacHbIX BbICOKOMONEKYNSAPHbBIX MHOTOALEPHbIX COeAUHEHWA.

BbiBoAbI

Taknm obpasom, 6b110 NOKA3aHO, YTO MPU YBEIMYEHMWN TeMNePaATYPbl NMPOan3a Habaogaertca
YMeHblUeHMe oblero coaepXaHma aMnuaHon Gpakunm, a TaKKe MONEKYNAPHbIX MacC U CTeneHu
APOMATUYHOCTM €e OTAEeNbHbIX KOMMNOHEHTOB. BblABAeHHAA TeHAEHUWA XapaKTtepHa u gnaa [1AY,
BXOAALLMX B COCTaB AnnuaHon dpakumm buoyrnei n npeactaBnaowmMx HanbosbLuyo ONacHOCTb AaA
3arpAsHeHua noys. MoXHO caenaTb BbiBO/A, YTO rOTOBbIE NPOAYKTbl HU3KOTEMMNEPATYPHOro NMpPo/iM3a
(< 400°C) copepaT B 6onbwem Konuuectse MAY € BbICOKMM COfep>KaHMem Hambonee onacHbIX
MHOToAAEpPHbIX KOMMOHEHTOB C  BbIPAa*EHHbIM  TOKCUYHbIM  KaHUEPOreHHbiM  3addeKTom.
CnepoBatenibHO, NMpu pa3paboTke TpeboBaHMIM K KayecTBy bGuoyrneir HeobxogMmMoO OLEHMBATb He
TO/IbKO 0bllee coAeprkaHUio B HUX NOABUKHbIX ¢pakumii OB mn MAY, HO U KayecTBEHHbIN COCTaB
NabunbHbix coctasasowmx OB, KOTOpbIA BO MHOrom onpeaenser MNoTeHUMalbHYl0 TOKCMYHOCTb
6uoyrnei n sKoNornMYecKkme PUCKM UX UCNONb30BaAHMA B KaYECTBE MOYBEHHbIX MEJIMOPAHTOB.
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ASSESSMENT OF ECOLOGICAL RISKS OF BIOCHAR APPLYCATION TO SOILS
SMIRNOVA E.V., GINIYATULLIN K.G., OKUNEV R.V.

Kazan Federal University, Kazan
elenavsmirnova@mail.ru, ginijatullin@mail.ru, tutinkaz@yandex.ru

Abstract. The lipid fraction of organic matter (OM) of different biochars was studied. It has been
shown that high-temperature biochars (400 - 600°C) are characterized by lower lipid content
(from 0.16% to 0.46% by weight of biochar), while low-temperature biochars (< 400°C) — by higher
lipid content (from 0.54% to 3.38%). The calculated values of SUVA254 and Sr of the absorption
spectra of the lipid fraction in the UV and in the visible range have shown that with an increase

in the pyrolysis temperature there was (1) a decrease in the molecular weight and degree

of

aromaticity of hydrophobic pyrolysis byproducts, (2) a decrease in the content of PAHs included
in the lipid fraction, and (3) a decrease in the proportion of high-molecular PAHs with a large
amount of aromatic kernels. It was concluded that when developing requirements for the quality

of biochars, it is necessary to evaluate both the total content of mobile fractions of OM

in

biochars, as well as the qualitative composition of labile components that pose a potential hazard

in terms of soil pollution.

Keywords. Biochar. Soil. Lipid fraction. Polyaromatic hydrocarbons.
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B/IMAHUE BUOYTNA HA ONPEAENAIOLWMNE NOABNKHOCTb B MOYBAX ®OPMbl HAXOXAEHUA
KAAMUA, CBUHLIA U YPAHA

COKOJINK T.A., OBCAHHMKOBA C.B., MOMEHA M.B.

by, MuHck
sokolikga@mail.ru

AHHOTauuAa. MeTog0M XMMUYECKOTro GPaKLLMOHMPOBAHNA U3y4YEHO M3MEHEHME coaeprKaHuAa Cd,
Pb n U B 06bMmeHHbIX (06paTMmo copbupoBaHHbIX) M MOABUMKHbLIX (YC/IOBHO GMONOrMYEcKu
AOCTYNHbIX) $opMax B MecYaHOW WM CyrnecyaHoM noyBax AEepPHOBO-NOA30/MCTOrO TWUMA Mocne
nobasnenua 1-5 mac. % 6uoyrns. YCTaHOB/IEHO, UTO K 3aMETHOMY CHUXeHMto 3anaca Cd, Pbn U
B popmax, onpesensaowmx ux NoOABUKHOCTb U BUONOrMYECKYD AOCTYNHOCTb PACTEHUAM, NpuU
COXpaHeHUN GNAronpuUATHLIX YCIOBUMMA AONA BblpaLLMBAHUA CE/bCKOXO3ANCTBEHHbIX PaCcTEHUN
MOXET NPUBOAMUTbL BHECEHME B CynecyaHble No4Bbl 6uoyrna B go3e 3 mac. %, a B nec4yaHble —3 5
mac. %.

Kniouesble cnosa. Kagmuit. CBuHel. YpaH. dopmbl TAMXKENbIX METanl0B B no4yse. BausaHue
6uoyrns.

BeepeHue

Buoyronb npuBaeKkaeT BHUMAHUE UCCnea0BaTeNel Kak O4MH U3 NePCNEeKTUBHbIX BUA,0B BELLLECTB,
CNOCOBHbIX MOBbIWATb KAa4yecTBO MOYB CE/bCKOXO3AMCTBEHHOrO HasHayeHuA. bnarogaps BbICOKOWM
NOPUCTOCTN BUOYroNb YAYULLAET CTPYKTYPY NOYB, U3MEHAA ee 06 bEMHYIO NIOTHOCTb, pacnpeaeneHne
nop ¥ pasmep NOYBEHHbIX arperatoB. Kpome TOro, oH 3aZepKMBAET B NMOYBE BNAry U NpeaoTBpaLLaeT
BbIMbIBaHWE yA06peHNn, CNOCOOCTBYET HAKOMNEHWNIO 3/1IEMEHTOB NUTAHMA B GOPMaXx, AOCTYNHbIX AN
KOPHEBbLIX CUCTEM PACTEHUI. BUoXMmmyeckme M MUKPOBMONOrMYECKMe NpoLEecChl, NPoTeKatowme B
npucyTcTBMKN Bruoyrna, obecneymsatoT GopMMPOBaHUE B MOYBE YCAOBUIM, CNOCOBCTBYHOWMX YCBOEHUIO
PaCTEHUAMM NMUTATENIbHbBIX BELLECTB M MOBbLIWEHUIO YPOXKAMHOCTU PACTUTENbHbIX KyAbTyp. BHeceHne
H6uoyrns B NoYBY COKpaLLLAET BbIOPOCHI B OKPY KAtOLLYHO Cpesly 3aKUCK a30Ta U MeTaHa M obecneynBaeT
[O/ITOBPEMEHHOE U3bATUE 3HAUUTENIbHOM YacTU yraepoaa n3 obmeHHoro pesepsyapa (LeCroya et al.,
2013; Sohi et al., 2010; Xua et al., 2013).

HecmoTpsa Ha MHOrne nonoxutenoHbole 3dpdeKTbl 4O CUX NOP He ACHO, KaK BHECEHME BMOoyrnsA B
noysy BAMAET Ha PUINKO-XMMUYECKOE COCTOAHWUE, MUMPALMOHHYIO CMOCOOHOCTb U BMONOrMYECKYHo
AOCTYNHOCTb NPUCYTCTBYHOLLMX B NOYBE TAXKENbIX MeTannoB (TM) u paAnoOHYKANA0B eCTECTBEHHOIO U
TEXHOFEHHOIO NPOUCXOXKAEHUA.

Lenb mccnepoBaHmMAa — YCTAHOBWUTb XapaKTep M CTeneHb WU3MEHEHUA COAEPKAHUA Kaamus,
CBMHL,A M ypaHa B 06MEHHbIX U NOABUKHbIX (YyC10BHO BUONOrMYeckn AocTynHbix) opmax B pesysibrate
BHeceHMA B No4Bbl 1-5 mac. % 6moyrna B pa3nnMyHblie CPOKM NOC/IE ero BHECEHUA.

O6beKTbl U MeToAbl UCC/IeA0BaHUA
O6bekTamu nccnenoBaHusa aBaAAAUCb 06pasubl (0—20)-cm cnoes NecyaHbiX U CynecyaHblX Noys
[€PHOBO-NOA30/MCTOrO TUNAa U BUOYroNb U3 OTXOA0B APEBECUHbBI Ayba, AceHsA, rpaba n bepesbl.
O6pas3ubl no4ys bbb oTObBpaHbl B BpacnaBckom panioHe Butebeckoit obnactu. Mousbl 6biau
npocesiHbl YePes3 CUTO C AMAMETPOM OTBEPCTUIA 2 MM, @ BUOYro/ib U3MEIbYEH HA LIAPOBOM MEbHULLE
[0 MOPOLWKOOHPA3HOrO COCTOAHUA. IJKCNEePUMEHTbI NPOBOAWAN B NabOPATOPHbIX YCNAOBUAX C
obpasuamu Moys, CoAepKaWMMM NPUPOAHbLIA YpaH U UCKyccTBEHHO oboraweHHbimn Cd v Pb po
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ypoBHel 5 n 120 mr Kr! cootserctBeHHo. MNocne gobasneHna BoAHbIX pactBopos coneit Cd u Pb
noyseHHble 06pasupbl BbIAEPKMBAM B TEHEHNE MecaLa Npu TemnepaType (18 + 2) °C u BnaxHoctu (70
+ 5)%. Yepes mecsaL, B uccnesyemole noysbl BHOCUAM 6rMoyronb. O6pasubl noys ¢ AobaBkamu buoyraa
N KOHTPONbHble 06pasubl 6e3 B1oyrna BblAEPKUBANN B OANHAKOBbLIX YCNOBUAX B TEYEHUE 3a4aHHOTO
BpeMeHU. BnaxKHOCTb NOYBEHHbIX 06pa3L,0B KOHTPOIMPOBAM MO UX MAcce, B Cly4ae HeobxoaAnmocTu
NOYBbI AOMOJIHUTENLHO YBAAXKHANN.

CopepykaHue B NoYBax 3/1eMeHTOB NuTaHua pacteHnn (K, Ca) n TM (Cd, Pb, U) B 06MeHHbIX
dbopmax ycTaHaBAMBaNM MO pe3y/ibTaTaM UX SKCTPArMpoBaHUA N3 NOYBEHHbIX NPob pacTBOpoOM aLeTaTa
ammoHua (1 monb am3) npu pH, cootsetctaytowmx pHKCl nouseHHOM cpeapl, a B NOABUMKHbIX (YCI0BHO
61ON0rMYecKkn A0CTYMHbIX) popMax — pacTBOPOM aueTaTHoro bydepa npu pH 4,6. CogepkaHue Cd, Pb,
K, Ca B aHanusupyemblx npobax onpegenann MeTogoM MNAaMeHHOM aToMHOo-abcopbunoHHOM
CNEeKTpoOMeTPUM C UCnosb3oBaHMem cnekTpometpa ZEEnit 700. [nAa nepeBoga wuccnegyemoro
BelecTBa B ATOMHO-AMCMEPCHOE COCTOAHME MCNONAb30Ba/IM MNAAaMA CMEeCU aueTUNeH-BO34yX.
CopeprkaHme ypaHa B npobax OueHWBaNM MNOCPEeACTBOM PAAMOXMMMUYECKOTO aHanmsa ¢ anbda-
CMEKTPOMETPMUYECKON UAEHTUDUKALUMEN pagnoHYKAMAoB criekTtpomeTpom SOLOIST U0450 dupmbi
EG&G ORTEC, ocHalweHHbIM aeTekTopamm 576 A-600 RV.

Pe3synbTatbl M 06CYKaeHMeE
YCTaHOB/IEHHbIE XApPaAKTEPUCTUKM B3ATbIX AAA MCCefoBaHMAa 06pasuoB noys M 6uoyrns

npueeaeHbl B Tabamye 1.

Tabnunua 1. XapakTepmuctukmn obpasLos noys n buoyrns

OKn, % ‘ MBn, % ‘ pHkar ‘ [Caosm],mr KF! ‘[Kom], Mmr Kr'l‘ [Cd], mr kr? ‘ [Pb], mr kr? ‘ Ay, BK krt
MecyaHas nousa (AMMN)
2,000,18 | 36,615 | 4,63t0,02 | 352411 | 43,4£19 | 0,320,04 | 2,9410,22 | 88610,16

CynecyaHas nousa (4MNCn)
3,470,24 | 40,2¢1,1 | 579+0,10 | 1406:27 | 2159:73 | 0,37x0,04 | 59410,30 | 11,50:0,40
brnoyronb
OK, % nB, % pHkai [Ca], mrkrt | [K], mrkr? | [Cd], mrkr?t | [Pb], mrkr? | Ay, BK Kr?
97,410,6 3057 8,50+0,05 2 830190 2 851+34 |0,095+0,001|0,286+0,003| 0,17%0,03

Mpumeuanme: OKn 1 OK — obuiee cogeprkaHMe OpraHMYecKMX KOMMOHEHTOB B 06pasuax noysbl M 6uoyras, % oT maccel
abcontoTHO cyxoro BewecTBa; MNB — nonHas BnaroemkocTb 0b6pasua, % oT maccbl abcontoTHO cyxoro BelecTtsa; pHka —
pH cycnensun aHanusmpyemoro obpasua B pacteope 1 monb/am® KCl; [Me] n [Meosm] — obuiee coaepaHue
COOTBETCTBYIOLLErO MeTasn1a U meTanna B obmeHHo dopme B pacyeTe Ha abCONOTHO CyXOe BELLECTBO.

YCTaHOBNEHO, YTO M3y4eHHAA MnecyaHas No4YBa MO OTHOCUTENbHOMY cogepxKaHuto Cdobm,
Pbobm n Uobm (73; 54; 2,9%) npeBocxogmna cynecuyaHyto nousy (29; 7,2; 0,7%), uto mornio 6biTb
CBSI3aHO Cc 6o/siee BbICOKON COPOLMOHHON CMOCOBOHOCTLbIO CymnecyaHoM noyBbl U 6osee BbICOKOM
KMC/IOTHOCTbIO NecYaHoM NoYBbl. PaccmaTpmBaemMble NOYBbI OTANYANUCH U MO cogeprKaHuto Cd, Pb n U
B NOABMHbIX GOPMAX, HO MeHee CyLeCTBEHHO NO CPABHEHMIO C UX coaep)KaHnem B OOMeEHHbIX
dopmax. B necyaHon nouse coaep:kaHne Cdnoas, Pbnoas n Unoas coctasnano 74, 54 n 3,1%, a B
cynecyaHon — 64; 38 n 3,9% ot obuwero copepkaHWA COOTBETCTBYHOLLErO 3/IeMEHTa B MOYBE.
MpaKTUYecKkn oAnHaKOBOe coaeprKaHne B necyaHon noyse TM B 0OMEHHbIX U MOABUXKHbIX GopMax,
CKopee Bcero, 6b110 €BA3AHO € B/IM3KMMU YCNOBUAMMU U3BAEYEHUA SIEMEHTOB B 3TUX POpPMax M3-3a
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CXO4HOro XMMWYECKOro cocTaBa M coBnageHuns pH skcTparmpytowmx pacteopos (4,6), 06ycnoBneHHoro
COOTBETCTBYIOLLEN KMCIOTHOCTbIO NOYBEHHOM cpeabl (pHkcl 4,6).

MonyyeHHble AaHHbIe XOPOLWO COrlacyloTcs ¢ pe3yibTatamu onpeaeneHma Cdnoas v Pbnoags B
PEerMoHax C BbICOKMMU YPOBHAMW TEXHOTEHHOrO 3arpsA3HeHus noyseHHoro nokposa (Houben et al,,
2013).

UsmeHeHue e noyeax 3anaca Cd, Pb u U e nodesuxcHbix popmax. NpuUHAB copepkaHue
Karkaoro 13 TM B noaBuUKHOM (ycnoBHO BMoNOrMyeckn AocTynHom) popme B KOHTPONbHbIX 06pasLax
no4sbl 6e3 gobasneHunsa 6uoyrna 3a 100%, MOXKHO NPOCNEeANTb, KaK USMEHSIETCS OTHOCUTE/IbHbINM 3anac
3N1eMeHTOB B 3TOM ¢Gopme B pasHble CPOKM TMOCAe BHECEHWSA pPasNn4YHbiX [03 6buoyras.
CooTBeTCTBYOLIMNE AaHHbIE ANs CynecyaHoM NoYBbl NpMBeaeHbl Ha puc 1.
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Puc. 1. UameHeHune 3anaca Cd, Pb 1 U B noasukHoit popme (Menogs, %) B pe3ynbtate BHECEHUA
6uoyrna B cynecyaHyto nousy yepes 1 (1), 2 (2), 3 (3) n (6) 6 mecaues nocne ero BHeCeHUA.

M3 nonyyeHHbIX AAaHHbIX CleAyeT, YTo B TeyeHue BCero nepuoga HabnwgeHus (6 mecsaues)
CYLLLECTBEHHbIX N3MEHeHWI B cogepkaHumn Cdnogs NOCNE BHECEHMA B 0O6pa3upbl cynecyaHoM nousbl 1 u
5 mac. % bunoyrns He obHapyKeHo. Mocne gobasneHna 1 mac. % 6uoyrna cogepkaHne Cdnoge B MOYBE
NPaKTUYECKN He U3MEHWOCb, a Nocsie BHeceHWA 5 mac. % ysennumnocb He 6onee yem Ha 12%
MO CPAaBHEHWIO C KOHTPOJIEM.

CopeprkaHue Pbnogs B cynecyaHoM noyse yepes mecay, nocne gobasneHma 1 mac. % 6uoyrna
COKPATMIOCh Ha 9%, a Ha NOCNeAYOWMX 3Tanax SKCNePUMEHTA YMEHbLIANOCh Ha 2—6% NO CpaBHEHUIO
C KOHTPO/IbHbIMM 06pa3suamu. Mocne BHeceHMs B 06pasbl NoYBbl 5 mac. % 6uoyrna cogepxaHune Pbnogs
YBE/INYMIOCH MO CPABHEHUIO C KOHTPOJIbHbIMW NOYBEHHbIMK 06pa3LLaMu: Ha 6% — vyepes mecAu, Ha 7
—vyepes 2, Ha 18 —uyepe3 3 n Ha 25% — uepe3 6 mecaues.

N3meHeHne copepaHuA Unogzs B CynecyaHOM MoyBe Aarke yYepes 6 mecALeB Noc/ie BHECEHUA
5 mac. % broyrns He NpeBbiWano HeonpeaeneHHOCTU NONYYEHHOTO pe3yabTaTa.

B necuyaHoi nouyse copeprkaHne Cdnogs M Pbrogs B NoaBUXKHOM popme yepes 1-3 mecaua nocne
fobasneHna 1 mac. % 6uoyrna NpPakTUYECKM He WU3IMEHWUNOCb MO CPABHEHWUKD C KOHTPOAbHbIMU
obpasyamu, a nocne BHeceHMa 5 mac. % 6uoyrna ymeHblwmnocb Ha 7-14%, npu 3tom 3anac Unoge
COKpatu/ica npumepHo Ha 50%.
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U3zmeHeHue 8 noyeax 3anaca Cd, Pb u U 8 obmeHHbIx ¢hopmax. B xoge nccnenosaHuma 6bi10
nokasaHo, 4YTo gobaska 1 mac. % 6uoyrna cnabo Banana Ha copeprkaHue Cdnogs M Unogs, @ AODABKA
5 mac. % npuBena K 3ameTHomy (8o 25%) yBennuyeHuto cogepkaHne Cdnogs B CynecyaHoM nouyse.
MoaTomy gnsa nsyyveHua BaMaHUA Guoyrna Ha cogepkaHme B noysax Cd, Pb n U B 06MmeHHbIX popmax
(Meosm) 6blna BbIGpaHa NpomerKyTouHanA f03a buoyrna 3 mac. %. MpuHAB coaeprkaHune Kaxaoro ns TM
B 06MeHHOM popme B KOHTPOIbHbIX 06pa3uax noysbl 6e3 gobasneHna 6uoyrna 3a 100%, paccmoTpum,
Kak MEHANOCb COAEep’KaHMe 3/1eMEHTOB B 3TOM ¢dopme OTHOCUTENbHO WX COoAepXKaHuA
B COOTBETCTBYIOLWMX KOHTPO/bHbIX 06pasuax B pasHble CPOKM nocne BHeceHUA 3 mac. % Guoyrns.
JKCnepMMeHTaibHble AaHHble Mo n3MeHeHuo coaepanuma Cdosm, Pbosm M Uosm OT 1 g0 6 mecaues
nocsie BHeCeHUA 3Tok A03bl buoyrna B 06pasLbl NecHaHoM 1M CynecyaHom noys NpmeeaeHbl Ha puUc. 2.

M3 nony4eHHbIX AaHHbIX CNeayeT, YTo B TedeHne 6 mecaueB Nocie BHECEHUs BUOyriA B MOYBbI
coaepaHme Meosm B MeCYaHOM NoYBE ObINIO HUMKE, YEM B KOHTPOJIbHbIX NOYBEHHbIX 06pa3suax: Cdosm —
Ha 35—-38%, Pbosm —42—44% 1 Uoem — 49-53, a B cynecyaHoi noyBe — COOTBETCTBEHHO Ha 20—-26, 30—-35
n 15-19%. MUHUManbHOE coAepKaHMEe ITUX TAMKESbIX METaINI0B B 06MeHHbIX dopmax Habatoaanoch
yepes 2 mecAua nocne BHeceHua buoyrna.
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Puc. 2. UameHeHune 3anaca TM B obmeHHoM dopme (Meosm, %) B necdaHo (AMNM) u cynecyaHom
(ANCn) nouBax uepe3z 1 (1), 2 (2), 3 (3) n (6) 6 mecaues nocne gobasneHua 3 mac. % buoyrasa:
a — Cdosm; b — Pbosm; € — Uosm.

Takum obpasom, nog sanAHnem 3 mac. % 6uoyrna B o6pasyax necyaHom M cynecyaHor noys
3aMeTHO coKpaTtuaocb cogepkaHne Cdobm, Pbobm n Uobm. IddekT oTyeTaMBO npoAsBuacs vyepes
MecAL, nocne BHeCeHUA 6Moyrna B NOYBbl, AOCTUI MAaKCMMA/NbHOIrO YPOBHA Yepe3 2 mecAua nocne
BHECEHWA N COXPAHANCA NPUMEPHO Ha TEX Ke YPOBHAX HA NPOTAXKEHMM nocneaytowmnx 4 mecaues. Mpu
3TOM B NecyaHol no4se 3PpdeKT NpoaBuACA B 60/bLUEN CTEMNEHN, YEM B CYNECHAHOM, YTO MOKET ObiTb
CBA3aHO € Hbonee cywecTBEHHbIM CHUXEHUEM Noa, BAMAHMEM BUOYTAA KUCIOTHOCTU NecYaHoM MoYBbI.
Yepes mecay nocne gobasnenuna buoyrna nokasatenb pHKCl B necyaHoi nouyse coctasnaan 5,7 no
cpaBHeHMO ¢ 5,0 B KOHTPO/IbHbIX 06pasuax, a B cynec4aHon no4yse — 6,8 nNo cpaBHeHUto ¢ 6,5 B
KOHTPO/IbHbIX NMOYBEHHbIX 06pasuyax. Yepes 2 mecaua nocne BHeceHMA HMOYraA B NOYBbI BENNYMHDI
nokasatenen pHKCl npakTMyeckn He USMEHUANCH NO CPABHEHMIO C COOTBETCTBYHOLLLMMM NOKa3aTeNAMMU
KOHTPONbHbIX 06pa3LL0B NoYB.

BbiBOoAbI
B pe3ynbTaTte npoBeAeHHbIX uccaeaoBaHUM YCTaHOBAEHO:
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1) B necyaHoM K cynecyaHoM noysax AepHOBO-NOA30AMCTOrO TUNA OTHOCUTE/IbHbIE KOIMYECTBa
TM 1 B 06MeHHOM, 1 B NOABUMKHOM dopMe COOTHOCATCA creayrowmm obpasom: Cd > Pb >> U;

2) B TeyeHne 6 mecAueB HabAOAEHMA CYLLECTBEHHbIX M3MEHeHU B coaeprkaHum Cdnoas u
UnozB nocne BHecCeHMA B cynecyaHyto noysy 1 mac. % 6uoyrns He obHapy»KeHo;

3) npu pose 6uoyrna 5 mac. % copeprkaHme Cdnoas, Pbnoas n Unoae B nmecyaHoW noyse
YMeHbLIMNOCb, @ B cynecyaHon — Cdnoas u Pbnoas yBennYMnoCb, MU3SMEHEHUI Ke B COogepKaHuu
Unoags He BbIABNEHO;

4) BHeceHMe 3 mac. % 6Uoyrna B NecyaHyo M cynecyaHyto noysbl 4epHOBO-N0A30/MCTOrO TUNa
cnocobCcTBOBaANO CHUMXKEHUI cogepraHua Cdobm, Pbobm n Uobm, npuyem B necyaHoi nouyse B
60/blLEN CTENEHU, YEM B CYNECYaHOM’;

5) npu coxpaHeHuu 6naronpuATHLIX YCNOBMIA ANA BblpalLMBAHUA CE/IbCKOXO3AMCTBEHHbIX
pPacTeHMN K 3aMeTHOMY CHUKeHUto 3anaca Cdobm, Pbobm 1 Uobm moxkeT npuBoauTb BHECEHUE B
cynecyaHble noysbl gepHoBo-noasonuctoro tuna (pHKCl 5,8+6,6) 3 mac. % 6uoyrnsa, a B KUc/ble
necyaHble (pHKCI 4,6 + 5,5) — 3-5 mac. %.
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INFLUENCE OF BIOCHAR ON CADMIUM, LEAD AND URANIUM FORMS DETERMINING THEIR
MOBILITY IN SOILS
SOKOLIK G.A., OVSIANNIKOVA S.V., PAPENIA M.V.

Belarusian State University, Minsk, Belarus
sokolikga@mail.ru

Abstract. Using the method of chemical fractionation the effect of 1-5 w. % of biochar application
in sandy and sandy loam sod podzol soils on the Cd, Pb and U reserves in exchangeable (sorbed
reversibly) and mobile (conditionally bioavailable) forms has been investigated. It was found that
in favorable conditions for growing of agricultural plants an essential decrease of Cd, Pb and U
reserves in forms determining their mobility and availability in sandy soils could be caused with
application of 3-5w. % of biochar, but in sandy-loam soils it can be reached with 3 w. % of
biochar.

Keywords. Cadmium. Lead. Uranium. Forms of heavy metals in soil. Effect of biochar.
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AHHOTauMA. V3MeHeHMs B COCTaBe MOYBEHHOM MUKOOMOTbI OblIM OOHapy)KeHbl Npu ee
UcCcneJoBaHMM Kak MeTogaMu  MeTareHOMMKW, TakK M MNpu NoceBe MUKPOMMULETOB Ha
nutatenbHyto cpeay. Oba metoaa nokasanu Bo3pacTaHMe obunuma Zygomycota B no4yse C
6uoyrnem. Komnnekc BbiceBaembix rpboB Npu BHECEHUM BUOYTNIA MeHAETCA KapANHANbHO, B TO
BPeMsA KaK uccnefoBaHne MMKOOMOTbI METOA0M MEeTareHOMHOrO aHa/an3a NoKas3asio He CTo/b
CYLLLECTBEHHbIE M3MEHEHMUA B TAKCOHOMMYECKOM COCTaBe NOYBEHHbIX rpMbOB.

KnioueBble cnosa. [louBeHHadA MUKobMoTa. buoyronb. ArpogepHOBO-NOA30AMCTaA MOYBa.
Ascomycota. Zygomycota. Umbelopsis. NMutatenbHan cpega Yaneka. MeTareHOMHbI aHanus.
BbicoKONpoun3BOaUTENIBHOE CEKBEHMPOBAHME.

BsepeHue

Bonpoc o BAMAHMKM GUOYrNs Ha NOYBEHHY OMOTY B HacTosAlee BPeMA aKTUBHO M3y4yaeTcs
(Lehmann et al, 2011), B TOM yucne U MeTOAOM METareHOMHOro aHanusa. K coxaneHuio, 4yaule
06BEKTOM UCCeL0BaAHUA CTAHOBATCA MPOKAPUOTbI (BAaKTEPUN U apXeEUN) U pexke uccnenyoTcs rpmbol, B
TO BpemMsA Kak MMKOOMOTa ABNAETCA aKTUBHbIM YY4AaCTHUMKOM MHOIMMX MOYBEHHbIX NPOLLECcCcoB. Tem He
MEHee WccnenoBaHMW, B KOTOPbIX M3y4anoCb BO3AENCTBME BHECEHWs B Mo4YBy OMoyrna Ha
pa3Hoobpasme He TO/IbKO Ha NPOKapMOoT, HO M rpmbos, KpaliHe mano (Abujabhah et al, 2016, Chen et
al, 2018, Gao et al, 2017). B 4epHOBO-NOA30/IUCTbIX NMOYBAX U3MEHEHUA MUKOOUOTbI NPU BHECEHUM
6Moyrna He U3yyeHbl, XOTA MMEHHO B 3TUX MOYBaX BKAa4 rpnboB B NOYBEHHbIE NPOLLECCHI OCOBEHHO
BeMK (MupumHk, 1982).

Uenb pgaHHoM paboTbl — OUEHWUTb M3MEHEHMA MUKOOMOTbI AEPHOBO-NOA30/UCTON MOYBbI,
npousolealme nNpu ee KpaTkocpodyHom (7 cyTok) u anutenbHom (90 CyTOK) KOMMOCTUPOBAHWUU C
buoyrnem.

O6beKTbl U MeToAbl UCCIeA0BaHUA

BanaHue BHeceHMa 6MOYrnA Ha MOYBEHHYH MUKOBMOTY M3yYanock B arpoAepHOBO-NOA30/IMCTOM
CynecyaHoi no4yBe C BbICOKMM COAEPKAHMEM Tymyca, OTOb6paHHOW B [aTYMHCKOM palioHe
NenuHrpaackon obnact (MeHbKOBO). XapaKTepuCcTUKKM NouBbl: pHH20 6,7, coaep»anue rymyca 4,45%,
coaepxaHue obuwero asota 0,22%. B nousy BHOcW/cA 6uoyronb (1%), nonydyeHHbIN ObICTPbIM
nuponunsom (t=550°C) n3 gpesecuHbl 6epesbl U OCUHbI. [oapoOHan XxapaKTepUCTMKa NoYBbl M BUoyrna
npuesegeHa paHee (Orlova et al., 2018). WccnepoBaHuA NPOBOAMAUCL B MHKYbBaLMOHHOM
aKcrnepumeHTe, 06pasupbl NOYBbI 415 aHanM3a oTompanm Ha 7 n 90-e cyTKM MHKYBUpoBaHMA.

[ns onpeaeneHmna TaKCOHOMMUYECKOro COCTaBa rpnboB 13 NoYBbl ¢ NomoLbto Habopa NucleoSpin
Soil (MACHEREY-NAGEL) 6bina BbigeneHa [HK, nocne yero nosy4yeHHbIn npenapaT 6bi1 NCNonb30BaH
Kak maTpuua B peakumu MNLP ¢ yHMBepcanbHbIMM Npalimepamm Ha y4acTOK MEeXKreHHOro cneicepa
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pnbocomanbHoro onepoHa ITS2 (its3 - GCATCGATGAAGAACGCAGC / its4 - TCCTCCGCTTATTGATATGC),
amnanduumpoBaHHble M cekBeHnpoBaHHble (lllumina MiSeq, reagent kit v3) nocnepoBaTtenbHocTU
6b11m1 06paboTaHbl N MAEHTUPULMPOBAHbI C NOMOLLbIO NakeTa pipits n 6a3bl gaHHbIX UNITE (Nilsson et
al, 2018). YucneHHocTb U pasHoObOpasMe BbICEBAEMbIX MWUKPOMMULIETOB OMNpPeaenanocb MeToaom
nocesa M3 NOYBEHHbIX pa3BeaeHN Ha cpeay Yaneka. NaoeHTUPUKaLUIO BblAENEHHDBIX YNUCTbIX KY/bTYP
romboB NPoOBOAMAM KaK Ha OCHOBaHUM MOPGONOrMYECKMX MNPU3HAKOB C WMCNO/Sb30BaHUEM
onpeaenutenen (Barnett H.L., Hunter B.B, 1987, Nuaonanyko, 1972, Meyer W. ,Gams, 2003 n ap.), Tak
M MeTodoM cekBeHupoBaHua no CeHrepy. BbigeneHne reHomHoir AHK 4ymctbix KynbTyp rpubos
nNpPoBOAUNOCL MO CTaHAAPTHOM meToauKe (Gonzalez-Mendoza et al, 2010). BoigenenHaa AHK 6bina
MCNonb3oBaHa ANA  aMnNAMOUUMKALMKM UM CEKBEHMPOBAHMA puMOBOCOManbHOro oOnepoHa C
ncnonbzoBaHMem npammepos ITS1 u ITS4 (White, 1990). CekBeHUpOBaHME BbINOJHANOCHL Ha Npubope
3500xL Genetic Analyzer (Applied Biosystems™), cornacHo pekOoMeHAauusm npousBoAUTENA.
HykneoTngHble nocnefoBaTeNbHOCTM, MNOAYYEHHble B pe3y/ibTaTe CEeKBEHUPOBAHUA, Oblau
NAEHTUPULUMPOBAHbI C NOMOLLbIo BeG-uHTepdelica nporpammbl BLAST (Zhang et al, 2000).

Pe3ynbTatbl M 06CyKaeHue

MeTareHOMHbIH aHanU3 NoKasas, YTo LapcTBo rpMboB B AaHHOW noyse 6blN0 NPeAcTaBAEHO B
OCHOBHOM ackomuueTamu (puc. 1). BHeceHue 6uoyrna npmBoanao K 6biCTpoMy Bo3pacTaHWUio obunma
6a3naMoMMLETOB, O4HAKO NOC/AE TPeXMEeCAYHOM MHKYDaUUKM pasHMLUA MeXay BapMaHTaMu Mo aTOMy
nokasaTento Crna)kmpanacb. TakKe Mocie TpexmecsyHon MHKybauuu B no4yse c bBuoyrnem no
CpaBHEHMIO c no4ysBon 6e3 ero BHeCeHMA BO3pacTano obuane 3MroMMUETOB U CHUXKANOCb obunve
XUTPOANOMMULLETOB.

AckomuueTbl bblin NpeacTaBieHbl B OCHOBHOM rpnbammn Knacca Sordariomycetes (57-75%), B
MeHblUeln ctenenun Eurotiomycetes (5-9%) n Dothideomycetes (0.6-3.8%), obunune aTnx Knaccos ciabo
3aBMCMNO OT MNPUCYTCTBMA B MoyBe 6uoyrnsa. B nouse KOHTPONALHOrO BApMAHTA BCTPEYAD/IUCH
npeacrasutenn Knacca Saccharomycetes (1,7%), HO B nouBe ApYyrnx TPeEX BapMaHTOB OHU He
06HapyKMBaNUCh.

basmanomuueTbl 6b11M NpeacTaBAeHbl B OCHOBHOM Knaccom Agaricomycetes. Ero obunne nocne
BHeCeHus 6uoyrna pesko Bo3pacTano. HanpoTtus, nocne TpexmecayHon MHKybauum, obunme 3toro
KNacca CHUXKANOCb MO CPaBHEHMIO C KOHTponem. BTopbiM MO NpeacTaBN€HHOCTM  K/IAacCOM
6asnanomuuetoB 6bin Tremellomycetes, ero obunne B noyse c 6uoyrnem 6bINO Bbllle, YEM B
KOHTpOJie, B 06a cpoka HabnoaeHus.

Obunne Hanbonee npeacraBieHHbIx (bonee 1%) NnopAaakos rpuboB, BbIBJEHHbIX C MOMOLLbIO
MeTareHoOMHOro nNoaxoAa, NpMBeAeHo Ha TenaoKapTe (1ab.1).

TaKCOHOMMYECKNI COCTaB BbiCEBAEMbIX TPMOOB B NepBble AHM NOC/1e BHECEHMA BMOYTrNa MeHANCA
He3HaymTenbHO. CnycTsa 7 CYTOK NOC/ie Havyala MHKybaLuMKn Kak B KOHTPOJIe, TaK U B Noyse ¢ buoyrnem
AOMWHUMpPOBan pog, Penicillium (puc. 1), npeacTaBneHHbIM B OCHOBHOM BUAom Penicillium jenseni. B
BapMWaHTe «bMOoyrosb, 7 CYyTOK» NO CPAaBHEHMIO C KOHTPOJIEM HECKOJIbKO CHUMKanacb NpeacTaBAeHHOCTb
peaKkux BUAO0B, HO YacTo BcTpeyatowmecs Buabl - Penicillium janthinellum, Umbelopsis ramanniana — B
3TUX BapMaHTax O4HU U Te XKe.

Yepes 90 aHel MHKy6auMmn B NoYBE KOHTPO/IbHOIO BapMaHTa no-npexHemy npeobnananm rpnobsl
poaa Penicillium (puc. 1), Ho Bo3pacTano u obunne Zygomycota, npeacraBneHHoro pogamu Mucor,
Rhizopus u Umbelopsis. A B nouyse ¢ 6uoyrnem 3a 3TOT Nepuon NPOM3OLWIa KapauHasibHas
NnepecTponKka CTPYKTYpbl coobuwecTtBa MUKPOMMLIETOB: B Hell gomuHuposan pog Umbelopsis,
npeacrtasneHHbIn ogHUm Bugom Umbelopsis ramanniana. Bospactano obunve rpubos ponaos
Gliocladium, Rhizopus, B meHbluen cteneHu — Aspergillus, Humicola, Fusarium.
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Taknm o6pa3om, ecnm B NOYBE KOHTPOJIbHOTO BapMaHTA CPean BblCEBAEMbIX MUKPOMMULLETOB
AOMWHUpoBanu Ascomycota, B pAUTENbHO MHKYBMpoBaHHOW c 6uoyrnem nouse npeobnaganu
Zygomycota, npeactaB/ieHHble rnaBHbIM obpasom pogom Umbelopsis, 4To B Lenom AnA AepHOBO-
NoA30UCTbIX NOYB He XapaKTepHo (MuUpUKnHK, 1982).

Kak meTareHOMHbIl aHann3, TaK U MeTo, BbiCEBA MOKA3a/, YTO BHECeHMe B NoyBy Buoyrna
NPMBENO K BO3PACcTaHUIO NMpeacTaBNeHHOCTU B Hel rpubos oTtaena Zygomycota. IT0T 3dPeKT OT
BHeceHus buoyrna otmedanun u apyrue asTopbl (Abujabhah et al, 2016; Gao et al, 2017). OgHako mbl
OTMETU/IM, YTO BbIPAYKEHHOCTb M3MEHEHWUI MPU PasHbIX METoAAaX WMCCNeAOBaHWA Pas/iNyHa: ecu
MeTareHOMHbIA aHanM3 nokasan Avwb Hebosnbwoe BoO3pacTaHuMe obuauna Zygomycota npwu
O/VTENbHOM KOMMOCTMPOBAHMM NOYBbI C BMoyriem, To cpeaun BbiceBaembIxX rpuboB npeacTaButenu
3TOro oTAeNa B JaHHOM BapuaHTe npeobiaganv. Takum ob6pa3om, BbiceBaemble rpubbl pearnposanm
Ha BHeceHWe B MOYBY OMOYrnA ropasgo CubHee, Yem COOOLLECTBO NOYBEHHbIX rPMbOOB B LEIOM
(puc. 1, 2). BeposaTHO, 3TO 06bBACHAETCA TEM, YTO Ha UCNONbL30BAaHHOW MUTATE/NIbHOM cpeae pacTyT
KonnotpodHble rpubbl, notpebnsawowme B OCHOBHOM JIErKOAOCTYMHOE OpPraHMYecKoe BeLLeCTBO
(caxapa). BoamorkHO, copbums Ha YacTUUKax Buoyrnsa opraHMYeckoro seuwlecTsa 6onee 3HaynMma ana
ObICTPOPACTYLNX  MUKPOMULETOB-KONMOTpodoB, Yem pgns  bonee  crneumannsmMpoBaHHbIX
rMOPOSIMTUKOB PACTUTENbHbIX MOJIMMEPOB, HE PACTYLLMX Ha UCNOJIb30BAaHHOM NUTATe/IbHOM cpeae.

Tabnuua 1. TennokapTa 06uaMAa NnopaaKoB rpMboB B NOYBE C BHECEHMEM U 6e3 BHeceHUs
6uoyrna (No metTareHOMHbIM AaHHbIM).

noysa + 1% nousa + 1%
nousa, 7 cyt | 6buoyronb, 7 cyT nousa, 90 cyt | buoyronsb, 90 cyT
%
Pleosporales 0.4% 2.4% 3.5% 0.9%
Eurotiales 8.8% 3.0% 3.7% 4.1%
Onygenales 0.3% 3.9% 1.4% 0.5%
Helotiales 0.1% 4.2% 2.5% 4.2%
Thelebolales 0.0% 4.6% 4.2% 5.1%
Saccharomycetales 1.7% 0.0% 0.0% 0.0%
Coniochaetales 0.0% 1.0% 0.2% 1.0%
Hypocreales 2.6%
Sordariales
Agaricales 0.0% 3.9% 2.0% 1.0%
Cantharellales 0.0% 0.8% 5.9% 0.0%
Polyporales 0.0% 1.3% 1.7% 0.6%
Mortierellales 0.0% 0.7% 0.6% 3.0%
Mucorales 0.2% 0.6% 0.1% 1.6%
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Puc. 1. BansiHMe BHeceHMs BUOoYrna Ha TAaKCOHOMMYECKMI COCTaB NOYBEHHbIX rPMBOB Npu
pa3HbIX CPOKax MHKYBauun (A - N0 MeTareHOMHbIM AaHHbIM, 06unne otTaenos, b — no pesynbtatam
nocesa Ha cpeay Yaneka, obunve ponos).

BbiBoAbI

1. AnutenbHas (90 c) MHKybauma arpoaepHOBO-NOA30/UCTOM NOYBbI C BMoyrnem npusena K
BO3pacTaHuto obunma B Hen rpubos otaena Zygomycota, 4yto ObINO NOKA3aHO Kak C MOMOLLbBHO
METAareHOMHOr0 aHa/n3a, Tak U MeTO40M NOCEBA Ha NUTATENbHYIO Cpeay.

2. B coobuiectBe BblcEBAaEMbIX FPUOOB NPU AAUTENBHOM KOMMOCTUPOBAHUM NOYBbI C BUoyrnem

CMeHANCA AOMUHUPYIOLWNIA BUA: €C/IN B KOHTPOJe 3To 6bin Penicillium jenseni, To B noyse ¢ buoyrnem
- Umbelopsis ramanniana.
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THE STUDY OF THE BIOCHAR IMPACT ON AGRO SODDY-PODZOLIC SOIL FUNGI COMPLEX BY
METAGENOMIC ANALYSIS AND SEEDING ON THE NUTRIENT MEDIUM

SHAHNAZAROVA V.Yu.» 2, KICHKO A.A.%2, AKSENOVA A.A.%2, ORLOVA N.E.}, ORLOVA E.E.}

1 Saint Petersburg State University, St. Petersburg, Russia
2 All-Russian Research Institute for Agricultural Microbiology, St. Petersburg, Russia
shahnazarova-v@mail.ru

Abstract. Changes in the composition of the soil microbiota were detected both by
metagenomic methods and by seeding micromycetes on the nutrient medium. Both methods
showed an increase in the abundance of Zygomycota in the soil under biochar. The complex of
seeded on the nutrient medium fungi changed radically after biochar application, while the
changes in the soil fungi taxonomic composition studed by metagenomics methods were not so
significant.

Keywords. Soil mycobiota. Biochar. Agro soddy-podzolic soil. Ascomycota. Zygomycota.
Umbelopsis. Chapek nutrient medium. Metagenomic analysis. High-performance sequencing.
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B/IMAHUE BUOYTNA HA HAKOMNEHWUE 137CS JIMCTOBOW CBEK/10M1, BbIPALLLEEHHOM HA
OPTAHUYECKHNX NMOYBAX

LWYPAHKOBA O.A., HUKUTUH A.H., KTMHNYEHKO C.A.

THY «MMlHcmumym paduobuonozuu HAH benapycu», lomens, benapyce
shurankova@list.ru, nikitinale@gmail.com, s-a-k@list.ru

AHHOTauMA. Mcnonb3yembie B HACTOSILLEE BPEMA MeTOAbl MWHMMM3ALMM NOCTYNJEHMUS
TEXHOTEHHbIX AONTOXUBYLWNX PAAUOHYKAMAOB B MNPOAYKUMIO PACTEHMEBOACTBA OCHOBAHbI
NPENMYLLECTBEHHO HA MCMNOJIb3OBAaHUM XMMMUYUYECKUX CPEACTB MenuMopaumu. 3TO MCKAOYaeT
BO3MOXHOCTb BEAEHMA OPraHUYEeCKoro CeJIbCKOro X03AMCTBa Ha 3arpa3HeHHbIX no4ysax. [ns
NMOMCKa COBMECTUMbIX C MPUHLUMMAMM OPraHUYEeCKOro 3emieenNnsa MeTo40B BeAeHUA X039MCTBa
Ha TEPPUTOPUAX, 3arPA3HEHHbIX PAANOHYKAUAAMMU, BbIMONHEHO UCMbITAHUE MOYBOYAYYLIAOLWMX
006aBOK Ha OCHOBe BMOYrNA B KAYeCTBe CPeACTBa A1A CHUXKEHWUA KOpHeBOro noctynaexHms 137Cs
B pacTeHuA. NOKa3aHO MONOXKUTENbHOE BAWAHME OMOYrNA Ha arpOXMMMUYEcCKMe MNoKasaTenu
noysbl. Ero BHeceHne B cynecyaHble n TopdaHble NoyBbl B Ao3e 1-5 mac.% ymeHbllaeT ux
KMUC/IOTHOCTb, MOBbILWAET €MKOCTb MOI/IOWEHNA, COAEepKaHMe AOCTYMHOro KajbUMA M Kanus,
yBeNYMBAET BAaroeMkocTb. MNogobpaHa onTumanbHaa g03a 6Moyraa ANnA CHUXKEHUA nepexosa
137Cs n3 no4sbl B AMCTOBYIO cBeKNY — 1 mac.%.

Kniouesble cnosa. brnoyronbs. TopdsaHaa nousa. Llesunii-137. J/luctosan cBeka.

BsepgeHue

Buoyronb obnasaet HA6OPOM XapaKTEPUCTUK, LENAIOLMX STOT MATEPUAN LEHHbIM NOYBEHHbIM
MeNIMopPaHTOM. 1A Hero xapakTepHa 60/1bLlwan naowaab cBo60AHON NOBEPXHOCTU Ha €4MHULLY Macchbl
M obbema M BbICOKAA COPOUMOHHAA cnocobHOCTb. Kpome TOro, OH COAEPKMUT 3HAUYMTENbHblE
KO/IMYECTBA Kasins, KOTOPbIA MNOCTENEeHHO BbICBOOOXAAETCA B MOYBEHHOM cpeae. [aHHbIA ¢aKT
NO3BO/IMN HAaM BbIABWHYTb TMMNOTE3Y, YTO BHECEHME BUOYINA B NOYBY NO3BOINT HE TOJIbKO MOBLICUTb €€
naogopoamve 3a CYeT y/ayyweHusa BOAHO-PU3MYECKUX W arpOXMMWUYECKMX CBOMCTB, HO CHU3UTL
HaKonaeHne B NPOAYKLMW CENbCKOro XO3AWCTBA TaKUX MONMNIOTAHTOB, KaK TAXe/ble MeTannbl U
TEXHOTeHHble PAAUOHYKANADI.

O6beKTbl U MeToAbl UccnenoBaHUA

Ona nposeneHUs 3KCNepuMMeHTa WMCNO/Sb3oBasacb TopdaHaa noysa, 3arpasHeHHaa 137Cs B
pe3ynbTaTe aBapum Ha YepHobbinbckoit ASC; Buoyronb M3 ApeBecUHbl TBEPAOJUCTBEHHbIX MOPOA.
BHeceHne 6uoyrns npoBoauNOCb B KOHUEHTpaumm 1 m 3% oT ob6lieli maccbl NMOYBEHHOM CMecCH.
JKcnepuMeHT NPOBOAW/ICA B NATUKPATHOM MOBTOPHOCTU. M1aCTUKOBbIE EMKOCTU HAMOIHUAW NOYBOM
(no 860 r Ha cocya). B Kaxabln cocyA, BbiCaxknBanu no 16 cemaH NMCTOBOM CBEK/bl (MaHronbaa) Ha
rnybuHy 2 cm. Ha 65-ii aeHb nocsie nocagKku pacTeHusa cpesanu, B3BELWWBA/M Cbipyld Maccy,
noACYUTANN KONMYECTBO PACTEHMM M OTNPABUAM Ha M3MepeHue yaenbHOW aKTMBHOCTM no 137Cs,
npeaBapuTeIbHO BbICYLLIMB 40 BO3AYLIHO-CYXOrO COCTOAHUA.

OnpepeneHve arpoXMMMYECKMX MNOKasaTesNel B MNOYBEHHbIx o06pasuax NpoBOAMNOCL MO
cTaHAapTHbIM meTtoauKkam: pH (FOCT 26483-85), ruaponutmyeckas kucnotHocTb (FTOCT 26212-91),
Cymma noraouleHHbIx ocHoBaHun (FTOCT 27821-88), rymyc (FTOCT26213-91), 06MEHHbIN KanbLuit U
marHmn (TOCT 26487-85), noasuHbit docdop (FTOCT 26207-91), nonHaa nosieBass BNAaroeMKoCTb
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(MpaKkTMKym..., 2001). BnaroemKocTb MOYBblI OMpeAenAann A0 Hayana 3sKcnepumeHTa. OcTanbHble
napameTpbl ONpenenann aBaxabl 40 Havyana M Noc/e 3aBepLUEHMA ONbITa.

Boigenernne ¢opm 137Cs npoBoannun no moanouumposaHHon metoauke (Chemical..., 2002).
Maccy HaBeCcKM MoYBbl 419 aHaNAM3a 6pann ¢ TaKMM pacyeTom, YTobbl yae/bHaa aKTUBHOCTb NPO6bI
cocrtasnana 300-800 Bk.

Pe3ynbTaTbl M 06CyXKaeHue

MPOYHOCTb 3aKpenneHua PaANOHYKANAOB B MOYBE 3aBUCUT OT pPeakuuMum cpefbl, €MKOCTU
NOrNOLLEHMA NOYBbI, COCTaBa 0OMEHHbIX KaTUOHOB, COAEPKAHUA OpraHUYeckux Belects. MoaTomy,
arpoXMMUYecKne NPUeMmMbl, BAMAIOLIME Ha 3TU MOKa3aTe/M, U3MEHSIOT COCTOSSHUE PaAMOHYKAMAA B
nouse.

B BeretauMoHHOM oOMbiTe nocne YOOPKM YypoXKas JMCTOBOM CBEK/bl OblaM onpeaeneHsbl
arpoxMmuyeckne cBoicTBa ToOpdAHOM nousbl. [aHHble arpoXMMMUYEcKOro aHaam3a MnouBbl
npeacrasneHbl B Tabanue 1.

KonunuyectBo cBO60AHbIX MOHOB BOAOPOAA B NOYBEHHOM PacTBOPE AENCTBYET HENOCPEACTBEHHO
Ha KOPHEBYIO CUCTEMY PACTEHWNI U NOYBEHHbIE MUKPOOPraHM3Mbl, MO3TOMY NEPEHOC PaAUOHYKIUA0B
N3 KUC/IbIX MOYB B PacTeHMA NPOUCXOAMUT Ierye, Yem 13 HeWTPasibHbIX. Yem HUKe 3HaYeHne pH noussl,
Tem 6o/bliee KONNYeCTBO PaAUOHYKANAOB MOCTynaeT B pacTeHua. BHeceHue B nousBy 6uoyrna B
KOoHUeHTpauun 1 u 3% cnocobcTBOBaIO CHUMKEHUIO KMCAOTHOCTU C 6,2 B KOHTposie Ao 6,4 n 6,5
cooTBeTCcTBEHHO. C MOBbIWEHNEM KOHUEHTpauuu 6uoyrna B ToppsaHON Moyse B OMbIT€ C JIMCTOBOM
CBEK/ION MPOUCXOAMUT CMELLLEHWNE CTENEHU KUCIOTHOCTU B HEUTPANbHYIO cpeay.

BHeceHue buoyrns B NoyBy B KOHUEHTpauuun 1 n 3% cnocobcTBOBaNO HEKOTOPOMY YBEIUYEHUIO
TAaKUX arpOXMMMUYECKMX NOKa3aTeNel Kak CyMMa NOrNOLEHHbIX OCHOBAHWUIM U cTeneHb HACbILWEeHHOCTH
MOYB OCHOBAHWAMMW, HO E€MKOCTb MOr/IOWEHMA MPAKTUYECKM He WM3MeHunacb. lNpu 3Tom Takue
arpoXMMMUYecKmMe MoKasaTe/In MNOoYBbl KaK IMAPOSIUTUYECKAA KUCAOTHOCTb, O0bmeHHbit Ca n Mg
HECKO/IbKO CHU3WU/IUCb NPU BHECEHUM PA3/IMYHbIX KOHLUEHTpaumn buoyrns.

Tabnunua 1. [laHHble arpOXMMMNYECKOro aHanmM3a TopdAHON NoYBbI

MNokasaTenb MNorpewHocTtb | KOHTpOAb buoyronb 1% Buoyronb 3%
meToza

pH (8 KCl), ea. 0,2 en. 6,2+0,05 6,3610,03 6,48+0,07

Ca o, | M-monb 1001t | 7,5% 42,2417 41,65%1,65 41,28+1,93

(obmeHHbIN)

Mg

(0bMmeHHbIN, | m-monb 100 | 7,5% 8,75+1,63 6,27+1,17 7,79+0,53

NOABUXKHbIN)

P20s, man™t (mr krt) 15% 1324,75+77,58 | 1338,5+168,63 | 1160,75+38,4

S, cymma nornoLwLeHHbIX

OCHOBaHMUN, 10% 90,6+2,03 91,4512,06 92,5511,68

M-mosb 100 r?

Hr, raponutiieckan g5 12,83+1,14 | 10,70:0,89 | 10,3+1,79

KMCNOTHOCTb, M-MmoJs1b 100r

T, @MKOCTL NIOT/IOLEHNR, 103,4+2,96 101,942,69 102,85+3,4

m-monb 100r

v, CTenenb HaceiuieHHocTY 87,63:0,86 | 89,53%0,69 | 90,03+1,42

NnoyYs OCHOBAHMAMM, %
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AHanu3 faHHbIX NoKasas, YTo BHeceHue B TOpPAHYH NoyBy 1% 6MOyrna CyLLecTBEHHO CHUMKAET
noKasaTtenu HakonneHus 137Cs pacteHuamn. IdodekT ot fobasneHuns B nousy bmoyrns s
KOHLLeHTpaLmm 3% OKas3anca cylecTBeHHo cnabee. NpoBeaeHHbIN AMCNEPCUOHHDBIN aHanus (puc. 1)
MOKasan A0CTOBEPHOCTb AAHHbIX 3aBUCMMOCTEN NpU ypOoBHE 3HaUMmocTu p < 0,05.

CpaBHMBas M aHaNN3MPYLO NONyYeHHble LMdpbl, MOXKHO BbIbpaTb ONTUMAa/bHbIE A5 BHECEHUA
B MOYBY KOHLEHTPaLMM BUOYrNSA ANA CHUMKEHMA BUONOrMYECKON AOCTYMHOCTU PagNOHYKANAOB
pacTeHUAMMU.

0,28
[[o] Cpemnee Cpennee+0,9 JloB. unrep Ban

0,26

0,24 _

0,22

Ku

0,20 _

0,18

KOHTpO/lb BY 1% BY 3%

BapwuanT onbita
Puc. 1 — BansHmne 6unoyrna 1% (BY 1%) n buoyrna 3% (BY 3%) Ha HakonneHne 137Cs B pacTeHusx

Murpaumnsa pagmMoHYKAMAO0B MO MOYBEHHOMY Npoduato, ux buonornyeckas AOCTYNHOCTb ANA
pacTeHWU B 3HAYNTENbHOW Mepe OnpeaenArTcA NPoLeccaMmn B3auMoaencTBUA UX C KOMMOHEHTAMM
noysbl. bonbwoe pasHoobpasMe nNOYB — MPUYMHA 3HAYMTENbHbLIX Pa3NMuYUIA B NOBeAEeHUMU
PaAMOHYKANA0B B MOYBAX M HAKOMJIEHUU UX B PacTeHUAX. Npn BO34eNbIBaHUM KYAbTYPHbIX PacTeHWUM
Ha pa3HbIX MOYBAX NPU OLHOM W TOM }KE YPOBHE PAAMOAKTUBHOIO 3arpsSHEHWA MOYB MOCTYN/IeHUe
PaANOHYKNNA0B B PaCTUTENbHYIO MPOAYKLMIO MOXKET Pa3iMyaTbCA B AECATKM pas.

Buonorvyeckaa nNOABMMKHOCTb PAAMOHYKAINAOB, YPOBEHb HAKOMIEHMA UX B ypoXKae
CENbCKOXO3ANCTBEHHbIX Ky/AbTyp, 3aBUCAT, B MEpPBYIO o4vyepelb, OT COAEP)KaHWUA PaaVOHYKAMAa B
pacTBOpUMOM U 0BbMeHHON ¢GopmMe, TO eCTb KOJIMYECTBA, BbITECHAEMOro M3 MO4YBbl PAcTBOpPaMM
HelTpanbHbIX conen. MoatBepKaeHNEM [aHHOMY GaKTy ABAAETCA YCTAHOB/IEHHAA B HACTOALLEM
3KCnepMmeHTe NPAMOZIMHENHAA CBA3b mexay gonein 137Cs B pacTBopumon n obmeHHOM dopme M
K03pPMLMEHTOM ero HakoM/IeHUs B Haa3eMHOM bruomacce maHrosbaa (Pwuc. 2).

AHanu3 cogepxaHua GupgoctynHbix ¢opm 137Cs go M nocne BbIPALMBAHUA pPacTeHU B
BEreTaLMOHHOM 3KCNepPUMEHTE MOKa3asio, YTO NPU BHECEHMM B NouBy 3% OMOYrna OHO CHUXKAeTcA B
1,7 pa3. B To e Bpemsa, B KOHTPO/IbHOM BapuaHTe Habato4anoch AaXKe HEKOTOPOE NOBbIWEHWE 40U
pactBopumon  popmbl  137Cs, 4YTO 0OYCNOBNEHO COBOKYMHOCTbIO MPOLECCOB  aspobHoM
MWHepan3aLmm oOpraHMYeCcKoro BeLLeCTBa U U3SMEHEHUA KOHLEHTPALMM KOHKYPUPYIOLWMX KaTUOHOB.
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Mpu BHECEHUWM B MOYBY Uccnenyembix A06aBOK HabnoLaeTcs M3MeHeHWe 3anaca AOCTYNHOW
¢dopmbl 137Cs. [l0CTaTOYHO BbICOKMUI NOKa3aTenb CKopocTh notepu 137Cs n3 buoaoctynHoix popm (4,2
BK Kr -1 cyT-1) HabatogaeTca Nnpu BHeceHUM B nousy 1% 6uoyrna (ot obLwei maccbl NOYBEHHOM CMeCH).

0,38

0,36

KoathduumeHT HakonneHus

0,5 0,6 0,7 0,8 0,9 1,0 1.1 1,2 1.3
A %

Puc. 2. CBasb mexay aoneit 137Cs B pactBopumoin n obmeHHon popmax (A) u ero nepexogom B
HaA3eMHYI0 Maccy ONbITHbIX PAcTeHUM

Tabnuua 2. Pacnpeaenermne 37Cs B nouse no GU3MKO-XMMUYECKUM pOpMam

YA nousbl A A vV,
1 B, D, OcTaToK,
BapuaHT 4o, 4o, nocne, | bk Kr % % %
BK krl % % cyt?! ° ° °
KOHTPO/b 37,85+0,99 1,01 1,22 -1,9 4,48 90,66 | 3,64
BY 1% 33,47+0,58 1,47 0,91 4,2 4,40 69,12 | 25,57
BY 3% 33,58+0,80 1,36 0,79 3,9 4,20 69,41 | 25,60

MpumeuaHua: A — obmeHHasa M nNoaBuxkHaa dopma, V — CKOPOCTb Nepexosa B HepacTsopumyto dopmy, B —
pacTBopuMas Npu BoccTaHoBAEHUN popma, D — popma, cBA3aHHAA C OPraHUYECKMM BELLECTBOM.

Buoyronb B fo3e 3% oT 06LWen maccbl NOYBEHHOM CMECU NPU BbICOKOM CKOPOCTU YMEHbLIEHUA
3anaca 6uogoctynHon ¢dopmbl 137Cs TaKKe cHUKaeT nepexod 137Cs B pacTeHUsi, HO B HECKONbKO
MeHbLUEN CTeneHu.

BbiBoAbI

MoKa3aHo, YTO BHeceHWe B NoYBY 6Moyrona moxeTt bbiTb 3PPEKTUBHBIM METOLOM CHUNKEHUA
nepexofa PafANOaKTUBHbIX M30TOMOB LLe3MA B NPOAYKLUMIO pacTeHneBoAcTBa. [pn sTom f03a AaHHOM
noysoyny4watouiei 4ob6sKn, obecneympatoLLan ee coaeprkaHmMe B NaXOTHOM ropusoHTe 1% no macce,
ABNAETCA ONTUMANIBHOWN.

BHeceHne B nousy 6uoyrna B KOHueHTpauuu 1 M 3 mac.% NpuBOAMT K CHUMKEHUIO 3amnaca
6uaoctynHoro 137Cs, 4to ABNAETCA OAHWM M3 OCHOBHbIX GaKTOPOB, 0OYCNAaBANBAIOLMNX CHUNKEHWNE
nepexona paAnNoOHYKAMAA B pacTeHuA.
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INFLUENCE OF BIOCHAL ON THE ACCUMULATION OF 37CS BY LEAF BEET CULTIVATED ON ORGANIC
SOILS

Shurankova O.A., Nikitin A.N., Kalinichenko S.A.

Institute of Radiobiology of National Academy of Sciences, Gomel, Belarus
shurankova@list.ru, nikitinale@gmail.com, s-a-k@list.ru

Abstract. Analysis of influence of of soil-improving additives based on biochar on a reduction of
root uptake of 1¥’Cs into plants was carred out to search for farming methods compatible with
the principles of organic farming in areas contaminated with radionuclides. The positive effect of
biochar on soil agrochemical parameters is shown. Its introduction into sandy loam and peat soils
at a dose of 1-5 wt.% reduces their acidity, increases the absorption capacity, the content of
available calcium and potassium, and increases the moisture capacity. The optimal dose of
biochar was selected to reduce the transfer of 13’Cs from soil to beetroot - 1 wt.%.

Keywords. Biochar. Peat soil. Cesium-137. Beetroot.
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EFFECT OF BIOCHAR ON NUTRIENT LEACHING FROM SOIL: SHORTTERM LABORATORY EXPERIMENT
ABRAMOBAT. V., BUCHKINA N. P.

Agrophysical Research Institute, St. Petersburg, Russia
tv_ardasheva@mail.ru, buchkina_natalya@mail.ru

Abstract. The aim of the work was to find out whether biochar application was affecting short-
term leaching of nutrients from light-textured soils of humid North-Western region of to see
whether biochar application could be an effective way to retain nutrients in agricultural soils. The
experiment was conducted in a laboratory. It was found that application of biochar had different
effects on all the studied properties of the waters leached from a light-textured soil of North-
Western region of Russia in a short-term laboratory experiment. Biochar altered the pH values
of the leached waters washed out from the soil both with and without fertilizer application.
Application of biochar changed the amount of N-NH4*, N-NOs™ and K washed out from both
fertilised and unfertilised soil while the total amount of washed-out P was mainly affected only
in the fertilised soils.

Keywords. Keyword. Keyword. Keyword. Keyword.

Introduction

Leaching of nutrients from soils can deplete soil fertility, accelerate soil acidification, increase
fertiliser costs, reduce crop yields, and pose a threat of environmental pollution (Kuo et al., 2020). High
levels of mineral nitrogen and phosphorus in surface and/or groundwater can contribute to
eutrophication (Grizzetti et al., 2020), therefore it is a very important area of research to develop
effective ways to retain nutrients in soils. One of such ways can be the introduction of biochar into
agricultural soils.

Biochar is an organic material obtained by pyrolysis in an airless environment of a wide range of
carbon-rich materials such as grasses, hardwoods, softwoods, agricultural and forestry residues. The
use of biochar in agriculture is becoming more widespread as a way to increase soil moisture capacity,
reduce NOx and CHs emissions into the atmosphere, and to control the mobility of various
environmental pollutants such as heavy metals, pesticides and other organic pollutants (Yao et al.,
2012).

The aim of this work was to look whether biochar application affects leaching of nutrients from
light-textured soils of humid Leningrad region.

Materials and methods

Three-day laboratory experiment was carried out at an average air temperature of 20°C and an
average air humidity of 30%. The arable (0-23 cm) horizon of sod-podzolic sandy loam soil, fine fraction
(< 1 mm) of biochar obtained from the wood of broad-leaved trees and complex fertilizer (120 kg N,
135.2 kg P and 259 kg K ha!) were used in the experiment. There were six treatments in four replicates:
soil (S); soil + biochar 10 t ha (SB10); soil + biochar 20 t ha™ (SB20); soil + fertilizer (SF); soil + biochar
10 t ha + fertilizer (SBF10); soil + biochar 20 t ha™* + fertilizer (SBF20).

The experiment was conducted in plastic cylinders (volume 940 ml, height of 12 cm) where soil
with bulk density of 1.3 g cm was incubated. The top layer (8 cm) of the soil was mixed with the
biochar and fertilizer. The soil was moistened to the field capacity (20%). Cylinders with the wet soil
were left to stabilize for 5 days. After stabilization, the soil water content was again brought to the field
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capacity. In the experiment, the soil in the cylinders was washed daily with high rates of water (345
cm?3), simulating the maximum amount of precipitation (44 mm) observed in the natural conditions of
the Leningrad region.

The leached waters were collected daily. Concentrations of mineral nitrogen (in the nitrate and
ammonia forms) phosphorus and potassium, and the pH value of the leached waters were measured
according to the standard methods.

Results and discussion

The content of N-NH4* in the leached waters from the soil with no fertiliser, with and without
biochar, varied from 3 to 6 mg dm™ and was fairly uniform over the three days of the study. The
introduction of mineral fertilizers into the soil (regardless of the presence of biochar) caused a
significant (p < 0.01) increase in the content of N-NH4* in the leached waters up to 30-120 mg dm3.

The soil of SB20 treatment was characterized by the lowest (p <0.01) total content of N-NH4* in
the leached waters. When the mineral fertiliser was applied to the soil, there was a significant increase
in the standard deviation of the values of N-NH4* concentration in the leached waters from the mean,
which led to the absence of significant changes between the fertilised treatments of the experiment,
despite the existing differences.

The content of N-NOs" in the leached waters from the unfertilized and fertilized soils with and
without biochar varied from 10 to 250 mg dm3. The highest (p <0.01) concentrations of N-NOs in the
leached waters from the soil of all the treatments were noted on the first day. The soil of SB20
treatment was characterized by a significantly lowest (p <0.01) total concentration of N-NOs" in the
leached waters, while all the other treatments did not differ significantly from each other in the total
concentration of nitrate nitrogen in the leached waters.

With the fertiliser application, the content of available ammonia and nitrate nitrogen in the
leached waters on the third day of the experiment was significantly (p <0.01) higher in the biochar
treatments. Earlier (Rizhia et al., 2015) it was shown that the introduction of biochar into a sandy loamy
soddy-podzolic soil led to an intensification of the nitrification process in the soil due to changes in the
physical properties of soils (Buchkina et al., 2013) after biochar application. This increase in the
nitrification process can explain the increase in the concentration of nitrate ions in the leached waters.
However, in another study (Buchkina et al., 2017), no reliable effect of biochar on the nitrification
process in the light-textured soil was established.

The leached waters from the initial soil had pH 6,70. Application of the mineral fertiliser to the
soil led to a significant acidification of the leached waters (pH 6,35). In the SBF20 treatment the pH
value did not decrease so significantly (pH 6,62) though 10 t ha! of biochar in the SBF10 treatment was
not enough to stop the acidification of the leached waters after the fertiliser application (pH 6,35).
Introduction of biochar into the soil without any fertiliser resulted in a significant increase in the pH
value for the leached waters (pH 7,10).

The total amount of the leached P from the soil without fertilizer application was very low (0,4-
0,5 mg dm3) and independent of biochar application. The fertiliser application led to a significant
increase in the total amount of P leached out of the soil (26,31 mg dm3). The treatment of the fertilized
soil with 10 t ha™! of biochar (SBF10) had no significant effect on the reduction of P leached out of the
soil (26,30 mg dm3) while in the SBF20 treatment the total amount of leached P decreased significantly
to 14,97 mg dm3.

The total amount of the leached K from the soil without fertilizer application was 47,26 mg dm"
3, Application of 20 t ha™ of biochar (SB20) has resulted in a significant reduction of total K leached out
of the soil (40,59 mg dm3) even when the fertilizer was not applied. The fertilizer application resulted
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in a significant increase in the total amount of K washed out from the soil (387,19 mg dm3). Both rates
of biochar used in the experiment resulted in a reduced amount of K in the leached waters from the
soil but the effect of 10 t ha™* of biochar was insignificant while the effect of 20 t ha* of biochar was
more pronounced and was statisticaly significant (348 mg dm™3).

Conclusions

Application of biocar had different effects on all the studied properties of the waters leached
from a light-textured soil of North-Western region of Russia in a short-term laboratory experiment.
Biochar altered the pH values of the leached waters washed out from the soil both with and without
fertilizer application. Application of biochar changed the amount of N-NH4*, N-NOs™ and K washed out
from both fertilised and unfertilised soil while the total amount of washed out P was mainly affected
only in the fertilised soils.
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Abstract. The study presents the changes in crop yields over six years as affected by application
of two biochar types at doses 0, 10 and 20 t ha™! in combination with N fertilizer at three doses
in the field experiment on Haplic Luvisols in the temperate zone. According to the observed grain
yields, the combination of 20 t ha of biochar with N fertilizer had the highest grain yield increase
potential. The reapplication effect was studied just for two years so far, with similar results.
Although, these treatments require the highest financial investments which have not been
returned by an increase in crop yields yet, the other benefits of the biochar application should
be taken into account when considering its application in practice.

Keywords. Haplic Luvisols. Biochar. Crop yield. Nitrogen fertilizer. Reapplication.

Introduction

In the context of climate change and carbon sequestration, biochar application and its effect on
a decrease of greenhouse gas emission, an improvement of soil properties and water retention is being
studied worldwide (Karer et al., 2013). With the same importance, focus of other studies is aimed to
assess the effect of biochar as a potential soil amendment and fertilizer on crop yields. Liu et al. (2013)
in their work present analysis of dataset of 103 publications on plot and field studies with biochar
showing positive response of crop productivity to biochar application. Different effects have been
observed as a result of initial biochar properties depending on feedstock and production conditions,
application dose, combination with another fertilizers and soil amendments, reapplication period, and
grown crop (Aydin et al., 2020). Moreover, the related research is conducted under different soil and
climate conditions, what makes the comparison of the observations even more difficult. Majority of
the studies reports the effect of biochar after one or two years of its application. There is a lack of
studies reporting the effect more than three years after biochar application. Even less studies are
related to repeated biochar application.

In this context we would like to present the results of our field experiment where we aimed to
study the effect of biochar application and its reapplication in agricultural land on Haplic Luvisols in the
temperate zone. We hypothesized that biochar addition will increase the productivity of grown crops
and that the effect will be more pronounced when it will be combined with mineral fertilizer.

Materials and methods

The study site is located in Dolnd Malanta (48°19° N, 18°09" E) in Slovakia. Prior to the start of
the experiment, field had been cropped with maize (Zea mays L.) using conventional tillage. The soil
was classified as Haplic Luvisols (FAO, 2015) and according to the initial soil analyses it was slightly
acidic (soil pH was 5.71) and low in the soil organic carbon (9.13 g kg™!) (Horék et al., 2020).

Initially, fifteen treatments with 3 replicates each, were established to assess the effects of two
biochar types in combination with mineral fertilizer. Pure biochar (PB) was produced from paper fiber
sludge and grain husks (1: 1 w/w) (Sonnenerde, Austria) by pyrolysis at 550 °C for 30 minutes in a Pyreg
reactor (Hordk, 2015). Biochar enriched with compost and mineral N (BC) was purchased from the
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same company as a ready-to-use product. Biochar was sprayed with 10 % ammonium sulfate and when
cold mixed with organic material for compost in the ratio of 50 : 50% v/v, and co-composted prior to
application (Kondrlova, Horak, Igaz, 2018). The experimental plots (4 m x 6 m) were organized into a
randomized block design and biochar was applied in the soil up to the depth of 10 cm in spring 2014.
The treatments consisted of three different PB and BC application rates (0 t ha™ (B0), 10 t ha (PB10
and BC10) and 20 t ha? (PB20 and BC20) that were combined with 3 levels of mineral fertilizer —
ammonium nitrate (levels +NO (not fertilized), +N1 and +N2) (table 1). In 2017, the experiment
continued only on plots with the first type of biochar (PB treatments) and plots with BC were not
further fertilized. Nevertheless, to observe the long-term effect of biochar application, the crop yields
were evaluated also for biochar with compost in 2018 and 2019. In 2018, the experimental plots with
PB were subjected to biochar reapplication (PB reapplied at 50 % of plot size). The application dose
was the same as in 2014 (table 1).

The site was sown with spring barley (Hordeum vulgare L.) in 2014, maize in 2015, spring wheat
(Triticum aestivum L.) in 2016, maize in 2017, spring barley in 2018 and maize in 2019. Grain yield was
determined at the end of vegetation season. Aboveground plant material was taken from one
randomly selected 1 m row (maize — wide row crop) or 0.5 m x 0.5 m square (spring barley and spring
wheat — narrow row crops) (Aydin et al., 2020). To evaluate the data, analysis of variance — one-way
ANOVA and LSD test at P < 0.05 were done in the STATGRAPHICS software.

Table 1. Amount of applied biochar and N fertilizer at two fertilized levels.

| 2014 | 2015-2019 | 2018 |
Biochar application Biochar reapplication
Application dose int ha Application dose int ha
1 1

Year 2019

Acronym (first half) Acronym (first half)

BO 0 0 BO 0 0
PB10 and BC10 10 0 PB10re 10 0
PB20 and BC20 20 0 PB20re 20 0
Year of application 2014 2015 2016 ‘ 2017 2018 2019
Acronym (second half) N fertilizer application dose in kg N ha™
+NO 0 0 0 0 0 0
+N1 40 160 100 160 40 160
+N2 80 240 150 240 80 240

Results and discussion

The crop yields observed for individual treatments were compared to control treatment BO+NO.
The percentage differences are reported in table 2. The first harvest after biochar application (in 2014)
showed an increase in spring barley production in most of the treatments with both types of biochar.
A significant increase was observed at treatments with biochar combined with compost (treatments
BC10+NO, BC20+NO, BC20+N1 and BC10+N2). The yields at these treatments were at the same time
higher than the country’s average. However, the same trend did not occur in 2015. All treatments but
PB10+NO resulted in lower maize yield in comparison to control. However, the only significant decrease
was observed at BC10+N2 (in contrary to the highest increase in 2014). In comparison to the climatic
normal, the experimental site received the normal amount of precipitation during extremely warm
year (2014 was wet but also extremely warm). On the other hand, the crop yields at all treatments
were higher than the observed average yield of maize at the national level. In 2016, when spring wheat
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was grown, only treatment with pure biochar PB20+N2 resulted in a significantly higher yield when
compared to control treatment BO+NO (by +51 %) and it was also higher than the national average. In
general, higher yields were observed when biochar was combined with N fertilizer (except BC
treatments at second level of fertilization).

Table 2. Crop yield at control treatment (n = 3) and percentage differences in the yield at other
treatments and the national average (%).

Treatment 2014 2015 2016 2017 2018 2019
Grain yield + standard deviation t ha at control treatment BO+NO
BO+NO 3.1+£1.2% | 10.4+2.0° [ 3.0£1.0° | 6.940.97 | 3.2£0.72 | 8.6 2.5%¢
Difference in observed yield in comparison to control treatment BO+NO (%)
PB10+NO + 42 ,33bcd +2.2b —-9.8° —18.42 —-13.2° + 7.43bcd
PB20+NO —10.52 —-7.2b —-3.9° —19.42 —-14.8° +10.77bcd
PB10re+NO - - — — - 18.52 +0.13°¢
PB20re+NO - - - - +12.1° —25.82
BC10+NO +66.5¢¢" —23.2@ +6.12b - +6.0° — 3.0%c
BC20+NO +77.7¢9" -26.1% +9.6% - +2.4° +19.82bcd
BO+N1 +2.52b —37.32% +21.4%° -3.4° +10.92 +28.1bcd
PB10+N1 +7.0%b —36.42b +9.82b —-23.82 -20.3° +17.620cd
PB20+N1 +0.2%° —33.82% +32.5% +11.5° -0.62 +19,77bcd
PB10re+N1 - - - - +16.5° + 5.82bcd
PB20re+N1 - - - - +13.62 +41.7<
BC10+N1 +47.0bcd —21.2% +31.72b - +2.430N —1.123bcON
BC20+N1 +70.4%" -6.1% +37.7% - +27.920N | — 9 43bON
BO+N2 +26.12b¢ —37.42% +30.4%° +16.9° + 23.6° -12.2%b
PB10+N2 +48.9bcd —27.82% +29.4%° -6.9° +2.1° +17.22bcd
PB20+N2 +35.6%° —22.5% +51.3°" +1.6 +39.12 +49.89"
PB10re+N2 - - - — -17.52 +13,72bcd
PB20re+N2 - - - - +0.2° +36.7b«
BC10+N2 +91.3¢" —59.22" +6.2%b - +2.830N + 2.82bcd ON
BC20+N2 + 4415 —-18.6%° —5.38 - —4.230N —1.82bcON
Difference in national average yield in comparison to control BO+NO (%)
Country’s average** | +52.1 ~53.2 +472 | -178 +207 | -142

Notes: different letters within the same column represent significant differences between treatments
at P <0.05

* denotes a statistically significant difference between treatment and control variant

ON denotes treatments formerly fertilized but without N fertilizer application in the specific year

** according to public database of the Statistical Institute of the Slovak Republic (STATdat, 2020)

The weather conditions at the site in 2017 were following the normal temperature trend but
precipitation was very low. During this year, only treatments with pure biochar were evaluated. There
were no statistical differences observed. An increase in the crop yield was observed at treatment
PB20+N1 and PB20+N2. However, in the case of latter treatment, the increase is attributed to N
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fertilizer since the fertilized control treatment BO+N2 resulted in higher yield than PB20+N2. When
compared to the national average yield, higher yields were observed at all studied treatments at the
first and second level of fertilization (except PB20+N1) and control treatment. The weather conditions
at the site in 2018 were very dry with extremely warm temperature, which could be one of the reasons
why there were no significant differences observed between the treatments. The increase in spring
barley yield was observed at both fertilized control treatments (BO+N1 and BO+N2) without biochar
application. However, the highest increase was recorded at PB20+N2 by +39% in comparison to control
BO+NO, what confirmed the positive effect of biochar combination with N fertilizer. Interestingly, an
increase by 28% was observed at the treatment BC20+N1, where N fertilizer was last applied in 2016.
The effect of reapplication was positive (although not significant) at non-fertilized treatment
PB20re+NO and fertilized treatments at the first fertilization level (PB10re+N1 and PB20re+N1),
however the opposite can be said about the second fertilization level. In 2019 — the first year after
biochar reapplication, the maize yield increase was observed for treatments with reapplied biochar at
both fertilization levels. Considering that 2019 was wet and warm in comparison to climatic normal,
we assume, that the site had received enough rain for reapplied biochar to better homogenize with
soil and N fertilizer to be efficiently dissolved and retained by biochar and used by plants. There was
no effect of biochar combined with compost at plots that were formerly fertilized, however the
treatment BC20+NO showed an increase up to +20% in comparison to control BO+NO. All treatments
with the first type of biochar PB resulted in an increase of maize yield (except PB20re+NO0) in
comparison to control BO+NO and the national maize yield average, however, this increase was only
significant at treatment PB20+N2. In this case, the increase can be attributed to biochar more than
fertilizer, since the yield in the fertilized control (BO+N2) was lower. Although, the positive effect on
increasing grain yield at non-fertilized treatments was observed mainly during the first and second year
after biochar application, in 2019 an increase by more than 7 % (when compared to control) was
observed for three non-fertilized treatments.

Considering the observed grain yields, we can conclude that combination of 20 t ha of biochar
with N fertilizer (PB20+N1, PB20re+N1 and PB20+N2) has the highest grain yield increase potential.
When considering biochar reapplication, so far, the positive effect of additional biochar resulted in
another increase of the yield only in treatment PB20re+N1 (when compared to PB20+N1). However,
these treatments require the highest financial investments. Besides there were observed some
increases in crop yields over the studied years, the cost / benefit analysis comparing the maintenance
costs with obtained yields so far resulted in net loss (Simansky et al., 2020). We suppose that the
uncertainty of investment recovery might be demotivating in practical application situations as farmers
cannot not usually afford to wait for the potential long-term biochar effect to prevail. In the case of
our experiment, there are few issues that could cause the current negative balance. Firstly, the
purchase price of biochar used in this study was rather high. However, with a higher demand for
biochar, the offer on the market is increasing what results in higher availability of biochar at lower
prices. Besides the weed regulation by herbicides, some experimental plots were at least periodically
infested by various types of weeds. Majority were less dangerous weeds such as field bindweed
(Convolvulus arvensis L.), chickweed (Stellaria media (L.) Vill.), scentless chamomile (Anthemis arvensis
L.) and shepherd's purse (Capsella bursa-pastoris (L.) Medik.). However, some plots were periodically
considerably infested by creeping thistle (Cirsium arvense (L.) Scop.) what could cause a decrease in
the final crop yield at some plots and contribute to high variability in the results within the treatments.
Finally, it is hard to gain homogenous soil conditions in the field experiment. As Liu et al. (2013) pointed
out, a general disadvantage of long-term field trials is that they are usually adversely impacted by
environmental variability. Moreover, the observed crop yields could be partially affected by the
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weather conditions on our rainfed experimental site as a result of ongoing climate change. Besides the
positive effect of biochar application on soil properties at our experimental site published in several
works (e. g. Horak et al., 2020, Aydin et al., 2020), the soil quality improvement did not linearly result
in a crop yield increase. Our results are in agreement with study of Karer et al. (2013) who observed
that besides the significant increase of pH and soil organic carbon increase, there was no significant
increase of nutrient intake and correlation with observed crop yields in their experiment.

Conclusions

Our results confirmed the hypothesis that biochar addition can increase the productivity of
grown crops. It was also confirmed that the effect was more pronounced when biochar was combined
with mineral fertilizer. The highest long-term grain yield increase potential was observed for
combinations of higher dose of pure biochar with especially the higher dose of N fertilizer. Similar trend
was observed also in case of pure biochar reapplication. Besides these observations — to some extent
influenced by heterogenous conditions at the site and climate conditions — the crop yield increase was
not enough to return the maintenance cost for the specific treatments. We assume that the changes
in crop yield did not fully reflect the positive changes of biochar application on soil properties, and thus
additional research should investigate the nutrient availability in biochar amended soils in relation to
changing soil moisture. Moreover, ways of financial quantification of the effects of biochar application
on environment should be sought to be able — similarly to crop yields — to quantify the complex
environmental impact.
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CHANGES IN WATER VAPOR ADSORPTION-DESORPTION OF BIOCHAR DURING ITS AGEING IN
SANDY SPODOSOL
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Abstract. Measurements of relationships between total water potentials and hygroscopic water
contents of aged biochars from sandy soil were carried out during water vapor adsorption-
desorption processes at a room temperature of 23.5°C. The results showed a significantly lower
content of maximum hygroscopic water in the aged biochars than that in the non-aged biochar
at the end of water vapor adsorption processes at high air humidity. During the process of
desorption of hygroscopic water magnitudes of its retention were insignificantly higher in the
aged biochars than in the non-aged biochar.

Keywords. Soil biochar. Ageing. Water vapor. Adsorption-desorption.

Introduction

Biochar has attracted a growing interest in the past two decades due to its potential benefit for
carbon sequestration, soil fertility, mitigating greenhouse gas emission, and soil amelioration (Glaser
et al., 2002; Lehmann and Joseph, 2009; Rizhiya et al., 2015, 2020). Biochar is a co-product of the
pyrolysis of different organic waste. Organic matter of biochar consists of amorphous, crystalline
aromatic structures and therefore is resistant to biotic and abiotic mineralization (Keiluweit et al.,
2010). Biochar can be produced in the process of slow (hours) and fast (minutes) pyrolysis of biomass
without access of oxygen at high temperatures of 300-900°C (Lehmann et al., 2011; Singh et al., 2014).
Carbon content in biochar can exceed 80% depending on technological conditions of pyrolysis and
feedstock type (Lehmann et al., 2011). Technological conditions of pyrolysis and types of feedstock can
result in different of physicochemical properties of biochar. Therefore, biochars of different origin can
demonstrate different effects on soil properties and quality (Kuppusamy et al., 2016).

The recalcitrant nature of biochar does not protect its changes in aromatic organic matter and
surface properties when ageing in soils (Fang et al., 2014; Keith et al., 2011). Biotic and abiotic oxidation
of biochar in soils can lead to an increase in a density of oxygen-containing functional groups (OFGs)
on its surface. The high density of polar OFGs (carboxyl, carbonyl and phenolic hydroxyl) on the biochar
surface can increase its affinity to water molecules, nutrients and organic pollutants. Interactions of
biochar with clay minerals lead to a formation of new organo-mineral complexes and can result in its
stabilization of biochar in soil (Brodowski et al., 2005; Fang et al., 2014). The quantification of changes
in the surface properties of biochar while ageing in soils is a crucial aim of current research.

The objective of this study was to quantify the changes in water vapor adsorption-desorption
characteristics of biochar after its seasonal ageing in sandy Spodosol.

Material and methods

The study was carried out at the Menkovo experimental station of the Agrophysical Research
Institute in the St. Petersburg region of Russia (59°34’N, 30°08’E) in 2019. The studied soil was a sandy
Spodosol and contained 91.7% sand, 5.2% silt, and 3.1% clay particles. A small-scale field experiment
was established on May 20 of 2019. The experiment was located on plots (4 m?) and consisted of two
treatments: 1. Soil without application of biochar, 2. Soil with applications of biochar at a rate of 20 t
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ha. There were three randomized replications of each treatment. Particles of biochar were mixed with
topsoil layers (0-10 cm) at the beginning of the experiment. A particle size of the incorporated biochar
was <2 cm. A slow pyrolysis was carried out to produce biochar from small birch logs and branches in
a controlled kiln at temperature of 600°C. Afterwards the produced biochar (or non-aged biochar) was
oxidated in air conditions during several months. Chemical and physical properties of the non aged
biochar were: total carbon content — 87%, total N content — 0.4%, pHu2o0 — 7.8, moisture content —
1.92% and ash content —0.23%. All the soil chemical and physical analyses were conducted by standard
and traditional methods used in Russian soil science laboratories (Rastvorova et al., 1995).

On June 19 and August 28 soil samples with biochar particles were taken from topsoil layers of
the treatment with biochar. Afterwards these samples were air-dried and sieved through a sieve with
diameters of openings of 2 and 3 mm and biochar particles of the same diameters were carefully
collected. Then the air-dried biochar particles were gently shaken on this sieve to detach soil particles
from biochar particles as much as possible. Before the beginning of water vapor adsorption-desorption
measurements all biochar samples were kept at a room temperature of 23.5°C and at an ambient
laboratory atmosphere for one day to achieve an equilibrium content of hygroscopic water in the
biochar samples.

A dewpoint potentiameter (WP4-T, Decagon Devices, Inc., Pullman, WA, USA) was used to
measure water potentials of the non-aged and aged biochar samples. A weight of biochar samples was
equal to 0.5 g. Three samples of non-aged and aged biochar were subjected to cycles of water vapor
adsorption-desorption processes. During the 24-h adsorption process the biochar samples were
saturated by water vapor in plastic vapor-tight vessels (100 cm?3) over distilled water at 95-98% relative
air humidity (p/po) up to equilibrium maximum hygroscopic water content (HWCmax). The
measurements of water potentials and weights of the biochar samples were done immediately after
the end of the adsorption process of water vapors. Afterwards desorption process of hygroscopic water
included several subsequent measurements of the water potentials and weights of biochar samples
until the samples were reaching (during several hours) an equilibrium minimum hygroscopic water
content at the room temperature and relative air humidity. After the end of the desorption process
the biochar samples were dried at 105°C and their moisture content was calculated. The hygroscopic
water retention curves included combined results of three cycles of water vapor desorption processes
for the non-aged and aged biochar samples.

Means and standard deviations were calculated for maximum hygroscopic water contents
(HWCmax) of all the studied samples after the water vapor adsorption processes. The results were
subjected to an analysis of variance (one-way ANOVA) at P < 0.05.

Results and discussion

Our results showed that the highest values of HWCmax were observed in the non-aged biochar —
13.1% £ 0.9% (of weight). The ageing of biochar in the soil resulted in a decrease of HWCmax to 10.0%
+ 0.3% (June 19) and 10.0% + 0.5% (August 28), respectively. There were no significant differences
between the HWCnmax of the aged biochars from soil but the differences between the values of HWCnax
in the non-aged biochar and the two aged biochars were statistically significant (P < 0.001).

After the adsorption process mean total water potentials of non-aged biochar were equal to -3.5
MPa * -0.5 MPa. The ageing of biochar caused an increase of mean values of total water potentials to
-2.7 MPa + -0.7 MPa (June 19) and -2.7 MPa + -0.8 MPa (August 28). However, the ageing biochar in
soil from June 19 to August 29 did not affect its surface properties participating in water vapor
adsorption.
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Freshly produced biochar often demonstrates a high hydrophobicity because of presence of
hydrophobic organic substances on its surface and in its pores (Jeffery et al., 2015). Long-term
oxidation of biochar surface resulted in an increase of its hydrophility due to a mineralization of
hydrophobic organic substances (Singh et al., 2014; Suliman et al., 2016). The removal of hydrophobic
organic substances from micro-, meso- and macropores led to increasing their ability to adsorption of
higher amounts of water vapors.

At the beginning of adsorption process at low p/p, water molecules form bonds with previously
surface-associated water molecules and OFGs, and this process results in a formation of small separate
water clusters. These clusters grow at a higher p/po (50%) and fill micropores of biochar. With
increasing p/po (up to 90%) the water clusters form bridges with each other and fill meso- and
macropores (Liu et al., 2017).

During ageing of biochar in soils organic matter and clay particles can penetrate into its pores
and prevent water adsorption in them (Wang et al., 2019). Therefore, a total volume of water retaining
pores in the non-aged biochar can be greater than that in the aged biochars. The above-mentioned
differences in magnitudes of HWCn.x as well as those between total water potentials probably support
our opinion.

According to Do et al. (2009), desorption of hygroscopic water from an activated coal initially
occurs due to a transformation of larger water clusters in macropores to smaller ones before they are
desorbed from micropores. An intensity of the desorption process of hygroscopic water depends upon
a number of larger clusters in the pores and on their volumes and sizes.

The hygroscopic water retention curves of the non-aged and aged biochars are presented in
Figure.
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Fig. Hygroscopic water retention curves of non-aged biochar and aged biochars from soil on June
19 and August 28, 2019.

The results of our studies showed that ageing of biochar had contributed to an increase in water
retention capacity of both aged biochars compared to that of non-aged biochar. Nevertheless, water
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retention of biochar collected on August 28 was only slightly higher than water retention of biochar
sampled on June 19 at water potentials less than -85 MPa.

A desorption of hygroscopic water from the non-aged biochar occurred from higher volumes of
micro-, meso-, and macropores compared to those of both aged biochars. Higher magnitudes of
retention of hygroscopic water by both aged biochars could be induced by higher density of OFGs and
volumes of pores retaining hygroscopic water. Carboxyl groups demonstrate the highest affinity
towards water molecules (Brennan et al.,, 2001). Water molecules tend to cluster around carboxyl
groups, regardless of the presence of carbonyl or hydroxyl functional groups. The ageing of biochars
probably led to increasing density, first of all, of carboxyl groups which, apart from pores, played a
stronger role in the retention of adsorbed hygroscopic water during the desorption process (Singh et
al., 2014).

Conclusions

The ageing of biochars in soils caused a significant decrease in a maximum adsorption of
hygroscopic water content as compared to that of the non-aged biochar, probably, as a result of
blocking pores by organic matter and clay particles.

The ageing of biochars in soils resulted in higher magnitudes of retention of hygroscopic water
than that of non-aged biochar, probably, as result of increasing density of oxygen-containing functional
groups.
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Abstract. The study of the process of hydrothermal carbonization (HTC) of food waste, paper,
wood and fabric at temperature of 260 °C was carried out. The study and comparison of the
chemical composition and energy potential of the starting materials and products of the HTC
were carried out. It was shown that the resulting biochar contains 50 to 90% of the carbon
contained in the feedstock (depending on the composition of the feedstock and process
parameters), and the calorific value of the biochar obtained reaches 25-30 MJ kg™.

Keywords. Biochar. Hydrochar. Hydrothermal carbonization. Organic waste.

Introduction

In recent years, one of the most promising ways to utilize organic waste in order to obtain the
so-called hydrochar is the hydrothermal carbonization (HTC). In the process of HTC, organic waste is
subjected to wet heat treatment in an environment of saturated water vapor of subcritical parameters.
In the process of hydrothermal carbonization, the feedstock undergoes a number of changes as a result
of the simultaneous reactions of hydrolysis, dehydration, decarboxylation, aromatization, and
recondensation (Lombardi et al., 2015). As a result of this process, a suspension is formed, after
separation of which into liquid and solid phases and drying of the latter, hydrochar is obtained. The
obtained biochar can be used as a fuel (both independently and as an additive to conventional coal),
as well as for the production of adsorbents or catalyst carriers (Cui et al., 2006; Demir-Cakan et al.,
2009; Jain et al., 2015; Sevilla et al., 2011; Wang et al., 2001; Zhen et al., 2006). The advantages of HTC
are relatively low process temperatures, no need for drying the feedstock, homogenized composition
of the product, and high relative carbon content (relative to feedstock).

Currently, the number and scope of research in the field of hydrothermal processing of organic
waste and biomass is extremely limited. Most of the work in this area was carried out on model raw
materials. The main purpose of this work was to study the HTC process for individual ingredients that
make up most of the organic waste: food waste, paper, wood, and textiles. The objectives of the study
were to study and compare the chemical composition and energy potential of the starting components
and products of the HTC.

Materials and methods

A reactor with a volume of 0.6 dm3 was loaded with 150 g of distilled water and 30 g of initial
waste. The waste was preliminary dried in a Binder VD53 drying oven at 105°C. Prior to the experiment,
the reactor was sealed and purged with nitrogen. The reactor was then gradually heated to 260°C
during approximately 120 min and held at this temperature for 60 min. As a result, the pressure in the
reactor was set slightly above the pressure of saturated water vapor at 260°C. After the experiment,
the reactor was opened and its content, which was generally a mixture of an aqueous solution of
organic compounds and a solid residue, was removed from it. The solid residue was then separated
from the aqueous solution using paper filters and dried in a Binder VD53 drying oven at 105°C.
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Elemental analysis (content of C, H, N, O, S) was carried out with a Thermo Scientific Flash 2000
HT analyzer (the content of oxygen was calculated by subtracting the content of C, H, N, and S from
100%). The heating value was determined using an IKA C6000 calorimeter.

Results and discussion

Figure 1 shows the Van Krevelen diagram for the initial ingredients and products of their
hydrothermal treatment at 260°C. The points characterizing the initial ingredients in the Van Krevelen
diagram fall into the region typical for biomass. The hydrothermal treatment reduces the H/C and O/C
atomic ratios in the solid product. Characteristics of the products of organic waste HTC at 260°C fall
basically into the region typical for bituminous and brown coals. The Van Krevelen diagram also shows
the direction of a change in the composition of a sample on removal of CH4, H2, NH3, CH40, H20, NOx,
SOx, CO2, and CO molecules. Based on the presented regions, we can estimate the chemical
transformations that occur in the course of hydrothermal treatment of the ingredients. From the above
data, it follows that the most probable reactions in the HTC process for the substances considered are
dehydration and cleavage of low molecular hydrocarbon groups. According to (Lin et al., 2016),
reactions with the formation of H,O, CO,, and CO prevail at relatively low temperatures of the
hydrothermal treatment.

It has been shown that the calorific value of HTC products exceeds the calorific value of the initial
organicingredients and is at the level of 21 to 29 MJ/kg, which corresponds to the values of the calorific
value of commercially available lignite and bituminous coal. The heat of the combustion of plastics
remains practically unchanged after hydrothermal treatment.
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Fig. 1. Van Krevelen diagram for (1-7) initial ingredients and (8—14) products of their hydrothermal
treatment at 260°C (data are presented on the dry ash-free basis): 1, 8—apple; 2, 9—meet; 3, 10—
offset paper; 4, 11—newsprint; 5, 12—birch sawdust; 6, 13—oak sawdust; 7, 14—cotton cloth. Red—
initial ingredient; blue—HTC products.
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A large amount of nitrogen-containing compounds is dissolved in water, as shown by the results
of (Kostyukevich et al., 2017). So, one of the key issues in the field of HTC is the utilization of water-
soluble organic compounds (aqueous solution) formed during the hydrothermal treatment of waste.
One of the possible ways of using this product is to obtain from it a base for fertilizers. Here we are
talking about extracting from waste, mainly nitrogen and phosphorus, concentrating them in the
composition of an aqueous solution and using the latter as a fertilizer. For this purpose, relevant work
is currently being carried out (Idowu et al., 2017; McGaughy and Reza, 2018; Toufiq Reza et al., 2016).

Conclusions

According to the results of studies, the bio-coal produced by the HTC method accumulates from
50 to 90% of the carbon contained in the raw waste (depending on the composition of the raw waste
and process conditions). The heating value of the produced bio-coal is as high as 25-30 MJ/kg, which
is close to heating value of commercial power coals. Disposal of water-soluble organic compounds
(agueous solution) formed in the HTC treatment of waste is still among the key issues in this area.
Despite the available studies, this problem requires further investigations.
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