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B/IMAHUE ATPOTEXHMYECKUX NPUEMOB HA HAKONNEHUE HUTPATOB B NMOYBE MNMEPEA
NOCEBOM B YC/IOBUAX CYXOW CTENU BYPATUU

BUNTYEB A. C., YJTAHOB A. K.

®IEHY Bypamckuli HUNCX, YnaH-Y03
sbiltuev@mail.ru; burnish@inbox.ru

AHHOTaumuA. B cTaTbe npeacTaBieHbl MaTepuanbl MHOTONETHUX WCCNef0BaHUN BAUAHMA
arpoTexHMYeCcKUX NPMEeMOB Ha HAaKOMNAEHWE HUTPATHOIO a30Ta B KAWUTAHOBOW NOYBE B YCA0BUAX
BypAatMn.  PaccmoTpeHbl  OCOBEHHOCTM  HAKOMNEHWA  HUTPATOB MO Pa3/IMYHbIM
npeawecTBeHHMKaM, pacnpeaeneHne no Nnpoduato NoYsbl U yAaNEHHOCTU OT NApOBOro Nons,
NPUMEHEHNA TPAAULMOHHLIX MUHEPaNbHbIX W  OpraHuyeckux ypobpeHnin. [okasaHo
AONONHUTENIbHbIE UCTOYHMKM HAKOMAEHWA HWUTPATOB MNyTeM BOB/eYeHWs B C€eBOOHOPOTHI
AOHHMKA M UCNONb30BaHWE ero Ha cMaepaT U KopMmosble Lenun. loHHMKOBbIe NAapbl CTUMYAUPYIOT
npoueccbl HUTPUOMKaumm B noyse M obecneumBaloT HAKOMJEHME HUTPATHOrO as30Ta Ha
10,5-15,8% 6onblue, 4em YMCTbIN Nap.

KnioueBble cnoBa. HUTpaTHbIM a30T, 3epHONApPOBOMN CEBOOHOPOT, yA0OPEeHUA, AOHHUK.

BBepeHune

HuTpaTHbIN peXxmm noys onpeaenaeTca cogepXaHMeM OPraHMYECKOro BeLW,EeCTBa U YCI0BUAMM
ero MmHepanmsaumm. OCobeHHOCTbIO a30THOTO PeXKMMa KaluTaHOBbIX MoYB BypaTum asnawTcA ero
3ameTHble KonebaHus no rogam. Kak otmevatoT B. 6. boxves u ap. (2008), B 6nharonpuaTHblie no
yBNa*KHEHUIO roAbl B Napy HakanamMeaeTca 60/bluee KOIMYeCTBO HUTPATOB, KOTOPOE YAepPKUBAETCA HA
[0CTAaTOYHO BbICOKOM YPOBHE M MO MWEHUUEN CNeayroWwero CMAbHO 3acyWwanBoro roga. B cunbHo
3aCyLWAMBbIE roAa, Korga BAAaXKHOCTb NOYBbLI CHUXKAETCA A0 MePTBOro 3anaca, HakonaeHUA HUTPATHOro
a30Ta He NPOUCXOAMUT AarKe B Napy.

Llenb unccnepoBaHuii — onpeaenvTo BAMAHME BMAA Napa U yaobpeHMn Ha HakonaeHwe
HUTPATOB Nepes, NOCEBOM Ky/bTyp B 3epHOMAapoBOM ceBoobopoTe B apuAHbIX ycnoBusax bypatun. B
3a4a4M UccaenoBaHMM BXOAUNO U3YYEHHNE:

1. 3aKOHOMEpPHOCTN pacnpeaeneHns HUTPATOB NO MOAAM YeTblpexnoabHoro cesoobopoTa
ceBoobopoTa: YMCTbIM Nap — NWeHMLL,a — OBEC — OBEC Ha 3e/1eHY0 Maccy.

2. lenctBua BMOA MNaApoBOro MNoaa (YMCTOro, 3aHATOrO M cuaepanbHoro) u yaobpeHun Ha
coAepKaHMe HUTPATOB nepes NoCeEBOM KyAbTyp.

O61beKTbl U MeToAbl UccNepoBaHnA

CocToAHME KaMmaTa B pervoHe onpeaesnaetcA OT pPe3Ko- A0 3KCTPAKOHTMHEHTANbHOrO, rae
KOHTMHEHTaNbHOCTb OueHMBaeTca B npeaenax 85-90% (Kynvkos u gp., 1997) npu BblparkeHHOM
APUAHOCTM M NPUCYTCTBME B MOYBAX CE30HHOM MEP3/10Tbl B CO4ETAHMM C 06MIMeM COTHEYHOTO CBETA U
OTpuUATEeNbHBIMWU CPeAHEro40BbIMU TEMMEPATYPAMM.

MouyBa OMbITHOrO CTAUMOHApa KaAWTaHOBAA MYYHUCTO-KapboOHaTHaA cpegHeMoLLHaA
cynecyaHaa ¢ HebnaronpuATHLIMKU arpoxXMmmyeckummn csomcteamum. CogepkaHue n pacnpegeneHve
a30Ta B NOYBE HAXOAMTCA B MPAMOM 3aBUCMMOCTU OT KOAMYECTBA rymyca. B naxoTHOmM cioe nousbl
asota copepkumtca 0,09%. OCHOBHbIE ero 3anacbl NPUXoAATCA HA BepXHUM 0—40 CaHTUMETPOBbLIM CNOM
— 80,8% oT 3anacos B MeTpoBOM cnoe. MNepnoanyeckme 3acyxu, Nerknin rpaHy10MeTpmuyYecKuii coctas
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cnocobcTByOT 06pa3oBaHMIO 'YMYCOBbIX BeLLecTB, 060ralleHHbIX a30ToM, oTHoweHue C:N coctasnaeT
8,4.

B MO-1 Ha Heya0bpeHHOM BapMaHTe M3y4anCb 3aKOHOMEPHOCTM pacnpeaeneHna HUTPaToB B
NONAX YeTblPexnoNbHOro ceBoobopoTa ceBoobOpPOTa: YMUCTbIM Nap — MNIIEHULA — OBEeC — OBeC Ha
3eneHyo0 maccy. B MO-2 onpegenanocb AencTeume BuAa MNapoBOro nons (YMCTOro, 3aHATOrO U
cuaepanbHoro) u yaobpeHunn Ha cogepskaHne HATPATOB B ceBooHOpOoTax: Map YMCTbIA — MNeHUUa —
oBec — 0Bec Ha 3/M; nap 3aHATbIA (AOHHUKOM) — MlIeHMLa — OBeC — OBeC Ha 3/M; nap cuaepanbHbIn
(AOHHMK) — NWweHnUa — oBec — oBec Ha 3/Mm.

Pe3ynbtatbl n 06cyKaeHne

3aKOHOMEpPHOCTU pacnpeaeneHnUsa HUTPATOB B MOAAX 4eTblpexnosibHoro cesoobopora
ceBoob60opoTa: YNCTbIN Nap — MNWEHULA — OBEC — OBeC Ha 3eneHylo maccy. KoimyecTtBo HUTPATHOro
a30Ta B MOYBaX CWU/IbHO BapbUPYET B 3aBUCMMOCTU OT MHTEHCMBHOCTU MPOLECCOB HUTpUdMKaumn. B
napoBOM Mose, rae co3aatoTcsa 6aaronpUATHbIE YCIOBUA HUTPUPUKALMN, NPOUCXOAUT MAKCUMAIbHOE
HaKoMnJeHWe HUTPATHOTO a30Ta, HeXenAn no CTepHeBbIM npeawecTBeHHUKamM. [1o  AaHHbIM
T.MN. NanyxuHa, B.B6.Boxvesa u pap. (2008), A.C.buntyesa (2015), A.K.YnaHoBa (2017),
N. B. byaarkanosa (2019) konnuyectso N-NO3 B napoBbIX NOIAX BO3PACTAET OT BECHbI K UIO/II0-aBryCTy U
NPaKTUYECKU OCTaeTCA HEM3MEHHbIM A0 OCEHW, KOTOPOE COXPaHAETCA A0 BECHbl caeaylouero roaa.
Mopg 3epHOBbLIMWN KyNbTypaMM COAEPKAHME HUTPATHOrO a30Ta TaKXe AMHAMMUYHO M3MeHAeTca. Mpu
3TOM HapAdy C HaKOMJIeHMEM HUTPATHOro a3oTa 3a CYeT TeKyweh HUTpUUKAUUM OAHOBPEMEHHO
npouncxoant obeaHeHWe ero 3anaca B pesynbTtate NoTpebneHma pacTeHUAMMU U MUKPOOPraHU3MaMy,
MUrpaLLmMmM N NOBEPXHOCTHOIO CTOKA NPU IMBHEBbLIX OCAAKaX.

NccnepoBaHus, npoBefeHHble B 4-NOSIbHOM 3epHONAPOBOM CeBoobopoTe noATBEpAUaU
BblLIENepeYncaeHHble 3aKoHOMepHOCTU. B cpeaHem 3a 2002—-2007 roabl Hanbosbliee HaKkonjaeHue
HUTPATOB Mepes NOCEBOM KynbTyp ceBoobopoTa npoucxoamno B BepxHem 0—40 cm cnoe noyBbl
(tabnuua 1):

Tabnuua 1. CogeprkaHue 1 3anacbl HATPATHOrO a3oTa nepes, NoCeEBOM Ky/bTyp
3epHonapoBoro ceBoobopoTa (cpeaHee 3a 2002-2007 rr.)

Cnoi nousbl, CMm
RyneTypa 0-20 | 20-40 | 40-60 | 60-80 | 80-100 040 | 0-100
ceBoobopoTa = =
MTI KT Kr ra

Nwewmua | 6,1+1,8 [ 50411 [34+1,1[3,0+1,2[25+10 | 33284 | 595+17,8
Osec 30410 | 25408 | 2,4+0,7 | 2,1+0,8 | 20£0,8 | 165+54 | 37,0%12,3
OsecHas/m | 2,6+0,8 [ 24+0,7 | 23408 | 2,0+0,7 [ 1,9+0,6 | 151+4,7 | 32,2+11,3

HCPos 2,20 2,15 0,95 0,92 0,88 14,50 17,54

B onbiTe OTMeuYeHbl [AOCTOBEPHbIE PA3NNYUA COAEPMKAHUA HUTPATOB B MAXOTHOM M
noAnaxoTHOM FOpM30OHTax nepes NoceBom KynbTyp ceBoobopoTa. C rnybuHbl 40-60 cm n BHMU3 no
NPodu0 3TOT MOKasaTeNb BbIPABHMBAETCA, YTO CBA3AHO C PE3KMM CHUXKEHMEM OpPraHU4ecKoro
BELLeCTBA B 3TUX FOPU3OHTAX M HE3HAYMTENIbHON MUrpaLment HUTPATOB B YC/NIOBMAX 3aCyLUIMBOrO
Kaumata. Hambonbliee copepaHne HUTPATOB OTMeEYanocCb nepes MOCEBOM MWeEHWULbl NO Napy C
TeHAEHUMEN NMHENHOTO CHUNKEHUSA C rYBUHON ¢ KoabdUUMeHT AnHeHon perpeccun 0,92 mr Kr! Ha
Karkaple 20 cm noysbl. CoaeprkaHMe HUTPATOB NPU NOCEBE BTOPOM WU TpeTben KynbTyp Bblno oveHb
HU3KMM M NPaKTUYECKN OAMHAKOBbLIM NPUY NOKA3aTeNsAX aHaNIOTMYHOro KoadpdnumeHTa COOTBETCTBEHHO
0,24 1 0,18.
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Deictene Buaa naposoro noasa (YMCToro, 3aHATOr0O U cuAepanbHoOro) U yaobpeHuit Ha
copeprKaHue HUTPATOB. B HawMX nccnenoBaHUAX TaKXKe MOKA3aHO, YTO B pasHble NO NOrogHbim
YCNOBMAM roAbl K MOMEHTY NOCEBa Ky/bTyp CeBOOOOPOTOB HAKaN/AMBA/NOCb PA3/IMYHOE KOIMYECTBO
HUTpaToB. B cpeaHem Hambonbluee copeprkaHMe HUTPATHOro a3oTa nepen NOCEBOM OTMEYasnochb Mo
nepBoOi KynbType NOc/e Napa, 3aTeEM NO TPETLEN U CYLLECTBEHHO HUXKE 3anacbl HUTPATOB Nepes NOCEBOM
BTOPOM KyNbTYpbl MO Pa3/IMYHbIM 3€PHOBbIM NpeALlecTBeHHMKaM (Tabaunua. 2):

Tabnnuya 2 — BnvaHMe BMAa Napa Ha CoAeprKaHMe HUTPATHOro a3oTa nepes NOCEBOM Ky/ibTyp
3epHonaposoro cesoobopoTa B c1oe 0-20 cM NOYBbI, Mr Krt

KynbTypa ceBoobopoTa
®oH nepsas BTOpasn TpeTbs
Mtm V, % Mtm | V% Mtm V, %
nap YMCTbIN - MWEHMLA - OBEC - OBEC Ha 3/Mm
0 9,5+1,2 51,5 5,0+0,8 61,3 9,2+1,5 60,4
N 13,7+1,6 47,2 69%1,1 59,5 11,8+ 2,0 62,1
Haso3 14,7+1,6 44,8 7,5+0,9 43,6 14,2+2,1 56,1
nap 3aHATbIN (ALOHHWUKOM) - NWEHMLA - OBEC - OBeC Ha 3/m
0 10,5+1,4 51,7 6,5+1,0 58,9 10,3+1,5 55,3
N 16,0+1,8 44,6 8,6+1,4 58,8 13,1+1,8 52,4
HaBso3s 15,8+1,9 49,2 10,6 £1,3 47,6 16,7+2,2 49,6
nap cuaepanbHbI (4OHHUK) - NWEHMLA - OBEC - OBeC Ha 3/m

0 11,014 49,4 6,7+1,0 57,8 10,4+1,6 58,2
N 15,5+1,8 46,3 9,0+1,4 56,9 13,0+ 2,0 56,5
Haso3 16,2+1,9 46,0 11,1+1,3 42,8 16,5%2,2 50,5

HCPos 1,5 0,7 1,8

B cpegHem 3a 1993-2008 roabl no Bcem ¢oHam yaobpeHuit oTmedanocb MPemmyLlecTBo
3aHATOro M cMAaepanbHOro (LOHHWKOBbLIX) NAPOB Nepes YUCTbIM MO HAKOMJEHUIO HUTPATHOTO a30Ta K
MOMEHTY noceBa NepBOM Ky/NbTypbl ceBoobopoTa B cnoe noysbl 0-40 cm. Tak, ecan YnCTbi nap B
cpegHem no ceBoobopoTam K MOMEHTY NOCEBA NEPBON KyNAbTypbl HAKOMNWA Ha Heya06peHHOM dpoHe —
9,1 mr krt N-NOs, Ha MuHepanbHOM — 13,7 1 opraHuMyeckom — 14,7 mr Kr™%, To 3aHATblE JOHHUKOBbIE
napbl COOTBETCTBEHHO Ha 10,5%, 16,8 u 7,4% 6onblue. [NpeBbllleHMe Ha cMAepPabHOM Napy COCTaBUAO
cooTBeTcTBEHHO 15,8%, 13,1% n 10,2%.

Ha HakonneHne HUTpaATHOro a3oTa B NOYBE K NOCEBY BTOPOM Ky/IbTYpbl NOCAe Napa OKa3biBasa
nocneaencTeBMe opraHMyeckaa macca AOHHWKOBbIX NapoB. TaK, B cpeAHem 3a rofbl MCCneaoBaHUM
copepxaHme N-NOs Ha BapuaHTe 6e3 yaobpeHuit, nepes nNoceBOM OBCa B ceBoobopoTax C
AOHHUKOBbIMM Napamu Bbllle, YeM B ceBoobopoTax ¢ umctbiMmun Ha 30,0-34,0%. BHeceHne B napoBble
nons yaobpeHnin okasbiBasio 3aMeTHOe NocneaencTBUe Ha HAaKOMIEHNE HUTPATOB K MOMEHTY NoceBa
BTOPOW KyAbTypbl ceBoobopoTa. Tak, B cpefHeM No ceBoobopoTam a3oTHble ya0bpeHus, BHECEHHbIEe
B NapoBoe nose, obecneymBanu MNOBbIWEHNE COAEPXKAHUA HUTPATHOrO asoTa MO CPABHEHUIO C
BapuaHTom 6e3 ygobpeHuit Ha 24,6—30,4%, a opraHnyeckme Ha 41,3-48,0%. CyLLeCcTBEHHbIX Pa3nymni
Mo 3TOMY NOKa3aTeNto MeXay 3aHATbIM U cnaepasibHbIM 4OHHUKOBAMM NOJA HE BbIIBAEHO.

Mepen noceBom TPeTbeW Ky/bTypbl MOCAE Napa YeTKo MNpPosBAANOCL MocneaencTsme
OpraHM4YecKkomn mMmaccbl NOA3eMHOMN M HAA3EMHOM MacCbl JOHHWKA, @ TaKXKe MUHEPasbHbIX M OPraHUYEeCKMX
yAobpeHni, BHECEHHbIX B NapoBoe nose. YBeNnYeHUe COAEP!KaHWA HUTPATHOrO a3oTa B 3aHATOM U
cnpepanbHOM napax Ha MOMEHT MOCEBA 3aMblKatoLWEen Ky/abTypbl CeBOOHOPOTa OTHOCUTENILHO YMUCTOrO
COCTaBW/I0 Ha BapuaHTe 6e3 ynobperHnin—11,9 1 13,1%, Ha mmHepanbHom BapnaHte—11,0 n 10,1% 1 6b110
HanboNbLIMM NPU BHECEHMM OPraHNYeCcKuX yaobpeHuii 17,6 n 16,2% cooTBETCTBEHHO.
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BbiBoAbI

1. B cyxoi ctenun BypATMM nopd Ky/nbTypamu 3epHONapoBOro ceBoobopoTa obecneyeHHOCTb
HUTPATHbIM a30TOM, COI1IAaCHO [AenCTBYOWMX [pajauMin, Ha MOMEHT noceBa MO BCEM
npelecTBeHHMKaM HM3KaA U o4eHb HU3KaA U TpebyeT 0653aTeNbHOro NPUMeEHEHUs a30TCOAEPKalLNX
yaobpeHuin. Moa 3epHOBbIMK NpeJecTBEHHUKAaMKU COAEpPrKaHWe HUTPATOB B MO4YBE Ha MOMEHT
nocesa HaKannamBaetcA B 1,5-2 pasa MeHblle MO CPABHEHUID C YUCTbIM napom. Hambonbluee
HaKoNAeHMe HUTPATOB Mepen NOCEBOM Ky/bTyp ceBoobopoTa npoucxoanT B BepxHem 0-40 cm cnoe
noysbl. Mo nNpodunlo NOYBbI OTMEYAETCA CHUMKEHME 3anacoB HUTPATHOro a3oTa BO BCEX MOAAX
cesooboporTa.

2. Mo3MTMBHOE BAWSIHWE Ha HAKOMJIEHME HUTPATOB OKas3blBAET BHECEHWE OpraHUYEecKux,
MMUHEpPaNbHbIX N 3eNeHbiX yaobpeHnin B napoBble Noaa. JJoHHWUKOBbIE Napbl CTUMYANPYIOT NPOLLECCHI
HUTPUPUKaLMM B NOYBE N 0bBecnevymBatoT HaKoNeHNe HUTPaATHOro as3oTa Ha 10,5-15,8% 6onblue, yem
4ynucTbIn Nap. MNpu cuctemMaTUYECKOM NPUMEHEHUN MUHEPA/IbHbIX (a30THbIX), OPraHNUYECKUX U 3E/1IEHBIX
yaobpeHMn copepaHMe HUTpaATHOro asoTa 3HauMTeNbHO BO3PacTaeT, XOTA  OCHOBHblE
3aKOHOMEPHOCTM NO NpeALecTBEHHUKaM COXpaHATCA.
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INFLUENCE OF AGROTECHNICAL METHODS ON THE ACCUMULATION OF NITRATES IN THE SOIL
BEFORE SOWING IN THE CONDITIONS OF THE DRY STEPPE OF BURYATIA

BILTUEV A. S., ULANOV A. K.
FGBNU Buryat Research Institute of Agriculture, Ulan-Ude
sbiltuev@mail.ru; burnish@inbox.ru

Abstract. The article presents the materials of long-term studies of the influence of agrotechnical
methods on the accumulation of nitrate nitrogen in chestnut soil in the conditions of Buryatia.
The features of the accumulation of nitrates by various precursors, the distribution along the soil
profile and distance from the fallow field, the use of traditional mineral and organic fertilizers are
considered. Additional sources of nitrate accumulation are shown by involving sweet clover in
crop rotations and using it for green manure and forage purposes. Melilot fallow stimulates the
processes of nitrification in the soil and ensures the accumulation of nitrate nitrogen by
10,5-15,8% more than pure fallow.

Keywords. Nitrate nitrogen, grain-fallow crop rotation, fertilizers, sweet clover.
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MWHEPA/IbHbIE YAOBPEHNA U OPOLUEHUE — ®AKTOPbI PASPYLLEHMA NOYBEHHOIO
nnoaoroauA U YCUNEHUA TNOBAZIbBHOIO NOTEN/IEHNA

BOWHYAH b. M., CTAOHUK C. C., HEBAHY A. ., MAPTA M. 1.

HayuHo-uccnedosamenscKuli uHCmumym nosesvix Kyabmyp «Cenekyus»,
Benbysl, Pecnybnuxka Mondosa
bboincean@gmail.com

AHHOTauua: MuHepanbHble yaobpeHUa n opolleHne B A/INTE/NbHbIX OMNblTax Ha YepHo3emax
Banukol cTenu cnocobCTBYIOT POCTY YPOMKAMHOCTU KynbTyp ceBoobopoTa, HO YCKOpSAIOT
npoueccbl pPas3NoXKeHUs OpraHUYecKoro BeLLecTBa, NOYBbI M, CNeAoBaTeNbHO, YCUAMBAKOT
rnobanbHoe notenneHne. KoaddnumMeHT MCnoNb30BaHMA a30Ta U3 MUHEPa/IbHbIX yA06peHuit He
npesbiwaeTt 1/3 oT BHECEHHOro KoOAM4YecTBa, a NMoTepu a3oTa B BUAE OKUC/NOB a30Ta B ellé
60/blIEeN CTENEHN, YeM YINEeKUCAbIA ra3 OT MUHEpPanM3aLMn OpraHUYeCcKoro BeLWecTBa NoYBbl,
YCUAMBAIOT NpoLecchl rnobanbHOro noTenaeHms.

KnioueBble cnoBa: MnHepasbHble a30THble ya06peHuA; OpoLleHne; NoYBEHHOE NA0A0POAME;
rnobanbHoe notenneHune; KOIPPULMEHT MCNONL30BAHUA A30Ta.

BBepeHune

MuHepanbHble yaobpeHua, opolleHWe, OTBa/ibHaA BCMallKa Nayramm c npeanayXHuKamu,
necTuuMabl HapaBHe C HOBbIMM COpPTaMK U TMBpuagamm, ABNAOTCA Hanbonee MOLWHbIMK paKkTopamm
NHTEeHCMdUKaLMM coBpeMeHHoro 3emaeaenus. x npumeHeHue 6bino HaLeneHo NPemMmyLL,ecTBEHHO
Ha POCT YPOXKalHOCTN KyNbTyp. TONIbKO HEAABHO Bbl1I0 0CO3HAHO M 3KCNEPUMEHTA/IbHO A0KA3aHOo UX
oTpULaTeNbHOE BAUSAHWE Ha NNOAOPOAME MOYBbI, OCOOEHHO B YCA0BMAX rN06ANbHOrO NOTENNEHUA.
MepBOHaYaNbHbIA POCT YPOXKAMHOCTU KyAbTyp CMEHWMACA Ha MX CTabuaM3aumio U CHUXKEeHMe 3a
nocnegHue 20-25 ner.

OnunTenbHble OnbiTbl MO M3YY4EHUIO Pa3NMYHbIX CUCTEM yA0OpeHN 1 opoleHua B ceBoobopoTe
Ha TunmyHom YepHoseme B benbuxkol ctenun, Ha npoTaxkeHuu 50 net, noaTBepaunM pocT
HEeBOCNO/IHEHHbIX MUHEPaIM3aLMOHHbIX NOTEPb OPraHNYECKOro BeLLecTBa NoYBbI NoA BO34eNCTBUEM
MUWHEepanbHbIX yaobpeHuit n opowaemol Boabl (Boincean, Dent, 2019). AHanoruyHble AaHHble
npusogut Mulvaney ¢ coaBTopamu npu 0606WeHMn pe3ynbTaToB A/IUTE/bHbIX OMbITOB C
yaobpeHuamm Bo Bcem mupe (Mulvaney n ap., 2009).

HecmoTps Ha BHOCMMble MWHepanbHble yaobpeHWs, [0NA NOYBEHHOro nAo4opOAMA B
$GOpPMMPOBAHUM YPOXKAMHOCTU KYNbTYp OCTaeTcA oYeHb BbiCOKOM (0T 80 Ao 95%), 4To B ycnoBuax
HeAO0CTaTOYHOr0O BOCMOJIHEHMA MUHEPANN3aLMOHHbLIX NOTEPb OPraHUMYECKOro BeLLecTBa MOYBbI
NPUBOAMUT K CHUMKEHMIO MOYBEHHOTIO N1040POAUS.

O61beKTbl U MeToAbl UccnepoBaHnnA

NccnepoBaHua nposoaatca B HUAW Monesbix KynbTyp «Cenekuma» (r. benbubl, Pecnybnuka
Mongosa) ¢ 1970 roga B gAUTENbHbIX OMbITaX, C Pa3HbIMU CUCTEMAMMU YA00PEHUI M opoweHna B
ceBoobopoTe, Ha TUNMMYHOM YepHo3eMe benbLKon ctenu.

N3yyeHne cuctem yaobpeHnid nposoanTca B 6-nofbHOM ceBooboOpoTe €O Caeaylowmm
yepeoBaHMEM Ky/ibTyp: BUKO-OBCAHAA CMECb Ha 3e/IeHYI0 Maccy — O3UMMasA MlWeHuUa — caxapHas
CBEKJIa — KyKypy3a Ha 3epHO — APOBOM AYMEHb — NOACONHEYHMK. CPaBHMBAIOTCA YeTbipe CUCTEMDI
yaob6peHua nous B ceBoobopore:
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® a6CO/IIOTHbIN KOHTPOAb (6e3 yaobpeHuin)

* MnHepanbHbie ynobpernsa (NPK1; NPK2 n NPK3)

* opraHo-MmunHepanbHble yaobpenus (10 n 15 T ra! HaBo3a + NPK1; NPK2 1 NPK3)

® opraHuMyeckas cuctema ygobpeHuin (15 ToHH HaBo3a Ha rekTap ceBoobopoTHOM naowaam)

YpobpeHna BHOCATCA NoA YeTbipe KyabTypbl ceBoobopoTa. CMecb BUKM C OBCOM Ha 3eneHyto
Maccy M SspOBOM AYMEHb MCNONL3YIOT NocneaencTemne yaobpeHuii B cesoobopore. MNaowaab onbITHOM
nenaHku 242 m? (5,6 m x 43,2 m). MOBTOPHOCTb ONbITa YeTbipexKpaTHas.

B Apyrom AnvTenbHOM OnMbiTe M3y4atoTCs TPU CUCTEMbI yaobpeHusa Ha ¢doHe opolweHua n bes
opoLeHus B 6-N0IbHOM ceBOO6OpOTE: NtOLEPHA MEPBOTrO roAa XM3HWM — IIOLLEePHA BTOPOrO ro4a *KU3HU
— NIOLepHa TPETLErO roAa KU3HU — 03MMas MNWeHMLLA — CaxapHan CBEKNA — KYKypy3a Ha 3epHo. Cnuctema
yaobpeHuna B ceBoobopoTe cocTouT u3: 1. abcontoTHOro KoHTpons (6e3 yaobpeHuit); 2 — opraHUYEcKoM
cuctembl yaobpenuit (BHeceHme 80 T ral KOMNOCTMPOBAHHOIO HaBO3a MO/ CaxapHylO CBekay); 3 —
opraHo-MUHepanbHoM cuctembl yaobpeHuit (BHeceHne 80 T ral KOMMNOCTMPOBAHHOIO HaBO3a MoJ,
caxapHyto ceekny + N60P90K40 kr a.8. ra! noa osvmyto nweHunuy n N70P90K60 kr a.8. ra ! nog,
CaxapHyl cBekny). MCTOYHMKOM OpollaeMol BOAbl SABASETCA apTe3MaHCKas BoAa C rybuHbl
117 meTpos.

Mnowaab onbITHOM AenaHku ot 200 go 400 m?, naowasab yyeTHoW aenaHku 50-100 m2.
MoBTOPHOCTb OMbITa TPEXKPATHaA.

Pe3ynbTatbl U 0b6cykaeHue

B KauecTBe npumepa MpPMBEAEM 3KCNEPUMEHTA/IbHbIEe AaHHble MO  3PPEKTUBHOCTU
MCMONb30BaHMA a30Ta O3MMOM MWEHUUEN, NONYYEHHbIE B AJUTENIbHOM OMbITE MO M3YYEHUIO
Pa3NINYHbIX cUCTeM yaobpeHuii B ceBoobopoTe, 3an0KeHHoM B 1970 roaa Ha TUNMYHOM YepHO3EME B
Banukoii ctenu (tabn. 1).

Tabnnuya 1. 3¢ eKTUBHOCTb MCMO/Ib30BAHMA a30Ta U3 MMHEpPA/IbHbIX YA06peHN 03MMON NWeHULen
B A/IMTENIbHOM OMbITE N0 U3YYEHUIO PA3/IMYHbIX CMCTEM yaobpeHnit B ceBoobopoTe, cpeaHAa 3a
1970-2020 roabl, HAN Nonesbix KynbTyp «Cenekuma» (r. benbubl, Pecnybamka Mongosa)

Asor, KomneHcauyma
BblHOC a30Ta . [onsa nous.
Cuctema MpwnbaBKa B . BHECEHHbIN C Koapopuument obuwero
. o npubaskow naofopoaus B
yaobpeHuii B YPOKaHOCTH, MWH. MCNO/Ib30BaHU BbIHOCA a30Ta
i yposKas, dopmupoBaHmu
cesoobopoTe Tral 4 yaobpeHuamu, A asoTa, % N3 MUH. o
Kr ra 1 .o 1 ypoxas, %
Kr ra yoobpexuii, %
KoHTponb
(6e3 ynobpeHuit) i i i i i 100,0
NPK1 0,72 18,58 60,0 31,0 14,8 85,2
NPK2 0,91 23,48 90,0 26,1 18,2 82,0
NPKs 1,16 29,93 120,0 24,9 21,9 78,1
1
15 Tra” Hagosa + 1,15 29,67 60,0 49,5 21,7 78,3
NPK1
15 Tral HaBo3a +
1,16 29,93 90,0 33,3 21,9 78,1
NPK>
1
15 Tra” Hagosa + 1,24 31,99 120,0 26,7 23,1 77,0
NPK3
15 7 ra! HaBo3a 1,09 28,12 0 - - 79,2

Mo COOTHOWEHMIO [ONOJHUTENIbHOTO BbIHOCA a30Ta NPUMOABKOM YpPOXKas WM KONMYeCTBa
BHECEHHOrO a30Ta C BHECEHHbIMM [03aMM a30THbIX yAo06peHuin, onpesennnn KoddpduuneHTbI
MCNONb30BaHMA a30Ta U3 MUHepanbHbiX yaobpeHui. KoadpdpuumeHTbl MCNONb30BAHMA a30Ta M3
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MUHEpPanbHbIX YA06peHUin Npu yBenYeHnn 403 a30THbIX yaobpeHuit ot 60; 90 ao 120 kr a.8. rat
coctaBunn 31,0; 26,1 n 24,9%, cooTBeTCTBEHHO. KO3 PULIMEHT NCNO/Ib30BaHUA a30Ta U3 MUHEPabHbIX
yaobpeHnn pacteT Ha ¢OHe MX COBMECTHOro BHeceHMA ¢ 15 TOHHamM Ha rekTap ceBoobopOTHOM
naowaaM Haso3a (nocneaeiictBue HaBo3a B ceBoobopote), coctasus: 49,5; 33,3 u 26,7%,
COOTBETCTBEHHO.

A30T, BHECEHHbI C MUHEPANbHbIMK YA0OPEHUAMK, KOMMNEHCHMpPYeET Bcero anwb 14,8-21,9% ot
06Lwero KoaAnM4ecTsa BbIHECEHHOIO a30Ta € YPOXKAEM O3MMOWN MWEHULblI NPU MUHEPANbHON cucTeme
yoobpenmn un 21,7-23,1% npu opraHO-MUHepanbHOM cucteme yaobpeHuii. CneposaTenbHo,
OCTa/lbHOE KOJ/IMYECTBO a30Ta PaCTEHMA MOJIYYaloT 33 CYET Pas3/IoKEHUA OpPraHMYECcKOoro BeLecTBa
nouysbl. Tem cambliM, A0AS MOYBEHHOro naodopoava B GOPMUPOBAHUM YPOXKAMHOCTU O3MMOW
NWeHULbl, HE3AaBUCMMO OT NPUMeEHAeMbIXx cuctem ypobpenuin, coctasnaet 77,0-85,2%. Ha ¢oHe
OTAENbHOr0 BHECEHMA OpraHMYeckux yaobpeHnin, 4ons NOYBEHHOro NaogopoAnsa B GOpMUPOBAHUK
ypoxaiHoctn coctasuna 79,2%. OuyeBMAHO, 4YTO [AOMNOJNHUTE/IbHOE BHECEHWE MWHEepanbHbIX
y806peHnin Ha poHe opraHMYeckux yaobpeHnin B ceBoobopoTe He NPUBOAMT K CyLLECTBEHHOMY POCTY
YPOXaMHOCTN 03MMOW MNLWEHULbl MO CPABHEHMUIO C OTAENbHbIM BHECEHHbBIM OpraHUYeCKUX yaobpeHuni.

AHanornyHble TEHAEHUNM COXPAHALOTCA U ANA APYTrMX KynbTyp B ceBoobopoTe. K npumepy:

- ANA CaXxapHOW CBEK/bl, A0NA MOYBEHHOro nnogopoama B GOPMMPOBAHMM YPOXKANHOCTM
KOpHennoA0B Ha GpoHe BHECEHUA BO3PACTaOLWMX [,03 MUHEPaNbHbIX yaobpeHuit coctasuna 81,6; 73,3
n 73,2%, COOTBETCTBEHHO. Ha pOHE COBMECTHOro BHECEHMA OpraHnYecknx yaobpeHnii 8 aose 15 Trat
ceB006OPOTHOM NNOLLAAN M BO3PACTAOLMX 4,03 MUHEPANbHbIX YA06PEHNI 3TOT NOKa3aTelb COCTaBUN
—68,9-71,4%, a npu OTAE/NIbHOM BHECEHUM OPraHNYeCcKUX yaobpexHnii 69,7%.

- ANA KYKYpPY3bl Ha 3epHO, 4015 NOYBEHHOIO NA1040POANA B POPMUPOBAHNN YPOKANHOCTM 3ePHA
Ha PoHe BHeceHMA BO3PaCTaloWUX 403 MUHEPasbHbIX yaobpeHui, coctasuna 86,3-87,5%. Ha done
COBMECTHOIO BHECEHMA OpraHuyecknx yaobpeHuin B aose 15 1 ra’l ceBoobopoTHOM naowaamn u
BO3PacCTalolWUX [03 MWUHEpanbHbIX yaobpeHMn 3TOT noKasatesnb coctaBun 86,1-88,9%, a npwu
OTAe/IbHOM BHECEHUM OpraHnYeckux ynobperHui 88,1%.

- ONA NOACONHEYHMKA, A0NA NOYBEHHOrO naogopoama B GOPMUPOBAHMM YPOKANHOCTM CEMSAH
Ha ¢OHe BHECEeHWS BO3PaCTaloLWMNX 003 MUHEpPanbHbiX yaobpeHnin coctasuna 94,4-92,2%. Ha ¢one
COBMECTHOIO BHECEeHWMA OpraHu4Yeckux yaobpeHuin B gose 15Tra?! ceBoobopoTHOM nsowaam u
BO3pPacCTalolWUX [03 MWUHEpanbHbIX yAobpeHMn 3TOT noKasatenb coctasun 88,2-90,5%, a npwu
OTAe/IbHOM BHECEHUU OpraHnYeckux ynobperHuii — 88,9%.

HapaBHe ¢ HepaLMOHanbHbIMK NOTEPAMM a30Ta, BBMAY HU3KOTO KOIhPMLUMEHTA NCNONb30BAHMA
asoTa U3 MMHepanbHbIX yAobpeHuii, ocTanbHble 2/3 TepatoTcA B BUAE OKWUCNOB a30Ta, KOToOpble B
b6onblien cteneHn cnocobCcTBYOT rNob6asbHOMY NOTENNAEHWUIO, YEM YINEKUCAbIN a3 UKW BbIMbIBAlOTCA
B BWAE HUTPATOB B FPYHTOBble BOAbl. K TOMY Ke, BHECEeHHbIM B MOYBY a30T C MWHEpPasibHbIMU
yO06peHnaAMM yCUAnBaeT pasfiorKeHne OpraHMYecKoro BeLecTsa NoYsbl. Tak, noTepu a3oTa 3a 50 net
BEeZleHMA ONbiTa, COCTaBM/IN MO CPABHEHUIO C UCXOAHbIMM 3anacamu, B cnoe nousbl 0-100cm Ha doHe:
NPK1 — 3660 kr ra’l; NPK2 — 4350 u NPK3 — 4240 kr ra™t.

BHeceHHOe KOAMYECTBO as30Ta C MUHEepasnbHbIMU YAOOPEHUAMU MNPEBLICUNO pPeasbHO
BbIHECEHHOE KO/INYecTBO a3oTa npubaBkamu yporkaes 3a 50 net Ha ¢poHe: NPK1 — 299,0; NPK2 —
736,5 kr u NPK3 — 1331,8 krral. Tem cambim, obuiee KONMYECTBO MOTEPAHHOrO a3oTa Ha GoHe
MUHEpPaNbHON cucTeMbl yaobpeHus B ceBoobopoTte coctasuno: NPK1 — 3959,0 krral; NPK2 —
5086,5 kr ra! u NPK3 —5571,8 krral.
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MoTepn a3oTa M3 MMUHEpPaNbHbIX YAOOPEHWI COKpaLLAlTCA 3HAYUTENbHO Ha ¢GOoHe uX
COBMECTHOrO BHECEHMSA C opraHmyeckumm yaobperuamm 15 7 ra™! HaBo3a u coctasuam (B Krral):

-1639,4;

—2964,7;

—2185,0.

MeHblue BCero NnoTepsHO a3oTa NPy OTAe/1bHOM BHECEHUW OPraHMYeCcKnx yaobpeHui.

OpoleHune TaKKe cnocobCcTByeT yCUNEHUIO MPOLLECCOB Pa3NoXKeHUA OpraHMYEeCcKoro BeLLecTsa
noysbl. HecmoTpa Ha Hannume 50% NtouepHbl B CTPYKTYype ceBoobopoTa, NpU eXKerogHoM BHECEHUMU
13,3 TOHH HaBO3a Ha rekTap ceBoobOPOTHOM NAoLWaLM, NOTEPM OPraHNYECKOro BeLLecTBa NoYsbl (Mo
yrnepogay) us cnosa 0-100cm coctaBmno Ha HeyaobpeHHom doHe —931,4 Krral, a Ha yao6peHHOM hoHe
—656,6 Krral.

MoTepw yrnepoga 3 cnos nousbl 0-40 cm, Ha HeyaobpeHHom doHe, cocTaBunm — 421,6 Kr rat
nnn 45,3%, a ana yaobpeHHoro doHa — 223,1 krral. Tem cambim, Ha yao6peHHOM GpoHEe NponcxoamT
CHUXKEHMe 3anacoB OpraHM4Yeckoro Bellectsa no4vsbl B cioe 40-100cm Ha 65,8%, uTo NpeacrasadeT
OMaCHOCTb B 3aCyLWAMBbIE FOAbl U3-3a MeHbLUEel NOTEeHLMAbHON CNOCOOHOCTM HaKanaMBaTb Baary B
6onee rnyboKMx cnoax noysbl.

KonnyectBo BHECEHHOIO a30Ta C MUHEPA/IbHbIMW U OpraHMYeckumun yaobpeHmamu 3a 50 net B
ANUTENBHOM ONbiTe C npumeHeHnem opoleHuna (4983,0 kr ral) npesbicuno Ha 528,8 krra™
KONNMYEeCTBO BbIHECEHHOrO a30Ta C ypoXKaem, YTO MOrio 6biTb NOTEPAHO B BMAE OKWUC/IOB a3oTa B
atmocdepy MAM B BUAE HUTPATOB NyTEM WX BbIMbIBaHWA B FPyHTOBble BoAbl. [ToTepu asoTa Gbiau
MEeHbLLIEe B YC/I0BUAX OTCYTCTBUA opoleHua — 197,5 krra™.

BbiBoAbI

1. KoapdunumeHT Mcnonb3oBaHMA a30Ta KyNbTypammn ceBoobopoTa U3 MMHeEpPanbHbIX ya06peHni
cocrasnsaet o 30%, a ocTasbHOe KONMYEeCTBO TEPAETCA B BUAE OKMCNOB a30Ta, YCUAMBAA NAPHUKOBBIN
3bdeKT nnn BbiMbIBaeTCA B BUAE HUTPATOB, 3arpA3HAA rPYHTOBbIE BOAbI.

2. A30T, Ucnonb3yemMblii PAacCTEHUAMM U3 MUHEPAIbHbBIX YA0OPEHM, KOMNEHCUPYET BCEro NLLb
— 14-23% oT obuiero KoanyectTBa BbIHECEHHOTO a30Ta PACTEHMAMM, a OCTA/IbHOE KOANYECTBO
BbIHECEHHOrO a30Ta KOMMEHCUPYETCA 3a CHET MMHEPANN3aLUM OPraHNYECKOro BeLw,ecTBa NoYBbl.

3. lonAa no4YBeHHOro naoAopoansa B GOpMUPOBAHNN YPOXKAMHOCTM KynbTyp Konebnetca ot 76,0
10 94,0%, He3aBMCUMO OT NPUMEHAEMbIX cucTeM yaobpeHuii B ceBoobopoTe.

4. lonoNHWUTENbHOE BHECEHUE MUHEPANbHbIX YA06peHU Ha GoHe opraHnYeckux yaobpeHuii B
ceBo0b0poTe HE MEHSAET 400 MOYBEHHOTO NN0A0POANA B OPMUPOBAHUM YPOKAUHOCTU KYNbTYP.

5. MuHepanbHble ya06peHna 1 opoLLeHNE YEPHO3EMOB YCUNBAIOT PA310XKEHNE OPraHUYECKOTO
BeLLeCcTBa NoYBbl, cnocobcTBya rnobabHOMY NOTENNAEHMUIO.

CnucokK nuteparypbl

Boincean B., Dent D. (2019) Farming the Black Earth. Sustainable and Climate-Smart Management of Chernozem
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MINERAL FERTILIZERS AND IRRIGATION ARE CONTRIBUTING TO INCREASING THE DECOMPOSITION
OF SOIL ORGANIC MATTER AND GLOBAL WARMING

BOINCEAN B. P., STADNICS. S., CEBANU D. P., MARTEA M. P.

Research Institute of Field Crops “Selectia”, Balti, Republic of Moldova
bboincean@gmail.com

Abstract. Nitrogen from mineral fertilizers is increasing the emission of greenhouse gasses
because of low nitrogen use efficiency and high emissions of nitrogen oxides. Simultaneously,
fertilizer application results in increasing rates of soil organic matter decomposition and in carbon
dioxide emission. The dominant role of soil fertility in yield formation is emphasizing the
importance of soil fertility restoration for sustainable development of agriculture.

Key words: soil organic matter, soil fertility, nitrogen use efficiency, crop rotation, global
warming.
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OLLEHKA BbIEPOCOB N0 OT CEKTOPA CE/IbCKOE XO3AACTBO HA TEPPUTOPUU POCCUMCKOIA
®EAEPALIUN

BEPTAHKMHA B. |O.

OrBY «MMlHcmumym 2a106aa16H020 KAUMAMA U 3K0A02UU UMeHU akademuka F0.A. N3pasna», Mockea
victoria_vert@mail.ru

AHHOTaumAa. B paboTe paccmaTpuBatoTCA BbIOPOCHI 3aKMCM a30Ta OT arpapHOro CEeKTopa Ha
Tepputopumn Poccuiickoin depepaumm 3a nepuog ¢ 1990 no 2019 rr. PesynbTaTbl NPOBEAEHHDIX
nccnefoBaHMM nokasann, yto B 2019 roay cymmapHble BbIGPOCbI MAapHWMKOBbLIX A30B OT
arpapHoro cektopa Poccuiickon ®epepaummn coctasuam 116 167 Tbic. ToHH COz-3KB., 4TO
cootBeTctByeT 53,1 % yposHA 1990 roga (247 492 tbic. TOHH CO»-3KB.). BKNag, 3akucu asoTa B
2019 roay B 06LME CENBCKOXO3ANCTBEHHbIE BblibpOCchl cocTaBun 88,5%. K Hanbonee 3HaYMMbIM
WUCTOYHWKaM B arpapHom cektope Poccuitckoit Pepepaumm oTHOCATCA NPAMON BbIBPOC 3aKucK
a30Ta OT CeNIbCKOX03ANCTBEHHbIX No4B, B 2019 roay oH coctaBun 53304 Tbic. TOHH CO»-3KB.

KntoueBble cnoea. Cenbckoe XOSHVICTBO, NMapHWUKOBbLbIE ra3sbl, 3aKUCb a30Ta, USMEHEHNE KNNMATA.

BBepeHune

B nocnenHee Bpems cpeam OCHOBHbIX GpaKTOPOB, OKasblBalOWMX BO3AENCTBME Ha riobanbHoe
M3MEHEeHMEe KAMmaTa, OTMeYalT Pe3ynbTaT aHTPOMOreHHOW AeATeNbHOCTU, KOTopasd MPUBOAMUT K
Bblbpocam napHuKoBbix rasos (IPCC, 2014). CornacHo PamoyHol KoHBeHuMn OOH 06 usmeHeHun
knumaTa (PKMK) (PKMKOOH, 1992) Bbi6poCbl OCHOBHbIX NapHMKOBbIX ra3oB (AByokucu yrnepoga — COy,
meTaHa — CHa, 3akucK asota — N2O 1 ap.) nognerkat ob6a3aTenbHON exXerogqHom MHBEHTapuU3auum Bo
BCeX cTpaHax-y4acTHuuax PKUK, Bkatouan Poccuitckyto Peaepaumio. 3Tm TpeboBaHMA NoATBEPKAEHDI
n B TeKcTe Mapukckoro cornawwenusa (Mapurkckoe cornawenme, 2015). Cpean 0CHOBHbIX UCTOYHMKOB
BbIOPOCOB NAapHUKOBBLIX ra3oB, TakMx Kak CHa n N2O B cenbCKOM X035IMCTBE ABAAKOTCA: BHYTPEHHAA
bepmeHTaumMA LOMALLIHUX KUMBOTHbIX, CUCTEMbI COOpa, XPaHEHMA M MCNOb30BaHMA HAaBO3a U NTUYLETO
nomeTta, pPUCOBble MOAA, NPAMbIE M KOCBEHHble amuccum N2O OT CeNbCKOXO3AMCTBEHHbIX No4yB. B
AaHHOM paboTte npuBoauTca oueHKa Bbibpocos N0 3a nepuoa ¢ 1990 no 2019 rr. oT arpapHoro
CEKTOopa B COOTBETCTBMU C HALlMOHANbHOM OTYETHOCTbIO B pamKkax PKUK.

O61beKTbl U MeToAbl UccNepoBaHnnA

Ons oueHKM BbIBPOCOB MNAPHMKOBbLIX A30B B CEKTOPE CEeNbCKOe XO03AMCTBO HaMu Obinu
NPUMeEHEHbI MeToAbl PaCYeTHOr0O MOHUTOPWUHTA, KOTOPbIE MCNONb3YHOTCA NPU COCTaBNEHUN OTYETHOCTHU
P® B cootBetctBuM ¢ TpeboBaHuamu PKMK OOH (MIOUK,2006) ¢ y4yeToM HaLMOHA/bHbIX
KoaddUUMEHTOB M MnepecyeTHbIX napameTpoB (HaumoHanbHbi goknaa Poccuiickon depepaumm,
2020; PomaHoBcKas, MmweHHWK,2016; PomaHoBcKas, 2008 a, b).

Ona oueHkn Bblbpoca N;O oT cuctem cbopa, XpaHEHUs W MCMNONb30BAaHMA MNPOAYKTOB
XU3HEeAeATeIbHOCTU }KUBOTHbIX M NTULbI ObIN10 ONpeaeeHo ro40Boe NOrOLWEHME a30Ta XKUBOTHbIMM
C KOpMOoM U dpaKuma yaep>KaHUA a30Ta B Tene XKMBOTHOro. KoaddpuumeHT yaeprkaHuna asota ans KPC
(6e3 KopoB) bbin paccynTaH C UCMOJIb30BAaHMEM HALMOHANbHbIX AAHHbIX COM/1TACHO METOAMYECKUM
pekomeHgaumam MUK, ona KopoB 1 CBUHENM 3HaYeHMA KOIPDOULUNEHTOB BblN B3ATbI MO YMONYAHUIO
n pasHbl 0,2 1 0,3 (kr yaep»kanHoro N ron? rog?) / (kr notpebnsemoro N ron™ roa?) cootseTcTBEHHO
(MI3MK, 2006). FloaoBbie NOTOKM a30Ta OT NOAKATEropuii NTULbLI onpeaenanncs no “O6uecoto3HbiM
HOPMaM TeXHOJIOTMYECKOro MPOEKTUPOBAHUA CUCTEM YAaNEHMA U MOATOTOBKU K MCMNO/Ib30BAHUIO
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HaBo3a” (OHTM 17-81), B KOTOpbIX NpuUBEAEHbl CpefiHMEe HOPMbl BbiXOoZa U COAEp’KaHue as3oTa B
NTUYbEM MOMETE B NepecyeTe Ha Cyxoe BELLECTBO IKCKPEMEHTOB.

PacueT npsamoro Bbi6poca N2O OT BHECEHHbIX MUHEPabHbIX @30THbIX YA00peHMI Ha YepHO3emax
W A0EepPHOBO-MOA30AMCTbIX MOYBAX BbLINOAHANCA C WMCNOAb30BAaHMEM YTOYHEHHbIX HALMOHANbHbLIX
KoapodunumeHToB (PomaHoBcKas, 2008a), KoTopble OblAM MOAY4YEHbl Ha OCHOBE aHanM3a AaHHbIX
NMTepaTypbl No onpeaeneHuto ra3oobpasHbix noTepb a3oTta B Buae N,O B noneBbix U NabopaTopHbIX
onbiTax Ha pa3Hbix TMNax noys. KoapodumumeHTol Boibpoca N2O OT MUHepanbHbIX yaobpeHuit ans
YepHO3eMOB W [AepHOBO-NOA30AUCTbIX NouyB coctasnaaoT 1,26 u 2,38% OT BHECeHHOro asoTa
cooTBeTCcTBEHHO. Ma3006pa3Hble notepun N0 aAna gpyrnx TMNOB NOYB OnNpeAensanm no KoapduumeHTy,
pekomeHgoBaHHOMY MIBUK — 1,0%. KonnyecTBo a30Ta pacTUTENbHbIX OCTAaTKOB, MOCTYMaloLWeEro B
CENbCKOXO3ANCTBEHHbIE NOYBbI arpapPHOro CEKTOPa, OLEHMBANOCb B COOTBETCTBUM C pa3paboTaHHOM
HaLMOHaNbHOM meToaMKon (PomaHoBcKasdA, MTapckuin, 2002) Ha OCHOBE PerpecCMOHHbIX YPaBHEHWUN
pacyeTa KOJIMYeCTBa OCTATKOB pasHbIX KynbTyp (/leBuH, 1977). Koanyectso a3oTa HaBo3a M NOMETa,
BHOCMMbIX B MaxOTHblE MNOYBbI (C y4eTOM a30Ta NOACTUIKM) M OCTABNAEHHbIX NAaCTOULLHBIMU }KUBOTHbLIMM
Ha nacTéMwax OuEHWBANOCb Ha OCHOBE MOr0/I0BbA CENbCKOXO3AMCTBEHHbIX MBOTHbIX U NTULDBI U
KoapdmumeHTam BbIXOAa a30Ta, a TaKXKe C Y4eTOM MOoTepb a30Ta MPU XPaHEHMM HaBo3a.
Ncnonb3yembin  koaddpuumeHT Bbibpoca NO npu MWHEpanu3auuMm OpPraHMYECcKOro BeLLecTBa
opraHoreHHbix noys cootsetcTByeT 7 Kr N-N,O c nnowaamn oaHoro rektapa 3a rog (Masnuk,2012).
Bbibpockl N0 npu MmMHepanmsaunm NOYBEHHOrO OPraHMYECKOro BELEecTBa B MUHEpPasibHbIX NOYBax
oueHeHbl npu nomolm koadduumenTa 0,01 Kr N-N,0 Ha Kr mMHepannsoBaHHoro asota (MIMKMK,2006).

Mpwn pacuyete obuwero Bbibpoca N2O B arpapHOM cekTope Poccum yunTbiBanca TaKKe Bblbpoc,
06pa3oBaHHbIlM B pe3yabTaTe BTOPMYHbLIX NPEeBPALLEHNI aHTPONOreHHbIX a30THbIX CoeaMHEHMI (Npu
BbIMbIBaHUM M BbIHOCE a30Ta C MOJEN, @ TAKXKE NPM aTMOCPEPHbIX BbINALEHUAX a30TCOAEPHKALLNX
BewectB — NOx u NHs3). CpeaHune 3HayeHus KoadoumumeHToB Bbibpoca N0, obpasytowerocs npwm
[aHHbIX npoueccax, B3aTbl 3 metoankn MIMKUK — 0,01 kr N-N20 krt N amuccunit NHs u NOx 1 0,0075 Kr
N-N20 kr! BbimbiBaemoro 13 nousbl N (MMUK,2006). [lons a3oTa, KOTOpas TepAETCA C NOBEPXHOCTHbIM
N BHYTPUMOYBEHHbIM CTOKOM W13 CE/IbCKOX03AMCTBEHHbIX No4B paBHa 30% (MI3UK,2006).

MepecyeT BennunH Bbibpocos CHa 1 N2O B egnHMupl CO2 3KBMBANEHTA NPOU3BOAATCA C MOMOLLLbHO
COOTBETCTBYOWMX KO3ddULUMeHTOB rnobanbHoro notennenma — 25 ana CHa u 298 ana N,O.

Pe3synbTatbl U 0b6cykpaeHue
Bobi6pocel N20 om cucmem cbopa, XpaHeHUsA U Ucnosnb308aHUA HAB03d U MMUYbE20 nomema.
Mpamble BbI6pocbl N2O oT cuctem cbopa, XpaHEHMA U MCNONb30BAHUA HABO3a M MTUYLEFO
nomeTa MPOUCXOAAT B XO0A4e KOMOBMHMPOBAHHONO npouecca HUTPUOUKALMU-AEHUTPUPUKALUN
coaeprKalleroca B HaBo3e a3oTta (MUK, 2006). Konunuectso Bbibpoca N,O oT HaBo3a BO BpemMs ero
XpaHeHMA Uu 06paboTKM 3aBUCUT OT COAEp)KaHWA a30Ta M yriepoda B HABO3e, a TaKkKe
NPOAO/IKUTENBHOCTb XpaHEHUA U Tunbl 06paboTkn. Boibpocbl N2O n3 cuctem o0b6paboTkM HaBo3a
TpebyoT npucyTcTtema AMbo HUTPaATOB, MO0 HUTPUTOB B aHA3POBHOW cpese NpU NpenBapUTENbHbIX
a9p0obHbIX ycnosumax, HeobxoamMmbix gna 06pa3oBaHMA OKMCAEHHbIX dopm a3oTa. Takke HeobxogMmo
cobntoaeHune ycnoBuin, npenatcTeytowmx socctaHoBneHMo N2O Ao Ny, Takue Kak, HU3KMe 3HadyeHma pH
AN OrpaHUYeHHaa BAaXKHOCTb. B 2019 roay npamble Bbibpocbl N2O OT cuctem XpaHeHWsA HaBo3a B
TBEPAOM BMae coctasnam 12,14 TbiC. TOHH, @ OT }XUAKNUX cuctem — 3,32 TbIC. TOHH.

Bbi6pocbl N20 oT ceNbCKOX03AMCTBEHHDbIX 3eMe/ib.
B Poccum arpapHblii CEKTOP OTHOCUTCA K BEAYLWMM UCTOYHMKAM aHTponoreHHoro Bblbpoca N,O B
atmocoepy. OcHOBHOM BKNaz B 0bwme HaunoHanbHble Bblbpockbl N2O AatoT ceNbCKOX03AMCTBEHHbIE
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3emnun, BKAo4Yaa  obpabatbiBaemble  TopdaAHble  nousbl. [Ipsmoii  BeIOpoc  N2O  m3
CeNbCKOX03ANCTBEHHbIX NoyB B 2019 r. cooTBeTcTBOBan 76,5% obuwiero Bbibpoca 3aKMCKM as3oTa OT
CEeKTOopa CeNbCKOro xo3sincTea (pMcyHok 1).

3Ha4yeHns KocBeHHOro Bblbpoca 3akucu a3oTa B 2019 roay cocrasnsoT 7,55 Tbic. ToHH N2O ot
aTmocdepHbIx BbiNageHMn u 21,63 Tbic. TOHH N;O B pe3ynbTaTe BbIMbIBaHMA COEANHEHUI a30Ta M3
nous.
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Puc. 1. Npamoit Bbibpoc N2O 0T cenbcKoxo3aicTBEHHbIX 3eMenb Poccuitickolt Peaepaumm 3a UCKAOYEHMEM
BbI6POCOB B pe3ysibTaTe MUHepan3aumumn asoTta

BbiBoAabI

B 2019 roay BKnag 3akucu a3oTa (N20) B obuime cenbCKoXo3aiCTBEHHbIE BbIOPOCHI COCTaBUN
88,5%. Mpamoi BbIOPOC 3aKMCK a30Ta OT CENbCKOXO3AMCTBEHHbIX noyB (53304 Tbic. TOHH CO2-3KB.)
OTHOCUTCA K Hambonee 3HAYMMbIM MCTOYHMKAM B arpapHom cektope Poccuiickon depepaumn. B
TeyeHue nepuoga ¢ 1990r. npsmon BbIOPOC 3aKUCKM a30Ta OT CEJ/IbCKOXO3AMUCTBEHHbIX 3eMesb
coKpatunca Ha 37,5 %. CHuxKeHne BbIBPOCOB NApPHMKOBbIX ra30B CBA3AHO C YMEHbLUEHMEM NOro/10B8bA
CENbCKOXO3ANCTBEHHbIX YXMBOTHbIX B arpapHOM CEKTOpPe CTPaHbl, @ TaKXKe COKpaleHMeM NOCeBHbIX
naowagen B CTpaHe U HOPM BHOCUMbIX MUHEPANbHbIX yA00peHNN, KaK pe3ynbTaT SIKOHOMUYECKUX
npeobpa3oBaHM arpapHOro CEKTOpa M CTPaHbl B LE/IOM.
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ASSESSMENT OF EMISSION OF N20 FROM THE AGRICULTURE SECTOR IN RUSSIAN FEDERATION
VERTYANKINA V. YU.

Yu. A. Izrael Institute of Global Climate and Ecology, Moscow, Russia
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Abstract. The paper considers the emissions of nitrous oxide from the agricultural sector in the
territory of the Russian Federation for the period from 1990 to 2019. The results of the conducted
studies showed that in 2019, the total greenhouse gas emissions from the agricultural sector of
the Russian Federation amounted to 16,167 thousand tons of CO,-eq., which corresponds to
53.1% of the 1990 level (247,492 thousand tons of COz-eq.). In 2019, the contribution of nitrous
oxide to total agricultural emissions was 88.5%. The most significant sources in the agricultural
sector of the Russian Federation are the direct emission of nitrous oxide from agricultural soils of
53,304 thousand tons of CO-eq.

Keywords. agriculture, climate change, greenhouse gases, nitrous oxide.
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CMOCOBbbI PEFT'Y/INPOBAHUA NOTOKOB HATPATOB B OBOLLIHbIX ATPOLLEHO3AX
BOJIKOBA E. H.

BLIT3 Cre6ryrtA, e. CaHkm-llemepbype;
ele-ven@yandex.ru

AHHOTauuA. HUTpaTbl ABNAKOTCA OAHMM W3 LLEHTPa/IbHbIX 3BEHbEB Aa30THOMO UMKAa. B cepum

OMNbITOB B OBOLLHbIX arpoLEeHO3ax U3y4ann pas/iMyHblie cnocobbl perynMpoBaHMA NOCTYNNEHUA

HUTPATOB B pacTeHUA 6e3 CHUKEHMA YPOXKANHOCTU. YcTaHOBAEHA 3PPEKTUBHOCTb MHTMBUTOPOB

HUTPUdMKaummn, bakTepranbHbIX NpenapaTtos, J06ABAEHUA MUKPO3NeMeHTOB. Ha o6wmnpHOm

3KCMEepMMEHTAIbHOM MaTepuanie MOKa3aHbl 3HAYMUTE/IbHble TeHOTUMNMUYECKME Pa3IMyYMA No

HAKOMNJIEHUIO HUTPATOB MOPKOBbLIO, PEANCOM, CaNaTOM U APYTMMM OBOLLHbBIMM KY/IbTYPaMM.

KnioueBble cnoBa. OBOLWHbIE KyAbTypbl, HUTPaTbl, WMHIMOUTOPbI HUTPUDMKALUKM, COPTa,

pusochepHble a3oTdMKeupytowme bakrepumm.
BBepeHune

B npouecce cenbCKOX03AMCTBEHHON U MPOMbILW/IEHHON AEATENbHOCTM YeN0BEeKa NPOUCXOAUT
WHTEHCMBHOE BOB/IeYEHME B NPUPOAHbIA BUOreoXMMMYECKUI LMKA BUMONOTMYECKOro U TEXHUYECKOro
a30Ta M YBENIMYEHME CKOPOCTM NOTOKOB HEOPraHMYECKOro asoTa.

HuTpaTbl, CONM @30THOMN KUCNOTbI, ABAAIOTCA OAHUM U3 LLEHTPA/IbHbIX 3BEHbEB a30THOMO LIMKAA.
HepaunoHanbHOe NpUMeHeHWe a30THbIX MUHEpPaANbHbIX yAOOpeHW B pPacTeHMEBOACTBE MOMKET
NPUBOAMUTL K 3arpA3HEHUI0 HUTPATaMKU TPYHTOBbIX BOA, YCUAEHWIO ra3oobpasHbiXx MOTepb a3oTa
BCNeACTBME AEeHUTPUOMKALMM U M3ObITOYHOMY HAKOMNEHUIO B PACTEHUAX, YXYALAOLWEMY KX
noTpebuTeNnbCcKylo LEHHOCTb. BmecTe € Tem, aKKyMynAauMA pPaCTEHUAMM HUTPATOB ABAAETCA
buoreoxmmmyeckum Hapbepom B UX MUrpaLuMu B conpeaesnbHble ¢ arpoueHo3om cpeapbl (Ocumnos,
2001). Tak e, Kak MOHbl aMMOHMA, HUTPATbl ABAAKOTCA BaXKHbIM U HEOBXOAUMBIM MCTOYHUKOM
a30THOTO MWTAHMA OBOLLHbIX PACTEHUM, BONBLUMHCTBO BWMAOB KOTOPbIX ABAAKOTCA HUTPODUNAMMU.
CopepyaHMe HUTPATOB B OBOLLAX Bbille pPernaMeHTUPYEMbIX CAHUTAPHO-TUTMEHNYECKMX HOPMATUBOB
OrpPaHMYUBAET UX UCMONb30BAHME, KaK NPOAYKTOB NUTAHUA.

O6beKTbl U MeToAbl UCCNeA0BaHUA

B HaWwMXx MHOrONETHMX MMUKPOMONEBbLIX M MOMEBbIX OMbITaX, MNPOBEAEHHbIX B BOLLHbIX
arpoL.eH03ax N3yyanca WMPOKKUIA CNEKTP BONPOCOB, CBA3AHHbIX C PeryIMpoBaHMEM NOTOKOB HUTPATOB.
OnbITbl NPOBOANANCH Ha AEPHOBO-NOA30/IMCTON XOPOLLUOOKY/IbTYPEHHON NOYBE MO O6LLENPUHATLIM
MeTOAMKaM.

Pe3synbTatbl U 0b6cykaeHue

B akcnepumeHTax 6biN0 YCTAHOBNEHO, YTO YPOXKAMHOCTb U COAEPKAHME HUTPATOB B OBOLLHbIX
KyNbTypax npexae BCero 3aBUCeNn OT [03 a30THbIX yA0b6peHun, reHoTuNnYeckmx ocobeHHocTeln m
norogHbix GpakTopoB. TaKKe OKa3blBa/M BAUAHME HA STU NOKa3aTe/In, HO B MEHbLUEN CTeNeHU, GOPMbI
a30THbIX YA06pPEeHUN, WUHIMBUTOPbI HUTPUPUKALMU, MUKPOSNEMEHTbI, Y4yacTBylOWME B a30THOM
obmeHe, COOTHOLLEeHMEe a30Ta C APYTMMMW BHOCMMbIMK 31eMEeHTaMM NUTaHKUA (B nepsyto oyepesb C
Kanmem), bakTepmanbHble NpenapaTtbl U3 aCCOLMATUBHDBIX a30TOUKCUPYIOLLMX BAKTEPUN.

M3yyeHMe a30THOrO perkMma, CKNaAblBAIOLLETOCA B NMOJMEBbLIX OMbITaX CO CTO/IOBOM CBEKNOMU U
MOPKOBbIO MOKAa3an0, YTO B ONTUMA/bHbIX ANA HUTpUUKAUUM ycnoBUusaxX npeobnagatowen popmon
MWHEpPaNbHOro as3oTa B XOPOLWO OKY/AbTYPEHHOM nouyBe Oblla HUTPATHAA, a B YCA0BUAX
nepeyBaarKHEHUA U NMOHMKEHHbIX TEMNEPATYP-aMMOHUMHAA. M3yyeHne NoKasaTenemn B gUHAMUKE, B
TeyeHWe BereTauMoOHHOro nepuoaa, MOKas3ano, 4YTO [0AA BapbMPOBAHUA HUTPATOB MNOYBHI,
obycnoBneHHas BHeCeHMEM a30THbIX yaobpeHuin, cocTaBnana B cpeaHem 62-89%. CopeprkaHue
HUTPATHOro a3oTa B nNo4ysBe OblNO HW3KMM pPaHHEW BECHOW W MAKCMMaNbHbIM B WIOHE-UKoNe.
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JKcnepuMeHTbl MOKa3aan, YTO MO BeNMYMHE BECEHHMX 3anacoB HUTPaToB B noyse (N min), MOXKHO
NPOrHO3MpPOBaTb NOTEHLMA/bHYIO YPOXKaMHOCTb CTOI0BOM CBeKAbI (Bonkosa, 1997).

Echn BbicOKOe copep)KaHWe HUTPATHOrO as3oTa B MOYBE HE COMNPOBOXAAETCA AKTUBHbIM
NOrnoWeHMemM ero pacTeHUAMMU, TO YBENMYMBAETCA PUCK HENPOM3BOAMTENIbHbIX NOTepb a3oTa M3
noysbl B ra3006pa3Hoi popme 1 BCNeACTBME BbIMbIBAHWUA 33 Npeae bl NOYBEHHOIO ropmn3oHTa. YTobbl
YMEHbLUTb NOTEPU a30Ta, MPUMEHAIOT MHIMBUTOPbI HUTPUUKaALMK - BeLLeCcTBa, NpeAHa3HaYeHHble
ANA BPEMEHHOro «KOoHcepBMpoBaHMA» a3oTa B noyse B Buae N-NHs*. Yepes 1,5-2 mecaua nocne
BHECEHMA, UX [AENCTBME 3aKaHYMBaeTcA, aMMOHMK npespawaetca B NOs u 6onee akTMBHO
NOrNOLWAETCA U UCNONb3YeTCA pacTeHUAMM B npoueccax buocuHTesa (Bonkosa, JoBblaeHKoB, 1998;
MapauieHko u ap., 2020.).

Kak npaBuno, stoT nepuopg (Monb—aBryct) ana 60NbLIMHCTBA OBOLLHbLIX PACTEHWUI ABAAETCS
KPUTUYECKMM MO a30Ty. B HALWMX onbiTax TOPMOXKeHNE HUTpUPUKaLMM nog, AeACcTBUEM UHTMOUTOPOB
ATC n KMI coctasnano: B utoHe — 23-44%, B unone — 29-61%, B asrycte — 37%. B pesynbrate
OTMEYanoCb AOCTOBEPHOE CHUMKEHWE COAEpPXaHWA HUTPATOB B KOPHEMN/I04AX CBEK/bl U MOPKOBM
(3HaunTenbHo Huxke MNAK) B nepBoi N0NOBMHE BEreTaumm 6e3 CHUMKEeHUA ypoXKanHOCTU. B npoayKumm
CKOpOCMEenbIX OBOLLHbIX KyAbTyp: peanca n ANOHCKON penbl, UHIMBUTOPbI HUTPUPUKALMM NOBbILLAN
YypOXalHOCTb Ha 26—38%, ymeHblwann coaeprkaHne HUTpaToB Ha 31-43%. CnepoBaTenbHo,
NHTMBUTOPBI HUTPUPKMKaLmm cnocobcTeoBanm bonee apPekTMBHOMY YCBOEHUIO PACTEHMAMM A30Ta.

Mo cpaBHEHUIO C BHECEHMEM AMMWAYHOWN CENUTPbI, BHECEHWE MOYEBMHbI (a30T B aMWUAHOM
dopme), nobaBneHne MMKpoanemeHToB bopa, monnbaeHa n meam cnocobcTBOBaNO AOCTOBEPHOMY
YMEHbLUEHMIO HUTPATOB B NPOAYKLMN CKOPOCME/bIX OBOLLHbIX KyAbTyp, @ TaKXe B NepBoM NON0BUHE
BereTaLum y CTOJI0BOM CBEKAbI U MOpKoBU (Bonkosa, 2000).

Mo pe3ynbTaTam 3KCNEPUMEHTOB M UCMNONb30BAHUA KOPPENALMOHHO-PErpPecCMOHHONo aHanun3a,
HamM YCTaHOBNEHbl ONTUMA/IbHblE KOHLLEHTPALUM a30Ta B NOYBE M 3N1€MEHTOB NMUTAHMA B PACTEHUAX.
MonyyeHHble GopMynbl NPOrHO3a MOXKHO MCMO/b30BaTb AAA ONEepPaTMBHOM AMATHOCTUKM A30THOrO
NUTAHMA, MNONAYYEHUA BbICOKOTO YPOXKAA KOPHENNOA4OB CTO/IOBbIX KOPHEMNN040B C HU3KUM
cogep’KaHMemM HUTPAToB. TaK, coaep’KaHMe HUTPATOB B CTONIOBOM CBEK/E, peance u Ap. npu ybopke,
MOXHO NPOrHO3MpPOBaTb NO UX COAEPMKAHMIO B HAYa/le N B CepeanHe Beretauuu.

B onbitax ¢ Konnekumamm BUPa coptoB u rMbpuaoB MOPKOBW, CTO/IOBOI CBEK/bI, peamca,
KOYaHHOro canaTa, Konbpabu, nyka-nopesa, 6bI10 YCTaHOBNEHO, YTO CYLLECTBYIOT 3HAYUTE/bHblE
pasnnMunAa B COAEPKAHMUM HUTPATOB MENXKAY COPTaMM U OHU U3MEHAIOTCA NO Mepe POCTa PaCTeHUN.
CoBpemMeHHble arpoTeXHO/I0MMM He BMOJIHE YYUTLIBAKOT FEHOTUMMYECKYHO cneunduKy MUHEepPanbHOro
NUTAHMA PacTEeHWMN, YTO ABNAETCA OL4HOW U3 MPUYUH TOTO, YTO 3aTPaTbl, CBA3AHHbIE C BHECEHMEM
a30THbIX YA06PEHMIN 3a4aCTyHO He OKYNatTCA COOTBETCTBYHOLLMM MOBbILIEHUEM YPOXKaA XO3ANCTBEHHO
LEHHOM 4YacTu NpoAyKuMM M ero KavectBom. CopTocneumduyHOCTb MO OTHOLIEHWUID K A30THOMY
nUTaHMIo Hbla Hanbonee BbiparkeHa y MOPKOBM, 3aTEM Y CTOZIOBOW CBEK/Ibl, CanaTa, peanca, Konbpabum
n 6enokoyaHHoM KanycTbl. COpTOBblEe PA3NMYMA MO WMCMOb30BAHMIO a30Ta HepeaKOo MNpPeBbIWANn
BMAOBbIE U OT BHECEHMA a30THbIX yaobpeHuin. Tak, usydyeHue kKonnekuum m3 40 coptoobpasuos
MOPKOBMU, BblpaLLMBaeMbIX HA OAMHAKOBOM MOBbILLIEHHOM a30THOM POHe, MOKa3ano, YTo CoAeprKaHme
HUTPATOB B paHHEN NPOAYKLMM MOPKOBK (ybunpaemon go 1 ceHTabpA) nsmeHanocb B cpegHem B 8,9
pa3a. MakcumanbHoe konmdectso NOs 66110 B KopHennogax coptos HaHTckas, Autumn King, Giganta,
Autumn King n ap. (Bonkosa, 2002). PaznmMumnsa no HUTPaTOHAKONAEHUIO MeXay copTamu peaumca (39
06pa3uoB), BblpalleHHbIMM Ha ¢oHe Nigo gocturanm 3,7-10,9 pa3 B KopHennogax v 6HoTse
COOTBETCTBEHHO. [BaAuaTb ABa COPTA KOYAHHOTO Ca/siaTa, OTHOCALMXCA K Pa3/IMYHbIM COPTOTUNAM
3TOM Ky/NbTypbl, B CPeAHEM pa3nMyanucb MO CcogepXaHuto HuTpatoB B 11,2 pasa. B onbitax
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YCTaHOB/NI€HA 33aBMCMMOCTb aKKyMyASALMU HUTPATOB OT MOPONOrMYeckmx ocobeHHOCTel pacTeHui
ONA CBEKAbl, canaTa, peanca, MOPKOBU.

MpumeHeHne noa HeboboBble KynbTypbl NPenapaToB M3 MOYBEHHbIX AMA30TPOPOB, KOTopble
MMEeIOT B CBOEM COCTaBe GepMeHT HUTPOreHasy M CNOCOOHbI CBA3bIBAaTb aTMOCHEPHbBIN MONEKYNAPHbLIN
a3oT, ABAseTCA MNepcneKkTMBHbIM  npuemom 6uonornsaumm  OBOLLEBOACTBA W 3KOHOMUM
AOPOroCTOALLUMNX MUHEPANbHbIX yaobpeHui. B Hawux mccnepgoBaHuax bakTepuanbHble npenapaTbl
bakTocaH, cepaumn, arpodunn, a3orpuH, ¢pnaBobakTepuH, BHECEHHbIe C 06pPabOTaHHbIMM CEMEHaAMMU
TaKXe CYLLEeCTBEHHO OrpaHUYMBaAIM HAaKOMN/IEHUEe a30Ta B HUTPATHOM dopme B /lyKe Nopee, IMCTOBbIX
M KOPHENNO4HbIX OBOLLHbIX KY/IbTypax.

Takxke bblna BbiABNEHA COPTOBAA peaKLMa pacTEHUN Ha MHOKYAALMIO AnaszoTpodamu. B onbite ¢
peaucom, B cpegHem 3a 2 roga npubaBka oT baKTepumanbHbIX NpenapatoB coctasaana 9,3-43%.
CambiMm OT3bIBYMBbLIM OKaszasca copT Riesen butter- npnbaska K ¢oHy coctaBuna 43%, 3atem copT
KpacHbin BennkaH (26% K KOHTponw). B BapuaHTax 6e3 WMHOKYNAUMW COAEPKaHWEe HUTPATOB B
KOpHenno4ax pas/inyHbIX COPTOB peanca cocTasmnno 843-2217 mr Kr! B 3aBMCMMOCTM OT COpTa U roaa
nccnefoBaHUiM, B TO BPEMSA KaK B BapMaHTax C MpUMMeEHeHWeM cepauuna cHusnaocb Ha 13-60% no
CpaBHEHMUIO C KOHTpoJsiem. B onbiTax ¢ canatom copT Oaecckuii Kydepasel, 6bin Hanboiee 0T3bIBYMB Ha
06paboTky dbaBobaKTEPUHOM U cepaLMAIOM, a COPT A3apT-TO/IbKO CEPaLUIOM.

BbiBoAabI

Taknm o06pasom, BKAOYEHME B arpoTEXHONOrMW OBOLLEBOACTBA HAY4YHO OOOCHOBAHHbIX
cnocoboB peryanpoBaHMa NOTOKOB HUTPATOB B AEPHOBO-NOA30/IUCTbIX NOYBAX B YCNOBUAX FYMUAHOIO
Kanmata CeBepo-3anagHoro permoHa Poccmm, MoxeT cnocobcTBoBaTb YBEANYEHWNIO NPOAYKTUBHOCTY,
YNYYLIEHMIO KaYecTBa NPOAYKLUMU, CHUKEHUIO HEMPOU3BOAUTENbHbIX NOTEPb a30THbIX YA00OPEHU 1
3KOHOMUYEeCKOMY b PeKTY.
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WAYS TO REGULATE NITRATE FLOWS IN VEGETABLE AGROCENOSES
VOLKOVA E. N.

Higher School of Technology and Energy of St. Petersburg State University of Industrial Technologies
and Design St. Petersburg, Russia
ele-ven@vyandex.ru

Abstract. Nitrates are one of the central links of the nitrogen cycle. In a series of experiments in
vegetableagrocenoses studied different ways to regulate the flow of nitrates into plants without
reducing yields. The effectiveness of nitrification inhibitors, bacterial drugs, addition of trace
elements has been established. The extensive experimental material shows big genotypic
differences in the accumulation of nitrates carrots, radishes, lettuce and other vegetable crops.
Keywords. Vegetable crops, nitrates, nitrification inhibitors, varieties, risosphere nitrogen-fixing
bacteria.

18



MaTtepuansl MexaAyHapo4HOro Hay4HOro ceMmHapa
«BBI30BbI M BO3MOKHOCTH YIIPABJICHUS 230TOM B CeJIbCKOM XO03M1liCTBE)
®reHY A®U, CankTt-MeTepbypr, Poccus 23 mapTa 2021 .

PA3PABOTKA NOAXOA0B K KOMMNMIEKCHOW OLEHKE A3OTHOW HATPY3KU HA SKOCUCTEMbI U
OPTAHU3M YENTOBEKA HA TEPPUTOPUN KPbIMCKOIO NO/IYOCTPOBA

EBCTA®BEBA E. B., KAPMNEHKO C. A., TBIMYEHKO C. /1.

®rAQY BO «K®y UUM.B. N. BEPHA/ZICKOIO, Cumgbeponons
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AHHOTaumA. [MpmMBoOAATCA pe3ynbTaTbl pacyeTa KPUTUYECKMX Harpy3oK a3oTa Aas JIeCHbIX
3KOCUCTEM Ha TeppUTOpMM KpbIMCKOro NoyocTpoBa B MacwTabe 5x5 KM, npeBblleHne KOTOPbIX
NO3BONAET  OLEHWUTb  Harpy3Ky Qa30TOM  BCAeACTBME  aTMOCHEpHOro  3arpAsHeHwus;
NPOaHaNM3MpPOBaHbl AaHHble MO COCTOAHWIO 340POBbA HACENEeHMA NO BMAAM 3aboneBaHuM,
baKTOPOM pUCKA PAa3BUTUA KOTOPbIX MOTYT ABNATbCA COEAMHEHWUA A30Ta U KOTOpPble MOTyT 6bITb
NOKa3aTe/IbHbIMM B OTHOWEHMM CYMMApPHOro MOCTYMJIEHUA a30Ta B OpraHM3M YesloBeKa U3
pa3HblX KOMMOHEHTOB OKpY)Kalowen cpeapl pasHoiMu nytamu .OnpegeneHbl TEPPUTOPUM,
HebnaronpuATHble C 3TOM TOYKM 3peHuA. Cnegyrowmin stan bypeT 3akno4vaTbca B H6onee
AETa/IbHOM aHanu3e 3Koornyeckn obycnosBneHHbix 3aboneBaHW Ha 3TUX TEPPUTOPUAX U
baKTUYeCKOM Harpy3Kn a30TOM Ha TEPPUTOPUAbHbIE SKOCUCTEMDI.

Kniouesblie cnosa. Kputnyeckune HarpysKkm asoTa, sKonorndeckmn obycnosneHHble 3abonesaHuns

BBepeHune

OnpepeneHne KpUTUYECKMX Harpy3ok (KH) ana coeanHeHuit asoTa BaXKHO ANs pelleHuA
npobaembl HapyleHMa 6anaHca a3oTa B eCTECTBEHHbIX M MOJlyeCTeCTBEHHbIX 3KOCUCTEMAX BO BCEM
mupe u, B ocobeHHocTH, B LieHTpanbHOM M 3anagHon EBpone, XapaKTepu3yHLLENcAa BbICOKMM
aTMochepHbIM BbiNageHnem 3Toro anemeHTa (bawkuH, MpunytnHa, 2010). HecmoTps Ha aKTUMBHO
pa3pabaTtbiBaemble MeXAyHapoAHbIM coobuwecTBOM B pamKax KoHBeHuun LRTAP nogxoapl K
3KONOrMYECKOMY HOPMMPOBAHUIO aHTPOMOreHHbIX HArpy3oK, M, B YacTHOCTM COeAMHEHMN a30Ta
(Critical..., 2010) nx npakTUYyeckoe BHeApPEHUE B NPAKTUKY 3KOJIOTMYECKOrO MOHUTOPUHIa B PerMoHax
OoCTaBNAeT XenaTb Aydywero. OCHOBHble HEMHOrOYMCNEHHble AOCTUMKEHWS B 3ToM obnactn, B
YyacTHocTH, B KpbIMCKOM pervoHe, nmetotcs 6narogapsa MHULMATUBHBIM UCCNEA0BAHMAM KPbIMCKUX
YYEHbIX, KOTOPbIMM paHee OblIN paccyMTaHbl KPUTUYECKME Harpys3KuM N8 OKMCNOB a30Ta U Cepbl
BHayase B macwTabe 50x50 km (Evstafyeva un ap., 2012). Tem He meHee onpeaeneHne KPUTUYECKUX
Harpysok 1 6anaHca a3oTa ABNAAETCSA B 3TOM PErMoHe O4YeHb BaKHbIM, MOCKO/bKY OH MpeacTaBaseT
cobolii OAHOBPEMEHHO W pPEKPeauMOHHY, W TYPUCTUYECKYID, U CEeNbCKOXO3AMCTBEHHYO, W
NPOMbIWAEHHYIO (rnaBHbIM 06pa3om ceBepHbI Kpbim) TEPPUTOPMK, aHTPOMOreHHana HarpysKka Ha
3KOCUCTEMbBI U HAaceNeHWe KOTOPOro NPOrpeccnBHO pacTeT B nocneaHue roabl. NocneaHue gga tmna
TEPPUTOPUIA MOTYT ObITb OXapaKTePU3O0BaHbl KaK TEePPUTOPUM MOBLILEHHOrO PUCKA B MNaaHe
NOCTYN1EeHMA aHTPOMNOreHHOro a3oTa B BUAE MUHEpPasbHbIX YA0OpEeHWM, UCNOIb3yEeMbIX B CE/IbCKOM
XO3ANCTBE, W OKMCNOB Qa30Ta, BblOpacbiBaeMblXx B aTMOCPEPHbIN BO34YX MNPOMbILWAEHHbIMM
npeanpuATMAMK cesepHoro Kpbima. 3agaya onpeaenieHua pernoHasibHbiX AOMNYCTUMbIX HArpysokK
YCNOXKHAETCA ewe M Tem, 4To KpbIMCKMA NONYOCTPOB ABASETCS TEPPUTOPUEN C  BbICOKMM
reorpadmyeckMm pasHoobpasmMem NPUPOAHbIX M aHTPOMOreHHbIX YCA0BUIA. 3aeck MmeeTcs nopsagKka 40
TMMNOB NOYB, KOTOPbIE B PAa3HOM CTENEHN MOIYT ONOCPEAO0BaTb LMPKYAALMIO a30Ta, YTO HeobxoaAnmo
YUYMTbIBaTb MNPU YMNpPaB/iE€HUN PUCKOM OT BO3AENCTBMA aHTPOMOreHHOro a3oTa Ha 3KOCUCTEeMbl U
OpraHM3M 4YesioBeKa, KaK KOHEYHOro KOHCYMeHTa OO0/bLIMHCTBA BMOreoXMmMmnYecknx TPpoduUecKmx
uenen.
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NU B HacToAweMm AOKNage NpMBOAATCA pe3ybTaTbl ONpeaeneHna KpUTUYECKMX Harpy3oK a3oTa
ANA NEeCcHbIX 3KOCUCTEM, MO3BONAIOLWMX OLEHUTb HarpysKy asoTOM BCNeACTBME aTMOChepHOro
3arpA3HeHMA, a TakKe NPoaHaNN3MPOBaHbl AaHHbIE MO COCTOAHWUIO 340POBbA HAce/NeHMA Mo BUAAM
3ab0oneBaHNi, KOTOpble MOTYT B6bITb MOKa3aTe/IbHbIMW B OTHOLUEHWM NOCTYNNEHUS a30Ta B OpraHn3m
YyenoBeKa M3 pa3HbIX KOMNOHEHTOB OKpY:KatloLen cpeabl Ha TeppPUTOPMAX KpbIMCKOro NoayocTpoBa.

O6beKTbl U MeToAbl UCCNeA0BaHUA

BennunHa KH 3aBUCKUT OT 6asfiaHCa XMMUYECKMU aKTUBHbIX MPOTOHOB U KaTMOHOB B MPUPOAHbIX
cucTemMax, No3ToMy A5 COEAMHEHWUI a30Ta PAcCYMTbIBAIM HECKO/IbKO BUA0B KPUTUYECKUX Harpy3oK:
MWHUManbHyto Harpysky (KH (N)min), makcumanbHyto Harpy3ky (KH (N)max), Harpysky no
nutatenbHomy a3oTy (Nnut). OHM XapaKTepusylT HaMMEHbLUMIA YPOBEHb MNOCTYMN/IeHMA a3o0Ta,
obecneymBalOWmii coOXxpaHeHME NPOAYKTUBHOCTU PACCMATPUBAEMBIX 3KOCUCTEM, MAKCMMaAJIbHbIM
YpPOBEHb MOCTYMN/IEHUA OKUC/NOB a30Ta, NPU KOTOPOM HE MPOMUCXOAMUT MAfEHUSA YPOBHA KUCIOTHOCTM
HU¥KE KPUTUYECKOTO YPOBHA MPU COXPAaHEHHOM AN BUOTbl NUTATE/IBHOM PEXKMME NOYB; NOCTYNEeHNE
as3oTa B KO/IMYecTBe, He Bbi3blBalOWem ero wu3bbiTKa B 3KocucTemax (3BTpodupoBaHue)
COOTBETCTBEHHO.

KH (N)min = Nu + Ni;
KH (N)max = KH (N)min + KH(S)max /(1-fde);
KHnut(N) = Ni+Nu+ Nle(acc)/1-fde;

roe Ni — ponrocpoyHas MMMobUAM3aLMA NOYBEHHOro a3o0Ta, r-ake rat rogl; fde (denitrification
fraction) — gona aeHUTpUPUKayumm Kak GyHKUMA aApeHaxka noysbl; NU - BeMYMHA, CBA3aHHAA C TUMOM
NoYBbl M NPUHUMaeman paBHoi 0,1 oA NOYB NErkoro rpaHy10MeTpMYecKoro coctasa 6e3 npoueccos
orneeHus, 0,5 — ana necyaHbix orneeHbIx Noys, 0,7 — AN NOYB TAXKENOrO rPaHy/IOMEeTPUYECcKoro
cocrtaBa, 0,8 — ana TopodaHbix; Nle(acc) — gonyctnmoe BbllenavymBaHue asoTa.

Ha ocHOBe Q[aHHbIX O MO4YBax WM 3eMNEenonb30BaHUM C Y4YETOM TaKMX MOKasaTenem, Kak
TemnepaTypa, KOJIMYeCcTBO OCaAKOB, BbINaAEHUA OCHOBHbIX KaTMOHOB U Ap. MMMObMAM3aLma a30Ta
coctasnana 71,4 r-aks ra rogt. Npu copepskaHum ravubl 10,5% fde npuHmmanca pasHbim 0,1, a npu
cofepskaHmm rvHbl 32,5% — 0,7 r-3ke ra’ rogl. Mpu 3TOM KpUTUYECKME KOHLIeHTpaumuu asoTa A
XBOMHbIX, CMELLaHHbIX W AUCTBEHHbIX necos coctasuam 0,0143, 0,02095 u 0,0276 (r-sks m3)
COOTBETCTBEHHO.

Ons  OUEHKM COCTOAHMA 340pOBbA OblNM  NPOAHANM3MPOBAHLI  AaHHble O0dUUMANBbHOM
MeOULMHCKOM CTaTUCTMKM 3a nepuog ¢ 1994 no 2015 rr. no pa3HbiM BUAaM 3aboneBaHUl B ropoaax u
aAMUHUCTPATUBHbIX panioHax Pecnybanku Kpbim. OueHMBann puck 3a6onesBaemocTy No OTHOLEHUIO
YPOBHA 3a60/1€BaeMOCTM B KOHKPETHOM HACENeHHOM MyHKTe WAM pPalioHe K cpeaHEKPbIMCKOMY
YPOBHI0 3a 20-neTHWUIA nepuoda.

Pe3ynbtatbl n 06cyKaeHne

MponsBeaeHHble NO MNpuUBEAEHHbIM Bbile (GopmMmynam pacyeTbl KPUTMUYECKMX HaArpy3ok Ans
NNeCHbIX 3KocucTem KpbiMa KapTupoBaHbl B macwTabe 5x5 Km (puc. 1). PaccuntaHHble BEIMUYUHbBI Bbinu
rpagyvpoBsaHbl Ha 3 Kateropuu: KH (N): <400, 400-500, >500 r-aks ra™* rog .
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Puc. 1. Kputnuyeckune Harpyskm azota 418 IeCHbIX IKOCUCTEM

CpaBHEHWE MONYYEHHbIX BEWYMH C UMEKWMMUCA AAHHbIMM MO 6AM3KMM €BPOMNENCKUM
TEPPUTOPUAM NOKA3a/0 KaK CXOACTBO, TaK M HEKOTOpPbIE pasnmMumsa. Tak, MMHMMaNbHble 3HaYyeHusa KH
(N)min ¥ nUTaTENbHOTO a30Ta KHnut(N) b1V 0gHOrO NopsAAKa, @ MaKCUMa/IbHbIE KPUTUYECKME HArpy3Ku
aszoTa KH (N)max CyLLECTBEHHO pas/AMyanucCb ANA TeppuTopun boarapumn ¢ NOAy4YeHHbIMKU HamMwu
BE/IMYMHAMU. B TO Bpema e ana Tepputopun Monblum BCe KPUTUYECKME HArpy3KM MMENn cxoaHble
BennumHbl (Modelling..., 2011).

K coxaneHuio, [0 HacToAWero BpeMeHW He MpPeaAcTaBMIOCb BO3MOMHOCTM MPOBECTU
MOHUTOPMHIOBbIE UCCNEA0BAaHUA ONS OLEHKM NPEBbILEHUN KPUTUYECKMX Harpy3ok asoTta. OgHako
KOCBEHHO OLLEHUTb UM NO KPaMHEen mepe COPUEHTUPOBATLCA B OTHOLLIEHMW Harpy3KM a3oToM, Ha Hal
B3rns4, BO3MOXHO M NEPCNeKTUBHO M NO YPOBHIO 3a60/1eBaeMOCTN HaceneHUs, NPOXKMBAIOLLEro Ha
KOHKPETHOM TeppuTopuKn, TakMmMKM BuAamu 3aboneBaHWM, KOTopble MOFyT ObiTb CBA3aHbl C
N36bITOYHbIM NOCTYN/IEHUEM COEAMHEHUMN A30Ta B OPraHU3M.

ITokasaTenbHO B 3TOM OTHOLWEHWUW ABNAETCA aHEMUA, Pa3BUTUIO KOTOPOM  MmoryT
cnocobcTBOBaTb OKWUC/bI a30Ta, crnocobceTByowme 06pa3oBaHUID MeTremornobuHa M pPasBUTUIO
TMNOKCUMU. UIX UCTOYHMKOM MOXKET ABAATLCA KaK aTMocdepHbI BO3AyX, TaK U MULLEBbIE NPOAYKTbI,
npexae BCero, pacTeHMeBoAYEecKasa MNPOAYKUMSA, BbIpPaWeHHas C W3ObITOYHbIM NPUMEHEHUEM
MUWHEepanbHbIX yaobpeHuit. B nepBom cnyvyae OHM NOCTYNalOT B OPraHM3mM 4epes AblXaTe/bHYH
cuctemy. B cBA3M € 3TUM He MOXKeT He 06paTUTb Ha ceba BHUMaHWE NPaKTUYECKN ABYKPaATHbIN YPOBEHb
4acTOTbl 3TOM NATONOIMMM B MPOMbILIEHHbIX KPbIMCKMX ropoaax ApMAHCK M KpacHonepeKonck no
CPaBHEHWUIO CO CPeAHEKPbIMCKUM YPOBHEM.
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Puc. 2. OTHOCKTENBbHDBIN PUCK PA3BUTUA AaHEMUI B FOPOAaX M palioHax Kpbima 3a nepuog
1994-2015 rr. (A); coaep»aHue NoANOTaHTOB B aTMochepHOM Bo3ayxe r. KpacHonepeKkoncka (B)
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Bo BTOpom cnyyae nyTb NOCTYN/IEHMA COEAMHEHUA a30Ta — NULLLEBapUTebHan cuctema. MNpwu
3TOM noA AeNCTBMEM MULWLEBAPUTE/NIbHBIX COKOB HUTPaTbl B XKEeNyAOYHO-KMLLEYHOM TpaKTe
NpPeBpaLLAtOTCA B HUTPUTbI U HUTPO3aMUHbI, 061aaatowme BbipaXKeHHbIM KaHLLEPOTreHHbIM AeNCTBUEM.
OueHKa OTHOCUTENbHOTO PUCKa 3ab0N1eBaeMOCTU MNULLEBAPUTENbHOM cucTembl 6osiee yem 3a 20-
NeTHUA nepuoa  AEeMOHCTPUpyeT ero npesbiweHne B 2,5-3 pasa B r.Cumodeponone u
KpacHonepeKoncke, a Takke B 60/bLWNHCTBE CENbCKOX03AMCTBEHHbIX palioHOB KpbiMa (puc. 3).

OTHOCHTEABHBIA pieck ONesHEHHOCTH OpraHoe KT & ropogax W paRoHEx Kpsima

Puc. 3. OTHOCUTENbHBIN PUCK 3a60NEBAEMOCTU NULLLEBAPUTENIBHOWN CUCTEMbI }KUTENEN FTOPOAOB U
palioHoB Kpbima
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KpacHonepeEams

OaHako Ha AaHHOM 3Tane 3aTpyAHUTENbHO AenaTb onpefeneHHble BbiBOAbl, Heobxoanm
[ONOJIHUTENbHbIN, bonee aeTanbHbIM aHanM3 3aboneBaemMocTu, B TOM YMCAE, OHKOMNATO/IOrMnN AaHHOM
CUCTEMBbI.

BbiBOADI

PaspabaTbiBaemble B Pecnyb6amke Kpbim noaxobl K OLeHKe Harpy3KkyM a3oTOM Ha 3KOCUCTEMbI U
OpraHM3M YenoBeKa COYETalOT KaK MeToAbl MeXXAYHapoAHOro 3KCMEepPTHOro CoobLEecTBa, r/1aBHbIM
obpasom, B OLEHWBAHUM BO3AENCTBMA HA IKOCUCTEMbI, TaK U COOCTBEHHbIE MOAXOAbl K MOWUCKY
KpUTEpMEB CYMMapPHOMN HArpy3Kknm Ha OpraHM3m YesloBEKA Kak MHTerpasbHOro MHAMKaTopa KayecTsa
OKpyrKatowen cpeabl. MpuBeaeHHble AaHHblE ABAAIOTCA TONbKO Haya/ioM ABUXKEHWUA MO 3TUM ABYM
pa3nMYHbIM HanpaBneHMaM. Ha 3Tom 3Tane 6blN0 BbINONHEHO pelleHWe 3agayM Mno  pacyety
KPUTUYECKMX HArpy3oK a30Ta, OLEHKA NPeBbIWEHNA KOTOPbIX AO/MKHA ABUTLCA LEeNbio CaeayloLwero
sTana. OueHKa COCTOAHMUA 340P0BbA MO 3KONOrMYECKN 3aBUCMMbIM 3ab601eBaHUAM, GaKTOPOM pPUCKa
pPa3BMTMA KOTOPbIX MOTYT ABAATbCA COeAMHEHMA a30Ta, MO3BOJAET C APYFrOM CTOPOHbI NOAOWTU K
peleHnto gaHHoM Npobaembl M 0603HAYNTL B NEPBOM NPUBANNKEHUM TEPPUTOPUKN, HEBNArONPUATHBIE
C 3TOW TOYKM 3peHua. Cneayrowmii 3tan OyaeT 3aknoyaTbCcA B Oonee p[eTanbHOM aHanuse
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9KONOTMYECKM 0byCcnoBAEHHbIX 3a601€BaHMIA Ha 3TUX TEPPUTOPUAX U PaKTUYECKON Harpy3Kn asoTom
Ha TepPUTOPMAbHbIE SKOCUCTEMDI.

CnucokK nutepartypbl

BawkuH B.H., MpunyTtnHa U.B. YnpaBaeHme 3KONOrMYECKMMMN PUCKAMM NPU IMUCCUM NOAAKOTAHTOB. M.: [asnpom
BHWWras, 2010. 186 c.

Critical Loads of Nitrogen and Dynamic Modelling. CCE Progress Report. — Netherlands Environmental
Assessment Agency. 2010. 130 p.

Evstafyeva E., N. Sologub, S. Tymchenko, O. Startseva. Nitrogen balance in the Crimea region of Ukraine: status
of the problem and first steps. Ammonia workshop, 2012. S.-Peterburg. Abating ammonia emissions in the
UNECE and EECCA region//RIVM Report 680181001/2014/ p. 207-212.

Modelling Critical Thresholds and Temporal Changes of Geochemistry and Vegetation Diversity:CCE Status
Report. 2011. 186 p.

PROSSESING OF APPROACHES TO COMPLEX ASSESSMENT OF NITROGEN LOAD ON ECOSYSTEMS
AND HUMANS ON CRIMEAN PENINSULAR TERRITORIES

EVSTAFEVA E.V., KARPENKO S.A., TYMCHENKO S.L.

V.l. Vernadsky Crimean Federal University, Simferopol, Russia
e.evstafeva@mail.ru

Abstract. Calculation of nitrogen critical loads for forest ecosystems on Crimean peninsula
territories in grid cell 5x5 km carried out; their exceedances permit to estimate the load of
nitrogen in result of atmospheric pollution. Data of population health analyzed by such ecological
determined diseases, for which nitrogen compounds may be a risk factor, and which can be
indicative in relation to summary nitrogen intake in human body from different components of
external environment along different pathways. Adverse from this point of view territories were
determined. Next stage will be devoted more detail analysis of ecological depended deceases on
these territories and determination of actual loads of nitrogen on territorial ecosystems.

Keywords. Critical loads for nitrogen, ecological determined diseases
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BAJIAHC A30TA B ATPOLIEHO3E O3UMOW MLWEHULbI HA CBET/10-CEPOW JIECHOM NOYBE

3ABAJINH A. A., HAKAPAKOB A. M.
@reHY BHUWN azpoxumuu umeru A.H. MNMparuwHukosa, Mockea
zavalin.52@mail.ru

AHHOTauuA. B noneBom onbiTe OUEHUBANN COCTOAHME BanaHca a30Ta NPM UCNOb30BAHUM NOA,
03MMYIO MNLEHMLY a30THbIX yA0OpeHNI 1 pasnmyHbiXx BUonorMyecknx npenapaTos. YporKanHOCTb
obycnosneHa HakoniaeHWem B nouyse b6uonornyeckoro asota (38%), npumeHeHMeM cpeacTs
6uonormsaumm u xummsaumm (40%). Mpwu BblpalLMBAHUM O3MMOM MIIEHWUUbl NO NAacTy
MHoronetHnx 6060B0-31aK0BbIX TpaB 2 roga NONAb30BAaHWA 3@ CYET HAKOMJEHHOro B MoyBe
H1010rMYECKOro a3oTa ypoXKalHOCTb 3epHa noayyeHa 2,34 T ral. Mpu npMMeHeHUM pasanyHbIX
6MonornyeckmMx nNpenapaTos M a3oTHbIX YA0OPEeHU B yporXKae O3MMOW MLEeHMULbl HaKonieHne
a3oTa Bo3pactaeT ¢ 60,7 ao 100 krral. Mpu ucnonbzoBaHMM BGUMONOrMUYECKMX MpenapaTos
dopmupyetca cnabo nonoskuTenbHblt 6anaHc asota (+4,6..11,4 Krral), BHECEHME a30THbIX
yA06peHunit nosblwaeT ero 3HayeHune o 13,5 - 18,8 krra?.

KnioueBble cnoBa: 6anaHc asoTa, a30THble yaobpeHus, Guonorvyeckuin asoT, yaobpenus,
6uonpenaparol.

BesepeHue

BblpawmBaHne CenbCKOXO3ANCTBEHHDbIX KyAbTyp C MNPUMEHEHMEM CPeaCTB XMMU3aUUKM U
61onornsaLmm, a TakKe B TEXHOIOFMAX OPraHMYEeCcKoro 3emnesenms BblABUMraeT Heo6xoAMMOCTb yyeTa
6anaHca a3oTa B noyse. ITa nNpobnema cywecTBeHHO 060OCTpUNacb B CBA3M C HEAOCTAaTOYHbIM
NPUMEHEHNEM Pa3NNYHbIX yaAobpeHul B 3emneaennmn Poccum, 4To NPUBENO K OTpULATENbHOMY
6anaHcy asoTa M APYyrMx 31eMeHTOB nuTaHua pacteHui (Kygespos, 2018). [ononHWUTeNbHbIM
MCTOYHMKOM a30Ta AR NMUTAHUA PAaCTEHUIN CAYXKUT OBMONOrMYecKnii a3oT, PUKCMPOBAHHbIN B NoceBax
6060BbIX Ky/IbTYP CUMONOTUYECKMMM BaKTEPUAMM, aCCOLMAaTUBHbIMUM B NoceBax He60b0BbIX Ky/IbTyp
n cBobogHOMUBYLWMMMK BakTepuamn (TuxoHosmu, Mposopos, 2011). YBennyeHue BoOBAeYEHUA B
arpoueHosbl 6MoNorMyeckoro asoTa [AOCTUraeTca B pesy/ibTaTe WUCNO0/b30BaHUA MUKPOBHbIX
6uonornMyecknux npenapaToB, CO34aHHbIX HAa OCHOBE aKTUBHbIX LTAMMOB MWKPOOPraHU3MOB
(TuxoHoBMY M Ap., 2005), 4TO MOMKET CyLLeCTBEHHO HOPManu3oBaTb COCTOsiHME GanaHca a3oTa B
arpoueHosax (3aBanuH u gp., 2019). B TexHonormax opraHMYECcKoro 3emnenennsa He UCNOb3yroTcA
XMMMYeckne yaobpeHma M pacwmpaeTca npumeHeHue OMONOrMYecKMx cpeacTs, B TOM 4ucne
BO3pacTaeT 3HayeHWe UCNONb30BaHMA OMONOrMYEecKOro asoTa, HAKOMNEHHOro 33  c4yeT
CMMBMOTHYECKON a30TdMKcaumm B noceBax 6060BbIX Ky/NbTYp M acCOUMATMBHOM a3oTPUKCAUUM B
noceBax 3epHOBbIX U APYrMX He60HOBbIX CENbCKOXO3AUCTBEHHbIX KyNbTYp (TUXOHOBWUY, 3aBannH, 2016;
Kyaespos, 2020).

Lenb paboTbl: oueHUTb cOCToAHME HanaHca a30Ta NPU UCNONb30BAHUM a30THbLIX YA0OpEeHU 1
pa3nnyYHbIX BMoNOrMYeckMx npenapaTos NpU BblpaALLMBAHMM O3MMOM NWeHWUUbl nocne 6060Bo-
371aKOBbIX TPAB HA CBET/I0-CEPOI IeCHOM MOoYBe.

O61beKTbl U MeToAbl UccNepoBaHnA

B nonesom onbiTe Ha cBeTN0-cepont necHon noyse B 2017-2019 rr. 8 OO0 «CaBuHCKas Huea» B
Kany»Kckon obnactu npoBoAnAn OUEHKY 3PPEeKTUBHOCTM MPUMEHEHUA B BECEHHIOK MOAKOPMKY
03MMOM MwWeHuUbl ObbI4HbIX M BUOMOAUPUUMPOBAHHBIX MOYEBUHbI U AMMWAYHOM CEAUTPBI,
pa3nunyYHbIX Bronoruyeckmx npenapaTos (Tabn.). Nepen 3aknagKkon onbiTa NaxoTHbIN cnoi 0-20 cm no
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coAep’KaHUIO MOABUXKHOIO ¢ochopa, MUHEPANbHOTO a3oTa OTHOCUTCA K CPEeAHEOKY/NbTYPEHHOMN,
NOABUKHOIO Kanns — K HU3KOOKY/IbTYPEHHOW, Peakuumn NoYBEHHOW cpebl — K NoBbiWeHHOW. Bo Bce
roabl NPoBeAeHUs NONEBOro OMbITa NOroAHblE YCI0BMA COOTBETCTBOBA/IM KAMMATUUYECKON HOpPME, a
oTAeNbHble KonebaHua cpeaHEeCYTOYHOM TeMnepaTypbl BO34yXa M KoanyectTsa aTMocdepHbIX 0CaKoB
B L€/IOM He OKa3a/ M CyLLeCTBEHHOrO BO3AEWCTBMA Ha PacTeHMA 03MMOM MNweHuubl. Monesol onbIT
3aKNagbiBaiM B YeTbipexKpaTHOM MOBTOPHOCTW, naowaab AenaHku 100 m?, yyeTHaa — 36 m?
pasmelleHne peHgomesmposaHHoe. O3umyto nweHunuy MockoBcKaa 39 BblpallMBanm nNo naacty
MHoOroseTHUx 6060B0-3/1aK0BbIX TPaB Ha 3e/1eHy0 Maccy. HakonneHne B NoYse NOXKHUBHO-KOPHEBbIX
OCTaTKOB M a30Ta nocsie y6opKn mHoronetTHMx 6060B80-31aK0BbIX TPaB 2 roAa No/ab3oBaHMA (Knesep +
dectynonnym) paccuntbiBaam no (Hopmatmesl..., 2013). BanaHc a3oTa npu BbIpaLLMBAHUN O3MMOW
nweHuubl onpegensnu no (Metoanyeckme ykasaHums ..., 2000).

Pe3ynbtatbl u 0bcykpeHne

3eneHaa macca 6060B0-31aKOBbIX TpPaB B pe3y/nbTaTe Pa3/IMYHbIX MNOrOAHbLIX YCA0BUM
BereTaLMOHHbIX NEPUOA0B B roAbl BblPalLMBAHMA TPAB M arpoOTEXHONOTMUYECKMX MPUEMOB M3MEHAACH
no rogam nposegeHunsa c 31,8 no 47,2 Tra’t u coctasmna B cpeaHem 3a Tpu roga 37,2 Trat. AHaNOrMUYHO
MEHANOCb HAKOM/IEeHMEe CyXOM Maccbl KieBepo-GecTuioNnyMHOM cmecu. KonmyectBo Cyxon macchbl
NOXKHUBHO-KOPHEBbIX ocTaTKoB (MKO) B naxoTHOM 0—20 cCaHTMMETPOBOM C/I0€ MOYBbI B CpeAHEM 3a
rofbl uccneposaHuin cocrasnno 5,0 T rat. C atum Konmvectsom MKO mHoroneTHMx 6060B0-31aKOBbIX
TpaB coaepkaHue obuiero azota B HUX C y4eTOM KOHUeHTpaumm N nsmeHanocb no rogam ot 81 ao
121 krra?, nan 96 krra! B cpegHem 3a 3 roaa uccneposaruit. C yuetom KoadbduumeHTa asoTdhuKcaumnm
(KA®), paBHoro 0,65, HakonneHne buonornyeckoro asorta, PUKCMpPoOBAHHOrO B 6060BO-31aKOBOMA
cmecu, gocturno 53-78,8 Kr ral, utTo oueHMBaeTCa Kak NpuxoaHas 4acTb 3a cHeT 6MOoNorMyeckomn ero
dukcaumun. MNpu kKoaddpuumeHte ncnonbsosanua (KN) asora us NKO, pasHom 30%, Bo3aenibiBaemas no
NAacty MHOFONETHUX TPaB 03MMasA MNWEHULA MOXKET MCNOoNAb30BaTb Aa8 GOPMMUMPOBAHUA YpoXKan
25-36 kr ra! obuiero n 16-24 kr ra’t 6uonornyeckoro asoTa, UM COOTBETCTBEHHO 29 1 19 krral B
cpeaHem 3a Tpu roga. Mpu TakMxX 3HaYEHMAX UCNONb30BaHMUA pacTeHMAMM obLiero u buonornyeckoro
a30Ta BO3MOKHO MOJIYYUTb YPOXKaMHOCTb 3epHa 03UMOW nueHunupl nopsaaka 1,05 n 0,68 1 ral, 6es
y4yeTa 4PYrMx UCTOYHMKOB a30Ta, KOTOPbIMU C/AYXKAT NOYBEHHbIE 3aNacbl KAaK MMHEPANbHOIO a30Ta, Tak
N MUHEPANM3YILWErocsa asoTa.
PaKTUYECKM NpU pasmeLeHMM 03MMOM MLLEeHMLbl MO NAACTy MHOroNeTHUX 6060B0O-31aKOBbIX TPAB 2
roga nonb3oBaHus (Knesep + pecTynonnym) 3a cyeT MCNONb30BAHUA pacTeHMAMM BUonornyeckoro
a3oTa (6e3 BHeceHMA ya0bpeHUa U NpuMmeHeHMA BUONOrMYeckMX NnpenapaTos) NOAy4YeHa YpOrKaltHOCTb
3epHa ot 2,10 a0 2,65 T ral. KonebaHua yposkaHOCTM 3epHa 03MMOIA NILEHMLbI B rofpl NPOBeAeHMA
OnbITa CBA3AHbI C PA3/IMYHbIM HAKOMAEHMEM B NOYBe BMONIOrMYECKOro a3oTa, CAyXKalero pe3epsom
NMUTaHWA PaCTEHWUI, @ TaKXKe, BO3SMOMKHO, HEKOTOPbIM BO3AENCTBMEM MOrOAHbIX YCA0BUIA B nepuos,
Beretauun. B 2017 r. Nnpy MMUHUMaANLHOM HaKOMIEeHWU B nouse Buonornyeckoro asota (53 kr ra?l)
YPOXKaMHOCTb 3epHa Ha KoHTpone coctasuna 2,1 T ral, 8 2018 r. Npu TaKOM e HaKOMNEHMUM B NOYBE
6uonornyeckoro asota (54,7 kr ral) ypoxkalHOCTb 3epHa NoslydeHa HeCKobKO 6onblue — 2,28 Tra’l, B
2019 r. npn MaKCMMANbHOM HAaKONAEHUM MHOroneTHMmMm 6060BbIMKM TpaBammn BUONOTMYECKOTO a30Ta
B nouse (78,8 Kr ral) Ha KOHTPO/IEe NONYYEeH MAaKCUMabHbIN YpoKait 3epHa — 2,65 Tral. B cpeaHem 3a
TPM roga MUCCNefoBaHUA NpU CPeaHEerogoBOM  HAKOMAEeHMM B noyBe OMonorMyeckoro asota
62,1 Kr ra’! ypoxalHOCTb 3epHa 6e3 Ucno/b30BaHMA cpeacTs 6MOI0rM3aumm u XMMmU3aLMm coctasuia
2,34 tral(rabn.).

MpoBeaeHHana OLEHKa COCTOAHMA 6anaHca as3oTa, MNOKasblBAeT, YTO OCHOBHOM BKNag, B
HakonaeHne 6GMONOrMYecKoro asota B CeBOOOOPOTE MNPUHALNENKMT MHOronetHum 6o06o8biMm, B
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HeuyepHo3eMHOM 30He, 3TO OTHOCUTCA nNpeXxae Bcero K Knesepy. B ceBoobopoTax Hapagy c
CUMOBMOTMYECKMM a30TOM, GUKCUPOBAHHbIM B noceBax 6060BbIX KynbTyp, AOMOJHUTENbHbIM
MCTOYHUKOM CNYXKUT BUoNOrnyecknin a3oT, UKCMPOBaAHHbIN aCCOLUMATUBHbIMW MUKPOOPraHM3Mamm B
pusocdepe 31aKoBbIX KyAbTyp (TuxoHoBMY 1 Ap., 2005). Mo AaHHbIM, NOAYYEHHbBIM C UCMO/Ib30BAHUEM
ctabunbHOro nsoTona asota °N, ero 015 B pOpMMpPOBaHUE YPOKan 3/1aKOBbIX Ky/IbTyp COCTaBNAET OT
14 po 21% (3aBanuH, 2005), KoTopasa MNPU WUHOKYAAUUM CEeMAH MUKPOOHbIMKW npenapartamu
accoumaTmBHbIX AnasoTpodos coctasndeT oT 15 ao 30 kr ra™t (TuxoHosuy n ap., 2005). Mpu pacyetax
MCNONb30BaHME pPacTEHUAMM OMONOrMYeckoro asoTa 3a CYeT NpuUMeHeHna Buonormyecknx
H6ruonornyecknx npenapaTos NPUHATO 15% OT HaKonNeHWs B yporkae. B cTaTbu pacxopa BKAKOYEHDI
BbIHOC @30Ta C YPOXKaeM 3epHa U MACcCOoM CONOMbl O3MMOW NLWEHULbI U FA3006pa3Hble NOTepPU a3oTa
M3 BHOCMMbIX yAo0bpeHUr M 6GuosorMyeckoro asoTa, NOCTYNMBLUEroO B MOYBY B pesy/bTaTte
BO3/€e/1bIBaHMA NPeALEecTBEHHUKA C KIEBEPOM, KOTopble cocTaBnaT 20% (3aBanuH, Cokonos, 2016).
PacyeTbl NMOKa3biBalOT, YTO MO a30Ty, 3@ WUCKAOYEHMEM BapuaHTa C npumeHeHnem buconbucaHa,
6anaHc GOPMMUPOBACA NONOKUTENbHBIM. BAN3KMIA K HyneBomy (+4,6 — 11,4 kr ra’l) 6anaHc a3oTa
Noay4YeH Npu NCNoNb30BaHMN BMONOINMYECKMX NpenapaToB. B BapMaHTax, rae UCno/sib3oBasin a3oTHbIe
yaobpeHua 1 rpaHyAMpoBaHHOE OpraHO-MUHepasibHoe yaobpeHue 6anaHC a3oTa MOMYYEeH TaKKe
nonoxutenbHbim 13 — 18 kr rat (tabn.).

Tabnnua. YpoxKalHoCcTb 3epHa 03MMOM MNWeHMLUbl U 6GanaHc a30Ta B CBET/I0-CEPOM IECHON NoyBe.
CpegHue 3a 3 roga

YpoxKanHocT banaHc

BapuaHT b 3epPHa, a30Ta,

Tral Krra?
KoHTposnb 2,34 23,1
BnogmnHamunueckme npenapatbl 64500 8 nousy + 61501 B BeceHHee 2,80 114
KylLeHne
B4 500 B nousy + B[ 501 B BeceHHee KylleHue + IDKCTpacon B

2,64 15,2
TpybKkoBaHue
JKCTpacon Havyano BbIxoga B TPYOKy 2,80 7,5
N30 (Mo4yeBMHA) B BECEHHEE Kyl eHne 3,48 18,8
N30 (MmouyeBuHa)+ BrconbuduT B BeCeHHee KylleHne 3,80 11,7
N30 (ammmnayHan cennTpa) B BECEHHEE KylLleHne 3,46 19,4
N30 (ammmnauyHan cenntpa) buconbudut B BeceHHee KyuleHne 3,59 13,5
BuconbucaH (1 nral) 8 TpybKoBaHMe 3,15 -0,7
Anbbut (0,04 n ral) B TpybKOBaHME 2,84 4,6
MpenapatV 417 (1 nra’l) 8 TpybKOBaHue 2,87 5,7
IpaHynuposaHHoe OMY B KyweHue (500 Kr rat) 2,81 15,9
HCPgs 0,27

BbiBoAbI

Mpw pasmeLLeHnn 03MMON NWEHULbI NO NAACTY MHOFoIeTHUX 6060B0O-3/1aKOBbIX TPaB B NO4YBe
HaKanaMBaeTca B NOXHMBHO-KOPHEBbIX OCTaTKax 0Kos10 100 Kr ra obuwero 1 60 kr ral cumbroTmueckn
du1KcMpoBaHHOro Guonornyeckoro asoTa.

YpOorXKanHOCTb 3epHa 03MMOW NWEHWLbI NO NAACTy MHOToNeTHUX 6060B0O-31aKOBbIX TPAB 3a cyeT
HaKonaeHHoro B noyse 6MosorMyeckoro asorta nosayyeHa 2,34 71 ral. MpumeHeHne 6MoNOrMYECKUX
npenapatos B ¢asy Hayasna TpybKOBaHMA yBENMUMBAET ypOXalHOCTb 3epHa Ao 2,80-3,15 1 ral.
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MaKcumanbHasa npubaska yposkaa 3epHa (0,81 T ral) nonyyeHa npu Mcnonb3oBaHWM npenapaTta

6uconbucaH, KoTopbii No 3PPEKTUBHOCTM NMPEBOCXOAUN 3KCTPAcon, anbbut n V417. BHeceHue B

BECEHHIO NOAKOPMKY 00bl4HbIX GOPM MOYEBMHBI M1 aMMMaYyHON cennTpbl B Ao3e N30 ysennymsaet

ypoxalHocTb 3epHa Ha l1,1Ttra! wam 48% no OTHOWEHUO K QoHy. [pumeHeHune

6romoandrLUMPOBaHHOM MOYEBUHbI NOBbLILWAET YPOXKanHOCTb 3epHa Ha 0,32 T ra™! no cpaBHeHMIO ¢
0bblyHOM popmon.

Mpyn ncnonb3oBaHUK NOA 03MMYIO NLIEHULY BMONOrMYECcKMX NpenapaTtos popmupyeTca cnabo
NONOXUTENbHbIM BanaHc a3oTa (+4,6 — 11,4 Kkr ral), BHeceHMe a30THbIX yA0bpeHuit nosbiaeT
NONOMKUTENbHOE 3HaYeHne HGanaHca Ao 13,5 — 18,8 krra™.
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THE BALANCE OF NITROGEN IN WINTER WHEAT AGROCENOSIS IN A LIGHT GRAY FOREST SOIL

ZAVALIN A. A., NAKARIAKOV A. M.

All-Russian Research Institute of Agrochemistry named after D. N. Pryanishnikov, Moscow

zavalin.52@mail.ru; anakar@mail.ru
Abstract. In the field experiment, the state of the nitrogen balance was evaluated when nitrogen
fertilizers and various preparations were used for winter wheat. The yield is due to the
accumulation of biological nitrogen in the soil (38) %, the use of biologization and chemization
(40%). When growing winter wheat on a layer of perennial leguminous grasses for 2 years of use,
due to the accumulated biological nitrogen in the soil, the grain yield was 2.34 t ha. When using
various preparations and nitrogen fertilizers in the winter wheat crop, nitrogen accumulation
increases from 60.7 to 100 kg ha. When using drugs, a weakly positive nitrogen balance is
formed (+4.6 - 11.4 kg ha), the introduction of nitrogen fertilizers increases its value to
13.5-18.8 kg ha'.
Keywords: nitrogen balance, nitrogen fertilizers, biological nitrogen, fertilizers, biological
products.
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AHHOTaumA. lMpeacrasneHbl pe3ynbTaTbl MOMEBbIX IKCMEPUMEHTOB MO M3yYEHWUIO AeNCTBUA
FYMWHOBBIX M NOIMMEPHbIX YyA0OpeHUt Ha pacTeHuA. MccnegoBaHna NPOBOAUANCD HA AEPHOBO-
NOA30/IMCTbIX XOPOLUO OKY/bTypeHHbIX MouyBax B ycnosuAx Cesepo-3anagHoro pernoHa PoO.
MN3yyanocb aencTeme asoTcoaepKalimx rymmHoBbIX yaobpernin «Ctumynanid» n noammepHbix
ya06peHnin cepum «3en1eHUT» Ha YPOrKalHOCTb BO34,E1bIBAaEMbIX Ky/IbTyp. YCTAaHOBNEHA BbICOKaA
3¢ PEKTMBHOCTb M3y4aemblx yA0O6peHMM Ha pasHble KyabTypbl. [MOKa3aHO, 4TO MexaHWU3m
OeNCTBUA M3yYaeMblX YA0OPEeHUI MOXKET 3aK1o4aTbCA He TOJIbKO B WX yA0bpuTenbHbIX
CBOWCTBAX, HO 1 B PEryIATOPHOM AEMNCTBUN Ha PacTeHMUSA.

Kntouesble cnosa. OpraHo-muHepanbHoe yaobpeHue «Ctumynand», nonmmepHoe yaobpeHue
«3eneHnT», ANarHoCTUKa, YPOXKaMHOCTb

BBepeHune

M3BECTHO, YTO a30T ABAAETCA HE TO/IbKO OAHUM W3 OCHOBHbIX 3/1EMEHTOB NUTAHUA PACTEHUIN, HO U
CNYKUT ANA ynpaBaeHnsa GopmmnpoBaHNA CTPYKTYPHbIX 3/IEMEHTOB NPOAYKTUBHOCTM BO34e/1biBaEMbIX
KynbTyp. BaxkHoe 3HayeHWne npu 3ToOmM NnpruobpeTaeT onpeaeneHme A03bl U CPOKOB BHECEHMA a30THbIX
yO06peHnin, NOCKONbKY He TOIbKO HeA0CTaTOK a30Ta, HO M ero U36bITOK MPUHOCAT YPOH YpOXKato U,
rNaBHOE, KauyecTBy NPOAYKUMKN. [NA KOPPEeKTUpYoWero BHECEHMA a30THbIX YyA0OpPeHMUn NCNOoNb3YIOT
KOPHEBbIE U HEKOPHEBbIE NOAKOPMKMU. MpK 3TOM [,03bl BHECEHUA Aa30Ta B NOAKOPMKE YCTAaHAB/ANBAIOT
C YYETOM COCTOAHMA NOCEBOB, COAEP)KAaHUA MMHEPANbHOrO a3oTa B MOYBE WU HUTPATOB B JINCTbAX.
Cuctema a30THbIX NOAKOPMOK 6onee 3ddeKTMBHA B KOMMAEKCE C MPUMEHEHMEM pPeTapAaHToB,
repbuumaos, GyHrMUMA0B U APYrMX KOMNOHEHTOB 6akoBon cmecu (/TagoHuH, Annes, 1991; domuHa,
2009; Wnaap v ap., 1998). Kpome TOro, a3oT B cCOCTaBe r'YMUHOBbLIX U MOJIMMEPHbIX YA06peHnit moxeT
BbIMOJ/IHATb HE TO/IbKO PO/b 3/1IEMEHTA NUTAHMA, HO N BXOAUTb B COCTaB PUTOrOPMOHOB, BKAKOUYEHHbIX
B MATPULY STUX KOMMO3UTOB U PEFYANPYIOLUX GU3NONOFMYECKOE COCTOAHME PACTEHUA.

O6beKTbl U MeToAbl UCCNeA0BaHUA

NccneposaHua nposoanancb B CeBepo-3anagHom pernoHe P® (/leHuHrpaackaa o6n.) Ha
AePHOBO-NOA30/UCTbIX BbICOKOOKY/IbTYPEHHbIX MOYBAX B YC/0BMAX Npom3BoacTsa (Komapos, CyxaHos,
AIkywes, 2013). O6bekTamuM UcCCNeaoBaHMA OblAM  a3oTcoAepXKalme OpraHO-MUHEpPasbHble
yOobpeHmMa Ha OCHOBE KOMMO3MTOB HeperynApHOro COoCTaBa, B KayecTBe KOTOPbIX UCMO/b30BancA
«Ctumynaiid» (Komapos, baeBa, Akywes, 2009) u perynsapHoro MNOAMMEPHOrO COCTaBa Cepuu
«3eneHunT» n «ButaHonn» (Komapos mn., Komapos ct., 2018).

«Ctumynaiid» — npomssoantens OO0 «ArpodunanpoayKT». OTAMYUTENbHAA YepTa 3TOro TMNa
YMMHOBBIX NPENapaToB COCTOMT B TOM, YTO AAHHbIA NPOAYKT NOy4yaeTca Npu ammoHonunse Topda B
cpepe ¢ 1% pacTtBOpom BOAHOrO aMMMaKa B MPUCYTCTBUMM Nepekucu sogoposa. B pesynbrate
NoJIly4YaloTcA KOHAEHCUPOBAHHbIE NMPOAYKTbI C BKAIOYEHMEM a30Ta B reTepoumkn (Komapos, 2009).
MMeHHO B 3TUX YCNOBMAX OCYLLECTBAAETCA Cneunduyecknin Nnpouecc OKUCANTEIbHOro aMMOHOIM3a.
OKUCANUTENBHBIA aMMOHO/IM3  MOAE/IbHbIX coeauHeHU ¢eHOoNbHOro (apomaTU3MpPOBAHHOIMO) W
HedeHONbHOro TUMa MOKasas, YTO OH ABAAET COOOWM C/OMKHbIM, MHOrOMN/AHOBbLIM reTeporeHHbIN
npouecc, KoTopbi obecneuynBaeT NPOU3BOACTBO KaK HM3KOMOJIEKYNAPHbIX NPOAYKTOB peakuMn 3a
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CYeT OKUCNEeHMA, TaK U BbICOKOMONEKYNAPHbIX — 3@ CYET MNOJMKOHAEHCALMOHHbIX ABNEHUN W
retepoumkamnsaummn. KoHTpoNMpyemMbld NPOLLECC OKUCAUTENIbHOrO aMMOHO/M3a NPUBOAMUT K
YBE/IMYEHUIO CTENEHU OKUCIEHMA U KOHAEHCALMM apOMATUYECKUX CTPYKTYP, @ TaKXKe BKAOYEHMA a30Ta
B Uenb conpseHua. MNMpuyem, ocobeHHOCTb [AHHOro npouecca COCTOMT B TOM, YTO XapakTep
CBA3aHHOMo a3o0Ta NpPeACTaBNeH B reTepoumkanyeckoin ¢opme (Tmna MHAONA — OCHOBbI NPUPOAHOIO
dUTOropmMoHa ayKCMHOBOrO AeNCTBMSA). ITO, B CBOK o4yepeab, MOXKeT obecrneunBaTb HanpaBAEHHbIN
dusmnonornyecknii appeKT yKasaHHbIX COEAMHEHWUM HA pas/indHble OuoNorMyeckme O6BEKTHI.
MokasaHo, YtTo Nofo6HbIM adpdekToM 0bnagaet npenapat «Ctumynand».

Mpenapat «Ctumynaiid» npegHasHayeH ANA CE/IbCKOrO XO3AMCTBa, /IMYHOrO noAcobHoro
X03ACTBa, CaZ0BO-MAapPKOBOro X03ANCTBA, AN1A npeanoceBHOM 06paboTKM cemMsfAH U NOCaA04YHOro
martepuana, Ans NOAKOPMKM B Mepuof Beretauum npu BblpallMBaHUM 3€PHOBbLIX, TEXHUYECKMX,
OBOLHbIX, LBETOYHO-AEKOPATUBHbLIX M APYTUX KYAbTYP C LLEeNb0 YCKOPEHWUA Pa3BUTUA PaCTEHUN.

Mpenapat «CTumynand» umeeT CneayloWMn KauyeCTBEHHbIA W KOJIMYECTBEHHbIN COCTaB:
MaccoBaA A0/A cyxoro Beuwectsa — He meHee 1,0%; ryMMHOBOro MnoKasaTensa — He meHee 1,1%;
coAeprkaHue CBA3aHHOro a3oTa (C rymatamm ammoHus) — He meHee 60,0-65,0; maccoBana aons obuiero
asoTa - He meHee 10,0%; pH BogHon cycneHsun 8,0-10,0.

MonnmepHble yaobpeHua cepumn «3eneHnT» u «ButaHonn» npeacrasnsnm cobom NonAMmMepHyto
MaTPULY PErYAAPHOro CTPOEHUA C BKAOYEHMEM B COCTaB 3/1€EMEHTOB NMUTAHMA N APYTUX KOMMOHEHTOB
(Komapos, Komapos, 2018). OgHMM M3 TaKMUX MNOAUMEPHbLIX yaobpeHul ssnsetca 3eneHuT-N ¢
BKAOYEeHMeM a3oTa. CxemaTuyeckaa $opmysa 3TOro nosnmmepHoro yaobpeHua npencraBaeHa Ha
puc. 1.

CxemaTuyeckas dopmyna nonmmepa - OCHOBbI

ANA XKUOKMUX NONMMEPHBbIX YA0OBpeHMI
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COCTOALAA M3 MOHOMEPHBLIX 3BEHBEE Buaa B

COCTOALLAA M3 MOHOMEPHLIX 3BEHLEB BWAa A

Puc. 1.

Pe3ynbTatbl U 06CyKaeHune

MexaHu3m Oelicmeus

Mpexae Bcero, pasHble TFyMmycoBble npenapatbl (MNOAMMepbl HEpPeryiaApHoro cocTaBa), Kak WU
noaMmepHble yaobpeHns peryiapHoro coctasa (3eneHuT, ButaHoan v ap.) no-pasHomy AeiCcTBYIOT Ha
BO3/e/1biBaeMble Ky/IbTypbl. ITO 06bACHAETCA KaK pa3HOOHPa3HOCTbIO COCTaBa 3TUX COeAMHEHUN, TaK
N pa3HoONAaHOBOM cneuudu4eckor oCobeHHOCTbIO UX BAUAHUA Ha Te WU UHble GU3NONOTNYECKHne
npoueccbl. puyMHa pPa3HOMNNAHOBOIO [AENCTBMA 3TMX MNpenapatoB B WX Pa3sHoobpasHoM
dU3NONOTNYECKOM CYLLIHOCTM, 4YTO oOnpedensieT WX BO3MOXHOCTb MO-PasHOMY BAUATb Ha
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du13nonornyeckne npPoLeccbl pPacTeHUit B pasHble ¢asbl UX pocTa M passuTua. oatomy npwu
MCMONb30BaHMM  TYMYCOBbIX MNPENapaToB  LenecoobpasHo BbIABUTb  UX  crleuudUYecKyto
dM3nMONOrNYEcKyto aKTUBHOCTb (ayKCcMHOBOro, rmb66epennnHoBoro, LMTOKMHMHOBOTO WAW MHOIO
cneunduyeckoro paencTemsa), BblIbpaTb ONTUMANbHYIO KOHLEHTPALMIO Ka)A4oro npenapata W
onpeaennTb ONTUMAabHbIA CPOK BHECEHUA B Ty UK MHYIO $as3y pocTa U pa3BUTUA pacTeHui. Tak, Ha
puc. 2 NpeacTaBAeH MeXaHU3M AeNCTBUS a30TCoAeprKallero GUToropmoHa — aykcuHa. CyuiectBeHeH

n cnocob obpaboTKM, CONyTCTBYHOLWME YCNOBUS U, Mpexae Bcero, obecneyeHHOCTb 3/1eMeHTaMu
NUTaHKUA.

yeropehle

- | — | | || L. L L1 =
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KOHLEHTPaUMAa yrKcuHa, W

Puc. 2. 9ddeKT aencTBnA ayKCcMHa B pa3HbiX KOHLLEHTPAUMAX Ha POCTOBbIE NPoLEecchl

valleyflora.ru/images/42-.jpg

Yrererue

Kak BMAHO M3 pucyHKa 3ddeKT aenctsma ¢GUTOroOpMoOHa HE OMUCbIBAETCA HOPMAasbHbIM
rayccoBbim pacnpegeneHnem «a03a-3pPpeKT», CBOMCTBEHHbIM AEUCTBUIO 3N1E€MEHTOB NUTAHUA, B TOM
yncne M asoTy. 34ecb NPOABNAETCA COBEPLIEHHO WMHOM MexXaHW3Mm, rae AencTBME BELLeCTBa Ha
pacTeHMA NPOABAAETCA MO-PAa3HOMY MPU PA3/IMYHbIX €r0 KOHUEHTpauuAx. TaK, NP KOHLEHTpaumu
103-10° M Habnwpaetca 3P EKT CTUMYNAUMM poCTa pacTeHWUsa BBEPX, a MPU KOHLEHTpauuu
108-10"1°M akTuBMpYyeTCA pa3BUTME KOPHEBOMN CUCTEMbI PACTEHMUIA.

MN3yumB mexaHM3Mbl AEACTBMA 'YMYCOBbIX MPENapaToB Ha OCHOBAHWM N1abopaTOPHbIX U NONEBbLIX
3KCnepMmeHToB, Obl/I0 BbIABAEHO, YTO XapaKTepHOW OCOBEHHOCTbO BOAHbIX PACTBOPOB PasHbIX
ryMaToOB ABAANCA LUMPOKMMA CNEKTP KOHUEHTPAUMOHHbLIX BO34ENCTBMM Ha pacTeHua. B Kauectse
npenapatoB McMno/ab3oBanAn rymaTt Hatpua u «Ctumynand» mn ap. (Komapos mn ap., 2010) Tect-
Ky/IbTYPaMM ABAANNCL CEMEHA U PACTEHMA NWEHWULbI, 3MEETON0BHMKA MOIAABCKOro 1 Ap. BoissneHo,
4yTo B 06n1aCcTU KOHUeHTpauuit > 1-10% npeMmyL,ecTBEHHO NPOABAAACA UHIMOUTOPHLIN 3ddeKT, a
06n1acTM CTUMYNAUMOHHOIO BO3AEWCTBMA HAXO4MUCb B LUMPOKOM [AMana3oHe KOHLEeHTpaumn
107-103 n 10°-107% n meHee. OTMEYEHO HECKONIbKO MWKOB CTUMYAMPYIOLWEro AencTsua Ans
pa3nMyYHbIX npenapaToB. BnepBble YCTAaHOBAEHO, YTO BOAHbIE PAcTBOPbI rymatoB ob6nagatoT
$U3MONOrMYECKMM AeNCTBMEM Ha Pa3/InyHble pacTeHus B 061acTi HU3KMX (10°—10°%) 1 cBepx HU3KMX
<107% KOHUEHTpaumMii, XapaKTePHbIX A1A AEWUCTBUA 3HAOreHHbIX ¢utoropmoHos (Komapos u ap.,
2010, 2013).

N3yyeHne CBOMCTB TyYMyCOBbIX BELLECTB C arpodusMyecKkux Mno3uuui, No3BONAEeT, HapAgy C
APYrMMU CBOMCTBAaMM, BbIABUTb cneundryeckme mexaHusmbl UX AENCTBUA HA pPacTeHUsa B ob6nacTax
MasiblX U CBEPXMAJblX KOHUEHTpauui. BnepBble AOKa3aH B MOJIEBbIX IKCMEPUMEHTAX MEXAHM3M
aKTMBMPYIOLLEro AeWCTBMA YMYCOBbIX COEAMHEHWA Ha pacTeHua B obnact HusKkmx (10° %)
KOHLUEHTpauuin. MexaHn3m JeincTBuA CBepPXMasbiX KOHLEHTPpaLMi B1uoakTueHbIX npenapaTtos (107% u
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MeHee) MO)HO CBA3aTb CO CTPYKTypupoBaHMemM pactBopa. IPPeKT «CTPYKTypUpOBaHUAN»
NOATBEPKAAETCA M3MEHEHWEM 3/1IEKTPONPOBOAHOCTM U pH BOAHOro pacteopa rymaTtos B obsacTu
CBEPXMasbiX KOHLLEHTPALMIA. B OCHOBY 3TOM rMnoTe3bl NONIOXKEHO NPeACcTaB/eHNe PacTBOPa B KaYecTse
KBa3WKpPUCTaNNa C onpeaeneHHon 4actoTol KonebaHui, YTO CBOMCTBEHHO «CTPYKTYPUPOBAHHOM»
BOAE.

Pe3ynomameol noneessix 3KCrepumeHmos

Ha ocHoBaHuKn 6onee yem 10-neTHUX NONEBbIX UCCAEA0BAHMUN YCTAHOBAEHO, YTO 3G PEKTUBHOCTD
KaK rymyCOBbIX MpenapaTos, Tak WU APYyrux CpeacTs ynpaBaeHna 6MONpoayKTUBHOCTbIO pacTeHUn,
3aBMCUT OT TEXHONOMNI UX NPUMeHeHNA. H1xKe npeacTaBiaeHbl gaHHble No 3PPeKTUBHOCTU AeCTBUA
NAVMMEpPHbBIX YA0OPEHUI MapKKn «3eNeHNT» U TyMUHOBOTO yaobpeHuns «Ctumynaiid» Ha ypoKamHOCTb
mopKoBwu B 3A0 «ArpoTexHuKa» ToCHeHCKoro paitoHa JleHuHrpagckon obnactu (puc. 3).

OTKW

YpoxaniHOCTL MOpPKOBM nocne o6pab
JDE Y vnandh®», 1

o ; . YemoEnbIHE J0X07, pyo/Ta
BapwasT onsiTa ¥pokaHHOCTS ] i i, NPR eHe TIPOTYKTa
ufra g Ry : 1 pyidir
Xo3qilcTEeHHAH TEXHOJIO0THH - -53.'.[ i '_ ;
Jenenur 1 {26.95.1}9:}. :' GI}S' 3 ] - | - 2,7 6600
lerennr 1 (10.06.09) " 648 < b g 2T s 10800
3eaennt 2 (26.06.09) 6 b6 =0 17,9 9400
Cramyoaiid (10.06.09) ' - 16, 9000

Cramyaaiid (26/0500) 1 g0 7 ] e i 11200
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YCTaHOBNEHO, YTO MNpuUMeHeHue «3eneHuta 1» (comepskmT 18-21% asota) B gose 1 rat
OKa3blBa/fio 3HAUYMTENbHOE B/MUAHME Ha YPOXalHOCTb MOPKOBW. MosyyeHa npubaska 68 u ra' nam
12,7% npwu paHHei obpaboTtke u 111 u ra! uam 20,7 % npu 6onee nosaHein. lymmHosoe yaobpeHue
«CTumynaiid» OKasblBano NOYTM aHanoruyHoe paencrteme. Tak, npu bGonee paHHelt o6paboTke
pacteHuin «Ctumynaindom» B fose scero 300 mn ra! 6bi1a nonyyeHa npubaska Ha 91 u, ra mam Ha
16,9%, a npu obpabotke 26.06 — go 113 uyral mam Ha 21%. 3gecb NPOABASANOCH HE CKONbKO
BELLECTBEHHOE B/IMAHME a30Ta KaK NUTATE/NIbHOTO 3/1IEMEHTA, CKO/IbKO €ro akTMBUpYloLLee AecTBME.
[leicTBMTENbHO, NPM UCNONb30BaHMM «3eNeHuTa» A03a a30Ta cocTasnsna He 6onee 1001 a.8. ra’l, a
npu obpabotke «Ctumynanpom» — meHee 1 r 4.8. ral. Mpn 3TOM NonyyeH BeCbMa 3HAYMTENbHbIN
aKoHoMuyeckmin apdekT (Komapos, MeTponasnosckuin, 2010).

Ha puc. 4 npeacrasneHo gencteme «3eneHuTta» u «Ctumynaiida» Ha ypoOrKalHOCTb KanycTbl B
npounsBoacTBeHHOM 3KkcnepumeHTe B 3A0 «lMpuHeBckoe» JIeHUHrpaacKkon obnacTu.
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PezynetaTkl MCNonb3cBaHWA HeKopHeBkIX nogkopMmok B 3A0 «MPUHEBCKOE»
NeHwHrpagcko# obn.
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34ecb, Kak M B npeablayliem cnyyae, asoTcoAeprkallee yaobpeHue «3eneHUT» OKasblBaso
3HauYMTEeNIbHOE MO3UTMBHOE BAMAHME Ha YPOXKAMHOCTb pacTeHun. Mpuyem npubaBKa yporKaliHOCTU
BO3pacTasa Npu AByxKpaTHON obpaboTke Ao 59,5 u ra! nam Ha 14,6%. MpumeHeHne He a30THOro, a
¢$ochopHO-KaNMMHOro NoaMMepHoro yaobpeHuns 3eneHunT 2 obecneynno meHee 3HaYMMyHo NprubaBKy
(5,5 u rat nam 9,1%). Mpn MCNONL30BAHUN F'YMUHOBOTO ya06peHns «3eneHnta» npubasKa yposkas
Kanyctbl coctasuna 182 ural wuam 27,8%. Wcnonb3osaHue u3ydaembix ya06peHUA OKas3ano
3HAUYMTE/IbHbIN 3KOHOMUYECKUI 3D PEKT.

BbiBoAbI

Takmum o06pasom, Npu UCNOIb30BAHUM FYMUHOBBIX M NOJIMMEPHbIX yA006peHnn He06X0ANMMO y4ecTb, TO,
YTO MEexaHM3M UX AENCTBMA OMNUCLIBAETCA He TONbKO MnoTpebneHMem 3/1eMeHTOB MWHEepasibHoro
NUTaHMA, a ckopee nopobeH 3pdeKkTy pasanyHbiX  GUTOPErynatTopoB UM OLEHWBaeTCA
NPEeMMyLLECTBEHHO B acneKTe WX BAMAHMA Ha ¢M3M00ro-bMoxmmmnyeckme npoueccbl PacTeHum.
duTtoperynatopbl AMbBO 3anycKatoT cneumduyeckme perynaTopHble MexXaHW3Mbl BHYTPU PACTEHW,
B0 OKasbiBaloT npsmoe ¢GU3MONOrMYECKoe BO3AENCTBME Ha POCTOBbIE MNPOLLECChbl PaACTEHWUA.
YcTaHOBNEHO, YTO cneundnYecKUMKU BblAENEHUAMNU pPacTeHUA MOryT MHGOPMUPOBATL MOYBEHHYIO
CMCTEMY O CBOEM COCTOAHMMW, OCYLLECTBAATb CBA3b MOCPeACTBOM crheundUYecknx pPerynsTopHbIX
MeXaHM3MoB mexay cobolt. Cneunduyeckne perynatopbl, BEPOATHO, MOTyT He TOJIbKO OKasbiBaTb
NpPAMOEe WM KOCBEHHOe AelCTBMEe HEenocpeAcTBEHHO Ha pacTeHusA. BO3MOMKHO M uX npsmoe wu
KOCBEHHOEe AelCTBME Yepes NoYBY MO TUNY anfesonaTMYeckmx BO3AeNCTBMIN, Koraa NposaBaseTcs CBA3b
opraHuama pacteHuin (Pu3nonoro-b6MOXMMMYECKOM CUCTEMbI pPacTEHUA U, B JajibHENLWEM,
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NITROGEN-CONTAINING HUMIC AND POLYMER FERTILIZERS AND THEIR EFFECT ON PLANTS
KOMAROV A. A.! (senior), KOMAROV A. A.%(junior)

1 Agrophysical Research Institute, St. Petersburg, Russia
2 LenNIISH "Belogorka", p. Siversky, Russia
zelenydar@mail.ru; kommob@mail.ru

Abstract. The results of field experiments on the effect of humic and polymer fertilizers on
plants are presented. The studies were carried out on sod-podzolic well-cultivated soils in the
conditions of the North-Western region of the Russian Federation. The effect of nitrogen-
containing humic fertilizers "Stimulife" and polymer fertilizers of the "Zelenit" series on the
yield of cultivated crops was studied. The high efficiency of the studied fertilizers for different
crops was established. It is shown that the mechanism of action of the studied fertilizers can
consist not only in their fertilizing properties, but also in the regulatory effect on plants.
Keywords. Organo-mineral fertilizer "Stimulife", polymer fertilizer "Zelenit", yield.
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HECUMBUOTUYECKAA ®UKCALIUA A3OTA B CEBOOEOPOTAX HA IEPHOBO-NO/A30/INCTbIX
MNOYBAX

NYKUH C. M.

BHUNOY - punuan ®FEHY "BepxHesommcckuli PAHL", n. BamkuHo, Baadumupckasa obaacms
vhion@vtsnet.ru

AHHOTauma. [lpoBefeHbl MCCNeAOBaHUA MO ONpeAeseHUu0 MNOTEeHUMANbHON aKTUBHOCTMU
HecumbuoTuyeckolr asotTduKcaumm B ceBoobOPOTax Ha AepPHOBO-MOA30/UCTbIX NoysBax. Ha
ocHoBe 6anaHCOBOro MeToAa B ABYX AJIUTENbHbIX CTaLlMOHAPHbIX ONbITax onpeaesieHbl pasmepbl
HecumbunoTuyeckol azoTdumKcaumm, AocTuratolwmne B BapmaHTax 6e3 a3oTHbIX yaobpeHuin 23-41
Kr a3oTara s rog,

KnioueBble cnoea. Hecumbuotmueckaa ouKcaums as3oTa, NOTEHUMaNbHasA aKTUBHOCTb
asoTduKcaummn, banaHc a3oTa B ceBOObOOpPOTaX.

BBepeHune

Mpw xapakTtepuctuke 6anaHca a3oTa B ceBOOOOPOTAX BaXKHOE 3HAYEHME NPUHAANEKUT OLLEHKe
pasmMepoB CMMBUOTMYECKOM U HECMMBUOTMYECKOM a30TdMKCcauumK. B cylwlecTBylOWMX METOANYECKMNX
PYKOBOACTBAX NO pacyeTy OanaHca as3oTa B 3emaegennn MOCTyniaeHWe as3oTa B pesynbTaTe
HECMMBMOTUYECKON a30TOUKCaLuMM peKoMeHayeTca NpuHMMaTb B Konuyectse 3—10 kr ral B8 rog
(MeTtogmyeckune yKkasaHusa..., 2000). CnegyeT Npu3HaTb, YTO 3TU AaHHble 3aHWUMKEHbI, MHAYe TPYAHO
06BACHUTL MOJlyYeHME B TeyeHue AAUTENIbHOro BPEMEHW B CTAaLMOHAPHbLIX NONEBbIX OMbITax B
BapuaHTax 6e3 wncnonb3oBaHMA 6060BbIX KynbTyp W a30THbIX YAOOpPeHu npoAyKTUBHOCTH
cesoobopota 15-20 , 3.e. ra’>.

Mo paHHbIM Ymaposa M.M. (1986), ocHOBaHHbIM Ha pe3ynbTaTax MOJIEBbIX MU3MEPEHUM
HeCMMBUOTUYECKOM a30TPMKCaL MM Ha AePHOBO-NOA30UCTbIX CyNecyaHblX MOYBaX, B MOCEBAX AYMEHA
oHa cocTasnseTt 4,0 Kr N2 ra’, B nocesax kaptodensa — 29,6 kr N2 rat. Mo o6o6uweHunto Kyaeaposa B.H.
(1989) BO3MOMKHbIE paszmepbl HECMMOUMOTMYECKON a30TOMKCAuMM B ANUTE/bHbIX CTALMOHAPHbIX
onbiTax Konebntotca ot 30 Krra! Ha AepHOBO-NOA30MUCTbIX NOYBaX A0 41 Kr ra! MOLLHbIX YepHO3eMax.

KépuweHc M., WWynbu E. (2005) yKasbiBaloT, YTO NOCTynaeHMe a3oTa U3 atmocdepbl B Noysy B
cTaumoHapHbIX onbitax FepmaHuy npesbiwaet 50 Kr ral 1 AONXKHO y4UTbIBATLCA NPU onpeaeneHmm
6anaHca NMTaTeNbHbIX BELLECTB U 4,03 BHECEHUA yA0OpeHUA.

CywecTBylolme metToapl onpeseneHna pasmepoB HECMMOBMOTMYECKON a30TOUKCALMM MOMKHO
pa3aenuTb Ha 3 rpynnbl: 1) ucnonb3oBaHWe meToaa CTabubHbIX M30TOMNOB; 2) aLLeTUNEHOBbI METOL;
3) onpegeneHve pasmepoB HeECMMOMOTMYECKOM a3o0TduKcauMm Ha ocHoBe 6anaHca asoTa B
arpoueHo3e. KocBeHHbIM METOA0M, MO3BO/IAKOLWNM AaTb CPaBHUTENbHYIO OLEHKY BANAHUA PA3NYHbIX
arpoTEXHMYECKUX MNPUEMOB BO34E/NbIBAHUA Ky/lbTyp Ha HaKOM/eHWe a30Ta B MO4YBe, ABAAETCA
onpeseneHMe NOTEHUMANIbHOM  aKTUBHOCTM  a3oTduKcauum npu  oboraweHmn cybeTpaTa
NlerkopassiaraemMbiM OpPraHMYECKMM BeLLEeCTBOM (rntoko3oi). MNpu 3Tom noTeHuManbHas aKTUBHOCTb
a30TPUKcauMM B [AePHOBO-NOA30/IMCTbIX CYMecYaHblX Mo4YBaxX MPeBblAaeT YPOBEHb MO/EeBOM
akTMBHOCTK B 10-30 pas (Ymapos, 1986).

Llenbto nccnenoBaHuii ABAANOCH ONpeaeneHne pasmepoB HecumbunoTuyeckon dpukcaummn asoTa
B A/INTE/IbHbIX CTAaLlMOHAPHbIX OMNbITax Ha AepPHOBO-NOA30/IMCTON CynecyaHol noyse.
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O61beKTbl U MeToAbl UccNepoBaHnnA

ObbekTamM UCCNeJoBaHUN ABAAAUCL AAUTENIbHble CTauuoHapHble onbiTl BHUMOY no
n3yyeHnto 3PpPeKTUBHOCTU Pas3NMYHbBIX CUCTEM yA00peHNs U M3BECTKOBAHMA, 3a/10XKeHHble B 1968 n
1972 rr. Ha AepHOBO-NOA30/IUCTON TAXenocynecyaHou cnaborneesaTon MNoyBe, NOACTUNAAEMON C
rnybuHbl 50-60 cm MopeHHbIM cyrMHKomM. CBoMCTBa NoYBbI Nepe 3aknaakoi: pH 6,2-6,5 (6e3 nssectu
— 4,1-4,2), rupponutnyeckas KucaotHocTb 1,0-2,2 mr-3ks. 100 r! (6e3 mnssectn — 3,7-4,1), P2Os -
1,4-2,5, K20 — 6,3-10,4 mr 100 r%, copepskaHue rymyca 1,05-1,17 %.

B o6pa3uax nousbl, oTob6paHHbIX C BapuaHToB, 6e3 yaobpeHuit, Haso3 20 T ral, Haso3 10 T ral+
N50P25K60, N100OP50K120 B noceBax Kaptodensa, AsMMeHA, 03MMOM MNLEHULbl, OAHONETHUX TPaB U
6eccMeHHbIN YucTbii nap 6e3 yaobpeHuin B TeyeHWe BereTaumu onpenensnacb noTeHuManbHan
aKTUBHOCTb a30TOMKcaLMM aueTUAeHOBbIM MeTogoMm (MeToabl NoYBEHHOW MUKpobuonoruu..., 1991).
B KOHTPO/bHbIX BapuaHTax ABYX AJIUTENbHbIX CTALMOHAPHbIX OMNbITOB Ha OCHOBe bHanaHca asoTa
npoBeAeH pacyeT Ko/AMYecTBa HecMmbMoTuyeckM GUKCMPOBAHHOrO asoTa. BbinosHeHue
aHanuTMYeckmx pabot ocywecreaanock O. A. MaxHeHKko (HUNCX LIPH3).

Pe3ynbtatbl n 06cyxpeHune

B pe3synbTaTe nccaenoBaHniA YyCTaHOB/IEHO, YTO aKTUBHOCTb HECMMBUMOTMYECKOM a30TPUKcaLmnm
nogBep’KeHa CUAbHbIM KonebaHnem B 3aBUCMMOCTU OT YPOBHA KUCNOTHOCTU MOYBbI, METEOYCN0BUM
BEreTauMoOHHOrO nepuvoga, BMAA  BO34ENbIBAEMOWM  KyAbTypbl, NPUMEHeHUa  ypobpeHun,
obecneyeHHOCTN JOCTYNHbIMW UCTOYHUKAMM yraepoga n a3oTa. B TeueHne BeretaumMoHHOro nepnosa
B 3aBMCMMOCTM OT 3TUX (AKTOPOB MOTEHUMANbHAA aKTUBHOCTb HECMMOMOTUYECKOWN a3oTdUKcaumm
Konebanacb ot 0,01 go 119,0 mkmonb CHz 100 rt cytkn?. Ha cunbHOKMCNOM nouBe aKTUBHOCTb
asoTouMKcaumm O6blna  MUHMManbHOW. CunbHOe WHIMBGMpPOBAHME npouecca a30ToMKcaumm
Habnoganacb NPU MCNONb30BAHUM MOBbIWEHHbIX 403 a30THbIX yAobpeHwui. [encTBue HaBo3a Ha
npoueccbl asoTduKcaumm 6blN10 HeoAHO3HaYHbIM. [pU BHECEHMM CBEMKEro HaB03a C BbICOKUM
COAEepXaHMEM AMMMAYHOrO a3oTa Nog KapTodenb OTMEYaANOCb CHUMKEHWE a30TOUKCUPYHOLLEN
CNOCOBHOCTN NOYBbI, OAHAKO B OONbLLIMHCTBE C/y4aeB, B BapuMaHTax C OPraHMYECKON CUCTEMOI
yOo06peHna akTUBHOCTb a30TOMKcaumMm Obina Bbile, YeM B KOHTposie 6e3 yaobpeHuid. B nocesax
KapTodensa u B YNCTOM Napy NOTEHLMANbHAA a30TOMKCUPYLoWw,an cnocobHOCTb NOYBbI OKasanack B 1,5-
2,5 pasa HUXKEe, N0 CPABHEHUIO C 3€PHOBbLIMU KY/IbTYPaMM.

Mpu cOOTHOLWEHUM NOTEHLMANbHOM U MOJIEBOM aKTUBHOCTEM a3oTdukcaumm 30:1 (Ymapos, 1986)
pacyeTHoe NOCTyn/aeHWe a3oTa B pe3ynbTaTe HecMMOUOTUYEeCKOM a3oTPUKcauMM COCTaBnsfeT B
6eccmeHHom umctom napy 0,14 kr rat cytkmul, B ceBoobopoTe Ha NPOM3BECTKOBAHHOM MoYBe B
BapuaHTax: 6e3 ynobpennit — 0,20 krra?, HaBo3 20 Tra' — 0,23 krra’, HaBo3 10 T ra™* + N50P25K60 —
0,18 kr ra?, N100P50K120 — 0,10 kr ra’ cytkn!, B ceBoob6opoTe Ha CUAbHOKWUC/IOW Mo4yse —
0,002 kr ra! cytku* nnm, coorsetctseHHo, 26,2; 36,1; 42,8; 33,3; 17,8 n 0,4 kr ra! B cpegHem 3a
BereTauMoHHbIN nepuoga,.

BaAnskMe K pacyeTHbIM  [AHHbIM  OKA3a/MCb  pe3ynbTaTbl  ONpeaeneHuA  pa3mepos
HECMMONOTUYECKOM a30TPUKCAUUM, MONYyYEHHble C WUCNoab3oBaHMem 6anaHcoBoro metoga. B
cpegHem 3a 7 poTauumi B ceBoobopoTe: NONMH — 03MMas NWeHNUA — KapTodenb — AYMEHb B BapuaHTe
6e3 a30THbIX yaobpeHunit B nousy noctynano 34,2-38,4 kr ral HecMmMBMOTUYECKM CBA3aHHOIO a30Ta B
rog. B cesoobopoTte 6e3 6060BbiXx KynbTyp, pasmepbl HecMmbMOTMYECKON a3oTdMKcaummn asoTa
cBOOOAHOXKMBYLLMMM N aCCOLMATUBHBIMU MUKPOOPraHM3mMamMu 6b1amn NnprubamsnTenbHO paBHbI BbIHOCY
a30Ta ypoXKaem Ky/bTyp B BapuaHTe 6e3 yaobpeHunin u coctasnsanm 22,9 Kr ral Ha KMCAOM nouse u
41,0 krra! Ha npon3BecTKOBaHHOM nouse (Tabanua).
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Tabnuua. MocTynneHue a3oTa B pe3ynbtate HeCMMBUOTUYECKOM a30TPUKCALNM B ANUTENbHbIX
cTauMoHapHbIX onbiTax BHUNOY, krra™ roa™
MoctynneH MoTepu a3oTa

Me asoTac B o
aTMocdepH | pesynb | BHYTpU CpegHer
bIMU Tate | NoysBeH ofoBoe
Hecum
ocaZlkaMu, | AeHUTP | HbIM BbiHOC nsmeHe 6oty
BapuaHTbl cemeHamu | uduKa | CcTokom | asoTa Hue
pH BbanaHc eckas
onbITa " Lmmn yporkae BaNOBbIX
asotou
cumbunoTuny M 3anacos
o Kcauma
ecKomn asoTa B
asoTouKca no4yse
umen

CeB006HOPOT: OAHONETHUI NIONUH — 03MMAA MNWEHNLA — KapTodenb — AYMEHb, 7 poTauui

bes

. 5,85 37,2 16,1* 14,6* 48,2 -41,7 -7,5 34,2
yao06peHui
P50K60 >,86 39,4 16,1* | 14,6* | 557 | -470 | -86 38,4

CeB006OPOT: NOACONHEYHUK — 03UMAs NWEHULA — KYKypy3a — A4MeHb, 3 poTaumm

bes
yaobpeHun wn | 4,20 10,5 7,4% 14,6* 25,7 -37,2 -14,3 22,9
n3BecTu
Jdonomurtosas

5,49 10,5 19,5* 14,6* 40,0 -63,6 -22,6 41,0

MyKa no 1 r.k.
*MoTepn a3oTa B pe3ynbTaTe AeHUTPUPUKALMM M C BHYTPUMOYBEHHbIM CTOKOM oOnpeAeneHbl B MOAENbHbIX W
NN3NMeETPnNYeCKnX onbiTax

BbiBoAbI

1. MoTeHuManbHan aKTUBHOCTb HECMMOMOTUYECKON a30TPMKCaUUM B AePHOBO-NOA30AMCTbIX NOYBAX
noZiBep>KeHa CUAbHbIM  KonebaHMem B  33aBUCMMOCTM OT YPOBHA  KMUC/IOTHOCTU  MOYBbI,
rmMapoTepmMmuyecknx $pakTopoB BereTaUMOHHOrO nepuoda, BMAA BO3AENbIBAEMON  KYAbTypbl,
npMmeHeHusa yaobpeHunin, obecneyeHHOCTU AOCTYNHbIMU UCTOYHMKAMM YIAepoa 1 asoTa.

2. PaccuntaHHoe Ha ocHoBe 6OanaHca as30Ta B AJINTE/IbHbLIX TMOJIEBbIX OMbITax KOJIMYECTBO
HEeCUMBbUNOTUYECKM PUKCMPOBAHHOrO a3oTa B NOJNEBbIX ceBOObopoTax 6e3 MCNoNb30BaHMA a30THbIX
yaobpeHnin coctasnaet 23-41 kr ral rog ! M JOMKHO yunTbiBaTbCA NpM pacyeTe banaHca asoTa B
3emnenennu.

CnuncokK nutepartypbl

MeToamyeckue ykasaHua no onpegeneHnto 6anaHca nuTaTeNbHbIX BELLECTB a30Ta, ¢ocdopa, Kanus,
rymyca, Kanbuma / Coives B.I., My3bikanTos 1.4., MaHkosa H.K., M.: UMHAO, 2000. - 40 c.

Ymapos M.M. AccoumaTtmBHana asotdumkcaums. M.: U3a-so MIY, 1986. — 136 c.
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KépweHc M., LWynby E. OpraHnMyeckoe BeLLeCTBO MOYBblI: AMHAMMKA — BOCNPOU3BOACTBO —
3KOHOMMYECKM W 3KONOrMYecKn oboCHOBaHHbIe MoOKasaTtenn. B KH.: MeTogbl mMccnepoBaHui
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-303c.

NON-SYMBIOTIC NITROGEN FIXATION IN CROP ROTATIONS ON SOD-PODZOLIC SOILS
LUKIN S. M.

Institute of Organic Fertilizer and Peat - Branch of the Verkhnevolzsky Federal Agrarian Scientific
Center, Vlyatkino, Vladimir region, Russia
vhion@vtsnet.ru

Abstract. The potential activity of non-symbiotic nitrogen fixation in crop rotations on sod-
podzolic soils has been studied. On the basis of the balance method, in two long-term stationary
experiments, the sizes of non-symbiotic nitrogen fixation were determined, reaching 23-41 kg of
nitrogen per 1 ha per year in the variants without nitrogen fertilizers.

Keywords. Non-symbiotic nitrogen fixation, potential nitrogen fixation activity, nitrogen balance
in crop rotations.
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OUEHKA BblIbPOCOB AMMMAKA B PECIMYBJ/IMKE BE/TAPYCb
MAJIbYUXUHA A.B., KPYKOBCKAA O.10., KAKAPEKA C.B.
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AHHoTauma. OueHKa BbI6POCOB ABNAETCA BAaXKHOM COCTABAAIOLLEN NPOLECCA PETYINPOBAHUA
3arpasHeHua atmochepHo Bo3ayxa. B cTtaTbe M310KeHbl OCHOBHbIe Npobaembl, CBA3AHHbIE C
OLLeHKOM BbIBPOCOB aMMMaKa, a TaKKe pe3ynbTaTbl MHBEHTapM3aLumMm BbIBpOCOB amMMaKa Ha
Tepputopumn benapycu.

Kniouesble cnosa. OugeHKa BbIBPOCOB, aMMMaK, XXMBOTHOBO/CTBO.

BBepeHune

OueHKka BbIOPOCOB 3arpA3HAIOWMX BELLECTB ABAAETCA Ba*KHbIM 3Tanom pPeryinpoBaHuA
3arpasHeHma atmocdepbl. OT ee NOMHOTbI M TOYHOCTU 3aBUCUT KayecTBO MOCAedylLWMX OLEHOK
Harpy3Km Ha 3KOCMCTEMbI U MJIAHOB MEPONPUATUIA MO CHUKEHMUIO BO3AENCTBMN. AMMMAK B NocneaHue
AecATUNEeTUA CTaNl OAHMM M3 MPUOPUTETHLIX 3arpA3HAIOLWMX BellecTs. B nepBy odepeap 3TO
0bycnoBneHo ero HeraTMBHbIM BO3AENCTBMEM Ha SKOCUCTEMbI M Ha Ye/I0BEKa, KaK Ha PErMoHaNbHOM,
Tak M Ha rnobanbHom ypoBHax. B (EEA, 2020) nokasaHO, 4TO CHMU)KEHMEe BbIBPOCOB ammMaka,
AOCTUIHYTOE 3a NocneHne AecATUIETMA, ABNAETCA HE3HAUYMTENbHbIM MO CPABHEHMIO CO CHUMKEHMEM
BbIOPOCOB APYrMX 3arpAsHAOWMX BewecTs (OKCMAO0B a30Ta, AMOKcKaa cepbl, BY).

OCHOBHbIM MCTOYHMKOM NOCTYN/IEHUA aMMMaKa B aTMochepy ABNAAETCA *KUBOTHOBOACTBO, YTO
obycnasnmBaeT 60/1blIOe KONMYECTBO PaKTOPOB, BANAIOLWLMNX HA BEIMYMHY BbIOPOCOB: BUA KMUBOTHbIX,
cuctema ybopKM 1 XpaHeHUA HaBo3a, TeMnepaTypa B NOMELLEHUN U KAMMATUYECKME YCNOBUSA, PaLLMOH
YKMBOTHbIX, XapPaKTePUCTUKA MECT COAEepPHKaHUA KUBOTHbLIX U Ap. Mo 3ToN NnpMynHe oLeHKa Bblbpocos
aMMMaKa COMpAXKeHa C pAAOM TPYAHOCTEN, KOTOPble MOTYT ObITb PeLleHbl C MOMOLLbIO AONYLLEHWN,
9KCNEpPTHbIX OLLEHOK, NCNOAb30BaHUA METOL0B MOLE/IMPOBAHUA.

B HacToAwee BpemA B benapycm gna noaydyeHua opuumnanbHbIX OLEHOK Ha YPOBHE rocyAapcTBa
MCNONb3YyeTCA FOCYAapPCTBEHHAA CTATUCTUYECKAA OTYETHOCTb no ¢opme 1-8o3ayx. [Na OUEHKM
BbIOPOCOB Ha ypPOBHe Npeanpuatuii, ncnonbayertca TKM 17.08-11-2008 Mpasuna pacyeTta BbIBPOCOB OT
KMBOTHOBOAYECKMX KOoMMieKcoB, 3Bepodepm UM ntuuedabpuk (manee TKI), paspaboTaHHoe
MWHUCTEPCTBOM NPUPOAHbLIX PECYPCOB WM OXpaHbl OKpyKatowein cpeabl Pecnybnmkm benapychb.
MeTtogmka, onucaHHas B TKIl, yunTbiBaeT BWAG CENbCKOXO3ANCTBEHHOIO MBOTHOFO, 3Tan
TEXHONOIMMYECKOro npouecca, TUM MecTa COAEP!KaHUA HKUBOTHbIX M CUCTEMbl YOOPKU, XpPaHEHUA U
MCNo/b30BaHWA HaBo3a. [aHHble OTYETOB OTAE/bHbIX NpeanpuaTnii obobuwatorca B HaunoHanbHOM
CTaTUCTUYECKOM KOMMUTETE NO ropodam, oTpPacnam, MMHUCTEPCTBAM M MO CTpaHe B uenom. MoxKHO
BblAENUTb cneaylowmne npobnembl OUEHKM BbIOPOCOB B pamMKax rocyAapCTBEHHOro yyerta: y4yer
BbIBPOCOB TO/MILKO OT KPYMHbIX npeanpuatuin (c Bbibpocamu 6onee 25 T roal), otcytcTBme ydeta
BbIOPOCOB OT XO35INCTB HACeNeHWs, Pa3HOE KOJIMYECTBO OTYMTbLIBAIOLLMXCS NPeAnpuaATU B pasHble
roga. CornacHoO AaHHbIM HAUMOHANAbHOIO CTAaTUCTMYECKOro KoMmuTeTa Bblbpocbl ammumaka B 2019 r.
coctaBman 26,4 Toic. T. Mpu aTom noronosbe KPC 4,3 maH ronos, cBuHen — 2,9 MJIH ronos, nNTuupl 50
M/IH TON10B. B TO Bpemsi Kak B cTpaHaxX C MEHbLUMM NOrosI0BbEM CE/IbCKOXO3ANCTBEHHbIX YKUBOTHbIX
BblOpoChbl npeBbiwatoT 50 Thic. T., YTO FOBOPUT O HEMONHOTE CTAaTUCTUYECKUX AaHHbIX O Bblbpocax
ammmaka B benapycum.
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[na yTouHeHus BbIBpPOCOB amMmmaKa npegnoxkeHa metogonorns EMEN, Kotopaa ucnonbsyetca
npyv NOAroTOBKE HaLMOHa/bHbIX AaHHbIX O Bblbpocax AN BbINONHEHMA 06A3aTeNbCTB B pamKax
KOHBEHLMM O TPaHCTPaHUYHOM 3arpsA3HeHUM aTMOChEepPHOro Bo3ayxa.

O6beKTbl U MeToAbl UCCNeA0BaHUA

B HacToALLee BpemA A1A OLEHKM NOCTYNAEHNA 3arpA3HAIOLWMX BewecTB B aTMocdepHbI BO34yX
Ha HaUMOHANbHOM YypOBHE Haubonee pacnNpPocTpaHeH MeToh C WCNOAb30BaHWEM YAE/bHbIX
nokasaTtenen BbIGPOCOB, TaK KaK OH TpebyeT MMHUMaNbHOro o6bema BXOAHbIX AaHHbIX U Pecypcos.
Mpwn oueHKe BbIBPOCOB OT KAKOYEBbIX KAaTEropMi MCTOMHMKOB OObIYHO MCMO/Ab3YIOT 6onee TOYHble
MeToAbl: yAeNbHble MOoKa3aTenu BblOPOCOB, yuuTbiBatowme crneumduKky nNpov3BoACTBA, MOAENU U
MHCTPYMeHTaNbHble 3amepbl (Kakapeka, 2017).

OCHOBHbIM UCTOYHUKOM MHPopMaumn 06 yaenvHbix Bblbpocax 3arpA3HAKOWMX BeLLecTB
asnaetca Pykosoacteo EMEP/EEA no MHBEHTapM3auMu BbIBPOCOB 3arpAsHAOWMX BeLLecTB (fanee
PykoBoacTtBo). [na oOuUeHKM BblIOPOCOB aMMMaKa OT HECEe/IbCKOXO3AWCTBEHHbIX WMCTOYHMKOB B
PykoBoacTBe npeasiaraeTca MCNO/b30BaTb yAe/bHble MoKasaTenu Bbibpocos H6e3 yyeTa cneumdukm
npousBoacTBa. [NA KMBOTHOBOACTBA OMMUCAHO 3 PA3/IMYHBIX NO AETa/lbHOCTU MeToAa OLEHKMU
BbI6POCOB. MpK OTCYTCTBUM AETaNbHbIX AAHHbBIX MOYKHO UCNO/1Ib30BaTb YNPOLLEHHbIN METOA, KOTOPbLIN
YUYMTbIBAET BUA KMBOTHbIX M CUCTEMY YAANEHUA HAaBO3a, a TaKXKe N03BOJIAET OLEeHNBaTb BbIOPOCHI AN
Pa3NINYHbIX CTaaANM 0bpaLLeHNs C HAaBO30M (coaeprKaHUe }KUBOTHbIX M XpaHEHWE HaBO3a, BbiNac CKOTa,
BHECEHMe HaBO3a Ha No/A B KayecTBe yaobpeHuit). Bropoit no AeTanbHOCTM MeToh, OCHOBAH Ha
KOHLenumMmn NoToKa a3oTa Yepes BCIO CUCTEMY YNPaB/IEHUA HABO30OM OT MeCT COAEPHKAHUA KUBOTHbIX
[0 BHECeHWA HaBo3a Ha nona. TpeTuin meTod NoApasymeBaeT UCMNO/b30BaHME MHCTPYMEHTaNbHbIX
3aMepoB MW KOHLENLUMM NOTOKA a30Ta C MCNONb30BaHNEM HALMOHANbHbIX KO3GGULMEHTOB.

B pabote wncnonb3oBaH KOMOWMHMPOBAHHbLIN MeTOA, OUEHKM BblGPOCOB amMmuaka: AanAa
HeCeNbCKOXO3ANCTBEHHbIX NCTOYHMKOB, BHeceHusA MWHEepPabHbIX yaobpeHui n
ManopacnpoCTPaAHEHHbIX CE/IbCKOXO03ANCTBEHHbIX }KMBOTHbIX (MyLUHbIE 3BepU, 0LWAAN) NCMONb30BAH
YNpPOLLEHHbI METO/, OLLeHKM, OCHOBAHHbIM Ha yAeNbHbIX NOKa3aTeNAx BblI6pOCOB «NO YMOAYAHUIOY.
[na }XMBOTHOBOACTBA M NTULLEBOACTBA NPMMEHEH METOA BTOPOro YPOBHA AeTann3aumm.

[o 2019 r. gnA oueHKM BbIBPOCOB aMMMaKa OT NPOLLECCOB XMBOTHOBOACTBA MCMNOAb30BAINCH
arperMpoBaHHble yaenbHble MOKa3aTenn BblI6POCOB, 3aBUCALLME TOIbKO OT BUAA KMBOTHbIX. HaunHan
c 2019r. oueHKa BbIGPOCOB amMMmMaKa BbINOJHAETCA TaKXe B pa3pes3e MpoLeccoB: COAepKaHue
YKMBOTHbIX, BHECEHME OpraHnYecknx yaobpeHuit u Boinac. OLeHKa BbINONHAETCA C YY4ETOM CUCTEM
yAaneHna Hago3a. [nAa nosnyyeHWsa yAenbHbIX MOKasaTenen BbIOBPOCOB MCNOAb30BaH, METOA,
OCHOBAHHbIW Ha KOHLUENUMM NOTOKA a3oTa, ONMcaHHbIN B PykoBoacTee. C NOMOLbIO JAHHOTO MeToaa
N c yyeTom cneumduKm cenbckoro xosamctea Pecnybavku bBenapycb 6biamn paspaboTaHbl yaenbHble
nokasaTenun BbIbpOCOB aMMMaKa A5 COAEPIKAHMA PA3/IUYHBIX BUA0B XMBOTHbIX, NPOLLECCOB BHECEHUA
yaobpeHua 1 Bbinaca cKoTa.

NcxoaHbIMM A@HHBIMW AN OUEHKM BblIOpPOCOB amMMMAKa CAyXaT AaHHble HaunoHanbHOro
CTaTUCTMYECKOro KomuteTa no noronosbto KPC, cBUHEN, NTULbl U APYIMX BUAOB XKMBOTHbIX. [ns
pa3feneHua NnorosioBbA NO CUCTEMAM Y[ANEeHWA HaBO3a, MCMOJ/b30BaHbl AadHHble, MONYYEeHHble B
pabote (ManbumxmHa, 2010). Ana pasgeneHua norosioBbA NTULbI Ha BpoNepoB M Kyp Hecyllek
MCNO/b3yeTCA NoKa3aTeb ANLEHOCKOCTU NTULLLI U 06beM NPOMU3BOACTBA AUL, B FOA,

Pe3ynbtatbl n 06cyxaeHune
CornacHo Nosly4eHHbIM OLLEeHKaM BanoBble BbIbpocbl ammumaka B benapycu 8 2019 r. coctasunm
134,37 Ttbic. T (Tabnuua 1), 4to B 5 pas Bbille, OLLEHOK MO rocyAapCTBEHHOM CTaTUCTUYECKON
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OoT4YeTHOCTU. [l1oN1A CeNbCKOXO3ANCTBEHHbIX MCTOYHMKOB B Ba/IOBbIX BbIOpOCax amMmnaKa cocTaBafeT

92 %. bonee 30 % ammnaKa NOCTynaeT B aTMocdepHbIN BO34yx OT mecT coaepxaHua KPC; bonee

20 % OT NpoLLeCccoB BHECEHUA OpPraHNYecknx yaobpeHui; 15 % — oT MMHepanbHbIX yA0bpeHuiA; oKono
8 % - mecTa cofepKaHUA CBUHEN U NTULLbI.

Tabnnuya 1. Boibpocbl ammmaKa nNo KaTeropmsam nctoyHnkos B 2019 r. Ha TeppuTopumn benapycu

Kateropua nctoyHMKoB BbI6pocoB Bbi6pocbl ammumaka, TbiC. T
CXKuraHue Tonamea 0,06
MpoMbIWNEHHOCTb (TEXHONOrMYECKMe NPoLEecchl) 1,18
Ob6paweHune c HaBo3om (KPC) 43,23
ObpalyeHure c HaBO30M (CBUHbM) 11,45
Ob6paueHure c HaBo3om (NTULA) 9,83
ObpauieHure c HaBO30M (MPoYME }KUBOTHbIE) 0,35
BHeceHne mmHepanbHbIx yaobpeHnin 20,37
BHeceHue opraHuyeckunx ygobpeHui 31,80
Bbinac *KMBOTHbIX 6,97
Ob6palleHure c oTXogamu 5,96
ObpalyeHmne co CTOYHbIMKU BOAAMM 3,17
Banosble BbibpoOCHI 134,37

Banosble BbI6pocbl ammmnaka B nepunog ¢ 2000 no 2018 rr. sapbupytoT o1 120,3 go 157,08 Tbic. T.
MaKcMManbHble BblOpoCcbl 3adumKcnpoBaHbl B 2011-2012 rr., MMHMManbHble B 2003-2004 rr. B
HacToAwee BpemA Habno[aeTcA CHUMKEeHMe BanoBbiX BbIBpOocOB ammuaka (puc.), obycnosneHHoe
CHUXKeHnem noronosba KPC u ceuHen.
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Puc. AnHammka BbiI6pocoB ammuaka B benapycu, Toic. T.
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BbiBoAbI

MonyyeHHble [aHHble 3HAYMTENbHO AOMOJHAKT HAUMOHANbHYK CTaTUCTMKY MO Bbibpocam
ammMaKa. Mcnonb3oBaHHaA MeToAMKa NO3BOASAET OLEHWUTb BbIOPOCHbl Ha HALMOHA/NIbHOM YPOBHE C
MMWUHUMANbHBIMW BXOAHBIMUW AaHHbIMWU. O4HAKO HeonpeaeNeHHOCTb NOMYYEHHbIX OLLEHOK A40CTaTO4HO
BbICOKA (73%), 4TO cBsi3aHO B MepPBYL oyepeab C HeonpeAeNneHHOCTbI MCMO/b3yeMblX YAe/bHbIX
nokasaTtenei BbIbpPOCOB, NOY4EHHbIX HA OCHOBE Pa30bLEHHbIX UCCIeA0BaHMUM U SKCNEPTHbIX OLLEHOK.
HeobxogmMmo npoBegeHMe 3KCNepUMEHTaNbHbIX WCCNeA0BaHMW, HaANpPaBAEHHbIX Ha NoaydYeHue
HaUMOHANbHbIX YAeNbHbIX MOKa3aTesen BbIOPOCOB amMMMaKka. Takke npobnemor nonyveHus
KayeCTBEHHbIX OLEHOK BbiIBpOCOB ammmMaKa ABASETCA Noay4YeHne NCXogHoM Hopmaumm o BeAeHUn
CENbCKOXO3ANCTBEHHOM MPAKTUKM Ha Hebonbwux npeanpuatuax. OueHKa, BbINONHEHHaA paHee,
nokasana, 4To BbI6poCbl ammmMaka OT BbipawwmeaHna KPC obycnosneHa Hebonblwmmmn npeanpuUaTUAMm
c noronosbem A0 1000 ronos (Kakapeka, 2017). C6op nHbOpMaLuUmM 0 METOAAX COAEPIKAHUA, PALMOHE,
MeTodax yAaneHus HaBo3a OT HebosblWKMX NpeanpuATUn cBA3aH ¢ BONbLWIMMKM 3aTpaTaMu OAHa M3
3334 HalTK ONTUMa/IbHble MeTOAbl OLLEHKN BbIBPOCOB aMMMaKa OT TaKOM KaTeropmm MCTOYHUKOB.
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Abstract. The emission assessment is an important component of the regulating air pollution
process. The article describes the main problems associated with the assessment of ammonia
emissions, as well as the results of the inventory of ammonia emissions in Belarus.

Keywords. Emission assessment, ammonia, livestock.
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OCOBEHHOCTU BEAEHUA CE/IbCKOXO3AWCTBEHHOINO MPOU3BOACTBA B KPECTbAHCKOW
3ANOBEAHOW 30HE 40/IMHbI PEKU CUMUTAPPA, KOTYMBUA

CErYPA MAPTUHEC B. A.
PITMY, CaHkT-MNeTepbypr
wdseguram@gmail.com

AHHOTaumAa: KpecTbAHCKME 3anoBegHble 30Hbl B Konymbuun — Tepputopum, 3aKOHOZATENbHO
3aKpenieHHble ONsA COAENCTBUA TEpPpPUTOPMAZIbHOMY Pa3BUTUIO, NPEOAOSIEHMA COLMANbHbIX
pa3pblBOB W BbICOKOrO YpOBHA 6eAgHOCTM HaceneHuA. Ha AaHHbIX TeppuUTOpUAX MeKoe
KPECTbAHCKOE M CeMenHoe XO03ANCTBO ABAAITCA npeobiaaaloWmMMmm  3KOHOMUYECKMMM
npeanpuaATUAMM, Fae OCHOBHaA paboyasn cuna obecneunsaeTca cembein. B cBA3M € NnOTEHUMANOM
NoYyB M KAMMATUMYECKMMM OCODOEHHOCTAMM B ITUX pPaMOHaX TaK¥Ke pPas3BMBAIOTCA KpPYMHble
NPOMbILWEHHbIE NPEeANPUATUA KyNbTypbl MacaM4YHbIX NaabM, Tpebyowme H6onbwnx obbemos
BHocumoro asoTa (N). B HactoAwel paboTe ONUCbIBAIOTCA XapPaKTEPUCTUKM ITUX Gopm
nNpoun3BOACTBA AN1A UCCNefyeMOM 30Hbl.

KnioueBble cnoBa. KpecTbsAiHCKaA 3anoBefHaA 30HA, KPeCTbAHCKOE CeMeWHOoe XO3ANCTBO,
NPOMbILWAEHHOE Ce/IbCKOXO3ANCTBEHHOE MPON3BOACTBO.

BBepeHune

KpecTbAHCKana 3anosegHan 30Ha B A0NMHE pekn Cumutappa, yctaHoBneHHaAa 3akoHom Ne 160 ot
1994 r. n MNMoctaHoBneHnem Nel1777 oT 1995 r. MuUHMCTEPCTBA CENbCKOTO XO3AMCTBA U Pa3BUTUA
cenbckmx panoHoB (MADR), sBnsetca o06nacTbio, CNOCOOCTBYIOLLEN TEPPUTOPUANIBHOMY Pa3BUTUIO,
NPeoAoNEeHUID COUMANbHbIX PaspbiBOB W BbICOKOTO YPOBHA 6egHOCTM HaceneHua. ITOT 3aKOH
YCTaHaB/AMBAET CO34aHMe 30Hbl AN1A PAa3BUTUA KPECTbAHCKOrO X03AMCTBA, OH HE WUCKAKOYAEeT gpyrue
TUNbl 3KOHOMWKW Ha TEppUTOPUM, NO3TOMY B MNOCAeAHME roAabl Pa3BMBAOTCA NpPeanpuaTvMA C
NPOMbIWAEHHbIMM 0O6beMamMu NPOU3BOACTBA M KpynHOMAcWTabHbIMKM noceBamu. B gonvHe peku
Cumutappa, ABAAOWENCA 30HOM  UCCAeOOBAHMA  TakMe  NPOMbIWIEHHbIE  NPeanpuATUA
COCpeaoToYEHbl Ha BblpalMBAaHUM MACAUYHOM NaAbMbl NOCTaBNAA NPOAYKUMIO ONA NPOU3BOACTBA
MaprapuHa, *1pos, NULLEBbIX MACces U MblNa, HO NpeXae BCero Ana NnpoussoacTea buotonnmea.

YBenunyeHme ncnosib3oBaHUA a3oTHbIX ya06peHuit (N) Bo Bcem mupe, ocobeHHo ¢ 1960-x roaos,
a onAa uccneayemon TeppUToOpUM C MOMeHTa ee co3aaHma B 1990-x roaax, ypoBHM BbIOPOCOB 3aKUCK
asota N0 yBennumnncb M npepcrasnaet 8% BbIOPOCOB NAPHUKOBbIX rAa30B, a Ce/IbCKOE XO3ANCTBO
ABIAETCA NPUYMHOM NooBMHbI Bbibpocos N2O Bo Bcem mupe. (Vinisa, 2016)

B aTOM cTaTbe OMNUCbLIBAOTCA OCHOBHbIE KAMMATONOIMYECKUE XapPaKTEPUCTUKM KpecTbaHCKOM
3anoBegHON 30Hbl A0AMHbI Pekn CumuTappa, YNOMMUHAOTCA OCHOBHbIE CENbCKOXO3ANCTBEHHbIE
KY/IbTYPbl Ha TEPPUTOPUMN, COCTABAAIOLLINE OCHOBY CEMENHON KOP3UHbI NOCENEHLLEB U KPECTbAHCKNX
cemei pernoHa. NMpoBoaANTCA CpaBHEHME XapPaKTEPUCTUK CEMENHOro KPeCcTbAHCKOro Npon3BoACTBa U
NPOMbILINEHHOIO  CENbCKOXO3AMCTBEHHOINo MNPOM3BOACTBA B  COLMANbHOM, 3KOHOMMYECKOM
BblpaXeHnn n notpebneHmm asota (N).

O61beKTbl U MeToAbl UccnepoBaHnnA

OnucaTb KAMMATO/NOIMYECKME WU reorpaduyeckme XapaKTepUCTUKM UCCNedyemMoro panoHa.
Onpepenenntb NocesBbl B uccnegyemom panoHe. OnucaTb BUAbl  CEbCKOXO3ANCTBEHHOIO
Npou3BOACTBA B Uccaeayemom paiioHe. Mposectn bubanorpadpuyecknii 063op 1 HenocpeacTBEHHbIE
HabnoaeHnA B palioHe nccneaoBaHumA.
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Pe3ynbTtatbl u 06CcyKaeHune
Knumamonozau4yeckue xapaKkmepucmuku

KpecTbAHCKaAa 3anoBegHaA 30HA A0AWHbI pekn CumuTappa pacnonoXKeHa B pernmoHe
MarpganeHa Meauo, Konymbua, B myHuumnanutetax Kantaranno u CaH-Mabno B genaptameHTe
Bonusap, n MoHao n Pemeanoc B AenaptameHTe AHTUOKMA, obLei naowaasio 504 259 ra Ha BbicoTe
ot 100 go 1400 meTpoB Had ypOBHEM MOpPA M HaceneHue, kotopoe K 2012 roay cornacHo lNnaHy
YCTOMYMBOro pa3BuUTUA KpecTbAHCKOM 3anoBeAHOM 30HbI B A0AMHe pekn CumuTtappa coctasasno 29
000 utenen. (ACVC, 2012).

B palioHe BnaXKHbI KAMMAT, cCpeaHAa TemnepaTypa Tepputopun Konebnetca ot 27 pgo 299C,
cpeaHee KOMMYECTBO ocaaKkoB cocTaBnseT 2770 mc. (ACVC, 2012) CpeaHAas mecavyHaa OTHOCUTE/IbHAnA
BNAXKHOCTb HA TeppuTOpUM parioHa 80-90%, noTeHUMaNbHAA 3BanoTPaHcNMpauna konebnetca ot 1300
Ao 1500 mm B roa (IDEAM, 2005). CpeaHas mHoroneTHas ApkocTb ConHua cocTaBnseT 5-6 yacos
CO/IHEYHOrO cBeTa B AeHb. ITO 3KBMBANEHTHO npubamsmtenbHomy amanasoHy ot 1800 go 2160
ConHeyHbIx Yacos B rog (UPME, IDEAM, 2003).

IMoceesbl, co30aHHble 8 KpecmbsaHcKoli 3anoeedHoli 30He 8 doauHe peku Cumumappa

MNpeobnagatollee cenbcKkoe XO3ANCTBO B KpecTbAHCKOM 3anoBeAHOM 30HE B AOJIMHE PEKM
CvmuTappa xapaKTepmusyeTca ceMeliHbiM GepMepcTBOM, U ypOoXKai BbipalMBaeTca B OCHOBHOM AA
camoobecrneyeHns cembl Ha HeboNblIMX y4yacTKax naowaabio Ao 2ra. OCHOBHble BUAbI
BO3/e/1bIBaeMbIX Ky/bTyp NpeacTaBaeHbl B Tabn. 1.

Tabnvua 1. OcHOBHbIe Ky/bTypbl B KpecTbAHCKOM 3anoBeAHOM 30He A0NNHbI pekn CumuTappa

MepexoaHble Nnocesbl MHoronetHme KynbTypbl Mactbuwe
e KyKypysa e baHaH e KKMBOTHOBOACTBO
e Puc e MaHro e XmnBoTHOBOACTBO HYliBONOB
e MaHunokKa e JlnmoH e KoHeBOACTBO
e daconb e MaHaapuH
e ThbikBa e Kakao
e Apby3 e [lanawus
e AHaHac e [lanbmoBoe macno

OfHaKo Ha TeppuUTOpMKM paloHa, PAcNONOMKEHOM Ha pPaBHUHE Mexay pekon Cumutappa wm
pekoli MarganeHa B MmyHuuunanutete MoHao (AHTMOKMA) U MyHUUMnanuTeTax KaHTaranno u CaH-
Mabno B aenaptameHTe boanBap, BO3AeNbIBAKOTCA MOCEBbI MAC/AUYHbLIX MajibM B MPOMbILIAEHHbIX
obbemax.

Buabl ceNbCKOX03ANCTBEHHOIO NPOU3BOACTBA HA TEPPUTOPUMN

B KpecTbsiHCKOM 3anoBeAHOW 30He B A0/IMHE pekn CumuTappa MOXKHO Habnwogatb, Kak
COCYLLECTBYIOT U CTaNIKMBAOTCA ABE COBEPLIEHHO pasHble ¢popmbl npomssoactea. (ACVC, 2012). Bo-
nepBblX, OMNpPeaensaeTca 3SKCTEHCMBHOE (MeNKoe KpecTbAHCKOe W CemMenHoe XO03AMCTBO) W
NPOMbILWAEHHOE NPOM3BOACTBO, B KOTOPOM NpeobnaaatoT Kateropum npubbiamn, 3apaboTtHon nnatol,
fobaBoyHon ctoumoctu  (Vargas, 1987). [pombilwieHHble NpeanpuATUA  OCHOBaHbl  Ha
npeanpMHUMaTeNbCKON NaTUDYHAMU; @ C APYrOMA CTOPOHbI, CyLLeCcTByeT ceMenHoe Mpou3BOACTBO,
KOTOpOe He NOAYMHAETCA UCKAOUYMUTENIbHO NIOTUKE KKOHKYPEHTOCNOCOHOHOCTU M CBOBOAHOIO PbiHKa»,
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€C/IM OHO He peryampyeTtca J/IOTMKOM Koomnepauuu, camoynpasBiaeHWs U NpoM3BOACTBA AR
notpebneHns OoAHUX W Tex e cemein. poBeAeHHble WCCNenoBaHUSA MNO3BOAMAM MNPEACTaBUTb
CPaBHUTE/IbHYIO XapPaKTEPUCTUKY ABYX BUA0B CE/IbCKOX03AMCTBEHHOMO NPOM3BOACTBA CYLLLECTBYHOLLENO

Ha nccneayemom Tepputopun (tabn. 2).

Tabnvua 2. XapakTepmucTuKa CEMeHOro KPecTbAHCKOro CE/IbCKOX03ANCTBEHHOMO NPOM3BOACTBA U
MPOMbILIEHHOIO CeIbCKOX03ANCTBEHHOro NPOMU3BOACTBA. *

OcobeHHOCTU

CemeliHoe KpecTbAHCKoe
Ce/IbCKOXO03AMCTBEHHOE
npon3BoACTBO

MpombiwneHHoe
Ce/IbCKOX03AMCTBEHHOE
npoun3BoacTBo

OTHOwWweHuA co cpeacTsamm
npon3BOACTBA

MNpoussogutens B
KPeCTbAHCKOM X0351iCcTBE
BNAAEeT CpeacTBamm
NPOW3BOACTBA M NPOAYKTOM
cBoero Tpyaa.

HaemHble pabouune, KoTopble
npoAatoT CBoto pabouyto cuay,
W BNagenblbl, KOTOpble
KOHTPO/INPYIOT CpeacTBa
npov3BOACTBA U BnagetoT
npoAayKuUnen.

Pabouan cuna v pasgeneHve
TpyAa

dyHaameHTanbHaA OCHOBA
paboTbl He onpeaenseTca
3apaboTHOM nnaTo. BHyTpwm
KpecTbAHCKOM
NPOW3BOACTBEHHOM eAMHULbI
HEeT YEeTKOro COLMaNbHOIo M
TEXHMYECKOro pasaeneHuns
TPyAa, NOCKONbKY pPa3/inyHble
NPOW3BOACTBEHHbIE BUADI
AeATeNbHOCTU MOTyT
OCYLLECTBATLCA KaXKAbIM U3
Pa3HbIX YN1EHOB CEMbM.

HaemHas pabouas cuna
KOHTpOAMpYyeTCs Yyepes
3apaboTHylo nnaTy. EcTb
yeTKoe pasaeneHue Tpyaa
(pykoBOACTBO M UCNONHEHNE) U
npeAcTaB/ieHa cneumMannsaums
nogen no Buagam Tpyaa.

TexHonorma

B ocHoBHOM nepobnagatoT
3KCTEHCUBHbIE TEXHONOTUMU
npou3BoAacTBa. B 6onbwnHCcTBE
XO3ANCTB UCMO/Ib3yeTCA PYYHOMU

TPYA.

OcHOBbIBaACb Ha NOTUKe
noay4yeHma npubbian,
NCNONb3YOTCA MHTEHCUBHbIE
TEXHONOTMU U MaKCMManbHas
MexXaHM3aLmA Ha BCeX aTanax
npou3BOACTBA.

1CobcTBEHHan pa3paboTka, OCHOBaHHaA Ha onpeaeneHunax, AaHHbIX npodeccopom Anexo Bapracom B «KpecTbAHCKOM
X03AACTBE: TEOPETUYECKME COOBPAKEHUAY.
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OcobeHHOCTH

CemeliHOe KpecTbsiHCKOE
CeNbCKOX03ANCTBEHHOE
npoun3BoACTBO

MpombiwneHHoe
CeNbCKOX03ANCTBEHHOE
npoun3BoacTBO

KayecTtBo 3emam

Ocob6eHHOCTbIO KPECTbSIHCKOro
XO3ANCTBa ABNAETCA ee
NCTOpMYECKOE pacrnonoxeHne
Ha CKNoHe xonma CeppaHua-
Ae-CaH-Jlykac, 4yto 3aTpygHaeT
MEeXaHM3aLMI0 NPON3BOACTBA,
[0CTYyN K NPON3BOACTBEHHbIM
obbeKTam 1 npoaaxa
NpoAyKUUM B OCHOBHOM
OCYLLEeCTB/AETCA MO peKe 13-3a
MJ0X0ro COCTOAHMA A0POT.

Mpoun3BoACcTBO B OCHOBHOM
PacnosioXeHO Ha paBHUHAX
meXxay pekamu Yumuntappa m
MarganeHa, roe nerko
MCrNoNb30BaTb MeXaHM3aUUIO
CeNbCKOro X03AMCTBA U rae HeT
npobsiem M3-3a HEXBATKU
BOAbI.

Pacxop, a30THbIX ya06peHui

76% X03AMCTB HE UCMONb3YIOT
ya06peHunn, orpaHMYMBanACh
NOXHWBHbIMW OCTAaTKaMM U
naposbimu nonamu. (ACVC,
2018).

24% ocnenoBaHHbIX
KPEeCTbAHCKNX XO3ANCTB
NCNONb3YHOT TObKO
OopraHuyeckune yaobpeHus,
NnonyyeHHble B Xo4e

NPOM3BOACTBEHHOIO NpoLEeCCa.

Cpeau ncnonb3yembix
OpraHWYeCcKnX yaobpeHuit c
coaeprKaHMem asoTa ecTb
KYPUHbIA MOMET, B KOTOPOM
NPOLLEHTHOE coaeprKaHue
a30Ta B NepecyeTe Ha cyxoe
BellecTBo coctaBnsaeT 1,4%, u
HEKOTOpbI€ TMUMbl KOMMNOCTA, B
KOTOPbIX NPOLEHTHOE
coAaepraHue npurogHoro ana
MCNo/Nb30BaHMA a30Ta
Konebnerca ot 1,5 10 2% B
3aBMCMMOCTU OT
MCNONb3yeMbIX OTXOA0B.
(Barrera, 2012)

[ns nonyyeHna cpegHero
ypoxasa 25 Tratroa! Ha
B3pPOCNOM NAAHTALUM
Heobxoaumo 114,1 krra™ roa’
asota (TECHNOSERVE, 2009).
Hanbonee pacnpoctpaHeHbl
a30THble ya06peHus:

1

HaseaHue % N
MoueBunHa 46
NH4NO3 33.5
(NH4)2S04 21
(NH4)2HPO4 18
(N,P,K) 15
OcTtaTku dpyKTOB <1
Obpe3aHHble 0,5
JINCTbA

OcTaTtku 0.4
3KCTPaKUmm

Nna/ibMOBOIro macna
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CemeliHOe KpecTbsiHCKOE

MpombiwneHHoe

Ky/abTyp, HeboblMe naowaam
M CKyAHble WHBECTUUMWU B
NPOM3BOACTBEHHbIE PECYPCbl U
TEXHWKY Aaa  3TOro  TuUna
NPOM3BOACTBA, MOYXKHO CKa3aTb,
YTO MApHMKOBbLIE rasbl B 3TOM
™ne npou3BoACTBa B

OcobeHHOCTH CeNIbCKOX03ANCTBEHHOE CeNIbCKOX03ANCTBEHHOE
nNpon3BOACTBO nNpon3BOACTBO
Bbi6pocbl NapHUKOBbLIX ra3oB YuntbiBas pa3Hoobpasue | MoacumMTaHo, YTO B CpeaHeM Ha

NAAHTALMAX MACANYHbIX NanbM
B 3TOM o0bnactm Konymbumn
reHepupyeTcsa:

N20: 0,85 3kB.T. CO2 ra roa™
CO;: 3,16 3kB.T. CO2 rat roa?t
(PALMACEITE, 2019)

OCHOBHOM CBfi3aHbl ¢ paboToi
no aganTauum 3emaun n ybopke
ypoKas.

CneayeT OTMETUTb, YTO, XOTA MNAHUPOBAHWE W NPOU3BOACTBO MNPOAYKUUM CEMENHOrO
KPEeCTbAHCKOrO CEe/IbCKOXO3AMCTBEHHOro MNPOW3BOACTBA B MUCCAeAyemoir 061acT MMEET JIOTUKY,
OT/INYHYIO OT rOCMOACTBYIOLLEN IOTMKU PbIHKA, 3TOT TUN NPOU3BOACTBA HE YyXKA, KanuTaancTUYecKom
9KOHOMMUKE U ee /IorMKe, 0cOB6eHHO B NPUOBPETEHNN PECYPCOB M YCAYT AN1A NPOM3BOACTBA U CEMbMU, a
TaKKe B NpoAake NpoM3BOAMMbBIX MPOAYKTOB, rAe KPeCcTbAHWH M CEMbA CTANIKMBAKOTCA C /IOTMKOM
PbIHKa Cnpoca 1 NpeanoXKeHus.

BbiBoAbI

Bbnarogapa ceoemy reorpadmyeckomy NONONKEHNUIO B TPONUYECKON 30HE U NOrOAHbIM YCNOBUAM
30Hbl KPECTbAHCKOr0 3aNoBeAHWKA A0NUHbI pekn CuMnUTappa, Nto601M TN CENbCKOTo X03AMCTBA MOXKET
pa3BuBaTbCcA KpyrnoroguyHo. CyuwiectByeT ABa npeobnajalowmx TUMA CENbCKOXO3ANCTBEHHOTO
npou3BoACTBa B M3y4aemoM 06/1acTM, KPecTbAHCKOro CeMeMHOro MpoM3BOACTBA B  MEJNKUX
NPOU3BOACTBEHHbIX €eAUHULUAX W NpeanpUHMMATENbCKOTO MNPOU3BOACTBA, MNPOABAAIOLLErOCA B
BblPALLMBAHUN MACIMYHOWN NaNbMbl.

KpecTbAHCKOE cenbCKoX03AaMCTBEHHOE NPON3BOACTBO OTBEYaeT 3a obecneyeHme 6onbluelt YacTu
NPOAYKTOB NUTAaHUA, NOTpebAseMbIX KPeCTbAHCKMMWN CeMbAMMU. Ero BaXKHOCTb COCTOUT B Ky/NbTYPHbIX
KOPHAX XKUTenen gna ux Tepputopun n cosgaHunm paboumnx mect. M3-3a HU3KOro ypoBHA NPOM3BOACTBA
M MHBECTUUMI, Manbix 0OBEMOB WMCNONb3yeMbIX YAOOPEHUN XMMUYECKOTO NPOUCXONKAEHUA,
obpa3oBaHMe MAPHMKOBbLIX rA30B, M OCOOEHHO Qa30THbIX rA30B, 4YPE3BbIYANHO MaN0, OAHAKO
nccnefoBaHUA gNa KOAMYECTBEHHOM OLEHKM BbIBPOCOB MAapHMKOBbIX ra30B Ha U3y4aeMon TeppuUTopmm
1 B 3TOM BMAE Ce/IbCKOXO3ANCTBEHHOrO NPOM3BOACTBA Yepe3Bbl4aMHO BOXHO.

KpecTbAHCKas 3anoBeAHaA 30Ha ABAAETCA NPUMEPOM COCYLLECTBOBAHMA PA3/IMYHbIX Moaenem
CENbCKOXO3ANCTBEHHOIO MPOU3BOACTBA, KOTOPblE C 3KOHOMMYECKON TOYKWU 3pPEeHUA MOXKHO Ha3BaTb
QHTArOHUCTUYECKMMMK, OOHAKO CYL,ECTBYIOT BHYTPeHHMEe aKTopbl, TaKMe KaK nepemelleHue
HaceneHna u MnjaoXxoe COCTOAHME [O0pOr, NPEenATCTBYIOWME npoAaxe npoaykrtos. OTcyTcTBUE
BO3MOXHOCTEN AN HAaCeNEeHUA U ero CTapeHue, KOTopble MOr/iM Bbl CKIOHUTb Yally BECOB B CTOPOHY
pOCTa NPOMbILLNEHHOrO CENbCKOX03ANCTBEHHOIO NPOU3BOACTBA B STOM.
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CHARACTERISTICS OF AGRICULTURAL PRODUCTION IN THE PEASANT RESERVE ZONE OF THE
CIMITARRA RIVER VALLEY, COLOMBIA

SEGURA MARTINEZ W. D.
RSHU, Saint Petersburg
wdseguram@gmail.com

Abstract: The Peasant Reserve Zones in Colombia are legislative figures with the objective of
promoting territorial development, overcoming social gaps and the high levels of poverty of the
population. The small-scale peasant and family economy, this is the economy that prevails in the
Peasant Reserve Zone of the Cimitarra River Valley, is characterized by being an extractive
economy, where the main labor force is provided by the family. Given the potential of the soils
and the climatic characteristics, large industrial oil palm crops have also settled in these areas. In
this paper, the characteristics of these forms of production for the study area are described.

Keywords. Peasant Reserve Zone, peasant family economy, industrial agricultural production.
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AHAJIU3 KOMMNOHETOB A3OTHOIO OBMEHA B MAXOTHbIX MOYBAX C MOMOLLbIO MOAENN
DNDC

CYXOBEEBA O. 3.

®rBYH MlHcmumym eeoepaguu PAH, Mocksa
olgasukhoveeva@gmail.com

AHHOTauua. Ha npumepe naxoTHbIXx noyB MOCKOBCKOM ob6nactn ¢ nomouwibto moaenn DNDC
BOCNpOM3BeAEeHbl MapameTpbl a30THOro obmeHa, B TOM YMcae IMUCCKA 3aKMcK a3oTa. Hanbonee
3HAUMMbIM  dakTopom AnA BONbLWIMHCTBA KOMMOHEHTOB MpPU3HaHbl yAo06peHua, ocobeHHOo
opraHu4yeckme. B wnx OTCyTCTBME CcOCTaBAAlOWME A30THOrO ObmMeHa Mano4vyyBCTBUTE/NIbHbI K
YCNOBMAM MOAENMPOBAHUA U, B OCHOBHOM, 33aBUCAT OT MOYBEHHO-KIMMATUYECKMX YCNOBUN.
YncneHHble 3HAYEHUA IMUCCUMN 3aKUCK A30Ta KONebAtoTca B HEOONbLWOM AgMana3oHe, NPy 3TOM
BblMaJalolWme OCaZAKM OKa3bIBAKOT Ha HUX ropasfo MeHbllee BAWAHWE MO CPaBHEHUID C
no4yBoo6pabaTbIBAOWMMN  MEPONPUATUAMU U BHECeHMeM YyaobpeHui. Bepudukaumsa no
NnTepaTypHbIM AaHHbIM NOKa3ana, Yto pesynbtatel DNDC ana HeyepHO3EeMHbIX NAaXOTHbIX NOYB
MOTYT OT/INYATLCA OT AAHHbIX MOJIEBbIX U3MEPEHUN.

KnioueBble cnoBa. ArposKoCMCTEMbI, 3aKMCb a30Ta, KapTodenb, LMK a30Ta, APoBasA NweHMLa.

BBepeHune

KomnoHeHTbl UMKNa a30Ta B NOYBE, C O4HOW CTOPOHbI, GOPMUPYIOT ee NA0OLAOPOANE, C APYION,
ABNAIOTCA  MapHWKOBbIMM  ra3amum. B  6uMomax ¢ npeobnagaHvem  3emMienonb30BaHUA
CENbCKOXO03ANCTBEHHOrO HanpaB/ieHMA OTMeYatoTcA HanmbonbluMe NoTepu OPraHMYecKoro asoTa U
ammnccms 3akmcn asota (N20) (Mowncees, Anabuna, 2007).

BBUAY CNOXHOCTM CBA3EM B CUCTEME «NMOYBA — pacTeHMe — aTMochepa» MHOMME NCCNea0BaTENN
NbITa/IMCb ONUCATb MUX MATEMATMYECKMU, YTO HAWIO CBOE OTparKeHue B CO34aHUM UMUTALMOHHbBIX
MoZenen, oTpaKkalowmx bMoreoxmmmnyeckme UMKAbl anemeHToB. OQHUM M3 TaKUX WMHCTPYMEHTOB
asnaetrca DNDC (DeNitrification-DeComposition) — moaenb AMHaMUKM a30Ta M yrnepoaa B NaxoTHbIX
nousax (Li et al., 1992).

DNDC HaxoauTca B CBOGOAHOM [0CTyne M NO3BOAAET OAHOBPEMEHHO OLEHUTb LMKAbl ABYX
3IeMEHTOB, a TaKXe rMapoTepmMmyeckue ycnosua B arposkocuctemax. OHa BXOAMUT B TPMALATKY
Ny4WKUX Moenein Mno4ysBeHHbIX MpoueccoB no AaHHbim International Soil Modeling Consortium wn
pekomeHayeTca K ucnonb3osaHuio PKMK OOH B KauecTse anbTepHaTUBbl meTogmkam MIMUK. Moaenb
LWWMPOKO MCNONb3YyeTCA B MMpe, B TOM 4ucne B Poccnm — gna oueHku smumccum N2O M3 nousbl nog
OBOLWHbIMM KynbTypamu (Balashov et al., 2010, 2014).

Lenb uccnepgosaHua cocrtoana B npumeHeHum mogenn DNDC gna aHanmsa cocTaBaAatowmx
broreoxmmmnyeckoro umkaa N B noYBax Ce/IbCKOXO3AMCTBEHHOrO Ha3Ha4vyeHua. B 3agaum nccnegoBaHums
BXOAMN: HACTpPolKa moaenn ana ycnosuin Poccum, BepuduKaumsa no AaHHbIM NONEBbIX OMbITOB,
OUEHKA YYBCTBUTENbHOCTM K BHELLUHMM YC0BUAM.

O61beKTbl U MeToAbl UccnepoBaHnnA

B KauecTtBe 06beKTOB MccnenoBaHMA 6blan BblbpaHbl NaxoTHble NoyYBbl MockoBcKoM obnactu,
NMOCKONIbKY WMMEHHO [A/NA Hee BXOAHble AaHHble 6blin Hambonee nonHbiMKM. MogenuposaHue
NPOBOAMNOCL HA MNpUMepe APOBON MWEHUUblI — OAHOM M3 OCHOBHbIX 3EpPHOBbIX Ky/abTyp,
BEreTauMoOHHbIA Nepuos KOTOPOM OXBaTbiBaeT OAMH KaNeHAAPHbIM rod, W Mocne co3peBaHuA
pacTuTenbHaa macca ybupaeTca ¢ nons, YtTo AaeT BOSMOMKHOCTb NONy4nTb 60siee TOUYHble pe3ynbTaThbl
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ONA  KPaAaTKOCPOYHOIO MOAENMPOBAHMA, a TakKXKe Kaptodpena — nNponalHOM KyAbTypbl, TaK¥e
OAHONETHEM, TEexXHONOrnsa BO34ENbIBAHMA KOTOPOM OTAMYaeTCA HauMboNbLIMM  KOAMYECTBOM
no4yBoobpabaTbiBAOLLMX MEPONPUATUN.

Mo paHHbIM EAMHOrO rocyAapcTBeHHOro peectpa MOoYBEeHHbIX pecypcoB Poccum (2014)
onpeaenannucb cpepHeB3BeLlleHHble NapameTpbl NOYBEHHOrO NoKpoBa. CpegHeCcyToYHble AaHHble O
NoroAHbIX ycnoBusax 6binum B3aTbl U3 6a3bl BHUU TMU — MU no meTteoctaHuuam BAHX, KonomHa u
Moalick 3a 1990-2015 rr. CpegHue [03bl BHOCMMbIX OPraHUYEeCKUX M MUHEPANbHbIX a30THbIX
yoobpeHnn Hbian paccumTaHbl MO AaHHbIM BronneteHen “BHeceHue yaobpeHu nopg, yporkan u
nposeaeHne paboT Mo XMMMYECKO menmopauum 3emesnb”. HaTbl NpoBeAeHMA arpoTexHUYeCcKux
MEepOonpPUATMIA onNpeaenancb No TUMNOBbIM TEXHONOTMYECKMM KapTam.

OugeHKa YyBCTBUTENBHOCTM  pPe3ynbTaTOB MOAENW K AHTPOMOreHHOMY BO3ZAENCTBUIO
NpPoOBOAMNACH MO BapUAHTAM, COCTAB/IEHHbIM MO MepPe YCNOXKHEHWUA BO3AEWCTBUA HA MOYBEHHble
npouecchl. B Kaxabi cneayowmii BapMaHT BKAOYAANCL BCe Npeablayline, U BBOAMUACA OAMUH HOBbIN
KOMMOHEHT (CxeMa BapMaHTOB NpeAcTaB/ieHa B MOANUCU K PUCYHKY 2).

Mpu BepudMKauMM B KavyecTBe BXOAHbIX [AaHHbIX BOCMPOM3BOAWMANCH YCNOBMA OMbITOB
(noyBeHHbIE, KAMMATUYECKME U arpoTEXHO/IOTMYECKUE) MO CBEAEHUSAM MCMO/b3yeMblX cTaTel, a
BbIXOAHbIE AaHHble MOAENN CPABHMBAIUCL C pPe3ynbTaTaMu NONEBbIX U3MEPEHWUIN KOMMOHEHTOB
a30THOro UMKAa.

Pe3ynbtatbl u 06cyKaeHune

1. Hacmpolika modenu

PaccunmTtaHHas ana naxoTHbiX no4yB MockoBckon obnactn amuceua N2O mana m B cpegHem
coctasnsaet 0,58 + 0,79 kr N-N20 ra? roa?, u anmwb npu M36bITOYHOM BHECEHUU YA0BPEHUIA MOMKET
pocturatb 3,5-5,1 kr N-N20 ra™ rog . Hebuonornueckoe csasbiBaHne atmochepHoro N 3aBucuT OT
0COBEHHOCTEN MOYBEHHOrO MOKPOBAa M METeoycnosuin u pasHo 6,65 + 1,64 wkr N ra?' roa™
A3oTduKcaums, cpeamn NoneBblX KyAbTyp, BO3MOXKHA Anwb y 60608bIX. NMoctynneHne N oT KOpHEBbIX
OCTaTKOB, MOBEPXHOCTHOrO MPUTOKA W OTTOKA B/IarM B PacCMATPMBAEMOM MPUMEPE PaBHbl HY/HO.
TaKkKe He3HauuTeNbHO OTAMYAIOTCA OT HyNA MOTOKM OKCMAA a30Ta U MONEKYAAPHOro asoTa.
BbiwenaunsaHue N B HUKenexalme c1om NoYBbl U BbIHOC €70 C NPOAYKUMEN KYyAbTyp, nocTtynaenme N
OT HaZ3eMHOM 6MoMacChbl, SMUCCUS aMMMaKa U ANOKCMAA a30Ta — NPAMO NPONOPLMOHANbHbI YPOBHIO
XMMM3aLMN PAaCTEHMEBOACTBA, T.€. KOIMYECTBY BHOCUMBbIX YA06peHuUN.

2. Bepucgpurkayus modenu

Mo pesynbTaTam BepudMKaUMM  ObINO  OTMEYEHO COOTBETCTBME  W3MEPEHHbIX U
CMOAENNPOBAHHbIX 3HAYEHMIM NO TAaKMM NOKa3aTenaAmM Kak BbiIHOC N KapTodenem U1 BbiwenaymsaHme N
03MMOM niueHuuen n Kaptodpenem 6e3 yaobpeHun (Tabn. 1). PacyeTHble 3HaYeHMA OblAU Bbllle
OMbITHbIX MO MocTynaeHUt0 N B MO4YBYy C aTMOCPEPHbIMM OCagKamM, BbILLENAYMBAHUIO €ro B
arpoueHo3ax niweHuupl U Kaptodena c npumeHeHnem yaobpenuii (8 20 n 13 pas). Moaenb 3aHMKana
BbIHOC N 03MMOI1 NWeHMLLEN U KOPMOBOM CBEKION B 2 1 3 pa3a. OTyacTn, nogobHoe pacxoxaeHue
MOXKeT ObITb BbI3BaHO OCpeAHEHHbIM XapaKTePOM MUCNONb3YEMbIX BXOAHbIX AaHHbIX.

DNDC ropa3go ToyHee Bocnpowussoaunia smuccmio N,O, yem perpeccMoHHble moaenu, U Ha
npumepe ceBepHOM YacTn benbrnn ee pesynbTaTbl 3HAYUTENILHO /y4ylle COrNacoBa/INCh C AAHHbIMU
NONEBbLIX MU3MEPEHUI HA NALLHAX NO CpaBHeHUto ¢ nactbmnwamm (Beheydt et al., 2007). ns ceHoKkocoB
toxHOM UpnaHgun pacdetHas amucema N2O npesbiwana peanbHble napameTpbl Ha 32%, Toraa Kak
¢dboHOBble 3HaUYeHMA BbIN CYLLECTBEHHO €to 3aHUXKeHbl (Hsieh et al., 2005). Ha nactbuuiax cesepHoro
Kutasa mogennpyembiit notok N,O 6bin Ha 40% HUKe pe3ynbTaToB nonesbix namepeHuin (Wang, Wang,
2003). B /leHnHrpaackom obnactn moaenb nepeoueHnsana notokn NoO B noceBax APOBOro A4YMeEHA Ha
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cynecyaHbIX NOA30/INCTbIX NOYBAX C WAMOBMANbHBIM FOPU3OHTOM MPU BHECEHWM Pas3IMYHbIX [03
a30THbIX yaobpenun (Banawos u ap., 2010). DNDC no cpaBHeHuio ¢ mogenbio SWAP nyduwe
paccynTbiBasa U3MEHEHME BNAXKHOCTM NOYBbI NOC/AE BbINAaAEHUA PA3/IMYHOIO KONMYECTBA 0CAAKOB, HO
npourpbiBana B TOMHOCTU OLIEHKM AAMHAMUKK TemnepaTyp no4sbl (Balashov et al., 2014).

Tabnuvua 1. ConoctaBneHne AaHHbIX MOAE/IMPOBAHUA C PE3YIbTAaTaMU NOJIEBbIX U3MEPEHUM
(Bepudpmkauma moaenm DNDC no autepaTypHbIM ucTouHuKam), Kr N ra rog?

Mogenb- Monesble ONbITHbIE AaHHblE
MapameTpel Hble 3Haye-
3HauYeHmn PervoH Mousa Ccbinka
Hue
n N
octynneHune N ¢ atTmochepHbIMU 44-83 33-43
ocaaKamum
BbiwenaumsaHme N Mockosckan
. obn., [depHoBo-
. O3umasn nweHunua, 6e3 ygobpeHui .
Moaonbckuii p- [chabonoasonucras,
° O3Mmasd nweHnua, ¢ 0,4-0,8 0,6-0,9 MBaHOB,
H, ONbITHOE |CpeAHecyrMnHUCTanA
yAo6peHvamu 4,3-36,7 | 09-1,1 o 1969
. X03AUCTBO Ha NOKPOBHOM
° Kaptodensb, 6e3 yaobpeHuit 0,7-2,7 1,6-2,6
K 6 171527 19-34 BUMXKa TAXENOM CYr/InHKe
[ ] - -
apTodens, c yaobpeHuamu B , , , “Ulanoso”
BbiHOC N 68,7 -
° O3Mmasd nweHnua 33,1-51,1 114,3
epHoBO-
Bnagmmupckan ncfl 3F:::1V|CTaﬂ Jlykm,
° KapTtodenb 24,7-68,6 61,4 A P A Mapuyk
061. nerkocynecyaHas
,2011
cnaborneesaran
Mocksa, [epHoso- Knguu
. KopmoBas cBeKkna 18,2 - 190- OnbirHas no 3F:)}1VICTaFI " "
i 104,1 214 CTaHuna PTAY- cpe Hﬂc rMMHUCTanA Zg'(F))E;’
MCXA peanecy
3. OueHKa YyyecmeumesnbHOCMU Mooenu

Hanbonbwwnin otkank notoka N2O B aTmochepy OTMeyaeTcA Ha BHECEHME MMUHEPAsbHbIX
yaobpeHnin, a TaKXKe Ha npoBeAeHMe No4Bo0bHPabaTbiBAOWMX MEPOMPUATUIA, TOrAa KaK BCMEeCK
3MUCCUM NOCNE INBHEBBIX ABNEHWUIN ropasao HUXKeE, AaKe B roAbl ¢ 4edULNTOM NeTHEro YBNAXKHEHUA
(puc. 1). MockonbKy B ucxoaHom BapraHTe DNDC 6bina co3gaHa Kak moaenb amuccum N0, cBA3aHHOM
c poxaesbimu asneHnamu (Li et al., 1992), oTcyTcTBME SAPKOro OTKAMKA M OTHOCUTE/IbHO cTabunbHoe
BblgeneHune N,O B pe3ynbTate geHUTPUDUKALLMKN, BEPOATHO, CBA3AHO € TeM, 4TO MOCKOBCKasa 0bnacTb
NeXUT B 30HE AOCTATOYHOrO YBNAXKHEHUA, U NOYBEHHAA BNara He ABNAETCA IMMUTUPYIOLLMM GaKTOPOM
ONA XU3HeJeATeNbHOCTU MUKPOOPraHM3MOB B epHOBO-NOA30/MUCTbIX MOYBaX.

Ha npuvmepe cynecyaHbix NOA30/UCTbIX NOYB ceBepo-3anaaa Esponelickon yactm Poccum nog,
APOBbIM AYMeHeM, KapTodenem U 6enoOKOYaHHOM KanyctoW, HaobopoT, Obina oTMeyeHa
4yBCTBUTENBHOCTL amuccum N»O, nporHo3mpyemon ¢ nomouw,bto DNDC, K cymme ocazkos, gone nop,
3aMNONHEHHbIX BOAOW M KOIMYECTBY a30THbIX ya06peHnit (Balashov et al., 2010).

Mpn CenbCKOXO3AMCTBEHHOM WCNOAb30BaHUM cogepkaHne N B MNAXOTHOM C/l0e MOYBbI
YMEHbLLAETCA, @ COXPaHEHME BO3MOKHO TONIbKO NPU BHECEHUM YyA0OpEeHUIA, 0COBEHHO OPraHUYeCcKmX,
KOrfa CKOpOCTb HaKomieHMAa moxkeT 6onee yem B 100 pa3 npesbiwaTb NOTOK B Mapylowen noyse
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(Tabn. 2). YpobpeHus no3BoAAOT NOKPbITb noTepu N, CBA3AHHbIE C OTYYKAEHWEM PACTUTENbHOM
6ruomacchl Npun y6opKe CeNbCKOXO3ANCTBEHHbIX KY/bTYp, HO OAHOBPEMEHHO NoBbIwaeT amuccuio N2O

(puc. 2). CnepoBaTtenbHO, pauMOHaNbHoe

BHECEHME MUHEpPaNbHbIX U OpPraHUYeckux yaobpeHui,

paccymMTaHHOE C Y4eTOM XapaKTepPUCTUK MOYBEHHOrO NOKPOBA M, B YaCTHOCTU, coAeprkaHnAa B Hem N,
ABNAETCA OCHOBHbIM CPeACTBOM HeE TOJIbKO nogaepXaHnAa NnoO4YBEHHOIo naoaopoanAa, HO U CHUXEHUA

amuccmm N;0O.

= 0.3 EHECEHHE S3OTHEX 112c g
or MHHERS, vaoopeH M

025 % F 1110 @ -
L 2 ar
B F 1100 3 e

= o
0,2 -
E: | 1090 g E
= =
20,15 1080 § %
s ——'_"'———_______.__,_____ T E
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. 0,1 nNpeanocaaoqaHan EHECEHHE E =
] KYBTHES LMA 36§ sasaHEE033 W BENAWKS -o1o0el : z
§D.DS oCaaRoE 25,5 rama g ﬁ
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Puc. 1. OueHKa 4yBCTBUMTENbHOCTM a30THOro 610Ka mogenn DNDC K MeTeoponornyeckum ycaoBmam
(2011 r., rog c AedMUMTOM NETHETO YBNAXKHEHMUA, KOTAa H6bIN10 OTMEYEHO ABa IMBHA) U

arpoTexHo/IOrM4YecKnm meponpuaTnam, Kr N ra? roa

1

1 — samucema 3aKmMcK asoTa, 2 — cogepxaHme opraHMY4eCKoro asoTa B C210€ No4YBblI 0-10cm

Tabnuua 2. OueHKa NOTOKOB a30Ta B NaxoTHbIX NoyBax MocKoBCcKoM 061acTn Ha ocHoBe
CTYNeH4YaToro MoaenmposaHua ¢ nomolbio mogenn DNDC, kr N ra™? roa™

KynbTypa Map ApoBasa nweHunua | KapTtodenb
BapuaHT I Il 11 1% V Il 1] IV \Y
MNornoweHue ns atmocdepsbl 6,7 6,7 6,7 6,7 6,7 6,7 6,7 6,7 6,7
BbiwenaynsaHune 1,6 0,5 0,6 13,6 210,5 0,9 1,7 59,6 257,1
flocrynnenme ¢ 0,0 2,6 9,9 197 | 204 | 24 7,3 8,7 8,8
pacTuTenbHbIMKU OCTaTKaMu
BbIHOC Ky/NbTypoO 0,0 13,2 19,5 42,6 44,1 17,3 26,3 32,3 32,8
Imumccma ammmnaka 0,7 0,3 0,3 0,5 2,8 0,4 0,6 1,2 4,5
dmMumccma 3aKMCK a3oTa 0,1 0,0 0,1 1,5 51 1,0 0,3 0,7 3,5
flunamika conepiaHa 43 | -49 | -40 | 658 | 5380 | -98 | -150 | 204 | 4983
asoTa B noyse
500 25 | — KAMMaT 1 noysa (YncTblit nap); Il — KAMmart, noysa
o , 1 06paboTka nousbl (06pabaTbiBaEMbIN YACTbIN Nap);
Il — Knumar, no4yBa, 06paboTKa NOUYBbLI U PacTEHUA
o 15 (nocesbl KynbTyp); IV — KAMMaT, NouBa, 0bpaboTKa
200 MoYBbl, PAaCTEHUA U MUHEpPa/bHble YA06peHuUs

Codls pria HWE © pra HVHEC HO D 83078 BoAss
okl 0-10cw, br Mra-l rog-l

= gvHamMKa cogepsaHmMA a20Ta B novse, kr M/ra

e, IMMCCHA 33KMCH 33073, kr N fra

(yaobpsiemble nocesbl KyAbTyp); V — KAMMaT, NoYBa,
0b6paboTKa No4Bbl, pacTeHma, MMHepasbHble U
opraHudyeckue yaobpeHus (yaobpaemble nocesbl
KYNbTYp C BHECeHMem HaBo3a), VI — Kammar, noysa,
0b6paboTKa No4Bbl, pacTeHusn, ABOMHbIE A03bI
MWHEpPanbHbIX U OpraHMYeckux yaobpeHuii (nocesbl
KY/bTYP C ABOWMHbIMW A03aMK YA06peHNit)

-
S e A arc mazora, i Na-l rog-l

Puc. 2. OueHKa YyBCTBUTENBHOCTU MOAENM K Pa3/IMYHbIM TUMAM aHTPOMOreHHOoro BO3AencTBums
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BbiBoAbI

Ons BCcex KOMMOHEHTOB OMOreoXMMMYecKoro LMKAa a30Ta B NAXOTHbIX MoyBax Hambonee
3HAYMMbIM AKTOPOM ABAAKOTCA BHOCMMble ya0bpeHns, ocobeHHO opraHuyeckme. B ux otcytcreme
COCTaBAAOLWME a30THOrO 06MeHa MaIoYyBCTBUTE/IbHbI K YCI0BUAM MOAENNPOBAHWUS U, B OCHOBHOM,
3aBUCAT OT MNOYBEHHO-KAMMATUYECKUX YCNOBUN. YUCNEHHbIE 3HAYEHUA 3SMMUCCUM 33KUCM a30Ta
KonebntoTcAa B He60NbWOM AMana3oHe, NPU 3TOM BbliNaZatowmMe 0CagKM OKasblBAlOT HA HUX ropasao
MeHblUee B/AMAHME NO CPaBHEHMIO C NO4YBOOOPAbATLIBAOWMMM MEPONPUATUAMU U BHECEHUEM
yaobpeHuin. Bepudukauma no nutepaTypHbIM AaHHbIM MOKa3ana, 4To pesynbTatel DNDC ana
HEeYEepPHO3EeMHbIX MAaXxOTHbIX MOYB MOFYT OT/IMYATBLCA OT AaHHbIX MOAEBbIX U3MEPEHUN.

bnaropapHocTu
PaboTa BbinosHeHa Npu nopaeprkke rpaHta PH® Ne 20-76-00023, a TakKe B paMKax roc3agaHus
NHcTuTyTa reorpadpumn PAH Ne 0148-2019-0009.
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THE ANALYSIS OF NITROGEN EXCHANGE COMPONENTS IN ARABLE SOILS WITH THE MODEL DNDC
SUKHOVEEVA O. E.

Institute of geography RAS, Moscow, Russia
olgasukhoveeva@gmail.com

Abstract. By the example of arable soils in Moscow region, the parameters of nitrogen exchange
were calculated with the model DNDC, including nitrous oxide. Fertilizers, especially organic,
were recognized as the most significant factor for many components. If they absent, the
parameters of nitrogen exchange are insensitive to the modeling features and mainly depend on
soil and climatic conditions. The values of nitrous oxide emissions fluctuate within a narrow
range, and precipitation influence on it much less in comparison to tillaging and fertilizer
application. Verification on the base of literature data showed that DNDC results for non-
chernozem arable soils may differ from field measurements of nitrogen cycle components.

Keywords. Agroecosystems, nitrogen cycle, nitrous oxide, potato, spring wheat.
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®UTOCAHUTAPHOE COCTOAHME NOCEBA NPU BHECEHUW PA3HbIX 4,03 A30THbIX YAOEPEHWUIA B
AEPHOBO-NOA30J/IUCTbIE MO4YBbl CEBEPO-3ANALA POCCUU HA MPUMEPE APOBOIO AYMMEHA

®ECEHKO M.A., LLUNAHEB A.M., AEHUCIOK E.C.
®rEHY A®U, CaHkm-lTemepbype

ramylek@yandex.ru, ashpanev@mail.ru

AHHOTauuAa. BHeceHMe  a30THbIX  yaobpeHW B AEpPHOBO-NOA30/AUCTYIO  NOYBY
BbICOKO3I)PEKTUBHbBIN NPUEM, YBEIMYMBAIOLWMIA YPOIKAMHOCTb APOBOro AYMeHA bonee, yem B 2
pa3a. OgHAKO NpW 3TOM U3MEHAETCA CTPYKTYpa M YUCNEHHOCTb KY/NbTYPHbIX U COPHbIX BUAOB
pacTeHWU, HACEKOMbIX, MUKPOOPTraHNU3MOB, YTO BEAET K USMEHEHMIO COCTOAHMA arpO3KOCUCTEMDI
B LEeNOM. BbicOKMe A03bl a30THbIX yA0b6peHui TpebytoT fononHUTENbHOM 06paboTkM NpoTMB
Bo3byauTenen 3aboneBaHnii U BpeauTenen. Bbicokana ueHa Ha GYHIMUMAbI U MHCEKTULMAbI
AenaeT NpaKkTUYeCcKn HepeHTabenbHbIMM, U KaK CNeACcTBME HEPErYNAPHbIMKU 3T meponpuaTHa. B
arpougeHose MNPOMCXOAUT HaKoM/AeHWe naToreHoB W MNOABAEHME PE3UCTEHTHbIX GopMm.
TexHONOrMM TOYHOTO 3emMneseNnna B HEKOTOPOWM CTENEHU CrNAXKMBAKOT 3T HeraTMBHbIE TPEHAbI,
BMecCTe C Tem, Heobxoaumbl 6onee cepbesHble wWarn no obecneyeHuto GuobesonacHocTU
arpocdepbl.

Kniouesble cnoBa. A3oTHoe ypobpeHue, ApOBOM AYMeHb, MoOneBon ceBoobopoT, COopHble
pacteHus, bonesHu n BpeguTenn.

BesepeHue

3HaunTenbHoe yBenNYeHMe NPOM3BOACTBA 3€pHA Ha 3KCMOPT MPUBENO K CyL,eCTBEHHOMY
yBENYEHMIO MN/oWaAer noA 3epHOBbIMU KynbTypaMM B pPervoHax, paHee MMeBLWX APYryro
cneunanusaumio (Nyrosoe KopmMonpous3BOACTBO, KapTodeneBoactBo M Ap.). TakMe U3MeHeHuA
3aTpoHynn n CeBepo-3anagHblii PervoH: peKkopAHble 3a BCHO UCTOPUIO YpOXKau 3epHa cobpanwu
NenunHrpaackaa (161 n 146 Tbic. T.) U KannHuHrpaackas (688 mn 680 Tbic. T) obnactn 8 2020 1 2019 rr.,
cooTBeTcTBEHHO (sdelanounas.ru). Mpu 3TOM, OCHOBHOM 3€PHOBOWM KyNbTypoW B JIeHMHIPaACKoOM
obnactu siBnsaetca aumeHb (11,6 % oT nnowaam scex nocesos B 2020 r), B KaAMHUHIPaACKON — 03UMas
(23,8%) n saposasn (7,9%) nweHnua (Cenbckoe xo3ancTBo B Poccum. 2019).

CoBpemeHHoe 3emnegenve CeBepo-3anagHoro pervoHa 6asmpyeTca Ha 3KcnayaTaumm
OKY/NIbTYPEHHbIX B MPOLIIOM AEPHOBO-NOA30AUCTbIX NoYB. CTeneHb OKYyAbTYPEHHOCTU TaKMX NouB
BapbMpyeT OT [AaBHO W BbICOKOOKY/IbTYPEHHbIX MNo4YB B KanMHWHIPaaACKOM W UHTEHCUBHO
OKYNbTypeHHbIX B 70-80-e roabl NPOLLNOro CTONETMA NAaXOTHbIX NOYB B JIEHUHIPaAcKoi obnacTax Ao
CcNnabooKynbTYypeHHbIX NouB HoBropoackoi obnactu. NMpuBeaeHHbIe Bbile AaHHblE MOKAa3bIBaloOT, UTO,
K COXaJIEHUO, MMEHHO BbICOKOOKY/IbTYPEHHbIE B MPOLW/IOM AEPHOBO-NOA30/IMCTbiE NMOYBbLI CTaNM
OCHOBHbIMW  CpeAcTBaMM  3KCMJyaTauuMm B HacTosuwlee Bpems. MWCKAOUMTENbHO  BblCOKas
3P PEKTUBHOCTb A30THOINO yAO0OpPEHUA Ha TakMX No4YBaxX NPMBENa K MPaKTUYECKU MOBCEMECTHOMY
nepexoAy B perMoHe K MOHOA30THOM cucTeme yaobpeHniA — Ha 40110 a30THbIX yA06peHuin npuxoantca
60-70% oT BCcex BHOCUMbIX yaobpeHnin. OgHaKo, Takoe X03AMCTBEHHOE UCMO/Ib30BaHMe 3TOro ocobo
LEeHHOro 3emeibHOro GoHaa pernoHa BeAeT K BecbMa bbICTpon Aerpagaumm No4BEHHOro N1040POAMUA
(MBaHoOB 1 ap., 2016).

Hapagy ¢ gerpagauuyeit noYBeHHOro nNaogo0poama, HecbanaHCMPOBAHHOE BHECEHWE a30THbIX
ya06peHuin B 4ePHOBO-NOA30INCTYIO NOYBY U3MEHAET CTPYKTYPY M YNCNEHHOCTb NONE3HbIX M BPEAHbIX
BMAOB PACTEHMM, HACEKOMbIX, MMKPOOPraHM3MOB, YTO BeaeT K GUTOCAHUTAPHOM AecTabunmsaumm
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arposKocuUCTeEMbl B LENOM. Pe3ynbTaToM W3y4eHWs 3TOM CTOPOHbI BOMpOCa fABAAETCA AaHHOE
coobuieHue.

O6beKTbl U MeToAbl UCCNeA0BaHUA

NccnepoBaHua HavaTbl B 2012 rogy B arpo3KON0OrMyeckom ctaumoHape MeHbKOBCKOro dpunmana
Arpodusnyeckoro MHCTUTYTA (FaTYMHCKIMI paitoH JleHnHrpaackoi obnactu). B HacToAwem coobueHmm
NPMBOAATCA pe3yNbTaTbl IKCNepumeHToB 3a 2012—-2017 rr.

CraumoHap npepacTaBnset coboin  7-MONbHBLIA  3epHO-TPABAHO-NPONAWHOMN  CeBoobopoT,
OCHOBaHHbIN B 1984 r. CeBo060OPOT pa3BepHYT B NPOCTPAHCTBE M BO BPEMEHU, U C MOMEHTA OCHOBaHMA
nmeeT 3 ypoBHS yA06peHHOCTU, GOPMUPYEMbIX EXKEro4HbIM BHECEHMEM MUHEPaNbHbIX YA00peHUN.
MouyBa ceBo06OPOTA AEPHOBO-NOA30NCTAA CyNecHaHan XOPOLIOOKYAbTypeHHaA. boNbWMHCTBO Nonen
CTaLMOHapa MMeLOT CU/bHYIO CTENEHb 3aCOPEHHOCTMW.

B BapuaHTe BbICOKOM ya0bpeHHOCTM A03a asoTa coctasnseT 100, cpeaHeit — 65 Kr 4.B.-ra’?,
HU3KOM — ya0bpeHna He BHOCATCA.

Pe3ynbtatbl u 06cyKaeHne

BennumHa ypoXKalHOCTM AYMEHA onpeaenanacb MNOroAHbIMM  YCAOBUAMW BereTaumu, B
KOHKPETHbIN BEreTaumMoHHbIM Nepuos - B NepByto o4yepesb YPOBHEM a30THOIO NUTaHMA. Mpu cpeaHen
3a rofibl U3y4eHuna ypoKaHoCTM B BapuaHTe 6e3 yaobpennin 1,78 T ra’lsHeceHue a3oTa B f03e 65 Kr
A.8. ra’lysennumesano ee Ha 1,47 trat; 100 kr a.8. N ra! c6op 3epHa Bo3pactan 6osee yem B 2 pasa (Ha
2,15 tral).

Mog BAMAHMEM a30THbIX yA006peHN yBennYMBanacb HayanbHasA 3aCOPEHHOCTb NOCEBOB APOBOro
AYMEHA MAaNONETHUMMN BUAAMW COPHbIX PAaCTEHUI, B 0COBEHHOCTU OT3bIBYMBLIMMW HA @30THOE NUTaHME
Mapblo 6101 U NUKYAbHUKAMMK, NAOTHOCTb NPUCYTCTBUS MHOIONETHUX BUAOB COPHbIX PacTeHUM
(waBenb manbiit, 0COT NONEBOM, MaTb-U-Mayexa ObObIKHOBEHHAA), HaNPOTUB, CHWXKanacb B 2.0-3.7
pa3a. bosee BbICOKAaA YNCAEHHOCTb TOPULbl NONEBOM, KOTOPAA OTHOCUTCA K Fpynne OoKcunodpuTos —
pacTeHWUI, NPeAnoYMTAOLWLMX KUCYIO PeaKLMio NOYBEHHOIO pacTBopa, Habaaanacb B BapuaHTe, rae
He 6blN0 NPeayCMOTPEHO BHeCceHMe a3oTa.

KonnuyectBo COpHbIX pacTeHWMi 3a nepuog, oT ¢asbl KyweHUs A0 NOJIHOM CNenoctTu ApPOBOro
AYMEHA CHUXKANOCb Ha 44% 1 Ha 28% B BapuaHTaXx C BbICOKOW M cpegHen 40301 a30Ta, COOTBETCTBEHHO.
Mpu 06Lwem CHUKEHNM YNCNEHHOCTM COPHbIX PAaCTEHMIN Macca KaxKaoro U3 ocTaBlumxcsa, popmupyemas
Ha MOMeHT YyBOpKM yporKas, AOCTOBEPHO M 3HAYMUTeNIbHO yBeanymanacb — ot 0.58 B BapuaHTte 6e3
yaobpenuin, 10 0.92 n 1.33 r Ha 1 pacTeHue npu Nes 1 N1go, COOTBETCTBEHHO. KaK cneacTeme, BHeCEHUE
a30Ta AOCTOBEPHO YBE/IMYMBANIO OOLLYIO BEreTaTUBHYKO MACcCy COPHbIX PAacTEHUM K KOHLY Beretaumm
AumeHa B 1,39 (npm Nes) u 1,45 (npu Nigo) pasa. Ha HeypobpeHHOM BapmaHTe 0bLwan 3aCOPeHHOCTb
NOCeBOB APOBOro AYMEHA OCTaBanacb 6e3 N3MeHeHuN.

K uncny ocHoBHbIx 3a601€BaHNIN AYMEHA B PErMOHE OTHOCATCA KOPHEBbIE THUAW U NATHUCTOCTH
JINCTbEB Fre/IbMUHTOCNOPMO3HON 3TUONMOrMKU. o BAMAHMEM a30THbIX yA0OpeHMn 6bino BbiABAEHO
3HAYMTENIbHOE W CTATUCTUYECKM [O0CTOBEPHOE CHUMNKEHME WMHTEHCMBHOCTU MOPAXKEHUA PACTEHWUN
APOBOr0 AYMEHA KaK KOPHEeBbIMU THUAAMKM (¢ 25 go 16%), TaK M reNbMUHTOCNOPUO3HbLIMM
naTHucrtoctamu (c 8,1 ao 4.4%), Bchneacteme oaHoro obuiero Bo3byautens gna obomx 3abonesaHui.
[nsa puHxocnopmosa Te e NocNeAcTBUA OT BHECEHMA MUHeEpPabHbIX yaobpeHnin Bbinm xapaKTepHbl
TONbKO B OTAENbHbIE rogbl. BmecTe ¢ Tem, B roabl cnaboro npoasieHMA KOPHEBbIX THUIEM BCTPeYanachb
obpaTtHas cUTyaums, Bbl3BaHHAA A3pOreHHbIM pacnpocTpaHeHnem BO3byauTenen
re/IbMMHTOCMOPMO3HbIX NATHUCTOCTEM: B 2017 rogy WHTEHCMBHOCTb MOPaXKEHMA B  BbICOKO
yao6peHHOM BapuaHTe 4.9%, Toraa Kak B KoHTpone — 1.6%.
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Mog pAencTBMem BO3PACTAOWMX [03 MUHEpPasbHbIX YA0OpeHU nposBuaacb TeHAEHUMA
YCUNIEHUA Pa3BUTUA HA JINCTbSAX MYYHWUCTOM POCbI M KAap/IMKOBOM pP¥KaB4YMHbI, YBE/MYMBANACL A0NA
3epeH AYMEHS, NoparKeHHbIX rpubamm pp. Alternaria n Fusarium. B oTaenbHble rogbl 3apa*KeHHOCTb
3epHa ybpaHHOro ypoxaa Hanbonee onacHoimu py3apmeBbiMmn rpubamm Bospacrtana B 2,9-3,6 pasa.
BansaHne mmnHepanbHbIX yA0OpEeHUI Ha 3apaKeHHOCTb 3epHa CBA3aHO C MU3AMEHEHUEM MUKPOKAMMATA
B 6/1aronpuATHYIO ANA NATOreHOB CTOPOHY (NOBbIWEHHAA BAAXHOCTb M CPAaBHUTENIbHO CTabUIbHbIN
TemnepaTypHbI GOH), a TaKKe C noneraHnMem nocesa.

Komnnekc ¢utodaros Aposoro AumeHs Ha CeBepo-3anage PO BKkAOYaeT LWBEACKUX MYX,
4epemMyxoBO-3/1aKOBYIO M OONbLYKO 3/1aK0Bble TAEW, MNbABUL, MWUHUPYIOWMX MYX, JIUCTOBbIX
NMUAUAbLLINMKOB. BHECEHME MUHEPabHbIX YA0OPEHUIA NPUBOANIO K AOCTOBEPHOMY CHUMKEHUIO OOLLEN
CTENEHU MOBPEXAEHUS /NINCTbEB SAPOBOr0 AYMEHA JIMYMHKAMM JIMCTOBbIX MNUAUAbLUMKOB. M3
YNOMAHYTbIX BpeguTenei X03aMCTBEHHOE 3HAYeHMe B OTAEe/IbHble oAbl MMENU LBEeACKUE MYyXU U
4yepemyxoBO-3/1aK0BaA TAA.

BTopbimM M3y4yaembiM GaKTOPOM B SKCMEPUMEHTE ABNANACL MHTErPUPOBAHHAA CUCTEMA 3aLUTbI
pacTeHWUI, COrIaCHO KOTOPOM Ha % Ka)K40ro M3 BAapWUAHTOB NPU MPEBbIWEHMM NOPOroBbIX 3HAYEHUN
NPOBOAUNMNCH 3ALWMUTHbIE MEPONPUATUA NPOTMB BCETO KOMMNJIEKCa BpeAHbIX OPraHN3MOB.

AuMmeHb ABNANCA NOKPOBHOM Ky/IbTYPON ANA BbICEBAEMbIX OAHOBPEMEHHO C HUM MHOTONETHUX
TpaB (KneBep+TMModeeBKa), YTO B 3HAUYUTENIbHON Mepe OrpaHu4YMBano BbibOp Mpenapata M CPOKU
06paboToK. MNPOTUB COPHOM PACTUTENBHOCTU MOCEBbLI APOBOr0 AYMEHA eXeroaHo B ¢ase nepsoro
TpoM4aToOro NMcTa Knesepa KpacHoro obpabatbiBanu repbuumaamm arputokc, BK (1 n-ral) mam
6a3arpaH, BP (2 n ra’l). na 3aumTbl OT CEMEHHOM 1 NOYBEHHOM MHOEKLMM B pa3Hble robl NPOBOANAM
06paboTKy cemaH dyHrmumaamm knag, KC (0.4 n 1), suHumt dopte, K3 (1.0 n-11), namagop, KC (0.2
n-1l), cuctmea, KC (0.5 n-Tl), or GonesHel NUCTOBOro annapaTta M Koioca — OMPbICKMBaHUE
BEreTUPYOLLMX PacTeHM AYMeHs B pa3e Hayasla KonolweHua npenapatamu anbto Cynep, K3 (0.4 n-ra’
1), 3aHTapa, K3 (0.8 n-ral), nposapo, K3 (0.8 n-ral), conurop, K3 (0.7 n-ral), tutyn Ayo, KKP (0.3 n-ra-
1). B roZibl MaccoBOro pa3smHOMeHMsA YepemyXx0BO-31aK0BOM TN MPUMEHSANN UHCEKTMUMABI GydaHOH,
K3 (1 n-ra?) unm kapata 3eoH, MKC (0.15 n-ral).

3alUNTHbIE MEepPoNpPUATUA B MeHbLUel cTeneHn, HO B BONbLUMHCTBO NeT AO0CTOBEPHO BAMAAN Ha
BE/IMYMHY 3€PHOBOI NPOAYKTUBHOCTK, yBeNMYmMBas nocneaHowo Ha 0,59, 0,80 1 0,62 T ranpu No, Nes
1 N1oo, COOTBETCTBEHHO. MeKroaosble pa3nnyma B 3GpPeKTUBHOCTM NPUMEHEHUA a30THbIX YA06peHui
M cpeacTB 3aWwmTbl pacTeHnin Ha Cesepo-3anaae PO gocturanm 4 pas. NpumeHeHMe cpeacTB 3alLmTbI
pacTeHuni Ha GoHe a30THbIX yA0OPEHUI CHUXKANO 3Ty BapMabesibHOCTb YPOXKAMHOCTM APOBOro AUMEHS.

BbiBoAbI

BHeceHMe a30THbIX yA0O6pEHWNI B 3HAUMTENIbHOM CTENeHM U3MeHAeT PUTOCAHMUTAPHOE COCTOAHME
nocesa, B YaCTHOCTM, APOBOro AYMeHA. ECAM npu HEBLICOKOM YpPOBHE MMHEPANbHOrO MUTAHWA B
cucTeme 3aWmTbl pacTeHMn AOCTAaTOYHO OblN0 NpeaycMOTpPeTb NPOTPaBAMBaHME ceMsaH M 6opbby C
COPHOW pPacTUTENbHOCTbIO, TO B BapMAHTaX C MNJIaHUPYEeMOM BbICOKOM YPOXKaMHOCTblO TpebytoTca
AonosHuTeNbHble 06paboTKM nNpoTMB BO3byauTenel 3aboneBaHUi. BbicoKas ueHa Ha ¢yHruumabl
CHU)AEeT peHTabenbHOCTb  XMM3aWwmTbl. LleHbl Ha  MHCEKTMUMAbl  AeNatoT  NPaKTUYECKM
HepeHTabenbHbIMM MeponpuatTMa no b6opbbe ¢ BpeguTensmm M OyayT onpaBAaHbl TOMbKO B
oTaencHble roapl. OTcyTcTBMEe 06paboToK GyaeT npmBOoAUTb NpU HGAArONPUATHBIX KAMMATUYECKUX
YCNOBUAX K HAKOMJIIEHWUIO MNAaTOreHoB M 3NUPUTOTMAM; MNPUMEHEHME NecTUUUAO0B, HanpoTuB,
MHAYUMPYET NoABAEHME B NONYNALMAX BPEeAHOM BMOTbl PE3UCTEHTHLIX GOPM M HEraTUBHO MOBAUAET
Ha Heuenesble opraHnsmbl. CoOKpalleHne BUA0BOro pasHoobpasuna KyibTyp NoneBbix CeBOO6OPOTOB B
yroay KOHbIOHKTYpPE pblHKa 3HAYMUTENIbHO YCKOPAET 3TU NPOLLECChbl U YCUIMBAET PUCKU. TAaKUM 06pasom,
arponpomn3BOACTBO BbIXOAWT Ha HOBbIA BUTOK ewe 6onee pecypcos3aTpaTHbIX W MNpU  3TOM
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aQHTMIKONOIMYHbBIX TexHoNormin. OCHOBOMOMIOXKHUK — CTpaTerMm aganTUBHOW  MHTEHCUUKaLUK
pacTeHneBoACTBa akagemuk A. A. yuyeHKo ewwé B Hayane 2010-x roaoB KOHCTaTUMPOBAN NOBbIWEHWNE
YCTOMYMBOCTU K nectuumpam bonee yem y 500 BMOOB HaceKOMbIX-BpeauTenen, AeCcATKOB BUAOB
BO36yauTeneit 6onesHelt U COTEH COPHAKOB, OOBACHAA 3TO HE TONbKO UX MHOTOYMUC/IEHHOCTbIO, HO U
3HAYMTENbHO BONbWMM NOTEHLMANOM UX FEHOTUMMUYECKON U3MEHYMBOCTM B «3BOIIOLLMOHHOM TaHLLE»
pacTeHne-xo3AanH-napasut (HKydyerHko, 2012).

TexHONnorMm TOYHOro 3emiefenns B HEKOTOPOM CTeneHW CrAa*KMBAKOT pPa3BUTUE  ITUX
HeraTMBHbIX TPEHAO0B PA3BUTUA CENbCKOXO3ANCTBEHHOrO NMPOM3BOACTBA, HO He pelatoT npobnemy
NONHOCTbIO. [NA nNpefoTBpalleHMA cuTyaumm TpebytoTcA CpoYHble, aKTUBHEWWwMe mepbl Mo
obecneyeHunto 6mMobesonacHOCTM arpoakocuctembl. B ocHose 6uobesonacHon arpocdepbl moryTt
NnexaTb AJIMHHOPOTAUMOHHbIE TPaBOMOJIbHble CEeBOOOOPOTbI, BBEAEHWE MOYBOOYUCTUTE/NbHbIX
ceBOOOOPOTOB W Ky/AbTYyp, ONTUMWU3UPOBAHHbLIA NO Ga3am KyabTypbl MUTATE/IbHbIA PEXKUM,
AONYCTUMOE HacblWweHne ceBoobopoTa 3epHOBLIMU U UHBIMW KyNbTypamu, reTeporeHHble BUAbl U
CcopTa, penenneHTHble W aTTPAKTUBHbIE KyAbTypbl-IOBYLUKW, 3KONOTMYECKME KOpWAOPbI, M T. n.
(Cokonos 1 gp., 2017). 9T0 NO3BOAUT pelaTb CTpaTernyeckme 3agaym (CoOxpaHeHUe ecTecTBEeHHbIX
¢dakTopoB, obecneumBaroWMX MNOTEHUMAN [N CAaMOPEryasauMM 3HTOMOKOMM/IEKCOB) Ha YpPOBHE
LUeNocTHoro arponaHawadTa, TaKTUYeckMe 3agaym (obuwee o3m0poBneHue GUTOCAHUTAPHOrO
cocTtosiHMA obpabaTtbiBaeMblX 3emesib) Ha CeBOOOOPOTHOM YpPOBHE, a OMepaTUMBHblE BOMPOCHI
HenocpeACTBEHHOrO BO34EMCTBMA HA NONYNALMM OTAE/bHbIX BUAOB — HA YPOBHE MONEN OTAE/bHbIX
KynbTyp (Komaposa u gp., 2020).

B HacTosAwwee Bpems, K COXANEHWIO, BO MHOMMX pPerMoHax CcuTyauua pasBuMBaeTca Mo
NeccMMMUCTUYECKOMY CLEeHapMUIO.

CnuncokK nutepartypbl
3epHoBble pekopabl permoHos B 2020 roay - https://sdelanounas.ru/blogs/138838/
Cenbckoe xo3aictso B Poccum. 2019: Crar. c¢b6. /Pocctat — C29 M., 2019. — 91 c. -

https://rosstat.gov.ru/storage/mediabank/sh_2019.pdf).
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PHYTOSANITARY CONDITION OF CROPS WHEN APPLYING DIFFERENT DOSES OF NITROGEN
FERTILIZERS TO SOD-PODZOLIC SOILS OF THE NORTH-WEST OF RUSSIA. ON THE EXAMPLE OF SPRING
BARLEY

FESENKO M. A., SHPANEV A.M., DENISYUK E. S.
Agrophysical Research Institute, St. Petersburg, Russia
ramylek@yandex.ru, ashpanev@mail.ru

Abstract. The use of nitrogen fertilizers in sod-podzolic soil is a highly effective method. It
increases the yield of spring barley by more than 2 times. At the same time, the structure and
number of cultivated plants, weeds, insects and microorganisms change. The state of the
agroecosystem is changing. High doses of nitrogen fertilizers require additional treatment against
pathogens and pests. The high price of fungicides and insecticides makes these activities
unprofitable and irregular. In the agrocenosis, there is an accumulation of pathogenic
microorganisms and the appearance of resistant forms. Precision farming technologies, but more
serious steps are needed to ensure the biosafety of the agricultural sector.

Keywords. Nitrogen fertilizers, plant protection, spring barley, field crop rotations, weeds,
diseases and pests.
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BIOKINETIC PARAMETERS OF NITROGEN TRANSFORMATION CYCLE IN CRYOARID CONDITIONS OF
ASIAN RUSSIA

BUDAZHAPOV L. V.

Buryat Research Institute of Agriculture, Ulan-Ude, Russia
nitrolu@mail.ru

Abstract. The results of long-term investigations devoted to kinetic assessment of a nitrogen
transformation cycle in soil-fertilizer-plant system are presented. The conception of a biokinetic
assessment of a nitrogen transformation has been achieved due to obtaining velocity
characteristics of a nitrogen absorption and immobilization in cryoarid soils and the kinetic
activity of soil microorganisms.

Key words: nitrogen transformation, constant of velocity, biokinetic assessment, cryoarid soils.

Introduction

Nowadays the importance of improved soil fertility and crop productivity facilitate to find an
efficient solution of the problem by estimating the velocity of nitrogen transformation in specific and
arid soil-climatic conditions. Accordingly, for specific cryoarid soils with low fertility the kinetic
parameters must be fundamental. Due to such assessment a kinetic conception is built whilst a
traditional assessment cannot fully reveal the above-mentioned aspects.

Materials and methods

The research is based on nitrogen transformation results obtained during the last two decades
with the use of nitrogen stable isotope 15N and statistical analysis. Investigations were held in arid
zones. Our studies were carried out through modeling, greenhouse and micro field experiments using
spring grain crops. In model investigations under temperature and humidity conditions control we
estimated the changes of nitrogen fertilizer absorption in the first and next 10 days by assessing the
differences between constant (k) of velocity growth. In greenhouse and micro field experiments we
studied a nitrogen trans-formation by estimating its kinetic characteristics that followed a general
scheme involving fertilizer free, the application of phosphorus (P) and potassium (K) fertilizer (P40K40),
the application of both nitrogen, phosphorus and potassium (NPK) fertilizers. Among analytical
methods there were used traditional agrochemical, soil sciences and microbiological analyses. In
generalizing results such traditional statistical methods with mathematic modeling were intensively
introduced in the experiments. The size of velocity constant (k) of the nitrogen transformation was
determined by the use of an exponent equation. We proceeded from the fact that the main distribution
of the quantities obeys not to the Gauss equation of a normal distribution, but it obeys to the Poisson
curve of distribution (Arkhincheev, Budazhapov,2018; Budazhapov, 2015). A similar assessment was
the main and a key position in forming hypothesis and conception.

Results and Discussion

Given that a new assessment suggests revealing not only quantitative parameters of a nitrogen
uptake, but focusing specifically on kinetic characteristics. It will be possible to consider that the speed
of a nitrogen absorption and velocity constant occurrence is more important than the rate of a nitrogen
content. The current analysis indicates that we deal with a biokinetic model here.
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According to the findings presented below, the biological differences of grain crops are shown in
the absorption of a nitrogen fertilizer and a soil nitro-gen. Among them oats are defined by the highest
kinetic use independently of the soil fertility, and its velocity constant (k) reaches k = 0.735 per day and
it is higher than that of wheat and barley (table 1). The data shows a powerful root system and a deep
penetration into fertility layer of a soil profile, and better absorption of a nitrogen, water and other
nutrients. Accordingly, different kinetics of grain crop absorption is represented here for the first time.

It is known that a higher immobilization of a nitrogen fertilizer in soils is a positive factor in the
cycle of nitrogen transformation (Budazhapov, 2015, Cookson et al., 2005; Giesseler et al., 2010;
Jansson et al., 1982; Jenkinson et al., 2004, Mahieu et al., 20008). Due to this process the content of
nitrogen in soils increases respectively. However, quantitative parameters of immobilization of a
nitrogen fertilizer in soils are defined as a basic feature excluding kinetic assessment of the process.
After its last exposure it was examined that kinetic parameters of soil microorganisms and their
performance are a constituent part in the assessment of a nitrogen transformation (Cookson et al.,
2005; Giesseler et al., 2010; Jansson et al., 1982; Mahieu, et al., 20008; Petersen et al., 2005; Whalen
et al., 2000).

Table 1. The velocity constant (k, day) of a nitrogen fertilizer absorption by plants in cryoarid soils
(greenhouse experiments)

. Content of Soil Constant of velocity - k, day
Soils N in soil, % moisture Wheat Barley Oats
Chest nut 0.137£0.04 60-70% 0.674 0.673 0.735
Black 0.220+0.02 of full 0.679 0.701 0.723
Grey forest 0.168 £ 0.08 moisture 0.544 0.518 0.612
Black meadow 0.433 £0.06 capacity 0.429 0.374 0.633

The kinetic activity of soil microorganisms in immobilization of a nitrogen fertilizer in cryoarid
environments was assessed for the first time. Among groups of soil microorganisms the Actinomycetes
were identified for the highest kinetic activity than the Fungi, and their activity constant (k) in cryoarid
soils was different and it reached k = 0.129 in chestnut soil, k = 0.165 in grey forest soil and k = 0.434
per year in black meadow frozen soil (table 2).

The immobilization of a nitrogen fertilizer was the highest by its kinetic activity in black meadow
frozen soil. Hence, a higher quantity of soil microorganisms is not eventually followed by similar higher
immobilization of nitrogen. The results of the correlation analysis definitely justify a new hypothesis.
Smaller kinetic (k) activity of Actinomycetes in chestnut soils (k = 0.129 year) pro-vides with a higher
correlation (r = 0.84 + 0.21) and in contrast their highest kinetic (k) activity in grey forest soils
(k =0.165 year?) leads to a smaller degree correlation (r = 0.62 + 0.29) in relation to the immobilization
of a nitro-gen fertilizer in soils (table 2). Compared to the Actinomycetes a kinetic (k) activity of soil
Fungi is very low and slow, independently of its amounts and soil fertility, thereby it reaches only k =
0.001 per year (table 2) due to higher ad-aptation of Actinomycetes group to very harsh hydro-
temperature regimes of cryoarid soils (Budazhapov, 2015; Giesseler et al., 2010; Kogut, Semenov,
2014; Whalen et al., 2000).
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Table 2. The constant (k) of microorganism activity and the velocity growth in cryoarid soils
(micro field experiments)

Parameters Chestnut soil Grey forest soil Black meadow soil,
of assessment n=9 n=10 n=6
Fungi
Quantity, 103 g* soil 20.7+1.9 9.17+£0.78 85.9+4.82
Correlation, r + s, 0.40 £ 0.35 0.32+0.35 0.21 +0.49
k of growth velocity 0.0004 year* 0.003 year? 0.0004 year?
k of activity 0.011 year? 0.001 year 0.001 year
Actinomycetes
Quantity, 10° g* soil 1.84£0.49 2.11+0.26 7.37+0.31
Correlation, r s, 0.84 £0.21 0.62 +0.29 0.92+0.12
k of growth velocity 0.0014 year? 0.002 year 0.0004 year?
k of activity 0.129 year! 0.165 year 0.434 year

This almost certainly emphasizes that the attempts of assessing the kinetic activity (k) of
microorganisms may be important for building a biokinetic assessment of a nitrogen transformation in
cryoarid conditions and similar regions of Asia. The kinetic balance of a nitrogen transformation among
cryoarid soils was predominantly formed in grey forest soils, where velocity constant (k) of a nitrogen
fertilizer absorption by grain crops and immobilization in cryoarid soils was higher than in non-specified
soils (table 3).

Such state of a kinetic nitrogen balance relates to the same low constant (k) of velocity losses
(k =0.067 day ') and the same higher constant (k) of speed absorption (k =0.723 day™?) in cryoarid soils
(table 3). The kinetic balance of other soils is less positive and reaches its deficit. It can be seen from
the comprehensive assessment mentioned above to make a final conclusion on biokinetic conception.

Table 3. The kinetic balance of nitrogen transformation cycle in soil-plant system

Constant (k) of nitrogen pool velocity, day *

Soils . . . o non-
mineral absorption immobilization o
specified
Chest nut 0.867 day ! 0.673 day* 0.449 day™* 0.255 day?
Black 0.665day’  0.518 day’ 0.383 day' 0.236 day
Grey forest 0.759 day ! 0.723 day* 0.103 day* 0.067 day*
Black meadow 0.865 day ! 0.374 day* 0.105 pday™? 0.386 day*
Conclusions

The results of long-term experiments on nitrogen transformation in cryoarid soils with the application
of a stable nitrogen isotope (15N) and modeling as renewed efforts making a biokinetic assessment of
a nitrogen status in cryoarid conditions were presented for the first time. This theory was used to
investigate velocity characteristics of a nitrogen transformation in cryoarid soil environments. The goal
of a theoretical background of a nitrogen pool velocity transformation is to reveal a modern approach
to the assessment of inherent nature cycle. In a nitrogen cycle the kinetic parameters were evaluated
as the main processes of nitrogen 15N uptake and the immobilization in terms of scaling with the
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constant of the velocity growth and microorganisms’ performance being a key position of a nitrogen
transformation. The results show a new possibility in the assessment a nitrogen cycle by calculation of
the velocity constant and a revealed dynamic pattern of the main processes. The ongoing assessment
enables to formulate a new original hypothesis for a theoretical kinetic model. This mathematical
extrapolation of results allows building the basis for a theoretical simulation of a nitrogen cycle and a
more dynamic pattern of nitrogen pool changes.
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Abstract. Data analysis has shown that mean concentration of nitrates in groundwaters was
higher than the respective content in surface waters. To minimize nitrates pollution of waters in
Turkey a set of best farming practices was also suggested. Among to significant farming practices
which strongly affect nitrates inputs and outputs in soils, waters and atmosphere, N fertilization,
irrigation and tillage are of high importance. The main N inputs in crops of Turkey are those from
the applied inorganic fertilizers and/or manure. Also, part of the organic N which is incorporated
into the remaining plant residues in the soil surface after harvest, can be mineralized under field
conditions and may be taken up by crop. However, the amount of mineralized N can be taken
into account to N fertilization plans in order to decrease the quantity of applied nitrogenous
fertilizers. Also, growers can decrease the production cost and can minimize the pollution risk of
waters. The quantity of nitrate nitrogen originated from irrigation contributes to N fertilization
and cover part of the required nitrogen of crops. The shortage of water in agricultural areas,
requires effective irrigation methods to increase water use efficiency. Interventions on N
management are needed to enhance N nitrogen use efficiency taking into account the specific
soil and climatic conditions. It is believed that absolute coordination between the Nitrates
Directive, the Water Frame Directive and the Groundwater Daughter Directive is imperative. All
three Directives require the compilation and systematic operation of a water quality monitoring
network.

Key words: nitrates, fertilization, irrigation, monitoring, vulnerable zones.

Introduction

The intensification of agriculture has affected the increasing use of fertilizers, agricultural
machinery and over exploitation of irrigation water. It can be argued that farmers’ income has been
increased, although created problems to farms, to environment and therefore to society. To tackle the
problems created by agricultural activities, farmers have to apply best farming practices, to minimize
water pollution by nitrates. Best farming practices will assist farmers make the best use of chemical
fertilisers and animal manures which are valuable materials for crop and animal production. In addition
a risk can be attributed to overgrazing, or burning of plant residues which remain in the soil surface
after harvesting, which cause destruction of the soil aggregate stability (Kapur et al., 2003; Diizgiin et
al., 2006). Conventional tillage incorporates major portions of plant residues and disrupts surface soil
structures, destroying macropores in the tilled layer. Various tillage practices alter soil conditions
differently and in turn affect the leaching characteristics of a soil. In order the implementation of
Nitrares Directive in Turkey to be succesfull, the applied fertilizers must be used in a more rational and
efficient way by means of enhancing N use efficiency (NUE). The improvement of N fertilization, soil
management, and irrigation practices are among factors which may play significant role for the
improvement of NUE in crops. It is worth mention that nitrogenous fertilizers can release ammonia to
the atmosphere. It has been recorded that ammonia emissions are highest under warm, dry, windy
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conditions, when evapotranspiration rates are high (Bittman et al., 2014). Emissions can be reduced
through measures depending on regional and local soil and climatic conditions.

Materials and methods

- Establishing monitoring network (sampling stations)

- Statistical analysis and trends of nitrates, assessment at river basin level

- Compilation of maps illustrating the levels of applied inorganic fertilizers and manure

- Nitrates vulnerable zones were designated at province’s level and river basin level

- Nitrogen fertilization plans were compiled for 30 crops of Turkey and four rainfall regimes were
included. Various soil slope classes were used, namely 0-6%, 6-10% and 10-15% in order almost the
whole cultivated land of Turkey to be covered.

- Areport on proper tillage practices was also prepared.

- Regarding irrigation more attention was paid on the following topics: calculation of nitrates inputs
from irrigation, suggestions for water requirements of the main crops in Turkey, water use efficiency
and recommendations for precise irrigation.

- New and more accurate N fertilization plans for the main crops of Turkey are required to decrease

the environmental pressure of nitrates to soils and waters.

Results and Discussion
Designated nitrates vulnerable zones and nitrates trends in waters

In Figure 1 the NVZs of the country is illustrated. NVZs were not recorded in Eastern and Central
Anatolia, due to the absence of intensive agriculture. Also, NVZs were not designated in most areas of
the coastal zone of Black Sea.

TOTAL NITRATE VULNERABLE ZONES IN TURKEY

Legend 4
I Vitrate Vuinerable Zones & 2
River Basin Kilometers

mn 185 0 3n
[ s

Fig. 1. Distribution of designated NVZs at River Basin scale.

The monitoring network of nitrates concentrations for ground and surface waters is the heart of
the system in designation of NVZs. The assessment of the surface water stations at river basin level
indicated that 57.7% of the monitoring stations contain nitrates between 0.01 and 1.99 mg I}, 37.3%
belong to the class Il with a content 2.0-9.99 mg I'%. Also, the assessment of the ground water stations
indicated that 89.6% of the monitoring stations contain nitrates less than 24.99 mg |1,

The assessment of nitrates trends and changes was made for ground and surface waters,
following the guidelines of European Commission (EC, 2011). This assessment was made at RB level,
and the evolution of nitrates in groundwaters between the previous and current monitoring periods is
presented in Figure 2. From monitoring stations in the river basins, strong increasing trends were
observed in 11 RB. Similarly, changes in surface waters showed that the situation is more stable (Figure
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3). Seventeen RB are characterized by stability, a weak increase of nitrates was observed in 6 RB, and a weak

decrease was found in the rest 2 RB.
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Fig. 2. Trends of nitrates in ground waters river basins.
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Fig. 3. Nitrates trends in surface waters at river basins of Turkey

Distribution of applied manure and inorganic fertilizers

It is of high importance for the authorities of Turkey to be aware of the situation regarding the
mean quantity of N originated from the application both inorganic fertilizer and manure. This may be
used at rational fertilization plans to the main crops for each province. For this aim, the respective map
was compiled (Figure 4) to be used mainly by the competent authorities. In this map, provinces have
been classified according to the mean content of applied nitrogen by farmers.
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0-50 50-100 >100
Fig. 4. Amount of applied manure in each province (kg N ha't)

Application of rational nitrogen fertilization plans in Turkey

A comprehensive set of factors was suggested to formulate a rational nitrogen fertilization plan
(Karyotis et al, 2014). Nitrate concentration in the irrigation water, nitrogen uptake by plants for
optimum vyield, nitrogen losses (leaching, emissions), residual nitrogen and the amount of nitrogen
mineralisation must be taken into consideration. In order to create a rational nitrogen fertilization plan
for the main crops of Turkey, the main components for N fertilization plans are included in the following
formula:

Nf = Nreg — [(Nm + Nin +N¢) = (N; + Ng + NV + Nrunoff)]

where: Nt is the quantity of recommended N fertilizer; Nreq is the total N required to produce a crop of
a given yield; Nm is N released from crop residues and mineralized from SOM; Ni, is the residual plant
available inorganic N; N, is the N input from rainfall; N, Ng, and Ny are N losses through leaching,
denitrification, and volatilization; Nrunotf is the quantity of N lost by runoff in the sloping areas.

In the absence of certain coefficients, values from pedotransfer functions were used or from
values proposed mainly by Mediterranean Countries or international Organizations (FAO). For each
crop, a targeted yield was proposed in cooperation with experts from Soils, Fertilizers and Water
Resources Research Institute of Ankara. Methods and timing of N application in crops are very
important factors. Splitting of fertiliser application into doses is highly recommended. There is a high
risk of ammonia volatilisation during and after the application of organic fertilisers and urea. The risk
of volatilisation losses is extremely high in soils with a high pH value, and fertilisers should be applied
as close as possible to the planting or sowing date.

Update of N fertilization model

Results of the mass balance Nitrogen fertilization plans which had been prepared for the
requirements of the Project entitled “Implementation of Nitrates Directive in Turkey” were tested for
irrigated crops. To increase accuracy, a new model was created (Karyotis et al., 2018).

A Graphic User Interface tool was compiled in Python programming language, version 3.5. The
advantage of this model is that calculates the recommended amount of Nitrogen in crops, for every
rainfall range, soil texture and any nitrate content in irrigation waters. The suggested model can be
easily used for all irrigated crops, climatic conditions, soil slopes (after proper adjustments), N inputs
and outputs into the soil system.
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This has the possibility to calculate the amount of nitrogen which is required for annual irrigated
crops cultivated under various conditions. The user has simply to choose the crop type, the soil class,
then to type the annual rainfall and the N content of irrigation water.

During tests of the model, it was observed that the requirements of nitrogen fertilization for
maize varied among soil classes although irrigation water had the same nitrates concentration. This
can be attributed mainly to different potential of nitrates leaching and N mineralization.

This is an open model and can be adapted according to site specific conditions. Moreover,
substantial changes can be made in cases when results or coefficients from field experimentation are
available (N mineralization, N leaching, e.t.c.). Also, can be adapted properly for cultivated soils in hilly
areas, or rainfed crops in areas with water scarcity.

Irrigation

In sloping areas drip irrigation must be introduced and this method must be obligatory for
farmers. In areas where most soils are saline or alkaline (i.e. SanliUrfa), a new land use planning is
needed in order a more rational water management to be applied by using irrigation systems of new
technology. To control the loss of water (deep infiltration, surface runoff) and achieve a sustainable
irrigation, farmers must comply with the irrigation practices for each crop (total water needs based on
actual evapotranspiration, irrigation dose, time of irrigation, number of applications) for each irrigation
system and for each soil type as determined by related authorities. Maximisation of irrigation efficiency
can be achieved by minimising runoff and percolation.

Nitrogen inputs from irrigation
It is well known that water and nitrates can be transported through the soil profile. As an

example, Table 1 shows the amount of nitrogen inputs from different irrigations.

Table 1. Calculated inputs of nitrogen from irrigation water with different nitrates content

Nitrates Quantity of irrigation water (m3 ha)

(mg/l) 2000 3000 4000 5000
Nitrogen inputs (kg ha™)

25 11.3 16.95 22.6 28.25

50 22.6 33.90 45.2 56.50

The above quantity of nitrates originated from irrigation water must be taken into consideration
for the fertilization plans in each province. This factor can be viewed in the prepared N fertilization
plans for the selected crops. In the absence of sufficient data concerning field experimentation on
nitrates leaching in the main soil classes and rainfall regimes, pedotranfer functions were used.

Other good agricultural practices to mitigate nitrates pollution

Cover crops and rotation schemes

Cover crops are generally planted to replace fallow during the most erosive fall and spring
months and temporarily protect the soil until the main crop is planted. Unay et al. (2005) evaluated to
the influences of different tillage systems and winter cover crops on cotton yield and quality in Aegean
Region of Turkey during two growing seasons. The leaves of the cover crops lessen the impact of wind
and rain and roots tie up the soil. Therefore, easily and rapidly establishing and vigorously growing
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species with deep rooting are preferred as cover crops for effective soil and water conservation. Parlak
and Parlak (2010) were evaluated to the effects of different cover crops (vetch, barley and ryegrass in
different slope steepness. Results indicate that splash erosion decreased as coverage percentages
increased.

The particular conditions of the fields, crop history and climatic conditions should be taken into
account for the formulation of a proper rotation program. To achieve the objectives of the rotation, it
is necessary to have rotation program, which applies to qualify for local, every time conditions.

The management of crop residues

The remains of arable crops with proper management can offer protection in the field of erosion and
enrich the soil with organic matter. Most Turkish soils are poor in organic matter, which is the most
basic component of soil fertility. The practice of burning stubble deprives the soil of organic matter,
and other benefits described in the section on management of native flora.

Burning straw and plant residues is a common practice in Turkey. Burning also results in changes
in soil temperature, soil moisture, and nutrient availability. Recent research has shown that, although
there are some short-term benefits to burning crop residues and grasslands, there are long-term
detrimental effects to soil quality and overall cropland/grassland production. Gupta et al. (1994)
completed research and the main findings of the study showed that different crop residue
management systems had a significant impact on Cand N levels which would directly affect production
levels. The study also showed that continuous retention of high C/N ratio residues (cereal grain
residues) increases microbial activity in the soil but not the size of the biomass. This increased activity
ensures rapid decomposition and turnover of organic matter and associated labile forms of residues,
which would result in greater amounts of plant available nitrogen. However, in Turkey a Crop Residues
(burning) Regulation is needed taking into considerations the conditions of each province.

Conclusions

On the basis of the analyzed situation of Turkey, a set of improvements are required, related to
the expansion, justification and better coverage of the existing monitoring network, for both surface
and groundwater bodies. Nitrates Vulnerable Zones in Turkey have been designated and according to
Nitrates Directive must be revised every four years. It is obvious that the main nitrogen input into the
soil system originates from the application of manure or inorganic N fertilizers. However, the suggested
amount of N for the main crops is lower in comparison to the quantities which farmers apply. The
improvement of N fertilization, soil management, and irrigation practices are among factors which may
play significant role for the improvement of Nitrogen Use Efficiency in crops. Our calculations showed
that decreased N fertilization is required for a targeted yield as a result of proper time of application
and splitting of N fertilizers in doses. It must be underlined that recommended fertilization varies from
province to province in Turkey, depending on climate conditions, crop, slope, drainage conditions and
soil type. Water efficient irrigation methods, such as drip and sprinkler irrigation, assist to reduce deep
percolation, which results to nitrates pollution of shallow aquifers. Furthermore, the quantity of
irrigation water should be based on the requirements of the crop, and the amount of available water
in the root zone.
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Abstract. To promote sustainability and biodiversity conservation, there is a growing interest in
some old wheat species such as spelt wheat. The aim of this study was to compare of grain yield
of spelt and common wheat grown under different nitrogen fertiliser levels. Our results highlight
the fact that spelt wheat is a real alternative to common wheat for low N input production for
fertile soils.

Keywords. Wheat. Spelt. N-fertilisation. Grain yield. Yield quality.

Introduction

Conservation agriculture strives for sustainable productivity, quality and economic viability
while leaving a minimal foot print on the environment (Trethowan et al. 2012). Despite the growing
need for food and feed raw materials, crop yield is only one factor of the portfolio of desired plant
performances (Ficiciyan et al. 2018). Plant genotypes developed on conventional tillage may not
necessarily adapt to the changed cropping environment and new, specifically adapted genotypes may
need to be developed (Trethowan et al. 2005). To promote sustainability and biodiversity conservation,
there is a growing interest in some old wheat species, as well. Ruiz et al. (2019) described some yield-
related traits that have been identified as potential targets to achieve better grain yields of old wheat
varieties in no-tillage and minimum tillage systems. Special attention is directed to the possible
production of alternative cereals in organic production (PospiSil et al. 2011). These species are
nowadays rather produced for feed as alternatives to oats and barley.

Spelt wheat (Triticum aestivum ssp. spelta L.), is one of the oldest known wheat species

cultivated in ancient Egypt and Italy, was as a result of spontaneous crossings of wild grasses. Reviving
of spelt wheat production has started in the hilly and mountainous region of Central Europe and North
America at the end of the 20th century (Jankovic¢ et al. 2013). It is an alternative crop, growing without
any special soil related and climatic demands (Riegger et al. 1990). Spelt has the potential for low input
production and adaptation to harsh ecological conditions and resistance to diseases (Caballero et al.
2004). Owing to its hulled grain and genetic polymorphism of its population, spelt is resistant to pests
and diseases and hence suitable for organic production (Pospisil et al. 2011). Spelt wheat and its
products could serve as an abundant source of protein and a great proportion of soluble fibre emerges
in the final spelt wheat products (Bonifacia et al. 2000).
Several studies compared the productivity of spelt and common wheat in particular years. Most of
them reported substantially higher yield of common wheat. The difference in yield often was as great
as 60% in favor of common wheat (Evans et al. 2014). In the study of Jablonskyté-Rascé et al. (2013)
the average common wheat yield was 28% higher than that of the spelt wheat. Budzynski et al. (2018)
reported 2.55 t ha! lower average spelt yield compared to common wheat yield. Some studies though,
reported that spelt was able to produce similar amount of yields than common wheat (e.g. Burgos et
al. 2001). Probably due to the fact that climatic conditions of particular years, notedly the
climatexfertilisation interactions could significantly influence the grain yield of winter wheat
(Babulicova 2014). However, there is still a lack of knowledge of the competitiveness of spelt grown at
extensive or medium fertilisation levels.
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Based on the results of Lazauskas et al. (2012) we may assume that under low or moderate
fertilisation inputs nitrogen will remain a major limiting factor for realizing high winter wheat yields in
the coming decades.

Materials and methods

The effect of nitrogen fertilisation on the yield and vitality parameters under various common
and spelt winter wheat varieties was studied in parallel experiments in a split-plot design in four
replications. The experiments were carried out in the years 2015/2016, 2017/2018 and 2018/2019 at
the Agricultural Institute of the Centre for Agricultural Research, ELKH in Martonvasar (47° 30’N, 18°
82’E). The experiment was suspended for the 2016/2017 growing season, due to technical reasons.
The N fertiliser doses (always applied in the form of ammonium-nitrate) were 0, 40, 80, 120 kg ha
(designated as No, Nao, Ngo and N1z, respectively) in the main plots. Fertiliser was applied in two splits:
one-third before sowing and two-third in early spring at tillering. Three genotypes of common wheat,
Mv Kolo, Mv Marsall and Mv Kokarda, and spelt wheat, Mv Martongold, Franckenkorn and Mv
Vitalgold, were sown in plots. All the genotypes except Franckenkorn (German origin) were breeded at
Martonvasar. Around 9 m? (1.44x6 m) plots were used for each (N-levelxvariety) treatment. The
chernozem soil of the experiment is non acidic loam with deep A horizon (Table 1).

Owing to its favourable hydraulic properties (water holding capacity is 0.2 cm3 cm3) and high soil
organic matter content, based on the EU-SHG European Soil Database (Téth et al. 2015), the expriment
site belongs to one of the most fertile regions of Central Europe.

Table 1. Main physical and chemical properties of the experimental plot at different layers at
Martonvasar (Hungary).

Depth 0-30 30-60 60-90
Bulk density (g cm™) 1.47 1.49 1.49
Soil organic matter 2.82 2.02 1.39
(%)
pH 7.2 7.4 7.5
Sand fraction (%) 27 26 24
Silt fraction (%) 40 41 44
Clay fraction (%) 33 33 32

Data of monthly precipitation and air temperature were recorded at the meteorological station
at Martonvasar (Fig.1). The total amount of precipitation in the vegetative period (October-June) was
ca. 30% lower in 2018/2019 (350 mm) than in the other two years (475 mm in 2015/2016 and 495 mm
in 2017/2018) and ca. 16% lower than the 30 years’ average (419 mm). The distribution of precipitation
was less favourable for wheat owing to a prolonged dry period in March and April in 2015/2016 and
2018/2019, but the drought was compensated by high amount of precipitation (139 mm) in May 2019
(around flowering). The mean temperature during the vegetative period was similar during the three
experimental years (8.6 °Cin 2015/2016; 8.9 °Cin 2017/2018 and 8.8 °Cin 2018/2019) but considerably
higher than the 30 years’ avearage (7.3 °C). On the other hand, the course of the spring temperature
was considerably different across the years especially in 2018 when the relatively cold February - March
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period (4 °C colder than the other two years) was followed by a relatively (3.5-4.5 °C) warmer April-
May period.
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Fig 1. Monthly mean temperature and total precipitation at Martonvasar (Hungary) during the
cropping seasons of 2015/2016, 2017/2018 and 2018/2019

Results and discussion

Statistically significant differences were found between grain yield of common wheat and spelt
for each N-fertilisation levels, though the difference was only marginal in favour of common wheat at
Nao. When pooling together the No and Nag yields for the three years spelt wheat had significantly
higher production having 0.24 t ha! higher average yield at this, low fertilisation level. At moderate
fertilisation level (Ngo and N120 together) common wheat had 1.14 t ha* higher average yield compared
to spelt. This result confirms that spelt wheat is a real alternative to common wheat for low input
production (Caballero et al. 2004) even for sites with fertile soils. Both common wheat and spelt had
the highest yield under the maximal N dose in 2019, despite the fact that this was the dryest
experimental year. The high yield might be the result of the large amount of precipitation in May (ca.
140 mm), that was ~82% higher than the multi-year average of that month. This underlines the
importance of timing of the precipitation that might be an even more important factor in yield
formation than the precipitation amount in certain years.

The N-fertilisation significantly effected the grain yield (Figure 2.) with a positive correlation
between the N amount and the yield except for spelt in 2016. In 2016, high winds in June caused
considerable lodging of growing degree with the increasing N fertilisation levels: 20, 45, 55, and 65%
lodging at the NO, N40, N80 and N120 levels, respectively. Lodging made it very difficult for the
harvester to properly harvest the plots resulting in uncertain and reduced yield results. In line with
previous studies it’s evident that lodging is clearly an issue in spelt production especially at higher N
levels (Andruszczak 2018). Common wheat showed much stronger reaction to the increasing fertiliser
doses. Each increment in the N dose resulted in significantly higher yields. The N120 CW yields were
31-61% higher than that of the NO yields. Even after excluding the 2016 data due to the lodging issue,
spelt showed 8-9% vyield increase when the N120 yields were compared to the NO yields. There was a
significant yield increase between the NO and N40 levels but the further N increments were not
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associated with further significant yield growth. According to this result spelt wheat can close in its
yield potential even at very low fertiliser levels (ca. 40 kgN ha? y1) on fertile soils.
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Fig. 2. Harvested grain yield (t ha') of spelt (T. spelta) and common wheat (T. aestivum) under four
different nitrogen fertilization treatments (0, 40, 80 and 120 kgN ha!) at Martonvasar (Hungary) in
2016, 2018 and 2019

Conclusions

Our results extend the findings of Caballero et al. (2004) and highlight the fact that despite the
lodging risk increasing together with N fertiliser level, spelt wheat is a real alternative to common
wheat for low N input production both for low quality and fertile soils. Spelt may help promoting

sustainable crop production at sites where low input management carried on due to any reasons by
producing more yield than common wheat.
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INTEGRATED CROP AND LIVESTOCK SYSTEMS: ENVIRONMENTAL BENEFITS
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Abstract. Integrated crop and livestock systems are supplementary to measures that can be
taken at individual farm level in order to decrease environmental pollution. In this context
better use of animal manure and crop residues are both promising measures.

Keywords. Animal manure. Crop residues. Nitrogen budget. Nitrogen surplus.

Introduction

In livestock systems animal manure is responsible for environmental nitrogenous and methane
emissions. Emissions arise during production and storage of animal manure and during application of
animal manure on grasslands and arable land. Options for mitigation of ammonia emissions have
been discussed in detail by the UNECE Task Force on Reactive Nitrogen (Bittman et al., 2014). In a
TFRN workshop held in 2012 in Saint Petersburg the state of the art of ammonia emissions in several
UNECE and EECCA countries has been evaluated (Van der Hoek and Kozlova, 2014).

Beside measures for animal feeding, animal housing and animal manure application, integration
of crop and livestock systems can offer new opportunities for decreasing the environmental pressure
from both animal and crop production. Integration of crop and livestock systems is possible within
farm or on regional level. Nutrient balances and budgets follow the nutrient flows on the farms and
offer the chance to gain more insight in the possibilities and effects of integration of crop and
livestock systems.

Materials and methods

The nitrogen budget method relies on all nitrogen entries to and from the farm. An example of
the annual nitrogen flows on a Danish dairy farming system is presented in Figure 1 (Jarvis et al.,
2011). The following entries can be distinguished:
e Incoming entries are animal feed, bedding material for the animal house, synthetic fertilizer,
biological nitrogen fixation etc.
e Qutgoing entries are animal products like milk and meat, sold crops to other farms.
e Internal entries are animal manure, products produced and used on the farm like grass consumed
by grazing cattle and home grown fodder crops.
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Figure 1. Annual nitrogen flows (kg/ha) in a Danish dairy farming system (Jarvis et al., 2011)
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The nitrogen budget method enables to calculate the nitrogen surplus as the difference
between incoming entries and outgoing entries. The nitrogen surplus remains on the farm and is
except nitrogen accumulation in the soil, lost to the environment. Nitrogen surplus therefore is useful
as indicator for the sustainability of a farming system.

Results and discussion

Integrated crop and livestock systems are possible at different scales: from an individual farm
to regional integration or cooperation. Different aspects have to be assessed: crop performance,
animal performance, nutrient flows, ecosystem services etc. The following literature references also
provide information on nitrogen: Schréder et al., 1996; Oomen et al., 1998; Wivstad et al., 2005;
Russelle, 2007; Sulc and Tracy, 2007; Franzluebbers et al., 2014; Garrett et al., 2017; Regan et al.,
2017; Garrett et al., 2020.

The above references lead to the following comments.
e Although these references are selected for information on nitrogen, they do not contain complete
nitrogen budgets. Only Schrdder et al., 1996 reports preliminary data on nutrient surpluses.
e Many references explicitly point to the use of animal manure on arable farms. However, a
requirement is that the animal manure must meet quality standards. Further reference is made to
maximum distances to the receiving farm in connection with costs of transport.
e Some references point to the use of crop residues. Some references refer to grazing forage crops or
grazing grain crop residues on arable farms. Another option is to use crop residues for animal feeding
on animal farms.

The following is important when using animal manure as a substitute for synthetic fertilizers.
e An overview of the relative nitrogen efficiency of different types of animal manure compared to
synthetic fertilizer is given in Jensen et al., 2011 (see therein Table 3.3).
e Because animal manure contains organic nitrogen in addition to mineral nitrogen, part of the
bound organic nitrogen becomes available for the crop in later years. Long-term application of animal
manure thus increases the relative nitrogen efficiency (Schroder, 2005; Schroder et al., 2005; Gémez-
Mufioz et al., 2017).
e When using animal manure in crop production, its contribution to the build-up of soil organic
matter is important.

Conclusions

The following conclusions can be drawn.
e There are many publications about integrated crop and livestock systems and they contain many
applications and examples. However, little information is available about actually achieved
environmental benefits. For example, no data has been found on nitrogen flows and nitrogen surplus.
® Many publications mention the use of animal manure on arable farms. Attention is needed for
quality standards for animal manure. Long-term application of animal manure is beneficial for the
relative nitrogen efficiency compared to synthetic fertilizer. Animal manure also contributes to the
build-up of soil organic matter.
e Some publications mention the use of crop residues for animal nutrition. Grazing of forage crops
and grazing of grain crop residues on the one hand and the use of crop residues as animal feed on
animal farms on the other.
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