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Pedepar. VccrenoBaHHA IPOBOAHIH € IENbI0 ONIEHKH BIHAHAA CHASPATHHBIX KyIbTYP Ha SMHCCHIO
CO, B atMocdepy, IIyTeM pacueTa YIIEpOTHOTO ClIela HPH BEIPANIHBAaHHH TOPYHITE Oemoil (Sinapis
alba L.) v pegbKe MacTHIHOH (Raphanus sativus var. olejferus) ¢ mocinenyromeii 3amenkoil GHOMacCHI B
NOYBY HIIH CKalTHBaHHEM H OCTaBICEHHEM €€ Ha moBepxHocTH. PaboTy Bemonsamd B 2023 rogy B Pec-
myonuke Tarapcrad. [TouBa ONBITHOTO y4acTKa — cepasd JecHasd, cymecdaHad. [1oIeBoH 3KCIIEPHMEHT
BKIIOYAI BBIpANIHBaHHE CHAEPATOB ¢ MocHedyromel 3agenkol OHOMacchl B IOYBY IIPH OTBANbHOMH
BCIIaMIKe HITH JHCKOBAHHH, a TaKXKe CKalTHBAHHH H OCTABIICHHH e¢e Ha NoBepxXHOocTH. CyMMapHas 3MHC-
caA CO, OT IOUBEHHOH peclIHPaTOPHOH aKTHBHOCTH Ha y9acTKaxX ¢ TOpYHIEH Oeloi 3a BereTallHOHHBIH
TIEPHOJ IIPH CKAIIHBAaHHH cocTaBHaa 361 kr CO,/Ta, npH gHCKOBaHHH — 469 kr CO,/Ta, IPH BCIIANKE —
674 xr CO,/Ta, TOrJa Kak ¢ peIbKoi MacIHIHOH NIPH TeX ke mpHeMax — 368, 501 u 684 kr CO,/ra coot-
BeTcTBeHHO. CyMmapHad sMHccHA CO, 0T arpoTeXHHYSCKHX MEPONIPHATHI cocTaBmana 93...130 kr/ra B
3aBHCHMOCTH OT TE€XHOJIOTHUECKOH OllepalHH OCHOBHOH 06pabdoTku nmouBel. KommaectBo CO,, 3adHk-
CHpOBaHHOE B OHOMAacce pacTeHHH, CYIIECTBEHHO OTIHYATIOCh B 3aBHCHMOCTH OT BHJa KyJIbTYPHI: [UTA
ropunnsl Oemof OHO HaXomHIOCh Ha ypoBHe 18605 kr COy/ra, &mna pempkKH MAacCIHIHOH
— 10560 CO, kr/ra. Bamaac CO, IpH CKalTABAaHHH TOPYHIEI Oemoi cocTapmal -18145 kr/ra. mpH JHCKO-
BaHHH — -18004 kr/ra, mpH Bcmamke — -17791 Kr/ra, Aud peJbKH MACIHIHOH — COOTBETCTBEHHO
-10107, 9991 u -9756 kr/ra. BelpamuBaHAe TOPUHIEI Gemoil Gomee ¢ eKTHBHEIH crmocod yiIaBIHBA-
HHA yTliepoja H3 atMocdepHoro Bo3ayxa. Ha yrnepoassii 6amaHc GoIbIIe BCETO BIHAIOT KOIHIECTBO
yriaepoma, 3aQHKCHpDOBAaHHOE B PACTHTENBHOH OHOMacce, H TPHMEHAEMBIE arPOTEXHHYECKHE
MEpOIPHATHA.

KaroueBble clI0oBa: CHAepalbHEIE KyIbTYpPHL, 3MHccHA CO,, YITIEpOIHBIH clel], pecIIHpaTopHaa
AKTHBHOCTB, arPOTEXHAIECKHE MEPOTIPHATHA

Beegenne. Omuccuia CO, B atmMocdepy BEI-  KadecTBa H KOJIHYECTBA HX OHOMACCHEL, a TAKKeE
CTyIaeT OCHOBHBIM IIyTeM IIOTEPH MOYBEHHOTO  CIIOCOOOB 3a/elkH OHOMAcCH B IIONe, Ha IMHC-
yTIepoja H CIIyKHT OJHHM H3 HHIHKAaTOpOB OHO-  CHIO MAPHHKOBBIX I'a30B. PacTHTeNBHBIE OCTATKH,
JOTHYECKOTO 3/10POBbA MOYBHI [1]. OGpa3oBaHHe  3amaxaHHBIE B IIOYBY, Pa3aralTci ObICTpee, deM
CO, — pe3yIpTaT reTepoTpoHOT0  Te, UTO HAXOAATCA Ha MOBEPXHOCTH, H3-3a IIOBHI-
(MHKpPOOPTaHH3MEI, TIOYBeHHad (payHa) H aBTO-  NIEHHOTO KOHTAKTa C IIOYBEHHBIMH MHKPOOpTa-

TpodHOTO (KOPHH PacTeHHI) JAbIXaHHA MOUBHI [2.  Hm3MaMmH [11, 12, 13]. CHmepanbHEIE KYIbTYPBI
3]. ®akropsl, onpenenaromue 3MHccHI0 CO, H3 ~ MOTYT YBeIHIHTh BRIOpockl CO,, MO CPaBHEHHIO
TIOYBBI, HMEHT Aa0HOTHYECKyH0 (TeMIlepaTypa,  C YHCTHIM IIapOM, BCIEJCTBHE AaKTHBH3AIHH II0Y-

BIAKHOCTh TOYBHI), GHOTHUECKyH0 (BHA pacTH-  BEHHOTO MHKPOGHOTO cOOGMIeCcTBa KOPHEBBIMH
TETBHOTO MOKPOBa, COCTAaB H QYHKIIHOHAPOBAHAE  BBIICTICHHAMH H TIOCTYIUIEHAA B TOYBY HX
TIOYBEHHOTO MAKPOGHOMA), a TAKXKE aHTPOTIOTEH-  GHOMACCEHL.

Hyt0 npHpoay (00paboTka mo4YB, BHECEHHE YI00- Topunna Genmas (Sinapis alba 1.) H pembKa
permii) [4, 5, 6]. [Ipa 3ToM ¢GaKTOPHI 9acTo B3aH-  MacauuHai (Raphanus sativus var. oleiferus) w3
MOCBS3aHBI MKy c0GOH, TaK MOBHIMIEHHE TeEM-  CeMeHCTBA KPECTOIBETHBIX TACTO HCIOMB3YIOTCA
TIepaTyphl H BIAKHOCTH TTOYBHI 0OBITHO YBETHIH- B KadeCTBE CHAEPATBHBIX KYJIBTYD, MOTOMY UTO
BaeT MHKPOOHYH aKTHBHOCTh IOYBBI H BBICBO-  HX TOCEBBI CIOCOGCTBYIOT TMpPeNOTBPAIICHHIO
OoJ/leHHEe ITHTATENbHBIX BENIECTB, TEM CAMBIM  SPO3HH IOYBH H BBEIMBIBAHHIO a30Ta B IIOBEPX-
yBemmanBaA smuccHio CO; B atMocdepy. Arpo-  HOCTHBIE BOJBI, YIYUIIAKOT MHTATETbHbIH COCTaB

TEXHHYCCKHE MEPOIIPHATHA, KOTOPDBIE MMOBRIMIAKDT IOYBBEI, IIOJABIAKT ITIOYBCHHBIX Bpe,E[HTeJIeﬁ H
3(1){1)6K'I‘I{BHOCTB COXpaHcHHA OCaJKOB B IMOYBE, MaTOr€HBI, BEIHOYaA PACTHTCIBHOAIHBIC HEMATO-

CHH’KAIOT TEMIIEPATYpPy IOYBHI, Ollarofaps pacTH- mel [14, 15, 16]. Takke HCCIeIOBAaTEIH OTMEYa-
TenbHOMY IOKpOBY, IIOTEHIIHAIBHO MOTYT HOBEI-  IOT TaKHe IIPEHMYINECTBA CHAEPATBHBIX KyIbTYp,
CHTh OHONOTHYECKYH0 AaKTHBHOCTh IIOYBBEL 0Oe€3 Kak OBICTPHIH pocT, (OPMHpPOBaHHE OGONIBIIOTO
yBemudeHHA 3MHCCHH CO,, 9TO MpHBEJET K yBe-  KOINHYecTBAa OHOMAacCHI H HH3Kajd CTOHMOCTH Ce-
THYEHHIO0 CEKBECTPAllHH OPraHHYEeCcKOTOo Bemle-  MfAH Ui mocesa [17)].
CTBa ITOYBHI [7]. Cenbckoe XO3AHCTBO BBICTYIAET TPEThEH OT-
3a mocieJHHE HECKOIBKO JeCATHIETHH CHAe-  Pacibio MOCIe JHEPTeTHKH H MPOMEIIIIEHHOCTH
paibHBIE KyIbTYPhI BEIPAIIHBATH BO BCEM MHpPE ¢ II0 BRIOpPOCAaM IAapHHKOBBIX ra3oB B Pocchu [18].
IIENBI0 YBETHIEHHA ILTOJOPOJHA H arperHpoBa- — MaKCHMATBHBIH BKIaJ B 3TH BBIOPOCEI BHOCHT

HHA TIOYBBI, OOpHOBI C COPHAKAMH, CHHDKEHHA  SKHBOTHOBOJCTBO H CHCTEMBI 0OpAIeHHA ¢ HaBO-
BBIMEIAaYABAHHA IHTATENBHBIX BEMEeCTB H 3po-  30M. OJHAaKo HAHOONBINHA BKIAJ B 3MHCCHIO
3HH TIOYBHI, a TaKKe MOBBIIICHHA CEKBECTPAlHH  NAPHHKOBBEIX 'a30B, KOTOPHIH 3adacTyi0 He Y9H-
yraepona [8, 9. 10]. OmHaKO Maao YTO H3BECTHO TBHIBAETCA, BHOCAT arpOTEXHHYECKHE MEPOIPHA-
0 BIHAHHH BHIOB CHJAEpANbHEIX KyIbTyp, THA HA MONAX, MOBBINAIONIHE PECIHPATOPHYIO
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AKTHBHOCTh IIOYBEHHOTO MHKPOOHOTO co00Imme-
cTBa. B aTMocdepy BeIeneTca yriepo, couep-
JKaIHicAd B TIOYBEHHOM OPraHHYECKOM Bellle-
CTBe, TeM CaMbIM CHHYKAA €€ II0J0POIHE.

Ilens HCCIETOBaHHA — H3YIHTH BIHAHHE CH-
JepatoB Ha sMHCccHIO CO, B atMocdepy, myTeM
pacdera YTIepoJHOTO clela OT BHIpAIMHBAHHA
ropuHnel 6emoi (Sinapis alba L.) u penbkn Mac-
muaaHOl (Raphanus sativus var. oleiferus) ¢ mo-
cIleyromeH 3a/ieTkoi OHOMAacCchl B TOYBY HpPH
OTBAIBHOH BCIAINKe, JHCKOBAHHH HJIH CKaIlTHBA-
HuH (0e3 00pabOTKH IOYBEI) C OCTABICHHEM €€
Ha TOBEPXHOCTH /I COBEPIIEHCTBOBAHHA METO-
JTOB YIIPABIEHHA ILIOJJOPOTHEM MOYB.

YcaoBas, MaTepHaabl H MeToabl. Pabory
BBITIONTHAIH B CTATHOHAPHOM IOJIEBOM OTIBITE 110
Onomornzamud 3emiaedenni ®I'BOY BO Kasan-
ckaii TAY. OnsITHBIH yYacTOK HaXOAHTCA Ha
Hay9IHOH mUTomajke arpoOHoTexHOmapka Kazan-
ckoro 'AY y c. Hapmonka JlanmeBckoro pako-
Ha, T. Kazanmp (55.502299°, 49.297227°). B 2022
TOJy Ha yJacTKe BBIPANTHBAIIH APOBOH AIMEHB.
DKCHepHMEHT TPOBOJHIH C Mai IO CEHTAODH
2023 ropa.

Mereoponoraaeckne ycimoBua 2023 roma B
TIEPHOJ| BETETAllHH PacTeHHH OBUTH CIEyIOIIH-
MH: CpeJJHEMecAIHaA TeMIIepaTypa Mas COCTaBH-
ma 15.6°C (ma 0,7°C BbIIE cpeTHEMHOTONCTHEH
3a mepuoa 2013-2023 rogax), mroHA — 16,2°C (Ha
0.5°C HIKe CpeTHEMHOTONCTHeH), HIOIA
21,3°C (ma 0.7°C BhIme cpegHEeMHOTONIETHER),
aBrycta — 19,6°C (ma 0.2°C HIKe CpeIHEMHOTO-
nmetHei), ceHTaAbpa — 14,7 °C (ma 2.2°C BeIme
cpemHeMHOTONeTHeH). BIaxkHOCTh B Mae cocTa-
BHma 54.2% (ma 3.8% HHKE CpeIHEMHOTOIET-
Heif), B HI0OHE — 52,7% (Ha 12.3% HIDKe cpemHe-
MHOTOIIETHEH), B Hione — 64% (Ha 4% HmEKe
CpeIHEMHOTOJIeTHeH), B  aBIyCTe 62,3%
(ua 7.7% HIKe CpeTHEMHOTOJIeTHeH), B CeHTAOpe
— 65,5% (Ha 9.5% HIKe cpeIHEMHOTOIETHEH). B
IIEeIIOM, arpOKIHMATHYECKHE MapaMeTphl BereTa-
IIHOHHOTO NEPHOJa OTIHYANHCH HEPHOIHIECCKH
3aCyIUTHBEIMH HBIIEHHAMH, 9TO OTPa3HIOCh Ha
(hOpMHPOBaHHH yposkad OHOMACCHI CH/IEPAIBHBIX
KYIBTYP.

[ToyBa OMBITHOTO ydJacTKa — cepad IIecHad,
XapaKTepH30Balach Kak cymech mo KagaHCKOMY
H TBUIEBATHIH cYTTHHOK mo @eppe. [ paHynoMeT-
PHYECKHH COCTaB ONPEIEIUIH METOJOM Ja3ep-
Hoil mubpakmua Ha mprbope Microtrac Blue-
wave, B cooTBeTcTBHH ¢ ISO 13320:2020, Ha oc-
HOBAaHHH OTHOCHTEIIFHOTO COJIepkKaHHA (ppaKirmit
TecKa, MBUTH H TMIHHEI M0 ATTepOepry. ATrpoxH-
MHYECKHE XapaKTEPHCTHKH CIIe/yIOIMHE: COJep-
skaHHe ryMyca no TropHHY 3,0%, IOZBHAKHOTO
tdocdopa Beicokoe (250 MI/KT), KamHA — IIOBBI-
merHOe (145 Mr/kr mo KHpcaHOBY), colepikaHHe
obmero yriaepoga (2.8%) u azota (0.184%) mo
Meromy JlfomMa ompemelsiiH Ha mpHOope Vari-
oMaxCube cormacao ISO 10694:2024 u ISO
13878:1998, peaknusa MOYBEHHOTO PacTBOpa OBI-
1a 6mm3Ka K HeHTpaneHoi (pH 6.6).

Ha onbITHBIX y9acTKax OBLTH IOCETHEI PebKa
mactagaHad (Raphanus sativus var. oleiferus) cop-
Ta Anbha (HopMa BEICEBa 15 KT/Ta) H TOpYHIA
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Oemas (Sinapis alba) copta Pamcomma (Hopma
BeiceBa 20 kr/ra). OO0mas IUIOmanh KaxkIoTro
y4gacTka 1,5 ra.

JInA TOATOTOBKH IIOYBEI HOJ MOCEB O3HMOH
MIIeHANBI HCTIONB30BaTH TPH CIIoco0a OCHOBHOH
00paboTKH MOYBEI — OTBalbHAA (BCIIAMIKa ILTY-
rom), 6e3oTBaIbHAA (IHCKOBAHHE TAXKEIOH Oopo-
Hoii), HyneBad (No Till). B BappaHTax co BCIami-
KOH H JHCKOBAaHHEM CHJEpATHl 3aJcNBIBATH B
ONTHMATBHBIE CPOKH, IyTeM JBYKpaTHOH o0pa-
OOTKH THCKATOPOM B PasHBIX HalpaBIeHHAX. B
MTOCTIEAYIOMEM, BHIIIOMHATH OCHOBHYIO 00paboT-
Ky TIOYBBI [TOJ] O3HMYIO IIMEHANY. B BapHaHTe ¢
No Till ocymecTBIATH CKAITHBAaHHE CHICPATOB
POTAITHOHHOH KOCHIKOH 6e3 00paboTKH MOYREL.

MonuTOpHHAT 3MHCCHH CO, MPOBOIHIH Kaxk-
Ible 4 HEeJeMH ¢ HCIONB30BAaHHEM IIOPTAaTHBHOTO
HH(ppaKpacHOTO ra3oaHamHzatopa Wohler CD
210 (Boxym, I'epmanms). ONeHKY IOYBEHHBIX
MOTOKOB JHOKCHAA YIIepoJa OCYMEeCTBIAIH
«KaMepHBIM MeTooM» [19] mo H3MeHeHHI0 KOH-
neHTpanaa CO, B HeNpo3padHBIX IMHIHHIpPHUE-
ckux IIBX-kamepax oObeMoM 1,5 11 H THAMETPOM
110 MM, BKONIAHHBIX B IOYBY Ha ITyOHHY 4 CM.
Bo Bpema H3MepeHHH KaMepsl T€pPMETHYHO
HAKpBIBATH KPHIMKOH (00BeIHHEHHOH ¢ HH(pa-
KpacHBIM Ta30aHATH3aTOPOM ¢ pa3pemeHHeM
1 ppm) H BCTPOSHHBIM BEHTHIITOPOM JJIA Iepe-
MeEIIHBaHHA BO3[yXa B Kamepe. OOmee Bpema
SKCIO3HIIHH A KakKOOH KaMephl COCTABILATIO
4 MHH., TlepBad H3 KOTOPHIX TpeboBamack 1A
obecrieueHHA PaBHOMEPHOCTH H3MEHEHHA KOH-
neaTpanad CO,, ocTalbHBIE 3 MHH. — Ha PETH-
CTpallHI0 MPHpPOCTa KOHIIEHTpaHH. [lepen kaxk-
IBIM H3MEPEHHEM Ta30aHaTH3aTOP KAaTHOPOBAIH.
Jlma pacyeTa H3MEHEHHA Macchl yriaepoaa (B dop-
Me YTIEKHCIIOTO ra3a) B KaMepe 3a BpeMs JKCII0-
3HIHHA HCIIOIH30BATH GOPMYyTy Ha OCHOBE ypaB-
HeHHA MeHneneepa-Knamefipora [19]. Ilapan-
nemsHO nmpHbGopoM Checktemp-1 (Hanna, I'epma-
HHA) H3MEPAINH TeMIIEpaTypy NPH3EMHOTO CIIOA
BO3/yXa H MOYBHI Ha rTyOHHE 5 H 10 cM ¢ To9HO-
cThi0 10 0,1°C.

Ot6op HOYBEHHBIX 00pA3NOB OCYINECTBILAIH
Kaxkaele 4 HemenH B coorBercTBHH ¢ ['OCT P
58595-2019. Vrmepox MHKpoOHOH OGHOMACCHI
MoYBEI OIlEHHBAIH coriacHo ISO 16072:2002 ¢
HCIOJIF30BaHHEM Ta30Boro xpomarorpada Nexis
GC-2030 m mporpammHOro obecmeueHma Lab
Solution (Shimadzu. SAnormsa). HaBecKy MOYBEI
Maccod 1 r u 10 Mr D-rimoko36l B Ka4eCcTBe JIET-
KOJIOCTYIIHOTO TIHTATENBHOTO cyOcTpara IoMe-
IaTH B XpoMaTorpadHIecKyr0 BHALY H HHKyOH-
poBamH B TeueHHe 24 WacoB IpH TeMIIepaType
20°C. M3mepeHHe HPOBOJHIH Ha KAIH/LIAPHOH
komoHKe Rt-Q-BOND 30 m ¢ jgHaMerpoM
0.53 MM H TOIIIHHOH CIT0A HaHeCEHHOH a3kl 20
MEM. CKOPOCTh IIOTOKAa COCTAaBILIa 10 MI/MHH,
00BEM Brpbicka — 10 MK, 00Imee BpeMA H3Mepe-
HHA COCTABIANO 5 MHHYT Ha o0Opa3en. BiakHoCTh
mo4Bbl onpeaeind no 'OCT 28268-89.

Bamarac yrimekucioro rasa (ACO,) yIHTBEIBAeT
SMHCCHIO YT7Iepo/ia H3 IOYBEI, KOTOpad BKIIOYaeT
PECIIHpPATOPHYIO aKTHBHOCTH, BEIOPOCHI OT arpo-
TEXHHKH H BBIOPOCEI OT BHECEHHA a30THBIX
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ymoOpeHHi, a TakKe KOIMYIECTBO YIIIEpoja,
HAKOIIHBINEECsA B MOYBE B BH/e OHOMACCHI pacTe-
HHH H opraHHYecKHX ymoOpennii [20]. Jma pac-
gera GagaHca YIIEpPoa 3a BereTalHOHHBIH IIepH-
Ol PeIBKH MacITHYHOH H TOPYHIEI Gemoif Oblla
HCIOIb30BaHa claeayiomai Gpopmyna:

ACO, = CO,azpomexnuxa+ PA— couomacca

rae ACO, — GamaHc yraeposa,

CO, arpoTexHHKa — BBIOPOCEI yTiepoia OT
C’KHTaHHA TOILUTHBA IIPH HCIONB30BAaHHH CeNbCKO-
XO3AHCTBEHHBIX MAHH C COOTBETCTBYIOITHMH
OpYTHAMH,

PA — pectiapaTopHas aKkTHBHOCTD IIOYBEL,

CoHromMacca — yIIIepo/I pacTHTEIbHOH GHOMac-
CBL

Pacuer yrimepoma pacTHTEIBHOH OHOMAacCHI
TIPOBOJHIH HA OCHOBAHHH JAHHBIX II0 YPOXKaHHO-
CTH KyIbTYpel H €ro coJepkKaHHA B CyXoH
Guomacce.

Eme ogamM mpomeccoM, KOTOPBIH NPHBOIHT
K YBEIHIEHHIO SMHCCHH ITAPHHKOBBIX Ta30B, BEI-
CTylaeT CXKHraHHE TOIUIHBA NPH BBINIOTHEHHH
arpoOTEXHHYECKHX MeponpHATHH. 1A Kaxaoro
BHIAa 00pa0OTKH OBLIO PaCCIATAHO KOTHIECTBO
TOILIHBA, COTTTacHO HOPMAaM €ro pacxoja, a TakKe
avHccHA CO, OT CKHTaHHA TOPIOYEro B Iepe-
JBHKHBIX HCTOYHHKAX COITTacHO METOJHKE pac-
gera BHIOPOCOB YTIIEKHCIOTO Tasa, pa3paboTaH-
Haf C YYeTOM HAaIlHOHAIBHBIX YCIOBHH Y30eKH-
CTaHa H ee ocoOeHHOCTH [21].

Bce m3MepeHHA NPOBOJHIH HE MeHee UeM B
TpeXKpaTHOH NOBTOPHOCTH. CTAaTHCTHUYECKYIO
00paboTKy pe3ylbTaTOB MIPOBOJHIH C HCIIONB30-
BaHHeM Microsoft Office Excel 2021 (CIIIA).

a)

35

Temuepatypa noussl, C

29 Man 21 moHT 26 HIoma

W CROC # THCKOBAHHE O pcnamea

Biad®HOCTs NOUBRL, %0

26 mona

21 mora

29 man

=20 Maq 021 uroHa = 26 HKoIA

Bce rpadmdeckne JaHHBIE COJEpKAT CpEIHHE
3Ha4YeHHA H CTAaHJapTHbIe OMMHOKH. JInd OleHKH
3HAYAMOCTH pa3IHYHH HCIOIB30BAIH KPHTEPHH
@umepa mpH a = 0,05.

PesyabTathl B o0cyxnerme. Ha mepBoMm
JTale OIEHHIH H3MEHEHHe TeMIEpaTypsl H
BIAKHOCTH IIOYBBI A KakAOH KyIBTYPHI TIPH
Tpex cmocobax o6pabotku (pmc. 1). BecHoif B
HaJale ce30Ha MPHEeMBl 00paboOTKH IOYBEI Ha
OTBITHBIX Y9aCTKAX C PeIbKOH MacIHIHOH H rop-
gHnel 6enoil He OTIHYATHCH, IO3TOMY TeMIepa-
Typa TOYBHI HMelTa OJHHAKOBbIE 3HaYeHHA. B
HIOHE TeMIIepaTypa IIOYBBI CHH3HIIACH, TIPH 3TOM
oI TopuHIleH Genoif oHa ObLTa GOJIbIIe, YeM MO
penpKoH MacTHIHOH. Takde pa3nHdHA, BEPOATHO,
CBA3aHEI C TEM, YTO Pe/IbKa MACITHIHAA OTIHIACT-
cAd pa3sMepoM IHCThEB H GOJbINEH IUIOMAIBEO
MPOEKTHBHOTO TMOKPHITHA. Cmocod o6paloTku
BHEC BKJIAJl B KOHIIE HIOIA — OBLTH YCTAHOBIIEHEI
OIHHAKOBBIE  3aKOHOMEPHOCTH Ui  00eHX
KYIBTYP.

B KoHIE Masd BIAKHOCTh HOYBBI OIBITHBIX
VUIacTKOB 00€HX KyIbTyp ObLTa OJHHAKOBOH. B
HIOHE OTMEYAJIH BIIHAHHE Ha yBIaKHEHHE ITOYBEI
caMHX KynsTyp — 11,7% mnop peapkoi maciHd-
Ho# H 12,04% mox ropummeii Gemoif. IIpH >TOM
BIIAKHOCTh HaXOJIHIach B 0OPaTHOH CBA3H C TEM-
mepaTypoi mouBsl (pHC. 1). 3HAYATEIFHOE BITHA-
HHE OKa3ala 00pa0oTKa MOYBHI B KOHIIE HIOJIA:
MaKCHMAllbHasd B ONEITE BIakHOCTh (13.9% H
13.2%) 6pL1a 3adHKCHpPOBaHA IIPH HYIEBOH 00pa-
0oTKe (CKAIMHBAaHHH), a MHHHMaTbHaA (9.4% H
9.3%) mpH HamOoIbIIell HHTEHCHBHOCTH 00pa-
OoTkH (Bcmamka), KoTopad MpHBENIa K IOTEpe
IIOYBEHHOH BJIarH.

40

35
w30
z a5

M0

2

Temuepatypa moy
=

# CKOC ® IHCKOBAHHE JBCTIANTRA

BiakHOCTL DOUBEL, %0

26 |
26 HIOIA

21 HKoHA
B121 HrOHA

29 Mad
29 Mad

Purc. 1 — II3MeHeHHE TeMIIepaTyPsI H BIaKHOCTH ITOYBHI IO peabKoi MacTHaHOH (Raphanis sativis
var. oleiferus) (a, B) H ropunneii 6emoi (Sinapis alba) (6, T) B 3aBHCHMOCTH 0T cItocoba 00paboTkH
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B Mmae 1o H mocie moceBa CHIEpaTOB Bce
yJacTKH oOpa0aThlBalH OJHHAKOBO, a B KOHIIE
HIONA (10 JOCTHKEHHA CHAEPATAMH CTaJHH
CO3pEBAaHHA CEMAH) — II0-PA3HOMY: BCIAMIKa,
JHCKOBaHHE H CKallHBaHHe. B CBA3H ¢ 3THM,
c Majd IO HIOHb, PA BceX yJacTKOB [OCTOBeEp-
HO He oTIHYJamach mo BapHaHTam (p<0,05). B
Mae, B IIepBBIH JeHb OTOOpa IOYBEI, BEITHIH-
Bl PA OpumH BBRINIE BO BCEeX BapHAaHTaxX B
cpemHeM B 2.5 pasa, IO CpaBHEHHIO ¢ OTOO-
poMm B mioHe (pHC. 2). BepoATHO, 3TO CBA3aHO
C HE3HAYHTENBHBIM NOHHKEHHEM TeMIIEpaTypEI
¢ 17 mo 15°C. 3HaumTensHBIH pocTt PA oTMe-
UeH B HIONE Ha BCEX HCCIEAyeMBIX YJacTKaX,
TO e€cTh IO Mepe YBEIHYeHHA TeMIIepaTypHl
Bosgyxa ¢ 15 go 27 °C. OHa 3aMeTHO
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qac-1

PecnnapaTopHAA AKTHEHOCT, T C M-2

BO3pOCTa B BAapHAHTAX, TJe CHAepaT ObUI CKO-
mer (c 0,018 1o 0,051 r C/M**u), mousa 3amHc-
xoBaHa (c 0,017 go 0,089 r C/M**4) H Bcmaxasa
(c 0.019 10 0.161 T C/M**4). AKTHBH3AITHA MHK-
POOHONIOTHYECKHX TMPOIECCOB TPOHCXOTHIA B
0oJee TEMIBIX YCIOBHAX.

CkaniHBaHHE OKA3al0 HAHMEHbINee BITHAHHE
Ha PA, ToT/1a KaK JTHCKOBaHHE H BCIIAIIKA, HA000-
pOT, IPHBOAHIH K yBemmdeHHlo PA B 1,7 =
3.2 pa3a COOTBETCTBEHHO. bollee HHTEHCHBHAA
oOpaboTka MmOYBH (BCHAIKA), B WACTHOCTH,
MPHBENA K 3HAYHTENBHOMY YBEITHYEHHIO pe-
crHpaTopHOil akTHBHOCTH (0.161 r C/AMP*4) K
KOHIIy BEreTallHOHHOTO IIEPHOJ]A, UTO CBA3AHO
C HHTEHCHBHBIM II€PEMENIHBAHHEM ITOYBEI H
YBETHICHHEM €€ a3pallHH.
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Prc. 2 — I3MeHeHHe pecIHPAaTOPHOH aKTHBHOCTH H BIIa7KHOCTH HOYBHI C PEIBKOH MacITHIHOH
(Raphanus sativus var. oleifers) B 3aBHCHMOCTH 0T cIIoco0a 00pab0TKH H TeMIIepaTyphl BO3IyXa

AFHanorHUYHBIE OapaMeTpPBl OICHHBANH A
YJacTKOB, Ha KOTOPBIX pOClla TOpYHIA Oemas
(pac. 3). VcTaHOBIEHBI CXOXHE 3aKOHOMEPHO-
CTH B H3McHeHHH PA mnouBel. B Mae H HIOHe
JOCTOBEPHBIX Ppa3IHIHH MeEKAY YyJacTKaMH C
ImoceBaMH H3y4JaeMbIX KylIsTyp o PA He
HaO0mogamxn (p<0,05), yBelIHUYeHHE BIAKHOCTH
H CHHEKEHHEe TEeMIepaTypel IOYBEl B HIOHE
IpHBENO K ymeHbmeHHIO PA B 1.4 pasza. Ilpm
3ToM Ha PA TOYBEI OKa3al BIHAHHE BHJ pac-

pacTeHHil OblIa chopMHpOBaHA, PA IOYBHI MO
ropunneii 6emoi 6bu1a B 1,7...2,1 pa3 BEIMIE, 9eM
IOJ] pebKOH MaciaHdHOH. B KoHIlE BereTamHoH-
HOTO Ce€30Ha OTMedeHa oOpaTHasA 3aKOHOMep-
HOCTh: PA TouBEI moj ropumreil 6emoii Gblia B
1,2...2,3 pa3a HIDKe, 9eM O] peJbKOH MaciIHd-
Ho#. B menom, MOBEIIIEHHE TEMIIEPATyPEl BO3Iy-
Xa B HIONe, KAK H B ClIydae ¢ pelbKOH MaciIHd-
HOH., BBI3BANI0 yBeIHUeHHE PA, KoTOopoe OBLIO
HaHOonee BHIPAKEHO HA BCIAaXaHHOM IIOJe

TEHHA: B HIOHE, KOrja KOpHEBad CHCTeMa (mo 0,139 T C/v*u).
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BCOAXAHO TEMIIEPATYPA BO3AYXA

Purc. 3 — I3MeHeHHE PeCIIHPaTOPHOH aKTHRHOCTH H BIIAKHOCTH TIOYUBEI C TOpUYHIICH Oenoi
(Sinapis alba) B 3aBHCHMOCTH 0T criocoba 00paboTKH H TEMIIEPaTypPHI BO3IyXa
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Janee ObUTa ompefelleHa KyMYJIATHBHAA
pecmHpaTopHadA AaKTHBHOCTh IIOUBBEI IIPH pa3-
HBIX cmocofax o0paboTKH 3a Bech BeEreTallH-
oHHBIH mepuon (58 cyrok) (tabm. 1). Hecmor-
pPA Ha TO, YTO Pa3IHIHA B 00pabOTKE MOYBEHI
OBLUTH TOTMBKO B KOHIIE BETETAIlHOHHOIO CE30-
Ha, cymMapHad >mHccHA CO, [mmA pa3HBIX
BapHAHTOB 3aJelKH CHAepaTa OTIHYAIach B

1,3 pasa B BapHaHTe C [JHCKOBaHHEM H B
1,9 pa3a B BapHaHTe CO BCHAMKOH, IO CpaB-
HEHHI0 CO CKalmHBaHHeM Oe3 00pabOTKH MmodY-
Bel. CymmaprHasa smHccHA CO, H3 MOYBBI MHOJ
ropunnieii Genofi HpH CKAIMHBAHHH ObLTa BEI-
e, YeM B BapHaHTe C peIbKOH MacIHIHOH.
Ha 1,9 %, npH guckoBaHHH — Ha 6,9% H 1pH
BcHamke — Ha 1.4%.

Tabnuma 1 — KyMyIATHBHAA pecHPAaTOpHAad AaKTHBHOCTH MHKPOOHOTO COOOIMecTBa IOYBEI TIPH

pa3HBIX criocobax 00paboTKH

Kymynaraerai PA, kr C Ha 1 ra/58 cytok
Kynstypa 2k
CKanTHBaHHE IHCKOBaHHE BCIIAIIKA
Penpka macaHaHAA 360,82 468,66 674,41
Topusra Genas 367,62 501,09 683,75
CymecTByeT JBa OCHOBHBIX IIpoIlecca, Tak kak VypokallHOCTP TOpPYHOEI  Oermoi
CBA3AHHBIX C  YIVIEPOAOM: SMHCCHA B  H COJepiKaHHe YyIlepoJa B ee (QHTOMAc-
BHAe BepeneHrHa CO, B arMochepy H ce OBUIH  BHIIE, B BapHaHTaX C
NOTJIOIMEHHe, IpPH KOTOPOM YTJIEPOJ YycCBa- peOpKOH  MacIH9IHOMH, 60% ®H 63%
HBAOT AaBTOTPO(HBIE OPraHH3MBI-IPOJYIEHTE.  COOTBETCTBEHHO, KOJIHIECTBO yriepoaa,

B KkadecTBe INOTTIONMEHHA YTIIEpojia PaccMaTpH-
BaTH ero (QHKcarmHi B (HTOMacce pacTeHHH.

3adHKCHPOBaHHOE B €€ pacTHTeNbHOH GHOMAac-
ce, ObUIO Takke Ooubmme (TGl 2).

Tabmuma 2 — KommdecTBO yriaepona, KOTOpOe AaKKyMYIHpPOBaIOCh B OHOMAacce pacTeHHH 3a

BereTallHOHHEIH OEPHOT

YV poxaiiHOCTH IO

Conepxanne C B

Vrmepon, 3adHKCHPOBaHHBIH pac-

KynsTypa cyxoif 6GHoMacce, T/Ta tduToMacce, % THTEIEHOH OHOMACCOH, Kr/Ta
Pempka MacTHIHAA 8.25 32[22] 2640
Topunna Gemas 13.68 34 [23] 4651
[ToCKOMBKY  TEXHONOTHYECKHE omepamHH  — 710 25 % (tabx. 3). HymeBasd 06paGoTKa MOYBEI

OTIHYANTHCh TONBKO HA IOCIEAHEM 3Tame, TO
pasHHEOA Mexay sMHccHeH CO, mpH CcKalmmHBa-
HHH, NACKOBAaHHH H BCIallKke ObTa He BElHKA

(ckammBaHHE) 0KHAAEMO COMPOBOKAANACh MH-
HHMAaIbHBIMH BeIOpocaMu CO, (0,092 kr CO,/ra),
a Bcnamka — MakcHManbHEIME (0,13 kr CO,/Ta).

Tabmuma 3 — Pacuer BeiopocoB CO, 0T pa3MHYHEIX BHIOB arPOTEXHHYECKHX MePOIPHATHI

I TIpreM 006pa0OTKH IOYBHI H 3a/I€JIKH OHOMAcCHI
OKa3aTenb
CKanTHBaHHE JHCKOBaHHE BCIIAIIKA
Pacxo TolmHBa Ha arpoTeXHHYECKHE
MEPONPHATHA, JI/Ta;
B TOM THCIIE BeCeHHAA BCIIAINKA + 2 2 7
OOpOHOBaHHE
II0CEB 6 6 6
oceHHAA 00paboTKa 6 9 20
CyMMapHBIH pacxo/1 TOIUTHBA Ha arpo-
TEXHHIECKHE MEPOIIPHATHA 3a BereTa- 34 37 48
ITHOHHBIH Ce30H, JI'Ta
CyMMapHBIH pacxo/1 TOIUTHBA Ha arpo-
TEXHHIECKHE MEPOIIPHATHA 3a BereTa- 0,03 0,03 0,04
IIHOHHEBIH Ce30H, T/Ta
Cymmapssie BEIOpocsl CO; OT cKHTa-
HE TOTUTHBA NIPH NPOBE/ICHHH arpo- 9 100 130
TeXHHIECKHX MEpPOIIPHATHH 3a BereTa-
IHOHHBIH ce30H, KT CO,/Ta

Bo Bcex BapmanTax ACO, OBLT OTPHIATEIE-
HBIM, TO €CTh IpPOIECC YJIaBIHBaHHA YTIepoja
B (uToMacce mpeobmamam Hanm smHCccHeH CO,
(tabn. 4). B cayuae Bcmamkn ACO, Gbin
HaHMEHBIMHM Ha y4YacTKe H C peapKoH Mac-
TMHYHOH, H ¢ ropuHieH Oemol. BelwdHHA 3TO-
To TmoKa3aTeld cocTaBHIa -9756 krra H

-17791 kr/ra cOOTBETCTBEHHO. MaKCHMAIIBHEIE
ACO,; nma o0GeHX KyIbTyp OTMEUAIH B CIydae
CKaITHBAaHHA CHJepaToB Ge3 00pabOTKH IOYBEI
(-10107 xr/ra m -18145 kr/ra), OpH STOM B
BapHaHTaX C ropuHIled Oemol BeTHYHHA IIOKa-
3aTend Opula Beme B 1,8 pasa BciueacTBHE ee
Oompmreii (pHTOMACCEL
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Tabnuma 4 — Bamaac CO, B MaXOTHOM CIIO€ TIOYBEI, 3aCeAHHOH peIbKOH MAaCIHYHOH H ropuHIei

OeToii, B TeUeHHE BET€TAITHOHHOTO MmepHOTa

Bribpoce CO, KyMynaTas- CO; 3adHKCH-
Bug Cnocob OT arpOTEXHH- Hag PA, kr POBaHHEIH B ACO, Kr/ra 3a

pacTeHHA 00paboTKH kH, CO, K1/Ta 3a CO,/1 ra/58 6uoMacce CO, 58 cyT
58 cyT CYTOK Kr/ra 3a 58 cyT

CKaIllHBAaHHE 92 361 10560 -10107

Perpia JIECKOBAHHe 100 469 10560 9991

MacIIHIHAA

BCHOAMKa 130 674 10560 -9756

CKaIllHBAaHHE 92 368 18605 -18145

r%g;;’;la JIECKOBAHHe 100 501 18605 -18004

BCIAIIKA 130 684 18605 -17791

BriBoasl. ITouBa mop ropunneii Gemoi xa-
pakKTepH30BaIach OoJiee BEICOKOH BIaKHOCTBIO H
OompIliel pecIHpaTOpPHOH aKTHBHOCTBIO B cepe-
JIHHE BereTallHH, 9T0 00yCIoBIeHo 0olee HHTEH-
CHBHEIM Pa3BHTHEM KaK KODHEBOH, Tak H HazeM-
HOH (HTOMAacCH TopIHNbl Oemoi. BrIpalmHBaHHE
ropuHIEl Gemoil obecmeunBaer B 1.8 pasa Gomb-
mee yIABIHBaHAE YTIepoJa H3 aTrMoc(hepHOTo
BO3]yXa, 1eM BBIpAaITHBaHHE PeIbKH MAaCIHTHOMH.
PaccumranHeii ¢ yderoM smHcCHH CO,; OT BBI-
OpocoB npH paboTe CenbCKOXO3AHCTBEHHOH TeX-
HHKH, BHECEHHA a30THBIX yI0OpeHHH H pecIHpa-
TOPHOH AKTHBHOCTH ITOYBBI OalaHC yTIepoia B
BAPHAHTAX CO CKAIMHBAaHHEM OHOMAcCHI PEIbKH

MAacIHIHOH H Top4HIE Oemoil Ge3 o6paboTkH
nousel Opl1 HauOoilee BBICOKHM — -10107 H
-18145 kr/ra mpotus -99991 u -18004 kr/ra mpH
ITHCKOBAHHH H -9756 H -17791 Kr/ra mpH Bchami-
K€ COOTBETCTBEHHO. IIpH 3TOM HaHOOIBIIHI
BKJIaJ B CHHJKEHHE YITIEPOJHOTO ciefa obecrme-
9gHIa ropunna 6emad, 6marogapa GOpMHPOBaHHIO
Oombmreii pHTOMACCEL

CeeneHHsl 00 HCTOUHAKe (HHAHCHPOBA-
HEA. PaboTa BEINIONHEHA 3a CUET CPEACTB CcyO-
cHHH, BeieneHHoH Kasanckomy denepamsHOMY
VHHBEPCHTETY /1A BBIIONHEHHA IOCYJapCTBEH-
HOTO 3a7aHHA B cepe HAyIHOH AEATETHHOCTH,
npoekT Ne FZSM-2024-0004.
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ESTIMATING THE CARBON FOOTPRINT OF COVER CROPS AND VARIOUS METHODS
OF ITS PROCESSING
N. V. Danilova, A. R. Kamalova, P. A. Kuryntseva, R. I. Safin, S. Yu. Selivanovskaya

Abstract. The aim of the research is to evaluate the impact of cover crops on CO- emissions into the atmosphere
by calculating the carbon footprint during the cultivation of white mustard (Sinapis alba L.) and oilseed radish (Raphanus
sativus var. oleiferus), followed by incorporating the biomass into the soil. The study was conducted at the experimental
field of the Agrobiotechnology park of Kazan State Agrarian University in the village of Narmonka, Laishevsky District,
Kazan, from May to September 2023. The soil at the experimental site is gray forest soil, sandy loam in texture. The field
experiment included growing cover crops followed by incorporating the biomass into the soil using three methods: tradi-
tional plowing, disking, and mowing without soil treatment. The total CO, emissions from soil respiratory activity in plots
with white mustard during mowing, disking, and plowing over the growing season amounted to 361, 469, and
674 kg COy/ha, respectively: while for oilseed radish under the same treatments, emissions were 368, 501, and 684 kg
COy/ha. The total CO, emissions from agricultural practices ranged from 93 to 130 kg COy/ha depending on the last treat-
ment method used. The CO, captured in plant biomass significantly differed depending on the crop type: for white mus-
tard, it was 18.605 kg COy/ha; for oilseed radish, it was 10.560 kg COy/ha. The calculated carbon balance showed that the
difference in carbon dioxide emissions (ACO,) when mowing white mustard was -18.145 kg/ha; for disking -18.004 kg/ha;
and for plowing -17.791 kg/ha. For oilseed radish, lower values were established: -10.107 kg/ha; -9.991 kg/ha; and
-9.756 kg/ha, respectively. Growing white mustard is an effective method for capturing carbon from atmospheric air. The
carbon balance is most influenced by the amount of carbon captured in plant biomass and the agricultural practices
applied.

wP Key words: cover crops, CO, emission, carbon footprint, respiratory activity. agricultural practices.
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