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[MpoaHanu3MpoBaHbl pe3yabTaThl ONUHHAALATHA LIMKJIOB O00CIEIOBaHMS MTaXOTHBIX MOYB, MPOBOIUMBIX C
1964 1o 2022 rr. B 10or0-3amagHoi yactu LlenTpanbHo-YepHo3eMHOTo paitoHa Ha Tepputopuu benropon-
cKoii obyiacTu. B cTermHoli 30He 00J1acTy Mpeob1agaroT Y4epHO3eMbl OOBIKHOBEHHBIE, B JIECOCTEITHOM — yep-
HO3eMbl TUTTMYHBIE 1 BhIlIeJIOUeHHbIE. B TeueHue onnHHaaaToro mkiia oocinenoBanus (2019—2022 rr.) cpen-
HUi1 ypOBEHb BHECEHMST MUHEPAJTBHBIX YIOOpeHUii cocTaBw 114.4 Kr A.B./Ta, opraHMdecKux — 9.6 T/ra, U3BECT-
KOBaHUS KHCIBIX TTOYB — 43.8 ThIC. Ta B Ton. B pesynbTaTe cpemHsast ypoKailHOCTh O3MMOI TIIEHUIIBI
yBean4Yuiaach 10 5.09, caxapHoit CBeKJIbI — 10 45.6, KyKypy3bl Ha 3epHO — 110 7.15 T/ra. [Ipu aTOM B ITouBax
MMaIrHu 3a(UKCUPOBaHO MaKCUMAJIBHOE 32 BECh MIepUO HaOMIONeHUI 3HAUeHNE CPETHEB3BEIIIEHHOTO CO-
JIepxKaHusl opraHndeckoro Bemectna (5.3%). o1 KUCbIX TTOYB CHU3MIIACH 10 28.6%, B TOM 4YHUCIie Cpel-
HeKuCIbIX — 1o 3.0%. BennunHa ruapoMTUIECKON KUCIOTHOCT YMEHBIIWIACH 10 2.7 CMOJb(3KB)/KT.
CpenHeB3BellleHHOE collepKaHue MOABIKHBIX hopM docdopa (139 Mr/kr) u Kamus (161 Mr/Kr) siBisieTcst
CaMBbIM BBICOKHMM B perrnoHe. K Kkareropnm HU3K000eCTIieYe HHBIX 110 CONEPXKaHUIO MOIBUKHBIX (DOPM CEPBI
otHocurcs 85.7% o6cienoBaHHBIX ITOYB, LIMHKA — 97.2, Mmenu — 92.5, kobanbra — 98.8, Mmapranua — 40.1,
MonnbaeHa —21.3%. I1o comepkaH1IO MTOABIKHBIX (hopM 60pa 98.2% MOUB OTHOCUTCS K KATETOPHUU BBICO-
KoobOecrneuyeHHbIX.

Karoueswie crosa: HN3BECTKOBAHUE, KUCJIOTHOCTDL ITOYB, MUKPOSJEMEHTLI, OPraHM4Y€CKO€ BEIIECCTBO ITOYB,
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BBEAEHWE

Bo BcemupHoii XxapTuu No4yB OTMEYaeTcCs, 4TO
IOYBbI UTPAIOT OCHOBOIIOJIATAIOLILYIO POJIb JIJIST XKI3-
HU Ha 3emiie, OMHAKO aHTPOIIOT€HHAasl Harpy3ka Ha
HUX MOAXOOUT K KPUTUYECKOMY YpoBHIO. [ToaTomy
paloOHaJIbHOE MCIIOJIb30BAHUE IOYB SIBJISICTCS Of-
HUM U3 HEOTHEMJIEMBIX 3JIEMEHTOB YCTOMYMBOIO
CEeJILCKOTO X03511CTBa, BAXKHBIM MHCTPYMEHTOM PEry-
JIMpOBaHUSI KJIMMaTa W COXPaHEHMS 3SKOCHUCTEM.
B aTOM mOKyMEHTEe peKOMEHIYEeTCSI IPaBUTEIbCTBAM
CTpaH Mupa pa3paboTaTh HAlIMOHAJIbHBIE CHUCTEMBI
KOHTPOJISI 32 COCTOSTHUEM TIOYBEHHBIX pecypcoB [ 15].

B Poccuun onHUMM M3 caMbIX TJIOAOPOIHBIX TIOYB
TPagUILIMOHHO CYUTAIOTCS YepHO3eMEI lleHTpaibHO-
YepuozemHoro paiioHa (LIYP). OgHako B cuity ux
JUIUTETbHOTO HEPAllMOHAJIBHOTO  MCITOJIb30BaHUS
CTaJd YCWIMBAThCSI TaKWe BUIBI Aerpamalii, KakK
3pOo3us, AeryMudUKalus, MOOKUCISHUEe U Op. [25,

27, 28]. Kpome Toro, n3-3a HU3KOro ypOBHS UCIIOJIb-
3ye€MbIX arpoOTE€XHOJIOTU MOJATue rolibl MPOAYKTUB-
HOCTb arpoakocucteM B ILIUP Obl1a KpaiitHe HU3KOIA.
B nocnenHue roapl cutyaiys crajia MEHSThCS B JIy4-
LLIYIO CTOPOHY, BHENPSIIOTCS COBPEMEHHBIE arpoTex-
HOJIOTUH, YBEJIMYMUJIOCH UCTIOJIb30BaHNE yIOOpEeHMUIA,
Hayvaju MpOBOJUTHCS PabOThI MO XUMUYECKOUN MeJTH -
opauuu KUciabix nous. [Ipu 3TOM cyliecTBEHHO BO3-
pocia ypoxXaitHOCTh CeJIbCKOXO3SHCTBEHHBIX KYJIb-
Typ [11, 24, 33].

B IIYP Haubosnee pa3BUTO B arpapHOM IUIaHE
asiseTcsa benaroponckas o6imacts. C 2011 1. B Helt pe-
aju3yeTcsl mporpaMMa OMOJIOTM3allUu 3eMJIeaeusl,
KOTOpasi SIBJISICTCSI HEOTHEMJIEMOIl COCTaBHOM 4Ya-
CTBIO DKOJIOTM3AlIMM CEJIbCKOTo Xo3dgicTBa [8, 22].
OcCHOBHas 1IeJIb 3TOI MporpaMMbl — CO31aTh IMTOYBEH-
HYIO Cpelly, CIIOCOOHYIO K CAMOBOCCTaHOBJICHUIO U Ca-
MOOOOTaIIEHUIO 3a CYET OMOIOTMYECKUX, ITPUPOTHBIX
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Puc. 1. [TouBeHHast kapta benaroponckoii oonactu [9].

¢aKTOpOB, TIPU 3TOM MPOAYKTUBHOCTD ITOYBbI JOJIKHA
OBITh YBEJIMYEHA KaK MUHUMYM B 1.5 paza [18].

B mpakTtuyeckoM IUIaHe peanu3alust 3TO Mpo-
rpaMMBbl OCYILIECTBIISIETCSI IOCPEACTBOM MTPOESKTUPO-
BaHMUS U ITOCJICAYIOLIETO OCBOCHMS IPOCKTOB ajar-
TUBHO-JIaHAIIA(GTHBIX CUCTEM 3eMJICACIUS U OXPAHBI
TIOYB IJIsI BCeX 3eMJIeIToIb30Barteseii oonactu [5—7].

ITpoekTpoBaHye afanTUBHO-JIaHAIIA(THBIX CH-
cTeM 3eMJieleusl U OXpaHbl TOYB U TMOCieaytoIas
olleHKa 3(MOEKTUBHOCTH WX OCBOEHHUS BO MHOTOM
OCYIIIECTBJISTIOTCSI HA OCHOBE TaHHBIX TOCYIapCTBEH-
HOT'0 arpO3KOJIOTMYECKOTO MOHUTOPUHTA, TIPOBOIU-
MOT0 arpoxuMuueckoit cimyxk6oii Poccuu [11, 30, 31].

Ileap paboOTHl — MPOAHAIM3UPOBATH TUHAMUKY
arpOdKOJIOTMYECKOIO COCTOSIHMSI TAXOTHBIX I10YB
Benroposackoii obnactv B Tpoliecce ITUTETHHOTO
(1964—2022 1T.) CeNbCKOXO3SMCTBEHHOTO MCITOIb30-
BaHMSI.

OBBLEKTbBI U METObI

WccnenoBanusa nposomuan B 1964—2022 1T. B
benroponckoii o6yiacT, pacrnoJoXXeHHOU Ha I0ro-
3anane [{YP Poccuu. Tepputopust obiactu BKiItoya-
€T JIECOCTEITHYIO M CTETTHYIO ITIPUPOTHbBIC 30HBI. [1ou-

BEHHBIN MOKPOB MAIlHU JIECOCTEITHON 30HBI Mpe-
CTaBJiecH B OCHOBHOM YepHO3eMaMHU THUITMIHBIMU
(Haplic Chernozems) (44.8% OT Bcex MaXOTHBIX ITOYB
obnactu), BelenodyeHHbIMU (Luvic Chernozems)
(25.7%) n TeMHO-cepbIMH JieCHBIMH TouBaMu (Luvic
Retic Greyzemic Phaeozems) (6.2%), a cTerHoit 30-
HbI — yepHo3emMaMu o6bikHOBeHHbIMU (Haplic Cher-
nozems) (13.0%) (puc. 1). lons apoapoBaHHBIX T1a-
XOTHBIX 1TOYB cocTasisieT 47.9% [9, 23]. IloceBHas
IUIOIIAaAbh TIOA BCEMHU CEIbCKOXO3SCTBEHHBIMU
KyJibTypamMu B cpenHem 3a 2019—2022 rr. coctaBuia
1440.4 TtwIC. Ta [34].

Knumar obnactu — yMepeHHO KOHTHHEHTaJlb-
HbIi. BennunHa ruagporepmudeckoro koaddunmeH-
Ta 110 CesTHUHOBY M3MeHsieTcs oT (0.9 Ha 10ro-BocTO-
K€ CTEITHOM 30HHI 10 1.2 Ha 3amnaje JecocTemHou. Jlu-
HaMuKa CpEIHEroJoBOi TeMIlepaTypbl BO3dyxa U
TOIOBO#T CYMMBI OCAIKOB ITO IIMKJIAM arpoOXuMUYe-
CKOTO 00CJIeIOBaHMS B CPETHEM IO METEOCTAHIIMSIM
(benropon, b. ®enuno, Banyiiku, T'otHs1, HoBblit
Ockoi, Crapsiii Ockoir) mpeacTaBieHa B Ta0. 1.

DoHOBBINT MOHUTOPHWHT IMMPOBOAUIN Ha BOIOpPa3-
JIeJIbHOM y4JacTke “fIMcKas cTernb” rocyiapcTBeHHO-
ro 3arnoBenHuKa “benoropbe”, pacnoaoXeHHOTO B
JIECOCTETTHOM 30He B MyHUIIMTIAILHOM 00pa3oBaHUU
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Ta6mmma 1. JIluHaMKKa cpeaHEeroqoBo TeMIiepaTyphl BO3IyXa U CYMMBI 0CaaKoB 3a rox B benroponckoit o6mact

Tonbr o6cnenoBaHmMii (LIMKITBI)
IMoka3za-
TeNb 1964—1970(1971—1975|1976—1983 | 1984—1989 [ 1990—1994 [ 1995—1999 | 2000—2004 | 2005—2009 | 2010—2014 | 2015—2018 | 2019—2022
(1 ) (3) (4) (5) (6) ) (8) ) (10) (11)
T.°C 6.3 6.9 6.2 6.1 6.6 6.9 7.3 7.9 8.0 8.1 8.7
Ocanku, MM 567 524 648 558 562 585 582 549 542 589 553

(MO) “I'yOKMHCKMIA TOPOICKOM OKPYT”, U TEPPUTO-
pUU LIETMHHOTO BOJIOPA3IEIbHOTO yJacTKa, HaXosI-
IIErocsT B CTEITHOM 30HE OKOJO ¢. BukToporomnb
MO “BeitneneBckuii paitoH”.

B crathe mcronb3oBaHB MaTepuaibl 11 UKITOB
arpo3KOJIOTMYECKOTO MOHUTOPUHTA IOYB, IIPOBOA-
MOTO IEHTPOM arpoxXMuMHUYecKoil ciykOnl “benro-
poackuii”. B TedueHUe Kaxkaoro LuKiaa o0ciaeaoBaiu
BCIO IUIOIIANb IMamHU obGaactu. IlpomoirkuTensb-
HOCTb IIUKJIOB COCTaBJsia OT 4 10 8 JeT. 3a KaKIbli
LIMKJT OOC/IeNoBaHUsI OTOMpaNy W aHaJIU3UPOBAIIU
okoy1io 70 ThIC. TIp0OO TT0YBKEI. B mMoYBeHHBIX Mpoodax,
OTOMpPaEeMBbIX M3 MAaXOTHOIO CJIO0SI C 3JEMEHTapHBIX
Y4acTKOB Tiomanpio 15—20 ra, onpenenstin comep-
JKaHWEe OPTaHUYECKOTO BENIECTBA IT0 MeToay TropuHa
(IFOCT 26213-91), momBuxHBIX GopMm docdopa
(P,05) u kanus (K,0) mo merony YupukoBa (3KcTpa-
reHT — 0.5 M ykcycHas kuciota) (FTOCT 26204-91),
MOJBWXKHBIX (pOPM Cepbl TypOUAUMETPUYECKIM METO-
JoM (3KcTpareHT — 1 M pacTBOp XJIOPUCTOTO Kayusl)
(T'OCT 26490-85). I'MapoIUTUYECKYIO KUCIOTHOCTD
onpeaenasuii B coorBerctBuu ¢ TOCT 26212-91, pH
coseBoii BeITXKN — 110 TOCT 26483-85. IMonBux-
HBIIA MOJIMGAEH UccieqoBaau no merony I'purra, st
9KCTPAKIUU HCIOJB30BAIN OKCalIaTHO-O0y(MepHBIit
pactBop ¢ pH 3.3 (TOCT P 50689-94). IToaBrXHbIE
dopmMBI bopa onpenessiiv 1o metony beprepa n Tpy-
ora (akctpareHT — Boga) (TOCT P 50688-94). Onpe-
JIelIeHUe COoIepKaHUsI TIOOBVIKHBIX (OpM ILIMHKA,
MapraHiia, Meayd U KobajabTa MPOBOAUIU MO METOMY
Kpyrickoro n AjnexcaHapoBoii (3KCTpareHT — are-
TaTHO-aMMOHMIHBIN OydepHbIil pacTtBop ¢ pH 4.8)
[14]. BanoBoe comepxkaHue 31eMEHTOB (3KCTpareHT —
5 M HNO;) u KOHLIEHTpaIMIO UX TOABUXHBIX (pOopM
KCCJIETOBAI METOOOM aTOMHO-3MUCCUOHHOM CIIEK-
Tpometrpunu [13]. YuenbHyl0o akKTMBHOCTH 1ie3us-137
OIpenessUIu METOAOM Y-CIIEKTPOMETPUU C UCIOJb-
30BaHMEM CIEKTpOMETpa-paanuoMeTpa raMma — Oe-
ta-uznyyeHuit MKI'b-01 PAIIDK.

Cratuctuyeckasi 00padoTKa JaHHbBIX JIOKAJIBHOTO
MOHUTOPMHIA BKJIIOYaJa pacyeT OAOBEPUTEIHHOIO
VHTEpBaJIa VISl CPEAHUX 3HaUeHU (X * 7;55X ). B pa-
00Te MCHOIb30BaHbLI ONyOJIMKOBaHHBLIE MaTepUalbl
DdenepalibHOM CIIYKObI TOCYIapCTBEHHOM CTaTUCTHU-
ku 1 DenepanbHOI CIIyXKOBI 110 TUIPOMETEOPOJIOTUN
Y MOHUTOPHUHTY OKPY>KalOIleil Cpeabl.

ITOYBOBEJEHUWE

Ne 12 2023

PE3YJILTATbBI U OBCYXIEHHUE

®oHOBBIII MOHHUTOPHHI. BaxHelnuMm ycinoBuem
KOPPEKTHOU OLIEHKU Pe3yJIbTaTOB arpo3KoJoruye-
CKOTO MOHUTOPUHTA MaxXOTHBIX MOYB SIBJISIETCS] Ha-
JIN4re TaHHBIX (POHOBOTO COCTOSIHUS MX LICJTMHHBIX
aHaynoroB. MOHOBBIIT MOHUTOPUHT TIPOBOAUTCS Ha
3eMJISIX 0CO00 OXpaHsSeMbIX MPUPOIHBIX TEPPUTO-
puii (OOIIT).

B Benroponckoii ob61actu GpoHOBOE coliep:KaHUe
OpPraHMYeCKOIO BEIIECTBA B BEPXHEM YaCTU I'yMYyCO-
BO-aKKyMYJISITUBHBIX TOPU30HTOB LIETMHHBIX YePHO -
3€MOB BBIIIEJIOYEHHBIX U OOBIKHOBEHHBIX COCTABIISIET
9.7 1 9.5% cooTBETCTBEHHO (BBICOKAasI IpyIIna odec-
MEYEHHOCTH), a B 4yepHOo3eMe TUnudHoM — 10.1%
(oueHb BbICOKas rpymma obecreueHHOCTH). Comep-
KaHue moAaBUXHBIX GpopM P,O5 B uepHO3eMax BblllIe-
JIOYEHHBIX U TUITMYHBIX OLIEHNBAECTCS KaK HU3KOE, a
B 4YepHO3eMe OOBLIKHOBEHHOM — cpenmHee. Coaepxka-
Hue noaBrxXHbIX popMm K,O BO Bcex nmoaruriax yep-
HO3E€MOB COOTBETCTBYET IIOBBLIIICHHOMY YPOBHIO
00eCIeYeHHOCTH.

doHoBOE cofepKaHUe TTOABUKHBIX (POPM Cephl U
LIMHKA BO BCEX IMOATUIIAX YEPHO3EMOB OLIEHUBAETCS
KakK HM3Koe, a 6opa — BbicoKoe. JIJ1s1 YepHO3eMOB Bbl-
IIEJIOYEHHBIX U OOBIKHOBEHHBIX XapaKTepHa HU3Kasl
00€eCIIeUeHHOCTb  MOABUXHBIMU  COENUMHEHUSIMU
MapraHiia, Mead U KobaibTa. B uepHo3emax Bbllle-
JIOYEHHBIX 00eCTIeYeHHOCTh ITOIBUKHBIMU (popMaMu
MOJIMOJEHA COOTBETCTBYeT HU3KOMY YPOBHIO, a B
yepHo3eMax OObIKHOBEHHBIX — cpeHeMy. YepHo3e-
Mbl TUITMYHBIE XapaKTepU3YIOTCS CpelHeil obecre-
YEHHOCTbIO MOABMXXHBIM MapraHiieM, Melblo, KO-
0aJIbTOM 1 HU3KO — MOInOmeHoM (Tab. 2).

IIpumeHeHue yn1o0peHuii 1 MeJIMOPAHTOB. bosbiioe
BJIMSIHUE HA arpo3KOJIOTUYECKOE COCTOSTHUE TMaxXoT-
HBIX TIOYB U MPOAYKTUBHOCTh arpOdKOCHUCTEM OKa-
3bIBAIOT YPOBEHb UCMHOJIb30BaAHMS YIOOPEHUIA U 00B-
€Mbl XUMUYECKOI METUOPALIUH.

3a mepuon, ¢ TIEPBOTO II0 YETBEPTHIN IIUKIIBI 00-
clieoBaHUs CpeIHUE 103bl BHECEHUSI MUHEPaTbHBIX
yno6peHuit ypeaumunnuch ¢ 41 mo 165 Kr neiicTByio-
IIIeTO BEIeCTBa,/Ta, YTO SIBUJIOCH CIIEACTBUEM peai-
3alliy IIMPOKOMACIITAOHON IporpaMMbl XMMU3a-
LIMM CEJIbCKOTO X03s1iicTBa. B ueTBepTOM 1LIMKIIE OBLIT
JIOCTUTHYT MaKCUMaJIbHBI JJ151 TIPOIIIOTO BeKa 00b-
€M BHECEHUSI MUHepaJbHbIX YIOOPEHU, TIPU 3TOM
Ha JI0JII0 a30Ta npuxoawmioch 43.2, pochopa — 28.5,
Kanust — 28.3%. B misiToM U1 1I1ecTOM MUKJIax OTMeva-
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Taomuna 2. @oHOBOE colepKaHUE OPraHMYECKOrO BEIIECTBA U IMOABMKHBIX (DOPM 3JIEMEHTOB B LIEJIMHHBIX ITOYBAX
OOIlT
YepHo3eM BHIIETOYCHHBII YepHO3eM TUITAYHbBIM YepHo3eM 0GbIKHOBEHHbII
(cnoit 10—20 cm) (cnoit 10—20 cm) (20—30 cm)
INoxa3zaTenb OOIIT “Amckas crens” OOMT Bukroporosnk
colepXaHue Tpyrna coaepKaHue rpymma colepXKaHue rpynma
obecrne4yeHHOCTU 00ecrneyeHHOCTH obecrneyeHHOCTH

OpraHuueckoe 9.7 Bricokast 10.1 OueHb BbICOKasI 9.5 Bricokasi
BelecTso, %

P,04 24 Hwuskas 28 Huskas 56 CpenHsis

K,0 105 [ToBbIIEHHAST 101 [ToBeIIeHHAST 101 [ToBbIIeHHAST

S 2.90 Huskas 2.30 Hwuzkas 2.80 Hwuzkas
n Zn 0.75 Huszkas 0.79 Hwuskas 0.82 Hwuzkas

OIBVXXKHBIE

dbOpMBI, MI/KT Mn 542 Huskas 10.9 CpenHsist 8.9 Huzkas

Cu 0.19 Huskas 0.24 CpenHsist 0.17 Huskas

Co 0.14 Huskas 0.20 CpenHsist 0.14 Huskas

Mo 0.09 Huskag 0.09 Huskaga 0.12 CpenHsst

B 1.10 Bricokas 1.50 Bricokast 2.80 Bricokast

JIOCh CYIIECTBEHHOE CHUWKCHUE WCITOJIb30BaHUS
yaobpeHuii 1o 112 u 38 Kr 1.B./Ta COOTBETCTBEHHO.
B nmocnenytomye rombl BHECEHHWE MUHEPaIbHBIX
yIOOpEeHU YBETUUNBAIOCh U JOCTUTIIO MaKCUMAITh-
HOTO JIUISI TEKYIIEro BeKa YPOBHSI B OMMHHAALIATOM
uukJie (114.4 xr 1.8./ra), Ipu 3TOM 10J1U a30Ta, Poc-
dopa u kanus cocraBunu 64.8, 17.3, 17.9% cooTBeT-
CTBEHHO (puc. 2).

YpoBeHb BHECEHUSI OPraHUYECKUX yIoOpeHMi
yBenuumics ¢ 1.6 T/ra B mepBoM 10 5.4 T/ra B YeTBEP-
TOM IUKJIAX, a 3aTeM CHU3WIcS 00 1.2 T/ra B BOCh-
MoM. B mocnenyronue roasl B benropoackoit odmactu
O4YEHb YCIEIIHO CTalI0 Pa3BUBAThCS MNTULIEBOACTBO U
CBUHOBOJICTBO, B pe3yJIbTaTe Yero yBeINIMINCh 00b-
eMbl 00pa3oBaHUsSI OpraHUYEeCKUX YIOOpeHUit u B
ONMHHAALATOM LIMKJIE YPOBEHb UX UCHOIb30BAaHUS
JOCTUT UCTOPUIECKOIO MakcuMyMa 9.6 1/ra.

B nocneqHue roabl 3a CYET MCTOIL30BaHUSI BBICO-
KOINIPOAYKTUBHBIX COPTOB M TUOPUIOB CEIHCKOXO-
3IMCTBEHHBIX KYJIbBTYpP, COBPEMEHHBIX CPEICTB 3a-
IIUTHl PACTEHUI, CUCTEMbl MaIllUH, MO3BOJISIIOIINX
MIOBLICUTh KadyeCTBO BHECEHUSI arpOXMMMKATOB U
JIPYIUX TEXHOJOTMYECKUX OIlepaluii, CyIIeCTBEHHO
yBeIuumiach 3(p¢heKTUBHOCTh ynoopeHuii. Hampu-
Mep, B IISITOM LUKJIE MO CaXapHYIO CBEKIIY B CpEITHEM
BHOCHJIOCH 6.6 T/Ta opranndeckux, 308 Kr 1.B./Ta MUHE-
paIbHBIX YOOOPEHMi, U JOCTUTAJIach YPOXKaliHOCTh B
21.2 T/ra, a B ONMHHAOLATOM LUKJIE CPETHSS H03a
BHECEHUSI OPTAaHUYECKMX YIOOPEHUI yMEHbBIINIACh
Ha 24.2% 1o 5.0 T/Ta, MUHEpaJIbHBIX YBEIMYMIACH Ha
19.2% mo 367 KT O.B./Ta, HO TIPA 3TOM YPOXKAIHOCTH
BbIpocya B 2.15 pasa. 3a 3TOT Xe Iepuo ypoxKai-
HOCTbh O3MMOM MILIEHUILIbI yBeanuuiaachk B 1.58 pasa,
HO CpEeIHSIS 1032 MUHEPAIbHBIX YIOOpEHUIT yBeIr-
yutach Bcero Ha 11.8%, a opraHMYeCKUX CHU3WIACH B

2.54 paza. YpoxKaitHOCTb KYKYpPY3hl Ha 3¢pHO BBIPOC-
na B 3.18 pa3a, HO IIpU 3TOM MCITOJIb30BaHNE MUHE-
paILHBIX YIOOpeHUit cokpatuioch Ha 41.4%, a opra-
HUYECKUX YBEJIMYUIIOCH B 7.65 pasa (Tabi1. 3).

OO6BEMBI U3BECTKOBAHUS KUCIBIX TIOYB B YeTBEP-
TOM M IATOM LIMKJIax cocTaBistin 33.1 u 31.3 Thic. ra
B T'OJl COOTBETCTBEHHO. B cemlbMOM 1 BOCBMOM LMK~
JIaX 06 BbEMbI XUMUYECKOMN MEJIMOPAllNY YITaJIU 10 MU-
auMmyMa 1.2 1 1.7 TeIC. Ta B TOI. B ITocieyromnime romel
OJjlaromapsl peajir3aluu 00JIaCTHOM, a 3aTeM U (dele-
palbHOI TIpOoTpaMM IO CYOCHMAWPOBAHUIO JAHHBIX
paboT 0OBEMBI M3BECTKOBAHUS CYIIECTBEHHO BO3-
pociu. B necaTom LUKIIe €XXeronHO U3BECTKOBAIOCH
75 ThIC. Ta KUCHBIX TouB (30.2% ot ypoBHs Poccwuii-
ckoii Denepaliun).

B LHYP 3a 2015—2020 rr. HamboJiee BLICOKUE Cpel-
HUE 103bl MUHEpPaJIbHBIX YIOOpPEHUI BHOCUJINUCH B
Kypckoii (156 kxr n.8./Ta), a caMble HU3KKe — B Bopo-
HeXCKoi (88 Kr a.B./ra) obyacTsax. 3a 3TU TOIbl, O~
mumo benroponackoii, HaubGOJbIIMI YPOBEHb UC-
MTOJTB30BaHMST OPTaHNIECKUX YIOOpeHMIT HabIroma-
cs B Boponexckoii (3.34 1/ra), a HAUMEHBIINIT — B
Tam60Bckoii (0.24 T/ra) obaactsax. ExeromHas 1io-
agb, Ha KOTOPON IIPOBOAMIOCH HM3BECTKOBAHME
KHMCIBIX TIOYB, coCTaBisuia B Jlumenkoit oGmactm
27.0, TamboBckoit — 13.5, Kypckoii 1 BopoHexckoi
obmactsx — o 13.0. Teic. ra [11, 34].

ConepkaHHe OPraHHYECKOro BemIeCcTBa B ITOYBaX
TPAIULIMOHHO CUMTAETCSl BaXKHEHIIIMM MOKa3aTeleM
€ro 3KOJOTMYECKOTO COCTOSIHUSI, BEIeCTBEHHO-
DHEPreTUYECKOM OCHOBOI  (PYHKIIMOHWPOBAHUS
PKOCHCTEM BceX paHToB [12]. B mocienHue rogsl oco-
OEeHHO BaxKHYIO POJIb OPraHUYECKOMY BEILIECTBY 10U~
BbI OTBOJSIT B CEKBECTUPOBAHMY BEIOPOCOB YIJIEKUC-
Joro rasa [1, 4]. HecinydaitHO TyMyCOBBIN CJIOI TTOUB
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Puc. 2. JluHamMuKa BHECEHMSI MUHEPaAIbHBIX (a), opraHndeckux (b) ymoOpeHMii 1 Iiolanyd M3BeCTKOBaHUSI KUCIIBIX MTOYB (C).

IJIaHEThl CUMTaeTCsl 0co0Oil aHepreTudYeckoit 00o0-
JIOUKOI — rymycocdepoit [21].

B skcTeHCMBHOM 3eMJleNeInu, TIPU HU3KOM YPOB-
HE MCHOOJb30BaHUS yOOOpeHUii, coaep:KaHUe opra-
HMYECKOTO BEIIIECTBA BO MHOIOM OIIPEIESIeT MUILIE-
BOI PEXKMM IMMOYB U, B IIEPBYIO OUYEpPEb, Aa30THBIM, MO-
Ne 12
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CKOJIbKY B HeM aKKyMmyjiaupoBaHo 6ojiee 90% sToro
3JIeMEHTa OT OOIIMX 3armacoB. Mexny coaep>kaHueM
B MAXOTHOM CJIO€ TIOYB OPraHUYECKOro BellecTa (x, %)
U Jerkoruaposmsyemoro asora no KopHbunay
(Y, Mr/Kr) ycraHoBieHa TecHasi mpsiMasi cBsi3b. Ha
OCHOBE 00pabOTKM pe3ylnbTaTOB BBEIOOPKM, COCTOSI-
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Puc. 3. ,Z[I/IHaMI/IKa CPE€OHEB3BCUICHHOIO COACPKaHNA OPTaHNYECKOTO BEIICCTBA B ITIaXOTHBIX ITOYBaX.

et 13 100 00pas31oB ¢ coaepKaHUEM OpraHNYeCcKo-
ro BeuecTBa oT 4 1o 6%, paspaboTaHa MaTeMaTH4E-
CKast MOJIeJib, MO3BOJIAIONIAS C BEICOKOM TOYHOCTBIO
paccuMThIBaTh CoOJepKaHUEe JETrKOTUAPOIU3YEeMOTo
asora.

Y=23x+51; R>=10.90.

IIpu ncnonb30BaHUKU COBPEMEHHBIX WHTECHCUB-
HBIX arpOTEXHOJIOTHIA ¢ BEICOKUM YPOBHEM BHECESHUST
yIO0OpEHUI CBSI3b MEXIY coAepXKaHUEM OpraHude-
CKOTO BEIIIECTBA B OYBAX 1 YPOXKANHOCTBIO KYJIBTYP
nmocraTtogHo ciadas. Harmpumep, B LIYP vHanbompinee
CpEIHEB3BEIIEHHOE COAEPKAHVE OPTAaHUTUECKOTO Be-
IIeCTBa B MaxOTHBIX MOYBAX XapakTepHo s Tam-
6oBckoit (6.5%), a camoe Hu3koe — mist Kypckoit
(4.7%) ob6nacreit. OmHako Oyaromapsi BBICOKOMY
YPOBHIO HCIIOJIb30BAHMSI MUHEPAIbHBIX YI0OpEeHMIA
B cpenHeM 3a 2015—2020 rr. B Kypckoii o61acT ypo-

KalfHOCTDb 3€pHOBBIX U 3¢pPHOOOOOBBIX KYJIBTYP CO-
craBuia 4.95, a B TamGoBckoit — 3.67 1/ra [11, 34].

B benaropoackoii o6acTu ¢ 4eTBEPTOro 110 AeBSI-
THI LUKJIBI OOC/eTOBaHUSI CpeAHEB3BEILIEHHAs Be-
JIMYMHA COJEp>KaHUs OpPTaHMYECKOIro BeIleCTBa B
TOYBaXx IMalllHU BapbrpoBaJja B mpenenax 4.8—5.0%, a
B ONVMHHAALIATOM LIMKJe Bo3pocia no 5.3% (puc. 3).
VBenunueHue gaHHoro mapamerpa Ha 0.3% coorBer-
CTBYET POCTY 3aracoB OpPraHMYECKOTO BeIlleCcTBa B
naxoTHoM cJitoe (maccoii 3000 T/ra) Ha 9 T/Ta, B KOTO-
pBIX HeroHupyetrcs 5.2 T/ra yriepona (wim 19 t/ra B
nepecuere Ha CO,).

B nocienHeM LMKIIE OOJISI MIOYB C MOBBIILIEHHBIM
colepxXaHWeM JaHHOTO IMoKa3aTeJsl BO3pocya 10 UC-
Topryeckoro Makcumyma (20.0%), a ¢ HUBKUM —
yMeHblIMIachk 10 Muaumyma 10.9%. IlpeobGnanaro-
LIUMU SIBJISIIOTCSI TTAXOTHBIE TTOYBbI CO CPETHUM COIEP-
JKaHUEM OpraHndJeckoro BeliecTBa (68.9%) (puc. 4).

Taomuuna 3. JIuHaMKuKa BHECEHUSI yIOOPEHU 1 ypOKailHOCTA HEKOTOPBIX CEJIbCKOXO3SIMCTBEHHBIX KYJIbTYD [34]

Tonwl o6cneqoBaHusT (LIUKIT)
[Moxazarens 1990—1994 | 1995—1999 | 2000—2004 | 2005—2009 | 2010—2014 | 2015—2018 | 2019—2022
) (6) @) ()] ()] (10) (11)
O3uMmag TIeHnIa
YpoxxaitHOCTb, T/Ta 3.23 2.23 2.68 3.30 3.54 4.50 5.09
Breceno OpraHMYecKUX, T/Ta 15.5 8.2 4.5 2.3 4.0 4.5 6.1
YAOOPeHUH  |MpHepambHbIX, KI/Ta 119 49 64 79 100 115 133
Kykypy3a Ha 3epHO
YpoxaitHocTb, T/Ta 2.25 2.32 2.66 3.93 4.97 6.65 7.15
Bueceno OpraHu4ecKkux, T/ra 3.7 0.8 0.2 2.0 11.1 25.1 28.3
YEOOPeHUR  |MpHepaibHBIX, KT/Ta 222 75 98 152 133 130 130
CaxapHasi cBeKJIa
YpoxkaitHOoCTb, T/Ta 21.2 17.9 23.4 21.8 36.8 44.1 45.6
Bueceno OpraHU4eCcKHuXx, T/Ta 6.6 3.6 2.7 3.1 4.5 5.9 5.0
YIOOPeHUH  |MpHepambHbIX, KT/Ta 308 199 252 346 303 323 367
IMOYBOBEAEHUE Ne 12 2023
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CpenHeB3BeILIEHHOE COAEpXKaHUe OPraHn4YeCKOro
BEllIECTBA B MOYBaxX MYHUIMIIAJbHBIX 0Opa3oBaHU1
oOJractu BapbpupyeT B nipeaeiiax ot 4.07 (I'paitBopoH-
ckuii paiion) 1o 6.03% (I1poxopoBcKuii paiioH).

OTMedeHHasT 3aKOHOMEPHOCTD YBEJIMICHHST 00eC-
TEYeHHOCTH TTOYB OPTaHWYECKUM BEIIECTBOM O0Yy-
CJIOBJIEHA COBMECTHBIM BJIMSIHUEM HECKOJIbKUX (haK-
TOPOB.

Bo-nepBbiX, ypoBeHb BHECEHMSI OPTaHUYECKMX
yooOpeHMii B IECITOM M OOWHHAIIIATOM ITUKJIaX OBLIT
Bbillle 8 T/ra. [1o 06OOIIIEHHBIM JaHHBIM, B 3€pHO-
npoIaniHeIX ceBoodoporax LIYP mo3a HaBo3a Kpy1i-
HOTO pOoraToro ckKora, mpu KOTopoit dhopMupyercs
0e3neUIMTHBIN OajlaHC OPraHWYeCKOro BelllecTBa
MOYBBI, HAXOAUTCH B IIpeaesiax 6—8 T/ra ceBooGopoT-
Ho¥ mmomtany [11].

Bo-BTOpHBIX, CyIIEeCTBEHHO YBEIMYMIOCH OCTYII-
JIEHHE PACTUTEJbHBIX OCTAaTKOB 3a CUYET BO3POCIIEH
NPOIYKTUBHOCTH arposkocucreM. Hampumep, mpu
YBEJIMYEHUHN YPOXKANHOCTU 3€pHA 03MMOI IIIIIEHUIIBI
U KYKYpy3bl COOTBETCTBeHHO ¢ 3.30 1 4.97 B neBsITOM
mukie g0 5.09 u 7.15 1/ra B OMMHHAALIATOM 1IMKJIE
BBIXO[ IT000YHOM MPOAYKIINK YBeIMImiIcs ¢ 5.2 u 7.7
no 6.7 u 10.3 t/ra. Baarogaps peanu3aluu peruo-
HaJIbLHOM IIPOrpaMMBl OMOJIOTM3aluU 3eMJICACIINS
ObUIa IIMPOKO BHEApEHA IIPaKTHUKa BO3IEJIbIBAHUS
cuaepaJbHbIX KYJIbTYp (B OCHOBHOM TOpYHUIIbI O€-
Joif). B meBsITOM LMKJE cuUIepaThl BbICEBAJIMCH B
cpenHeM Ha 1oromann 124, necssitom — 303, omMHHa-
natom — 317 Teic. ra/ron (22.0% ot oO6ieit moceB-
Holi ttotaan). Mo cogepkaHU0 OPraHUYECKOTO Be-
mectBa 1 T cooMBI TIpUpaBHUBAETCS K 3.6 T HaBO3a
KPC, a 1 T cugepara KpecTOLBETHBIX KyIbTyp — K 0.7 T
[17]. Kpome Toro, B OTMHHAAIATOM IIUKJIE B CTPYKTY-
pe MOCeBHBIX MuIolIameit obmactu 5.7% 3aHUMaIu
MHOTOJIETHUE 0000BBIC TPABHI, ITOJ KOTOPHIMU (HOp-
MUpPYETCsl IIOJIOXUTEIbHBII OajlaHC OpraHMYECKOIO
BeIlleCTBa ITOYBBI 32 CYET PACTUTEIBHBIX OCTAaTKOB.

B-tpeThux, B 061aCTH CYIIECTBEHHO COKPATUIACh
IJIOIIAAb YUCTHIX ITAPOB, 3a CUET YeTO YMEHBIIWINCH
pasMepbl MUHEpalu3allud OpPraHUYecKoro Bellle-
crBa. Eciu B geBsATOM LIMKJIE MX IUIOIIAIb COCTABIISI-
na 128.6, To B gecaroM — 64.7, a B OMMHHAIIIATOM —
ToJIbKO 47.1 ThIC. Ta. PazaMep MuHepanmu3anuu opra-
HHMYECKOI'O BelleCTBA MOYBHI IO YMCTHIMU MapaMu
ouenuBaerca B 0.02% ot ero 3armacoB B ITaXOTHOM
cJloe, UTO B CpelHeM JJisl TT0YB 00JIaCTH COCTaBJIsSIeT
okojio 3 T1/ra. PaKTOpPOM, CYIIECTBEHHO CHIKAIO-
UM MMHEpaIn3aluilo OPraHMYECKOro BeIeCTBa,
SIBJISIETCSI TIEpeXoll HA MUHUMaJIbHBIE CITOCOOBI 00pa-
OOTKU IOYBBI, OCBOCHIME TEXHOJIOIUM IIPSIMOTO CeBa
u cucTteMbl no-till (koTopast He BIIOJIHE M3y4yeHa B
Poccuwn). Hanpumep, B 2020 r. ipsiMmoii 1moceB mpo-
BomwIcd Ha 23.5% Bceil moceBHOI mrontanu. B oc-
HOBHOM 3Ta TEXHOJIOTUSI CE€Ba MCIIOJIb3YETCS B 3BEHE
ceBo0OOpoTa cosi—o3uMasi nireHuia. Cucrema no-till
(TIOJIHBII OTKa3 OT 00pabOTOK IIOYBEL B CEBOOOOPOTE)
MCHoJIb30Baach Ha 11.8% moceBHOI IIOILIAAN.
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TTosbimenHoe 6.1—8.0%

Puc. 4. Jlunamuka pacrnpeae/ieHUsI ITaXOTHBIX MOYB IO
CoIepKaHMIO OPraHUYEeCKOro BellecTBa, % oT o0ciaeno-
BaHHOM TJIOIIAAU.

KucioTHOCTD SIBISIETCSI OU€HDb BaxKHBIM arpoO3KO-
JIOTUYECKUM ITapaMeTPOM COCTOSIHUS MOYB. YpOBEHb
KHMCJIOTHOCTH II0YB BO MHOTOM OIIpeAe/IsieT JOCTYI-
HOCTb JJisi pacTeHuii pocdopa, MUKPOIJIEMEHTOB,
PaITMOHYKIIMIOB, pa3Mepbl CUMOMOTUYECKON a30T-
dukca 6000BBIMU KYJIBTYpaMU, MUKPOOHMOIOTH -
YeCKYI0 aKTUBHOCTD ITOYB.
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Puc. 5. luHaMuyKa 10JIM KMCJIBIX TTOYB (a) ¥ TUIPOJIUTUYECKOI KucaoTHOCTH (b).

ITaxoTHBIE MOYBHI JIECOCTETHOM 30HBI LleHTpans-
Horo YepHo3eMbsl NpU JIUTEIBHOM CEIbCKOXO03sIii-
CTBEHHOM M CITOJIb30BAHUU IOCTATOYHO CHJILHO IO -
KUCJISIOTCS, €CJIN He TIPOBOIUTCS UX TIEPUOINIECKOE
n3BecTkoBaHre. OCHOBHAS TIPUYMHA TTOIKUCICHUS
MOYBEHHOTO PacTBOpa 3aKJII0YaeTCsl B TTOCTOSTHHOM
BBIMBIBAHUU KAJIBLIMS U3 IAXOTHOTI'O CJI0sI. DTOT PO~
LIECC YCUIMBAETCSI IPU UCITOJIb30BaHUY (DPU3UOJIOTH -
YeCKHU KUCIIBIX MUHE paTbHBIX ynoopeHwuit [11, 24, 31].

IMonkucnenne mous B LIYP MoxHO cumTaTh on-
HHMM M3 CaMbIX MacIITaOHBIX BUIOB UX Aerpamalliiu,
KpaiiHe HeTraTUBHO BIIMSIOLIMM Ha IPOIYKTUBHOCTh
arposKoCHCTEM, B TIEPBYIO ouepelb, Ha yPOXKANHOCTD
caxapHOIi CBEKJIbI, IPOU3BOACTBO KOTOPOI B PErUO-
HE COCTaBJISIET OKOJIO IIOJIOBUHBI OT POCCHUIICKOTO
ypoBHs. B Kypckoii, JIuneukoit, Tam6oBcKoit 0671a-
CTSIX, IIOJIHOCTBIO PACITOJIOXKEHHBIX B JIECOCTEITHOM
30HE, JI0JISI KUCJIBIX TTOYB COOTBETCTBEHHO COCTaBJISI-
er 71.0, 77.9, 77.3%, B TOM 4ucJIe CpeIHE- Y CUIBHO-
Kuciabix — B cymme 32.8, 30.6, 30.0% [11].

B TpeTheM LIMKIIE arpoXMMHUYECKOro oOcienoBa-
HUs Obla 3a(DMKCUPOBaHA MUHUMAJIbHAS JOJIST KHUC-
JIBIX To4UB 22.8%, B TOM 4uCJie CPEAHEKUCTbIX — 1.5 1
CWIBLHOKUCIBIX — 0.1%. 3aTeM 10JIsT KUCJIBIX ITOYB CTa-
JIa 3aKOHOMEPHO YBEJIMYUBATHCS IO TIPUUNHE HEIO-
CTAaTOYHBIX 00BEMOB M3BECTKOBAHUSI U B IEBITOM
LIUKJIE TOCTUIJIa MaKCUMaJIbHOro ypoBHS 45.8%, B
TOM 4YHCJIE CPedHEe- W CHIBHOKMCIBIX ITOYB 12.6 u
0.2% cooTtBeTcTBeHHO. OMHAaKO Oyaromaps ycriel-
HOI peanu3aliMu 00JaCcTHOI MporpaMMbl XUMUYe-
CKOIl MeJIMopaluM B JeCATOM LIMKJIEC MOJIST KUCIBIX
MMOYB yMeHbIMIach 1o 35.5% (B Tom uucie 5.8% —
CPEIHEKUCIBIX), a B OOMHHAALIATOM LUKIE — OO0
28.6% (3.0% — cpemnekmcabix) (puc. 5). B mocnen-
HeM [UKJe oOcCliemoBaHUSI caMasl BbICOKasl HOJIs
KUCITBIX TTOYB OblIa 3apUKCUpOBaHa B VIBHSIHCKOM
paitone MO (56.2%), pacnoJoXeHHOM Ha 3amazie
JISCOCTEITHOM 30HBI 001acTH, a B POBEeHbCKOM paiio-
He MO, HaxomsgimeMcsi B CTEITHOM 30HE, KUCITBIX
IMOYB HE BBISIBJIEHO (Tab. 4).
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Puc. 6. [JlnHamMuKa cpeqHEeB3BEIIIEHHOTO CONEeP>KaHUsI TTIOABKHBIX (hopM (pocchopa u Kanust B MaXOTHBIX TTOYBAX.

CpenHeB3BellleHHas BEJTMYMHA THIPOJIUTAYECKON
kuciaotHoctd (Hr) B mouBax 007acT MUHHMAaJIbHOMN
ObUIa B YeTBepTOM LIMKJIIE (2.4 CMOJIB(2KB)/KT), a MAKCH-
MaJIbHOM — B neBITOM LMKJEe (3.1 cMOIb(3KB)/KT).
B onuHHaauaTomM LUKIIEe BeJIMYMHA ITaHHOTO Tapa-
MeTpa cHu3miach 00 2.7 cmoib(3kB)/Kr. I1o MmyHuU-
IIMITATEHBEIM 00pa30BaHUSIM 00JIaCTH CpeaHEB3BEIIICH-
Hast BennurHa (Hr) namensiercs ot 1.03 B crenHoili 30-
He (PoBeHbckuit paitoH) o 3.57 cMoIb(3KB)/KI — B
necoctenHoi (MBHSIHCKMIA paiioH).

Conepxanue noasuxHbix ¢opm docdopa u kammus
B MaXOTHBIX MOYBaX SIBJISIETCSI OAHUM U3 OCHOBHBIX
nokasaresyieid UX OKyJbTYPEHHOCTH. DTU JTaHHbIE HC-
TMOJIB3YIOTCSI IPU pacyeTe 103 (hochHOPHBIX U KaTnii-
HBIX YIOOpEHUIA.

MuHUMaIIPHOE CPETHEB3BEIIEHHOE COMepKaHue
NOIBIKHBIX (opM ¢ochopa B mouyBax o00JIaCTH,
0113K0€e K (DOHOBBIM 3HAYEHUSIM, ObLIO 3a(hUKCUPO-
BaHO B IIepBOM LUKJIe oocnenoBaHus (55 mr/kr). I1o
Mepe yBEJIMUYEHUs 103 BHOCUMBIX YIOOpeHUit BeIu-
YWHA JAaHHOTO TTapaMeTpa BO3pociia B IIIECTOM ITUKJITS
obcnegoBanus mo 131 mr/kr. CokpalnieHne UCIoab-
30BaHUST YIOOPEHUI TMPUBEJIO K CHMXXEHUIO ITOTO
ToKasarelisi Trogopoaust 10 116 Mr/Kr B BOCBMOM
UKJIe, a 3aTeM MO0 Mepe YBEeIWYeHUS MPUMEHECHUS
yIOOpEeHUIl CpeaHEeB3BEIIEHHOE CoAepXaHue II0-
IBUXHOTO (hochopa Bo3pocio a0 138 Mr/Kr B nessi-
TOM LIUKJIEe U 10 146 MT/KT — B AecaToM (puc. 6).

B onHHAAIATOM LIVIKJIE BEIMUMHA 3TOTO IMapaMeTpa
CHU3WIACH 10 139 MI'/KT MO MPUUKMHE BHICOKMX 0ObEMOB
M3BECTKOBAHUSI KUCHBIX IMOYB. CHIKEHUE KUCIIOTHO-
CTH TIPUBOJIUT K YMEHBIIEHUIO TTOABMKHOCTH hocda-

TOB B TouBe. B mpenenax obiactu Hanbojiee BEICOKOE
CpeIHEeB3BellIeHHOe conepXXaHWe MOABIKHBIX (hopM
¢docdopa orMevanock B maxoTHBIX ITouBax MO Hogo-
OCKOJILCKMIA paiioH (185 Mr/kr), a caMoe HU3KOe — B
MO KpacHeHckuit paiioH (99 mr/kr) (1abma. 4). B mo-
ceaHeM LIMKIIe OOCIeAOBaHMS AOJISI [IOYB C OYE€Hb BhI-
COKMM cofepxkKaHeM MOABIKHOTO ocdopa cocTaBU-
na 16.5% (puc. 7). Ipu TakoM ypoBHE 00€CIIEYUEHHOCTU
MOYB MOABVKHBIM (POCHOPOM peKOMEHIYETCS OTPaHU-
YMBaTh NCIONMb30BaHne (pochopHBIX ynoopenwmii. [1pe-
00JIagaloIIMMU SIBJISIIOTCST TIOUBBI CO CpeHell obecre-
YEHHOCTBIO JTaHHBIM 3JIeMeHTOM (32.5%).

ITaxoTHble mouBwl Benroponckoii ob6aacTu xapak-
TepU3YIOTCS CaMbIM BBICOKUM CpPEIHEB3BEIIEHHBIM
coIepxkaHWeM ITOOBMKHBIX (popm docdopa B ITUP.
B mmouBax mamranu Kypckoit, Boponexckoit, Jlurmeir-
Koit u TamMbOoBcKoIi obJiacTeit BeInurnHa JaHHOTO Ma-
pamertpa coctasisiet 129, 104, 98 u 88 Mr/Kr cooTBeT-
cTBeHHO [11].

BenuuuHa cpenHeB3BEIIEHHOTO COAEPKAHUS TT0-
JIBVKHBIX (DOPM KaJiusl B MaXOTHBIX TTOYBaX B IEPBOM
nuKJie oocienoBaHus coctasisiiia 105 Mr/Kr, 4To co-
OTBETCTBYET YPOBHIO B OHOBOI1 rouBe. B ueTBepTOM
UKJIe 00CenoBaHUs BeJIMYMHA 3TOTO MoKa3aTesst
nmocturia 130 Mr/Kr, a K ceabMOMY IIUKITY CHU3WIACh
no 121 mr/kr. Bospociime o6beMbl UCTIONB30BaAHUS
ynoOpeHuit, 0COOEHHO OpraHWYeCKUX, MPUBEIU K
YBEJIMUECHUIO COJIep>KaHUS TIOABUXKHOTO Kajlusl B
MoYyBax a0 172 MI/KT B IECSITOM IIMKIIE.

B ommHHagmaToM HUKIE BEJIWYMHA JAaHHOTO Ia-
paMeTpa HEMHOTO CHU3MJIACh U cocTaBmia 161 Mr/KT.
HawubGoinee BBICOKOE cpeaHEeB3BEIIEHHOE coaep:kKa-
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(a)
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7404 10 47 39.9
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43.9

2.3 6.5 1.2
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32.5 29.4

44 o4

16.5

OuyeHb HU3Koe <20 Mr/Kr
Huskoe 21—50 mr/kr
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Bricokoe 151—200 mr/kr
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(b)
211 1ok (1964—19701r) 353
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1.3 3.0 32.8
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121 20 o1 15.9
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Puc. 7. luHaMuKa pacrpenejeHUs MaXOTHBIX MOYB IO COAePKaHUIO MOABMKHBIX hopM (ocdopa (a) u kanus (b), % ot o6cie-

JIOBAaHHOM IUIOIIAAM.

HUE MOIBUKHOTO KaJIus ObIJIO YCTAHOBJIEHO B ITOYBaX
maitHt MO HoBoockonbckuii paiion (199 mr/kr), ca-
moe Huszkoe — B MO KpacHeHckuii paitoH (124 Mr/Kr)
(Tabi. 5). Jlojis TI0YB ¢ O4EHb BHICOKOI 0OecIieueH-
HOCTBIO TTOABIDKHBIM KaJIeM, Ha KOTOPBIX PeKOMEH-

TTIOYBOBEJEHUE  Ne 12 2023

JIYIOT OTPAaHUYUTH UCMOJIb30BaHUE KaTUHHBIX Y100-
penuii, coctaBuia 28.1%. BOABIIMHCTBO MaXOTHBIX
mouB o6racTut (42.1%) OTHOCUTCS K KAaTETOPUU C BBI-
COKOIf 00EeCTeYeHHOCThI0O MOABWXKHBIMU (hOopMaMu
3TOro ajeMeHTa (puc. 7).
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Ta6auna 5. Z[I/IHaMI/IKa pacnnpeacjaCHuA IMMaXOTHLIX ITOYB — I10 COACP2KaHHNIO ITOABM>KHBIX (I)OpM CE€Pbl U MUKPOSJIECMCHTOB

Tonst o6cnenoBanust (IIMKIT)
Moxaszatenn 1990—1994 | 1995—1999 | 2000—2004 | 2005—2009 | 2010—2014 | 2015—2018 | 2019-2022
®) (6) (7 (®) ) (10) (11)
S
CpenHeB3BEIIEHHOE COIEPKAHUE, MT/KT 6.80 5.47 3.47 2.60 2.80 3.30 3.88
Tpynmet o6ec- BBICOKas > 12 Mr/KT 6.1 2.3 1.1 0.3 0.9 1.2 2.9
NMEYCHHOCTH, cpenHsist 6—12 Mr/kr 45.7 27.7 10.9 2.5 4.1 8.4 11.4
% or mIomA HH3Kast <6 Mr/KT 48.2 70.0 65.7 97.2 95.0 90.4 85.7
Mn
CpenHeB3BeLIeHHOE COIEPKAHME, MI/KI 17.5 12.1 9.8 9.2 10.3 11.7 11.4
Tpynmb o6ec- BBICOKas >20 Mr/Kr 30.4 10.8 3.2 0.6 4.0 4.9 2.4
Ne4YeHHOCTH, cpennss 10—20 mMr/kr 44.5 44.2 31.1 35.0 42.4 56.6 57.5
% OTIIOWAIN | o <10 Mr/kr 25.1 45.0 65.7 64.4 53.6 38.5 40.1
Zn
CpenHeB3BELIEHHOE CONEPKaHUE, MI'/KT 1.40 0.66 0.51 0.50 0.52 0.49 0.54
Tpynb o6ec- BBICOKAsl >5 MI/KT 1.9 0 0 0 0.1 0.1 0.5
MEeYCHHOCTH, cpenHssa 2—5 Mr/Kr 13.6 1.1 0.9 0.2 0.7 1.1 2.3
% o IIomAH Hi3Kas <2 Mr/KT 84.5 98.9 99.1 99.8 99.2 98.8 97.2
Co
CpenHEB3BEUIEHHOE COIEPKAHME, MI/KT Her naHHBIX 0.08 0.10 0.08 0.08
Ipynnsl o6ec- BbIcokas >0.3 Mr/Kr » 0.5 0.1 0.1 0
MeYeHHOCTH, cpenuss 0.15—0.3 Mr/kr » 2.5 5.6 0.6 1.2
% OTIOWALI | 1 ast <0.15 wr/kr > 97.0 94.3 99.3 98.8

CpenHeB3BellICHHOE CoAep:KaHUE ITOABMKHBIX
dopm Kanmus B ITouBax namrHu benaropomackoit ooia-
CTU CYIIECTBEHHO BBIIIIE, YeM B JAPYTUX OOJACTIX
LY P. BennurHa gaHHOTO MmapaMeTpa B ImouBax JIu-
neukoii, Boponexckoii, Kypckoit m TamGoBckoit
oGnacteit cocrasiseT 138, 135, 112, 106 Mr/Kr cooT-
BETCTBEHHO [11].

Conep:kaHue MOABMKHBIX (DOPM cepbl 1 MHKPO3Jie-
MEHTOB SIBJISIETCS] Ba>XKHBIM MapaMeTpOM MOUYBEHHOTO
TUTOIOPONUSI, CYIIECTBEHHO BIMSIONINM Ha MPOIYK-
TUBHOCTb arpo3KOCHCTEM U Ka4eCTBO PACTEHUEBOI-
yeckoi ripoxykuuu [2, 10, 16]. [Ipuaem pakTopamu,
JIMMUTUPYIOIIUMU  MIPOAYKTUBHOCTb  arpO3KOCH-
CTEeM, MOTYT CTaTh KaK WX HU3KHE CONEp>KaHUS B
MMOYBE, TaK W Ype3MEPHO BHICOKME, MPEBBINIAIOIINE
npeneabHO nomyctumble KoHOneHTpauuu (ITJIK).

CpenHeB3BellIeCHHOE coAepXKaHUe TMOABUXHOM
cepbl € TMSATOrO MO BOCBMOM LIMKJIbl YMEHBIIUIOCH C
6.80 mo 2.60 MT/KT, a 3aT€M CTaJI0 YBEJIMYUBATLCS U B
ONMHHAAATOM LIUKJIe 0OCTUIIO 3.88 Mr/Kr. OCHOB-
HOWM NPUYUHOM PE3KOTr0 CHUXXEHUS COIePXKAHUS 10~
JIBVKHOM Cephl B TIOYBAX SIBJISIETCSI OTKA3 OT UCIIOJIb-
30BaHMs TMPOCTOTO M IBOITHOro cymnepdocdaros, B
KOTOPBIX COJepXaHUE 3TOr0 3JIEMEHTa COCTABJISUIO
13 u 6% cooTtBeTcTBeHHO. [10 JTAHHBIM MOCJIEAHETO
HUKjIa o0ciaenoBanus, 85.7% mNaliHu OTHOCUTCH K
KaTeropuu HU3KO0OECHEeYEeHHBIX 0 3TOMY MOKa3a-
Temo (Tadi. 5).

CpenmHeB3BeIIeHHOE cofepKaHMe TONBIKHBIX (hOpM
LIMHKA B TTIOYBaX ObUTO MaKCUMAJIbHBIM (1.4 MT/KT) B TIsI-
TOM ITMKJIE, HO YK€ B CEITbMOM IIMKJIC BEJIMIMHA JaH-
HOTO TapaMeTpa cHu3miIach 1o 0.51 Mr/Kr u B mocJe-
IyIollleM W3MeHsIach He3HaunTeabHo. B ommHAHa-
IIIaTOM 1MKJE JOJisl TI0YB, HU3KOOOECIeUeHHBIX
3THUM DJIEMEHTOM, cocTaBuia 97.2%.

MakcuMaibHOE CpeHEB3BEILIEHHOE COAePKaHUE
MOABWKHBIX (popMm Mapranua (17.5 mMr/kr) ormeda-
JIOCh B TISITOM, @ MUHUMaJIbHOE (9.2 M/KT) — B BOCb-
MOM IMKJIaX. 3aTeM BeJIMYMHA TaHHOTO TapamMmeTpa
yBeuuuBaiach 0o 11.7 Mr/Kr B OecsITOM ITUKIIE.
B onuHHanuaTom 1yKie cpeaHeB3BElIEHHOE COAeP-
>KaHMe TIOJIBVXKHOTO MapraHiia coctaBuiio 11.4 Mr/kT, a
IIOJIsT HU3KoobecteueHHBIX 1TouB — 40.1%.

CpenHeB3BEeIIEHHOE COAep:KaHWE ITOABVKHBIX
¢dopmM KobajibTa B MoYBaX ObLJIO OTHOCUTEIBHO CTa-
OMJIbHBIM Ha MPOTSDKEHUM BCEX IIUKJIOB 00CIea0Ba-
Hus1. B ommHHAgaTOM HUKJIE BeJIMYMHA JaHHOTO Ma-
pamerpa coctaBuiia 0.08 Mr/Kr, a TOJISI TIOUB C HU3-
KUM coJepxXaHueM sneMeHTa — 97.2%.

3a nepuom ¢ AEBATOTO 110 ONMHHAMIATHIN [TUKIEI
HaOogaeTcsl TPeH I K YBEJIMUEHUIO CpEeIHEB3BEIIICH -
HOTO colepxXaHMs IMOABUKHBIX (popMm meau ¢ 0.11 mo
0.13 MI/KT U CHUKEHUIO TOJIM HU3KOOOeCTIeYeHHBIX
noys ¢ 96.9 10 92.5%.

[TOYBOBEJEHUE  Ne 12 2023
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B omumHHamnaToM IUKIIE BIIEpBBIE IIPOBEICHO
omnpele/ieHUe COAepKaHWS B ITOYBaX O0JACTU IO-
IBDKHBIX (opM MoaubmeHa. BbUIO ycTaHOBJIEHO,
YTO CpEeIHEB3BEIICHHOE COAepXKaHUEe COCTaBIISIET
0.13 Mr/KT, 01075 HU3KOO0OECIeYeHHbIX TOYB — 21.3,
cpeaHeoOecIiedeHHBIX — 76.9, BBICOKOOOGECITEUeH-
HBIX — 1.8%.

Copep:kaHUe MOIBUXKHBIX (popM Oopa B LICTUH-
HBIX M MaxXoTHBIX yepHo3eMax ILIUP, kak mpaswuiio,
OLICHMBAETCSl KaK BBICOKOE, MO3TOMY B MPOTpamMMy
CIUIOIITHOTO OOCIeqOBAaHUS TaHHBIN MOKa3aTellb He
BKJTIO4aeTcs. BeibopouHoe oOciemoBaHue Ha ITUIO-
mamay 225 TeIC. Ta B ONMHHAALIATOM LIUKJIE [T0Ka3aJio,
YTO CpEOHEB3BEIICHHOE COAEPKAaHUE ITOABUKHOIO
6opa cocrasisieT 2.07 Mr/Kr 1 98.2% no4B OTHOCITCS
K KaTeropuu BbicokoobecrnedeHHbIX (>0.7 Mr/Kr).

OcCHOBHBIMU (haKTOpaMU, BIUSIOIIUMHA Ha COIEep-
JKaHWE MOABMXKHBIX (pOPM Cepbl U MUKPOIIEMEHTOB
B TIOYBAX, SIBJISIIOTCS JO3bl BHOCUMBIX OPTaAHNYECKHX
ynoOpeHuit 1 00beMbl n3BecTKoBaHus. C yBennde-
HUEM UCHOIb30BaHUS OPraHUYeCKIX yIOOpeHUIA Cy-
ILIECTBEHHO BO3POCJIO MOCTYIJIECHUE Cepbl I MUKPO-
BJIEMEHTOB B arpO3KOCHUCTEMBbI, OTHAKO B pe3yJibTaTe
BBICOKUX OOBEMOB M3BECTKOBAHUS CHUXKAETCSI IO-
JIBVKHOCTD B TIOYBAX LIMHKA, MapTraHiia, MeaIu U KO-
O6asbra. DakrtoB mnpesbiieHus ITJIK moaBHXKHBIX
¢opM LIMHKA, Meau, KobajabTa, MapraHiia B IIO4Bax
00J1aCTH HUKOTIJA HE BBISBIISITIOCH.

B BopoHnexckoit, Kypckoii, JIuneuxoii, Tam60oB-
CKOM 00J1aCTSIX TOJISI TOYB, HU3KOO0ECTIeUeHHBIX IT0-
JIBVKHBIMU (hOpMaMU cepbl, HAXOAUTCS B Mpeaeaax
74.1-95.1, umHKa — 99.3—99.9, memu — 96.4—99.5%.
B Boponexckoii, Kypckoit m TamOGoBCcKO#T 001aCTIX
JOJIsT TIOYB C HU3KUM COJIepXaHUEeM TTOABVXKHBIX
dopM kobanbTa coctaBisieT 98.3—99.7%, mapraHiia —
51.9—-88.3% [3, 11].

Cojep:xaHue MbIIbSIKA, KaAMHsA, CBUHIA, PTYTH H
yaeabHas akTHBHOCTH 37Cs B 0YBax onpenesseTcs B
paMKax JIOKaJIbHOTO arpo3KOJOTMYeCcKOro MOHUTO-
pUHTra, IPOBOAMMOTO Ha perepHbIX 0ObekTax. B uep-
HO3eMe OObIKHOBEHHOM CpeIHee BaJoBOe COoMepKa-
HUE MblIIbsIKa, KaaMUs, CBUHIIA, PTYTU COOTBET-
CcTBeHHO cocTabyisieT 5.48 + 0.34, 0.35 £ 0.02, 11.2 £ 0.4,
0.023 £+ 0.002 mr/kr, a B 4epHO3eMe TUIIMYHOM —
4.18 £ 0.38, 0.32 = 0.01, 10.3 & 0.6, 0.022 £ 0.002 Mr/KT.
DTHU 3JIEMEHTBI OTHOCSITCSI K IIEPBOMY KJIacCy oIlac-
HOCTM, U MX coAepXaHWe HOPMUpPYETCS B IOYBax
MHOIMX cTpaH mupa [26, 32]. DakToB NpeBbILIEHUS
OPHMEHTUPOBOYHO HoImycTuMoii KoHueHTpaimu (OIK)
CBUHIA, KanMus, Mblibsika U [TIK pTyTu B mouBax
ycTtaHoBJieHO He Obu10 [19, 20, 29]. CpenHsisa yaeib-
Hasi aKTMBHOCTb MCKYCCTBEHHOTO paJIuOHYKJIMAA
137Cs B maxOTHOM €JI0€ YEPHO3EMOB OOBIKHOBEHHBIX
cocraBigia 24.9 £ 2.2, tunuaHbix — 17.3 £ 1.6 Bk/KT.

AHaJIu3 pacTeHUEeBOMUYECKOU TPOAYKIMU ITOKa-
3aJ1, 4YTO IpeBbilieHUs ypoBHel T1/IK sTux sneMeH-
TOB TSI TPOIOBOJILCTBEHHOTO CHIPbSI 1 MAaKCUMAJIb-
Ne 12
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HO OOIMYCTHUMBbIX ypOBHeI\/,I, YCTAHOBJICHHBIX IJIAA KOP-
MOBOM NPpOoAYKIINU, B UCCIICJOBAaHUAX HE BBISIBJICHO.

3AKJIFTOYEHHME

B xone npoBeneHus ucciienoBaHUi YCTaHOBJIEHO,
YTO B TEUEHME ONMHHAIIIATOTO 1I1KJIa 00C/IeTOBaHUS
(2019—2022 rr.) cpenHuil YypoBeHb BHECEHUS MUHE-
paJIbHBIX ynoOpeHuit coctaBu 114.4 xr n.8./Ta, op-
raHn4deckKux — 9.6 T/ra, M3BECTKOBAHUS KUCIIBIX
nmoyB — 43.8 TeIC. Ta B roa. B pe3ynbrate cpenHsis
YPOXaWHOCTh O3UMOM TIIIEHULIbI YBEJIUYWUIACH MO
5.09, caxapHoii cBeKJIbI — 110 45.6, KyKypy3bl Ha 3ep-
HO — 110 7.15 T/1a. [1pu 3TOM B MoYBax NairHu 3auK-
CUPOBaHO MaKCUMAaJIbHOE 3a BeChb MEPUOJ HAOII01e-
HUI 3HaYeHUE CPEIHEB3BEIIEHHOIO COAepPXKaHUs
opranunyeckoro BemectBa (5.3%). Hoiast KUCIBbIX
IMOYB CHHU3WIACH 10 28.6%, B TOM YHCIIe CPETHEKMC-
JeIx — 10 3.0%. BenmmumHa TMAPOIUTUIECKOI KHC-
JIOTHOCTU yMEHbIIWJIACh OO0 2.7 CMOIb(3KB)/KT.
CpenHeB3BelleHHOE cofepkaHUe MOIBUXKHBIX (hOpM
P,0s (139 mr/kT) 1 K,O (161 MT/KT) ABJISIETCS CAaMBIM
BeicokuM B IIYP. K kaTeropuu Hu3koo06ecrneueHHBIX
O COAEPKaHUIO MOIBUXKHBIX (DOPM CEPBI OTHOCUTCS
85.7% obciienoBaHHBIX MTOYB, LIMHKA — 97.2, Meau —
92.5, kobansra — 98.8, maprania — 40.1, MmombaeHa —
21.3%. Ilo comep:KaHUIO ITOABMKHBIX (OopM Oopa
98.2% OYB OTHOCUTCS K KaTETOPUH BEICOKOOOECTIe-
YEHHBbIX.

OUNHAHCHUPOBAHUWE PALOTbI

HccnenoBanue BBITIONHEHO 3a c4yeT rpaHTa Poccuiickoro
HayyHoro ¢onma Ne 23-17-00169, https://rscf.ru/proj-
ect/23-17-00169/.
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Dynamics of the Agroecological State of the Soils of the Central Chernozem Region
during Long-Term Agricultural Us (on the Example of the Belgorod Region)

S. V. Lukin! 2 *
! Belgorod Center for Agrochemical Service, Belgorod, 308027 Russia
?Belgorod State National Research University, Belgorod, 308027 Russia
*e-mail: serg.lukin2010@yandex.ru

The paper analyzes the results of eleven survey cycles of arable soils conducted from 1964 to 2022 in the
southwestern part of the Central Chernozem region in the Belgorod region. In the steppe zone of the region,
ordinary chernozems predominate, in the forest-steppe zone — typical and leached chernozems. During the
eleventh survey cycle (2019—2022), the average level of application of mineral fertilizers was 114.4 kg a.i./ha,
organic — 9.6 t/ha, liming of acidic soils — 43.8 thousand hectares per year. As a result, the average yield of
winter wheat increased to 5.09, sugar beet — up to 45.6, corn for grain — up to 7.15 t/ha. At the same time, the
maximum value of the weighted average content of organic matter (5.3%) was recorded in the soils of arable
land for the entire observation period. The proportion of acidic soils decreased to 28.6%, including moder-
ately acidic soils, to 3.0%. The value of hydrolytic acidity decreased to 2.7 cmol./kg. The weighted average
content of mobile forms of phosphorus (139 mg/kg) and potassium (161 mg/kg) is the highest in the Central
Black Earth region. 85.7% of the surveyed soils belong to the category of low content of mobile forms of sul-
fur, zinc — 97.2, copper — 92.5, cobalt — 98.8, manganese — 40.1, molybdenum — 21.3%. In terms of the con-
tent of mobile forms of boron, 98.2% of the soils are classified as highly rich.

Keywords: liming, soil acidity, microelements, soil organic matter, fertilizers, productivity, mobile forms of
phosphorus and potassium, sulfur, chernozem
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