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B BBIIIICIO9eHHOM MaJIOTYMYCHOM CPEOHECYITIMHUCTOM YepHO3eMe LIeHTpaJbHOM 30HBI KypraHnckoit
00JI. OTMEYEHBI ITOTePU HUTPATHOTO a30Ta Yepe3 BEHIMBIBAHME C OCaKaMHW BHU3 IO MPOMUIIIO TIOUBHI.
IToTepu Bo3pacTaau Mpu MPUMEHEHUM TTOBBIIEHHBIX 03 a30THOTO YIOOPEHUI, a TakKXKe B BapMaHTax
MpU OTHOCTOPOHHEM MPUMEHEHUU a30THBIX YI0OPEHUIA.

Karouegoie crosa: 4epHO3eM BHIIIETIOYEHHBI MaJIOTyMYCHBI CPEIHECYIMHUCTHIN, MUTpaIsl HUTpaT-
HOTO a30Ta 110 MpOoGWITIO ITOYBKI, 0aJTaHC a30Ta, YPOKAMHOCTD KYJIBTYP, 3¢PHOIIPOITAIIHOM CEBOOOOPOT,

OeccMeHHas MILEHULIA [T0CIe CTEPHU.
DOI: 10.31857/S0002188124040014, EDN: dnajoi

BBEAEHUE

ABOTHBIN (POHII TOYBBI OMpPeENesIsIeTcs] BETMYUHOMN CO-
Jiep>KaHUsl BaJIOBOTO a30Ta, KOTOPbI HAXOAUTCS B TeC-
HOI CBSI3U C COAEpPXKAHUEM TymMyca, C YpOXaWHOCTbIO
CBS13aHO TOJILKO KOJIMYECTBO MMOYBEHHOIO HUTPATHOTO
azoTa. OCHOBHas YacTh a30Ta MOYBbI HAXOIUTCS B OP-
raHn4eckoit (hopme, a Ha MUHepasIbHbIe (POPMBI TTPUXO-
nutcst Becero 1—3% [1]. Cpenu pa3HbIX BUIOB IOYB HaM-
Oosiee OJArONPUSITHBIN IISI PACTEHUI a30THBIN PEXUM
MOYBbI CKJIa[IbIBAETCS HA UepHO3eMax, KOTOPhIe 3aHMa-
1ot 10 50% maxoTHBIX 3eMenb Poccuu, Ha HUX POU3BO-
ouTest 10 75% BanoBoii nponyKiyu [2]. Xopolast pac-
TBOPUMOCTb U 0OJIbIIAs TOIBUXKHOCTb HUTPATOB B MOY-
Be MPUBOJIUT K UX TMOTEPSIM Uyepe3 BbIMbIBAHUE BHU3
1o Tipod o mouBbl. Pazmepbl MUrpauny HUTPATHOIO
a30Ta PeryjupyroTcs rpaHyJOMETPUUECKUM COCTaBOM
MOYBBI U TEXHOJIOTHEHN BO3MEIbIBAHUS CETbCKOXO3sI1H -
CTBEHHBIX KybTyp [3]. I1pu opollleHuu moTepu HUTpa-
TOB OBIBAIOT ropasio GoJbiie [4—6].

§ Mccnenosanue BBIMOIHEHO B Kypranckom HaydyHO-MCCIIEIO-
BATEJIbCKOM MHCTUTYTE CEJIbCKOTO XO3siicTBa — (uiuaie
YpDAHUILLYpO PAH — B maboparopusix arpoXuMUK U 3eM-
Jlenenvst B paMkax [ocymapcTBeHHOTO 3aiaHusT MUHUCTepCTBa
HayKM ¥ BbIcIIero obpazoBanus mmo teme Ne (0532-2021-0002
“YCcoBepIlIeHCTBOBATh CUCTEMY alalITUBHO-JIAHAIIA(THOIO 3eM-
JleneNust T YpaabCKOTO PEerMOHa M CO3MaTh arpOTeXHOJIOTUN
HOBOTO IIOKOJIEHHMSI HA OCHOBE MUHMMU3ALUN 00pabOTKM I10-
YBBI, IUBEePCUGUKALIMU CEBOOOOPOTOB, PALIMOHAIBHOTIO IPU-
MEHEHMSI TIECTUIINIOB 1 GUOTIperapaToB, COXpaHEHUsI 1 TIOBBI-
LIEHKS [TOYBEHHOIO IUIONOPOAMS U pa3paboraTh HH(pOpMALI-
OHHO-AaHAJUTUYECKUIT KOMILIEKC KOMIIBIOTEPHBIX IIPOrPaMM,
obecrneynBaloOii ”HHOBAIIMOHHOE YIIPaBJICHUE CHCTEMO
3emutenenus”.

ExeronHoe nmpuMeHeHue a30THBIX yI0OpeHUit nepen
MOCEBOM KYJBTYP JOKAIbHBIM CITOCOOOM JUCKOBOI Ce-
sutkoit C3-3.6 Ha 4—5 cM o0boramaeT oYBy HUTpaTaMHu.
I1pum mocTaTOYHOM KOJTMYIECTBE OCAIKOB OIpeneIeHHAsT
JI0JIsS1 HATPATHOTO a30Ta OIycKaeTcsl HUKe KOpHeoOou-
TAeMOTO CJI0SI TIOUBBI, OCOOEHHO MPU MOBBIIIEHHBIX 10-
3ax ynoopeHusi. Murpalus paCTBOPEHHBIX B BOIE HU-
TPaTOB MO NPOMUIIIO MOYBBI TPOUCXOIUT MTOCPENCTBOM
I dy3un XXKUIKOM 1 Ta3000pa3Hoii (a3 Biaru, a Tak-
>Ke OOJIbIIoe 3HAaYEHNE UMEIOT KalUJUIIPHOE U TpaBU-
TAIIMOHHOE TIepeMeIlieHr e BOIBI BHU3 TI0 TTPOMIITIO 1TO-
YBBI, YTO OIMMCAHO B uTeparype [7—11].

B nccnenosanusix Kypranckoro HUMCX panee
OTMEYEHO MPOMbIBAaHME HUTPATOB B INIYOUHY MpO-
¢unsg noussl 10 2—3-X M 10 HAOIIONEHUSIM B CTallM-
OHape C 3€pHOINPONAIIHLIM CEBOOOOPOTOM (KYKYpY-
3a—aBe MieHulbi—oBec) [12]. B aToM omnbiTe usyyanu
COCTaB yI0OpeHMs U J03bI a30Ta, CHavaja B YCIOBU-
sIX CEBOOOOpOTA, MO3IHEE — B MOCEBE OECCMEHHON
nieHulbl. B akcneprumeHTe 0TOOp MOUYBEHHBIX MPOO
BEJIY BECHOM 10 BHECEHMSI HOBBIX MOPLIUIA yIOOpEeHUHA.
Pazauuus pesynsraTtoB BECEHHETO U OCEHHEro orbopa
MOYBBI IT0 HAKOILJICHWIO HUTPATHOTO a30Ta 110, ITIe-
HUIIEH nocje rmapa Ha MPOU3BOJACTBEHHBIX yYacTKax
ceBepo-3amnagHoii 3o0HbI KypraHckoit 001. moka3aHbl
B Metoguueckux pekomeHaauusx ®I'BY CAC “Illa-
JIpUHCKasi”. BOJBIIMHCTBO pe3yIbTaTOB aHalM3a MoY-
BEHHBIX 00Pa31lOB B 3TOM IT0JIE 3€pHOIIAPOBOTO Ce-
BOOOOpOTa MOKA3aJI0, YTO OIpeaeeHUE COAepKaHUSI
HUTPATHOTO a30Ta OCEHBIO AaBajo 00Jjiee BHICOKHE I10-
Kazartenu [13], mo-BuamMoMy, 3a CYET JTOITOJTHUTEIb-
HOIf JIETHEM TeKylleil HUTpUpUKaLIUHU.



4 BOJIBIHKMHA, KOITbIJIOB

Hosble HabmoneHus 3a coaepkaHueM HUTPaTHO-
ro azota Ha riyouHe 3 M npoBeneHbl B KypraHckom
HUUNCX B 2014, 2015 u 2021 IT. B BBIIIEYITOMSIHYTOM
CTallMOHAPHOM OIIbITE, TIe 3€PHOMPOIIAIIIHON CEBOO-
6oport (1971—1998 rr.) 3ameHeH B 1999—2021 rr. 6ec-
CMEHHOI1 MIIeHUIIEH TTocie cTepHeBoro goHa. Takyio
TEXHOJIOTUI0 HEOOXOAMMO U3YyUUTh, T.K. OHA pacipo-
CTpaHUJIach B MPOM3BOJACTBEHHON MPaKTUKE.

Ilenb paboThl — ornpenesieHUe pa3MepPoB MOTEPb
HUTPATHOTrO a30Ta B BbIIIEJIOYEHHOM YepHO3eMe T10]1
noceBOM OecCMEHHOI MmieHuIbl B ycaoBusax LleH-
TpajibHOTO onbiTHOrO Tosst Kypranckoro HUMNCX.

METOANKA MCCIEJOBAHUA

OOBeKT ucciaeqoBaHUs — BHIIIEJIOUYEHHBI Yep-
HO3€M MaJIOMOIIHBIA MaJIOTYMYCHBIA CPETHECYIJIN-
HUCTBINA. ATPOXMMHMYECKME CBOMCTBA IOYBHI B CIIOE
0—20 cm: pHgcy 6.2—6.4 mpu 3aknanke u 5.0—5.2 —
B HaCTOsILLee BpeMsl, conepxkaHue rymyca — 4.5%, cym-
MbI Kajablus 1 Maraust — 20—22 mr-3k8/100 T, o01Iero
azora — 0.20%, o6iero dochopa — 0.07%, conepxka-
Hue noaBuxHbIX P,Os u K,0 — 40 u 250—300 mr/kr
COOTBETCTBEHHO. YIoOpeHus (aMMHAYHYIO CEJIUTPY
1 aMMO(hOC) BHOCHIIM IO TTOCEBA TUCKOBOM CESTKOM
C3-3.6 Ha iiy6uHy 4—5 cM. OnpeaeneHue coaepka-
HUsI HUTPATHOTO a30Ta MPOBEIN B 1-METPOBOM CIIO€
MOYBHI, JINOO B 3-MeTpoBOM. KonnuecTBo cpeaHerono-
BBIX OCaIKOB B IIeHTpaibHOM 30He KypraHckoit o61.
paBHo 350 MM, 3a BereTauuio (Maii—aBrycT) — 190 mM.

B skcrniepuMeHTe CpaBHUIU KOJIMYECTBO HUTPATOB
B 3-METPOBOM CJIO€ MOYBHI Ha (hoHe 0e3 ynoOpeHusl,
MpY pa3HOM COCTaBe yIOOPEHHUS M BO3pacCTAIOIIUX
JIo3ax a30THOro ynoopeHusi. CTalluoHapHOMY OITBITY
51 ron. B teuenue 28 net (1971—1998 rr.) uccienona-
HUe BeJIM B CEBOOOOPOTE KYKypy3a—IBe IMIIEeHUIIbI—
OBecC TPU eXerogHoi Bcrnamke, a B 1999—2021 rr. —
B IToceBax 0ECCMEHHOI MIIEeHUIIBI MOCie CTePHMU.
ITouBy oTOUMpanu BeCHOIA Iepea BHECEHEM HOBBIX 103

YIOOpEHUS, T.€. ONPEIe/IsIA OCTATOYHOE KOJINYECTBO
yno6penus. Conepxanue nmoasuxHoro P,Os B cioe
0—20 cM 1OYBHI TTOA, BAMSHUEM €XXEeTOAHOIO IpUMeE-
HeHus cynepdocdara B ceBooboOpoTe 1 amMModoca
B 2008—2021 rT. B ToceBe OECCMEHHOI TIIIEHMIIBI TO-
Bbicusioch ¢ 40 1o 80 Mr/Kr.

PE3VIJIBTATHI U UX OBCYXKAEHUE

AHalIu3 MUTpalliyi HUTPATHOIO a30Ta 110 npodu-
JIIO TIOYBHI IOl TOCEBOM OECCMEHHOM TIIIEHUIIbI MO/~
TBEPAUJI BHISIBJICHHBIE paHee B roIbl CeBOOOOPOTA 3a-
KoHoMepHocTU. Ha cuctemaruuecku ynoOpeHHOM
(oHE OocTaTOYHBIE KOJIMYECTBA HUTPATHOT'O a30Ta
3a HEOOIBIIMMH UCKITIOUCHUSAMU (IIpOXJIagHast Bec-
Ha B 2018—2019 rr.) 661K OOJIbIIIE, YEM B KOHTPOJIE.
IIpu nozax N40—60 Ha dpochopHOM (POHE Yallle KO-
YECTBO HUTPATOB B 1-METPOBOM cJioe MO obecrneveH-
HOCTH pacTeHUI a30TOM MPUOJINXKAIOCH K OMTUMYMY
(75—80 xr/Ta). B cpenHem 3a 6 et 3a epuon ¢ 2016
o 2021 r. KoJIm4yecTBO HUTPATHOIO a30Ta B 1-MeTpo-
BOM cJIO€ MOYBHI cocTtaBuiio 50 Kr/ra 6e3 ynoopeHuii
u 76 xr/ra — npu BHeceHun N40—60P20 (ta6i. 1).

OT160p 00pa3LoB Ha MNIYOMHY 3 MeTpa IMO3BOJIMII
OLIEHUTh pa3Mephl MOTEPh a30Ta Yepe3 BBIMbIBAHUE
HUTPATOB C OCaIKaMU BO 2-i 1 3-i1 METpbl IOYBEHHO-
ro mpoduns. B tabi. 2 nokazaHo conepxxanue N-NO;
B 3-METPOBOM CJIO€ BBIIIEIOYEHHOI0 YepHO3eMa
B 2014 1 2021 1T.

OTMeueHo, 9To 3a 7 JIeT 3HAUUTETHbHO BO3POCTIO KO-
JIMYECTBO HUTPATHOTO a30Ta B 3-METPOBOM CJIOE, OCO-
6enHo pu g1o3e N60P20. 3a o511 rofbl B TEILUIOE BpEMSI
roga (Mali—ceHTsIOpb) BbiNajio B cymMme 1470 MM ocan-
KOB, B cpenHem 3a roa — 210 mm. Bo 2-it u 3-it Me-
TpBI TPODMIIST TOYBHI TTomaio 60% HUTpPaTHOTO a30Ta
B 2014 1. m 42% — B 2021 1. B KOHTpOJIE, Ha (hOHE BHE-
cenust N40P20—45 u 37 u N60P20—59 u 45%.

Ta6mmua 1. Conepxxannie N-NO3 B 1-MeTpOBOM CJI0€ MOYBBI, KI/Ta

Bapuanr 2015 1. 2017 . 2018 1. 2019 1. 2020 . 2021 r. Cpennee
Koutpons 35 54 41 48 48 71 50
N40—-60P20 110 82 53 54 69 90 76
HCPy;s 17

Tabmuna 2. Murpaiiys HUTpaTHOTO a30Ta IMPU BHECEHWM Pa3HBIX 103 AMMHUAYHOM CeJTUTPHI, KT/Ta
Croit KonTpomb N20P20 N40P20 N60P20
ITOYBBI, CM 2014 1. 2021 . 2014 1. 2021 r. 2014 1. 2021 r. 2014 1. 2021 .
0—100 30 71 47 44 72 104 51 108
100—200 19 29 21 20 30 26 42 52
200—300 25 23 21 27 28 34 31 38
0—300 74 123 89 91 130 164 124 198
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Puc. 1. MiameHeHue KoJMYeCcTBA HUTPATHOTO a30Ta

B cioe mmouBbl 60—300 cm 3a rrepuon ¢ 2014 mo 2021 rr.
MPU BHECEHUHU Pa3HBIX 103 a30Ta, KI/Ta.

OcHoBHag Macca KOpHell pa3MellaeTcs B BEpXHEM
citoe 0—60 cM nouBbl. OmacHo, eciiy 3a CYET OCAIKOB
HUTpPATHBIN a30T OIYCKAaeTCsl HIKe KOPHEOOUTaeMOTO
ciios rouBkl. [loka3zaHo, 4To 3a 7 JIeT IpU BHECEHUU
MaJioil 103bl a30THOTO YIOOPEHMS U3MEHEHHNE CyMMap-
HOTO colepKaHus HUTPATHOTo a3oTa B ciaoe 60—300 cm
0bU10 HEOOMbIIUM (puc. 1).

B xoHTpONe u npu BHeceHnun 103 N40—60P20 Ha-
OJIomav CyIIeCTBEHHOE YBEJIMYCHHE CYMMapHOIO
colepXXaHUsI HUTPATHOIO a30Ta, HO paclpeicieHue
HutpaTtHoro a3ota B cioe 0—300 cM no ryouHe mno-
Kas3aJio, YTO B KOHTpoJse Huxe 60 cM ero 6uu10 56%
B 2014 1. 1 55% — B 2021 1., ipu BHecenun N4O0P20—54
1 55% n N60P20—72 1 60% cootBeTcTBeHHO. Heobxo-
MO ObLIO HAWTH IPUYMHY YBEJIUYECHUS JAHHOIO T10-
KazaTeJis, JUTS Yero COCTaBUIIN OajlaHC a30Ta 3a 7-JIeT-
HUM Nepuro.

OCHOBHOI IPUYMHOI ObLJIa HEBBICOKAsl YpOXKali-
HOCTb OECCMEHHOI1 MIIeHU LB MTocyie cTepHu. Urpanu
poJib cienytoue GakTopbl: CPENHECYNIMHUCTBIN Tpa-
HYJIOMETPUIECKHIT COCTaB ITOYBHI, BEJIMIMHA 103 a30-
Ta B TEXHOJIOTMU U TTIOBTOPEHUE UIOHBCKUX 3aCYX, KO-
TOpbIe OTMEUEHHI 3a 7 JieT 4 pa3a ¢ ocagkaMU B MIOHE,
paBHBIMU 6—30 MM. B cpemHem 3a 7 jeT MpOIyKTUB-
HOCTb MOBTOPHBIX MOCEBOB MILIEHUIIBI ITOCJIe CTEPHU
OblL1a HEBBICOKOI: 9.8 11 3epHa/ra B KOHTpose u 13.6,
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Puc. 2. KonmuecTBo HUTpaTHOro asora B ciioe 60—300 cm
IIOYBBI IT0I ITIOCEBOM OECCMEHHOM ITIIIEHULIBI IIPH ITPUME-
HEHUHU Pa3HOIo COCTaBa yI0OPEHMs M BO3PACTAIOIINX 103
asoTa, Kr/ra (2015 1.).

15.2, 15.3 mpu BHecenuu 103 N20—40—60P20 cooTBeT-
ctBeHHO. CyMMapHBIN BEIHOC a30Ta 36pHOM 3a 7 JIeT
(comoMy He OTYYKIAJIU C I10Jis1) ObUI paBeH 133 B KOH-
TpoJjie, a B BapuaHTax ¢ ygoopenusmu — 179, 238
u 248 xr/ra. BHeceHo ObUTO B yTOOpEHHBIX BapMaHTax
140, 280 u 420 kr a3ota/ra. HaunHast co BTOpoii 103Hl,
OaslaHC a30Ta CTAHOBWJICS MOJIOXKUTEIbHBIM, B BapU-
antax N40—60P20 B cymMe 3a 7 jieT oH cocTaBuia 42
u 172 xr/ra (Tab6xa. 3).

JIMLHMIA a30T, He NCIIOIB30BAHHBIN PACTEHUSIMHA,
¢ 0caJKaMy MUTPUPOBAI BHU3 MO MPOMUIIIO TTOYBLI.
HauGonplnMy OKa3aauch MOTEPU B BApUAHTE MPH-
MeHeHUs 10351 azora N60P20.

I[Ipu ananuse comepXaHUs HUTPATHOTO a30-
Ta B 3-MeTpOBOM cJioe TTouBHI B 2015 . oOHapyXeHOo,
YTO TMPU OJHOM U TOM Xe no3e BHeceHus1 N40 morepu
OT BBIMBIBAHUSI HUTPATOB CYIIECTBEHHO CHUKAJIUCH,
€CJIA a30T BHOCWJIM B codeTaHnu ¢ pocopoM (puc. 2).

B cnoe moussl 0—300 cM B 5-Tu BapuaHTax Haxo-
JIUJIOCh HUTpaTHOro azoTa 82, 173, 80, 125 u 223 kr/ra,
Huxe 60 cM B KOHTpOJIE MUTPUPOBaIo 72% OT CyM-
MapHOTo Koyim4ecTBa, 76% — npu BHeceHur N40 1 69,
67, 42%, ecau npuMeHsun 10361 N20—40—60P20.

Takass 3aKOHOMEPHOCTb OTMEYeHa B OTBITE eIlle
B TOIBI ceBOOOOpoTa. [1ocKombKy TToUBa GemHa TTOIBIK-
HBIM (pocopom (40 MT/KT), OTHO a30THOE yIOOpEHME

Taommna 3. bananc azora 3a 7-1eTHUI nepuoa HaOMIOAEHW 3a MUTpalieii HUTPATHOTO a30Ta IO MPO(GUIIO TTOYBbI

(2014—-2021 rr.)

Bueceno bananc
Vi . Conep:xanue | BeiHoc asora | BeiHoC a3ota bananc
poxaii- asoTa asora
Bapuanr asora 3a rof, 3a 7 JIeT, K1/ a30Ta 3a rof,
HOCTb, T/Ta 3a 7 JIeT, 3a 7 Jner,
B 3epHe, % Kr/Ta ra KT/Ta
KT/Ta KT/Ta
Kontpomns 0.98 1.94 19.0 133 0 —133 —19.0
N20P20 1.36 1.84 25.0 175 140 —-35 -5
N40P20 1.52 2.24 34.0 238 280 42 6
N60P20 1.53 2.32 35.5 248 420 172 25
ATPOXUUMUA Ned 2024
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14 11.9
12 9
10
g 6.8
2.7 2.3
4 .
b 0.4
0 1 2 3 4 5 6 7 8 9
N40 N80 NI120 N40P40 N80P40 N120P40
Puc. 3. IlpenenbHble pubOaBKU YpOXailHOCTU Cy-

XOH MacChl KYKYpy3bl IPU YBEIMYEHUU O03 a30T-
HOTO ynoopeHust ¢ maroMm N40 6e3 BHeceHUst doc-
dopa u Ha doHe P40, 1/ra (koHTposb — 42 1/ra,
HCPy;=8.0), (1971—-1998 rr.).

6, 4

5/ 42 9

1] 35

3.

6 )

% 1 0.9 15

0 ] . . . . . _071
1o 2 4 6 % —0.910 15=03 14
-2

1-s1 mocsie KyKypy3bl 2-51 ocjie KyKypy3bl

Puc. 4. IlpenenbHble NpuOaBKU ypOXKAWNHOCTU 3€pPHO-
BBIX KYJIBTYp B CEBOOOOPOTE KyKypy3a—ITIIeHUIIa—IIIIe-
HUIIa—OBeC MPU MPUMEHEHUN BO3PACTAIOIINX 03 a30-
Ta ¢ marom N20 Ha ¢oHe BHeceHust P40 (1971—1998 rr.,
YPOXKaWHOCTb B KOHTpOJIe: 1-g 1 2-5 TMIIIeHUIIA TTOCIe
KyKypy3bl — 15.8, oBec — 23.8 n/ra; HCPys = 1.1-2.3).

18
18 15, 164

13.2

NOPO N20 N40 N60 N20P20 N40P20 N60P20

Puc. 5. BausgHue coctaBa ynoopeHus U 103 a3oTa
Ha ypoXalHOCTb OECCMEHHOI MIIEHUIIbI TTOCJIE CTEPHU
(1999-2020 rr.), (HCPys = 1.7 1i/ra).

c1a00 BIIMSUIO Ha BEJIMYMHY ypoxasi. B moceBe Kykypy-
3bI IIPU OMHOCTOPOHHEM a30THOM YIOOpEHUU MOCTe-
TIeHHOE TToBBIIIIeHNE A03bI a30Ta oT N40 mo N80 u N120
ObLIO HelesiecooOpa3HbiM. IIpyu BHECEHUM a30THO-
dochopHoro ynoopenust 3PeKTUBHOCTh KaxXI0i
3 3-x 103 a3oTa ¢ maroMm N40 nmMesa coBceM MHYIO Xa-
pakrepucTtuky. [Tone3HbiMu ObH 1-51 11 2-51 103BI a30-
ta. Ha puc. 3 ipuBeneHsb! npenesibHble IPUOaBKU ypo-
JKasl CyXOTo BEIIeCTBa KyKypy3bl OT KaxXKI0i 13 3-X 103
MpU yBeJIMUYEHUHU 103bl ynoopeHust Ha N40.

ITon 3epHOBBIE KyABTYphl BHOCHIN N20—40—60.
XapakTep AeHCTBUSI 3TUX 103 ObLI TAKUM Ke: 3HAUU -
TeJIbHO OoJiblile ObLIO AeiicTBUe a3oTa ¢ pochopom

O CPABHEHUIO C BHECEHUEM OJHOW aMMUAYHON ce-
JuTpbl. Ha puc. 4 mokasaHo BAMSHUE TOJBKO a30THO-
dochopHOro ynodopeHust pu IIpUMMeHEHUN 3-X BO3-
pacTarolMX 103 a30Ta.

AHAJIOTUYHO Mpee/bHble TPUOaBKU YpOoxKaliHOCTU
MIIEHUIIBI B CEBOOOOPOTE OBIJIN BHILLIE MTPU BHECEHUU
nepBoit 1036l N20, ueMm 1ipu 2-x nocieayomux. s
oBca 3 (PpeKTuBHOI ObLJIa TOILKO 1-g m03a azora. Me-
Hee aKTMBHO MCTIOJIb30BaHHbIN a30T MOCTENEHHO MU-
TPUPOBaJl B HUXKHUE CJIOU TTOUBBI.

Takast Xe 3aKOHOMEPHOCTH IIPOSIBUIACH BO BIIM-
STHUW Pa3HOTO cocTaBa yIOOpeHUs Ha YpOXKAWHOCTh
GecCMEeHHOM MIIeHUIBI TTociie crepHr. KpoMe a3T0-
ro, ObLIO OYEBUIHO, YTO YPOXKAWHOCTH IIIEHUIIBI
B ITOBTOPHBIX TMTOCEBaX MOCJIE CTEPHU CTajla 3aMeT-
HO MEHBIIIE [T0 CPAaBHEHUIO C €€ MPOAYKTUBHOCTBIO
B ceBOO0OOPOTE MpU BCHAIIKe, TAe cOOp 3epHa IIe-
HULIBI B KOHTpoOJe coctaBuia 15.8 11/ra u 23.8 11/ra —
oBca. beccMeHHasT TIIIeHUIIA TTOC)Ie CTEPHU B CPETHEM
3a 19992020 rT. mMeta ypoxkaifHOCTB 3epHa 9.8 11/Ta
B BapuaHTe 6e3 ynoopenuit u 11.6—16.4 11/ra — B Bapu-
aHTax UX BHeCeHUs (puc. 5).

B TOBTOpHBIX MOceBax MIIEHUIIbI CPEeaN BapyaH-
TOB MPUMEHEHUs YIOOpEHUH CyIIeCTBEHHO yydlla-
JIO pOCT pacTeHui 1 (popMupoBaHue 0oJiee BRICOKMX
ypOKaeB COBMECTHOE BHECEHHE a30THO-(OCHOPHBIX
yonoopenuii. [Ipu npuMmeHeHnn GochOpHOTIO yIao-
OpeHus SIBHO 3(p(PeKTUBHBIM ObUIO yBeIWUYEHUE T103b
azora oT N20 no N40, yTo He ObLJIO OTMEUEHO IIPU Ol -
HOCTOPOHHEM a30THOM yI00PEHUU; YBEIMUCHUE 103bI
10 N60 gaBaio a(p@eKT JUlllb BO BlIaXKHbIE TOIbI, KO-
Topbie 32 1999—2020 rr. HaGIIOAAKUCH JTUIID § pa3.

SAKJTIOYEHUE

Takum oOpa3oM, MOKa3aHoO, YTO Ha BBIIIEIOUYCH-
HOM UepHO3eMe C HU3KUM COACPXKAHUEM TTOABIXKHO-
ro docdopa (40 Mr/Kr) npuMeHeH1e TOJIBKO a30THO-
ro ynoopeHus AeCTBOBAJIO Ha ypoxkaii ¢1abo U BeJIo
K MUTpalliu 0oJjiee BBICOKUX KOJIUYECTB HEUCITOb-
30BaHHBIX PACTEHUSIMU HUTPATOB BHU3 IO MpOu-
JIIO TIOUBBI, YeM MPU COBMECTHOM MPUMEHEHUU a30Ta
¢ pochopom.

[TpoayKTUBHOCTD KYJIBTYp Ha BbILLIEIOUEHHOM Yep-
Ho3eMe, OeTHOM MOIBUKHBIM (pocdopom, OblIa 3Ha-
YUTEJbHO O0OJbIIe Ha (pOHE NMPUMEHEHUS a30THO-
¢dochopHoro ynobpeHus. B cnmeumaabHBIX OIbITax
Kypranckoro HUMCX moka3aHo, 4To 1om KyKypy3y
U 36pHOBBIE KYJIBTYpPbl 1OCTaTOYHO BHOCUTH P15—20
B psaku npu nocee. [Ipu npuMeHeHUU ynooOpe-
HUS 10 MmoceBa pekoMeHayoT 103kl P20—30. Ontu-
MaJIbHbI€ 103bI a30Ta B COCTaBe a30THO-(hocHOpHOro
ynoopeHus Ha IleHTpajlbHOM ombITHOM moyie Kyp-
ranckoro HUMCX ajst mpomamHbIX KyJbTyp CO-
craBuan N50—60, mrd MIIEHUIIH TOCIE HEMapOBbIX
1 HeOOOOBBIX IpeniiecTBeHHUKOB — N20—30—40,

ATPOXMMUA Ned 2024
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nist obca — N20—25. Ilpu noBbIlIeHUM 103 a3oTa
CBEPX ONTHUMAJIBLHOTO KOJMYECTBA YaCTh HUTPATHOTO
a30Ta MUTPUPOBaJIa BHU3 110 TPOMUIIIO TTOUBHI, TTPU-
BOIS K HepallMOHAIBHBIM 3aTpaTaM CPEICTB XUMM3a-
nun. Ha3zBaHHBIE TO3BI peKOMEHIOBAHKI IS aHAJIO-
TUYHBIX TTOYBEHHO-KJIMMATHYECKUX YCIOBHI, KaKue
ObLIY B OIIBITE.
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Migration of Nitrate Nitrogen by Soil Profile

0. V. Volynkina“*, A. N. Kopylov*

9Ural Federal Agrarian Scientific Research Centre—Ural Branch of the RAS,
ul. Belinskogo 112a, Ekaterinburg 620142, Russia

*E-mail: volynkina.o@bk.ru

In the leached low-humus medium loamy chernozem of the central zone of the Kurgan region, losses of
nitrate nitrogen through leaching with precipitation down the soil profile were noted. Losses increased
with the use of increased doses of nitrogen fertilizers, as well as in variants with unilateral application of

nitrogen fertilizers.

Keywords: leached low-humus medium loamy chernozem, migration of nitrate nitrogen along the soil
profile, nitrogen balance, crop yield, crop rotation, permanent wheat after stubble.
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ANHAMMUKA TYMYCHOTO COCTOAHUA YEPHO3EMA 10KHOIO
nPU JJIUTEJABHOM IIPUMEHEHUN MHMWHEPAJIbHBIX YIOBPEHNN

B YCJIIOBHUAX CTEITHOI'O ITOBOJIXKbA
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ITpencraBneHbl pe3yabraThl HAOIIONEHWS 32 AUHAMUKON TyMyca U OOIIEro a30Ta YepHO3eMa I0XKHOTO
B YCJIOBUSIX JIATEILHOTO CTAllMOHAPHOTO OIbITa C IPUMEHEHUEM MUHEPAIbHBIX yioOpeHuii. B mep-
BbI€ 3 pOTAILIMU 3€PHOMAPONPOIAIIHOTO CEBOOOOPOTAa OTMEUEHA MHTEHCUBHASI MUHEPATU3alIUs TyMyca
BO BCEX BapMaHTax OIbITa. B yclI0BUsIX 3¢pHOMApOBOro ceBOOOOPOTA ATOT MPOLIECC 3aMeJIUIICS, a B Ba-
pUaHTe C MPUMEHEHUEM MUHUMAJbHBIX 103 a30THO-GOC(OPHBIX y1oOpeHuii B 6-if poTaliiu BbIsIBIIE-
HO HaKOIJIEHUE TYMYCOBBIX BellleCTB. MakcMMaabHOE CHUXXEHUE COfepKaHUsl TyMyca Mo OKOHYaHUIO
8-Mu poTauuii ceBoobopota (6ostee 48 eT) HabMIOOATM B BAPUAHTAX C BHECEHUEM CPETHUX U BEICOKUX
103 a30THO-(h0ochOPHBIX ynoOpeHunii. [IpuMeHeHe MUHUMAJIBHO JO3bI YIOOpEHUI JTydIIiM odpa-
30M KOMIIEHCUPOBAJIO TTOTEPU T'yMyca YepHO3eMa I0KHOTO TIPU JUIUTETbHOM CETbCKOX0351ICTBEHHOM
ucnojib3oBaHUU. [1o cpaBHEHUIO C UICXONHBIMU JAaHHBIMU B OTBITE OTMEUEHBI HEraTUBHbIE U3MEHEHUST
Ka4eCTBEHHOTO COCTaBa r'yMyca, BbIpaKEHHbIE B CHVUKEHUH AOJIU TYMUHOBBIX KUCIIOT. [To okoHYaHU0
8-if poTauuu coaepaHue OOIIEro a30Ta B MOYBE BO BCEX BAPUAHTAX OIMbITa YMEHbBIIUIOCH.

Karuesvie croséa: rymyc, o0IINIA a30T, MUHEPaIbHBIC YIOOPEHUS, IJTUTEIbHBII CTAIIMOHAPHBIA OIIBIT,
YepHO3eM I0XXHBIH, cTermrHoe [ToBomKbe.

DOI: 10.31857/50002188124040026, EDN: dmjbmh

BBEAEHUNE

JnurtenbHOE UCTIOIb30BAHUE CETbCKOXO3SCTBEHHbBIX
YrOAuWii, Kak NpaBuJIO, CONPSIKEHO € CYLIECTBEHHOM aH-
TPOITOT€HHOM HArpy3Koil Ha IMallrHIo, CITOCOOCTBYIOIICH
3HAYUTEJIBHBIM U3MEHEHUSIM MapaMeTPOB TTOYBEHHOTO
onopoaus. OnHUM M3 TaKMX Haubosiee BaxKHbIX Mapa-
METPOB SIBJISIETCS] KOJIMYECTBEHHBIN U KAYECTBEHHBIN CO-
CTaB TyMyca IMOYBbI. YXYIIIIEHUE TYMYyCHOTO COCTOSTHUS
TMPUBOINUT K HETATUBHBIM U3MEHEHUSIM HE TOJIBKO arpo-
XUMUUYECKHUX, HO U (PU3UKO-XUMUIECKUX CBOMCTB MOYB
[1]. CucremaTnyeckoe MpUMeHEHNE MUHEPAIbHBIX U Op-
TaHUYECKUX YIOOPEHUI MOXET OKa3bIBaTh CYIIIECTBEH-
HOE UM Pa3JIMYHOE T10 XapaKTepy BIWSHUE Ha TYMYCHOE
coctosiHue 1oyB [28]. M3yyeHue mapaMeTpoB MOYBEH-
HOTO IUIOAOPOIHUS CETbCKOXO3IMCTBEHHBIX YTOOUNA B yC-
JIOBUSIX JUIMTEBHBIX CTALIMOHAPHBIX OMBITOB MTO3BOJISIET
Ha0TIoMaTh 32 MTHTEHCUBHOCTBIO 1 HAITPaBICHHOCTBIO 13-
MEHEHMI Tymyca TTOYB B JTUHAMUKE, CTPOUTH IPOTHO3HI.
Hanpumep, Ha OCHOBaHMM aHaIM3a MHOTOJIETHUX JKCIIe-
PUMEHTAJIbHBIX JaHHBIX 19-TU cTallMOHAPHBIX MOJIEBbIX
onbITOB [eorpaduyeckoii ceTn yCTaHOBJIEHO, YTO CUCTE-
MbI YIOOPEHUST JEPHOBO-TIOA30JUCTHIX U KaIlITAHOBBIX
TOYB HE O0ECTIeUBAIOT BOCITPOU3BOACTBO TyMyca U Tpe-
OyeT COBEpPIIEHCTBOBAHMUS, IJI€ OCHOBHOM yIIOp OyaeT

crenaH Ha 6uonoruzanuio semienenus [36]. Hadmone-
HMS 32 IMHAMUKON I'YMYCHOTO COCTOSIHUSI Y4epPHO3EMOB
Cpennero IToBomkbs 3a nepuon 1973—1993 1. B yciaoBu-
SIX 3€PHOMAPOIIPOIIAITHOTO CEBOOOOPOTA MOKa3aIu, YTO
NpuMeHeHue HaBo3a B go3ax 5—10 T/ra 1 MojHoro Mu-
HepaJIbHOTO YIOOpeHMS He BOCTIONHSIIO TIOTepH TyMyca,
HO CHIKAJIO MX OTHOCUTEJILHO KOHTPOoJIs [4]. B ycnoBusix
CTaBpOMOJILCKOTO Kpast Ha YepHO3eMe OOBIKHOBEHHOM
B JUTUTEIbHOM CTaIlMOHAPHOM OITBITE TIPUMEHEHUE MU~
HepaJIbHbIX yIo0peHuii B TeueHue 41 roma cnocoocTBOBa-
JIO YMEHBIIIEHNIO MUHEpaIM3allii TyMyca B CpaBHEHUM
¢ koHTtposieM Ha 0.2—0.6% [5—10].

Lleab paboOThl — OMNpeneanuTh B IMHAMMUKE XapakTep
BIIMSTHUSI JUTUTEITEHOTO TIPUMEHEHWST MUHEPaTbHBIX VIO~
OpeHUiT Ha TYMyCHOE COCTOSTHHE YepHO3eMa FOSKHOTO
B YCJIOBUSIX CTEITHOTO [10BOIIKDS.

METOINKA NCCIIEAOBAHHWA

HaboneHust 3a ryMyCHBIM COCTOSIHMEM YepHO3eMa
FO>KHOTO MTPOBOAWJIN B YCJIOBUSIX IJTUTEIBHOTO MOJIEBO-
TO CTAallMOHAPHOTIO OMbITa, 3aHEeCEHHOTO B “Peectp at-
TecTaroB [eoceTy JIUTENBHBIX OTBITOB C YIOOPEHUSIMU
W IPYTUIMU arpOXUMHUYIECKUMU cpefcTBaMu Poccuiickoi
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®enepammu” mom Ne 15 ¥ IMEIOIIETO CIeayIolee Ha-
3BaHMe: “Pa3zpaboTKa 30HAJIbHBIX CUCTEM YI0OPEHMSI
B MHTEHCUBHBIX TEXHOJIOTUSIX BO3IEIBIBAHUS 3€PHO-
BBIX KYJIBTYp”. 3aKJ1a/iKa IoJieBOro OrbiTa ObLla MpoBe-
JeHa JTOKTOPOM CeJTbCKOXO3SIMCTBEHHBIX HayK, mpodec-
copom M.II. YUy6 u ee corpymHukamu B 1969—1971 rr.
Ha IJIaKOPHO-PaBHUHHOM arpoylaHaImadTe B 3KC-
nepuMmeHTaabHOM xo3stiictBe MAHII FOro-Bocroka
(r. Caparos).

XapaKTeprCTUKA OMbITHOTO YUACTKa CIISAYIOIIAs: TT0-
YBa — YEPHO3EM I0XKHBIN CPeIHEryMYCHbIN CPEAHEMOIII-
HBII TSDKETOCYITIMHUCTHIN cpemHecMbIThIN. ComepkaHue
rymMyca 1o JaHHBIM arpOXUMHUUYECKOTO 00CIeIOBAHMS,
MPOBEIEHHOrO Tepes 3akiaaakoii onsita (1969—1971 rr.),
B cjtoe 0—40 cM MoYBHI B cpeiHeM cocTaBisiio 4.35, 00-
miero azora — 0.24, BanoBoro ¢ocdopa — 0.12, BaoBoro
Kamst — 1.60%. O6ecrieueHHOCTD JIETKOTHIPOIA3YyeMbIM
azoroM 1o ToprHy—KoOHOHOBOI cocraBisuia 67, mom-
BIKHBIM (pocopom 1o Mauuruny — 10—12, oOMeHHBIM
Kanuem — 345 Mr/KT.

KimmaTtndeckue ycioBUst paiioHa MPOBEIEHMSI OITbI-
Ta SBJISIIOTCS TUITMYHBIMU J1JIs1 3aCYIIJIMBOI YepHO3eM-
Hoii crerii IToBomkest. KoadduiimeHT KOHTHHEHTAJb-
Hoctu — 180—200 (cpenHe- U CUJIBHOKOHTHUHEHTAJb-
Hbli1). CpenHuii TMaApoTepMUYECKUil KOG OUIMEHT
(I'TK) BereraumonHoro nieprona no CenssHuHoBy — 0.81
[6, 9]. [To MHoTrONMeTHMM AaHHBIM (1912—1980 rT.), Ipeno-
CTaBJIEHHBIM arpoMeTeopoIornyeckoit ciyxooit @AHLI
IOro-BocTtoka, TemmepaTypa Bo3IyXa COCTaBHJIA: MHH-
MaJibHas 3apeructpupoBaHHasi — 37.0, cpemHeronoBasi —
5.3, MakcuMatbHas 3apervctpupoBanHast — 41.0°C. Tono-
BOE KOJIMUECTBO OCAJIKOB B CpEIHEM I10 rojiaM COCTaBUIIO:
MUHHUMAaJIbHOE — 245, cpenHee — 451, MakCUMaIbHOE —
648 MM; MUHMMAJIBHOE X KOJIMYECTBO 33 BEreTaLlMOH-
HbIN TIepuon — 46.2, cpenHee U MakcuMaiibHoe — 135.8
u 221.5 MM COOTBETCTBEHHO.

WccnenoBaHue B CTAlMOHAPHOM OITBITE MPOBOIST
Ha 3-X moJIsIX TTolanpio 1.5 ra Kaxmoe, 4To odecreun-
BaeT MOBTOPSIEMOCTh B TIPOCTPAHCTBE 1 BO BpEMEHU IS
HauboJIee MOJHOTO YYeTa MOroAHO-KJIMMATUYeCKUX 0CO-
OeHHocTel 3acylnBoii ctenu IToBoKbs (B TepUOL
1969—1971 rT. Kaxkmoe 13 3-X MoJieil 1o oYepear BXOIUIIO
B C€BOOOOPOT TMEPBBIM MoJjieM). PacronoxeHne BapraH-
TOB B OMbITE — PEHIOMU3UPOBAHHOE, pPa3Mep ACISTHOK —
235-300 M2, MOBTOPHOCTb TpexkpaTHas. [TosydyeHHbIe

B OITbITE BKCTNIEPUMEHTAJIbHbBIE TaHHBIE MTOIBEpraau cTa-
TUCTUUYECKOI 00paboTKe METOIIOM IMCIIEPCUOHHOTO aHa-
mm3za [73]. ConepxxaHue Tymyca B ITOUYBE OMpenessiu
no merony WM.B. TiopuHa, aHau3 ero rpynmnoBoro cocra-
Ba npoBoauau 1o Kononopoii—benbunkoBoii, o0Ommii
azot — 1o Keenpaamo [85].

[Tocrne 3aKkyanKu UIMTETBHOTO CTALIMOHAPHOTO OIThITa
B 1969 1. epBbie 24 roga UcCaenoBaHsI BEJIN B YCJIOBUSIX
6-ITOJIEHOTO 3epHOIAPOITPOITAIIIHOTO ceBoobopoTa (4 po-
TallMK) CO CJICAYIONIMM YepeIoBaHUeM KyJIBTYp: Map Yu-
CTbIi—O031Mas MIIeHUIIa—sIpoBast MsTKas MIIeHUIIa—KY-
Kypy3a Ha 3eJIeHyt0 Maccy—sdMeHb—oBec. B 5-ii potauuu
CEBOOOOPOT U3 3¢PHOMNAPOIPOIIALITHOIO ObLT MPeodpaso-
BaH B 3epHOIMApOBOi1 (KyKypy3a Oblja 3aMeHeHa Ha Tpo-
CO) U MPUOOPES CIIeAYIOIIUI BU: Map YUCThIi—0o31Mast
MIIeHULIa—sIpoBast MsITKasl MIleHULa—ITPOCO—SIUYMEHb—
oBec. B HacTosiiiee Bpemsi MOJTHOCTbIO OKOHUEHA 8-51 pO-
Tauusi ceBoodopota. B pabote nipencraBiieHbl pe3yJibTa-
ThI 4-X HanboJiee KOHTPACTHBIX BAPUAHTOB OIbITA, CYIIIe-
CTBEHHO OTJIMYABIIMXCSI BETMUYMHOM 103 MPUMEHEHHBIX
MMHEepabHBIX yToopeHuit. X MOXHO pa3nennTh Ha Ba-
pUAHTHL: 1 — KOHTPOJIb, 63 yIoOpeHuii, 6 — MUHUMAJTb-
HbIE 03Bl a30THO-(POC(OPHBIX yIOOpEHMit, 8§ — cpemHue
JI03bI a30THO-(pocOpHBIX ynoOpeHuii 1 11a — BeICOKUE
JI03bI a30THO-(OCHOPHBIX yIOOPEHUIA.

[Mpn npUMeHEeHU MUHUMAJIbHOW 03Bl a30THO-
docdopHBIX ynobpeHuii (BapuaHT 6) BHocuiau P40
n N30—40 1—-2 pasa 3a poTtaiuio 6-ToJIbHOTO ceBO000-
pota. CpenHsisi 103a a30THO-(OCHOPHBIX YIO0OpeHUt
(BapuaHT 8) mpemycMmaTtpuBaia npuMeHeHre N30—60
MPaKTIIECKH TION BCe KYJIBTYpPhI ceBOOOopoTa. Bapmant
11a omMyascs eXXeromHbIM TTPUMEeHEHEM 00JIee BBICO-
KUX JI03 a30THBIX yIoOpeHuii (Taoir. 1).

B moceBbI Bcex KyJabTyp CeBOOOOpPOTa, KPOME O3M-
MO TIIIEHUIIBI, BCE BUAbI yIOOPEHMI BHOCWIN C OCEHU
Mo OCHOBHYIO 00pa0bOoTKy. B moceBe 031MOi1 MIIEHUIIBI
A30THBIE YIOOPEHUS TIPUMEHSIU B BUIE MO3IHEOCEH-
Hel TToIKOpMKH, a hocdopHBIe, KaK U I OCTaJIbHBIX
KYynbTyp, — non Bcnaiuky. KanuiiHele ynoOpeHus uc-
MOJIb30BAJIM B OIBITE TOJbKO Ha HAYAJIbHOM €rO dTarle.
O6ecneyeHHOCTh MOYBbI JOCTYITHBIMU (hopMaMu Ka-
JIAS U151 36PHOBBIX KYJIBTYD OblIa 1OCTaTOYHOM, BCIe-
CTBME Yero JIOCTOBEPHBIX MPUOABOK ypoxKas 3epHa
OT JOTOJHUTEIBLHOTO €r0 BHECEHUS ¢ yIOOpEHUSIMU
rnoJiyueHo He ObLI10. TeM He MeHee, CoOXpaHsieTCsl y4eT

Ta6auna 1. JIo3sl mpuMeHeHUsT yIoOpeHuit B 8- poTalliy 3epHOITapOBOTO CEBOOOOPOTA B YCIOBUSIX ITTUTEIIHHOTO

CTaoMOHAapHOTIO OIIbITa

ﬂO?:bI QJIEMCHTOB IIUTaHUA

BapuanT, Ne -
cyMMapHBbIe 3a 8 poTaluii

CpE€OHNEC B Iof

N710P600K360
N1520P780K350
N2570P800K350

11a

Kontpons (6e3 ynoopeHmit)
N14.8P12.5K7.5
N31.6P16.2K7.3
N53.5P16.6K7.3
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paHee BHECEHHOTO KaJIusl B CUCTeMe YIOOPEHUS CeBO-
ob6opota. YacTp MOTyYeHHBIX 110 JTaHHOMY HaIlpaBJie-
HMIO PE3YJIBTaTOB MCCIIENOBaHMS OIyOJIMKOBAHbI B Ha-
y4HOI1 TuTepatype panee [6, 9,97].

PE3VIJIBTATHI U UX OBCYXKAEHUE

Hab6moneHus 3a TyMyCHBIM COCTOSTHHEM YepHO3eMa
FO’KHOTO B JIJTUTETLHOM CTAlIMOHAPHOM OITHITE B IMHAMU -
Ke yKa3bIBaJI Ha pa3BUTHE TPaHC(HOPMAIIMOHHBIX MPO-
LIECCOB, B IEPBYIO OYepeb 3aTParuBarolIX ero Kojauie-
CTBEHHYIO COCTABJISIIOLIYIO, KaK B BAPUAHTAX OITbITA, TAK
U B POTALIMSX 6-TIOJILHOTO ceBOOOOpOTa. B KOHTpOIbHOM
BapuaHTe HanboJiee CyIIeCTBEeHHOE CHIDKEHIE ColepyKa-
Hus rymyca B ciioe 0—40 cM OTHOCUTEIHHO MUCXOIHOTO
nokasatejisi (4.35%) HabonaIu 1mocJjie nepBbix 3-X poTa-
it ceBoobopota (Ha 0.37%). AHATOTMIHBIE U3MEHEHUST
OTMEUEHBI U B BApUaHTe 6, e IPUMEHSITIN MUHUMAJTb-
HBbIE 103bI a30THO-(POCHOPHBIX YIOOpeHUit (Tabir. 2).

B manpHelireM B BapraHTax 1 1 6 HaOIIOmAI HEKO-
TOPYIO CTAOMJIU3ALIMIO TYMYCHOI'O COCTOSIHYSI IO KOHILIA
7-i1 poTaliuy ceBOOOOpoTa (POCT B KOHTPOJIE OTHOCH-
TeJTbHO TTOKa3areseit B 4-if poraru — 0.07%, B BapnaH-
Te 6 — ymeHbieHre Ha 0.05%), 4To CBUIETEECTBOBAJIO
00 yCTaHOBJICHUH OTpee/IEeHHOro 6ajaHca MeXIy Mpo-
1lecCaMyd MUHEPpaIU3alui Y HAaKOTLJICHUSI TYMYCOBBIX Be-
IIECTB. DTO SIBJIECHUE, BUIMMO, OBbLIO BBI3BAHO CMEHOI
3epHOITAPOITIPOITAIITHOTO CEBOOOOPOTA Ha 3¢6pHOITAPOBOIA.
B KoHIIe 6-i1 poTaliny OTMEYeHO TTOBBIIICHIE ComepKa-
HUSI TYMyca B BapMaHTe 6 OTHOCHUTENIBHO MpPEeIbIIyIIeid
poranuu Ha 0.24%. I1o uroram 8-t poraryu IIPOU30IILIO
naybHeIIee CHIDKEHNE ColepkaH!sI TyMyca B JaHHBIX
BapuaHTax. OmHaKo B BapyaHTe 6 ¢ MpUMEHEHUEM MU-
HUMaJIbHBIX 703 YI0OpEHUI CHUKEHUE TyMyCUPOBaHHO-
CTU TTOYBBI OBLJIO HAMMEHBIIUM B OrbiTe. B BapuaHTax §
u 1la, rae NpuMeHsIA CpeaHNEe U BBICOKME T03bl a30THO-
(ochopHbIX ynoOpeHuii, HanboJiee 3HaYNTEIbHOE CHU-
JKeHUe coiepkKaHusl T'yMyca OTHOCUTEIbHO MCXOIHOTO
Takke HaOJloJanu B MiepBble 3 poTalluu ceBoodOpoTa.

[Tpu aTOM B BapuaHTe 8 CHMXKEHNE I'yMYCUPOBaHHOCTHU
MOYBBI B POTALIMSIX CEBOOOOPOTA XOTS U OBLIO MTOCTEIEH-
HbIM, HO BMECTE C TeM IO OKOHUYAHUU 8-i1 poTaLnu J10-
CTUIJIO MaKcUMyMa B onibiTe. B BapuanTe 11a oTMeueHa
KpaTKOBpeMeHHasl TIoJIOXKUTeIbHAsl TMHAMUKA cofepKa-
HUS TyMyca B 4-ii poTalliu, KOTOpasi TAak>Ke CMEHWJIACh
Ha OTPULIATEILHYIO B MOCIIEAYIOIINX POTALIUSIX CEBOOOO-
porta. B 11e710M B 3KCTniepMMEHTe BBISIBJIEHBI HEKOTOPbIE
KOMITEHCUPYIOILIUE CBOMCTBA MUHUMAIBHBIX 103 a30THO-
(ochopHbIX ynoOpeHuit Ha conepKaHUe TyMyca OTHOCH-
TEJIbHO KOHTPOJILHOTO BapuaHTa. [1pu 3ToM moBbIllIeH e
J103 MUHEPAJIbHbBIX YI0OPEHUI 10 CPEIHUX U BHICOKUX
CITOCOOCTBOBAJIO YCUJIEHUIO MPOLIECCOB MUHEPATU3alun
OPraHMYECKOTO BEILECTBA MOYBHI.

M3ydeHre KauyeCcTBEHHOTO COCTaBa rymyca 4epHO-
3eMa I0KHOTO I0Ka3ajio CYIIECTBEHHbBIE €r0 M3MeHe-
HMS 110 UTOTaM 8-MU POTALIMIA 6-ITOJIBHOTO CEBOOOOPOTA
¢ IpUMeHEHNEM MUHEPATTbHBIX YIOOPEHMIT OTHOCUTEITh-
HO MCXOIHOTO ITOKa3aTesIsi HA MOMEHT 3aKJIaK! OITbITa.
AHaJIM3 TOJIyYEeHHbBIX Pe3y/IbTaTOB YKa3bIBal HA YMEHb-
ILIEHKMEe KOJIMUECTBA TYMUHOBBIX KMCJIOT BO BCEX BapyaH-
TaxX OMNbITA B 8-i1 pOTALIMU IO CPABHEHUIO C UCXOTHBIMU
JaHHbIMU (Ta01. 3).

[Ipu 3TOM HanMeHbIIIee UX ColepKaHUEe OTMEYEHO
B KOHTpOJIe ¥ B BapuaHTe lla, rme puMeHsIJIu BbICO-
Kue J03bI ynoOopeHuii. B aTux xxe BapuaHTax HaOMomanm
POCT 10J11 (DYJIBBOKUCIIOT B IPYIIIIOBOM COCTaBe U, COOT-
BETCTBEHHO, 0oJiee y3koe cooTtHomeHue 'K : K. Drto
0OCTOSITEJIbCTBO CBUAETENLCTBOBAJIO O PAa3BUTUM HeTa-
TUBHBIX TTOUBEHHBIX MPOIIECCOB, CBI3aHHbBIX C POCTOM
MOABMXKHOCTU TyMyca B JaHHBIX BapuaHTax ornbita. He-
CKOJIBKO JIy4IlIe€ COCTOSIHUE TYMyca OTMEUEHO B Bapu-
aHTax 6 u 8, rIe YMEHBIIICHUE IO TYMIUHOBBIX KHCIOT
OBUTO MeHee BhIpaxkeHo, a cooTHomeHue ['K : DK 6bi10
OoJiee MIMPOKUM. B TaHHBIX BapuaHTaxX OIbITA TOMY
TaKKe CIIOCOOCTBOBAJIO CHMXKEHUE JOJIM (DYJIbBOKUCIOT
B IPYIIIIOBOM COCTaBe, YTO B JIyyllle BJIMSIJIO Ha Kaye-
CTBEHHBbII COCTaB TyMyca.

Ta6mmua 2. IuHamuka comepxxaHust rymyca B ciioe 0—40 cM 1mouBsl 3a 8 poTtaruii 6-moJibHOro ceBoodopora, %

_ Poranumn

AN £ £ E £ = E = E
e =R o o o0 <+ o o S ©
= R = X = X = X = X =S =S =S " S
= > | 1 — 1 — I — 1 — N e\ e\l TN
= =D = | DLl < N © | = ® |
2| =% S 2 2 N S z = =
= S =) 2 =) =) S S 8

4.35 4.31 4.22 3.98 3.93 3.98 3.95 4.00 3.80

4.32 4.26 3.98 4.03 3.93 417 3.98 3.91

8 4.26 4.20 4.12 4.10 3.93 3.98 4.01 3.60

11a 4.34 4.19 3.86 4.07 3.88 3.84 3.86 3.69
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Ta6muua 3. M3sMeHeHMe KaueCTBEHHOIo COCTaBa TyMyca B YepHo3eMe I0KHOM (ciioit 0—40 c¢M) npu JIMTEIbHOM

MPUMEHEHUU MUHEPaJIbHBIX YI00pEHUI

% OT 0011IEero rymyca
Bapwmant, No K DK I'K: ®K
Hcxonnoe conepxanue (1969—1971 rr.) 32.2 11.2 2.8
8-s1 poraums (2016—2018 rr.)
1 25.9 13.3 1.9
6 27.5 8.6 3.1
8 29.7 9.0 3.2
11a 26.0 11.2 2.3
HCPys, % 2.0 — —

Bricokast 06ecrie4eHHOCTh PACTEHMI TOCTYITHBIM a30-
TOM ynoOpeHuii B BapraHTe 11a, cTuMymMpyomniast ux po-
CTOBBIE MPOLIECCHI, TAKXKE CIIOCOOCTBOBAJIA MOBBIIIIEHUIO
MUKPOOHOJIOrMYECKON aKTUBHOCTU TI0YBbI, CBSI3aHHOM
C MUHEPAIM3ALOHHBIMU Y TUAPOJIUTUYCCKUMU MTPOLIEC-
caMu, 3aTparuBarolIM1 OpraHUYECKUIA a30T I'YMYCOBBIX
BellecTB. B ornpenesieHHOM cTeneHn 3TO U OMPENesiio
CJIOXKUBIIIMECS] HETaTUBHbIE U3MEHEHMSI TPYIIITIOBOTO CO-
cTaBa rymyca B JaHHOM BapHWaHTE OITbITa.

OTINYUTEIbHOM OCOOEHHOCTBIO B OIIBITE TaKXKe
OBLIO U TO, YTO HauOoJiee CYIIECTBEHHOC CHM2KCHUEC

conepXaHus TyMyca OTHOCUTEIBHO MCXOMHOTO Ha MO-
MEHT 3aKJIa[IK1 OITbITa OTMEYEHO B YCIIOBUSIX 3€pHOIIApO-
MpornalHoro ceBooodopota. I[lpuunHoii 3TOMy, BUIUMO,
ObLIO MOBBILLIEHUE MUKPOOUOJIOTUYECKOI aKTUBHOCTH,
CBSI3aHHOI ¢ MMHEpaIu3alKeil OpraHM4eckoro BelIecTBa
MOYBBI TTPY HAJTMYUM B CEBOOOOPOTE MPOIMALIHOIO 3B€Ha.
B nepuon 5—8-ii poraiuii B 3epHOIIApOBOM CEBOOOOPO-
TE TYMYCHOE COCTOSTHUE YepHO3eMa F0KHOTO CTajlo 0oJjiee
BBIPOBHEHHBIM.

N3BecTHO, UTO I YMYCHO€ COCTOAHUE ITOYB TECHO CBA-
3aHO C 3armacaMu OOIIEeTo a30Ta, ITOCKOJIbKY OOnbIIast

Taﬁnuua 4. HI/IHaMI/IKa COoACpKaHUA o0l11ero a3ora B YCIOBHUAX IJINTCIBbHOIO0 CTAllMOHAPHOTI'O OIlbITa C MUHEPaAJIbHBIMU

YIOOpEHUSMU
BapuaHT Nooup %
1969—1971 rr. (McXomHOE comepKaHMe) 0.24
5-a porauus (1998—2000 rr.)
1. KonTtpomb 0.22
6. N14.8P12.5K7.5 0.22
8. N31.7P16.3K7.3 0.23
11a. N53.5P16.7K7.3 0.21
6-s1 poranus (2004—2006 rr.)
1. KonTpomib 0.21
6. N14.8P12.5K7.5 0.22
8. N31.7P16.3K7.3 0.21
11a. N53.5P16.7K7.3 0.21
7-s poranug (2010—2012 rr.)
1. KonTtponb 0.21
6. N14.8P12.5K7.5 0.21
8. N31.7P16.3K7.3 0.21
11a. N53.5P16.7K7.3 0.21
8-s1 poraumst (2016—2018 rr.)
1. KonTtponb 0.20
6. N14.8P12.5K7.5 0.23
8. N31.7P16.3K7.3 0.20
11a. N53.5P16.7K7.3 0.21
HCPy5,% 0.01
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YyacTb CTOJIb BAXKHOTO TSI pacTeHUIT MaKpO3JieMeHTa T~
TaHUS TIPEICTABIeHA OPraHUYECKUMU COCIUHEHUSIMU
rymycoBoii ripupons [102]. Dta 3aKOHOMEPHOCTD IO~
TBEepXKIeHA HAOIOACHUSMU 32 TMHAMUKOM COIEpKaHUS
00111ero a30Ta YepHO3eMa I0XKHOTO B YCJIIOBUSIX CTallO-
HapHOTO OITbITa B TEUEHUE 8-MM POTALMil 6-ITOJIBHOTO
CEeBOOOOPOTA, IIe OTMEUAIM €€ CXOXKMIA XapaKTep B CpaB-
HEHUU ¢ IMHAMUKOM Tymyca (Taoil. 4).

I1o utoram npoBeeHHbIX UCCIeA0BaHUI ObLIO yCTa-
HOBJIEHO, UTO B KOHIIe 5-Ii poTaluu ceBoodopoTa co-
JepkaHue OOIIero a30Ta Mo CPaBHEHUIO ¢ UCXOMHBIMU
JAHHBIMU B OIbITE CHU3BWIOCH, TOCTUTHYB MUHUMYyMa
B BapuaHTe 1la, e BHOCHIN BBICOKHE TO3bI a30THO-
(ochopHbIx ynoopennii. HakorieHue B 6-if potarmu
T'YMYCOBBIX BEIIIECTB B BapMaHTe 6 OTpa3uioch Ha coiep-
JKaHWM OOIIETO a30Ta, KOTOPOE OBUIO CaMbIM BBHICOKIM
OTHOCUTEJIbHO OCTaIbHBIX BApUAHTOB OMbITa. B onpene-
JICHHO CTETIeHN 3TO MONTBEPKICHO BEICOKIM YPOBHEM
KOPPEJISILIMOHHOM CBSI3U MEXIY CONepPXKaHUEeM rymyca
1 O0I1IeTo a30Ta B BApMaHTaX OIBITA B 6-11 pOTaIlK CEBO-
o6opota (r = 0.88).

ITo utoram 7-ii porauyu oboraiieHue IMoYBbl TYMYCOM
U colepKaHue B Heif 00IIIero a3ota B BapyuaHTe 6 CHU3M-
JIOCh, @ YPOBEHb KOPPEJISILIMU MEXIY 3TUMU MpU3HAKA-
MU B oribITe noBbicuiics (# = 0.95). B koH1e 8-it potauuu
BapvaHT 6 OTIMYAJICS HAUMEHBIIUMU TIOTePSIMU OOIIIe-
TO a30Ta, B TO BpeMs KaK B BapMaHTAX C IPUMEHEHUEM
CPEIHUX 1 BBICOKHX 03 a30THO-(OCHOPHBIX yT0OpeHUi
(8 u 11a), oHM ObLIM HA YpOBHE KOHTPOJISL.

SAKJIIOYEHUE

Taxkum o6paszoM, 3a 8 poraiuii 6-MOJIBLHOIO CEBOOOO-
pOTa 'yMyCHOE COCTOSTHUE YepHO3eMa I0KHOTO B ITUTETh-
HOM OITbITe ¢ MUHEPaJIbHBIMU YIOOPESHUSIMI HETaTHBHO
n3MeHuI0ch. Hanbosee MTHTEHCMBHO MUHEPAIU3alldio
rymyca B BapyaHTax OIbITa HaOJII0NaIM B TiepBbie 3 poTa-
LMK 3€pHOMNAPOMPOIAIIHOIO cCeBO0OopoTa. B ycaoBusix
3epPHOIAPOBOI0 CEBOOOOPOTA ATOT MPOLIECC 3aMeTUII-
s, a B BapuaHTe 6, T1e MPUMEHSUT MUHUMAITbHBIE TO3bI
a30THO-(OCHOPHBIX YIOOPEHWIA, B TIEPHOL 6-if pOTALIN
OTMEUEHO HAKOIUIEHHWE I'YMYCOBBIX BelllecTB. B memom
B OIbITE MaKCUMAaJIbHOE CHUXKEHUE COlepXKaHUs TyMy-
ca 1o OKOHYaHUU 8-i poTalu ceBooOOpOTa Habmona-
JI1 B BapuaHTax 8 1 11a, rjie BHOCUIM CpelHUe U BbICO-
Kue o3kl a30THO-(ocdopHbIX ynoopeHuit. ITpumeHe-
HUE€ MUHUMAJTLHOM 03Bl B BApMaHTE 6 JIyJIIIM 00pa3oM
KOMITEHCUPOBAJIO TIOTEPU TyMyca YepHO3eMa I0KHOTO
B OIBITE MPU €ro IJIUTEIBHOM CETbCKOXO3SICTBEHHOM
WCTIOIB30BAHUN.

AHaJlin3 KaueCTBEHHOIO COCTaBa I'ymyca B KOHIIe 8-
poTaluu ceBooOOpOoTa MoKa3aa HAIMYME HEraTUBHBIX
M3MEHEHM, BBIPAKEHHBIX B CHIKEHUW JOJIU TYMUHO-
BbIX KMCJIOT. [Tpy 3TOM B KOHTpOJIe 3T U3MEHEHUSI 10-
CTUIJIM MAaKCUMyMa U K TOMY K€ COMPOBOXKAAIMCH HAU0O-
Jiee CyIecTBeHHBIM yMeHbIeHreM otHomeHus ['K : K.

CpenHue 1 BBICOKME T03bI a30THO-(POCHOPHBIX yI0Ope-
HUI, MPUMEHEHHbBIC B 3TUX BapuaHTaX OMbITa, CIIOCO0-
CTBOBAJIU BBICOKOI MUKPOOMOJIOTMYECKOI aKTUBHOCTH,
CBSI3aHHOI C MUHEpaIM3al1eil OpraHMUECKOro BellecTBa.
ITockombKy 060sTbI1IasT YacTh OOILETo a30Ta IMOYBbI CBSI3aHA
C OPraHMYECKUM BEIIeCTBOM, TO BITOJIHE 3aKOHOMEPHBIM
ObLJIO HAOJTIONATH €TI0 CHIDKEHME B OITBITE K KOHIIY 8-i1 po-
Tauuu ceBoodoporta. [Ipu 3ToM, Kak u B cydae ¢ TyMy-
COM, HaIMEHBbIIIME €ro TTOTepU ObLIM OTMEYEHbBI B BApH-
aHTe 6, [Ie CUCTeMAaTUYECKH PUMEHSUTM MUHUMAJTbHBIE
JI03bI a30THO-(POCHOPHBIX YIOOPEHMIA.
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ANHAMUKA TYMYCHOI'O COCTOAHNA YEPHO3EMA IOKHOTI'O

Dynamics of the Humus State of Southern Chernozem with Prolonged Use
of Mineral Fertilizers in the Conditions of the Steppe Volga Region

D. Y. Zhuravlev**, T. M. Yaroshenko“, N. F. Klimova®, L. B. Saifullina“

4 Federal Agrarian Scientific Center of the South-East,
ul. Tulaykova 7, Saratov 410010, Russia

*E-mail: dmitry zhuravlev80@mail.ru

The results of monitoring the dynamics of humus and total nitrogen of the southern chernozem in a long-
term stationary experiment with the use of mineral fertilizers are presented. In the first 3 rotations of the
grain-to-crop rotation, intensive mineralization of humus was noted in all variants of the experiment. In
the conditions of grain-steam crop rotation, this process slowed down, and in the variant with the use
of minimum doses of nitrogen-phosphorus fertilizers in the 6th rotation, the accumulation of humic
substances was revealed. The maximum decrease in humus content at the end of 8 rotations of crop
rotation (more than 48 years) was observed in variants with the introduction of medium and high doses
of nitrogen-phosphorus fertilizers. The use of a minimum dose of fertilizers best compensated for the loss
of humus of the southern chernozem during prolonged agricultural use. In comparison with the initial
data, negative changes in the qualitative composition of humus were noted in the experiment, expressed
in a decrease in the proportion of humic acids. At the end of the 8th rotation, the total nitrogen content
in the soil decreased in all variants of the experiment.

Keywords: humus, total nitrogen, mineral fertilizers, long-term stationary experience, southern chernozem,
steppe Volga region.
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VYnoopenns

BJINAHNE MHOTI'OJIETHEI'O ITPUMMEHEHNA MHWHEPAJIbHBIX

YIOBPEHUI M HABO3A HA ATPOXUMUYECKHUE CBOMCTBA
CEPOH JIECHOM I10YBbI, ITPOAYKTUBHOCTb KYJIbTYP
1 CEKBECTPAIIUIO VIVIEPOJIA®

© 2024 r. H. Bb. 3unsxosa’, JI. A. Cokosos!, T. H. JIe0oenesa!,
C. H. Yaaibuos!, B. M. CemenoB" >*

! Hucmumym @usurxo-xumuueckux u 6uonsoeuueckux npoorem nougosedenus PAH —
0bocobaennoe nodpazdenenue PUIL] ITHIIBU PAH
142290 Ilywuro Mockoeckoti 06a., Hncmumymckas ya., 2, Poccus
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143050 Mockoeckoii 06a., Odunyoséckuii p-H, p.n. boavuue Bazemor ya. Uncmumym, 6aao. 5, Poccus

*E-mail: v.m.semenov@mail.ru

B MUKpOIIOJIeBOM OMBITE M3YYECHO BIUSIHUE IIUTEIHLHOTO IIPUMEHEHMST BO3PaCTAIOIINX 103 MUHE-
paibhbiX (o N9OP75K100 no N360P300K400) u oprannyeckux (HaBO3 KPYIIHOTO pOTraToro CKoTa
ot 25 mo 100 1/ra) ynoOpeHuii Ha TJIOMOPOIME CEPOil ICCHOM MOUBHL. 3a 9 JIeT OBLJI0O BHECEHO: a30Ta —
0.81—-3.24, P,05—0.68—2.70 u K,0 — 0.90—3.60 1/ra. C HaBO30M B [TOYBY MOCTYITMJIO: CYXOif Macchl —
43—173, Cypr — 16—65, azora — 0.85-3.41, P,05—0.65-2.59 u K,0 — 0.86—3.46 1/ra. [1o Bennunne
YPOXaMHOCTU MUHEpAJIbHAsI CHUCTEMa yI00OpEHMS MMPEBOCXOIMUIIA OPraHUYECKYIO B cpenHeM Ha 29%.
[pu skctpemManbHbix g03ax (N360P300K400 u HaBo3 KPC 100 T/ra) MuHepaJibHble YIOOpEHHMS B OT-
JIMYME OT OPTraHUYECKUX YIOOPEHMI CHIIbHEE YTHETAIN TIPOXYKTUBHOCTD KYJIBTYp. YCTaHOBJICHA TIPSI-
Masl TIMHEeHask 3aBUCUMOCTD MEXIY 1030 MUHEPAJbHBIX 1 OPraHUUECKUX YIOOPEHUIT M YBETUUCHU -
eM conepxkaHus noasuxHbix P,O5 1 K,O B nouse. BHeceHue skcTpeMaslbHbIX 103 YIOOPEHUI HE BEJIO
K HaCBIIIEHUIO MOYBHI TMTONBMXHBIMU (hopMaMu pocdopa u Kanusi. MHOTOJIeTHee BHECEHUE OpraHu-
yeckux ynoopenuii nossimano pHyc noussl Ha 0.4—1.3 en., MUHEpaJIbHBIX yIOOPEHUI — CHUXAJIO
Ha 0.8—1.4 en. pH. ExxeronHoe npuMeHeHre MIUHEPAIBHBIX YIOOPEHUH CITOCOOCTBOBAIO YBETMUCHUIO
conepxanust C,,. B I0YBE Ha 0.02—0.04% B ron, oprannyeckux ynoopenuii — Ha 0.08—0.17% B rog.
Brecenune HaBo3a 1o 100 T/ra Ha MPOTSLKEHUU 9-TH JIET BEJIO K HACHIIIEHUIO TTIOYBBI OpraHUYECKUM
yrmieponoM. B rouBe ¢ MUHepalbHOM CUCTEMOM yIoOpeHUs HAOII0naIM YMEHbIIIEHUE COOTHOIIIEHUS
C : N, a npy opraHUYeCcKOi CUCTEME 3TO COOTHOIIIEHUE pacuIupsiioch. [IpenaoxeH cnocod pacuera
3(bGEKTUBHOCTU CEKBECTpALIMU yIJIepona Mpu OLIEHKE pa3HbIX arponpueMoB. [TokazaHo, uto addek-
TUBHOCTb CEKBECTPALMHU YIVIEPOA IIPU IIPUMEHEHUN OpraHMYeCKO# cucTeMbl yaoOpeHust Obuta Ha 15%
0oJIbIlIe, YeM MUHEPATbHON CUCTEMBI.

Karouegwie cnosa: opraHndecKuit yriiepo, o0t a30T, MOABUKHBINA hocdop, MOnBMXKHBIN Kanuii, pH

MOYBBI, MEPEYN0OPEHHOCTb MMOYBHI.

DOI: 10.31857/50002188124040033, EDN: dmhymz

BBEAEHUWE

B HeuepHoszemHoii 30He Poccuu cocpenoToue-
Ha 1/5 4acTb MaxXxOTHBIX 3eMejb, U3 KOTOPbIX OKOJIO
23% mipencTaBIeHO CePBIMU JIECHBIMU TTOYBaMM [1].

§ PaGora BbinonHeHa B pamkax l'oc3amanust “KomrmiekcHoe
Mccie0BaHUe BIUSIHUS TPUPOIHBIX U aHTPOTIOTEHHBIX (haK-
TOPOB Ha COCTOSIHUE TIOYBEHHBIX MPEIIIECTBEHHUKOB, UCTOU -
HUKOB M CTOKOB ITAPHUKOBBIX ra30B, BKJIIOYAsT MOIEIMPOBa-
HUE CTPYKTYPHO-(DYHKIIMOHATBHOM OpraHMU3aiMi OMOreHHbIX
LIMKJIOB U (haKTOPOB Pa3HOMACIITAOHON AMHAMUKN HA3eMHbIX
9KOCHCTEM B YCIIOBHSIX U3MEHSIIONICICS cpenbl”, perucTpam-
OHHBII HOMeD 122040500037-6.
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DU3NKO-XUMUUECKNE W arpOXMMUYECKUE CBOI-
CTBa CEPBIX JIECHBIX MOYB 3aBUCST OT JIaHAIIA(PTHO-
reorparuuecKkux yCJI0BUIA 3ajieraHusl, JIMTEIbHOCTU
9BOJIIOLIMU, UCTOPUU U XapaKTepa 3eMJICTIOb30BaHUS
[2, 3]. OkynabTypuBaHUe CepPbIX JIECHBIX MOYB CITOCOO-
CTBYET YJYUIIEHUIO TToKa3aTesieii MOYBEHHOTO TJ10-
JIOpONUS Y MOJyYEHUIO CTA0UIIBHO BBICOKUX YPOXAeB
CeJIbCKOXO3SIMCTBEHHBIX KYJBTYp [4, 5]. [To pesynbra-
TaM IOJIEBBIX OMBITOB ATPOXUMCITYKOBbI, TTOJTy4YeHa J10-
CTOBEpHAsl KOPPEJSLIMOHHAS CBSI3b MPONYKTUBHOCTHU
KYJIBTYp CO CTENEHbIO OKYJIbTYPEHHOCTH TOYB, MPU
5TOM J10JIeBO€ yyacThe MUHEPaJIbHBIX yI0OpEeHUIA,
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CTEMEeHU OKYJBTYPEHHOCTU M MOTOMHBIX YCJIOBUIA
B MPUPOCTE ypoxkasli B JECOCTEMHON 30HE pacIpo-
CTpaHeHMsI CephIX JIECHBIX IMOYB cocTaBisieT 23, 36
1 41% coorBeTcTBeHHO [6]. [TOBBILIEHNE YPOBHS T10-
TpebJaeHUs KyIbTypaMu a3oTta, (pocdopa 1 Kanus IIy-
TeM cOaJJaHCMPOBAHHOI'O BHECEHMS YIOOPEeHUI 110~
3BOJISIET YBEJWYNTD adanTallMOHHBIN TTOTEHIIMAJ pac-
TeHUN K HeOJIarompusITHBIM TTOTOTHBIM YCIOBUSIM
¥ YMEHBIITUTh OTPUIIATETLHOE BIUSHIE 3THX (PaKTO-
poB Ha ¢hopMHUpOBaHUE ypoxaes [7, 8].

IMoBbIlIeHUE TIOAOPOAUST TTOUB, JOCTUTHYTOE
34 CYET MHTEHCUBHOM XUMU3anuu 3emieneaud B 1960—
1980 rr., MO3BOIMIO CMSITYUTHh HETaTUBHBIC ITOCIIE -
CTBMSI PE3KOIro COKpalleHus 00beMOB IMPUMEHEHUS
MUWHEPaJbHBIX U OpraHUYeCKUX YI0OpeHMii Ha pyoexke
BekoB. OIHaKO crucTeMaThYecKasi Heloya00peHHOCTh
KYJBTYp B 3TH TOJbI IMOBJIEKJa 32 COOOI TTOBCEMECTHYIO
MUTATEJbHYIO JerpaJaluio TMTaXOTHBIX TT0YB, TPOU30-
IIUJTO CHUXKEHUME COIepKaHUs MOABUKHBIX (opM (oc-
(bopa u Kanus B mouBax, OajaHC 3JIEMEHTOB MUHEPaJIb-
HOTO MUTAaHUS B 3eMJIEIEIUM CTaJl BBIPAXKEHHO OTpULIa-
TenbHEBIM |1, 6, 9—11]. [1pn HaMeTHBIIIEICS B TIOCTICTHIE
rOJbl MIO3UTUBHOM TEHAEHIIMK ¢ 00eCIIeueHUeM Cellb-
CKOXO3SMCTBEHHBIX OpraHM3alnii yI00peHUsIMU U Me-
JIMopaHTaMU (paKTUIecKre 00beMbl UX TTPUMEHEHUS
OCTAIOTCS TO-MPEeXHEMY HEIOCTATOYHBIMU JJISI BOC-
MPOM3BOACTBA MOYBEHHOTO IIogoponus [12]. Poccuii-
CKOE CeJIbCKOE XO3SICTBO HYXIAeTCsI B TAKUX 00beMax
MPUMEHEHUS MUHEPAJIbHBIX M OPTaHUYECKUX yIo0pe-
HUI, KOTOPHIMU MOXKHO OBLIIO ObI HE TOJIHKO KOMIIEH-
CUPOBATh TEKYIIUI BEIHOC MMUTATEbHBIX DJIEMEHTOB
ypokaeM KyJIbTyp U yTpaueHHbIe paHee 3aIachl MaKpo-
1 MUKPO3JIEMEHTOB, HO U CO3[IaTh PE3ePB DJIEMEHTOB
nuTaHus B rmouBe. KoMmIiekcHast pexuMmu3alns 3eMiie-
JIeJIAS B COYETaHWU ¢ OMOJIoru3alueil U 9KoJIorusaiuei
arpoTeXHOJIOIMi ITPH3BaHa MTOBBICUTh MPOAYKIMOHHbBIN
MOTEHIIMAJ MAaXOTHBIX MOYB, YBEJIMYUTD 3arachl Opra-
HUYECKOTO YIJiepoaa U MUHEpaJbHbIX 3JICMEHTOB B I10-
YBaxX, CMUHXpPOHU3UPOBATh MTUTATEIbHBIN PEXUM TTOUBBI
C OHTOT€HE30M PACTeHUIi, 0300POBUTH MMOYBBI U arpo-
1eHo3sl [13—16].

XoTs1 MUHEpaJibHasl cUcTeMa yIoOpeHUus obecre-
YMBaeT, KaK MpaBuIo, 00Jiee BEICOKUI ypoxKail KyJib-
Typ MO CPaBHEHMIO C OpTaHUYEeCKOi cuctemoit [17—
20], opraHn4ecKre UCTOUHUKM 3JIEMEHTOB MUTAHUS
CUMTAIOTCS 0oJiee MPeaNnoUYTUTEIbHBIM yIo0peHueM
JJ1s1 OOJIBIIIMHCTBA arpO3KOCUCTEM, a OTpULIATEIbHbIE
a3 deKTh MpU NPUMEHEHUN OPraHUYeCKON CUCTEMBbI
yIoOpeHusl MeHee BbIpakeHbl, YeM MUHEPaJIbHON CU-
cteMbl [20—23]. BHeceHue HaBO3a, KOMIIOCTOB U pac-
TUTEJbHBIX OCTAaTKOB CITOCOOCTBYET pEKapOOHU3AIIUU
U YAYYIIEHUIO CTPYKTYPHI TOUBBI, MPOJOHTMPOBAHHO-
My O0OrallleH1I0 OYBbl OPraHUYECKUM BEIIECTBOM
1 0MO(UIBHBIMU 2JIEMEHTAMM, YBEIUUYECHUIO TaAKCO-
HOMMYECKOI0 pa3HO00Opa3nsi MUKPOOHOIO cOO0IIIe-
CTBa M OMOJIOTUYECKO aKTUBHOCTHU TMOYBBI, cOaTaH-
CHUPOBaHMIO MUHEpATU3aIIMU—UMMOOWIN3ALMU a30Ta
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u ¢pocdopa [24—29]. HakorieHre HOBBIX KCIIEPU-
MEHTAJIBHBIX (haKTOB M METa-aHaJIU3bl pa3HbIX BOIIPO-
COB MPUMEHEHUST MUHEPATBHBIX M OPTAaHUYECKHUX YI0-
OpeHMit ABISIOTCS MPUOPUTETHLIMU HAIIPaBICHUSIMU
COBPEMEHHBIX arPOXUMUYECKUX UCCIEIOBAHMIA.

OmnpeneneHue ONTUMAJbHBIX JISI KOHKPETHBIX
KYJBTYp U TMTOYBEHHO-3KOJOTUYECKUX YCIOBUI 103
ynoOpeHUii MpoaoIKaeT OCTaBaThCsl aKTyaJlbHOM 3a-
nadyeit arpoxumuu. I3BeCTHO, UTO NeMCTBME pa3HbIX
1103 yIOoOpeHUI COOTBETCTBYET 30HAM KMHETUYECKOTO
(pocToBOr0), U3MNOJOTMUECKOT0 U METabOJIMYECKOrO
OTKJIMKA MPpOAYKTUBHOCTU KyabTyp [30]. Kunetnue-
CKUI OTKJIUK CBOMCTBEHEH MPU HU3KUX U YMEPEHHBIX
J03aX U TIPOSIBISETCS B BUAE 3HAYUTEIBLHOTO yCue-
HUSI POCTOBBIX MPOLECCOB C JIMHEMHBIM YBEeJIUYEHUEM
ypoxas. [I1s1 pacTeHuid, pacTymx Ha (hpoHe BHICOKUX
103 ynoOpeHuii, XapakTepeH (pU3N0IOTMYECKUd TUTT
OTKJIMKA, MIPU KOTOPOM U3MEHEHUE BHYTPEHHUX MPO-
1IeCcCOB obOecnevyrBaeT (opMUPOBAaHNE MAKCUMAJIbHO-
ro ypoxasi, XoTs TIpubaBKa OT YIOOpEeHU HEe CTOJb
3HAYUTENIbHA, KaK B KWUHETUYECKOI 30HEe. MeTabosu-
yeckasi 30Ha ACKCTBUS MPUCYIAa SKCTPEeMaIbHO BbI-
COKHUM J03aM yIoOpeHUt, BHI3bIBAIOIIMM JIETTPECCUI0
POCTOBBIX TTPOLIECCOB U HapyllleHUe OOMeHa BEIIECTB,
YTO BeNEeT K CHUXEHHUIO TTPOAYKTUBHOCTU KYJIBTYD.
Jst oHUX KYJABTYp U TUIIOB MOYB 103bl MUHEPaIb-
HBIX U OpraHWYeCcKUX y1oOpeHUil MOTyT ObITh ONTH-
MaJibHbIMU, a IS IPYTUX BUMIOB U YCIOBUN — OymyT
U30BITOYHBIMU, IPUBOISL K CHUXKEHUIO YPOXKANHOCTH
CEJIbCKOXO3SIMCTBEHHBIX PACTEHU U (POPMUPOBAHUIO
n30bITKa OMOGUIIBHBIX 3JIEMEHTOB B mTouBe [31, 32].
XoTs ynoOpeHUs B BBICOKMX J103aX arpOHOMUYECKU
" pusnoaorndyecku MeHee 3(p(HEeKTUBHBI, YeM B HU3-
KX 1 yMepeHHBIX [33, 34], moTpeOHOCTh B MAKCUMMU -
3allM1 YPOXKas CeJIbCKOXO3SCTBEHHBIX KYJIBTYD, B TOM
qyucie ¢ Uenblo cekpectpauuu atMmochepHoro CO,,
3a4acTylo pelaeTcs MPUMEHEHUEM BbICOKUX U J1aXe
BKCTpEeMajibHO BBICOKHUX 103 MUHEpaJbHBIX ya100pe-
Huit [35, 36]. Hepenku ciiy4an BHECEHHS BBICOKMX 103
HaBO3a C LEJIbI0 YBEJUUEHUs MOTeHIIMAIbHOTO ILJI0/10-
poaus MOYBbI, IEMTOHUPOBAHMS YIJIepoaa Win YTUIU -
3211 XUBOTHOBOMYECKMX OCTAaTKOB [37—39]. Takum
00pa3oM, B KPaTKOCPOUHbBIX U JUIUTEIbHbBIX OIMbITAX
clielyeT OpPMEeHTUPOBATbCS HE TOJILKO Ha OIpeesie-
HUE ONTUMAJIbHBIX 103 YA0OPEHW, HO U yCTaHABJIU-
BaTh UX KPUTHUYECKUE (TTOPOTOBbIE) KOJMYECTBA, MMPU-
MEHEHHEe KOTOPbIX BeleT K CHUKEHUIO ypoxKas.

Llenp pa®boThl — M3y4eHUE BIAUSIHUS IJIMTEIHHOTO
BHECEHUSI YMEPEHHBIX, BBICOKHUX 1 9KCTPEMAaIbHO BbI-
COKMX J103 MUHEPaJbHbIX U OPraHUYECKUX YI0OpEeHU It
Ha arpOXMMMUYECKUE CBOMCTBA CEPOM JIECHOW TMOYBHI
U TIPOIYKTUBHOCTH S-MOJBHOIO CEBOOOOPOTA, a TaK-
K€ TIPOBEPUTH BO3BHUKHOBEHUE TIEPEyI00pPEHHOCTH
MOYBBI IPU CUCTEMATUUYECKOM MPUMEHEHUU MUHE-
paIbHOI 1 OPTaHUYECKOI CUCTEM YyI0OpeHUSI.
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METOANKA MCCIEJOBAHUA

HccnenoBanue poOBOAMIIM B MUKPOTIOJIEBOM OTIbI-
Te Ha npoTtskeHuu 9-tu jet (¢ 2011 mo 2019 rr.) Ha ce-
poii necHoii mouBe (MockoBckas 00J1., CepnyxoBCKUit
p-H). ComtacHO JaHHBIM MHOTOJIETHUX METEOHAO0II0-
JeHUii, TpoBOAMMBIX Ha CTaHIIMK KOMILJIEKCHOTO (hO-
HOBOTO MOHUTOPHHTA, PACIIOJIOXKEHHOMN Ha TEPPUTO-
puu Ilpuoxcko-TeppacHoro 6uochepHOro 3amnoBe-
Huka ([danku, CepnyxoBcKoii p-H, MockoBcKas 001.),
cpemHerogoBasi Temiieparypa Bosayxa B 1973—2018 rr.
B paiioHe uccienoBaHus coctapuia 5.2 + 0.3°C, cpen-
HETOI0BOE KOJMYECTBO 0CanKoB — 667 + 34 mMm. [u-
nporepMuueckuii KoapduuueHt CeassHUHOBA 32 JIET-
HUIl mepuon (MOHb—aBrycT) Bapbuposnai ot 0.70
1o 2.40, npu cpeaHem MHorojieTHeM 1.49 + 0.14 [40].
J11s1 cephIxX JIECHBIX TTOYB paiioHa MCCISAOBAHUIIS Xa-
pPaKTepHBI CPETHECYTIMHUCTBII IrpaHyIOMETPUYECKUI
COCTaB, HU3KOE Colep:kaHNe OPTaHUIECKOTO BellleCcTBa
U 2JIEMEHTOB MUTAHUSI, HU3Kash eMKOCTb KATUOHHOTO
oOMeHa, Kcasi peakiys Cpeabl, BHICOKas BOAOYIEp-
JKMBAIOIask U BOIOIIOAbEMHAsI CITOCOOHOCTD [41].

B 2000 r. B ceTyaTOM IMaBUJIbOHE HA TEPPUTOPUU
MHcTUTyTa PUBUKO-XUMUYECKUX U OMOJOTUUECKUX
npo6ieM mouBoBeneHus PAH ObuiM ycTaHOBJIEHBI
TJIACTUKOBBIC eMKOCTU 0e3 THA (MUKPOACISHKU) TUIO-
wamsio 0.25 M2 (0.5 x 0.5 x 0.3 M) 1 3aMOJHEHBI Cepoit
JIECHOI TTIOYBOM MaXOTHOTO HEYTOOPEHHOIO0 MacCHUBa.
C 2000 mo 2004 r. Ha MUKpOIESTHKAX BbhIpallluBaIn
KyKypy3y 1 OBeC, UCMOJIb3Ysl 103bl MUHEPAJIbHBIX Y10-
openuii He 6oJbie N120P120K120. B 2005 r. 6611 11po-
WU3BENIeH YpaBHUTENIbHBIN MTOCEB parica, ¥ moyBa Obuia
nepeBeeHa B 3aJIeXXb. EXXeromHo ecTeCTBEHHYIO pac-
TUTEIbHOCTD, PACTYILYIO B MUKPOACISIHKAX, CKalllMBa-
JIM ¥ YIQJISIIY ¢ TIOBepXHOCTH TTouBEL. B Mae 2011 1. mo-
yBa Obla nepekonaHa Ha nyouHy 0—20 cM, YaCTUYHO
U3BSITA U3 KOPOOOB, CMEIlIaHa U B CIyJyaiiHOM TMOPSIIKE
3achillaHa BHOBb. ATpOXMMUYECKAsl XxapaKTepuCTUKa

3UHAKOBA u np.

TTOYBHI HA MOMEHT 3aKJIaIKU OITbITa ObUIA CIIEMYIOIICH:
pHgc 4.96, H. (Mr-5kB/100 1) — 3.98, C,,p 11 Nogy,
(%) — 0.97 1 0.095 cootBercTBeHHO, N\, P,Os 1 K,0
(mr/xT) — 19.8, 88.2 11 73.3 COOTBETCTBEHHO, CyMMa 00-
MeHHbIX ocHoBaHU# — 11.9 mr-akB/100 T, cTeneHb Ha-
CBHIIIIEHHOCTH TI0YB OCHOBaHUSAMU — 75%, comepskaHue
(usnueckoit mmHbl — 32% [42].

B onbiTe co3zmaBaau Moaeaud MUHepajabHOI (Tpa-
JULIMOHHOM) M OpraHMYeCcKOi CUCTEeMbl YI0OpeHMsI.
CxeMa BKIIO4asia BapuaHThL: 1 — 6e3 ynoOpeHuii (KoH-
TpoJb), 2 — N9OP75K100, 3 — N180P150K200, 4 —
N270P225K300, 5 — N360P300K400, 6 — HaBo3 B 103€
25 1/ra, 7 — HaBo3 50 T/ra, 8§ — HaBo3 75 T/ra, 9 — HaBO3
100 t/ra, 10 — yncrblii map. B xauecTBe ynoopeHuit uc-
MoJIb30BajIv Kapbamu, cyrepdocdar IBOiHOMI, CepHO-
KMCJIBIA KaJinii, CBEXX1I1 HAaBO3 KPYITHOT'O pOraToro cKoTa
(KPC). ConepxxaHne Cyxoro BellecTBa U 0Mo(pMIbHBIX
anemeHTOB B HaBo3e KPC npuseneHo B Taoi1. 1.

KonmuectBa moctymaroniero ¢ HaBozoM KPC azo-
Ta, docdopa u Kajius ObIJIM MPUOJIU3UTEILHO PaBHBI
JI03aM MUHEpPaIbHbIX y1oOpeHuii (Tad. 2).

MuHepalibHble M OpraHuYecKue yioOpeHusl BHO-
CUJIU €XEeTOJHO BECHOU, pa30OpachiBas MO MOBEPX-
HOCTHU MOYBBI C MOCJIEAYIOIIEH 3ameIKOM B CIOM
0—20 cM. /103bl BHECEHHBIX B IMOUBY MUHEPaATbHbBIX
1 OPraHUYeCKUX YIOOpeHU i ObLIN YCIOBHO OTHECe-
HbI K YMEPEHHbBIM (BapuaHThI 2 1 6), BEICOKUM (Ba-
puaHThl 3, 4 u 7, 8) U 3KCTpeMajlbHO BHICOKMM (Ba-
puaHThl 5 1 9). 32 9 1eT MUKPOMOJIEBOTO OIbITa ObLIO
MPOBEAEHO 2 HETOJIHbIE POTALIUU S5-TTOJIbHOTO CEBOO-
0opoTa co CleAyIolle 0OUepeTHOCThIO KYJIBTYp: caxap-
Hasl CBeKJia copTa AHacTacUsi—KyKypy3a Ha 3€JIEHYIO
maccy, ruopua MomaBcKuii—ayK pernyaTbiii copTa
Lentypnon—kaprodenb copra ZKykoBcKUii—KapTo-
(enb copra XKykosckuii. MccienoBaHHbIE KYJIBTYpPbI
KpoMme JiyKa YCTOMYMBBI K BBLICOKUM U 9KCTpeMabHO

TaﬁJmua 1. COI[ep)KaHI/IC YIJIepoaa 1 a3oTa B CBE2KEM HABO3€ KPYITHOI'O porartoro Ckora, IpuMEHCHHOI'O B JJIMTCIbHOM

MUKPOITOJIEBOM OIIBITE

Ton Cyxoe BelecTtBo, % Copr Noow C:N
% Ha CyXylo Maccy

1 20.44+0.9 3644+ 1.5 1.92 £0.14 19.0
2 19.8 £ 2.1 37.8 & 1.3 1.99 £ 0.06 19.0
3 20.6 0.5 38.7+ 1.3 2.02 +0.04 19.2
4 19.1 + 1.5 36.8 +2.9 2.00 + 0.04 18.4
5 18.8 +£ 0.6 36.6 + 2.1 1.96 + 0.10 18.7
6 185+ 14 40.7 £ 0.9 1.99 £ 0.11 20.5
7 19.3+0.4 354405 1.97 £ 0.02 18.0
8 179 £ 0.0 348+ 04 1.98 £ 0.05 17.6
9 19.5 +2.1 383+ 1.6 1.91 +0.09 20.1

[Mpumeuanne. Conepxanne P,O5 1 K,0 B cperrem 1.50 1 2.00% ot cyxoit Macchl COOTBETCTBEHHO.

ATPOXMMUA Ned 2024
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Taomuna 2. ExerogHoe (rpada 1) u obuiee (rpada 2) KoaM4ecTBO MUHEPAJIbHBIX U OPraHUYECKUX YIOOPEHUIA,
MPUMEHEHHBIX B 9-JIeTHEM MUKPOTIOJEBOM OITBITEe Ha Cepoii ITOYBe, T/Ta

Macca
MUWHEPaJTbHBIX
o0peHMIA Docho Kammit
Bapuant YII[/I c;)xoro VYrepon Azot (N) (Pzg)s)p (K,0) Bcero NPK
BelleCTBa
HaBo3a
1 2 1 2 1 2 1 2 1 2 1 2
1. be3 yno6penuii | 0 0 0 0 0 0 0 0 0 0 0 0
2. N90OP75K100 0.57| 5.1 0 0 0.09| 0.81| 0.08/ 0.68| 0.10| 090 0.27| 2.39
3. N180P150K200 1.14 | 10.2 0 0 0.18 1.62 | 0.15 1.35| 0.20| 1.80| 0.53| 4.77
4. N270P225K300 | 1.71 | 15.3 0 0 0.27 | 2.43| 023 203 0.30| 270, 0.80| 7.16
5. N360P300K400 | 2.28 | 20.5 0 0 0.36 | 3.24| 030, 2.70| 0.40, 3.60| 1.06| 9.54
6. HaBo3 25 1/ra 4.8 | 43.2 1.79 | 16.1 0.09| 0.85| 0.07| 0.65| 0.10| 0.86| 0.26| 2.36
7. HaBo3 50 1/ra 9.6 | 86.4 3.58 | 32.2 0.19 .70 | 0.14 1.30 | 0.19 .73 | 0.52| 4.73
8. HaBo3 75 1/ra 14.4 130 5.37 | 48.3 028 256 022 194 029, 259| 0.79| 7.09
9. HaBo3 100 T/ra | 19.2 | 173 7.16 | 64.5 0.38] 3.41| 029 259| 0.38| 3.46| 105| 9.46
10. Yucreliit map 0 0 0 0 0 0 0 0 0 0 0 0

BBICOKMM n03aM ynoopeHuii. [Tociae BCxonoB B Ka-
KIOM KOpOO€e OCTaBIsIInd 2 pacTeHUsT caxapHOi cBe-
KJIbl ¥ KapTodess, 6 pacTeHUil KYKypy3bl U JIyKa,
YyTO oOecrneyrBajo HOpMaabHYIO TUIOIIAAb MUTAHUSI.
OcTaTKu KOpHei repeMellnBaly ¢ TIOYBO, a OCHOB-
HYI0 U TOOOYHYIO MpoayKLuio ynaasiau. [TouBy yncro-
ro mapa B TeUeHMe BereTallMOHHOIOo Nepruoa ABaXKIbl
nepeKarnbiBajiu, COPHbIE PACTEHUS yAISIU. YOOPKY
ypokasi TPOBOAWIM B CEHTSIOpE, YUIUThIBasI ypoxKail oc-
HOBHOM MpOoayKUuu (KOPHEIUIOALI caXapHOIi CBEKJIbI,
3eJieHasi Macca KyKypy3bl, JIYKOBUIIbI JIyKa U KITyOHU
kaproderst). [ToBTOpHOCTb OMbITa TpeXKpaTHasl.

OO6paslLbl TOYBLI OTOMPATN TPOCTEBLIM OYPOM T10-
cjie yOOpKHU ypoxkasi U3 KaxKa0il MOBTOPHOCTU COIIac-
HO cxeMe omnbiTa. OTOOpaHHBIE 00pa3libl CMEIIMBAIN
¥ BBICYIIIMBAJIM HA OTKPLITOM BO3[yXe C yAaJeHUEM
BUJIMMBIX OCTaTKOB pacTeHUi U Me30dayHbl, Ipoce-
MBasi Yepe3 CUTO C AUaMeTPOM OTBepCTHil 2 MM. B 00-
pasuax MouBbl, pacTepThIX 10 yactul <1 MM, onpene-
751 BeIMYMHY pHy ) TOTEHLIMOMETPUYECKUM Me-
tonoMm (Sartorius Basic Meter PB-11), conepxxaHue
noaBuxHbIX popm pochopa (P,O5) no Kupcanosy
B BhITsIXKKe 0.2 H. HCI cniekrpodoToMeTpruyecKum
metonoM (UNICO-1200) u xanmua (K,0) nmo Kup-
caHoBy B BbeITsiKKe 0.2 H. HCI MeTonom mjiamMeHHOI
doromerpuu (BWB-XP Perfomance Plus). Conep-
»KaHue o0I111ero (oOpraHM4ecKoro) yrjaiepomna 1 o0IIero
asora omnpenensuii ¢ nomoinblo CNHS-ananuzaro-
pa (Leco 932) cyxuM cxkxuraHmeMm. DKCIIepUMeHTalb-
HbIe JaHHbIE MPUBEACHbI B BUAE CPEIHUX BEIUUYNH
13 3-X aHAJIMTUYECKUX TTOBTOPEHUM U UX CTaHAAPT-
HBIX OTKJIOHEHUI.
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PE3VIJIBTATBI 1 X OBCYXIEHUE

Ypoorcaii kynomyp. B ycinoBusiX MUKPOITOJIEBOIO OITbI-
Ta yCTpaHsIETCs MOYBEHHAsI HEOMHOPOIHOCTbD, YeTue pe-
aJIN3yeTCsl OCHOBHOM AeCTBYIOIINIT (paKTOp IIPHU CO-
XpaHEHUU COBOKYMHOCTH €CTECTBEHHBIX MTOYBEHHBIX
MPOIECCOB U arpoKJIMMaTu4eckux (hakTopoB, co3/ia-
€TCsl MPAaKTUUYECKU UCATbHOE pacIipeneieHre rpaHyi
MUWHEpaIbHBIX YIOOPEHUM 1 YacTUIl HAaBO3a IO TTOBEPX-
HOCTU TTOYBbI, UX PABHOMEPHOE CMEIIMBAHUE C MAXOT-
HbIM CJIOEM. B UTOTe MOTHOCTBIO peau3yeTcst MPOayK-
LIMOHHBIN MOTEHIMAI KYJbTYp. Ypoxaii Bo3aesbiBa-
€MbIX KYJIBTYp Ha MPOTSXKEHUU 9 JIeT MUKPOTIOJIEBOIO
OIbITa OBLJT COMTOCTABUM C TAKOBBIM, MOJTYYEHHBIM 151
OIBITHBIX KYJIBTYP B KPYITHOIEASTHOUHBIX OIMbITaX WU
B IPOM3BOJACTBEHHBIX YCJIOBMSIX (Tab1. 3).

CuuTaercsi, YTO MUHEpaIbHAs CUCTEMA YBEIUYU-
BaeT aKTyaJbHOE IUIOJOPOAKNE MOYB, ITPEBOCXOIS OP-
TaHWYECKYIO 10 arpOHOMMYECKOI U 9KOHOMUYECKOM
23(HEeKTUBHOCTU, TOrma Kak opraHMYecKkas cucreMa
ya00pEHNS MOJIOXKUTEIBHO CKa3bIBACTCS HA TOTEHIIU-
aJbHOM TTomoponvu |1, 6, 11, 43—46]. [IpumeHeHMe
MUHEPAJIbHBIX U OPraHUYeCKUX yIOoOpeHU i B HAlllEeM
ONBITEC HA CEPOM JIECHOI IOYBE IMOBBLIIIAIO YpOXKai
KYJBTYp TI0 CPaBHEHUIO ¢ HEYTOOPEHHBIM KOHTPOJIEM
B CpelHeM 3a 2 poTalMu ceBOOOOPOTa COOTBETCTBEH-
Ho Ha 207 n 142%, ipu 3TOM TIpubaBKa ypoxkas KyJIb-
TYp YBEJIMYMBAJIACh B PAAY: JyK penyaTbiii < KapTo-
denp < caxapHas cBekia < KyKypy3a. Benmmuuna ypo-
Kas KyJbTyp TpU TIpUMEHEHUM BO3pacTarolluX 103
MUHEPaJIbHbIX Y10OpEeHUIA B cpeaHeM 3a 9 JieT onbiTa
obu1a Ha 29% (ot —1 1o +87%) Gosblile, YeM OT opra-
HUYeCcKUX ynoodpeHuii. U3BecTHO, 4YTO Mpu opraHuye-
CKOM 3eMJIeIeJINU YpoKail KyJIbTyp MEHbIIIE, YeM Tpu
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TPATUIIMOHHOM 3eMJICHEINN ¢ IPUMEHEHUEM MUHE-
panbHbIX ynoopenuit Ha 20% [17] u na 5—-58% [19].
B cpaBHMMBIX YCIIOBUSIX TIOJIEBBIX OTTBITOB YpOXKail mpu
npumeHeHuu NPK ObL1 60J1b11IE TTO CPABHEHUIO C BHE-
CeHMeM HaBo3a Ha 25% Ha yepHO3eMax, Ha CepbIX JieC-
HBIX ¥ IePHOBO-TIOA30IMCTHIX IMouyBax — Ha 12—17%
[18], B mpyrux permonax — Ha 4—8% [20]. Bo 2-ii po-
TallMyu BeJMUYMHA YpoxkKasl KyJbTyp ObUla MEHbIIIE, YeM
B 1-ii potauuu (puc. 1).

OcobOeHHO CUJIbHOE CHUKEHHME ypoKas 110 CpaB-
HEHUIO ¢ -1 poTaliueil Mpon30IIUIO B HEYTOOPEHHOM
KOHTpPOJIE U B BapuMaHTaX C BO3pacTalOIIMMU 103a-
MU MUHEPATBHBIX YI0OpeHMiA (COOTBETCTBEHHO Ha 46
n 19—44%) n B MeHbIIICH Mepe — MPU TIPUMEHEHUN
opraHndeckux ynmoopenuit (Ha 4—21%). Kaxk cien-
CTBUE, €CJIU B 1-i1 poTaliMy JOMOJIHUTEIbHAS TpUOaB-
Ka ypoxasi mpu NMpUMEHEHUU MUHEpPaJIbHON CUCTe-
MBI 10 CPaBHEHUIO ¢ OpraHWYecKoil cocrapisiia 42%,
TO BO 2-it potanu — 13%, ipu 3TOM ypoxkait caxapHoit
CBEKJIbl ITPU BHECEHMU HABO3a OKA3aJICsl 1axe OOJIbIlIe.

Pa3zmepsl mpubaBky ypoxkasi KyJbTyp OT BO3pacTa-
IOIIMX J03 MUHEPAJIbHBIX U OpraHUYeCKUX yA0OpEeHU
MOMYMHSUTMCH TTOJIMHOMMAIbHOM 3aBUCUMOCTH (puC. 2).

IIpu MUHepanbHOU cHUcTeMe YIOOpeHUS HaW-
OoJbIINIT ypoxXaili KOPHEIUIOAOB caXxapHOIl CBEKJIbI
U JYKOBUII JIyKa (pOopMUPOBAJICS MPU TIPUMEHEHUU
NI180P150K200, kny0OHeit kapTodeas — mpu go3e
N270P225K300, 3eneHoli Macchl KyKypy3bl — Ipu
BKCTpEMaIbHO BhIcOKOM m03e N360P300K400. On-
Hako Kaxjgas 0oJjiee BbICOKasl 1032 MUHEpPaIbHBIX
ynoOpeHuit siBjsiach, Kak MpaBuio, MeHee 3¢ dek-
TUBHOI, YeM Mpeablayias, a BeAUYMHBI NPpUOaBKU
OT 3KCTPeMaJbHO BBICOKUX 03 OBLIM HE CTaOWJIb-
HBIMH B TeUeHUE 2-X pOTaIUil, IeCTBYS B MeTabO-
JINYECKOM 30HE OTKJIMKA PACcTeHUI Ha yoIoOpeHUs.
ITosToMy mpu BO3IOeNILIBAHUU JIyKa Ha cepoii jiec-
HOI TTOUBe ¢ HU3KMM MCXOTHBIM YPOBHEM TIIIOIOPO-
IUsT PU3UOJIOTUYECKU OTITUMAJIbHBIM SIBJISICTCSI TTPU-
MEHEeHMe MUHEpPaJbHbIX YIOOPEeHUI B UHTEpBaJle 103
ot N90P75K100 mo N180P150K200, caxapHOIi CBEKJIbI
u xaptodens — ot N180P150K200 mo N270P225K300,
KYKYpY3bl Ha 3ejieHylo Maccy — oT N270P225K300
10 N360P300K300. B uenom, a1 BO3AEIbIBAEMBIX
BUIOB OBOIIHBIX, TEXHUYECKUX U KOPMOBBIX KYJIBTYP
DKCTPEMAaJIbHO BBICOKME HO3bl MUHEPAJIbHBIX YI0-
6penuit Ha ypoBHe N360P300K400 GBI M30BITOU-
HBIMU, HE JaBaBIIUMU COOTBETCTBYIOILIErO MPUPOCTa
ypoxasi MJI1 BOBCE MOJABISIBLIMMU POCT U Pa3BUTHE
pacTeHuiA.

B BapuaHTax ¢ HaBo3om KPC camasi Beicokas
npubaBKa ypoxas Obljla MoJydyeHa AJisi OMOMacChl Ky-
Kypy3bl IpU 3KcTpeManbHoli 1o3e 100 T/ra, 5KBUBAa-
neHTHOo N360P300K400 MruHepa bHBIX yIOOpeHMIA
(ta6x. 3). I1pu sToM nprbaBKa Npy NpUMEHEHUN Ha-
Bo3za KPC 100 t/ra nuiib HEMHOTUM IIpeBbIIIaia Ta-
KOBYIO OT 11036l 75 T/Ta (362 11 354% COOTBETCTBEHHO).
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Puc. 1. M3MeHeHue ypoxkasi KyJIbTyp BO 2-ii poTtaiuu
ceBOOOOpPOTa B 3aBUCHMMOCTU OT IMTPUMEHEHUS] MU-
HepaJTbHBIX U OPTAHUYECKUX YIOOpeHUil (B cpemHeM
NIl caxapHOM CBEeKJIbl, KyKYypy3bl, Jyka U KapTode-
ss). Bapuantel: 1 — 6e3 ynoOpeHuit (KOHTpOJb), 2 —
N90P75K100, 3 — N180P150K200, 4 — N270P225K300,
5 — N360P300K400, 6 — HaBo3 25 T/ra, 7 — HaBO3
50 t/ra, 8 — HaBo3 75 1/ra, 9 — HaBo3 100 T/ra. Hymepa-
1M1 BADUAHTOB Ta e B TabJ. 2—5 u Ha puc. 1-35.

VYpoxaii KOpHEIUIONOB caXapHOil CBEKJIbI U KJIyOHei
KapTodess Bo3pacTta TOJbKO 10 103bl HaBo3a 75 T/Ta,
Jlyka — 10 103kl HaBo3a 50 1/ra. ExeronHoe BHece-
Hue HaBoza KPC 100 T/ra He naBajio 1OTOJHUTEb-
HOIM mpuOaBKM ypoxKasi caxapHOIi CBEKJIbI, KapTodes
u ayka. B npyrux uccienoBaHusix BHeceHue 4—5-Kpar-
HBIX 03 HaBO3a HEOJAarompusTHO CKa3bIBAJIOCh HAa PO-
CTe paCTeHUi1 ¥ NMPUBOAUIIO K CHYDKEHMIO ypoxkas [44].

Takum obpa3om, caxapHas CBeKJia, KyKypy3a, Kap-
TodeNb U B MEHbIIIE Mepe YK pernyaTbiii ObLIU 10-
CTaTOYHO BOCIIPUMMUMBBI K CUCTEMATUUYECKOMY BHE-
CEHUIO BBICOKMX 103 MuUHepaabHbIX (N180P150K200
1o N270P225K300) u opranuueckux (50—75 1/ra)
ynoOpeHuii, HO XyXe MepeHOCUIN DKCTPEMaIbHO BbI-
cokue 103bl (N360P300K400 u HaBo3 KPC 100 1/ra).
CHIDXeHHe TIpUOaBKU ypoxKasi TIPU BHECEHNU 3KCTpPe-
MaJIbHO BBICOKHX JT03 TI0 CPABHEHMIO C BBICOKUMMU JI0-
3aMM MOXET ObITb BBI3BAHO HECKOJIbKUMMU IMPUYMHA-
Mu. Bo-nepBbIx, U3OBITOUHOE TTOTPEOJEHUE JTEMEH-
TOB MUHEPaJIbHOTO TTUTAaHUSI HApyIlIaeT BHYTPEHHIOIO
cOamaHCUPOBAHHOCTh (PU3MOJIOTO-OMOXMMUIECKIUX
U IPONYKIIMOHHBIX TIPOLIECCOB BETETUPYIOIIUX pacTe-
HUI. BO-BTOpBIX, BHICOKME KOHIIEHTPALIMU COJICi MOo-
JABJISIIOT TOIIOTUTEIbHYIO U CUHTETUYECKYIO JIesITe)b-
HOCTb KOPHEBBIX CUCTEM. B-TpeThuX, BEICOKME MO3BI
ynoOpeHMni U3MEHSIOT (DU3UKO-XUMUUECKIE CBOMCTBA
MOYBBHI, Aeaast UX HeKOM(MOPTHBIMM IIJIsT TTpoM3pacTa-
HUsl pacTeHuil. B-ueTBepThIX, BHECEHUE BHICOKMX 103
y100peHUil co3aeT MOBBILIEHHbINH YPOBEHb (PUTO-
TOKCUYHOCTH TIOYBHI ¥ CHIKAET YCTOMYMBOCTD PacTe-
HUI K 00JIE3HSIM 1 BpeaUTeasIM. XOTS OpraHnYeCKUe
ya0OpeHUs STUMMUHUPYIOT MUKPOOHBIN (DPUTOTOKCHU -
KO3 MUHepaJibHBIX ynoopeHuil [47, 48], mocTyruie-
HHUe GOJIBIITIOTO KOJIMYECTBAa OPraHMYECKOTO BEIeCTBa
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Puc. 2. INpuGaBka ypoxas KyJBETYp B 3aBUCUMOCTH OT 03 MUHEPAJIbHBIX U OPraHNYEeCKUX YIOOpeHM (cpemHee 3a 2 po-

Taly ceBOOOOPOTA).
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C 9KCTpeMajbHO BBICOKMMM J03aMU CBEXETO HaBO3a
MOXKET OBITh MPUUMHON HAKOIMJICHMS B MOYBE (PUTO-
TOKCHYHBIX BellecTs [49].

ObmeHHas u eudpoaumuyeckas KUCA0MHOCMb Cepoil
/N€CHOU nouebl. BOTBIIMHCTBO CEIbCKOXO3IMCTBEHHBIX
pacTeHUil oueHb TPeOOBATEIbHBI K KUCTOTHOCTHU T10-
uyBbl. Kncnast cpeia mouBeHHOro pacTBopa — IJIaBHAas
MPUYWHA YTHETCHUS AeSITeTbHOCTH MTOYBEHHBIX OpTa-
HU3MOB, CHUXKEHMST OMOJIOTUYECKOI aKTUBHOCTHU T10-
YBBI, HU3KUX YPOKAEB CETbCKOXO3SIMCTBEHHBIX KYJIb-
Typ, HEAOCTATOYHOM 3(h(HEKTUBHOCTH MUHEPATBHBIX
yooOpeHuii, MacCOBOI TrMbOean MHOTOJIETHUX TpaB
Py TIepe3MMOBKE, HU3KOTO colepKaHus OeKa B 3ep-
He u kopMax [50]. O6001IeHre 6oNbIIOrO0 MacCuBa
JAHHBIX B IPOU3BOJICTBEHHBIX YCIOBUSIX HAa IEPHOBO-
MOI30JUCTBIX U CEPHIX JIECHBIX ITOYBAX MOKA3aJI0 Ha-
Jm4ure noctoBepHoit koppeasunu (r = 0.45—0.50) Be-
JIMYMH ypoxkas KyaeTyp ¢ pH mous [6]. Cucrematuye-
CKOe MpUMEHEHWEe MUHEPAJIbHBIX YIOOpeHU — oIHa
W3 TIABHBIX MIPUYNH aluaIn(UKAIINS CeTbCKOX03STit-
CTBEHHBIX TTOYB.

Cepy1o JIeCHYIO TIOUBY T10 CTeIEHU KUCIOTHOCTH Tie-
pea HayaioM OMbITa KJacCU(UIIMPOBAIA KaK KUCIYIO.
3a 9 JleT cucTeMaTUIECKOro TIPUMEeHEHUST MUHEPaTh-
HBIX yIOOPEeHUI MPOU3O0IILIO0 OTUCTIIMBOE YMEHbBIIICHUE
BenmunHbl pH mmouBsl Ha 0.8—1.4 en. BrioTh A0 3.59
B BapranTe N360P300K400. BHeceHne cBexxero HaBo-
3a KPC cnocobcTBOBaio, HA00OpoT, yBenrnyeHuo pH
Ha 0.4—1.3 exn. mo 6.35 ripu moze 100 T/ra (puc. 3).

B BapuanTax 6e3 ynoOpeHuMi1 1 4YMCTOTO mapa Be-
JaHBl pH TTOYBEI DITYKTYMpOBaIN B TIpeesiax CTaH-
JapTHOTO OTKJIOHEeHUs. YeM mpomaosKuTe bHee Tpu-
MEHSUTM MUHEpaJIbHbIC YIOOPEHMSI, TEM CYIIIECTBEHHEE
camxkaincs pH (r = —0.627, p < 0.001), B ciy4yae mpu-
MEHEeHUs HaBo3a, HaobopoT, noBbimacs (r = 0.518,
p = 0.001). B BapuaHTax ¢ MUHEpaJIbHBIMU YIO0OPEHM-
SIMU BeJTMIrHA pH TTOYBBI OTpHUIIATEIEHO KOPPETpOBa-
Ja ¢ exxeronHeiMu no3amu NPK (r = —0.771, p < 0.001)
U C CyMMapHBIM MX KOJIMYECTBOM 3a BCE TOIbI BHECE-
Hug (r=—0.911, p < 0.001), a npu BHeCeHUU OpraHu-
YEeCKUX YIOOPEeHUl — COOTBETCTBEHHO MOJIOXUTEIbHO
(r=0.801, p <0.001 m = 0.905, p <0.001).

B teueHue 9-tu JeT MpuUMeHEHUs BO3paCTAIOIINX
1103 MUHEpaJbHbIX yIOOpEHUI TPOU30IILIO0 YBEIuYe-
HUE TUIPOJIUTUYECKONM KUCIOTHOCTU CEPOW JIECHOM
moyBsl Ha 1.30—6.26 mr-5k8/100 1 (puc. 3). [Tporuso-
MTOJIOKHYIO TUHAMUKY OTMETIIIN TIPH €XXETOTHOM BHE-
ceHuu HaBo3a KPC, npruMeHeHre KOTOporo B Bo3pac-
TaIOIIMX 103aX CITOCOOCTBOBAIO CHUKEHUIO TUIPO-
quTtudeckoit kuciotHoctu Ha 0.4—1.2 mr-sks/100 r.
BeluyuHbl TUAPOIUTUYECKON KMCIOTHOCTU Ce-
POl 1eCHOMN MOYBBI ITOJOXUTEIBHO KOpPpEJIMpOBa-
u ¢ exeronHbiM (r = 0.818, p < 0.001) u cymMmmapHbIM
(r =10.880, p < 0.001) kOMMYECTBOM BHECEHHBIX M-
HepaibHbIX ynoopeHuii. KoppensiiuoHHas CB3b I10-
KazaTeJe TUAPOIUTUUECKON KUCIOTHOCTU TTOYBBI

ATPOXUMUA Ned 2024

¢ exxeromHbiMu po3amu (r = —0.811, p < 0.001) u cym-
MapHBIM BHeceHHMeM HaBo3a (r = —0.869, p < 0.001)
Obu1a oTpuuareiabHoii. Cyas mo KoagduuueHTam
KOPPEJISIIUN, BIUSTHUAE IJIUTETbHOCTH BHECEHUS MU~
HepalbHBIX yaoopeHuit (r = 0.627, p < 0.001) 6su10
XOT$ U IOCTOBEPHBIM, HO MEHEe 3HAUMMBbIM, YeM BHeE-
CEHHBIX 103, a (DaKTOP MPOTOJKUTETEHOCT BHECEHUS
HaBo3a — He 3HauyuMbIM (r = —0.293, p = 0.116).

Takum oOpa3zom, MUHEpaJbHbIE 1 OPraHUYECKUE
yI100peHUsI OKa3biBaJld pa3HOHAMpaBJIeHHOE BJIUSI-
HUE Ha KMCJIOTHOCTb CEpOil JIeCHOI ITouBbl. MeTa-a-
Haiu3 105 aKcnepuMeHTOB, MPOBEASHHBIX HA Pa3HBIX
TUIIaX MOYB B MUpE, MoKazajl cHuxeHue pH mouBbl
MpY IPUMEHEHUU MUHEPaAIbHBIX a30THBIX YIOOPEHUIA
U COJIOMBI, TOTAA KaK MCIOJb30BaHME HaBO3a MPUBO-
auiio K nosblieHno pH moussl [23]. Ha nepHoBO-
MOA30JIMCTON TSXKEJIOCYTTIMHUCTON MOYBE AJIUTENb-
HO€ MPUMEHEHNE MUHEPAJbHBIX YI0OpEHUI OKa3a-
JIO CyIIECTBEHHOE BJIMSIHME Ha KMCJIOTHOCTb IMOYBbI
1o BceMy |-MeTpoBOMY CJIOI0, B TO BPEMS KaK IOTOJI-
HUTEJIbHOE BHECEHUE HaBO3a CMSITYaio MOAKUCISIO-
1ee AeiicTBre MUHEPaAIbHBIX ynoopeHuii [46]. OngHako
B 15-71€THEM 3KCIIEpMMEHTE Ha CJIA00IIEI0UHOM oY~
Be cHikeHue pH mouBbl HaOMIOAAIM KaK B BapraHTaX
C MUHEPAJIbHBIMU YIOOPEHUSIMU, TaK U C HABO30OM
[51]. ITo MHeHUIO 3TUX aBTOPOB, BIMSIHMUE HaBO3a
Ha pH mouBkI 3aBUcCeNO0 OT UCTOYHMKA HABO3a U Xa-
pakrepuctuk nouBsl. CHmzxeHue pH B ciabolenou-
HBIX MTOYBAX MOIJIO OBITh BHI3BAHO MPUCYTCTBYIOLIMMU
B HaBO3€ OPTaHMYECKUMU KucaoTaMu. B To xe Bpewms,
MPUCYTCTBUE KapOOHATOB U OMKapOOHATOB B HABO3€
MOXET ToBbICUTH PH Kuci0i MouBsI.

Hzmenenue obecnewennocmu cepoii 1ecHOl N048bl
nodsuscrvimu PyOs u K,0O. ConepxkxaHue NoaBUXKHOTO
docdopa B mouBe ABJISIETCS KIIOUYEBBIM IIPU3HAKOM
€€ YPOBH# TUIONOPOAUS, a MOBBILIEHUE 3anacoB P,O5
CBUIIETEIBCTBYET O POCTE OKY/IbTypeHHOCTH [18, 52].
B cBoto ouepenb, cogepxxaHue 1 3anachl MOABUXHOTO
KaJlusl OnpeAesiioT arpOXUMUUECKUE LIeHHbIE CBOMI-
CTBa TOYBHI, IJIOAOPOANE U IMTPOAYKTUBHOCTD IOYB
B 1esioM. KanuiiHblit peskuM MaxoTHBIX MOYB 3aBUCUT
OT HACHIIIIEHHOCTH CEBOOOOPOTOB MPOIAIIHBIMU KYJIb-
TypaMu, KOTOPbI€ BBIHOCSIT 3HAUUTEIbHbIE KOJUYECTBA
KaJIvsl U CHIDKAIOT COAEPKAaHUE €ro IMTOIBUKHBIX (hOpM,
a TakKXKe OT KOJIMYEeCTBA U JJIUTETbHOCTU TPUMEHEHMUS
KaJIMIHBIX yIOOPEHUIA 1 HaBO3a, MTOBBIIIAIOIINX 00e-
CIIEYEHHOCTh MOYBBI MOABIXKHBIM KajiueM [53]. B ripo-
W3BOICTBEHHBIX YCIOBUSIX Ha IEPHOBO-TIOI30JIUCTBIX
U CEPBIX JIECHBIX TTOYBAX YpOXKail KyJbTYp KOppeaupo-
BaJl C coJiepXXKaHUeM B MOUYBE MOABUXKHBIX (popM hoc-
dopa (r = 0.30—0.50) u xanus (r = 0.28—0.49), Torna
KaK B CTETHOM M CYXOCTEMHOW 30HaX 3Ta CBSI3b ObLIa
MeHee OTYETINBOI [6].

B cepoii necHoit mouBe 0e3 ynmoOpeHwmii 3a 9 ner
HaOII0NeHN copepxkaHue noaBuxHoro P,O5 yMeHb-
muiock B 1.3 pa3a, pyu BHECEHUM BO3paCTAIOLIMX 103
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Puc. 3. IsmeHeHne 0OMEeHHOI (a) U TUAPOIUTUYECKOH (0) KUCIOTHOCTH MOYBBI IPU €XETOMHOM MPUMEHEHUU MUHEPATIb-
HBIX ¥ OPTaHMYECKUX yIOOpPEHNIi B BO3PACTAIONINX 103aX.
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NPK Bo3pocino B 1.6—7.1 pa3a, B BapuaHTaX ¢ OpTaHM-
YeCKHMMU YI0OpEeHUsIMU yBEeJIUYUI0oCh B 2.2—7.4 pa3a
B 3aBUCUMMOCTH OT J03bI HaBo3a (puc. 4).

[1py BHECEHNM SKCTPEMATbHBIX 103 MUHEPATbHBIX
1 OpraHuYecKux yanoOpeHuil comepaHue MOABUXK-
Horo P,O5 nocrurano 480—630 u 444—650 Mr/Kr co-
OTBETCTBEHHO, YTO CBUACTENbCTBOBAJIO O 3adocda-
YUBAHUU U nepeynoopeHHoCcTH nouBkl. ComepxkaHue
MOIBMXHOIO (pocchopa B MOUBE JOCTOBEPHO 3aBUCEIIO
OT BEJIMYMHBI €XKeTOMHBIX 103 MUHEPATbHBIX M OPTaHU-
yecknx ynobpenuii (r = 0.767, p < 0.001 u r = 0.705,
p < 0.001 cOOTBETCTBEHHO) M OT CYMMAapHOTI'O KOJIM-
yecTBa pocdopa, BHECEHHOTO B TTOYBY C STUMU YIO-
operusmu (r = 0.968, p < 0.001 u r = 0.972, p < 0.001
COOTBETCTBEHHO) B TeUeHUE 9-TU JIET 3KCIIEPUMEH-
Ta. BiusiHue 1IuTeNbHOCTU BHECEHUST BO3PACTAIOIINX
103 MmuHepaiabHbIX (r = 0.530, p = 0.001) u opraHuue-
ckux (r = 0.588, p < 0.001) ynobpeHuii Ha UBMEHEHUE
00€eCITe4yeHHOCTHU CEePOoit JJECHOM TTOUYBBI TTOIBUKHBIM
¢ochopom Takke OBLIO CylIeCTBEHHBIM. B nepHoBO-
MOA30JUCTOM TSKEIOCYITIMHUCTON 1mouBe 3a 20 jeT
OITbITa B BapraHTe 0e3 yIoOpeHWI TTPONCXONMIIO CHH -
>XKeHue conepxkaHus nmoasrxkHoro P,Os B 1.1 pasa, mpu
NPUMEHEHNU YMEPEHHBIX 103 MUHEpaJIbHbIX y1oope-
HUI — yBeTMIMBaIoch B 1.2—2.6 pa3a, a Ipu BHECEHUN
HaBo3a 13 pacyeta 5.7 T/ra B ron — B 1.2 pa3a [46, 54].

BiusHue Bo3pacraolux 103 yI0OpeHUit 1 Aau-
TEJIbHOCTHU UX MPUMEHEHUS Ha coAepKaHUe U TUHa-
MUKY TTOJBUXHOTO KaJIUsI B CEPOIi JIECHOI MOYBE ObLIO
CXOIHBIM C TAKOBBIM 7151 MoABMKHOTO (hocdopa. Co-
nepxanue K,O B nmouse 6e3 y100peHUi yMEHBIINIOCH
B 1.1 pa3a, nmpu BHeceHuu Bo3pacTtamouux 103 NPK
Bo3pociyio B 3.0—7.7 paza, B BapuaHTaXx ¢ HaBO30M
YBEIMUMIOCH B 2.1—5.5 pa3a B 3aBUCUMOCTH OT 035l
HaBo3a (puc. 4). I[Ipu yMepeHHBIX 1 BBICOKMX J03aX
MHWHEpPaJbHBIX U OPTaHUYECKUX YIOOpPEeHU B ITOYBE
CO3IaBaJICS BBICOKUI YPOBEHb COMEpPKaHMST TTOIBUXK-
Horo kanust (137—222 u 156—210 Mr/KT COOTBETCTBEH-
Ho). [IpyMeHeHue 3KCTpeMabHbIX 103 MUHEPaIbHbIX
yInoOpeHui1 U HaBO3a MPUBOAMIIO K Mepeyno0peHHO-
CTHU C coiepXaHUeM B Mouse nousuxkHoro K,O BIIoTh
10 350—560 u 281—401 mr/kr coorBerctBeHHO. CoO-
nepXaHue TMOABUKHOTO Kaus B TIOYBE TOCTOBEPHO
KOPPEJIMPOBAIIO C €XKETOMHBIMU 103aM1 BHECEHHOTO
cepHokucioro kanus (r = 0.884, p < 0.001) u cym-
MapHBIM €TO KOJIMYECTBOM B TeUeHUE 9-TH JIeT BHeCe-
Hus (r = 0.893, p < 0.001). [ToBblllIeHUE 103 HaBO3a
¥ CyMMapHOE €ro MocTyIJIEHUe B ITOYBY 3a 9 JIeT OIlbl-
Ta JaBaJio JOCTOBEpPHOE yBeJMYEHHE 00ecreuyeHHO-
CTH TTOYBHI TTOOBWXKHBIM KanueM (r = 0.862, p < 0.001
ur=0.913, p <0.001 coorBercTBeHHO). [Ipupocr co-
Jnep>XKaHWsl TTOABUKHOIO Kajusl B MOYBE OT dKCTpe-
MaJIbHBIX 103 MUHEPATbHBIX yIOOPEHMIT 1 HaBO3a OKa-
3aJicsl coOTBeTCTBEHHO B 1.9 u 1.3 pa3za Gosibliie, yem
OT YMEPEHHBIX U BHICOKMX 103. [1pomomKuTenbHOCTD
BHECEHMS KaTUUHBIX yIOOpEeHW 1 HaBo3a ObLIO 3Ha-
YUMBIM (haKTOPOM HAKOTUICHUS B TTIOYBE TTOIBIKHOTO
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kamus (r = 0.425, p = 0.011 u r = 0.478, p = 0.004 co-
OTBETCTBEHHO), HO CyJs Mo Ko3dduiimeHTaM Koppe-
JISILIMY MEHee CYIIeCTBEHHbIM, YeM J103bl YI00pEeHUA.

[TprMeHeHHbIE B OTbITe MUHEpPaJIbHbIE U OPTaHU-
YyecKre ynoOpeHusl He TOJbKO KOMITEHCUPOBAIU BbI-
Hoc ¢docdopa u Kaaus ypoxKaeM KyJbTyp, HO U CO-
3MaBaJIM B MOYBE MEPEXOMSIINN 3amac 3TUX JIeMeH-
TOB B MOJBMXXHBIX (DOpMax ¢ MPSIMOI 3aBUCUMOCTBIO
OT KOJTMYECTBA BHECEHHBIX YIOOPEHUIT U TIPOIOJIKM-
TEeJIbHOCTU UX TIpUMEHEeHUsl. Bbbliu nmony4yeHbl ypas-
HEHMST peTPecCui, OTpakarolie 3aBUCUMOCTH MeXK-
Iy CYMMapHbBIM MOCTYIUIEHUEM yIOOpeHUll B MOUBY
B T€UeHHE 9-TH JIET OMNbITa U UBMEHEHUEM COAEpXKa-
HUs nonBuxHbIX P,Os 1 K,O B cpenHecyIMHUCTOM
cepoii necHoii mouse [55]. CorinacHO IOJIy4YeHHBIM
YPaBHEHUSIM, ISl TTOBBIIIEHUST COAePKaHUS MTOABUK -
Horo P,Os Ha 10 Mr/Kr TpeOoBaNoCh BHECTH TOTIOJIHH-
TebHO (POCHOPHBIX YIOOPEHU 55 KT/Ta UK CBEXero
HaBo3a KPC 20 1/ra, a 1j1s1 IOBbIILIEHUST COAEPXKAHUS
nonsuxxHoro K,O Ha 10 Mr/Kr — KajnuiiHbIX yroope-
Huii 85 kr/ra unu HaBo3a 30 1/ra. 1o cymecTBytromum
HOpMaTHBaM, YCTAaHOBJIEHHBIM PACYeTHBIMU CTIOCO0a-
MM, JJI9 TTOBBILIEHMS CONEPXKaHUS MOIBUXHBIX P,Os
1 K,O Ha 10 Mr/Kr B CyJIMHUCTOI cepoii JIECHOI MoY-
B€ PEKOMEHIYETCSI BHOCUTH (DOCHOPHBIX YI0OPEHU It
90—100 kr/Ta ¥ KaMMHBIX ynoopeHuit 35—45 kr/ra
[18]. BoisiBeHHBIE pa3auuus B 3aTpatax (ochOpHBIX
M KaJIUWHBIX YIOOpeHMIT Ha HAKOIIMTEIbHBINA CABUT
MOABMKHBIX (hopM (hpocdopa 1 Kaausi B TOYBE MOLJIU
OBITH 00YCJIOBJICHBI KaK pa3HbBIMU CIIOCO0AMU OIIpee-
JIeHUs “HOPMaTHUBHBIX 103", TaK U HEOIMHAKOBbIM Ha-
6OpOM arpOXUMUIECKUX XapaKTePUCTUK ITOYB M BO3-
JeabIBaeMbIX KyJIbTYp B ceBoobopoTax. Kak mokasa-
HO paHee, T03Bl pacxona yIoOpeHMiT Ha HaKOTLUICHUE
B nnouse 10 mr/kr P,O5 u K,O 3aBucenu ot rpanysio-
METPHYECKOTO COCTaBa, COMEPKaHMS OPTraHNIECKOTO
BeulecTBa, pH MouyBbl, KCXOMHOTO comepsKaHus MO -
BUKHBIX (hocopa u kanus [18, 52].

Takum obpaszom, BHeceHue ocdopa v Kaaus ¢ M-
HepaJTbHBIMU U OPTAHUIECKUMHM YIOOPEHUSIMH B COTIO-
CTaBMMBbIX J103aX J1aJI0 CXOIHOE yBeJInYeHre o0ecreyeH-
HOCTH Cepoii JIECHOM MOYBBI MMOABIKHBIMU (popMaMu
9TUX 2JEMEHTOB. B mouBe ¢ opraHuYecKoi cucTeMoi
yIoOpeHusT He 0OHapYKMIN HETOCTaTKa TIOIBIKHOTO
docdopa, Kak 3T0 OBIBAET B YCIOBUSIX OPTaHUYECKO-
ro 3emJienenus. [IpumeHeHre BICOKHX U 9KCTpeMallb-
HO BBICOKMX J103 (hOoC(hHOPHO-KATUINHBIX MUHEPaAJTbHBIX
ynoopenuii win HaBo3a KPC npuBoauio K 6bIcTpomMy
HAaKOIUJICHUIO B CEPOIA JIECHOI MoYBe NMOABMXKHBIX P55
n K,O no cBepxsbicokux ypoBHeii. [lepeynodpeHHOCTb
TOYBBI HE CONTPOBOXKAAIACH HACKHIIIIEHUEM TTOUBHI O -
BUXXHBIMU (hopMaMu (hochopa 1 Kausl.

Codepoicanue yenepooa u azoma é cepoil 1eCHOU no4ee
npU excec00HOM GHeCeHUU 803PACMAOUUX 003 MUHEPAlb-
HbIX U opeanuyeckux ydobpenuii. Comepkalieecst B Iou-
BE€ OpraHMYeCKOe BEIIECTBO OMTOCPEIOBAHHO BIMSIET
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Puc. 4. VismeHneHue conepxanus noaBrxXHbIx popm P,Os5 (a) u K,O (0) B mouse B Te4eHHE 9-JIETHETO IPUMEHEHUS] MU-
HepaJTbHBIX 1 OPTAHNYECKUX YIOOpEHUIT B BO3PACTAIONINX N03aX.
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Ha ypoxali KyJbTyp, BBICTyIasi UICTOYHUKOM a30Ta
U IPYTUX 3JIEMEHTOB MUHEPATbHOTO IMUTAHUS, CO3Ma-
Basi KOMMOPTHBIE IJISI paCTeHUI BOTHO-(PU3NYECKUE
CBOUCTBa, MOAAEPXKUBAST U PETryJUpyss MUKPOOHYIO
AKTUBHOCTb, KOHTPOJMPYS TpaHCcHOopMaLUIO yaoope-
HUIi B MOYBe. Yy4dllleHHMe MUHEPATbHOTO U 0COOEH-
HO a30THOTO MUTaHUsI paCTEHUI TPOUCXOAUT YKe TTPU
noBbILIeHUN conepxanus B ouse Cp, Ha 0.1-0.2%,
a npupoct Cg,,. > 0.3% obecrneuymBaeT yaydlleHUe
BOIHO-(U3NUECKUX CBOMCTB MOYBHI [56]. MeTa-aHa-
JI3 MUPOBBIX TaHHBIX MTOKA3aJl HAJTUIHUE TTOJIOKUTEb-
HOI CBsI3U Mexay KoHUeHTpanueit C,p, B TOYBE B UH-
tepBaje or 0.1 mo 2.0% u ypoxaeM IIIIEHUIIBI U KY-
Kypy3bl He3aBUCUMO OT MPUMEHEHMST MUHEPaTbHBIX
ynoOpeHMii, KOTopasi HUBEJIMPOBAJIACh BhIIIE KPUTU-
yecKoro ypoBHs 2% Copr [57]. st mecocTenHbIx yep-
HO3EMOB CpeHEe- U TSIXKeJIOCYNIMHUCTOTO TpaHyIoMe-
TPUUYECKOTO COCTaBa KPUTUYECKUI YPOBEHb coepka-
Hust Cp cocrasisier 2.0—-2.3% [58].

[MpuMeHeHe MUHEPATbHBIX 1 OPTAHUYECKUX YI0-
OpeHMil — BaxkHbIe (haKTOPBI, OTIPEIEIISIONINE COIEP-
JKaHUe, Ka4eCTBO U (PYHKIIMU TOYBEHHOI'O OpraHuye-
CKOTO BelllecTBa. B MMKpoIToIeBoM oTbITe 3a 9 JIeT uc-
cnenoBanust conepxkanne Co,. B I0YBE IPU BHECEHUU
BO3pacTalolMX 103 MUHEPATbHBIX YIOOpPEHUM yBeIu -
YuJI0ch B cpenHeM Ha 0.25%, B BapraHTax ¢ opraHnye-
cknmu ynoopenusmu — Ha 0.70—1.44% B 3aBUCUMO-
CTH OT 103kl HaBO3a (puc. J).

IIpu mpuMeHeHNM HaBO3a MOYBa 0OoralaIach opra-
HUYECKUM BEILIECTBOM CAMOTO HaBO3a U PACTUTEIbHBIX
OCTaTKOB, TOTAA KakK B cy4yae ¢ MUHEPAJbHBIMU yI0-
OpEHUSIMU eMMHCTBEHHBIM UCTOUHUKOM ITOCTYTUICHMS
OpPraHUYECKOro BeleCTBa B MOUBY ObUIU MOXHUBHbBIC
U1 KOpPHEBbIE OCTaTKU BO3IeIbIBaeMbIX KyabTyp. [Tosy-
YeHHBbIE TaHHBIE COTIACYIOTCS C pe3yJbraTaMyu 0OJb-
1I0TO Yucja onbIToB B P® 1 B Mupe, mokasblBaloIu-
MU HEyCTOYMBOE yBennieHue conepxanust Cp,. B 04~
BE MPU MUHEPATIbHOI crcTeMe yA100peHus U 3HAYMMOe
oboraleH’e TTIOUBbl OPraHMYECKUM BEIIECTBOM — TP
opraHuueckoii cucreme [18, 23, 44, 45, 58—62].

ConepxaHue B [IOYBE BaJIOBOTO OPraHUYECKOTO YIJie-
pona TOCTOBEPHO 3aBUCENIO OT MPOMOIKUTEILHOCTH
npumenenust (r = 0.860, p < 0.001) Bo3pacraionmx 103
MUHEPAIbHBIX YI0OPEHUI U CyMMapHOTO MOCTYIIJICHUS
MUTATETLHBIX BEIIECTB C YIOOPEHMSIMU 3a TOIBI UCCITe-
noBanus (= 0.672, p < 0.001), a BIMSIHKME €KETOTHBIX
103 NPK 6b110 He 3HaunMbIM. HanpoTuB, yctaHoBIIe-
Ha NpsiMast 3aBUCUMOCTB conepxkanusi Cy,p,. OT €Xerof-
HBIX BO3pacTarolux 103 HaBo3a (r = 0.793, p < 0.001),
CYMMapHOI'0 KOJIMYeCcTBa HaBO3a, BHECEHHOTO B TeYe-
Hue 9-tu aer (¥ = 0.966, p < 0.001) 1 IPONOIKUATEIb-
Hoctu ero BHeceHus (r = 0.628, p < 0.001). Ecim ipu
BHECEeHUHU 103 HaBo3a 25 u 50 T/ra Habaronanu 1ocra-
TOYHO paBHOMEpHOE MoBbileHUEe conepkanus Cgp,.
Ha MIPOTSKeHUU 9-THU JIeT, TO MPU 3KCTPEMaTbHO Bbl-
cokux go3ax 75 u 100 T/ra rnocje nocTyruieHs: HaBo3a
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KPC 700—900 1/ra (50—65 T C/ra) HameTniIach TeHICH-
LU K HACBIIEHUIO TIOYBbI COpr Ha ypoBHe 2.34 + 0.04%
[55]. Drot ypoeHb C,,. PEMIOKEHO CYUTATH HUKHEN
rpaHMLEH HACBILIEHUS CEPOI JIECHOM TTOYBBI OPraHu-
YeCKMM BellecTBOM. BepxHsis rpaHuUIIa HACKIILIEHUS T1a-
XOTHOM CEPOi1 JIECHOM ITOYBBI OPraHUYECKHUM YIVIEPOIOM
cocrabisiia 2.75% u focturanaach MOCTYIUIEHUEM CBEXe-
ro HaBo3a KPC 1300 1/ra, uto skBuBasieHTHO 95 T C/ra.

[MouBeHHBIE UKJITBI yIIIepoaa W a30Ta TECHO CBSI-
3aHBl MEXIy co00il B BUle MHOTOYMCICHHBIX, pa3-
HOOOPAa3HBIX U COMPSIKEHHBIX OMOTUYECKUX MPOLIeC-
coB [25]. [IpuMeHeHue a30THBIX YIOOPEHUIA SIBJIETCS
IJIaBHBIM (DaKTOPOM MaKCUMU3AIMU TTPOTYKTUBHO-
CTH CeJIbCKOXO3sIMcTBeHHBIX KyJabTyp [30, 32]. Ilo-
CTYIUIEHHE B TTOYBY a30Ta C MUHEPaJIbHBIMU yI00pe-
HUSMU U3MEHSET YIJIEPOMHO-a30THOE paBHOBECHUE
[63], cBOIICTBEHHOE MOYBE, CO3MaBast MPEAITOCHITKH
npaitMuHr-3dexra [64] U pasaIMIHLIX BTOPUIHBIX
5} (eKTOB, BHI3BIBAIOIIMX 3KOJIOIMYECKIE HAPYIIIEHUS
[31]. ITo pe3ynbraTaM MHOTOJIETHHMX ITOJIEBBIX OITBITOB,
anutenbHoe (4—107 net) mpuMeHeHe MUHEPaIbHBIX
a30THBIX ynoopeHuii (ot 12 mo 300 kr N/ra) cornpoBo-
xaaeTcs yaite yobuibto (1o —0.80 r N/Kr) o611ero azo-
Ta B TIOYBE, YyeM ero npupoctoM (1o +0.40 r N/kr), no-
Ka3bIBasi B CPEIHEM B OIbITaX MOTEPU a30Ta HA YPOBHE
0.10 T N/xr [65]. [Tpu aTOM, YeM TIPOAOILKHUTEIIbHEE
OBLIO MPUMEHEHME yIOOpEHM, TeM 3HaYMUTeJIbHEee
yObLIb a30Ta B TouBe. Habntonaemoe HakorieHue 00-
IIIETO a30Ta B TTOYBE C YBETMICHUEM O3Bl yI0OpeHMIA
OBLIO CBSA3aHO C YBEIUYECHUEM MACChl PACTUTEIBHBIX
OCTaTKOB B pe3yJibTaTe pocTa ypoxasi, a o0eqHeHe
B TIPUCYTCTBUU a30THBIX YIOOPEHNI — YyCKOpEHUEM
pa3I0XeHUsT PACTUTEIbHBIX OCTATKOB, a30T KOTOPBIX
PEeYTUIU3UPOBAJICSI PACTCHUSIMU WU TEPSLICS U3 TO-
yBHL. 10 pe3ynsraTamM OMHOTO M3 MeTa-aHaJIN30B, BHE-
ceHMe a30THBIX ynoOpeHuii B no3zax 0—125, 126—250
n >250 Kr/ra mo4YTv MpOMoOpLMOHATBHO MOBHIIIACT
conepxaHue Ng, B IIOYBE COOTBETCTBEHHO Ha 12, 16
u 27% [66]. CornacHo apyromy o600IIEHUIO, TPUME-
HeHHue a30THBIX ynoOopeHuit B no3e 240 Kr/ra gaBajio
MeHbLINI IPpUPOCT N6, B MOYBE 110 CPABHEHUIO C 10-
3011 B 120 xr/ra [67]. [IpuMeHeHMEe OpraHNYeCKUX ya0-
OpeHuii He 1aBajio 0COOBIX MTPEeUMYILIECTB B oboraiie-
HUU [OYBBI a30TOM B omi4ue ot C, 10 CPABHEHUIO
C MUHEPaJIbHBIMU YIOOpeHUAMHU [66].

B MukpomnojieBoM OIbITe 3a 9 JIeT comepkaHue
Ny B CEPOIi JIECHO! MOYBE B BapUaHTax ¢ MUHE-
pajibHBIMU ynoOpeHus MU Bo3pocio B 1.1—1.3 pasa
10 CPAaBHEHMIO C HEYAOOPEHHBIM KOHTPOJIEM, C Op-
raHM4ecKUMHU ynoopeHusimu — B 1.3—1.6 pasa, XxoTs
B ITOYBY ITOCTYIIAJIO TIPUMEPHO OJUHAKOBOE KOJIUYe-
CTBO a3o0Ta (TadJ. 4).

B BapuaHTax ¢ MUHepaJbHBIMU YI0OPEHUSIMU CO-
nepxanue N,g, B IIOYBE TECHEE BCErO KOPPEIUPO-
Baji0 C CyMMapHBbIM KOJUYECTBOM a30Ta yaoOpeHUid
Ha ripotskeHnn 9-i et (r = 0.860, p < 0.001) 1 MmeHee
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Puc. 5. I3aMeHeHUe coiepKaHUsl OpraHMYecKoro yriaepoaa (a) u odiiero azora (0) B MOUBe B TeUeHUE 9-JIETHETO MIpUMeE-
HEHUSI MUHEPAJIbHBIX K OPraHNYECKUX YIOOpEHMI B BO3PACTAIOLINX 103aX.
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Taomuna 4. I3MeHeHMe arpOXMMUYECKUX CBOMCTB CEpOil JIECHOI MOYBBI MPU €XKErONHOM BHECEHUN BO3PACTAIOLIUX

103 MUHEPAJIbHBIX U OPIraHNYCCKHNX y/:[o6pel-m171.

ITokazatenn
BapuaHt Copr Nobu Ny ‘ P05 ‘ K0
pHyc
% MT/KT TIOYBBI

YucTelit map 5.02 0.94 0.09 1.36 83 77

4.81 1.00 0.11 1.36 86 81

Bes ynobpennii 5.01 0.98 0.09 1.03 85 78
(KOHTPOJIB) 4.91 1.13 0.11 0.96 70 68
N90P75K100 4.84 0.99 0.10 2.23 101 1u7
4.18 1.18 0.12 3.03 141 137

N180P150K200 4.79 0.97 0.10 4.29 127 137
3.90 1.16 0.13 4.00 284 222

N270P225K300 4.69 0.96 0.10 5.75 185 198
3.73 1.22 0.14 30.22 480 350

N360P300K400 4.35 0.97 0.10 9.28 191 274
3.59 1.18 0.14 39.33 630 560

Hagos 25 1/ra 4.96 1.07 0.09 1.00 95 121
5.34 1.67 0.14 2.84 196 156

Haso3s 50 1/ra 4.98 111 0.09 1.23 108 139
5.42 1.93 0.15 6.02 315 210

Hago3 75 1/ra 5.10 123 0.10 2.03 120 153
6.05 2.12 0.16 7.83 444 281

Hagos 100 1/ra 5.30 1.30 0.10 2.69 156 194
6.27 2.41 0.17 15.00 649 401

ITpumevanus. Hang uyeptoii — 1-ii ron oneiTa, 1noa yeptoit — 9-it ron onbiTa. MicxonHble TaHHbIC MPUBENEHBI B pasaene “MeToanka

ncclienoBaHus .

TECHO — C YHCIIOM JIET, B TeUCHNE KOTOPBIX TIPUMEHSI -
1w ynoopenust (r = 0.787, p < 0.001) u ¢ exxerogHbIMU
nosamu ynoopenust (r = 0.463, p = 0.001). Ta xe mo-
cJIeToBaTeIbHOCTh (DAKTOPOB OblIa XapaKTepHa U IJIsT
OpPraHuYeCcKoOro ynoopeHus: KoapOUUUESHT KOppesi-
uuu conepxkanus Nog, B II0YBE C CYMMapHbIM KOJIM-
YeCTBOM BHECEHHOTro HaBo3a ObL1 6osblie (# = 0.931,
p <0.001), yeM ¢ TPOAOJKUTEbHOCTBIO PUMEHEHUSI
HaBo3za (r = 0.707, p < 0.001) u ero exxeronHbIMU 103a-
mu (= 0.623, p < 0.001). YMepeHHBIE 1 BEICOKHE TO3bI
MUHEpaJIbHBIX YI0OpeHUii obecreunBain 00jiee BbICO-
KW TIPUPOCT OOIIIETO a30Ta B TTOYBE, YeM IKCTPEeMalTb-
HbIE, TOTIA KaK BEJIMYMHBI €KETOIHOr0 mpupocta Nyg
B [I0YBE OT BO3PACTAIOLIMX 103 OPraHUYECKUX yao0pe-
HUli ObUIM TPUMEPHO OMMHaKOBbIMU. Kak ciencrtsue,
MpU €XEeToAHOM BHECEHUU MOJHOTO MUHEpPaJbHOTO
yI0OpeHUsT TPOMCXOAWIIO cyxkeHre cooTHoreHust C : N
B nouse: ¢ 10.2 B koHTpoJie 10 9.7 u 8.5 1pu BHECEHUU
1103 N90P75K 100 1 N360P300K400 cooTBETCTBEHHO.
B BapmaHTax ¢ eXXeromHbIM BHeCEHHEeM HaB0O3a COOTHO-
menre C : N B mouBe, Ha000pOT, pacmpsioch 10 11.6
u 14.0 mpu no3ax HaBo3a 25 u 100 T/ra.

Takum ob6pa3zoM, cUCTEeMaTUYECKOE IMPUMEHE-
HUEe MUHEpPaJIbHBIX U OpTaHUYECKUX YIOOpEeHUIl OT-
pakajioch Ha a30THO-YIJIEPOAHOM peXUMe ITOUBHI,
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OKa3blBasi pa3HOHAIpaBIeHHOE U3MEHEHUE COOTHO-
menus C : N B mouBe. Cyxxenue C : N B mouBe ¢ MU-
HepaJIbHbIMU YIOOPEHUSIMU CBUIETETBLCTBOBAJIO O JIe-
¢dunuTe N1OCTYITHOIO yrjiepoaa, HeoOXOaMMOTO AJs
UMMOOWIM3AlIMKY a30Ta U HAUIMYUH MPEANTOCHLUIOK IS
3HAYMTEIBHBIX €T0 MTOTEPh B TEYEHUE BETETALIMOHHO-
ro repuonaa 1 3a OCEHHe-3MMHUE MeCsILibl, 0COOEHHO
MpY BHECEHUM DKCTpPEMabHO BBICOKMX 103 ya00pe-
Huii. [IpuMeHeHne opraHnyecKux yioOpeHuii co3aano
OoJiee cOaTaHCMPOBAHHOE COOTHOILIEHNUE MEXIY YIye-
pPOIOM M a30TOM B ITOYBE, CIIOCOOCTBYSI HAKOTIJIEHUIO
a3ora B mouBe B 1.2—1.3 pa3a no cpaBHEHUIO C MUHE-
pajibHOM CUCTEMOIA.

Dhexmusnocmsb cekeecmpayuu yeaepooa npu MuHe-
panvroll u opeanuueckoil cucmemax. COBpeMeHHOE 3eM-
JieNeNTe TOJKHO OBITh BEICOKOITPOMTYKTUBHBIM, SKOHO-
MHWYECKU PEHTA0ETbHBIM, YCTOMIMBBIM K ITI00aTbHBIM
W3MEHEHUSIM KJIMMaTa, pereHepaTUBHBIM M YIJIEPOI -
HeUTpaJbHBIM, 0a3UPYIOLINMCS Ha arpOTEXHOJIOTHSIX,
CEeKBEeCTpUpYIOLINX yriepon atMocdepbl. CekBecTpa-
LM YIIepoa B IIMPOKOM CMBICIIE — 3TO abHOTUYECKOe
IV OMOTUYECKOE yaBIMBaHUe (TOIIOIIEeHNE) aTMOC-
dbepnoro CO, 1 nepemellieHUE CBI3aHHOTO YIiepoia
B IpyTHE JTOJTOXHUBYIIINE pe3epByaphl I 6630MacHO-
ro xpaHeHus [68]. [TouBeHHas ceKBecTpalus yriaepona
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npeacTabiisieT co00il pa3HOBUAHOCTh OMOTUUECKOM
cekBecTpauuu. [1o omHOMY M3 paHHUX ONpeaesIeHUi
MOoJl MOYBEHHOI CeKBecTpallueil yriiepoaa moHuMal-
cs “repeBon aTMOC(epHOro yrjiepoaa B OpraHu4eckoe
BEILIECTBO HA3€MHBIX 9KOCUCTEM M JIOJITOBPEMEHHOE
€ro CoxpaHeHue B pe3epByape MOUYBEHHOI0 OpraHu-
YeCKOTro BEIeCTBAa ¢ MUHUMAIbHBIM PUCKOM HEMe/I -
JIEHHOTO BO3BpaTa B atMocdepy” [69]. B yrouHeH-
HOM OIpeeIeHUY MOUYBEHHAsI CeKBECTpallvsl yriiepo-
Ja paccMatpuBaetcd kKak “nepeson CO, atMocdepbl
B JKMBOE OpraHMYecKoe BelleCTBO pacTeHMid (poTo-
CMHTE3) € nocienyolieil TpaHchopmauuein hopmu-
pylolleiicss MOpTMacChl B MOUBEHHOE OpraHM4eckoe
BEILECTBO (TyMyC) C IIEPUOAOM IOJTHOIO Pa3IoXeHUs
(MUHepanIM3alnK) COCTaBIISIIONINX €r0 HOBOOOPa3o-
BaHHBIX KoMIoHeHTOB oT 10 mo 100 net” [70]. Hanbo-
Jiee YIIOTpeOIsIEMbIM SIBJISIETCS OIpeneaeHue, cop-
MyJIUpoOBaHHOE B pabdote [71], cortacHO KOTOpOMY
MOYBEHHAs CEKBECTpallys yriepona 0003HavaeT “rpo-
necc nepeHoca CO, u3 aTMoc@epsl B TOUBY 3€METb-
HOI eIMHUIIBI TOCPEICTBOM PACTEHUIA, paCTUTEIbHBIX
OCTaTKOB U JPYTUX OPTaHUUECKUX TBEPAbIX BEIIECTB,
KOTOpPBIE XpaHSITCS WU yAEePKUBAIOTCS B MTOYBE aH-
HOM 3eMEeIbHOM €IMHUIIbI KaK YaCTh IIOYBEHHOIO Op-
TraHMYECKOTO BelrecTBa (rymyca)”.

HayuHast uHTeprnperauus u npakTuyeckasi pea-
JIN3alusl UIeyu MOYBEHHOM CEeKBeCTpalMuu yriaepo-
Jla perIaMeHTUPYETCSI HECKOJIbKMMHU ITOJIOXECHUSIMU
¥ npuHLIunamu [68, 71—73]. Bo-miepBbix, 00pa3oBaHue
MEePBUYHON NMPOAYKLMU (POTOCUHTE3a, TOCTYIJICHUE
OroMacchl B TTOYBY U BKJIIOYEHHUE MOPTMACCHI B TTOY-
BEHHOE OpraHUYeCcKoe BelleCTBO (pa3JioXKeHHWe U CTa-
OuIM3anms) — B3aMMOCBsI3aHHbIE U PaBHOIIpaBHbIE
aTarbl MOYBEHHOI CeKBecTpauuu yriaepoaa. Bo-Bro-
PBIX, BpeMs yIepXXUBaHUS (XpaHEHUST) CEKBECTPUPO-
BaHHOTIO yrjepoja B MouBe (Ha3eMHOM pe3epByape)
MOXET BapbUpOBaTh OT KPATKOCPOUHOIO, HO HE Cpa-
3y BMUTUPYEMOTO 00paTHO B aTMocdepy, A0 I0JITo-
BpEeMeHHOTO. B-TpeThux, MoUuBeHHAas! CEKBECTpalUs
yIjepoa JoJKHa 00ecrneuynBaTh YMCTOE YBeIMUeHUE
comepxanus C,,. B IOYBE B TCYCHHE OINPEIETEHHOTO
BPEMEHU 10 YPOBHS, IMPEBHIIIAIOIIETO MPEIbLIYIINIA
0a30BbIil YPOBEHb Y IPUBECTU K YUCTOMY CHIXKEHUIO
ypoBHA CO, B atMoc(epe B BUIe TpUpocTa 6MoMacchl
pacteHuii. B-ueTBepTHIX, CEKBECTPUPOBAHHLIM SIBJISI-
eTcsl yIJIepo, MOCTYNAIOIIMii HEIMMOCPEICTBEHHO U3 aT-
Mocdephl U B Tipeiesiax KOHKPETHOM 3eMeJTbHOM eau-
HULIBI C YETKO BhIPaKeHHBIMU I'paHULIAMU (JIeJISTHKA,
nose, ¢pepma, JaHamadt, JIyr, jJec, 00J0To). Yieporn,
MNOCTYNMBIINI B OYBY €CTECTBEHHBIM WJIM MCKYC-
CTBEHHBIM ITyTEeM U3 TIepeMeILeHHbIX UICTOUHUKOB (Op-
raHu4ecKue yno0peHusl, pacTUTEIbHBIE OCTAaTKU, 3PO-
3MOHHBIC OTVIOKEHUST), HE OTHOCUTCSI K CEKBECTPUPO-
BaHHOMY. B-mAThIX, ciienyeT pa3iuyaTh TOYBECHHYIO
CeKBecTpallMio yriaepoja U MOYBEHHOE XpaHEHUe
(nermoHupoBaHMUE) yriepoaa. XpaHeHUe NPUMEHU-
MO K yBenn4eHuIo 3anacos C,,. ¢ TCYCHUEM BPEMEHU

B MIOYBAX JAHHOI 3eMebHOI eNHMUIIBI, HE 00s13aTelb-
HO CBsI3aHHOE ¢ YncThIM ynaneHuem CO, u3 atmocde-
pbl. [TockonbKy nepeuncieHHble TPUHLIMIBI HE BCeraa
YUUTBIBAIOTCSI B UCCIEAOBAHUSIX U TP MOHUTOPUHTE
MTOTOKOB YIJIEPOJA, CYILIECTBYIOT Pa3Hble TOJKOBaHUS
WAeU MOYBEHHOI CEeKBECTpaLMy YIiepoaa, Tak U CIo-
COOOB OLIEHK! €€ MPAKTUYeCKOii pe3yIbTaTUBHOCTH.

MunepanbHBIe YIOOpEHMS CIIOCOOCTBYIOT IIPOU3-
BOJICTBY NEPBUYHON MPOMYKIIMU, YBETUYMBAsI HAI3EM-
HYIO U TIOI3eMHYI0 OMoMaccy U oboraiiasi mouBy op-
TaHUYECKUM BEIIECTBOM, ITO3TOMY, C OMHOM CTOPOHBI,
ONMTHUMaJIbHOE CHaOXeHUe pacTeHUl a30TOM MOXKET
MMETb pellamplilee 3HaUeHue 1J1s1 TTOYBEHHOM CeKBe-
crpauuu ymiepona [74]. C npyroit CTOpoHsl, a30T MU-
HepaJIbHBIX YIOOPEHUI MOXET CTUMYJIUPOBATh OMO-
pas3JioXeHue PacCTUTEbHBIX OCTAaTKOB U OPraHUYeCKO-
ro BeIeCcTBa MOYBbI C UPOKUM oTHoleHrueM C : N,
ymeHblast 3anacol Cy,,. B m1ouBe [25, 64]. YMecTHBIM
Oy/leT 3aMeTUTh, YTO CEKBECTpallus YIJepoaa oT Mpu-
MEHEHUSI MUHEepaIbHBIX yIOOpeHU1 OyaeT KaxKyIeii-
csl, €CJId OCHOBHAsi U MOOOYHAsI MPOAYKLIUS OYyIET U3b-
sTa U3 arpO3KOCUCTEMBI, a B [IOYBE HE MPOU3OIILIO0
yBemmaeHust 3anacoB Cp,.

BosBpat ocTaTkoB ypoxasi B TTOYBY B BUIE XUBOT-
HOBOTYECKHUX OTXOMOB (HAaBO3, HABO3HAS KIMKa, KOM-
TIOCT) SIBJISIETCSI KJIIOUEBBIM 3TallOM PEreHepaTUBHOTO
3emilienesns, 00eceYnBaloOIIMM PELUPKYISIILIIIO 01O~
(UABHBIX 3JIEMEHTOB U coxpaHeHue B cocTaBe I1OB
paHee CeKBeCTPMPOBAHHOTO YIJIepo/a, IMpeaoTBpaliast
€ro OBICTPBII U ITOJIHBIM BO3BpaT B atMocdepy B xone
xpanenust. Ho yBennuenue conepxanust Cy,,. B ouBe
B OTOM CJIy4yae He SIBJISIeTCS TPU3HAKOM CEKBECTPAITUU
yIIepoaa, MOCKOJbKY OPTaHMYECKOe BEIIECTBO MPOCTO
repeMenaeTcsl 1 KOHIEHTPUPYETCs B IPYTOM MecCTe
[73, 75, 76]. CexBectpupytoniuii 3pdexT cBOiCTBEHEH
HaBO3Y JIMIIIb B CIyyae ero BHECEHUS B YIOOPUTETb-
HBIX LIEJISIX 1 B CJTy4ae MPUpocTa He TOIbKO C,pp B 1M0Y-
Be, HO U ypokas KyJabTyp Tof AeiicTBrueM HaBo3a. Crie-
IOBATEIbHO, CEKBECTPUPYIOIIUMHU YITICPOI SIBISIOTCS
TaKMe MepONPUITHS, KOTOPbIe 00eCIIeunBalOT POCT
MPONYKTUBHOCTU PACTEHUI M HAKOTUIGHUE OpTraHuYe-
CKOTO yIJIepona B IOYBE OTHOBPEMEHHO, a CEKBECTPH-
pytolyio 3DPEeKTUBHOCTD IIPUEMOB U CPEACTB CISIYeT
OIIEHUBATh, KAK MUHUMYM, TI0 2-M 3THM ITapaMeTpaM
BMecCTe, CYMMUPYSI HOpMaJTM30BaHHBIC OTHOIIICHUS Be-
JIMYMHBI ypoxkasi U conepxaHusi C, . B TIOUBE UCIIBITHI-
BaeMbIX BApUAHTOB K KOHTPOJIIO (15):

SE = [In(Y,/Y,) + In(C,/C))] x 100, (1)

rie SE — sadpdextuBHocTh cexBectpauuu (%), Y,
n'Y, — ypoxail BappuaHTa U KOHTPOJISI COOTBETCTBEH-
Ho, C, u C. — conepxanue C,,. B I0YBe BapuaHTa
U KOHTPOJI cooTBeTcTBEHHO, 100 — mepecuer B %.

IIpennonaraercs, 4To yeMm Oosblie BeanduHa SE,
TeM Ooiblile 3(p¢eKTUBHOCTh CEKBECTpALlUM IO, Aeii-
CTBMEM HCITOJIb3YEMOro MpueMa Uin cpeacTna. B Ha-
IeM 3KCIHEePUMEHTEe ypoxXail KyJbTyp OT BHECECHMUS
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Taomna 5. DG heKTUBHOCTh CEKBECTpALIMU yIJIepoaa Mpyu MpUMEHEHMU MUHEPaTbHBIX Y OpraHUYeCKUX yI0OpeHUI

BapuanT Wnpekc npupocTta ypoxasi Wupeke npupocra Cp,. D HEKTUBHOCTD
KyasTyp, In(Y,/Y,) B nouse, In(C,/C,) cexkBecTpauuu, %
N90P75K100 0.72 0.04 76
N180P150K200 1.15 0.06 120
N270P225K300 1.17 0.06 123
N360P300K400 0.95 0.06 101
Hago3 25 1/ra 0.50 0.25 76
HaBo3s 50 t/ra 0.87 0.35 123
HaBo3 75 1/ra 0.93 0.51 144
Hagos 100 1/ra 0.78 0.62 140
Cpennee BapuanTtoB NPK 1.00 0.05 105
CpenHee BapuaHTOB MpPHU- 0.77 0.43 120
MEHEeHUs HaBo3a

MUHEpaIbHbIX y100OpeHUii OblT B cpenHeM B 1.3 pasza
0oJibllIe, YeM OT NMPUMEHEHUSI OpraHUYeCKUX ya0-
Openuii, HO conepxkanue C,p. B MOYBE OT €XKETOIHO-
ro BHECEHUS HaBo3a OblI0 OoJblie 6osiee yeM B 1.5
paza, yem ot NPK. MHbIMU c10BamMu, MUHEpaJIbHbIE
yImoGpeHUs 6OJIBIIIe CITOCOOCTBOBAIM POCTY TIEPBUY-
HOI MpoayKLUUU (POTOCHHTE3a, a OpraHu4YecKue yao-
OpeHus naBajiv 0oJjiee 3HAUMMBbIM MPUPOCT MOYBEH-
Horo C,,;, obecrieunBasi €ro xpaHeHue B rmoyse. B we-
JIOM B OTbITe 3(h(PEKTUBHOCTDH CEKBECTPALIM YIIEpoIa
MIpU OPTaHUYECKOM cucTteMe ynoopeHus obuta Ha 15%
Oosbllle, YeM IIpU MUHEpaIbHOI cucteme (Tadir. 5).

B pasHbie ronbl 3(p(heKTUBHOCTb CeKBeCcTpaluu
yriaepoaa npu MpUMMEHEHUM BO3pacTaloluX 103 MU-
HepaJbHBIX yI00peHUI MeHsutach oT 3 1o 218%, B Ba-
puaHTax ¢ HaBo30oM — OT 32 1o 248%. Cpenu Bapu-
AHTOB C MUHEPaJTbHOI CUCTEMOM HAaMOOJBIIYIO 3(-
(beKTUBHOCTH CEKBECTPAIINK yIJIEpOaa TaBajyd JO3BI
NI180P150K200 u N270P225K300, c opraHuuecKoit
cuctemoii — HaBo3 KPC 75 1/ra. MoXHO 3aMeTUTh,
YTO CEKBECTPUPYIOIIUI 3P (PEeKT 3KCTpeMaabHO Bbl-
COKMX 103 MUHEPAJIBbHBIX M OPTAaHUIECKUX yaoOpe-
HUIA 6bUT Ha 25 1 66% Oonbllle, YeM YMEepeHHBIX 103
N90P75K100 u HaBo3a 25 T/ra. OTOT (hakT MOXKeT
cTaTh apryMeHTOM MaKCUMU3allUu ypoxas CeJbCKO-
XO3SIICTBEHHBIX KYJbTYP U OOYIJIEPOXMBAHUS TO-
YBBI 3a CUET NMPUMEHEHUSI MUHEPATbHBIX U OPTaHM-
YeCKMX yIOOpEeHMIT B M0o3aX, TPEeBHIIAIOMKNX (prU3no-
JIorTnyeckue NoTpeoHOCTH pacTeHuit. OfHAKO B 3TOM
cllyyae BO3pacTaeT BepOSITHOCTh 3BTPO(MUKALIUU MO~
YBBI, UTO SIBJISICTCS] XapaKTepPHBIM MPU3HAKOM “Tiepe-
ynmoopenHoctu” (Over-fertilization) [55]. BBTpodu-
Kalus, B CBOIO OYepenb, HeCeT Yrpo3y Jerpamaliniu
(pU3UKO-XMMUIECKIUX CBOMCTB ITOYBBI, U3MEHEHUS
TaKCOHOMMYECKOr0 cOCTaBa MUKPOOHOTO cooOIIie-
CTBa, HapYILIEHUS IUMKIOB OMOMUIbHBIX 2JIEMEHTOB
B MOYBEHHOI 3KOCHUCTEME 1 B COTIPEACIbHBIX Cpelax.
[MomyunTh 3arIaHMPOBAHHBIIN TIPUPOCT YpOXKas U CO-
IepskKaHMsS OpraHWMIECKOTO YIJIepona B ITouBe, n36eXan
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MepeyI1o0peHHOCTU U HACHIIIEHUS TI0OYBLI OpPraHM-
YEeCKUM YIIIEPOAOM, MOXHO TIPUMEHEHUEM OpPraHo-
MUHEpaJbHO CUCTEMBbI YIOOPEHUSI, BHOCS yMEHb-
meHHble 1036l NPK 1 HaBo3a. [Ipyroit myrs — 3TO
HMCITOIb30BaHME arpOTEeXHUYECKUX ITPUEMOB, KOTO-
pBbIe CITOCOOCTBYIOT CEKBECTpaLlMU yIjiepoaa u obora-
LIEHUIO TTOYBLI OPTaHMYECKUM BEILIECTBOM, He TpeOys
WHTEHCUBHOTO MPUMEHEHUS YIOOpEHU I B TTOBBILLICH-
HBIX 103aX. TaKOBBIMU TPagULIMOHHO SIBJISIFOTCS I10-
CEeBbI MOKPOBHBIX, IIPOMEXYTOUHBIX U CUAEPATbHBIX
KYJIBTYp, OMOMaccy KOTOPBIX MOXHO TTOJIHOCTBIO 3a-
JIebIBATh B TIOUBY.

B miestom arpoieH3b1 00/1a1a10T BEICOKMM ITOTEHIIM -
aJIoM CEeKBeCTpalluu yIjiepoaa, OMHAKO 3HAYMTEIbHasI
yacTb OMOMAacChl, CUHTE3UPOBAHHOM CEJIbCKOXO3SIH-
CTBEHHBIMM KYJIBTypaMU, He BO3BpalllaeTCs B ITOYBY,
a 0oJiee TTOJIOBUHEI yIVIEPOIa PACTUTEIBHBIX OCTATKOB
MUHEpaIn3yeTcs B ITI0YBE, BO3Bpallasich B aTMochepy
[77]. B 3T0¥i cBSI31 BaKHO HE TOJILKO B IMOJIHOI Mepe
WHKOPIOPUPOBATh PACTUTEIbHbBIE OCTATKUA B IIOYBY,
HO Y MIPEIyCMOTPETh MEPOIIPUITHS 10 YCUJICHUIO CTa-
OMIM3aluy IPOAYKTOB pa3joXeHMs B OYBe (arpera-
1Us1, KOMJIEKCooOpa3oBaHue, COpOIIMSI MUHEepalaMu
U JIp.), CIIOCOOCTBYIOIIUX COXPAHHOCTU MOYBEHHOIO
OpPraHUYECKOTO BEIIECTBA.

SAKJIIOYEHUE

Takum oO6pa3om, MUHEpabHble U OPraHUYECKUe
ynoOpeHusi, TpUMEeHEHHbIE B 9KBUMBAJEHTHbBIX J103aX
no NPK, oka3piBanu pa3Hoe OeiiCTBHE Ha BEIUYUHY
ypoXKast CeTbCKOX03SIMCTBEHHBIX KYJIBTYP, pH mouBHI, co-
JepxkaHue B Cepoil JIECHOM MoYBe OPraHUYECKOTO yIvie-
pofa U 00I1Iero a30Ta, HO TaBajiu CXOHOE O0oralleHe
MOYBbI TOABMKHBIMU (hopMamMu hocdopa 1 Kamusl.

I[Ipu mpuMeHeHMU BO3pacCTAIOIIUX 103 MUHE-
pajJbHBIX yNOOpeHUl ypoxkail KyJbTyp B CpEIHEM
3a 2 potauuu ceBoobopoTa ObLT Ha 29% Gosbllle, yeM



30 3UHAKOBA u np.

OT BHeCeHMSI HaBo3a KpyItHoro poraroro ckora (KPC).
HeTtpeboBaTeIbHOCTh BO3AEAbIBAEMbIX KYJIBTYP K CU-
CTeMaTUYECKOMY BHECEHUIO BBICOKUX 103 MUHEPasb-
HbIX (o N180P150K200 no N270P225K300) u op-
raHnueckux (50—75 1/ra) yno6peHuii yMeHblllagach
B ClIeqyIolIei mocaenoBaTeIbHOCTU: KyKypy3a Ha 3e-
JIEHYI0 Maccy > caxapHasl cBekJia > Kaprodesb > JyK.
MuHepanabHble yI10OpEeHUS] B 9KCTpeMaJIbHbIX 103aX
(N360P300K400) cunbHee yrHETaIu MPOAYKTUBHOCTD
KYJIBTYp, 4eM opraHndeckue ynoopenus: (HaBo3 KPC
100 T/ra). bricTtpoe ucTomeHne HeyqOOPEHHOM ce-
pOIi JIECHO# TTOYBBI COMTPOBOXIATOCH 3HAUUTEIbHBIM
YMEHbIIIEHUEM MPOAYKTUBHOCTU KYJABTYpP BO 2-i1 poTta-
LMK CeBOOOOpPOTA.

ITporpeccupyromiast aunauduKauus MoYBbl — OgHA
U3 MPUYUH YMEHbBIIEHUS TPUOaBKU ypoxkasi py CUCTe-
MaTU4YeCKOM BHECEHUU MUHEPAIbHBIX y100peHuit. Yem
OoJiblIe Obl1a 1032 MUHEPaJbHBIX YIOOpEHUH U Mpo-
JOJDKUTEIbHEE UX TPUMEHEHNE, TeM CUJIbHEe MOAKUC-
Jisach rmouBa. BHeceHue HaBo3a moBbliano pH mousb
U YCTPAHSUIO €€ TUIPOJIUTUUECKYHO KUCIOTHOCTh. CH-
cTeMaTUYecKoe MpUMEeHEeHUEe MOJHOTO MUHEPATbHOIO
yaoOpeHUsI 1 HaBO3a B OAMHAKOBOI Mepe oboraiiano
MOYBY MOABUXHBIMU (POCHOPOM U KaJIMEM C TIPSIMOiA
3aBUCUMOCTBIO OT 103 ynoopeHuii. HakonmuTenbHbII
CIIBUT cofiepKaHUs TIOABMXXHBIX (hopM hocdopa B rmou-
Be Ha 10 Mr/Kr gocturaiicsi BHeceHrueM (ochopHbIX
yaoopeHuii 55 kr/ra win cBexero HaBo3za KPC 20 T/ra,
nonBrxXHOTo K,O — COOTBETCTBEHHO BHECEHUEM Ka-
JIMAHBIX ynoOpeHuit 85 kr/ra uiau HaBo3a 30 1/ra. Bbi-
COKME U DKCTPEMATbHO BBICOKHME T03BI MUHEPATbHBIX
¥ OpPTaHUYECKUX YIOOpEeHMIT CO3MaBan Tepeyno0peH-
HOCTB TTOYBBI CO CBEPXBBICOKMM HAKOTUICHHEM TTIOIBIIK-
HBIX (hopM docdopa u kanus. [lepeynodpeHHOCTH Mo~
YBBI HE COITPOBOXKIAIACH HACBIIIICHNUEM TTOUBHI TTOIBIK-
HbIMU (popMamu (pocchopa 1 Kajusl.

HesnauurenbHoe moBbiieHue comepxanus Cop,
Ha 0.25% B noyBe MpU BHECEHUH MTOJTHOTO MUHEPaJIb-
HOTO yI0OpEHUST ONPeNessyIoCh NTUTEIbHOCTBIO TTPU-
meHeHus1 NPK 1 He 3aBucesio oT BHECEHHBIX 103. Bkiaja
JI03bl HABO3a B YBEJIMUEHUE 00ECIIEYeHHOCTU MOYBBI
Copr HA 0.70—1.44% 6bIn Gonee CyLIECTBEHHBIM, YeM
JUTUTESTLHOCTD €ro puMeHeHusi. OOHapyXuBajloCch Ha-
ChIILIEHNE MOYBbI OPraHUUECKUM YIJIEPOAOM TIPU exKe-
ronHoM BHeceHuHr HaBo3a 100 T/ra Ha MPOTSLKeHUU 9-Tu
JeT. BHeceHue azota ¢ HABO30M JaBajio OOJbIIWI MPU-
pocrt conepxaHusi N, B IIOYBE, YEM C MUHEPAIbHbI-
mu ynoopenusamu. Conepxkanue Ng, B M0YBE MOBbI-
11aJI0Ch MPOMOPLIMOHAIBHO BHECEHHBIM J03aM HaBO3a,
a YMEpeHHbIE U BbICOKHE J03bl MMHEPAJbHBIX YI00pe-
HUI maBajiy 00Jjiee BBICOKMIT IIPUPOCT comepKaHust 00-
1LIEro a30Ta B [OYBE, YeM SKCTpeMaibHbIe. [IpuMeHeHue
MUHEPaJIbHOU CUCTeMbl yI0OpEeHUS BeIO K YMEHbIlIe-
Huo cooTHoueHust C : N B ITouBe, OpraHMYeCcKoin —
K paclIMpeHnIo, co3aaBast bojee cOaTaHCUPOBAHHOE
COOTHOILIEHUE MEXITY YITIEPOJIOM U a30TOM B TTOUBE.

[ToBbIIEHNE TPOAYKTUBHOCTH KYJIBTYP 1 HaKOILIE-
Hue C,,. B IOYBE SIBISIOTCS IBYCANHBIMU KPUTEPUSIMU
MOYBEHHOM CEKBECTpaLIMU YIJIEpOoaa C MOMOIIbIO ar-
poripueMoB. MuHepajibHbIE U OpraHu4ecKue yaoope-
HUS HA CTAIUM UX TONYYEHUST He SIBJISIIOTCS YIJIEPOI-
CEKBECTPUPYIOIINMU CPEACTBAMU, HO CTAHOBSITCS TaKO-
BBIMH TIPY YIOOPEHUU CETbCKOX03ICTBEHHBIX KYJIBTYP.
DddekTuBHOCTL CEKBECTpalluH yIjiepoaa NpU OpraHu-
YecKoM cucreMe ynoopeHus obi1a Ha 15% Oonblile, yeM
MpU MUHEPAJIbHOM crucTeMe. MUuHepaibHbIe YI00peHUsI
0o0JIbIIIE CITOCOOCTBOBAJIM 0Opa30BaHMIO OMOMACCHI pac-
TeHWI, a OpraHuYecKue y1o0peHust — HakoITeHuIo Co.
B nmouBe. OlieHKa ceKBecTpupyloleil 3(p¢heKTUBHOCTU
arpornpreMoB A0JIKHA MPEeIyCMaTPpUBATh OIpeeieHIe
CTaOMJILHOCTU U COXPAHHOCTH CEKBECTPUPOBAHHOIO
yIiepoza o COOTHOILICHUIO JIAOMIbHBIX U CTAOMJTBHBIX,
MOTeHLMATbHO-MUHEPAIN3YEMBIX U YCTOMUMBBIX K MU~
Hepajau3alyy MyJIoB yIiiepoaa B COCTaBe MOYBEHHOTO
OpraHUYECKOro BEIECTBA.

ABTOpBl BbIpaxaloT OaaromapHocTh LIKII
OUIL ITHIUBU PAH 3a npubopHoe obecrieueHue
HCCIIeI0BaHMSL.
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Effects of Long-Term Application of Mineral Fertilizers and Manure
on Agrochemical Properties of Gray Forest Soil,
Crops Productivity and Carbon Sequestration

N. B. Zinyakova?®, D. A. Sokolov“, T. N. Lebedeva’, S. N. Udal’tsov*, V. M. Semenov***

! Instituteof Physicochemical and Biological Problems in Soil Science, RAS,
ul. Institutskaya 2, Moscow region Pushchino 142290, Russia

All-Russian Research Institute of Phytopathology,
ul. Institute 5, Moscow region, Odintsovo district, p/o Bolshiye Vyazemy 143050, Russia

# . .
E-mail: v.m.semenov@mail.ru

The effect of long-term application of increasing doses of mineral (from N90P75K 100 to N360P300K400)
and organic (cattle manure from 25 to 100 t/ha) fertilizers on the fertility of gray forest soil was studied
in the micro-plot experiment. Over 9 years, 0.81—3.24 t/ha of nitrogen, 0.68—2.70 t/ha of P,O5 and
0.90—3.60 t/ha of K,O were applied with mineral fertilizers. Manure supplied 43—173 t/ha of dry matter,
16—65 t/ha of C,,, 0.85-3.41 t/ha of Ny, 0.65-2.59 t/ha of P,Os and 0.86—3.46 t/ha of K,O. In the
yield the mineral fertilizer system exceeded the organic one by an average of 29%. At extreme doses
(N360P300K400 and 100 t/ha of cattle manure) mineral fertilizers reduced crop productivity more
strongly than organic fertilizers. A direct linear relationship was found between the doses of mineral and
organic fertilizers and the increase in the content of available P,O5 and K,O in the soil. Application
of extreme doses of fertilizers did not lead to saturation of the soil with available forms of phosphorus
and potassium. Long-term application of organic fertilizers increased the soil pH gy by 0.4—1.3 units
and mineral fertilizers decreased it by 0.8—1.4 units. Annual application of mineral fertilizers increased
soil C,,, content by an average of 0.02—0.04% per year, and organic fertilizers — by 0.08—0.17% per
year. Manure application at 100 t/ha over 9 years led to the saturation of the soil with organic carbon.
The C : N ratio in the soil under a mineral fertilizer system was decreased, while it with the organic
system was increased. An approach to calculate the carbon sequestration efficiency for the assessment
of different agronomic practices is proposed. It is shown that the carbon sequestration efficiency of the
organic fertilizers was 15% higher than that of the mineral fertilizers.

Keywords: organic carbon, total nitrogen, mobile phosphorus, mobile potassium, soil pH, overfertilization.
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BBEAEHUNE

Pactyuiee MupoBoe HaceneHue TpedyeT yBeanue-
HUSI TPOAYKTUBHOCTU CEJIbCKOXO35IIICTBEHHOTO MPO-
M3BOJCTBA, YTO, B CBOIO OUYepeb, MPUBOAUT K YBEIM -
YeHUIO crpoca Ha ynoopenus [1—35].

Haunbonee nmpuMeHsIeMbIMU arpoXmMMHUKaTaMU
B CEIbCKOXO3SMCTBEHHOM ITPOU3BOACTBE SIBIISIOTCS
a30THBIE yI00peHus. B cTpykType MUpOBOTO MOTpe-
OJIeHVST MUHEPaJTbHBIX YIOOPEeHUIT Ha X JOJTIO TIPUXO-
JIUTCS OKOJIO 56%, a CIIpoC Ha HUX Ha PhIHKE KasKIbIi
roj Bo3pacraer B cpeaHeM Ha 3% [6—8].

TpaguioHHBIE a30THBIC YIOOpPEHUSsT BCJIENCTBUE
BBICOKMX TIOTEPb a30Ta XapaKTepU3YIOTCS HU3KOM arpo-
HOMUWYECKON M SKOHOMUUYECKON 3(P(HEeKTUBHOCTHIO.
M3BecTHO, 4TO B pe3ysibTaTe BHIMBIBAHMSI HUTPATOB
U3 KOPHEOOMTAaeMOTO CJIos1, YJIeTyUrBaHWs aMMuaKa, ae-
HUTpUGDUKALINN 1 UMMOOWIM3AlIMK ITOTEpU a30Ta yAa0-
OpeHuii B COBOKYITHOCTH MOTyT Aocturath 70% [9—13].

$ PaGora BBIMONHEHA 3a CUeT cpenctB [IporpaMMbl pa3BUTHS
YHUBepcHUTeTa B paMKax [IporpamMMbl cTpaTernyeckoro akase-
mudeckoro yuaepctsa “IIpuopurer-2030~.
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ITorepu azota u3 ynoOpeHuit 0OKa3bIBalOT IKOJIOTHU -
YEeCKYIO Harpy3Ky Ha OKPYKaIOIIyIo CPEIy, BCIECNCTBHE
BBIOPOCOB MAPHUKOBBIX Ta30B (B yacTHOCTU — N,O)
B aTMocdepy, 3arpsI3HeHUST TPYHTOBBIX BOI U 9BTPO-
(bukanm noBepxHOCTHBIX Box [1, 11—15].

Takum oOpa3oMm, riepe TPOU3BOIUTENSIMU a30THBIX
yaIoOpeHuit To—TIpeXkHEeMY CTOMT 3aJadya COBEpILIeH-
CTBOBAHMSI CBOEI MPOAYKIINUU C LIEJIbIO TTOBBILLIEHUS €€
3¢ HEKTUBHOCTU U MUHUMMU3ALMU BO3MOXKHBIX HeTa-
TUBHBIX BO3[IEMCTBMI Ha OKpyKarolyio cpeny [1, 15].

B nocnenHue necsTUieTUsI MPOU3BOAUTEIN YAO0-
OpeHUil COCPeIOTOYNINCh Ha TIPOU3BOACTBE YyIIO-
OpeHwmii IMpoaoHTupoBaHHOrO aeiicTBus [13]. Karmcy-
JIMpOBaHHAasi MOYEBMHA CUYMTAETCSI OAHUM W3 Tep-
CIIEKTUBHBIX YIOOpPEHUIl IJIUTEIBHOIO NEeHCTBUS.
UccnenoBaHusi mokasaiau, YTO MOYEBUHA C TMTOKPHITHU-
€M CIIOCOOHA 00eCIeuUuTh IMIPUPOCT YpoxKasi 3epHOBBIX
KyneTyp 10 40% [16]. Hauboiiee n3yueHa MOYeBUHA,
MOKPBITAs DJIEMEHTAPHOM CEPOIi U MOJIMMEPAMU pa3-
JINYHOTO MTPOUCXOXKICHUSI.

Kak nokazana npakTuka OpUMeHEHUSs], TTOKPHI-
THE TPaHyJ MOYEBUHBI cepoit MaiodhhEeKTUBHO U3-3a
“B3pBIBHOIO” XapaKTepa BbICBOOOXIECHUS 3JIEMEHTOB



36 JJAITYIIKHWH u np.

nutanus. [IpumeHeHne ynoOpeHW ¢ MOJIUMEPHBIM
MOKPBITUEM OTPAHUYUBACTCS TEM, YTO OOJBIIMHCTBO
CUHTETUYECKUX MOJIMMEPOB, IPUMEHSIEMBIX JIJIST KATICy-
JINPOBaHYsI, TPYIHO pa3jiaraeMbl, YTO IPUBOIUT K MX Ha-
KOITUIEHUIO M 3arpsI3HEHUIO OKpYyXKaromieii cpenbl. bro-
pasznareMble TTOJIMMEephl YyBCTBUTENIBHEI K BOJIE 1 00Ia-
JIalOT TUIOXOM TIJIEHKOOOpa3yIolleil CITOCOOHOCTHIO, YTO
CHMXKaeT 3(p(eKT MpoSoOHTALIMU, YCIOXKHSIET TPoLiece
MPOM3BOICTBA U MOBBIIIAET CTOMMOCTD yI00peHuii [ 15].

Takum 006pa3zoM, B HacTosIIEe BpeMsl akTyallbHa pa3-
paboTKa HOBBIX 3KOHOMMYECKH 3((HEeKTUBHBIX (hOpM MO-
YEeBUHBI TTPOJIOHTMPOBAHHOTO JIEHCTBUSI, COOTBETCTBYIO-
LIHUX 9KOJOTMYECKUM CTaHAapTaM 1 00eCcreurBaloIInX
OTITUMAJTbHBIE TEMITHI BEICBOOOXKICHHMS a30Ta.

st pelreHnsT BOIIPOca, CBI3aHHOTO CO CHIDKEHM-
€M TMOoTepb a30Ta MOUEBUHBI U PeCypcocOepekeHUeM,
HayuHo-uccnenoBareIbcKUM MHCTUTYTOM IO YIOOpeH!-
sIM 1 MHCcekToyHruuuaam uM. rpod. fA.B. CamoiinoBa
OBbUIM TTOJTy4YeHbI 00pa3Libl MOYEBUHBI C TIOKPHITUEM Ipa-
HyI nuruapodocdarom Kambuys [17].

B cenbCcKOX03IICTBEHHOM MTPOU3BOICTBE OHO3aMe-
LIEeHHBIN (pocdat KanbLusi, 6oJjiee U3BECTHBIN Kak Cy-
nepdocdar, SBISIeTCS XOPOIIO U3YYeHHBIM U 3apeKO-
MEHIOBaBIIMM ce0s1 (hochopHBIM ynoOpeHreM. [laHHoe
HeopraHMYecKoe COeAMHEeHNEe B OTJIMYME OT MOoJIUMep-
HbIX BEILIECTB HE TOJIBKO JIETKOAOCTYITHO U JIETKO MPOU3-
BOAMMO Ha MPEANPpUITUSIX 10 BBITYCKY arpOXMMUKATOB,
HO 1 0€30I1aCHO C SKOJIOTMUYECKOI TOUYKU 3PEHUSI.

MHTEeHCHBHOCTD BLICBOOOXKIEHUS a30Ta U3 KarlCyJin-
POBAHHOI MOUEBMHBI 3aBUCUT OT TOJIIIUHBI TIOKPHITHS
rpaHyJbl auruapodocdaToM Kaablysl, YTO MOATBEPK-
JICHO pe3yJIbTaTaMU JJabopaTOPHBIX UccaenoBaHuii. [1pu
5TOM ONTHMaJIbHasl TOJIIIMHA TTOKPBITUSI TPaHyJI IoKa
He omnpee/ieHa.

B cBs13u ¢ BBIIEN3TOXEHHBIM, 1I€b PA0OTHI — U3Y-
yeHue 3((HEeKTUBHOCTH HOBOI (hOPMbl MOUEBUHBI TTPO-
JIOHTMPOBAHHOTO IEMCTBYS C pa3IMYHOMN TOJIIMHOM MO-
KPBITHUS TPaHyJ AMTHApodochaToM Kalblysl Ha TToceBax
SIPOBOM TTIIEHULIBI.

METOIANKA NCCITEAOBAHHWA

st uccnenoBaHust HOBOM (DOPMbBI MOUEBUHBI B TIEPU-
on ¢ 2020 no 2022 r. B BereTalliOHHOM JOMUKe Kadenpbl
arpOHOMMYECKOI, OMOJTOTMYECKOM XMMUU U PaTUOIOTUN
PITAY-MCXA um. K. A. TumupsizeBa Obl1a IIpoBeaeHa
cepusl OIMBITOB Ha SIPOBOIi MieHuLe copta JIrodasa. Jlro-
0aBa — paifOHMPOBAHHBI COPT SIPOBOI MIIIEHUIIBI COBPE-
meHHo centekunu “OULL HemunHoBKa” 1 BBEIEHHBIN
B locymapcTBeHHBbII peecTp ceIeKLIMOHHBIX JOCTUXKEHUM
B2012 1.

BereranoHHbI€ OMBITHI TPOBOAWIIN B YEThIPEXKpaT-
HO#1 MOBTOPHOCTU. PacTeHus! MieHUbI BbIpalliuBaiu
B cocynax Mutdepiirxa BMECTUMOCTBIO 5 KI' CyXOii Mo-
4yBbl. JIJ191 HAOUBKM COCY/IOB UCTIONb30BAIU MAXOTHBIN

TOPU3OHT AEPHOBO-TIOA30JIMCTOM JIETKOCYIJIMHUCTOM T10-
YBbI. Hepez[ 3aKJIAIKOM OITbITa ITOYBY U3BECTKOBAJIU.

ArpoxuMuyeckue rnokasaTeau MaxoTHOro rOpU30HTA
TTOYBBI OTIPENETSUIN TI0 OOIIETIPUHSATHIM METOTUKAM: CO-
nepxanne rymyca — 1o T'OCT 26213-91 (meton TiopuHa),
pHy ) — mo F'OCT 26483-85, ruipouTUYeCKIO KUCJIOT-
HocTh — 1o 'OCT 26212-2021 (Meton Karmena), cymma
nomioleHHbIX ocHoBaHUl — 1o 'OCT 27821-88 (meTon
Kannena—IibkoBuiia), conepxaHue MOABIXKHBIX (popM
dochopa u oomerHoro kammsa — o FTOCT P 54650-2011
(meton KupcaHoBa), conepxkaHue 1e04eruapoan3ye-
Moro a3ota — 1o KopHopunmy.

B cpenneM 3a 3 rona rmoyBa rnaxoTHOTO TOPM30HTA MO-
cJie U3BECTKOBAHUS XapaKTepU30Ballach CICAYIOIINMU
arpOXUMUYECKUMU MOKA3aTEISIMU: COIEPXKAHUE TyMYy-
ca — HusKoe (2.57%), pHyc — 6m3Kuit K HeUTpanbHO-
My (pH 5.7), tuaponutuyeckasi KUCJTOTHOCTb — HU3KasI
(1.58 mr-skB/100 T), CyMMa MOIJIOLIEHHBIX OCHOBAHUI —
Boicokas (13.2 mr-sks,/100 r), eMKOCTb KAaTUOHHOTO 00-
MeHa — Bbicokas (14.8 mr-sks /100 r), crerneHb HaChI-
IIEHHOCTH OCHOBaHMSIMK — BBICOKast (89%), conep:kaHue
11IeJ04YeruApoan3yeMoro a3ora no KopHpuiny — Huzkoe
(68 Mr/kr), monBrkHBIX opM docdopa o Kupcano-
By — cpenHee (92 Mr/kr), ooMeHHoro Kaiaus no Kupca-
HOBY — TOBbIILIEHHOE (158 Mr/KT).

B kaxnplit cocyn BbiceBasu 1o 30 ceMsiH TMILIEeHULIbI.
ITocne nosiBIeHMsT BCXOMOB MPOBOIWIN MTPOPEKUBAHNE,
yaansiss HeTUITMYHbBIE pACTeHUST U OCTaBJISIS 10 CO3pEBa-
Hus 110 20 pacteHuii. Ypoxait youpanu B (pa3e IojIHOi
CIIEJIOCTH 3epHa.

Cxema orbITa BKItouana B cedst 4 BapuanTa: 1. PK —
(on, 2. PK + moueBuHa 6e3 TOKPHITUS (BaApUAHT CpaB-
HeHus), 3. PK + ModeBrHa KancyaMpoBaHHasl, TOJIIMHA
nokpeiTust 50 MKkM, 4. PK + MoueBMHA KaIlCyIMpOBaH-
Hasl, TOJIIMHA MOKpITUs 100 MKM.

B kauectBe dochopHoro u KanuitHoro ymoope-
HUSI IPUMEHSIJIM MOHOKanbLMiipocdaT 1 XJTopu Ka-
Jmst. J103bl y1OOpeHM yCTaHABIMBAJIU B COOTBETCTBUU
¢ pekoMeHmanyssMu 2Kypouikoro u3 pacyera: N — 0.15,
P,05—0.1, K,0 — 0.1 r n.B./kT noussl. [Ipu pacuere no3
yIOOpEeHUI YYUTBIBAJIM CHUXKEHUE COIACPXKaHUS a30Ta
B KallCYJIMPOBaHHBIX YIOOPEHUSIX U coaepKaHue (oc-
(bopa B HAaHECEHHBIX ITOKPHITHSIX.

W3 npuBeneHHbIX MUKpodoTorpaduii pacopeneie-
HUS 3JIEMEHTOB MUTAHWS TT0 TIOBEPXHOCTH CKOJIA TPaHy-
JIbl KapbaMu1a BUTHO, YTO HAHECEHHOE TTOKPBITHE TIOT-
HO MpuUIeraio K MOBEPXHOCTU IPaHyJIbl U MOJHOCTHIO €e
00BOJIAKMBAJIO, UMEJIO TIOCTATOYHO TIPOYHYIO CTPYKTYPY
0e3 cyllecTBeHHbIX JedekToB 1 Makporiop. [1o moBepx-
HOCTU TpaHyJIbl MOKPBITHE ObLIO PACIIPEAETIEHO B 1OCTa-
TOYHOM CTENeHN paBHOMEPHO, 3aJlaHHasl TOIIIMHA Bbl-
nepxana (puc. 1).

ConepxaHue a30Ta B UCXOIHOM ynoopeHun — 46%,
MpY HAHECEHMU MOKPHITHS TOMIUHON 50 MKM, yaoope-
Hue comepxaino 40% azora 1 8% docdopa, TIpy TOIIIIIMHE

ATPOXMMUA Ned 2024
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Puc. 1. Mukpodotorpacdust ckoJia rpaHyIbl KarcyJupoBaHHOIO KapbaMuIa U pacrpeneiaeHue a3ora, (pocopa u KaabLust

110 MOBEPXHOCTU CKOJIaA.

nmokpeiTusg 100 MKM comepxXaHUE a30Ta CHMXKAJIOCh
10 35%, a hocdopa yeemmunBanoch 1o 14%.

Onpenenenue coaepxaHus a3ora, pochopa u Ka-
JIMSl B PACTUTENIbHBIX 00paslax OCyLIEeCTBIISIN B COOT-
BETCTBUU C OOLLIETIPUHSATHIMU METOIUKAMMU: COAEPXKAHKE
azora — ['OCT 13496.4-93 (meton Keenbnans), pocdo-
pa — 1o 'OCT 26657-97 (KOJIOpUMETPUYECKUIT METOL),
kanus — o 'OCT 30504-97 (ruiameHHO—(hoTOMETprYe-
ckuit Meton). [lepen onpeneneHeEM OCHOBHBIX 3JIEMEH-
TOB MUTAHUS PACTUTEIbHBINM MaTepHall (3€pHO U COJIOMA)
030JISTA B KOHLIEHTPUPOBAHHOI CEPHOM KUCIIOTE B IPU-
CYTCTBUU KaTaJIn3aTopa — METAJIZIMYECKOTO CeJICHA.

JlaHHbBIE BEreTallMOHHBIX OITBITOB OBLIM CTATUCTU-
Yyecku o0paboTaHbl METOIOM JUCIIEPCUOHHOTO aHaJIU-
3a C IIOMOILBIO MAaKeTa aHajau3a JaHHbBIX IIPOrpaMMbl
MSExcel.

PE3VIJIBTATBI 1 UX OBCYKAEHUE

ComtacHo pe3yibraTaM BereTallMOHHBIX OITLITOB,
nposeneHHbIX B 2020—2022 rr., HOBasd (hopMa MoUe-
BUHBI IIPOJIOHTUPOBAHHOIO JEHCTBUSI C MOKPBITUEM

ATPOXUMUA Ne4 2024

rpaHyi auruapodochaToM KallblUs MO CPaBHEHUIO
C HEKaIlCyJMPOBAaHHON MOUYEBUHOI obOecrieunBaja
HanboJIee ONTUMAILHOE IIMTAHUE SIPOBOM ITIIIEHUIIBI
B T€UEHME BereTalum, 4To CocoOCTBOBaIO (DOPMUPO-
BaHUIO 00Jiee BEICOKOTO ypoxKasl.

B Tabj. 1 mpeacTaBieHbl ypoxau 3a Iepruo uccie-
noBaHUs. B pazmnyHbie roabl OMOJOTrMYeCKUA ypoxKai
SIPOBOM MIIEHULIBI ObLJT HEONMHAKOB, MIPU 3TOM COXpa-
HsIach eAuHasl TEHACHIMS K €T0 U3MEHEHUIO.

B 2020 r. 1o cpaBHEHUIO ¢ OOBIYHON MOYEBUHOM
B BapuaHTax, IJ¢ BHOCUJIN KaICyJIUpPOBaHHYIO (op-
MY MOYEBUHBI, Macca 3epHa U COJIOMBI OBLIIN OOJIbIIIe
Ha 13—18 u 8—15% coorBeTcrBeHHO. B 2021 1. 1ocTo-
BEpHOE yBEJIMUEHNE MACCHl 3¢pHA B CPaBHEHUU KOH-
TPOJLHBIM BapyMaHTOM (MOYEBMHBI 0€3 ITOKPBITUS)
OTMEYEHO TOJILKO B BapMaHTe, IJ¢ B COCYIbl BHOCUIIN
KaICyJIUPOBaHHYIO MOYEBMHY C TOJIIMHOMN IMOKPHI-
tug rpanya 100 MmxM. Macca 3epHa B JaHHOM BapuaH-
Te Obl1a OosbIne Ha 26%. Macca CoJIOMbI U3MEHSLIACh
He cymecTtBeHHO. B 2022 r. — Macca 3epHa yBeIu4um-
Jlach Ha 7—8, macca cosioMbl — Ha 11—18%.
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Puc. 2. Ypoxait apoBoii MIIEHUIIBI B 3aBUCUMOCTH
OT (hOpMBI MPUMEHEHHOI MOYEBUHBI (CpeHee 3a 3 roza).

B cpennem 3a 3 roma vccienoBaHus ypoxaii MmieHu-
LBl B BADMAHTAX C BHECEHMEM B ITOYBY KaIICYJTMPOBAHHOI
MOUYEBUHBI OBLT OoJtbile Ha 9—13% (puc. 2).

HaubGombimii ypoxaii 3epHa sipoBOii MILIEHUIIBI COpTa
JroGaBa ObLT MOJTyYeH B BApUaHTe C BHECEHWEM B TTOUBY
KarcyJMpoBaHHON MOYEBUHBI € TOJIIUHON MOKPBITUS
rpanyi 100 MKM.

B cpenHeM 3a 3 roma mpoBeAEHHOIO HcCCIeq0Ba-
HUS ypOoXKail TIIEHUIIB! YBETMIMBAJICS TJIIABHBIM 00Opa-
30M 3a CYeT YJIyYllleHHs] OMOMETPUIECKIX MToKa3aTenei

JJAITYIIKHWH u np.

pacTeHuii 1 3JIEMEHTOB CTPYKTYpHI ypoxasi. B cpaBHe-
HUU ¢ OOBIYHO MOUEBUHOI B BapMaHTax ¢ BHECEHUEM
yI0OpEeHUIA ¢ TIOKPBITUEM Macca OMHOTO PACTeHUS yBe-
JmuuBanach Ha 9—11, macca konoca — Ha 10, KonmaecTBo
3epeH B Koyoce — Ha 4—7% (1abi. 2).

Kpowme aToro, npu npuMeHeHUU KarcyJIMpoBaHHO
MOUEBHHBI Y PACTEHMI1 sIpOBOIA MILIEHULIBI (hOPMUPOBA-
JIOCh ©60J1ee BBITTOJIHEHHOE 3ePHO, O YeM CBUIETEIbCTBY-
10T gaHHble Macchl 1000 3epeH, KoTopas ObUIa OOJIbIIIE
Ha 5—6% B cpaBHEHUW C BApUAHTOM, Tje MPUMEHSIIA
0OBIYHYIO (POPMY MOUEBUHBI. YBEJTUUYESHME TOJIIMHBI 110-
KpbiThs ¢ 50 1o 100 MKM He BIUSITIO Ha UBMEHEHUE BJie-
MEHTOB CTPYKTYPBI YpOsKasi.

C 11eTbI0 OLIEHKM OJTH TIOJIC3HOM YacTH ypoxKast ObIT
paccunTaH Ko3(pGUIINEHT X03IiCTBEeHHOM 3(h(EKTUB-
HoctH (K, ;). [lon nanHbIM KO3 dULIMEHTOM TOHUMa-
10T OTHOILIEHWE XO3TMCTBEHHOI YacTy ypoxkasi K 61oJ0-
ruyeckomy ypoxkato. B cpenHeM 3a 3 roma mccienoBaHus
K03 (ULIMEHT XO3SICTBEHHOM 3(h(heKTUBHOCTU YpOXKast
MILEHUIIBI TTOBBILLIAICS IO IeHCTBHEM a30THBIX yI00pe-
Huit ot 0.37 1o 0.43 1 He 3aBUceN OT (POPMBI TIPUMEHEH -
HOTO yIoOpeHMsI.

Bce dopMbl MOUEBMHBI OKa3alu ITOJIOKUTEIBHOE
BIMSTHYE Ha XMMUYECKHI COCTaB ypoKasl TIIEeHUIIBI
(tabm. 3).

Tadomuna 1. Ypoxxaii spoBoii MIIEHUIIB B 3aBUCUMOCTH OT (hOpMbI Kapbamuaa, T/cocyn

2020 T. 2021 1. 2022 1.
Bapuant
3epHO cojoma 3epHO cojioma 3epHO cojioma
PK (dbon) 4.4 9.6 4.0 8.7 11.2 15.4
PK + N,, (6e3 nokpbiTus) 13.6 20.6 5.4 14.4 25.7 27.5
PK + N,, 50 Mmkm 16.0 22.3 5.5 14.3 27.4 32.5
PK + N,, 100 mxm 15.3 23.6 6.8 13.0 27.8 30.4
HCP;s 0.9 2.1 1.1 1.8 1.4 3.0

Ta6auna 2. Bausinue pasHbix (popM MOUYEBUHBI Ha MOKAa3aTeIM CTPYKTYPHI ypoKasi SIpOBOI TIIIEHUIIbI (CpenHee

3a 2020—-2022 rT.)

Bapuant Macca K Macca KonuuecTBo 3epeH Macca
1-ro pacteHusl, T X03 | 1-ro Kojoca, T B KoJioce, IIT. 1000 3epeH, r
PK (dhon) 0.98 0.37 0.4 11.4 29.3
PK + N,, (6e3 moxpbITHsI) 1.98 0.42 1.0 21.7 344
PK + N,, 50 MM 2.19 0.41 1.1 23.1 36.0
PK + N,, 100 mxm 2.16 0.43 1.1 22.5 36.3

Taﬁ.lmua 3. BiusiHue MouyeBUHBI IIPOJIOHI'MPOBAHHOTI'O NEeWCTBUS Ha XUMUYECKHUIT COCTaB Ypoxasa HpOBOﬁ TIHECHUIIbI

(cpenHee 3a 2020—2022 rr.)

ConepxaHnue B 3epHe, % Conepkanue B conome, %
Bapuant
N P,0;4 K,O N P,0;4 K,O
PK (dhon) 2.04 1.00 0.38 0.32 0.23 1.70
PK + N,, (6e3 nokpbITus) 2.84 0.95 0.38 0.63 0.17 1.72
PK + N,, 50 Mmxm 2.92 0.99 0.40 0.67 0.15 1.59
PK + N,, 100 Mmxm 2.87 0.95 0.36 0.71 0.15 1.69

ATPOXUMUA Ne 4
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Taoanna 4. BeIHOC 2JIeMEHTOB IMUTAHUS ypOXaeM SpOBO# MIIEHULBI U KOO(PMUIMEHT UCIOJb30BaHUST a30Ta
ynoopeHuii (cpenHee 3a 2020—2022 rr.)

BriHoc 3epHOM BrrHoc conomoit OO0t BEBIHOC
Bapuanr MT/cocCyn KWy, %
N P,05 | K,O N P,0s | K,O N P,0; | K,O
PK (¢pon) 121 63 24 34 26 190 160 90 224 -
PK + N,, (6e3 mokpeitusi) | 369 139 54 118 35 360 502 176 428 46
PK+N,, 50 mxm 423 164 65 139 34 373 577 200 453 56
PK+N,, 100 mxm 434 162 59 148 33 379 602 198 457 59

B cpeaHem 3a 3 roma omnmbITOB coAepXKaHUe a30Ta
(ocdopa u Kanusi B OCHOBHOI U 1MOOOYHOI MPOAYK-
LI OBLTIO ONITUMAJBLHBIM BO BCEX BapMaHTaX C TIpUMe-
HEHUEM a30THOTO YA0OpEHMUSI.

BwMmecre ¢ TeM, MOUeBMHA C TIOKPBITHEM TpaHyJI T1-
ruapodochaToM Kajlbliusl CIIOCOOCTBOBAJIA YCUIIEHUIO
MOTpe6IeHNST a30Ta pacTeHUSAMH TeHUIIBL. Hanbomee
BBICOKOE COonepKaHe a30Ta B 3epHE MIIEHUIIBI OTMeYe-
HO B BapMaHTaxX C BHECEHMEM KaIlCyJIMPOBaHHOM Moue-
BUHBI, 4TO cocTaBwio 2.87—2.92%, npotus 2.84% B Ba-
puaHTe ¢ 0ObIYHOI (hopMoit MoueBUHBI. ComepKaHKue
a3oTa B COJIOME PacTeHUI BO3pacTalo C yBeIUYSCHUEM
TOJIITMHBI TIOKPBITUS Tpanyi ¢ 0.63% — npu BHeCeHUH
00b19HOI MoueBHHBI 10 0.67 1 0.71% 1ipu TOJIILIMHE TO-
KkpbiThs 50 1 100 MKM COOTBETCTBEHHO (Ta0I. 3).

O NoBbIIEHUM OTPEOICHMS a30Ta IIIeHULIEH TTpu
BHECEHUH KaIlCyJIMPOBaHHBIX (POPM MOUEBUHBI CBUIE-
TEJTbCTBYIOT M Pe3yJIbTaThl pacueTa BbIHOCA 2JIEMEHTOB
nuTaHus ypoxaeM (Tadi. 4).

[Tpu yBenIuYeHUU TOJIIMHBI MOKPBITUS TpaHyJ
BO3pacTall X03iCTBEHHBII BEIHOC a3oTa. B cpas-
HEHUU C HEKAICYJMPOBAHHONH MOYEBUHOU BBIHOC
a3oTa B BapuaHTax, I1e MPUMEHSIM MOYEBUHY TMPO-
JIOHTUPOBAHHOTO NECTBUS C TOHKUM MOKPBITUEM
(50 MmxM) 6bLT GobIe Ha 15%, ¢ TOJICTBIM TTOKPBITH-
eM (100 mxm) — Ha 20%. CremyeT OTMETHUTh, YTO BBI-
Hoc docdopa U Kaaus B BapruaHTax ¢ KarncyJIupoBaH-
HOIT MOYEBMHOI Takke ObLT 00JIbllIe, YeM B BapUaHTe
cpaBHeHus. [1o cpaBHeHUIO C TTOKa3aTesIMU B BapU-
aHTEe ¢ OOBIYHBIM KapOaMUIOM MPU IPUMEHEHUU MO-
YeBUHBI C TOKPBITHEM BBIHOC (pocdopa ObLI OOJIbIIE
Ha 13—14, kanus — Ha 6—7%. DT0 0OBICHSIETCS ONTHU-
MuU3aluMeil a30THOTO MUTAHKS PACTEHUIA U YBEJIUYECHU -
eM ypoxKas.

ITokpriTHe MOUEBUHBI AUTUAPOPOCHATOM Kallb-
1M1 cmocoOcTBOBaO OoJjiee MOJHOMY YCBOEHMIO
pacteHusiMU a3oTa ynoOpeHuit, T.e. MOBbIIIAIO KO-
s puieHT ero ucmnoab3doBanus. I1pu aTtom apdpek-
TUBHOCTb MCMOJIb30BAaHUS a30Ta Bo3pacrala C yBe-
JIMYEHVEM TOJIIUHBI MOKPBITUS TPaHya yIoOpeHus.
B BapuaHTe, roe mpuMeHsIIM MOYEBUHY C TOHKUM
nokpbiTueM (50 MKM), KO3 UIIUEHT UCTIOJbh30Ba-
Hug azota u3 ynoopenus (KY) cocrasmsit 56%. [pu

ATPOXUMUA Ned 2024

ToJuHe MoKpbITUs rpanya 100 mxm KMY nocturan
59%. Takum o6Gpa3oM, HaHECEHHE Ha IPaHyJIbl MO-
yeBUHBI AuruapodochaTa Kajablusl CIIOCOOCTBOBAJIO
yBeJIMYEHUI0 KO3 PULIMEHTa UCTIONb30BaHUS a30Ta
Ha 10—13% B cpaBHEHUH ¢ HEKATICYJTMPOBAHHOI1 (hop-
Moit MoueBuHBI, rae KNY 6bi1 paBeH 46%.

SAKJIIOYEHUE

Takum o6pazoM, IpUMeHEeHUE MOYEBUHBI MPO-
JIOHTUPOBAHHOTO AEHCTBUS C MOKPBITUEM I'paHyJ AU-
rugpodocdaTomM Kaablys Ha SIPOBOM IIIIEHUIIE CIIO-
cOOCTBOBAJIO YJIYUIlIEHUIO TTOKa3aTeael CTPYKTYpbl
ypoxas U, CJIeA0BaTebHO, MO3BOJWIO MOJIYYUTh 0O-
Jiee BBICOKMI M KaueCTBEHHBIN ypoxaii 3epHa. B cpen-
HeM 3a 3 roja uccliiefoBaHus MOYE€BMHA C 3aMelJIeH-
HBIM BBICBOOOXIEHMEM a30Ta obecreymia nprudaBKy
ypoxasi 3epHa sipoBoii mieHuIlsl Ha 9—13% B cpaBHe-
HUU C HeKaTCyJIupoBaHHOM (opMoii, a Takxke (popmu-
poBaHuIo 6osiee BbIMOJIHEHHOro 3epHa. Haubompnmii
ypoXail 3epHa MUIEHUIIbl ObLI TTOJYYeH B BapUaHTE
C BHECEHMEM B ITOYBY KaIlCyJMPOBAaHHON MOUYEBUHbI
C TOJIIMHON MOKPHITHS rpanyn 100 Mxm.

[IpruMeHeHMEe MOYEBUHBI C MOKPHITUEM IUIU-
apodocdaTtoM Kajablus yaydllaao pexXuM MUTa-
HHUs pacTeHUi, Hapsay C IMOBBIIIEHWEM TMOTpe-
OJIeHUsI pacTeHMSIMU a30Ta, YBEJIMUMBAJICS TaKXKe
BbIHOC (pochopa u Kanus. KoadduuueHT ucronb-
30BaHMSI a30Ta U3 KAICYJIUPOBAHHONK MOYEBUHBI ObLIT
Ha 10—13% Gounblle 0OBIMHOTO KapbaMuaa 1 Bo3pac-
Taj ¢ yBeIMYEHNEM TOJIIUHBI TIOKPBITHAS TPaHYIL.
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Effectiveness of Long-Acting Urea in the Growing of Spring Wheat

V. M. Lapushkin“*#*, M. A. Volkova*~?, A. A. Lapushkina“?, S. P. Torshin“, F. G. Igraliev’,
A. M. Norov‘, D. A. Pagaleshkin‘, P. S. Fedotov‘, V. V. Sokolov‘, I. M. Kochetova‘, E. A. Rybin‘
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b Pryanishnikov All-Russian Research Institute of Agrochemistry,
ul. Pryanishnikova 31a, Moscow 127434, Russia

¢ Samoilov Research Institute for Fertilizers and Insectofungicides
Nord highway 75, Vologda region, Cherepovez 162622, Russia
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The results of a series of vegetation experiments are presented, in which the effect of urea coated with
calcium dihydrogen phosphate granules on the formation of a spring wheat crop was studied. It was shown
that encapsulated urea, in comparison with its usual form, provided an increase in the yield of spring wheat
grain by 9—13%. The coating of urea granules with calcium dihydrogen phosphate contributed to a more
uniform release of fertilizer nitrogen, increasing the efficiency of its use by plants by 10—13%. It was found
that the effectiveness of encapsulated urea is directly dependent on the thickness of the coating granules.

Keywords: nitrogen fertilizers, prolonged-acting urea, encapsulated urea, calcium dihydrogen phosphate,

spring wheat, yield.
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B miurensHoM 10-BapyMaHTHOM MUKPOIIOJEBOM OINBITE, 3aJ0XKEHHOM Ha CPEAHEKUCJION NepHOBO-
TON30IUCTOM JIETKOCYIIMHKUCTOM TIOYBE, MPOBENCHO CPaBHUTETHLHOE N3yUeHUE METMOPATUBHBIX CBOMCTB
OTCeBa JOJIOMUTOBOI KPOIIIKM, CKJIAMPyeMOI B OTBasIax, 6e3 paznenenus Ha (ppakimu (ECM), yactuir paz-
MepoM 5—7 u 7—10 MM 1 10JIOMUTOBO MyKH (JIM), IIpUTOTOBIEHHO 13 OTCEBa MOJIOMMTA IIPU IIPOCErBa-
HUU JOJIOMUTOBOM KPOIIKU C AUAMETPOM OTBepcTrii 0/25 MM. DKCIIEPUMEHT TIPOIOJIKACTCS 14 OIBITO-JIET.
BrIsiBiieHO, UTO YacTUIIBI 10JIOMUTA pa3MepoM 5—7 U 7—10 MM SIBJISIIOTCSI LIGHHBIM M3BECTKOBBIM MaTepu-
ajioM. Mx nprMeHeH e PUBOIUT K HEMTpaIu3alMK MOYBEHHON KMCIOTHOCTH YKe B TOIl M3BECTKOBAHMSI.
UYewM BbIIIIE 1032 IPUMEHEHUST, TEM MeJTMOPaTUBHBIN 3dekT 60sblie. CyiecTBeHHBIX pa3IMIUil BIUSTHUS
rpaHyn pa3mMepoM 5—7 u 7—10 MM, BHECEHHBIX B 9KBUBAJICHTHBIX 103aX, Ha BetnurHy pH He BbisiBieHo. [1o-
JIOXUTEJIbHOE BIIMSIHUE U3BECTKOBAHUS MEJIMOPAHTOM B KosimuecTse 3 U 5 103 H, He 3aKaHYMBaJIOCh CITyCTSI
14 omBITO-JIET TTOCIIe METMOPALIMM U TTO3BOJIMIIO OTOIBUHYTH CPOK MPOBEICHMS IIOBTOPHOTO (TTOMISPKIBA-
roniero) usBectkoBaHus. [TonoxuteabHbli 3HEKT OT MPUMEHEHUSsI €CTeCTBEHHOM cMecH (ppakiuii Mea
(ECM) B HayuHO 000CHOBaHHOI4 03¢ yCTynall 10JIOMUTOBOI MyKe. [TpoBeneHa Kiiactepu3alus OTASTbHbIX
BapUaHTOB OIBITA M0 UX BIMSIHUIO Ha BeMUMHY pHy 32 Bech nepron skcnepuMeHTa. PazpabotaHsl u-
HeHbBIE TPEHIBI YCPETHEHHBIX 3aBUCUMOCTEH TIporiecca MTOOKUCICHMS IJIST YaCTUIL MEIMOPAHTa Pa3IMIHOTO
pa3Mepa Ha BCeM ITPOMEXKYTKE BPEMEHH OITbITa. PaccMOTpeHbI MeXaHM3MBI B3aUMOICICTBHS JOJIOMUTOBBIX
YaCTUII C TIOYBOI B MMPOIIECCE METUOPAIIUH.

Knrouegoie crosa: yacTuLIbl OTCEBA JOJIOMHUTA, METMOopalusd KUCJIBIX ITOYB, SMIIMPUYCCKUEC MOICIIN, IMTPO-
necca NoAKMUCICHUA, ICPHOBO-ITIOA30JMCTadA JICTKOCYTIJIMHUCTAA Imo4Ba, MOJIEBOM OITBIT.

DOI: 10.31857/50002188124040057, EDN: dlwlzu

BBEAEHUE

B 2015 r. B 1adopaTtopuu Mesmopaunu noys AU 3a-
JIO’KeH MAKPOTIOJIEBO OTTBIT, HAITPABJIEHHBIN HAa YCTAHOB-
JIEHWe BO3MOXHOCTHU UCTIOJb30BaHUS KPYITHBIX YACTUIL
OTCEBa JOJIOMUTOBOI KPOLIKY, CKIIAAUPYEMOI B OTBAJIAX,
B Ka4eCTBE MEIMOPaHTa IPOJIOHIMPOBAHHOIO AEHCTBUSI.

IIpenMeToM M3ydeHUs SIBUINCH YaCTHUIILI TOJOMUTA
pasmepoM 5—7 u 7—10 MM, UCITOJIb3yeMbI€ B 3aBEIOMO
3aBBILLIEHHBIX A03aX. TeopeTnyecKoii MpeanochbUIKOi Mo-
JOOHOTO poia MCCICIOBAHMIA SIBIISICS U3BECTHBIN (PaKT,
YTO MPU UCIOJIB30BAHUU KPYITHBIX YACTULL MEIMOPAHTA
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B BBICOKMX JI03aX U YBEIMUEHUU CYMMBI TIOBEPXHOCTHU UX
YacTULI BJIMsSIHAE TOHMHBI TIOMOJIa HuBeaupyercs [1].

B pabotax [2, 3] noka3zaHa BO3MOXHOCTb PacTBOpE-
HUS JOJIOMUTA KPYITHOTO pazMepa Mpu KOMITOCTUPOBa-
HMU C KMCJIOI AepHOBO-MOA30JIMCTOM ITOUBOIA. BhIsiBieHa
pOJIb KOPHEBBIX BBIIEICHWUIM PACTEHUI MILIEHULIBI U Y-
MEHS IIpY pa3yioxkeHnr MeopaHTta [4]. [ToaydeHs! maH-
HbIE O BJIMSIHUU KPYITHBIX (hpaKliinii oTceBa 11Ie0EHOUHOTO
MPOU3BONICTBA HA 00l1lee conepKaHe U BOIOPacTBOPU-
MBIe (hopMBI TyMyca [5, 6]. HacTosIimast craTbst sIBIsIeT-
Cs1 MPOIOJIKeHUEM UCCIIeNOBaHMA, HauaThix B padote [7].
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Lenb pa®oThl — B IuTenbHOM 10-BapMaHTHOM OITbI-
T€ MPONOKUTEILHOCTBIO 14 JIeT IIpOBECTU CPaBHUTEIb-
HOE M3yuyeHUe MEJIMOPATUBHbBIX CBOHCTB JOJOMUTOBOM
KpOILLIKHU 0e3 pa3aeneHus1 Ha (ppaKLIMK, YaCTULL pa3MEPOM
5—7 u 7—10 MM 1 TOJIOMUTOBOI MYKU, PUTOTOBJIEHHOM
U3 OTCEeBa JOJIOMUTA MPU TIPOCEMBAHNN CMeCcH (paKIInii
yepe3 CUTO C IMaMeTpoM OTBepcTuii 0.25 MM.

B 3amauu mccienoBaHnii BXOOWIIO: YCTAHOBUTh AV~
HaMMKY BeIMYMHBI pHy ) Ipy Mennopauum 1epHOBO-
O30 IMCTOM JIETKOCYINIMHUCTOM MOYBHI YaCTULIAMU J0-
JIOMUTOBO# KPOIIIKHY; pa3padoTaTbh SMIUPUYECKUE MOJIE-
JIM UI3MEHEHUS BeMUUHBI pH (| B OTIETBHBIX BapraHTax
OIbITA; MPOBECTU KJIACTEPU3ALIMIO BAPUAHTOB OIIbITA,
MPOU3BECTKOBAHHBIX JOJOMUTOM, MO UX BIUSHUIO
Ha nokaszaresib pHy ) 3a BECb epHoz, 9KCIIEPUMEHTA.

METOANKA MCCITEAOBAHHWA

OOBEKTOM HACTOSIIETO U3YYEHUS CIYKUJIU YaCTU-
bl gojgoMuTa pasmepom 5—7, 7—10 MM, ecTecTBEH-
Hasl cMech pakiuii 1 gosoMutoBas Myka (<0.25 Mm),
MPUTOTOBJIEHHAs 13 YacTull JojjoMuTa. Ha nomto dpak-
it pasmepom 5—7 u 7—10 MM B cocTaBe OTceBa IIpU-
xonunocs 1o 11%. Conepxkanue CaCO; B otceBe — 46.1,
MgC0O5—38.4%.

s BBITIOJTHEHUSI TTIOCTAaBJIEHHOM 1LIeu ObLI 3aj10-
keH 10-BapuaHTHBIN MUKPOITIOJIEBOI OMNBIT B MOJTUITH -
JIEHOBBIX cocynax 6e3 nHa (S = 1 M2, mIyouHa — 25 cM,
macca — 300 kr rmouBsl/cocyn). Ilepen 3aknanKoii ornbI-
Ta U3 KaXI0i AeNsIHKU (cocyna) Oblla M3BJIeUeHa I10-
YyBa Ha IyOMHY MaxoTHOro cJiost (25 cm). I1o nepumerpy
TEIISTHOK pa3Mellalid TTOTU3TUIICHOBYIO TUICHKY. BHY-
TPU TMOJYYEHHOTOo TaKUM 00pa3oM cocyla pasmelia-
JIA TIPEIBAPUTEIIHEHO TIPOM3BECTKOBAHHYIO M yIOOpEeH-
HYIO IEPHOBO-TION30JUCTYIO TIouBYy (umbric albeluvisol
abruptic). Ha MOMEHT 3aKiIaKu OIIbITa MOYBA XapakK-
TepPU30BaJIach CIEAYIOIMMHU NoKazaTeasiMu: pHyc 4.6,
H. — 4.9 mmonb(3xB)/100 T moussl, rymyc — 2.16%, co-
nepxanue yactuir <0.01 MM — 21.4%, NOBTOPHOCTh OIbI-
Ta YeThIpexKpaTHas. B kauecTBe BapraHTOB CpaBHEHUS
WUCIIOb30BaIN JENSIHKU, Y100OpeHHbIe OMTHUMU MUHE-
pajibHbIMU yaoOpeHusiMU ((poH) ¥ BapraHT ombiTa (hOH
+ ngosoMuToBasi MyKa. J[{0JJOMUTOBYIO MYKY TOTOBUJIU
M3 OTCeBa JOJIOMMTA, MPOMYCKast YaCTUIIbI MEJIMOpaHTa
yepe3 cuTo ¢ otBepcTusiMu 0.25 MM.

B ombITe BO3meTbIBaN KyJIETYPhI, OT3BIBUMBBIC HA 13-
BECTKOBAHME U XapaKTEePU3YIOILIUECS BEICOKOI1 TTOTPEOHO-
CTBIO B KaJIBLIMW ¥ MATHUU, KaK 3JIeMeHTaxX MUTaHus. Ye-
pernoBaHue KyJIbTyp: ropox—ropuniia. B 2015 r. Beipaim-
Basv Topox, B 2016—2022 IT. — ropumiLy 1 ropox. YOopKy
pacTeHuii MPOBOIMIIN B (pa3e LIBETCHUSI. YIOOpEHMS TTPH-
MeHsTN exeromHo. [lepen 3aKyIagKoil OImbITa BHOCHIIH
60 r 1.B. asodocku (NPK = 16 : 16 : 16). Ha 2—14-¢e cpo-
KU BO3IE/IBIBAHNS PACTEHUI TIOH, TOPOX TIPUMEHSIIN a30-
(ocky 30 r/cocyn, mon ropunity — 18 r/cocyn. O6pasipbl
11o4B uis1 onpeneneHust pHyc 0TOMpaiu exxeronHo nocine

yOOpKHU KaxXI0ro ypoxasl pacteHuit. MaremaTuuecKyio
00pabOTKY JaHHBIX IIPOBOIMIIN IO [§].

PE3VIIBTATHI 1 X OBCYXKIEHWE

BenmuuHa pHy siBiIsieTcst yHUBEpCAIbHBIM TTOYBEH-
HBIM TTOKa3aTesieM, OTpakalolliM pa3Hoo0pas3ue CBOI -
CTB TOYB 1 XMMMUYECKHEe MOYBEHHBIE TTpouecchl. Orpe-
nenenue pHyc; OTHOCHTCS K uncily 00s13aTeNIbHbIX aHa-
JIU30B MPU U3YYEHUM arpoOXMMUYECKUX MoKa3aTrenei
U COBEPILIEHHO HEOOXOMMMO AJIs1 CYXKIEHHUS O TMHAMUKE
W3MEHEHUS KICJIOTHO—OCHOBHBIX CBOMCTB METMOPHUPY-
€MBbIX TT0uB (Ta01. 1).

IlouBa, BEIOpaHHAs IS UCCIIENOBAHUS, XapaKTepH-
30Baslach BeMUMHOM pHyc, paBHOIt 4.6. Bo3nenbiBa-
HUE ropoxa B BapyMaHTe 0e3 U3BECTKOBAHUS He MOBJINSI-
JIO Ha BEJIMYMHY ITOYBEHHOI KUCIoTHOCTU. [1okasarenn
pHy ) criycT4 rox rocie M3BECTKOBaHUS OCTalicsa 6e3
M3MEHEHUIA.

Bospacranue mouBeHHOM KMCJIOTHOCTY B BapUaHTE
C UCII0JIb30BaHMEM OTHUX MUHEPAIbHBIX yI0OpEeHMIA 3a-
(bukcuposaHo crycts 2 onbiTo-rona. [lociae yoopku rop-
yuisl pHy o cHu3mICA 1o 4.1 en. v Ha MPOTSKEHUU TIO-
CJIeYIONIUX 9 OMBITO-JIET OCTABAJICS B 00J1aCTU CUJIBHO-
Kuciblx BenmurH. Ha 11-ii onbito-ron BennynHa pHy
yMeHbIIWIACh 110 3.8 ed. U B JajbHelieM, 10 14 oIbI-
TO-TO/Ia COXpaHsIach B UHTEpBaJle OYeHb CIIbBHOKMCIIBIX
BermurH (3.68—3.80 en. pH). CremoBaTenbHO, HEU3BECT-
KOBaHHasI 1I0YBa He HAXOOWIaCh B PABHOBECHUM. 3a IIEpH-
Ofl MPOBEACHUSI IKCIIEPUMEHTA OHA OCTEIIEHHO ITOIKKC-
JIS1aCh, HEYKJIOHHO JIerpaanpysl.

OCHOBHBIMY IIPUYMHAMM MTOIKUCICHUS SIBJISIIOTCS
BBIHOC OCHOBaHUIT ypoXaeM TOPUYUIILI M Topoxa U I0-
TEPU 3a CUET BBIMBIBAHUSI aTMOC(HEPHBIMU OCAIKAMMU.
ContacHO JIUTepaTypPHbIM TaHHBIM, €KETOIHBII BBIHOC
KaJTbLIMSI TOPOXOM MOXKeT gocTrrath 60—80 Kr/ra, ropum-
ueit — 300—500 kr/ra B nepecuere Ha CaCOj [9]. Exe-
TOIHbBIC OTEPU C (PUIIBTPYIOIIEICS Bllaroit arMoCcepHbIX
0CaJIKOB coCTaBJIsItOT B cpenHeM 400 kr/ra.

Monens (1) aMHaMMKY ITONKXCIeHNsI TTI0YBbI 3a 14 Be-
reTallMOHHBIX MIEPUOIOB B BAPUAHTE OIbITa O€3 U3BECT-
KOBaHUsI puBeieHa B Tabj1. 2. Mozeb cTaTUCTUYECKU
3HauYMMa Ha BLICOKOM YPOBHE 3HAYMMOCTH.

HMcnonb3oBaHue 10J10MUTOBOM MyKH B 1o3e 1 H . ripu-
BEJIO K YCTPAHEHUIO MIOYBEHHOM KUCIIOTHOCTHU YK€ B TO
nssecTkoBaHud. [Tocne yoopku ropoxa BenmunHa pHy
coctaBuia 5.7 en. anee, 1o yOOpKY TOpYMLIbI Ha 8-i1 rox
orbITa n3MeHeHns pHy ) yKiIanbIBamich B MHTEPBAI Be-
JIMYMH, OJIM3KMX K HeiTpalibHOMY (5.85—5.55 en.). Cie-
JIOBaTeJIbHO, B BapUaHTe ¢ IPUMEHEHUEM JTI0JIOMUTOBOI
MYKHU B HAyYHO OOOCHOBAaHHOI 03¢ Ha MPOTSKEHUN
8 OIBITO-JIET MENMOPAHTY YAAaBaJI0Ch MOAAECPXKXUBATD BE-
JM4VHY pHy ) TOYBBEI HA JOCTUTHYTOM I10CJIE U3BECTKO-
BaHUsI YPOBHE.
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Tabmuna 2. DMOupudyecKue MOAEIN TUHAMUKY TTOAKUCICHUST JEPHOBO-OI30UCTON MOUBBI

BapuanT, No DMnupuyecKast Moaesb p-value R? 3HAYMMOCTh MOJIEN
1 y,,=436-0.04-¢ 0.002 0.547

2 y,,=5.97-0.07¢ 1.12 - 05 0.811 3Haunma
3 y;, =464 —0.024-1. 0.06 0.26

4 Y, =4.93+0.002-¢ 0.892 0.0015 He sasina
5 Y5, =5.38+0.018-7 0.34 0.074

6 Vs, =4.66-0.038-7 0.05 0.283 3HaunMa
7 y,,=4.8-0.012-¢ 0.5 0.037 He siasima
8 Vg, =5.2+0.006-7 0.75 0.0087

9 Yy, =5.42-0.05-¢ 0.0006 0.637 3Haunma
10 Vo, =35.73+0.034-¢ 0.284 0.095 He 3naunma

Ha 9—10-it ombrTo-rons! BennmuuHa pHy ) cHU3N-
nack 0o 5.38—5.35 en. B mocnenyromue rogbl 10 KOHIIA
aKcniepuMeHTa pHy ) MEHSIICS OKOJIO BETMYMHBI, COOT-
BercTBytomeii 5.0 en. pH. Cornacho [10], mouBa Bapu-
aHTa orbITa ¢ JIM HaumHama HyXIaTbCsl B TIOBTOPHOM
M3BECTKOBAHUM.

00 3TOM e CBUAETEIHCTBOBAIM YPOXKalHbIE TaHHbIE.
Boixon 3enieHoit Macchl pacTeHuit rpedrxu crycTs 14 ombl-
TO-JIET SKCIIEPUMEHTA B BapyaHTe ¢ BHeceHueM M no-
CTOBEPHO He OTIMYAJICS OT BapyaHTa ¢ MPUMEHEHUEM Ofl-
HUX MUHEepaJIbHbIX ynoopeHuii (83 u 77 r/cocyn cooTBeT-
CTBEHHO, HEOMYOJMKOBAaHHbIE JaHHBIE).

Takum oGpasom, Mo BAUSIHAIO TOHKOU3MEIBYEHHO-
ro nosomuta (JIM) Ha TOYBEHHYIO KUCJOTHOCTh MOXHO
BBIICJIUTH HECKOJIBKO TTepronoB. [1epBrIii mepron, Kor-
Jla HeCMOTpST Ha HAYaBIITNIICS BEIHOC OCHOBAHWIA yposka-
€M 1 TIPOCAaYMBAIOIIEICs BIaroit aTMochepHBIX OCaIKOB,
KHUCJIOTHOCTB ITOYBHI HE TTOBBIIIANIACH, T.K. OMHOBPEMEHHO
TIPOXOIMIIM TTPOIIECCHI B3aUMOIEHCTBHYS TTOYBBI C HETTPO-
pearnpoBaBIIMMHI YaCTUIIAMU MEJTMOPAHTA, ¥ KOJTMIECTBO
OCHOBAHUIA B ITOYBE MOITOTHSIOCH. B ycIoBUsIX TIpoBe-
JIEHHOTO OITbITa 3TOT MEPUOI COCTABWII § OMbITO-JIET. BTO-
pOIi Iepron — HapacTaroIlee MOAKMCICHHE TTOYBHI 33 CYET
BBIHOCA OCHOBAHUI pacTeHMSIMU U BHIMBIBAHUE UX BJla-
TOi1 3a cUeT aTMOC(EPHBIX OCAIKOB B HIDKEIEKAIIINE CIIOU
nouBeHHOTro Mpoduisi. OCHOBBIBASICH HA AKCIIEPUMEH-
TaJIbHBIX JTAHHBIX TTPOBENEHHOTO UCCIEIOBAHMS, MOXKHO
TOBOPUTH O BTOPOM TI€PHUOIIE HApACTAOIIETO MOAKKCIIe-
HUS TIOYBBI, HaYaBIIIErocs mocje yoopku 9-ro ypoxkast
pacTeHMIt 1 He 3aKaHYMBAIOIIETOCs CIycTs 14 oIbITO-JIeT
OKCIIEpUMEHTA.

OMnupuyeckast Moaeb (2) AMHAMUKKU U3MEHEHUsI
BenYuHbL pHy ) B BapuanTe omnbita ¢ JIM cratucruye-
CKM 3HayMMa Ha OYeHb BBICOKOM YPOBHE 3HAUMMOCTU
(tabs. 2). B manbHelileM moyBa BapuaHTa ¢ JOJIOMUTOBOM
MYKOi1 6€3 MOBTOPHOTO (MOAIEPKMBAIOIIIETO) U3BECTKO-
BaHUSI BEPHETCSI K CBOEMY MCXOTHOMY COCTOSIHUIO 11O 3a-
KJIaJIKU OITbITA.

Hcronb3oBaHue B KaUeCTBE MEJTMOPAHTA YaCTHI] OT-
ceBa 1IeOHs pa3MepoM 5—7 MM B JI03€, pacCUYMTaHHOMI
ro 1 H, mpyBeso B rof U3BECTKOBAHNS K CHIKEHUIO IT0Y-
BEHHOI1 KucaotHocTu. BemmunHbl pH g Bo3pocii ¢ 4.6
10 5.0 en. ITocne yoopku 2-ro ypoxkast pacTeHUIA B To1 110~
cnenevicteusa pHyc cHusuics no 4.3 en. [lanee, Bo BceM
TPOMEXYTKE BPEMEHU MU3MEHEHWS BeIUYMHBI pHy
YKJIaIbIBAJINCh B THana3oH ot 4.60 1o 4.25 en., T.e. ObIIn
PaBHBI, WY HIKE, YeM 10 3aKJIAIKU OITbITA.

CrietyeT npy 3ToM NOAYEPKHYTB, YTO BestunHa pHy
B BapuaHTE C OTCEBOM JIOJIOMUTA pa3MepoM 5—7 MM, BHe-
CEHHOTO B 103¢ 1 H,, BO BCEM ITPOMEXYTKE BPEMEHU OITbI-
Ta ObLIA O0JIee BEICOKOIA, YeM B ITOUBE HE M3BECTKOBAHHO-
ro KoHTpoist. CrenoBaTesibHO, (Ppakiivsi oTceBa 10JJOMUTA
pa3MepoM 5—7 MM, UCITOJIb30BaHHAsI B HAy4HO 0O0CHO-
BaHHOI JI03€, OKa3bIBaJla XOTS U cJ1aboe, HO TOJIOKUTETb-
HOE BIIMSIHUE HA BEJIMYMHY ITOUBEHHOM KMCJIOTHOCTH.

Monensb (3) nTMHaAMMKU TTOAKWCASHMS TIOYBBI B Bapu-
aHTe C IPUMEHEHUEM J0JIOMUTA pa3MepoM 5—7 MM B 103€
1 H, cratuctyecku 3HaumMa (tad. 2). B cpenHem yobI-
BaHMe BeTMYUHBI pHy ) poucxoauniio Bo BceM Mpome-
JKYTKe BpeMeHU aKcrepuMeHTa. [paduk Monenu npuse-
JIeH Ha puc. la.

VYBemueHue 103bl BHECEHUSI YaCTHII JOJIOMUTA pa3-
MepoM 5—7 MM 10 3-X MOJHBIX 103, PacCUMTaHHBIX
110 BeJIMYMHE H, IPUBENO K YCUJIEHUIO METMOPAaTUBHO-
ro acddekra. CrycTs Tof Mocjie U3BECTKOBaHUSI U yOOp-
KM ypoxas ropoxa BemunHa pHy coctaBma 5.48 en.
1 HECKOJIBKO ycTynana BapuaHty ¢ AM (pHgc 5.73).
B ron nocneneiictsrg nokasarens pHy o TOYBbI CHU3WIT-
cs110 4.5 en. 1 majee 10 KOHIIA KCIIEPUMEHTA U3MEHSICS
oT 4.65 10 5.08 en. pH. Bo3Bpata K MCXOTHOII BeJTMIMHE
PHy ) TOUBBI 0 3aKITaKM OMBITA HE TTPOU3OLLIO.

Mornens (4), onucsiBaromas usMeHeHne pHy ) B Ba-
pUaHTe ¢ YaCTULIAMM JOJIOMUTA pPa3MePOM 5—7 MM B 03¢
3 H,.B TeueHue 14 ONbITO-JIET, CTATUCTUYECKM HE 3HAYMMa
(tads. 2). CTaTMCTUYECKN 3HAYMMBIX U3MEHeHU pHy
BO BCEM ITPOMEXYTKE BPEMEHU SKCIIEPUMEHTA HE BBISIB-
JieHo. [pacduk Monenv npuBeeH Ha puc. la.
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Puc. 1. SMHI/IDI/I‘{GCKI/IC MOJE/IM TUHAMUKIU BEJIUYUHDBI pH P UCIMOJIb30BAHWUN BO3pacCTarolInX 103 (l)paKI_II/II}'I JOJIOMUTa

pasmepoMm: (a) — 5—7, (06) — 7—10 mmM.

CrienoBaTebHO, TIPY TIPUMEHEHUH YaCTHIL 10TIOMU-
Ta B KOJIMYECTBE, COOTBETCTBYIOLIEM 3 H|, ynaiaoch noa-
JnepxuBarh nokasarenb pHyc; B cpenHe-ciraboKuciom
VHTEpBaJIe.

MaxkcuMalibHbIM MeTMOPaTUBHBIN 3(D(hEKT OT UCTIOIb-
30BaHMS YACTUILI JOJIOMHUTA pa3MepoM S—7 MM JOCTUTHYT
B BapyUaHTe ¢ BHECEHUEM S5-TH TMOJHBIX 103, pacCUMTaH-
HbIX 10 H,. B ron usBecTkoBaHu4 3aUKCUPOBaH MaKCH-
MasbHBbIi ciBur pHy e — 6.03 en. B ron nocneneiictust
pHgcy chmsuncesa 1o 4.90 en pH Hauunada ¢ 3-ro roga
BKCIIEpMMEeHTa 1 10 YOopKu 14-ro ypoxast pacTeHUIA 13-
MeHeHus cocTaBuim ot 5.18 1o 5.75 en. pH. Takum o6pa-
30M, MIPU BHECEHUM YacTHL OTceBa B 103¢ 5 H,, HecMo-
Tpsl HA HEKOTOPYIO (M HEM30eXHYI0) BapuaOdeIbHOCTD
JAHHBIX, MEJIMOPAHTY YAAJIOCh MOAACPKUBATh BETUUMHY
PHyc Ha ypoBHe, GJIM3KOM K HEUTPaIbHOMY MAINa30HYy.
Monens (5), onucbiBarolas usMeHeHne pHyc B BapuaH-
Tax, MEIMOPUPOBAHHBIX YACTULIAMU JOJIOMUTA Pa3MEPOM
5—7 MM B nose 5 H,, cratuctiyecky He 3HaumMa. [padux
MOJIeJIU MPUBEIEH Ha puc. la.

B 1iesiom, rpoBeneHHOE KCCIenoBaHNe TT0KA3aJI0, YTO
YaCTUIIbI OTCEBA IOJIOMUTA Pa3MEPOM 5—7 MM He SIBJISIIOT-
cs1 “Oasuactom”. Tlomas B 1OUBY, OHM MOCTENEHHO pac-
TBOPSIIOTCS, OKa3bIBasl MOJIOXUTETLHOE BIMSIHAC HA T0Y-
BEHHYIO KMCJIOTHOCTb. BivsiHUe cTeneHu n3MenbIeHUs
MEJIMOPAHTA TIPU YBEJIMIEHUN J03bI TIPUMEHEHUST KPYII-
HBIX YaCTUII IOJIOMUTA HUBeIUpyeTcst. YeM Oonblile 103a
BHECEHUSI, TEM MeJIMOpaTUBHBI 3(pdeKT cuibHee.

Ipaduxu Moneneii, onmuchIBarolIMe TUHAMUKY BeT-
yuHbl pHy () B BapraHTax ¢ MIpUMEHEHUEM BO3pacTaro-
IIMX 03 JOJI0MUTA pa3MepoM 5—7 MM HUIIE He Iiepece-
Karotcd (puc. 1a).

BiusiHue yacTuil 10JI0MUTOBOM KPOIIKU pa3MepoM
7—10 MM Ha BenmmuuHy pH B roa M3BeCTKOBAaHMSI MaJIO OT-
JIMYaJIOCh OT YaCTULL pazMepoM 5—7 MM. MenmopaTuBHbII
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2 hEKT OT IpUMEHEeHNsI 3TUX (PpaKLIMii B paBHBIX 103aX
O0buU1 omHAaKOB. Ha 2—14-1i ombITO-roAbl 9KCIIepuMeHTa
OTMEUYEHO HEKOTOpOoe (He3HAUMTEJIbHOE) MPEeUMYILECTBO
dpaximii 5—7 MM 10 cpaBHEHMIO ¢ yacThuamu 7—10 M.
Dmrmprdeckue Moneu (6), (7), (8) mMHaMUKU U3MeHe-
HUs1 BeIMUMHBI pHg ) Ipy BO3pacTaHuy 103bl IPUMEHE-
HUS 4acTuIl 1ojomuTa pazmepom 7—10 mm B go3ax 1, 3,
5 H_mipuBeneHsbI B Ta0. 2.

Monenb (6), onuchIBaIOIAs JMHAMUKY U3MEHEHUSI
BeMuMHBI pHy () B BapraHTe OMbITa C UCIIOIb30BAaHUEM
yacThL otceBa pasmMepoM 7—10 mm B nose 1 H,, cratuctu-
yecky 3HaunMa. [Tporcxonmio 3HauMoe n3MEHEHNE Be-
JimurHbl pH BO BceM IpoMeXyTKe BpeMEHM SKCIIepUMEH-
Ta. [padpmk Monmenu nprBeaeH Ha puc. 106.

Monenu (7) u (8) B BapraHTax OIbITa, NU3BECTKOBaH-
HBIX TIOBBILLIEHHBIMH JIO3aMU YacTULL fofiomuta (3u 5 H)),
CTAaTUCTUYECKU He 3HaUYMMBI (Tab:1. 2). Ipaduku monenei,
IpUBEICHHBIE HA puc. 10, HUTIE He MepeceKalTcs. DM-
NYpUYECKHE MOAEJIN, OIMMCHIBAIOIINE TUHAMUKY BEJH-
ynHbI pHy ) B BApraHTax ombITa ¢ MPUMEHEHUEM B PaB-
HbIX 103ax (3 u 5 H,) yacTull 10JIOMUTa pazMepom 5—7
n 7—10 MM 00J1a1aI0T HECOMHEHHBIM CXOICTBOM 1 MaJIo
OTJINYAIOTCS] MEXKITY COOOIA.

B 1ie1oM mokaszaHo, UTO YacTUIIbI JOJIOMUTA pa3Me-
poMm 5—7 n 7—10 MM SIBISIFOTCS LIEHHBIM U3BECTKOBLIM
marepuanoM. [Ipy npruMeHEeHUH YacTULL JOJIOMMTA Pas3-
mepoM 5—7 u 7—10 mm B noze 1 H, oTMe4eHO mocTe-
MEeHHOE MOAKUCIIEHNE TIOYBLI HA BCEM IMPOMEXYTKE DKC-
nepuMeHTa. Harpotus, npuMeHeHNE 3TUX K€ YaCTHIL
B KOJIMYECTBE, MPEBBIIIAIONIEM B 3 1 5 pa3 HayyHO 000-
CHOBAHHYIO 103y, SIBJISIETCS MPUEMOM, TTO3BOJISIIOIIUM
JUTUTETbHOE BPeMsI MONAEePKMBATh TTOUBEHHYIO KUCJIOT-
HOCTb Ha TTIOCTOSTHHOM YpoBHe. YeM BbIllIe 103a IpuMe-
HEHMsI, TeM OOJIbIlIe MEIMOPAaTUBHEIN 3(h(eKT Ha BCeM
VHTEpBAJIC N3y4CHMUSI.
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CrenyeTr Tom4epKHYTh, YTO TT0cje yoopku 14-ro ypo-
JKasi paCTEHMI1 B TTIOYBE U3BECTKOBAHHBIX COCYIOB OCTa-
JIOCh 3HAYMTEJILHOE KOJIMYECTBO YaCTULL HEPa3JIOXKMBIIIE-
rocs gojomuta. ClienoBareabHO, MOXHO OXKUIATh Jalb-
HEMIIero JJIUTeIbHOTO MOCAeAECTBUS NTaHHbBIX YACTULI.
TaxuM oOpa3oM, YacTUIIBI OTCEBA JI0JIOMUTA, Pa3MEPOM
5—7 n 7—10 MM, BHECEHHBIE B ITOYBY B 3aBEIOMO 3aBbI-
LLIEHHBIX 032X, MOXXHO PACCMATPUBATh KaK MEJTMOPAHTHI
MPOJIOHTUPOBAHHOTO JICHCTBHUSI.

HeoOxonumo ykasartb, 4T0 [MHAMMKA M3MEHEHMSI Be-
JmunHbl pHy | B BapuaHTax, MeJIMOPUPOBAHHBIX KPYII-
HBIMU YaCTULIAMU JOJIOMUTA, CYIIIECTBEHHO OT/IMYAJIach
OT IMHAMUKY U3MEHEHUS IIOYBEHHOI KMCIOTHOCTU B Ba-
pUaHTE C I0JIOMUTOBOI MYKOI. DTO MOXKHO OOBSICHUTD
caenyromuM oopaszoM. ComtacHO COBPEMEHHBIM MIPe/I-
CTaBJICHUSIM, B3aUMOJIEICTBUE U3BECTKOBBIX MaTepua-
JIOB C TIOYBOI MPOMCXOAUT MPHU YYaCTUM 2-X MEXaHU3-
MOB: 1 — 3a CYET MOCTENEHHOrO IIepexoga OCHOBAHUIA
B ITOYBEHHBII PACTBOP C NOCEAYIOLIEH peakuei ¢ od-
BEHHO—IIOMJIOIIAIOIIMM KOMIUIEKCOM. DTOT MEXaHU3M
MOJIHOCTHIO COOTBETCTBYET PACTBOPEHMIO B TTouBe JIM;
2 — 3a CYET KOHTAKTHOI0 0OMEHA MTOBEPXHOCTU YaCTHI]
MeJTMOpaHTa 1 TToYBkI. B Tiporiecce oOMeHa He y9acTBYIOT
BHYTPEHHMUE CJIOU TpaHyiI [9].

JlnHamyKa n3MeHeHus BeTMmIuHbl pH ) B BapraHTax
npuMeHeHMsI yactull 5—7 u 7—10 MM BHE 3aBUCUMOCTH
OT [103bl BHECEHMSI HOCWJIA CXOHBII XapaKTep U MoAYU-
HSIIach CJIeAyollei 3aKOHOMEPHOCTU: PE3KU pOCT Be-
JYUHBL pH CITyCTS OMWH OMBITO-TON TIOCIIE 3aKJIaIKI
OIbITa, MOCJe YOOPKU 2-TO ypoxKasi pacCTeHUI BeJTUYU-
Ha pHy ) moussl cHKamnace. [lono6Has nnHamnka o0b-
SICHSIETCS CJIemyrolInM oopa3zoM. Haxomsiuiicst B oTBa-
Jlax JOJIOMUT TofBeprayicst (PU3NUeCcKoMy pa3pylIeHUIO
(11! TIpOTIeCCHl BHIBETPUBAHMS TTOBEPXHOCTU TPAHYI).
B miporiecce BuIBETpUMBAHUS TIPOUCXOAUIIO pas3pyliie-
HUE KPUCTALTU3aLIMOHHBIX CTPYKTYPHBIX CBSI3Ci MEX-
Iy MOJIeKyJlaMH1 KapOoHaToB. BHemHwMi1 cioii mpruoodpe-
TaJl OTIPEACIEHHYIO PHIXJIOCTh U TIPY TIOTIaNaHNH B TIOUBY
ObICTPO pacTBopsiics. B ron mpuMeHeH s KpYIMHBIX ya-
CTHII HAaOJTIOMAN pe3Koe yBeImIeHre BemInHBI pH 110-
yBbl. Jlasiee pacTBOpeHre 3aMeISTIOCh, TTIOCKOIbKY pac-
MOJIOXKEHHbIE MO/ BEIBETPEJIBIM CJI0EM BHYTPEHHUE CII0U
MMeIr OoJTee TIPOYHOe clIoXeHue. PasmoxkeHne rmpoxony-
JIo 110 2-My THUIy. [Ipu 3TOM pacTeHUs CrIoCOOHBI MOTJIO-
111aTh KATUOHBI 13 JIOKAJIbHBIX O4aroB MOYBHI, ITPUIerao-
LIKX K ITOBEPXHOCTU MeJIMopaHTa [9].

Hcnonb3oBaHue eCTECTBEHHOI CMECU METMOPAHTOB
B JI03€, COOTBETCTBYIOILEH 1 H |, TaKKe TPUBEIIO K CHIDKE-
HUIO TIOYBEHHOM K1CcIOTHOCTU. [loce yoopKu nmepBoro
ypoxas pacTeHuii mokasarenb pHy ) He ommyancs oT Ta-
KOBOT'0, YCTAaHOBJIEHHOTO B BapuaHte ¢ JIM. B maabHeii-
11IEM, HECMOTPST Ha HEKOTOPbIe (He3HAYUTEIbHBIC) N3Me-
HeHUs, BeTnYnHa pHy | MocTeneHHo CHIKaach 1 CIny-
cts1 14 onbiTo-s1eT coctaBuia 4.88 ef., T.e. yKiIaabiBanaach
B CPEIHEKUCIbII IMana3oH 1 ObLIa BbIILIE, YEM B TTIOUBE
JI0 3aKJIaKU 9KCrepuMeHTa. MenropaTuBHbIi 3 heKT

BO BCEM ITPOMEXKYTKE BpeMEHU onbITa yeTynai JAM, mpu-
MEHEHHOI1 B 3KBUBaJICHTHOIA J103€.

Monens (9), onuchiBaroiast IMHAMUKY MOOKUCIICHNS
MOYBHI B BapuaHTe, MeaquopupoBanHoM ECM B no3e
1 H,, cTaTUCTUYeCKM 3HaYMMa Ha BBICOKOM YPOBHE 3Ha-
YUMOCTU. MIMEIOTCS CTaTUCTUYECKN 3HAYMMBbIE TTOKA3aTe-
JIV TIOAKMCJIEHUS TTIOYBBI BO BCEM ITPOMEXKYTKE BPEMEHU
ornbiTa (TabJ. 2).

VBeimuenue 10361 ECM 10 KoindecTBa, COOTBETCTBY-
fowtero 3 H,, yennmmno a¢ddext ot npuMeHeHus. Ha mo-
MEHT 3aBEPLICHNUs 3KCIIEpUMeHTa BenmurHa pHyc co-
OTBETCTBOBAJIa BEJIMYMHE, YCTAHOBJIEHHOI CITyCTsI 1 roxn
rocjie u3BecTkoBaHust. Mozens (10) nMHaAMUKY BeJTAYM-
Hbl pH B BapnanTe ¢ ECM no 3 H, npuseneHa B Tab. 2.
Bo Bcem nmpomexyTke HaOIIOIeHUI HeT CTAaTUCTUUECKI
3HAYMMOTO M3MEHEHMSI TToKazaresist pH.

Takum o6pazom, npumeHeHne ECM B KoiuyecTBe,
npeBbllIalonIeM B 3 pa3a HaydyHO 0OOCHOBaHHYIO 103y
BHECeHUs B Te4eHUe 14 OIMBITO-JIET, TTO3BOJIMIIO TTOIIEp-
>KUBaTh MOYBEHHYIO KUCJIOTHOCTh Ha YPOBHE, OJIM3KO-
My K HeiTpaabHOMY. TeMm He MeHee, IpH MCITOTh30Ba-
HUM €CTECTBEHHOI CMECH YacTHII J0JIOMUTA B KAUeCTBE
M3BECTKOBOTO MaTepuaja He CienyeT IPUMEHSTh TO3HbI,
TMIPEeBBILIAIOIINE KOJTMYECTBO, paccuuTaHHoe 1o 1 H,. O1o
CBSI3aHO C YCUJICHNEM HETPOM3BOMUTEIBHBIX TIoTeph Ca
u Mg B pesynbrate murpanuu. B padorte [11] mokaza-
HO, 4TO 3JTIOBUABHBIE TIOTEPU OCHOBAHWIA 13 BapuaHTa
C MpUMEHeHHeM cMecH (pakuuii B 1o3e 3 H, nmpeBoc-
XOIWIN TTOTePH OCHOBAHMIA TIPY BHECEHUU B ouBy M
B Hay4yHO obocHOoBaHHOI fo3e (1 H,). CrenoBarenbHo,
HCTIONBh30BaHNE OTCEBA MTOJIOMHUTA B BEICOKHMX M03aX 0e3
pasneneHus Ha ppakin He 3 GEKTUBHO.

OnHoit U3 3a1a4 MaTeMaTUIeCKOit 00pabOTKU JaHHBIX
OITBITA SIBJISUIOCH TIPOBEICHNUE KJlacTepyu3alluy (TpyII-
POBKHU OTAEIbHBIX BAPMAHTOB OIBITA MO BEJIMUYUHE Me-
JINOPATUBHOTO 3((peKTa, MOJyUeHHOTO B pe3yJbTaTe
U3BECTKOBAHMSI).

IMokazano, yro amnupuyeckue moneiu (1.1), (6.1),
(9.1) B BapmanTax ombITa 1, 6, 9 o6mamanm BEICOKOIt cTa-
TUCTUYECKOM 3HAYMMOCTBIO. B 3TMX BapuaHTaXx OIlbI-
Ta UMETNCh CTATUCTUIIECKN 3HaYMMBle M3MeHeHnsT pH
(B cpenHeM mpoucxonuio ymeHbiieHue pH). BoisiBiieHO
HeCOMHEHHOe cxoncTBo Momeneit (1.1), (6.1), (9.1) B Ba-
puanTax omnbita 1, 6, 9. KoadduimeHTs! Moneseii Obun
OJIM3KH 110 CBOUM XapaKTePUCTUKAM, TMHAMUKA B 3TUX
BapUaHTaX OITbITa OYECHb ITOXOXKa (MPOMCXOIMIIO CTaTH-
CTUYECKHU 3HAYMMOE ITOAKUCIICHUE [TOYBHI).

Omnupuueckue moreu (2.1), (3.1) B BapuaHTax Orbl-
Ta 2, 3 Takke 00JIagaayu BICOKOM CTaTUCTUUYECKOM 3HAY-
MOCTbBIO, B BapUaHTax OIbITa 2, 3 B CpeAHEM MPOUCXOIHU-
JI CTaTUCTUYECKU 3HaYMMble u3MeHeHus pH (rpoucxo-
Iuio ymeHblueHue BesinurHbel pH). Monenu (2.1), (3.1)
CXOIHBI MEXIy cO00i1, HO TP ATOM OTJIMYAIOTCS OT MO-
neneit (1.1), (6.1), (9.1).

ATPOXMMUA Ned 2024



HOOEKTUBHOCTDb U MPOAOJKUTEABHOCTb IEMCTBUSA YACTUL]L 47

Omrmpuaeckue monenu (4.1), (5.1), (7.1), (8.1), (10.1)
o0Jiajaii HECOMHEHHBIM CXOJICTBOM U CTaTHUCTHUYE-
CKM ObITM He3HaunMbl. B BapuaHTax onbita 4, 5, 7, 8, 10
B CpeIHEM He ObLUIO CTATUCTUYECKM 3HAYMMBbIX U3MEHE-
Huit pH Ha BceM TIpOMEXXYTKe BpeMeHU HAOTIONEHMIA.

Ha ocHoBe cxoncTBa CBOMCTB SMITUPUUYECKUX MOJIE-
JIeii MOXXHO BBIIEIUTD CJIEAYIOIIVE TPYIIIILI OIBITOB (KJ1a-
crepuzaiyst Ne 1): I rpyrina conepXXuT BapuaHThbl OTTbI-
ToB 1, 6, 9; 11 rpymma comepXXUT BapuaHTHI OIBITOB 2 U 3;
III rpyrma comep:Xut BapuaHThl onbita 4, 5, 7, 8, 10.

Kitacrepuszanug Ne 2 mpemycMaTpyBaeT paccMOTpe-
HUe cyMMbI pH B KaxknmoMm BapuaHTe OITBITA 10 OIBITO-
rogam (Taor. 1):

§,=56.7; §,=76.075;, §,=62.45; §, =69.175;
§,=71.275; §,=61.35; S, =66.525; S, =73.525;
§,=70.375; §,,=83.85
§,<8,<8,<8, <8, <85, <8, <85, <5, <S8,

Ha ocHoBe BestmunH cymM pH Bo3MOXKHa ciienyronast
kinactepusanys Ne 2: I rpyrina conepsKuT BapuaHThI OIThI-

ta 1, 3, 6; 11 rpyrma conepXut BapyuaHThI onbita 4, 7, 9;
III rpyrina comep:KUT BapuaHThI o1biTa 2, 5, 8, 10.

Knacrepuzaiysg No 3 yuyuThIBaeT pacripenesieHue Ba-
pHAHTOB OITbITa B KitacTepusaiy Ne 1 1 2: [ rpyrmima co-
JIEPXUT BapraHTHI ombiTa 1, 6; 11 rpymia conepxut Bapu-
aHT onbiTa 3; III rpynmna conepxut BapuaHT omnbita 9; IV
TpyTINa COACPXKUT BapyuaHThI ofbiTa 4, 7; V rpyrina coaep-
>KUT BapuaHT ombiTa 2; VI rpymrma conepXuT BapuaHThl
orbiTa 3, 8, 10.

Wcxons n3 knactepusaumu Ne 3, MOXKHO ciesaTh Bbl-
BOI O HECOMHEHHOM CXOJICTBE BapMaHTOB 4 1 7, a TakKe
CXOICTBE BapMAHTOB OIbITa 5 1 8.

TTpoBeneHHasi rpynMnMpoBKa MO3BOJISIET CAENATh BaX-
HbI B MPAKTUYECKOM OTHOLIEHWHU BBIBOI: MEJIMOPATHB-
HbIl 3(p(eKT, MoayyeHHbI B BapraHTaX OIbITa, Mpo-
M3BECTKOBAHHbBIX YaCTULIAMU JOJOMUTA pa3MepoM 5—7
n 7—10 MM B paBHBIX f03ax (3 5 H) mpakTU4ecKu
HE OTIMYaJIMCh APYT OT Apyra. Takum obpa3om, pasneie-
HUe 5TUX (paKIMil TIPU UCITOJIb30BAHNH JUTS U3BECTKO-
BaHMSI KUCJIBIX TTOYB HE 11€71eCO00Pa3HoO.

BbIBOJbI

1. Takum oGpazoM, B yciaoBusix 10-BapraHTHOIO MU-
KPOITOJIEBOTO OITHITA TIPOBEICHBI HAOTIONCHMS 3a -
HaMUKO# BenmmunHbl pHy | B TeueHue 14 onbITO-N1€T.
[TokazaHo, YTO He U3BECTKOBAHHAsI MTOYBA HE HAX0-
JUTCS B paBHOBECUU. 3a Mepro MPOBEACHUS IKCIIe-
pPUMEHTA OHA MOCTETIEHHO MTOTKHUCIISIIACE.

2. Wcnonb3oBaHue 10J0MUTOBOI Myku (JIM), nmpuro-
TOBJIEHHOH M3 OTceBa 1eOHd B no3e 1 H,, mpuseso
K YCTpaHEeHHIO MOYBEHHOI KUCIOTHOCTH YK€ B rofl
u3BeCcTKOBaHUs1. Ha npoTskeHuu 8 onbITO-J1eT Meu-
OpaHTY yAIOCh MOIEPXUBaTh MoKaasaTesnb pHy
MOYBBI HA TOCTUTHYTOM B IOl U3BECTKOBAHUSI YPOBHE.
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B nanbHeiileM 0TMEUEHO MOCTENIEHHOE CHIDKCHNE
pHycy- Cniyera 10 onbITo-N1€T MOYBa HaYMHAJIA Hy-
KIAThCs B MOMIEPKUBAIOLIEM U3BECTKOBAHIN.

B Teuenue 14 onbITO-J1€T SKCIIEpUMEHTA YaCTULIBI J10-
JjomuTa pazmepom 5—7 u 7—10 MM, BHECEHHbIE B 103€
1 H,, oka3bIBaJIM XOT4 U ci1aboe, HO MOJIOKUTEIIbHOE
BJIMSIHUE Ha BeJIM4uHY pHy . YMeHblIeHne Ben-
HBI pH oTMeueHOo B cpemHeM Ha BCEM MPOTSLKEHUN
SKCIIepUMEHTA.

Poct konuuecTsa yacTull 10I0MUTA pasmMepoM 5—7
1 7—10 MM 110 3 MOJIHBIX 103, PACCYUTAHHBIX 110 H |,
MIpUBEI K YCHICHUIO MEIMOPAaTUBHOrO 3(deKTa.
Ha npotskenuu 14 onbITO-7€T MEeIMopaHTaM yaaaoch
nonepxuBatb pHy ) OYBBI B CpeHe- U CIa00KMC-
JIoM auaria3zoHe. CTaTUCTUYEeCKU 3HAYMMBIX M3MEHe-
Huii BeanurHbl pH Bo BceM MpoMexXyTKe BpeMeHU
OITbITA HE YCTAHOBJICHO.

[Tpy BHECEHUU B MOYBY YaCTUIL TOJIOMHUTA pa3MepOM
5—7u 7—10 mm B no3e 5 H, MenmopatuBHbIi 3P dexT
enle 6osee ycunmBaics. MenuopaHTaM yaaaoch Moj-
IEepKUBaTh BeaMMInHy pH Ha ypoBHE, COOTBETCTBY-
IOILIMM C/Ta0OKHMCIOMY U OJIM3KOMY K HEUTPATbHOMY
JIMara3oHy B TeUeHUE BCETro neproaa KCIepruMeHTa.

BHeceHMe B ITOYBY YacTULI OTCEBA TOJOMUTA pa3Me-
pom 5—7 u 7—10 MM B 3aBeOOMO 3aBBIIIEHHBIX I0-
3aX MOXHO paccMaTpMBaTh Kak IIpHUeM, ITO3BOJISIO-
LW ITATEJTEHOE BpeMs TTOIIEePKUBATh TTOYBEHHYIO
KHCJIOTHOCTh HA TTIOCTOSIHHOM YPOBHE U OTOIBUTaTh
CPOK TPOBEIeHUS TTOBTOPHOTO (MOAACPKUBAIOILIETO)
U3BECTKOBAHMSL.

Hcnonb3oBaHue ecTecTBEHHOM cMecH (ppakiiuii Mesa
(ECM) B nose, cootBercTBytoleii 1 H,, Takxe mpu-
BeJIO K CHUXKEHMIO TIOYBEHHOM KUCIOTHOCTU. Menu-
opaTUBHBIN 3(h(EeKT BO BpeMsI BCETro 3KCIIepUMEHTa
yerynain JIM, npruMeHeHHO! B 9KBUBAJIEHTHOM 103€.
ITpu ucnons3oBanuy ECM B no3ax, mpeBbIIIAIOIINAX
1 H,, HETIPOU3BONUTENBHBIE NTOTEPU KAJIbLIMA U Mar-
HMSI B pe3yJibTaTe MUTPALIMU YCUTUBAIUCh.

ITpoBeneHa kilactepu3alius OTIEIbHBIX BAPUAHTOB
OTIBbITA TIO X BIMSHUIO Ha BelmuuHy pHy ) 3a Bech
nepuon 3KcrnepruMeHTa. Pa3zpaboTaHbl JTMHEHHBIC
TPEHIbI YCPEIHEHHBIX 3aBUCMMOCTEI Ipoliecca Io/I-
KUCJICHUST JI1 YaCTUL] MEJTMOPAHTA PA3IMYHOTO Pa3-
Mepa BO BCEM TTPOMEXYTKE BpeMeHH onbiTa. PaccMo-
TPEHbI MEXaHU3MbI B3aMMOJIEUCTBUS TOJIOMUTOBBIX
YaCTHUII C ITOYBOI B TIpoLiecce MEIUOPaLIUH.
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Effectiveness and Duration of Action of Dolomite Screening Particles Used
for Reclamation of Acidic Soils. Empirical Models of the Acidification Process
of Sod-Podzolic Light Loamy Soil (according to Field Experience)
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V. 1. Dubovitskaya®, V. M. Bure**

9 Agrophysical Research Institute,
Grazhdansky prosp. 14, St. Petersburg— Pushkin 195220, Russia

bst, Petersburg State Agrarian University,
Peterburgskoe shosse 2, St. Petersburg— Pushkin 196601, Russia

“St. Petersburg State University,
Universitetskaya nab. 7—9, St. Petersburg 199034, Russia

*E-mail: av.lavrishchev@yandex.ru

In a long-term 10-variant microfield experiment based on a medium-acidic sod-podzolic light loamy soil, a com-
parative study of the reclamation properties of the screening of dolomite crumbs stored in dumps, without sepa-
ration into fractions (SIF), particles of 5—7 and 7—10 mm in size and dolomite flour (DF) prepared from the
screening of dolomite when sifting dolomite crumbs with the diameter of the holes is 0/25 mm. The experiment
lasts for 14 experimental years. It has been revealed that dolomite particles of 5—7 and 7—10 mm in size are valu-
able calcareous material. Their use leads to the neutralization of soil acidity already in the year of liming. The
higher the dose of application, the greater the reclamation effect. There were no significant differences in the ef-
fect of granules of 5—7 and 7—10 mm in size, applied in equivalent doses, on the pH value. The positive effect of
liming with meliorant in the amount of 3 and 5 doses of hydrolytic acidity (Ah) did not end after 14 experimental
years after reclamation and allowed to postpone the period of repeated (maintenance) liming. The positive effect
of using a natural mixture of chalk fractions (SIF) in a scientifically justified dose was inferior to dolomite flour.
Clustering of individual variants of the experiment was carried out according to their effect on the pHKCI value
for the entire period of the experiment. Linear trends of the averaged dependencies of the acidification process for
meliorant particles of various sizes over the entire period of the experiment have been developed. The mechanisms
of interaction of dolomite particles with soil in the process of land reclamation are considered.

Keywords: dolomite sifting particles, acidic soil reclamation, empirical models, acidification process, sod-

podzolic light loamy soil, field experience.

ATPOXMMUA Ned 2024



ATPOXUMHUA, 2024, Ne 4, c. 49—59

VIK 633.16:581.132:581.134

VYnoopenns

BJINAHNE HEKOPHEBBIX ITOAKOPMOK
OPTAHO-MHUHEPAJIBHBIMU YAOBPEHUAMUN HA COAEPXKAHUE
XJIOPOOPWUIA B JIUCTBAX AYMEHA U ETO CBA3b
C ITOKASATEJIAMUN KAYECTBA 3EPHA
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B Kuposckoii 0651. P B 2020—2022 IT. B IT0JIEBOM CEBOOOOPOTE UCCIIEAOBAHO BIUSIHNE BHEKOPHEBOM
00paboTKM OpraHO-MUHEpaTbHBIM yrnoopeHueM IMomnmoH® AMuHO CTapT M XKMIKUM MUHEPaTbHBIM
ynoopenuem KAC-28 B (pa3e KylleHUs pacCTeHUI Ha COCTOSIHME MUTMEHTHOTO KOMILIEKca JTUCThEB
spoBoro ssameHsT coptoB HoBuuok, Poguuk IMpukames u [Tamsitn PomuHOI 1 €TO CBS3b C TTOKa3aTe-
JIIMM KadeCcTBa 3epHa. BBISIBIIEHO 3HAYMMOE BIUSIHIE BHEKOPHEBBIX 00pabOTOK Ha COmepKaHME TTHT-
MEHTOB B noadaaroBoM u ¢iarosom jucte. [IpumeHeHue BHeKopHeBoit 00padboTkn KAC-28 ycunuio
CBSI3b IOKa3aTesieiil KauecTBa 3epHa ¢ cofep:KaHueM XJI0pOMUIIbHBIX TUTMEHTOB 2-X BEPXHUX JIMCTHEB
10 CPaBHEHUIO C KOHTPOJbHBIM BapuaHToM. BiusiHue npenapata AMuHO CtapT He ObLIO OTHO3HAY-
HBIM: 9acTh CBsI3eil HECKOJIBKO OCjIabJia TIo CpaBHEHUIO ¢ KOHTPOJIEM, YacTh YCWJIMIIACh, HEKOTOPBIE
CTaJIV CTATUCTUICCKU 3HAUMMBIMU. CyMMapHOE coepKaHMe XJIOpO(MIuIa KOppeaIupoBaIo C ComepKa-
HIUEM B 3epHE KJIeTUYaTKU 1 3KMpa BO BCeX BapruaHTaX 00paboTku. [1o cpaBHEHUIO ¢ KOHTPOJIEM IIpUMe-
HEHME BHEKOPHEBBIX 00pab0TOK M3MEHSIO 3¢(h(hEeKTUBHOCTD MCIOJIb30BaHNUS (hOTOACCUMUISTOB 000X
JINCTHEB ISl CUHTE3a KJIETYaTKU 1 xkupa. [logydyeHHble JaHHbIEe yKa3aJlu Ha BO3MOXHOCTb ITPOrHO3a
(opMuUpoBaHUs OCHOBHBIX MOKa3aTeIeil KauecTBa 3epHa SIpPOBOro IYMEHS IO COAePKaHUIO XJIOPOdUI-
JIBHBIX TTMITMEHTOB BO (PJIar0BOM WITH TTOA(IIaTOBOM JIMCThIX PACTCHMIT B (ha3e LIBETCHUSI.

Knrouegoie crosa: TITMEHTHI, 0EI0K, KpaxMall, KJIeTJaTKa, JKUpP, KOppersauns, (paaroBelii TUCT, moadia-
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BBEAEHUE

B nacrosiiee BpeMs B Poccuiickoit Penepa-
uuu ssuMeHb (Hordeum vulgare 1.) 3aHuMaeT 2-¢ Me-
CTO MO TJIOUIAAW BO3AEIbIBAHUS 3€PHOBBIX KYJIbTYD:
B 2023 1., mo naHHBIM MuHcenabxo3a PD, n3 29 M ra
TMOCEBOB 3€PHOBBIX U 3¢pHOO0O0BBIX KYIBTYp Ha JOTIO
MIIeHUIBI TpUIIochk 13.5 MiH ra (46.5%), Ha goiio
gameHss — 7 MuH Ta (24.1%) (https://zerno.ru/
node/22254). Yro kacaetcs ypoxaiiHOCTH, TO B 2022 T.
B BAJIOBOM cOOpPE 3epHOBBIX 1 3¢PHOOOOOBBIX KYJIETYP
B Poccuu (151.0 MutH T) mepBoe MECTO TakKe IpUHAI-
JIexKauio IiieHuIe (ipoBoit u o3umoit) — 102.7 MiH T,
BTOpOoe — sgYMeHIo (o3uMmblii — 3.2, sApoBOil —
19.7 muH 1) (https://zerno.ru/node/21579). Ananu-
TKU Komranuu BusinessStat (https://businesstat.ru/
catalog/id8642/) orMe4anu, 4To J0JIsI TYMEHS B CTPYK-
Type npomax 3epHoBbIX B 2021 1. cocTaBuia 16.9%.
[Tpu a3ToM B Poccun 70% staMeHsT MCTTIONTB3YIOT Ha KOp-
MOBbBIE 1LIeJIM — OH COAEPKUT TTOJHOLIEHHBI OeJoK,
ooraT KpaxMaJioM. DTO COOTBETCTBYET OOILIEMUPOBOIA
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TeHJICHIINH WCITOJIb30BaHUS 3epHa STUMEHS: Ha KOpP-
MOBBIE LIEJTA TIPUMEHSTIOT >75% 3epHa, Ha MPOIOBOJIb-
CTBEHHBIE — ~15 1 Ha nuBoBapeHue — 8% [1].

ITo naHHBIM [2], TP OCHOBHBIE XUMUYECKHUE KOM-
MOHEHTa 3epHa (Kpaxmall, KJieT4aTKa U ChIpOi TTpoTe-
1H) cocTtaBistior 6osiee 90% ero cyxoro BelecTBa (CO-
OTBETCTBEHHO 59.1—61.6, 18.2—21.5 u 11.7—13.64%).
[IpakTruyecku Bce 3amacHble MUTaTe/IbHbIC BellleCTBa
3epHa 00pa3yloTcs 3a cueT paboTHl (POTOCMHTETUYC-
CKMX ITUTMEHTOB JINCTHEB (XJI0pO(MUIIIOB ¢ 1 0); BEedy-
YO POJIb B 3TOM UTPAIOT 2 BEpXHUX JINCTa. M3BecTHO,
YTO (DJIATOBBIM JIUCT 36pHOBBIX KYJILTYp 00ecrieYnBaeT
ot 50 10 60% exemHEBHOIO CHTE3a TUIACTUYECKUX BE-
mectB [3]. Cuutaercs, 4To (hJIaTOBBIN JIUCT SIBISIETCS
XOPOLIMM MHIWKATOPOM a30THOTO CTATyca HaI3eMHOI
Macchl pacteHuit Ha cranuu GS65 [4], mosToMy ero
POJIb B TIOBBILIEHUY YPOXKasi U KauecTBa 3epHa, B U4acT-
HOCTH, B TIOBBIIIIEHUU COIEpKaHUSI OesiKa, B TTOCJIe -
HUE rojibl aKTUBHO M3y4yaloT U UCMOJB3YIOT B CeleK-
muu [5, 6]. Kpome Toro, 66bIIas yacTh a3oTa 3epHa
(o1 60 10 95%) TakKe MPOUCXOAUT OT PEMOOUIN3ALIUN
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U3 BEPXHUX JIUCTheB [4], (bJ1aroBblil TUCT TTOCTABISIET
a30T NpsSIMO B KOJIOC, MPU 3TOM B T€UEHUE TMepruoaa
HaJMBa 3¢pHa BO (p1aroBOM JIMCTE IIPOUCXOOUT Ooiee
yeMm 50%-Hoe CHUXeHUEe comepKaHus a3oTa [7].

ArpoHoMuyeckasl MpakTUKa a30THOTO MUTaHUs
CEIIbCKOXO3SMCTBEHHBIX PACTEHUIA TTOCIIEAHETO OeCs-
TUJIETUST 3aKJIIOUAETCS B Iepexoae K IpOOHOMY TUITY
BHECEHMSI a30Ta — YacTh a30THBIX YIOOpPEHUIT BHO-
CAT IIPU NIOCEBE, IPYIyIO 4acTh — B BUAE HEKOPHEBBIX
(IMCTOBBIX) MOAKOPMOK B KPUTUYECKHUX (hpa3ax MmoTpe-
osieHus1 aneMeHTa [8]. OLieHKY BIUSIHUSI HEKOPHEBBIX
MOAKOPMOK Yallle BCero BEIyT, IPUMEHSS 2 OCHOBHBIX
oKasarejisi — ypOBEeHb YPOKAMHOCTU U COAepKaHUe
Oenka B 3epHe. [ToaToMy HeKOpHeBasi 00padoTKa a30T-
colepXalluMu yI0OpEHUSIMU B HY>KHOE BPEMSI MOXET
IO OTIpeNeIeHHOM CTeIeH! YIYJIIUTh HaKOTIJIeHUe
Oesika B 3epHe [9]. IIporHos cogepxxaHus 6enka B 3ep-
He B MOCJIEIHNE TOIbl OCYIIECTBIISIOT HA OCHOBE aHa-
JIM3a CyMMapHOTo coaep:KaHus Xjaopoduiiia Bo ¢Jia-
TOBOM JIMCTE C MOMOIIbIO MOPTATUBHBIX U3MEPUTE-
neit turma SPAD-502 (Konica Minolta Sensing, Inc.,
Japan), nnu CCM-200 (Opti-Sciences, Inc., USA)
[9, 10]. OmHako, B HacTOsIIIIEe BpeMEHS CYIIIECTBYIOT
TOJIBKO OTAE/IbHbIE PAOOTHI, B KOTOPBIX U3y4Yaaud BO3-
MOXHOCTb MCITOJIb30BaHUsI TOPTATUBHBIX XJIOPO(UII-
someTpoB (N-TecTepoB) mWIs IIpOrHo3a (opMuUpoBa-
HUS APYTUX TTOKa3aTeseit KauecTBa, B COCTaB KOTOPBIX
a30T He BXOJIUT, HO KOTOPKIE, TEM HE MeHee, 00pasy-
IOTCS B pe3yJibTaTe aKTMBHOI paboThl (hDOTOCUHTETH-
YeCKOTO arnraparta JucTtheB. Hanmpumep, 17151 KyKypy3bl
OBbLIM OTMEUEHBI BBLICOKO3HAYUMbIE KOPPEJISILIMN MEXK-
Iy collep>KaHUeM XJIopodmLIa u comepXaHueM Macia
(r=0.611) B ycioBUsIX 3aCylIIMBOTO ce30Ha [11].

OaHaKo BHEKOpHEBasl MOJKOPMKa a30TcoaepxKa-
IIMMU YIOOpEHUSIMU OKa3biBaeT BAMSHUE U Ha CO-
JepXaHUe B 3epHE SUMEHS MUTATEJIbHBIX BEIECTB,
LIEHHBIX C TOYKU 3PEHUS KOPMJICHUS KUBOTHBIX, Ta-
KMX KaK KpaxMmall, cbipas KjeTJyaTka U Xup. B Hameit
npenpiayiieii padore [12] moka3aHo, Kak B YCJIIOBUSX
Bosaro-Bsitckoro peruoHa MoXHO KOPPEKTUPOBATh
colepxXaHue B 3epHE SIPOBOTO STUMEHST TAKUX LIEHHBIX,
C TOYKHU 3PEHUSI KOPMJICHUS XUBOTHBIX, KOMITOHEH-
TOB KaK XUp, OeJIoK, KJIeT4aTKa 1 KpaxmaJj C ITOMO-
1IbI0 HEKOPHEBBIX 00PA00TOK a30TCOAEPXKAIIUMU YI0-
OpeHusiMU B (pase KymeHus pacteHuii. [loatomy 1iesib
paboThl — OlleHKa BapuadeIbHOCTH COIEPXKAHMST XJIO-
pOMUIIIOB B 2-X BEPXHUX JIMCThIX PACTEHUIA IPOBOTO
STYMEHSI TIPU HEKOPHEBOI1 00pabOTKe a30TCoaep KA~
MU yIOOPEHUSIMU U BBHISIBJICHUE CTEIIEHU B3aMOCBSI3U
coliepXXaHUsI XJIOPOMUIIOB @ U O B IUCTbSIX U TTapaMe-
TPOB Ka4yeCcTBa 3epHa IIpY IPUMEHEHUM Pa3HbIX Bapy-
AHTOB HEKOPHEBOI 00pabOTKU paCTeHUIA.

METOINKA UCCIEJOBAHUA

OnbIThl TpoBeaeHbl B 2020—2022 rT. B M0JIEBOM Ce-
BOOOOpOTE OTIEea arpoxuMuu 1 3emuenenns @AHILI,
CeBepo-Bocroka (r. Kupos, P®). [TouBa onbITHOTO
ydyacTKa — JIEPHOBO-TOA30JUCTAsA CPETHECYTIMHU-
crasi, cbopMrMpoBaHHas Ha BJI0BUM TIEPMCKUX TJIMH.
ATpoXUMHUYECKHUe TTOKa3aTeIu TMTOYBbI TAXOTHOTO CJIOSI
onbITHOTO yyactka: pHyc 4.59—-5.00 en., conepxanue
nonBuxHoro ¢ochopa — 148—157, moaBUKHOTO Ka-
nust — 127—140 Mr/kr nouBsl, rymyca — 1.74—2.00%.
[Mnomans gensaku — 10 M2, MOBTOPHOCTbH OIIbITA Ye-
ThIpEXKpaTHas, pa3MellleHue IeISTHOK cucTeMaTuye-
cKoe co cMmelieHueM. [Toa mpennoceBHYIO KylabTH-
BallMIO BHOCWJIU MHUHepanbHble ynoopenus NPKS
(25:4:4:2)B no3e 0.3 7/ra. Jlo3a BHECEHUSI TIPe-
MOCEBHOro ynoOpeHusl BbIOpaHa Ha OCHOBE MpPebl-
Oylux ucciienoBaHuii [13], KoTopble Mmoka3ajiu, 4YTo
Takoe KOJUYeCTBO ynoOpeHuit obecreunBaeT op-
MHUPOBAaHUE yPOXAWHOCTU 3€pHA IPOBOTO SUYMEHS
He MeHee 3.5—4.5 1/ra. OOBEKTHI NCCIIEAOBAHUS — CO-
pta sipoBoro suMeHsi: HoBuuok, PogHuk ITpukambs
u IMamsatu Pogunoii. Bee 3 copra co3mansl B @AHIIL
CeBepo-Bocroka (cenekunoHep — 4eH-KOppeCcoH-
neHT PAH M. H. lllenHukoBa), 3epHOdypakHOTro
HanpaBJeHUs] UCITOJb30BaHUsI, 2 MOCIENHUX COpTa
BKJTIOYEHBI B CITUCOK LIEHHBIX IO KauecTBy COpTOB PD.

B xauecTBe opraHo-MHHEpPaIbHOTO a30TCOIEP-
Kalero ynoopeHust ucrnosib3oBaiu npenapar IMoau-
JOH® AMuHo Crapt npousBoacTBa Komnanuu “IlTo-
JUIOH® Arpo” (MockBa). DTO XKUIKOe KOMILIEKCHOE
OpraHo-MUHepaJibHOE yIoOpeHe HOBOTO MTOKOJIEHMS
(Ha OCHOBE TYMUHOBBIX M (DyJTbBOBBIX KHUCIIOT, POCTO-
BBIX BEIIECTB ITPUPOTHOTO MPOUCXOXKICHUST, MUKPO3-
JIEMEHTOB, aMMHOKHCJIOT W TIOJIMCaXapuaoB) POCCHUTA-
CKOT0 MPOU3BOJCTBA IIMPOKO MCITOJb3YIOT B TEXHO-
JIOTUSIX BO3MAEJbIBAHUS 3€pPHOBBIX KYJIBTYP, O3UMOTO
parca, Kykypy3bl, cou [14]. B coctaB ynodpeHus Amu-
Ho Crapt Bxoast: L-amuHokucaoTsl (200 /1), a3or
(Nogm — 130 r/m), dochop (P,05—75 r/n), kanumii
(K5O — 25 r/n), marnuit (MgO — 15 r/n), xene3o
(Fe — 6 r/n), mapranen (Mn — 3 r/1), uuHkK (Zn —
3 r/n), meap (Cu — 3 r/n), 6op (B — 3 r/n), Mmoauo6-
geH (Mo — 1 1/n), ko6anbsr (Co — 0,05 r/n). Yonobpe-
HUE TIPUMEHSIOT TSI CTUMYJIUPOBAHMS pOCTa KOpHE-
BOI CHCTEMBI, TTOBBIIICHYS MPOAYKTUBHOTO KYIIIEHUS,
YCWJIEHUSI CTPECCOYCTOMUMBOCTH paCcTeHU, TIOBBIIIIE-
HUS YPOXKAHHOCTU.

XKunkoe MuUHepalabHOE a30THOE yImoOpeHue
“KAC-28” (kapbaMumo- aMMHavdHasl CeIMTPa) Ipe-
CTaBJISIET COOOM XMAKUI pacTBOp KapObamMuaa U aMm-
MUAYHOI CEMUTPBI. DTO €AMHCTBEHHOE a30THOE yIO-
OpeHue, colaepxKallee HUTPATHBIM, aMMOHUMHBIN,
aMUIIHBIN a30T U He colepKalllee CBOOOIHOIO aMMMU-
aka, 4To TO3BOJISIET CYIIECTBEHHO CHU3UTb HEMPOU3-
BOIUTEIbHBIE TTOTEpU a3oTa [15, 16]. @dusunonaoruye-
CKOe€ JelicTBhe ynoOpeHMsI Ha pacTeHMs 3aKJII0UaeTCs

ATPOXMMUA Ned 2024
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Taomuna 1. MeTteoyclioBus B IepyUo IIpoBeAeHUs onbiTa (MeTeocTaHus I. KupoB)

OTKJIOHEHUE KonnuectBo Cymma
Mecsin Cpennsist t, °C OT HOPMBI, °C OCAJIKOB, MM % OT HOPMBI B(D(DCKTI/IBHB!X
temneparyp, °C
2020 1.
Maii 12.2 +0.9 89 154 226.6
Hionb 15.3 —-1.2 41 47 535.0
Hronpb 20.5 +1.6 100 110 1016.0
ABrycr 15.1 —0.5 61 73 1327.9
2021 r.
Maii 15.0 +3.1 58 107 320.4
Hionb 19.9 +3.5 63 78 767.3
Hionb 19.2 +0.3 92 113 1207.2
ABryct 18.8 +2.9 38 51 1634.8
2022 1.
Mait 8.5 —3.4 53 99 143.9
Hionb 16.1 —0.3 118 145 475.4
Hronp 20.0 +1.1 130 159 938.9
ABrycT 20.0 +4.0 18 24 1402.1

B aKTUBALMK POCTA, KOTIA HaJA3eMHAas 9aCTh PACTEHUS
WHTEHCHBHO Pa3BUBAETCH, 3aKJIaAbIBAIOTCS LIBETOY-
HbI€ TTOYKH — 3aJI0T OYAyILero ypoxasi.

CxeMma omblTa, BapuaHTHL: 1 — KOHTpoJb (6e3 00-
pabOTKMU BETETUPYIOLIMX PACTEHUN MUHEpPaJbHBIMU
1 OpraHO—MUHEPAIbHBIMU YIOOpEHUSIMU), 2 — JIU-
croBasi oopadotka [MoauaoH® AmunHo Crapt (1 ji/ra)
B (baze kyuieHus, 3 — nucrtoBasi oopadorka KAC 28
(30 11/ra) B (paze KylIeHUS.

YOopKy ypoxasgs NOpOBOIAMIU KoMOaliHOM
Wintersteiger B (haze 1oiHOI BOCKOBOI CIeIoCTH. AHa-
T3 PUBNKO-XUMHYECKUX CBOMCTB 3¢pHA STYMEHST BBI-
noHsui Ha nipubope INFRAMATIC8620 ripousBo-
ctBa Perten Instruments (ILIBewust) cormacHo MeToaU-
YeCKHUM PEeKOMEeHAaIMsIM MpousBoauTeisi. OLieHUBaIu
colepKaHue B 3¢pHE CIEAYIOIINX KOMITOHEHTOB: ChI-
poro npotenHa (0enka), Kpaxmania, ChIpoi KJIeT4aTK1
1 Xupa. JlaHHbIe BbhIpaxain B% OT Cyxoi MacChl 3epHa.

B mae, utoHe u nepBoit nojgoBuHe utos 2020 r.
OTMEYEHa HEyCTOMYMBas MO TeMIIEpaType Ioroia,
B 1-1i nekane — cyxasi, Bo 2-ii-3-i1 nekaue — ¢ HeOOJIb-
IIUMU, BpeMEHaMU CWJIBHBIMM, TOXKISIMU, BO 2-i1 TT0J10-
BUHE MIOJST — YMEPEHHO TeIlIast, C YaCTHIMU TOXKISIMU,
WHOTIA CUJIBHBIMU. ABTYCT OBUT TeTUTBIM U YMEPEeHHO
TEIUIbIi, IPEUMYIIECTBEHHO CYXOM WJIN C HeOOJIbIIIN-
MM OcafgkaMu. B 1eJIoM CJIOXUBILIKECS METEOYCIOBHUSI
BETeTaLIMOHHOTO Mepruoa ObUTH GJIArOIIPUSTHBIMHU ST
BO3IEIBIBAHUS SIPOBOTO ssuMeHs (Tao. 1).

B mae 2021 r. npeo0Gianaa Temias U Xxapkasi, Kak
C CyXMMMU, TaK U C JOXIJIMBBIMU MEPUOJAMU, MOTO-
na. B uioHe u viose moroaa OblJ1a OT YMEPEHHO Te-
TUTOM 10 XapKOU, a TAaKKe CYXOl C MePpUOINIECKUMU

ATPOXUMUA Ned 2024

qoXIsgMu. Mectamy HaOII0AaIM TTOYBEHHYIO 3aCyXY.
ABTYCT — TETIBIIA U 3KapKUiA ¢ TOKATbHBIMU JOXASIMMU.
B uenom, ycnoBus Beretaunu 2021 r. MOXHO oxapak-
TEPU30BaTh KaK YMEPEHHO 3aCYIIIJINBLIE.

B mae 2022 r. oTMe4anu HEYCTOMYMBYIO IOTOLY,
OBLTO MPENMYIIECTBEHHO X0J0IHee OOBIYHOTO, C He-
OOJIBILIMMU, 3HAYUTEIbHBIMU B OTAEAbHBIC THU OCal-
Kamu. TemMmeparypa u ocaaku B UIOJI€ CIIOCOOCTBOBA-
1 (pOpMUPOBAHUIO TIPOLYKTUBHOTO Koyioca. B 1eom
IOrOAHbIE yCJIOBUS, clioxuBiuuecs B 2022 1., ObLIN
OJIaTOTIPUSITHBIMM IIJIST TIOJTyYE€HUST BHICOKOM ypoxKaii-
HOCTH STIMEHS.

B cepenune (asbl 11BeTeHUsT OTOMPaIU MPoObI (hia-
TOBBIX U MOA(DJIATOBBIX JUCThEB JJI OLIEHKU COMeP-
KaHUS (POTOCUHTETUYECKUX ITUTMEHTOB (XJ10poduI-
JoB a u 6 (Chl a, Chl b). JTns atoro ¢ 20-Tu pacteHuit
KaXJIoro copta oToMpanu oopasiibl 2-X BEpXHUX JIH-
CTBbEB, B JIAOOPATOPHBIX YCIOBUSIX BBIIEISIN MTUTMEH-
TBI 110 MeToauKe [17] 100%-HbM alieToHOM. OLIEHKY
colepXaHUsl TUTMEHTOB OCYIIECTBIISLIM Ha CIIEKTPO-
¢doromerpe UVmini-1240 (SHIMADZU Corporation,
Japan) c ucrnonb3oBaHreM MINMH BOJIH 644.8 u 661.6
HM. KOHIIeHTpall1io MUTMEHTOB B BBITSIKKAX paccyu-
TBIBAJIY 11O (hOpMYyIaM:

koHueHTpauus Chl a (MF/,U,M3 ) =
= 11. 24 Agg1 6 — 2.04 Aga45,
koHueHTpauust Chl b (MI‘/I[M3 ) =
= 20.13 Agaq 5 — 4.19 Agg1.65 (2

rae A — onTuyeckas IJIOTHOCTh PACTBOPOB TIPU YKa-
3aHHBIX JUTMHAX BOJTH.

(1
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CTaTUCTUYECKYI0 00pabOTKY MOJYyUYEHHBIX JaH-
HBIX TIPOBOIMIN METOIAMU OITMCATEIbHOM CTATUCTH -
KU, KOPPESIIMOHHOTO U IUCTIEPCUOHHOTO aHAINU30B
B TabanuHOM mpoiieccope Microsoft Office Excel 2013
M TIaKeTe CTaTUCTUYEeCKUX Iporpamm Agros 2.05.

PE3VJIBTATBI 1 UX OBCYXAEHUE

AHaJIN3 MMOJYYEHHBIX TaHHBIX TO3BOJIUI 3aKIII0-
YUTh, YTO B KAXKIBIA U3 3-X JIET UCCIEIOBAHUS BEJIU-
YUHBI OCHOBHEIX [TOKA3aTelleil KauecTBa 3epHa SIpOBO-
ro STYMEHSI, BO BCEX BapUaHTAaX OITbITA YKJIAIbIBAIUCH
B IpPEIEibl MX COAEPXKAHMUSI, U3BECTHBIE U3 INTEPATY-
pol: s 6enka — 9—13% [18, 19], knetyatkn — 3—8%
[20, 21], kpaxmana — 52—77% [22, 23], xupa — 1-3%
[24, 25] (Taba. 2).

Panee Ob1710 mokazano [12], 4To mosst BAIUSHUS yC-
JIOBU TOAa BhIpalllMBaHUS HAa U3MEHYMBOCTD TpE-
CTaBJIEHHBIX IT0Ka3aTeaeil n3MeHsu1ach ot 79.5% mia
colepxxaHus 6enka 10 95.6% — nnag comepXaHUS

Kupa. VckimoueHreM SIBJISICS TT0Ka3aTellb ColaepsKa-
HUS KpaxMaJjla B 3epHe, JIelCTBME Ha Hero (pakTopoB
“ron BeIpalIMBaHUSA” U “copT”’ ObUIO CTATUCTUYECKU
He3HAaYMMbIM. MeXCOPTOBBIE OTANYMS 110 OOJIBIIMH-
CTBY ITOKa3aTejIell KauyecTBa 3epHa B IpenesiaXx OIHOro
roia OIbITa TaKXKe He OBIJIM CTAaTUCTUYSCKU 3HAUMMBbI-
Mu. B TO Xe BpeMs1 3HaUMMBbIe pa3Inyus IS KaxKI0-
ro U3 U3y4eHHBIX ITapaMeTPOB KauyecTBa ObIJIM OTME-
YeHBl B BapuaHTaX NpUMeHEeHUsI HEKOpHEeBOM oOpa-
OOTKHU IJIs OTHEIbHBIX COPTOB B KOHKPETHBIE TOIIbI
HCCIICIOBAHMSI.

YcnoBus roga Beretaluu TakxKe OKa3alu OCHOB-
HOE BJIIMSIHME U HA UBMEHUMBOCTb COAEPKAHUS XJIO-
POMUIIOB B IUCThSIX UCCIEIOBAHHBIX COPTOB STUMEHS
(Tabm. 3).

ComracHo JaHHBIM TPexX(aKTOPHOTO TUCIIEPCUOH-
HOTO aHaJIN3a, I0JIs1 BIUSHUS (hakTopa “TOMI BhIpallluBa-
HUsT” HA UBMEHUYMBOCTh COAEPKAHUS ITUTMEHTOB COCTa-
Buna: misg Chl a Bo diarosoM ucte — 79.4, B moadiia-
roBoM — 84.5%, nnst Chl b Bo daroBom sucte — 60.0,

Taomuna 2. [Toka3arenu KauecTBa 3epHa 3-X coOpToB sipoBoro stuMens (2020—2022 rr.)

Copr ‘ Bapuanr ‘ Benok, % ‘ Knervarka, % ‘ Kpaxman, % ‘ XKup, %
2020 1.
Hosuyok KonTpoinb 10.9 = 0.1 3.49 +0.08 52.5+0.3 1.82 +0.03
KAC-28 10.9 £ 0.1 3.954+0.21 53.6 +0.2 1.85 +0.03
Amuno Crapt 10.8 = 0.2 3.64 +£0.15 5394+ 0.1 1.92 £ 0.06
Ponnuxk ITpukambsa KonTpoinb 12.0+ 0.3 2.81 +£0.18 48.5+ 0.8 1.57 +0.03
KAC-28 1194+ 04 3.21 £0.31 494+ 04 1.58 £0.04
Amuno Crapt 11.0 £ 0.4 2.81 +0.08 49.9 + 0.5 1.37 £ 0.06
IMamsitu PonuHoii KonTponb 11.5+0.2 3.45+0.32 50.2 4+ 0.2 1.42 +£0.03
KAC-28 11.6 £ 0.2 3.06 = 0.08 50.6 +0.2 1.70 & 0.02
AmnHo Crapr 131 +£0.2 2.92 +0.04 477+ 04 1.51 £ 0.02
2021 r.
Hosuvok Konrposns 1.9+ 0.2 5.36 £ 0.17 51.0+0.7 2.43 4+ 0.03
KAC-28 114 +£0.2 5.06 = 0.28 50.7 £ 0.6 2.29 +0.04
Amuno Crapt 11.6 £ 0.3 4.99 + 0.11 51.0 £ 0.5 2.30 £ 0.05
Ponnuk TIpukambs KonTpoinb 10.8 £0.3 4.78 +0.13 50.8 0.5 2.20 +0.04
KAC-28 11.0 £ 0.3 4.73 £0.19 509 £+ 1.1 2.15+0.04
AmuHo Crapt 11.7 £ 0.6 4.63 +0.13 48.8 + 1.2 2.16 £ 0.04
IMamstu PonuHoii Kontposnb 11.3+£0.5 4.83 £ 0.15 56.5+ 1.3 2.16 £0.06
KAC-28 11.7 £ 0.3 4.92 4+0.13 491+ 04 2.31 £0.08
Amuno Crapt 125+ 04 5.034+0.32 48.5+ 0.6 2.28 +0.08
2022 1.
Hosuuok KonTpoinb 10.1 + 0.5 5.214+0.05 53.3+0.5 2.93 +0.03
KAC-28 9.66 + 0.12 5.61 +0.32 53.0+0.3 2.90 + 0.01
Amuno Crapt 10.3+0.2 5.95+0.12 55.0+0.2 2.97 +0.02
Ponnux Ilpuxkambsa KonTpoinb 8.54 + 0.49 5.33 +£0.10 56.7+ 0.9 2.95 4+ 0.01
KAC-28 8.67 +0.26 5.69 + 0.02 54.9 + 0.3 2.84 +£0.03
Amuno Crapr 8.44 4+ 0.20 5.77 £ 0.04 558+ 0.4 2.97 +0.01
Mamsaru Ponunoit KonTpons 8.56 + 0.31 5.41 +0.16 55.94+0.2 2.99 £+ 0.06
KAC-28 8.75+0.24 5.87 &£ 0.07 55.24+0.7 3.00 + 0.06
Amnno Crapr 9.07 +0.39 5.77 £ 0.02 54.6 £0.5 2.9540.03

ATPOXUMUA Ne 4
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Taoauma 3. CoaepxxaHue xJJopoGhUUIOB BO (hJIaroBoM U MoAGhJIaroBoM JUCTIX 3-X COPTOB SIPOBOTO SIYMEHSI, MI'/T

CyXOi Macchl

Coprt
Hrwen Tor Hosuyox ‘ Ponnuk ITpukambs ‘ IMamaru PonuHoii
DnaroBelit TUCT
Kontponb
2020 5.57 £0.03 6.70 + 0.45 6.72 +0.49
Chla 2021 1.5+ 0.7 10.8 £0.2 9.91 + 0.47
2022 10.1 0.2 8.46 +0.20 9.45 4+ 0.26
2020 3.67 £ 0.05 4.80 + 0.26 4.03 +£0.19
Chl b 2021 5.97 £0.03 5.93+0.12 5.50 £0.33
2022 5.22 £0.09 4.29 +£0.21 4.64 +0.26
KAC-28
2020 6.03 +0.19 7.31 +0.18 6.30 + 0.23
Chla 2021 9.14 +£0.33 9.42 +£0.43 9.97 £ 0.07
2022 11.1 £ 0.3 9.13 + 0.37 8.46 + 0.33
2020 4.34 4+ 0.18 4.59 +0.09 3.87+0.14
Chl b 2021 5.04 +0.13 5.12 £0.18 5.82 +£0.13
2022 5.81 +0.17 4.72 +0.32 4.18 +£0.32
AmuHo Crapt
2020 5.92+0.13 6.58 +0.43 7.05 4+ 0.05
Chla 2021 9.85+0.23 9.20 + 0.02 9.82 +0.05
2022 9.51 +£0.32 8.14 +0.16 8.71 £0.12
2020 4.10 £ 0.09 4.34 +0.09 4.46 + 0.06
Chl b 2021 5.65 +0.21 5.30 £ 0.14 5.57 £ 0.15
2022 4.80 + 0.31 3.88 +£0.06 432 +0.14
IMondnaroeiit aUCT
Kontponb
2020 6.13 + 0.07 8.03 +0.35 7.60 + 0.10
Chla 2021 11.0 £ 0.1 114 £0.3 11.1+£0.2
2022 12.6 £ 0.3 11.5 4+ 0.04 10.6 + 0.1
2020 4.09 + 0.05 5.39 +0.26 4.97 +0.06
Chl b 2021 6.46 £ 0.15 6.53 £0.13 6.28 + 0.28
2022 6.53 +0.35 6.21 + 0.05 5.09 + 0.13
KAC-28
2020 6.51 +0.12 5.36 +0.32 7.27 £0.20
Chla 2021 10.9 £ 0.2 9.89 +£0.24 10.78 £ 0.13
2022 11.8 £ 0.7 1224+ 0.3 9.95+£0.71
2020 4.52 +0.08 3.48 £0.53 4.55+0.18
Chl b 2021 6.29 +0.23 6.35+0.19 6.29 +0.14
2022 6.20 + 0.24 6.45 +0.28 4.34 £+ 0.51
AmuHo CTapt
2020 6.70 + 0.04 7.53 £0.15 6.89 + 0.18
Chla 2021 10.4 £ 0.1 10.6 + 0.4 11.1£0.2
2022 10.9 £ 0.1 1.2+ 0.1 9.18 £ 0.13
2020 4.74 + 0.06 4.98 +£0.27 493 +0.34
Chl b 2021 6.08 +0.09 6.37 +0.22 6.50 + 0.27
2022 5.39 +0.19 5.57 +0.22 4.33 +£0.18
ATPOXMUMUA Ned 2024
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B rrondaroBoM — 57.4%. BTo MOXeT OBITb OOBICHEHO
TeM, 4TO ISl 3(pPEeKTUBHOTO CUHTE3a XJIopoduia He-
00XOIMMBI TEMIIEPATYPHI BO3ayxa B npenenax 25—30°C,
a remneparypbl <10°C ocTaHaBIMBAIOT 3TOT IIPOLIECC
[26]. Huskue TemnepaTypsl B TedeHue 3—4 CyT 10 B3sI-
s 1po6 (10—12°C) B 2020 r. mpuBeIn K 3HAYMTETHHO-
MY CHIDKEHUIO YPOBHS COIepKaHUs ITMTMEHTOB B JIN-
CThsIX, Torga Kak B 2021 u 2022 rT. TeMIlepaTypa BO3-
JIyXa B aHAJIOTUYHBIN IIepuon Oblia Ha ypoBHE 23—27
1 14—16°C cOOTBETCTBEHHO.

dakTop “copT” OKazaJl MUHUMAaJIbHOE CTATUCTIYC-
CKM 3HayMMoe BiausiHue Ha conepxkaHue Chl a B o6oux
ucThsax (0.7 1 0.5%) u HeMHOTO OOJIblIICE — HA COmEP-
xxanue Chl b (2.2 u 4.3%). 1lonst BIusHUS BapuaHTOB
HEeKOpHEBOiI 00pabOTKM OblJIa COOTBETCTBEHHO 1.4,
1.9, 1.1 u2.7%.

B ycioBusX Haliero sKcIIepUMEHTa YCpen-
HeHHBbIC ITaHHBIC IJIT COPTOB YKa3bIBajlW Ha OT-
pulaTesibHOE BIWSIHUE HEKOPHEBBIX 00pabo-
TOK Ha KOHILIEHTpauuio (Mr/r cyxoili Macchl) ¢o-
TOCHHTETHYECKUX TNMUTMEHTOB B MOA(IIaroBOM
JcTte: u3MeHeHue coumepxaHust Chl a mon Bams-
Huem KAC-28 cocraswiao mo romam: —12.0, —6.0
n —2.2%, nox BaustnueM Amuno Crapt: —2.9, —4.2
n—99%; Chlb — —13.3, —1.7, —4.7% (KAC-28)
n 1.2, —1.6, —14.1 (Amuno Crapr).

Yrto KacaeTcs NMUIMEHTOB (IaroBOro JHCTa,
To B 2020 T. 1101 BO3ACCTBMEM BHEKOPHEBBIX 00pa-
OOTOK TPOM3OIII0 HEOOJbIIOE MOBLILIEHNE CONEp-
JKaHUS MUTMEHTOB OT 2.4 10 3.5%. B ycmoBusix 2022 1.
OBLIO OTMEUYEHO ITOJIOXKUTEJIbHOE BIIMSIHUE IIpernapara
KAC-28 Tonbko Ha conepxanue Chl a ¢pyaroBoro jim-
cta (mpupoct 2.7%). B octanbHbix BapuanTtax 2022 r.,
a Takke Bcex BapuaHTax B 2021 I. BBISIBJIEGHO CHIDKEHUE
colmepxKaHus NUrMeHToB Ha 5.0—11.2%.

CHuxeHue coaepxkaHus xjaopodusia B eAMHUIIE
MACCBI JIICTa MOXKET OBITh CIIEACTBUEM CTUMYJIUPYIO-
mero 3¢ @exkra BHEKOPHEBOTO BHECEHUS TOIIOJIHMI-
TEJILHOTO a30Ta Ha TaKUe MapaMeTphbl, KaK II0IIanb JIU -
CThEB U UX CyXas Macca, Kak OTMEYaloT B HAyIHOI JIM-
teparype [27], 3HaUMTe/IbHASI YaCTh a30Ta PaCXOAyeTCsl
Ha MOCTpoeHue OoMacchl, YeM Ha CUHTE3 XJIopoduiiia
U 3TO TIPUBOINT K HEKOTOPOMY CHIDKEHUIO €TO KOHIIEH-
Tpaluu. Bropoe Bo3MOXXHOE 0OBSICHEHUE 3aKJII0UaeT-
Cs1 B TOM, YTO JOTOJIHUTEIbHOE BHECEHUE a30Ta B BUJIE
HEKOPHEBBIX 00Pa0bOTOK CTUMYIUPYET (DOTOCUHTETHU-
YyecKue MpOoLIecChl, B pe3yJibTaTe KOTOPbIX YCUIUBAETCS
CUHTE3 MEPBUYHBIX (DOTOACCUMMWIISITOB U B JIMCThSIX HA-
KaITMBaeTCs OOJIbIIIe YIIepOI—COonepKalluX COeIHe -
Huii [28, 29], yTO MPUBOAUT, C ONHOI CTOPOHBI, K YBe-
JIMYEHUIO CYXOM MAcCChl JIMCTA, a C IPYroil — K CHUXe-
HUIO OTHOCUTEIbHON HOMM XJopoduia B eNUHUIIC
aToit Macchl. Takske MOXKHO TIPEATIONOXNUTh YCUICHNE
peMoOuIU3alMKM a30Ta U3 BEPXHUX JIMCThEB B PEIpoO-
TYKTUBHYIO YacTh PACTeHUI MO BIUSHUEM HEKOpHe-
BBIX 00pabOTOK a30TCoAepXKAIIMMU TIperiapaTaMu, T.e.

OOJIBIIIYIO CKOPOCTD pacrnajia Xjaopodusia mo cpaBHe-
HUIO C KOHTpoJieM 6e3 00pabdoTku. ITocKosibKy conep-
KaHUe XJIOpo(dULIa B TUCThIX MOJOXUTEIBHO KOP-
peIMpoOBaJIoO C COAepKaHUEM a30Ta B BEreTaTUBHbBIX
opranax [9, 30], ycunuBamImiicss OTTOK a30Ta B pe-
MPOAYKTUBHBIE OPraHbl OyIeT NapayijieIbHO MTPUBOAUTh
K CHIDKEHUIO COACPXKAHUS TUTMEHTOB.

ITockonbKy yclioBUS Tofa BbIpalllUBaHUs oKa3a-
JIX OYeHDb CUJIbHOE BIMSHME Ha aHAIM3UPYEMbIE T10-
Kaszarenu, OBLTM pacCUUTAHBI TOJU BIUSHUE TCHOTH -
na (copTa) U HEKOPHEBBIX 00pabOTOK OTIENbHO IS
Kaxaoro u3 jiet ucciaenoBanus. [Ipu aToM okazajocs,
YTO BJIMSHME COPTA HAa BapruabeIbHOCThb COMEpPXKaHMS
MMUATMEHTOB B JIUCTBIX SPOBOTO STYMEHS MEHSIOCH
B IIMPOKUX TIPEIENIax: OT CTATUCTUYECKHN HE3HAUNMO-
ro (mist Chl a u b Bo pimarosom nucte B 2021 1., Chl b
B nmoadaroBom jucte B 2020 1.) 10 69.3% (onst Chl b
B noadJiaropom aucte B 2022 r.). BausHue HeKop-
HEBBIX 00pabOTOK OBIIIO CTATUCTUYECKN 3HAUYMMBIM
BO BC€ TO/Ibl MCCJeNOBaHUS A 00eux hopMm Xjo-
poduIoB B 000uX IUCThSIX, Bapbupyst oT 2.5 (Chl b
BO (pimaroBom scte B 2020 1.) 10 50.8% (Chl a Bo ¢ia-
roBom Jiicte B 2021 1.). B 11e710M B OmbITE BAUSIHUE CO-
pTa 65110 B 1.5 pa3a 6oiee CUILHBIM, YeM HEKOPHEBBIX
00paboToK (cooTBeTCTBEHHO 32.5 11 20.2%).

AHau3 MapHbIX KOPPEISUi MeX1y BeIudYruHaAMU
rokazaTeJiell KauecTBa 3epHa 1 colepKaHeM MUTMEeH -
TOB B 2-X BEPXHMX JIMCTHSX PACTEHUI STUMEHS B LIEJIOM
3a 3 roga MccaenoBaHUs TTO3BOIMI BEISIBUTh HAJIMUME
CJIeNyIOIIUX 3aKOHOMEPHOCTel (Tad. 5).

I[IpumeHeHue HeKOpHEeBOII 00pabOTKU pacTe-
HU IpOBOTO TYMEHS B (haze KyIIEHHS MperapaToM
KAC-28 ycrmino B3aMOCBSI3b IoKa3aTesieil KayecTBa
3epHa C colepKaHueM XJIOPOMMLIBHBIX MTUTMEHTOB
B 2-X BEpXHHUX JINCTHSX TTO CPAaBHEHUIO C KOHTPOJIBHBIM
BapmaHToM. KpoMe OTMEeUeHHBIX MIJIT KOHTPOJIBHOTO
BapMaHTa CTaTUCTUYECKU 3HAYMMBIX TTAPHBIX KOppe-
JIIIW, OTMEYeHbl HOBbIE Maphbl MIPHU3HAKOB, 3HAYUMO
KOppeJUpYIoLIuX Apyr ¢ apyrom 1ipu p < 0.05: conep-
xkanue Chl a Bo dimaroBoM mcte u xupa B 3epHe, Chl b
BO (hTaroBoM JIMCTE M KJIETYATKHA M KpaxMaja B 3epHe,
Chl b B moadaroBoM JIMCTE M KJIETYATKU B 3€pHE.

Bnausinue npenapata AMuHo CtapT ObLIO He Ta-
KHUM OTHO3HAUHBIM: CTajia MEHee BbIPaXkKeHHOM CBSI3b
conepxanus Chl a B mongiaroBom JIMcTe U KJIeTYaTKU
B 3epHe, Chl b B 06oux 1ucThsIX U Oeska B 3epHe, Chl b
B no(hJIaroBOM JIMCTE U XHpa B 3epHE; CBSI3U COAEP-
xxaHust Chl a B moagraaroBoM JucTe ¢ conepkaHueMm
kupa, kak 1 Chl b B moagdaaroBom JucTe U Kpaxmaja
CTaJIM CTAaTUCTUYECKN He3HAYMMBIMH. B TO ke Bpewms
cBsi3u B mapax “Chl a Bo (piaroBom jimcre—KkiaeTyaTka
B 3epHe” 1 “Chl b Bo (pytaroBoM JIMCTe—XUP B 3epHEe”
YCUIWINCH, CBI3b comepxkaHus Chl b B mondiaroBom
JIMCTE M KJIETYATKU B 3epHE CTaja CTAaTUCTUIECKH 3HA-
yumoii ripu p < 0.05.
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Tadmuua 5. KoadduiimeHTs mapHbIX KOPPEIILuil MEXIy coaepKaHueM XJIopoduiiia B IUCTbIX (MI/T CyXOli MaccChl)
¥ TIoKa3aTeJIIMU KauecTBa (comepxkaHue, %) 3epHa IpOBOro STYMEHS

IMokazarein Chl a Chl b CyMMapHbI# XJ10pohUILI
KayecTBa ®naroseiii | [Tonadnaroserii | ®naroseiit | [Toxdmnaroseiit | Pnaroswiii | [Tomdurarossrit
3€pHa JIUCT JIACT JIACT JIACT JIACT JIUCT
Kontpons 6e3 00paboTku
Benok —0.005 —0.501 —0.744%* —0.868* —0.428 —0.770%*
Kneruarka 0.740* 0.893* 0.651 0.658 0.821* 0.829*
Kpaxman 0.208 0.541 0.617 0.683* 0.479 0.676*
Kup 0.463 0.815* 0.693* 0.769* 0.677* 0.860%*
HekopHesast oopabotka KAC-28
benok —0.576 —0.611 —0.842* —0.885* —0.795* —0.818*
Kneruatka 0.872* 0.918* 0.709* 0.824* 0.845* 0.941%*
Kpaxman 0.266 0.372 0.695* 0.732* 0.562 0.608
Kup 0.826* 0.899* 0.749* 0.856* 0.849* 0.949*
HekopHeBast oopaborka AMuHo CtapT

Bemok —0.029 —0.134 —0.718* —0.712* —0.484 —0.524
Kneruyarka 0.768* 0.792* 0.670* 0.655 0.863* 0.863*
Kpaxman 0.003 0.085 0.507 0.483 0.333 0.352
Kup 0.628 0.655 0.713* 0.692%* 0.813* 0.808*

* KoaddumeHThl KOppensiliMu CTaTUCTUYeCKU 3HaYuMbI ipu p <0.05.

TakuM 00pa3om, B 000MX ONBITHBIX BapUaHTax He-
KOpPHEBOI1 00pabOTKM OTMEUEHbI CTATUCTUYECKU 3HA-
YuMBble KOPPEeJISIIUM BCeX IoKa3aTeseil KauecTBa 3epHa
u cogepxanus Chl b B 2-X BepXHUX JIUCThSIX, TOIJA KaK
11 Chl a cTaTUCTUYECKY 3HAYUMOI OblIa CBSI3b TOJIb-
KO C colepKaHWeM B 3epHe KJIeTYaTKU U XKUpa.

st mpakTUYEeCKOTO MCHOJIb30BAHUS B MOJIEBBIX
YCIIOBUSIX B KQUeCTBE 9KCIIPEeCcC-MeToAa OLIEHKU a30T-
HOrO COCTOSIHUSI PACTEHUI U MPUHSATUST PEIICHUS
0 HE0OXOIMMOCTU HEKOPHEBOI 00pabOTKM B MOCIE -
HUeE TOJBI BCe Yallle MCITOJb3YIOT IMTOPTATUBHBIE XJIO-
podmuioMeTphl, MHOIIA Ha3biBaeMble N-TecTepamu,
tuna SPADS502, Yara NTester M (Konica Minolta,
Japan), uiu CCM200 (OptiSciences, USA). OTmeue-
HO, 4TO TT0Ka3aTeJau 3TUX NPUOOPOB, BBIpaxkaeMble
B COOCTBEHHBIX €IMHUIIAX, KOPPEIUPYIOT C CyMMap-
HBIM cofepKaHueM XJIOpOo(UILIa B IUCThIX 36 PHOBBIX
Kyneryp [9, 11]. IToaTOMY HaMU ObLIX AOIIOJHUTEIb-
HO paccyuTaHbl KO3(M@MULMEHTHI MAPHBIX KOPPETISTLUUNIA
MEXIy TToKa3aTeJIsIMU KauecTBa 3epHa U CyMMapHbIM
colepxkaHueM XJopoduiia B TUCTbSIX paCTeHUI SIpO-
BOTO STYMEHSI, TAaKXKe MpeAcTaBIeHHbIE B Ta0. 5.

Kak crenyer u3 aTX JaHHBIX, CYMMapHOE COlep-
»KaHue xJiopodusuia Bo (JIaroBOM JIUCTE KOPPEIUupyeT
C comepxkaHMeM B 3epHe KJIETYaTKM U K1pa BO BCeX Ba-
puaHTax 0opaboTKH, a Ipu ucroiab3oBaHnun KAC-28 —
ele u ¢ comepxkaHuem Oenka. Uto kacaercs moagna-
TOBOTO JINCTA, TO OTMEUEHBI CTATUCTUYECKH 3HAYMMBIE
KOPPEJISIIIUK CO BCeMU 4-MsI TToKa3aTeIsIMU KauyecTBa
B KOHTPOJILHOM BapuaHTe, HO puMeHeHue KAC-28,
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YCUJIMB CBSI3U C OEJIKOM, KJICTYATKON U XXUPOM, IIPUBE-
JIO K HE3HAYUMOCTH CBSI3U C COAEpKaHMEM Kpaxmaja.
B cnyyae ¢ mpenapatom AMuHO CTapT He3HAYMMbIMU
CTaJIM CBSI3U C colepKaHMeM Oesnka u Kpaxmaia. B oc-
HOBHOM 3TO MOXET OBbITh O0BSICHEHO HU3KUMMU MapHbI-
MU KoppeJssuusiMu ¢ conepxanueM Chl a.

Ha ocHOBe maHHBIX O B3aMMOCBSI3U aHAIM3HUPYeE-
MBIX [TOKa3aTeJieil ObUIM paCCUUTAaHbl yPABHEHUS pe-
rpeccuu, MOKa3bIBAIOLIME KOJIUYECTBEHHOE BIUSHUE
M3MEHEHMSI COllep>KaHUsI IMTMEHTOB B JIMCThSIX HA Ka-
4ecTBO 3epHa (Taoir. 6).

DT ypaBHEHMUS TMO3BOJSIOT BBISIBUTH OEiiCTBHE
HEKOpPHEBBIX 00paboToK Ha 3((PeKTUBHOCTHL pabo-
THI MUTMEHTHOTO arnmapara. Hampumep, yBenndeHue
coJepxKaHUsl CyMMapHOTO xJiopoduia Bo (jaroBom
JucTe Ha 1 MT/T cyXoit Macchl B KOHTPOJbHOM Bapu-
aHTEe TIPUBOAMIIO K MOBBIIICHUIO COMEPKaHUS KIIET-
yatku Ha 0.251, KAC-28 — Ha 0.225, AMuHo CTtapTt —
Ha 0.396%. Jliist comep:kaHus 3K1pa B 3epHEe aHAJOTHY-
Hble BeamauHbl paBHbI 0.125, 0.114 1 0.187%. Otciona
CJIemyeT, 4TO TI0 CpaBHEHUIO ¢ KOHTpOJIeM 6e3 obpa-
0otk npuMeHeHue KAC-28 HeCKoJIbKO CHUXKAJIO 3(-
(beKTUBHOCTb UCMOJIL30BaHUS (DOTOACCUMUISITOB JIJIST
cHHTe3a KjaeTdyaTku u xupa (Ha 10.4 u 8.8%), a ripu-
meHeHue AMuHo Ctapt, Ha000pOT, CYIIECTBEHHO I10-
BeIIIajo (Ha 57.8 1 49.6%).

AHAaJIOTMYHO IS OA(IIaroBOro JIMCTA MOBBIIIEHUE
conepxaHusl xjaopoduiia Ha 1 MI/T cyxoit Macchl co-
OTBETCTBOBAJIO TTOBBILIEHUIO 3P (MEKTUBHOCTY CUHTE3a
kieryaTku ripu oopadorke KAC-28 Ha 10.4%, AMuHO



56 HOCKOBA, JIMCHULIBIH

Tabmuna 6. YpaBHeHUsT perpeccuu, KOJMYECTBEHHO CBS3bIBAIOIINE CyMMapHOE coAepXaHue XJIopoduiia B IUCThIX

M 1ToKa3aTe/in KayeCTBa 3€pHA APpOBOT0 AYMEHA

TMoka3atenb Bapuant v Kosddpuumenr
PaBHEHUE PErPECCUU
KauyecTBa 3epHa 00paboTKu nerepMuHaiuu R
@DJ1aroBblii JTUCT
Benok KAC-28 Y=-0.256X+ 14.412 0.63
Kiretyatka KoHTposb Y=0.251X+ 0938 0.67
KAC-28 Y=0.225X + 1.344 0.71
Awmuno Crapr Y=0.396X—0.944 0.74
Kup Koutposnb Y=0.125X+ 0.498 0.46
KAC-28 Y = 0.114X + 0.601 0.72
Amuno Crapr Y=0.187X—0.351 0.66
IMondnarosslii nuct
Benok Koutpois =—0.221X + 14.391 0.59
KAC-28 Y=—0.211X + 14.054 0.67
Kiergatka Kontponb Y=10.182X+ 1.412 0.69
KAC-28 Y=0.201X+ 1.412 0.88
AmnHo Crapr Y =0.346X — 0.797 0.74
Kup KOHTPOJIb Y= 0.114X + 0.334 0.74
KAC-28 Y =0.102X + 0.629 0.90
Amuto Crapr Y=0.162X — 0.265 0.65
Kpaxman KoHTposib Y= 0.445X + 45.216 0.46

Crapt — moutu B 2 pa3a, Ha 90.1%. CuHTe3 XXupa ycu-
JuBajcs npu oopadborke AMuHo Crapt Ha 42.1, a npu
obpabdorke KAC-28, Haobopor, cHmxancsa Ha 10.5%.
Beposarno, npenapat KAC-28 cHuxan 3¢ dexkTuB-
HOCTh YJIaBIMBaHUS (POTOCUHTETUIECKH aKTUBHOM
paaManMyu MoJieKyJdaMu XJopoduiia, MOCKOJIbKY,
M0 MHEHMIO aBTOpPOB paboThl [31], KOHLIEHTpaL s
JKHpa B 3epHE OMPENesIeTcs TIIaBHBIM 00pa3oM KOJIu-
YeCTBOM COJTHEYHOM SHEPTUM, yIaBINBaeMoil pacre-
HUSIMU B TIEpUOJ] CO3PEBaHUS 3epHa.

SAKJIIOYEHUE

IToay4yeHHBIE JaHHBIE O COAEPKAHUU B 3epHE 3-X
COPTOB SIpOBOTO suMeHs Oenka (8.44—13.1%), kpax-
Maja (47.7—-56.7%), xnetuatku (2.,81—5.95%) u xupa
(1.37—3.00%) yxmampIBaloTCA B TUITUYHBINA JIJIST 3TOTO
BMJIA IIPeael BAPbUPOBAHUS UCCIEN0OBAHHBIX ITOKA3a-
Teseit. I KaxkaIoro U3 U3ydeHHBIX apaMeTpOB Kade-
CTBa OTMEUEHBI 3HAYMMbIE OTIINYUS B BApUAHTAX TIPU-
MEHEHNS HEKOPHEBOI 00pab0TKU B KOHKPETHEIE TOIBI
HCCIIEN0BAHMSI.

B 1ie1oM moromHble ycJIOBMSI rofa BereTauuu
B MPOBEASHHOM 3KCIIEPUMEHTE O0Ka3aaud OCHOBHOE
BJIMSIHME HAa U3MEHUYUBOCTh COIEPXKAHUS XJIOpOduI-
JoB B ucThsax: st Chl a Bo ¢paaroBom nucre — 79.4,
B noadaarosoM — 84.5%, mis Chl b Bo diaaroBom u-
cre — 60.0, B moadaarosoM — 57.4%. BnugHue He-
KOpHEBOII 00paboOTKM ObLIIO CUIbHEe, uyeM (haKTo-
pa “copt” B o6oux nuctbax a1 Chl a (1.4, 1.9 u 0.7,
0.5% cootBercTBeHHO), Wit Chl b — Hao6oporT (1.1, 2.7

n 2.2, 4.3% cooTBETCTBEHHO). B cpemHeM B OIIbI-
T€ BBISIBJIEHO OTPHUIIATE]IbHOE BIUSIHUE HEKOPHEBBIX
00paboTOK Ha coiepXaHue MUTMEHTOB B Toadaaro-
BOM JIMCTe: udMeHeHue conepxanust Chl a moa Biu-
aaneM KAC-28 6nu1o B penenax —2.2...12.0%, non
BaussHueM Amuno Ctapt — —2.9...9.9%; Chl b —
—1.7... —13.3% (KAC-28) u 14.1...1.2 (Amuno CraprT).
Bo ¢aroBom nucte HeKOpHEBBIE 0OPAaOOTKM MPUBE-
JIV K TIOBBIIIEHUIO cofepxkaHus murMeHToB B 2020 T.
(2.4—3.5%), B 2022 T. TIOJIOXKUTEIBHOE BIUSHUE OBLIO
OTMEYEeHO TOJIbKO B BapuaHTe o0paboTtku KAC-28
(tpupoct 2.7% conepxxanus Chl a Bo ¢paaroBom n-
cre). B octanpHbix BapuanTax B 2022 I. 1 BceX Bapu-
anTax B 2021 I. BBISIBICHO CHIDKEHUE CONepKaHUS TTUT-
MeHTOB Ha 5.0—11.2%.

B pa3HbIie ronsl omnbITa BIUSHUE HEKOPHEBBIX 00-
paboTOK OBLIO CTATUCTUYECKM 3HAYMMBIM IJIsT 00e-
ux GopM XJIOpoPUJIJIOB B 000OUX JIMCTHSIX, BAPbUPYST
ot 2.5% (Chl b Bo pnaroBom sncte B 2020 1.) 10 50.8%
(Chl a Bo pnarosom nucte B 2021 r.).

[TpumeHeHrne KAC-28 ycunuiao cBs3b rokaszare-
Jieli KauyecTBa 3epHa C coJepXaHUeM XJIOpO(ULIb-
HBIX TUTMEHTOB 2-X BEPXHUX JIMCThEB MO CPAaBHEHUIO
C KOHTPOJIbHBIM BapuaHTOM. B nonosHeHue K BbISIB-
JICHHBIM B KOHTPOJILHOM BapHaHTe, OTMEUYEeHbl HOBbIE
napbl MPU3HAKOB, 3HAUMMO KOPpPEJUpYIOLIUe APYr
¢ apyrom npu p < 0.05: conepxanue Chl a Bo ¢aaro-
BOM Jucte U xupa B 3epHe; Chl b Bo chjiaroBoM Jucte
U KJIeT4yaTKu U Kpaxmaja B 3epHe; Chl b B moadna-
TOBOM JIMCTE M KJIETYATKU B 3epHe. BiusHue mpe-
napara AMuHo CtapT ObUIO HEOTHO3HAYHBIM: CBSI3U
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conepxanust Chl a B momgaroBom JimcTe 1 KJIeT4aT-
ku B 3epHe, Chl b B 000uX NUCTBIX U OejiKa B 3ep-
He, Chl b B moadraroBoM JIMNCTE U XKKUpa B 3epHE HE-
CKOJILKO OCJIa0JIn; CTaJld HE3HAYUMBIMU CBSI3U COIEP-
kaHus Chl a B moagaaroBoM JUCTe C CoAepKaHUEM
xupa, kak u Chl b B mondiaroBoM JucTe U Kpaxma-
Ja. B To ke BpeMs cBs13u B mapax “Chl a Bo ¢yiaroBomM
JucTe—kJieTyatka B 3epHe” u “Chl b Bo ¢pmaroBom
JINCTEe—KUP B 3€pHE” YCUIUJUCH; CBSI3b COAEpKaHUS
Chl b B noa@daaroBoM JUCTE U KJIETYATKU B 3€pHE CTa-
Jla CTAaTUCTUIECKH 3HAUYNMOIA.

CymmapHoe coaepxaHue xjaopoduana (Chl a +
+ Chl b) Bo (by1aroBoM JIMCTe KOPPEIMPOBAJIO C COAEP-
J)KaHWeM B 3epHe KJIeTYaTKM U KHMpa BO BCeX BapHaH-
Tax 00paboTKu, a rpu ucnoyub3oBaHuum KAC-28 — eie
U ¢ coaepxxaHueM Oenka. JIis1 mondiaroBoro J1cTa oT-
MeUYeHBI 3HAYMMBIe KOPPEJISIIINA CO BCEMU TTOKa3aTe-
JISIMY KadyecTBa B KOHTPOJIHLHOM BapHUaHTe, HO TIpUMe-
HeHue KAC-28, ycunus cBsI3u ¢ 0€JIKOM, KJIETUYaTKOM
¥ XXUPOM, TIPUBEJIO K HE3HAYUMOCTHU CBSI3U C COIEP-
’)kKaHWeM Kpaxmaja. B BapnaHTe mpuMeHeHUsT AMMU-
Ho CTapT He3HAYMMBIMM CTAJIM CBSI3M C CONEpPKaHUEM
Oesika u kpaxMaja. CorniacHO ypaBHEHUSIM perpeccuu,
yBEJIMUYEHUE COACPKaHUSI CyMMapHOro Xjaopoduiia
BO (bJTaTOBOM JIUCTE Ha 1 MT/T CyXOif MaccChl TIPUBEIIO
K TIOBBIIIEHUIO CONEPXKAHMS KIIETYATKA B KOHTPOIb-
Hom BapuanTe Ha 0.251, KAC-28 — na 0.225, AMuHo
Crapt — Ha 0.396%. [lns conep:xaHus XHUpa B 3epHE
aHaJIOTUYHbIE BeJIUYMHBI ObLIM paBHBI 0.125, 0.114
u 0.187%. Takum 00pa3oMm, 110 CPaBHEHUIO C KOHTPO-
JeM 0e3 o0paboTku, npumeHenne KAC-28 cHuxa-
J10 3(pPEKTUBHOCTh UCMOJb30BaHUS (DOTOACCUMMUJIS -
TOB JIJIsI CUHTe3a KjaeTJyaTku 1 xupa (Ha 10.4 u 8.8%),
a mpuMeHeHre AMuHO CTapT, Ha060POT, CYIIECTBEH-
HO noBbimano (Ha 57.8 u 49.6%). AHaJIOrMYHO ISt
moAdIIaroBOro JMCTa, TMTOBBIIIIEHNE COMEePKaHUS XJT0-
pocdunna Ha 1 Mr/r cyxoil Macchbl COOTBETCTBOBAIO
ycuaeHUI0 3(p(EeKTUBHOCTU CUHTE3a KJIETYaTKU IIpu
obpaboTke KAC-28 Ha 10.4%, Amuno Ctapt — noutu
B 2 pa3a, Ha 90.1%. CuHTe3 XX1pa yBeInYnBaCs Mpu
o0paboTtke AMuHo Crapt Ha 42.1, a mpu oOpaboTKe
KAC-28, nao6oport, cHuxajcs Ha 10.5%.

B 1ienom, mosyyeHHbIE JaHHbBIE YKa3bIBaIld Ha BO3-
MOXHOCTD ITPOTHO3a COAepKaHMS OCHOBHBIX ITOKAa3a-
TeJieil KauecTBa 3epHa SIPOBOTO SIYMEHSI 10 coaepxKa-
HUIO XJOPpODUUIBHBIX TUTMEHTOB BO (DJIarOBOM WJIU
noa(hJIaroBoM JUCThSIX PACTEHUM B (ha3e LBETCHUSI.
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BIMAHWE HEKOPHEBBIX [TOAKOPMOK OPTAHO-MWHEPAJIbHBIMHA YAOBPEHUAMMU

Effect of Top-Dressing on Chlorophyll Content in Barley Leaves
and Its Relation to Grain Quality Parameters

E. N. Noskova’, E. M. Lisitsyn“*

! Rudnitsky Federal Agricultural Research Center of the North-East,
ul. Lenina 166a, Kirov 610007, Russia

*E-mail: edaphic@mail.ru

The effect of top-dressing at tillage phase by Polydon® Amino Start organo-mineral fertilizer and KAS-28
liquid mineral fertilizer on the state of the leaf pigment complex of spring barley cv. Novichok, Rodnik
Prikamya and Pamyati Rodinoy and its relationship with grain quality parameters was studied under field
conditions of the Kirov region of the Russian Federation in 2020—2022. Significant effect of top-dress
treatments on pigment content in the flag and second leaves was revealed. The use of top-dressing with
KAS-28 enhanced the association of grain quality parameters with the chlorophyll pigment content of the
two upper leaves compared to the control variant. The effect of Amino Start was not uniform: some of
the connections were somewhat weakened compared to the control, some intensified, and some became
statistically significant. The total content of chlorophyll correlated with the content of cellulose and fat in
the grain in all treatments. Compared to controls, the use of top-dress treatments altered the effectiveness
of using of photoassimilates of both leaves for cellulose and fat synthesis. The obtained data indicate the
possibility of predicting the content of the main parameters of spring barley’s grain quality by the content
of chlorophyll pigments in flag or second leaves of plants during the flowering phase.

Keywords: pigments, protein, starch, cellulose, fat, correlation, flag leaf, second leaf.
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BBEAEHUNE

TTonydyeHune cTabUIBHON pacCTUTEIBLHON MPOIYKIIMU
Ha UCKYCCTBEHHBIX CyOcTpaTax B TEIIMIIAX M HA MOY-
BE C HU3KUM TUIOAOPOIMEM Ha CEJIbXO3YTOIUsIX BO3-
MOXHO C IIPUMEHEHMEM CUCTeM yaoOpeHusi. OmHum
13 X BaXXHBIX KOMITOHEHTOB SIBJISIETCSI OPTaHUIECKOE
BEILIECTBO U €T0 “aHaJloTh”’ — T'YMUHOBBIE IIpeHaparkl.
B Hacrostee BpeMst U3BECTHBI YIOOPEHUSI Ha OCHOBE
rymMaTOB U JIMTHUHA (JIMTHOTYMAT, JIUTHOCYJIb(OHAT),
KOTOpbIE OTVIMYAIOTCS TTPOM3BOACTBEHHBIMU LIUKIAMU
U UCXOIHBIM ChIPbEM, CIYKAIUM JIJIs1 X nojaydeHus |1,
2]. T'ymuHOBBIEC TIpenapaThl HA OCHOBE I'YMaToOB, KOTO-
pble MoJIyJaroT 13 yrieil (JieoHapaurta), TopchoB U ca-
nponeneit, conepxar 1—10% coneit GyabBOBBIX KUCIIOT,
a Ha OCHOBE JIMTHOTYMAaTOB — U3 IPEBECUHBI, LIEJITIONIO-
3bl U comepxat 10 40% coneii GyabBOBBIX KUCIOT [3].

DynbBOKUCIOTHI OTIMYAOTCS HU3KUM COICPKAHU -
€M a30Ta U BbICOKOM pacTBOPUMOCTBIO COJIEM B BOJIE.

§ HccnenoBaHue BBINMOJHEHO B paMKax coBMecTHO# Tembl HUP
Ha 2021—-2025 rr. 1a6opaTopuy KOPHEBOTO MUTAHUS U KauyecTBa
pacTeHUit u 1abopaTOpUn arpo’KoJoruu dakynabreTa Mo4Bo-
BeneHuss MI'Y um. M.B. JlomoHocoBa “Pa3paboTrka u olieHKa
KOMIIJIEKCa MHHOBAIIMOHHBIX arpOXMMHUYECKUX MpernapaTos,
MEJIMOPAHTOB, PETYISTOPOB POCTA B YCJIOBUSIX arpo-, TEXHOTe-
He3a ¥ TOPOICKOM cpenbl”.
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DyrpBOBEIE KMCTOTH HAKATUTUBAIOTCS B KJIETOTHOM
COKE BO BCEX OpraHax pacTeHHs, TeM CaMbIM IIPOSIB-
JIIST CTUMYJTMPYIOITEe M BOCCTAHOBUTEIBHOE NeHCTBHE
Ha NPOTSKEHUHU BCETO BEr€TALIMOHHOIO MIEpUo/ia pac-
teHuii. [ToaToMy npumeHeHue ynoopeHus ¢ ¢pyabBO-
KHUCJIOTaMU Jydllle paboTaeT Mpu HEKOPHEBOM IIpH -
MEHEHHUM, a TP BHECEHUH B TTOYBY 00si3aTe/IeH MOJIUB
pacteHusi. Ho cyliecTBeHHbIE OTJIMYMS CBOMCTB Ty-
MUWHOBBIX MMPEINapaToB CBSI3aHbI C JOMOJHUTEIbHBIMU
MpUMECSIMU U 0aIJTaCTHBIMU BKIIOUEHUSIMU B 3aBUCH -
MOCTU OT TEXHOJIOTUU MPOU3BOACTBA, CJIEAOBATEIbHO,
MOXKET ObITh HESICHBII Pe3yJIbTaT Mpy MPUMEHEHUU Ta-
KUX ynoOpeHuit [4].

HecoMHeHHO BaxXHO M aKTyaJIbHO 3HAThb OCOOEH-
HOCTU IIPUMEHEHUSI IUTHOTYMATOB B CUCTeMe yno0pe-
HUS KYJBTYP, BIpAIllMBAEMbIX B TEIJIMYHBIX YCIOBU-
sx. B maHHoI paboTe u3ydyeHue ynoopeHus: ObLIO aK-
LIEHTUPOBAHO Ha JIUTHOTyMAaTax, MOJydeHue KOTOPhIX
SKOHOMUYECKHU OINPaBIaHO MPU YTUIU3ALUU PACTU-
TeJIbHBIX OTXOAO0B JIECHOI 1 nepeBO0OpadaThIBaKOILICHH
npoMbIlLJIeHHOCTH. Llenb paboThl — U3ydyeHUEe BIIU-
SIHUSI yIOOpEHUsI Ha OCHOBE JIMTHOTYyMaTa U XeJaTOB
MUKPOBJIEMEHTOB (MeIU U LIMHKA) Ha Ka4eCTBO IOJIy-
YEeHHOI pacTUTEIbHON IIPOAYKIIUM — cajiaTa JIMCTOBO-
TO U MSTBI IEPEYHOI B BEreTALIMOHHOM OITBITE.



BIMAHUE PASHBIX CITOCOBOB BHECEHUA INTHOT'YMATA

METOANKA MCCIEJOBAHUA

BereTalimoHHBIN OMNBIT ObLI 3aJ0KEH B TETLIMUILIE
M3 CETKU-pabuUIIbl Ha 0a3e (haKyabTeTa MOYBOBEACHUS
MTI'Y um. M. B. JlomoHOCOBA IO OOIIENTPUHSITON Me-
TOIMKE TIPU €CTeCTBEHHBIX BJIAXKHOCTH BO3IyXa, OCBe-
IIEHHOCTHU U TeMIlepaType OKpYyKarollei cpebl.

Ilepen 3akmnaakoii ombiTa TOpdsIHOM cyOcTpat
He TpeboBajl TOMOTeHU3alUH, T.€. ObLT OMHOPOIHBIM.
B BogHOIM BBITSIKKE MCXOIHOI'O TOP(sSIHOIO cyocTpa-
Ta (BEpXOBOIi MPOM3BECTKOBAHHBINM He3arnpaBiieH-
HbIIA Mapku “Arpo6ant-C”) onpenensyii KUCIOTHOCTb
(pH) — nmonomerprueckum metomoM (ITOCT 26423-85),
aMMMAYHbBIK a30T — (DOTOMETPUUYECKMUM, HUTPATHBIN
azoT — poroMeTpuyeckuM 1o IpanaBanb—JIstKy, doc-
(op — poroMeTpruecKMM IOCIe OKpalmmBaHus 1o He-
HUXeE, Kauii — MIaMeHHO-(QOTOMETPUYECKUM Me-
tonoMm (TOCT 27753.6-88). ConepxxaHnue MUKPOSJIe-
MEHTOB (LIMHKAa U MEIW) B PACTUTEJIbHON MPOAYKIIMUA
OTPENEIISUI METOAOM TUIAMEHHO aTOMHOM afncopOoimmn
nocye cyxoro o3onenust (FOCT 26573.2-2014).

B ucxonHom cyberpare pH Ob11 paBeH 5.84, conep-
>KaHKe aMMOHMITHOTO a3ota — 2.1, HuTpatHoro — 15.8,
MOIBIKHOTO (hocopa — 24.2, MOABMKHOTO KaJIus —
440 mr/Kr Bo3aylIHO-cyxoro Topda. Ilepen 3aknan-
KOi1 ombITa B TOP(sTHOIT CyOCTpaT BHOCHIA OCHOBHOE
(6azoBoe) ynoOpeHue, B COCTaBe KOTOPOro ObLIU aM-
muayHad ceautpa (NH4NO;), nBoiinoit cynepdocdar
(Ca(H,PO,),"H,0) u xnopun xanusa (KCl), ns pacue-
Ta 1181 Kaxxaoro ynoopenust 100 Mr a.B./KT BO3AYIITHO-
cyxoro Topga. MUKpoaJIeMEeHThI IIPUMEHSIIA B XeJIaT-
Holt (popme B 103ax 3 MI 1.B. MeIM U 23 MT 11.B. LIMHKa
Ha | KT Bo3ayiHo-cyxoro Topda. Bece ynoopeHust BHO-
CUJIM B TOp® B BUAE BOAHBIX pacTBOPOB. [0TOBBI Cy0-
CTpaT TIIATEIBLHO TIepeMeIInBaIM U HAOMBaJIM B CO-
CyIbl, BeC BO3AYLIHO-cyxoro Topda cocraBui 0.51 Kr
Ha cocyn oobeMoM 3 1.

B kadecTBe opraHMYECKOTO YIOOPEHUS TIPUME-
HSITA TTIOPOIITKOOOPA3HBIi MPOAYKT C KOMMEPUYECKUM

Taoummna 1. Cxema BeretTallMOHHBIX onbITOB 2021—2022 IT.
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HaszBaHueM “JIurHorymat®” (MapKa A, Mpou3BOACTBa
HITO “Peanmn3anusa DKomormdeckKux TexHomormii”,
Cankr-IletepOypr).

OnuH u3 1oKa3aHHbBIX 3(P(PEeKTOB BHECEHUST TYyMU-
HOBBIX MTPEINapaToB B TPYHTHI — 3TO YMEHbIIIEHUE OHO-
JIOTUYECKOI AOCTYIMHOCTHU Tsixkenbix MetaioB (TM)
¢ o6pa3oBaHMEM KOMIUIEKCa TYMIUHOBOE BEIIECTBO—
meTan [5, 6]. Bonpoc o MpogoJKUTETbHOCTU CBSI3bI-
BaHUs (DUTOTOKCUMKAHTA, TUMUTHUPYIOIIETO YCIOBMS
noctyruieHuss TM B pacteHue, Maiao usydeH. I1oaTo-
MY B CXEMY OITbITa BKJIIOUEHBI BADUAHTHI C BHECEHUEM
B Top( XeJaTHbIX ynoOpeHuitl iimHka (Zn) u meau (Cu)
B Ka4eCTBE MUKPO3JIeMeHTOB (MD).

Bce MmuHepanbHbIEe yIOOpeHUs, JUTHOIyMaT, Xe-
JIaT MEeIM U XeJlaT LIMHKA BHOCWJIU B TOp® (KOpHEBOE
BHECEHUE) U JOMOJHUTEIbHO MPUMEHSIM IUTHOTYMAT
B BUJIe HEKOPHEBOI (JIMCTOBOI1) MTOAKOPMKHU B TIEPUO],
pocTa pacTeHMii, a TaKXKe COBMECTHO: BHOCUJIM JINT-
HOTyMaT B TOp® U B BUJIE JIUCTOBOM nmoakopmku. Cxe-
Ma OIbITa BKJItoUajia 9 BApUaHTOB B 3-X MOBTOPHOCTSX
IJIST KaxKIOM KyJIbTyphl — cajlata JuctoBoro (Lactuca
sativa L.) copra ButaMuHHBIN U MIThI epeyHON
(Mentha piperita L.) copta KybaHnckas-6 (ta6a. 1).

JIurHOTYMAaT MMPUMEHSIN CIIEIYIOIINMHU CIToco0a-
MU: KOpHEeBOe BHeceHue — 143.5 mr/cocyn (13 pacue-
ta 100 MT yriepoaa/Kr BO3AyLIHO-cyxoro Topda). [Ipu
JIMCTOBOIT 00pabOTKe MPUMEHSIJIM PACTBOP JIMTHOTY-
Mmata B KoHleHTpauuu 0.01% (1 r mpenapara/in BOIbI
COIJIACHO MHCTPYKIIUU MO MTPUMEHEHUIO JTUTHOTYMa-
ta (https://lignohumate.ru/primenenie-lignogumata/
normy-i-sposob-vneseniya-udobreniy/), ero HaHOCH-
JIX 10 TIOJIHOTO cMauMBaHus Jucta. KopHeBoe BHece-
HUE JIMTHOTYMaTta MpOBOAWIM MPHU 3aKJIanKe OMbITa,
JIMCTOBYIO 00pabOTKy — JABaKIbl 3a BereTallMOHHBII
nepuon Ha 14-e u 24-e cyT mocJje Havyaja OIbITa.

ITociie monroroBku cyocTpaTa, BHECEHUST ymoOpe-
HMIA 1 HAOWBKY COCYZIOB TTPOBOIVIIM TTOCEB CEMSTH caJla-
Ta ucToBoro (Lactuca sativa L.) 1 TocaiKy yKOpeHEHHbIX

BHeceHue ynoopeHust

Bapuanr, Ne 6aszoBoe (NPK) surHorymar (JI) xesarsl MO
1 (KOHTpOIB) 0 0 0
2 K 0 y
3 K 0 e
4 K K 0
5 K 1 0
6 K K+ 0
7 K K K
8 K 1 o
9 K K+ K

IIpumeuanue. 0 — yno6peHue He nmpuMeHsiu, K — KopHeBoe BHeceHue, JI — nucroBas o6pabdorka, K + JI — cMemianHoe

IIPUMEHCHUE.
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YepeHKOB MSTHI niepeuHoit (Mentha piperita L.) Bbico-
Toii 10 cM o 3 pacreHus B cocyne. Cocynbl YBIAKHSIIN
U YKPBIBAJIM ApMUPOBAHHBIM OeJIbIM HETKAHBIM MaTepy-
aJIOM IJIST CO3MAHMSI OTITUMAJTBHBIX YCIIOBUI alarTaliin
pactenuii. Yepes 5 CyT yKpbITUE CHUMAIH, JIJIs1 paCTeHUIA
cajiaTta MpOBOIWIN TIPOPEXKUBAHUE 10 8-MU PACTECHUI/
cocyn. B xone npoBeneHMst BETeTALIMOHHOTO OIbITa ObLT
OpPraHM30BaH CUCTEMAaTUYeCKUii MOJIUB U YXOII 3a pacTe-
HUSMU, CBOEBPEMEHHOE yaajieHUe COpHSIKOB. [1pu mo-
JIUBE COCYIOB IUISI BEIpABHUBAHUS YCIIOBUI OCBEIICHUS
Jiesiajiv MX TepecTaHOBKY Ha cTesulaxe. YOOpKY pacTu-
TEJIbHOI MPOIYKLIMKY MPOBOAWIN: cajlata — Ha 32-e cyT
U MIThI — Ha 80-¢e cyT 1ocJe nmoceBa. PacteHust cpezanu
HOXHUIIAMH, B3BEIIMBAIIA, OTOMPATIN CPEITHIOI TTPOOY
(F'OCT 58588-2019).

B nucThsix pacTeHuUit onpenessiivu coaepKaHue 00-
mero asora, ¢gocdopa, Kajausi, HUTpaTHOT'O a30Ta,
0eJIKOBOrO a30Ta, HUHKA YU MEIU 110 TOCTUPOBAHHBIM
MeTonukaM [7], GoToMeTpUIEeCKUM METOIOM OLICHM-
JIM aKTUBHOCTb MUTMEHTHOI'O KOMILJIEKCa IT0 CoepKa-
HUIO xJIopoduiia a 1 6, a TaKXKe KapoTUHOUIOB [§],
aKTUBHOCTb (DepMeHTa KaTajla3bl — TUTpOBaHUeM [9].

OpraHuzaluio BereTallMOHHBIX OMBITOB U MPOBE/e-
HUE HaOJIONEHUI OCYIIECTBIISUIN 10 OOLICTTPUHSITHIM
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metoaukam [10]. CtaTucTuueckyto oOpabOTKy OIbIT-
HBIX JAHHBIX TPOBOAWIN B rporpammax MS Excel 2013
u Statistica 10.0. JlocToBepHOCTb pa3Il4uUii ONpeaeisiiii
o BenmmunHe Kputepust @uitepa (F) ipu ypoBHE 3HAUU-
moctu p <0.050 [11].

PE3VJIBTATbBI 1 UX OBCYXIEHWNE

BusyanbHO poOCT M pa3BUTHE TECTOBBIX PaCcTEHUIA
B ONBITHBIX BapUaHTaX ObUIM COIIOCTaBUMBI C KOHTPO-
JieM. CpaBHUTEILHBIN aHAIM3 ChIPOIl 1 CyX0oil OmoMac-
CBhI cajlaTa 1 MSITHI II0Ka3aJl CYIIeCTBEHHOE IPeBbIIIe-
HUE 3TOT0 IT0Ka3aTessl 10 CPaBHEHUIO C KOHTPOJIbHBIMU
BaprlaHTaAMU.

MaxkcumarbHas TIprudaBKa cyxoi 6rmoMacchl (55—61%)
OTHOCHTEJIBHO KOHTPOJIS TIOJTy9eHa B OITBITE C CaJlaTOM
B BapuaHTax 8 1 6, MAThl — Ha 315—353% OTHOCUTEILHO
KOHTPOJIsI B BapyuaHTax 8 1 9 (puc. 1).

HawubGonrbias ceipast 6momacca cajaTa, peBbIlIaio-
1ast KOHTPOJib Ha 18—26%, Obli1a OTMEUEHa B BapUaHTax
6 u 8, marsl (Ha 23—28%) — B BapuaHTax 2, 4 u 7. [1o-
JIY4EHHBI pe3yJabTaT MOXKHO OOBSICHUTH OMOJIOTHYE-
CKUMU 0COOEHHOCTSIMU KYJIBTYpP (BBICOKASI TECHAS CBSI3b

Cajat IMCTOBOM
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Puc. 1. buomacca BIaXXHBIX M CyXHUX PACTCHUI B BApMaHTax OIbITa C IPUMEHEHUEM YI0OpeHUi, % OTHOCUTEIbEHO KOH-
tpost. HCPys mpnbaBKu ypoxkas CBexell MpoayKuuy canara — 5.3, cyxoit — 1.4%, cexeit MATHI — 5.4, cyxoit MaTsl — 1.6%.
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nokazareneid — > 0.91) 1 ux TpeGOBaHUSIMU K KOJIUYe-
ctBy Biaru (r = 0.89—0.90). /Ins1 BelpaiiBaHMsi cajgaTa
ONITUMAJTBLHBIN YPOBEHB BIIAXKHOCTH CyOCTpaTa ObLIT paBeH
60—70% nanmenbIeii BraroeMkocT (HB), MATHI (Bl1a-
romo6usoro pacrenus) — >80% HB.

JlaHHBIE KOPPEJSIIIMOHHOTO aHaIN3a TTOKa3aJId TeC-
HYIO TIPSIMYIO CB$I3b, paBHYIO > 0.999 (p < 0.050) mexmy
CIICAYIOLIMMU BapUAaHTAMU: B OIIbITE C CajlaToM — 6 1 8,
9;:8u9; maroit —2u3,4,6;6u7;8u9, T.e. criocod
COBMECTHOTO BHECEHMS JIMTHOrymarta Obl1 3 dexTu-
BEH Ha 3eJICHHBIX KYJIbTYpax, B YaCTHOCTH, canate. J1ys
MSTHI OB MOJy4eHBI HEOTHO3HAYHBIC PEe3YJIBTaThl,
B BapraHTe BHECEHMsI 0a30BOTO KOPHEBOTO YIOOPEHUS
HE YCTAHOBIIEH CYIIEeCTBEHHBIN 3(P(PeKT MpruMeHeHUS
M3 u aurHorymara.

ITpu BEIpaIIMBaHUM cajlaTa PEKOMEHIOBAaHBI ClIe-
IyIolIMe nmoka3zaTenu cogepxkanus azota (N), dpocdo-
pa (P,05) n xamma (K,O) B Topdsanom cyberpare: 400,
420, 1000 mr/kT cyxoro Topda COOTBETCTBEHHO; MSIThI —
240, 360 u 240 mr/kT [12]. B ncxomHomM cybcTpare ero
00ecrneueHHOCTbh HUTPAaTHBIM a30ToM ObLTa paBHa 15.8,
ochopom — 24.2 u kanuem — 440 Mr/Kr, 4TO OTJIMYA-
JIOCh OT ONTUMAaJIbHBIX MOKa3aTesell 1151 pocTa KyJib-
TYpbl 1 KOMIIEHCUPOBAJIOCh BHECEHUEM YI0OpEHUIA.
[To ypoBHIO 3HAYMMOCTH OCHOBHBIE 3JIEMEHTBI TUTAHUS
pacriojiarauch B yObIBaloIel MOCIeA0BaTeIbHOCTHU:
N—P—-K—-S—Mg—Zn—Fe—B—Mn—Cu—Mo, e acppex-
Thl MEIX U MOJIMOAEHA ObLTM MaJo3aMeTHBIMM U TIpei-
CTaBJISIIA cO0O0I COBMECTHOE BIUSIHUE (KOMOMHALIUIO)
¢ N, P, K, S no tuny B3aumoneiictsus 2-ro nopsiaxa [ 13].

[To JaHHBIM JTMCTOBOI AMATHOCTUKHU OLIEHWJTN JOCTa-
TOYHOCTD YCIOBUIA TUTAHUST PACTEHMII B pa3HbIX BapUaH-
Tax ornbITa (Tad. 2).

OmnpeneneHo CYIIeCTBEHHOE MPEBBLILIEHUE CO-
JepXaHUSI MaKpOd3JIEeMEHTOB BO BCEX BapUaH-
TaX OMNbITA OTHOCHUTEIILHO KOHTPOJIS: B OIBITE C Ca-
JJaTOM cojepKaHue a3oTa ObLIo Oosblle Ha 16—32,

docdopa — Ha 6—59 u Kanust — Ha 4—16% (3a uckioUe-
HUEM BapuaHTa 6), B OIBITE ¢ MATOM: a30Ta — Ha 1141,
¢ocdhopa — xa 20—111 (3a uckmodeHrneM BapuaHTa 9)
u Kaymst — Ha 22—83%. Jlydive ycioBUst TATaHMS a30-
TOM [JTsI 00enX KYJIBTYp ObUIM B BapuaHTe 6, 4TO ITO/I-
TBEPXKIAJIO COMep:KaHMe TaHHOTO 3JIEMEHTa B JIMCTHSIX
canaTa, paBHoe 130 1 MsAThI — 141% OTHOCUTEIBHO KOH-
TpoJist. OnTUMalbHbIE YCIOBUSI ITUTaHUS (pochopom
¥ KaJiieM OBUTA BO BCEX BaprMaHTAaX OIBITOB: IS cajlaTa
JIyqInuM BapraHToM O0buT Ne 9, st Matbr — Ne 2 1 Ne 5.
¥ camara KopHeBas cucTeMa ciabopa3BuTa, IIO3TOMY
CBOICTBa CcyOCTpara OIpeNesioT pa3BUTHE KOPHEBOM
CHICTeMBI U TIPONYKTUBHOCTb pacTeHuid. JIncTtoBas mmomn-
KOpMKa yIOOPEeHUSIMH TTO3BOJISIET BEIpAIIMBATh pacTe-
HUSI, OTHOCSIIIIMECS K TPYIIIIE XKeITO-3eeHHbIX KyIbTYp,
METOIIOM THIPO- U a3POTIOHMKMN.

B nmutaHuu pacteHuit 04eHb BaXKHBI MUKPO3JIEMEH -
Thl. HanmpuMep, IMHK CONEpPKUTCS TIOYTU BO BCEX BaXK-
HBIX (hepMEeHTaX U BIIMSIET Ha 00pa30BaHNE POCTOBBIX Be-
ILLIECTB, HAKOIUIEHUE OMOMACCHI U CTPECCOYCTOMUMBOCTD.
B cajate oTMeueHO yMeHbIIIEHNE COAePKaHMsI TaHHOTO
BJIEMEHTA B BapyaHTe 2, B JIMCThSIX MSIThI — B BapHaHTax
4—6, 8, 9 (Tabm. 3).

Menpb BXOIUT B COCTaB (DEpMEHTOB U YBEJIMUMUBAET CO-
JepxkaHue xjopoduiiia, MOBbIIIAeT yCTOMYMBOCTD pac-
TEHMII K TPUOHBIM 1 OaKTepUaIbHBIM OOJIE3HSIM. YMEHb-
LLIEHWE KOJIMYECTBAa MEIW B JIUCThSIX cajaTa HaboaaIu
B BapMaHTax 2, 4, 5, MSThI — B BapuaHTe 4. YCTaHOBJIEHO,
YTO JIMCTOBAs MOJAKOPMKA U KOPHEBOE BHECEHUE JIUTHO-
rymara (Co3aaHue YCIOBUI N30BITOYHOTO a30THOTO MH-
TaHWST) IPUBOIWIN K Ae(PULIMTY MUKPOSJIEMEHTOB (Meu
W 1IMHKA) B 3€JICHHON KYJIBTYpe 1 JIeKapCTBEHHOM pac-
TeHuu. [ToaToMy nprMeHeHre XeIaTHBIX (DOPM JaHHBIX
3JIEMEHTOB HEOOXOIMMO /15 YIydllEHUsI KauecTBa MoJTy-
YaeMo TIpONYKIIUHU.

HutpaT-uoHbl MOTYT HaKariMBaTbhCs B JIUCTbIX
KYJIBTYp 3a CUET BBICOKOI KOHLIEHTPALlUU a30Ta B Cy0-
cTpaTe, YTO MPUBOAUT K TOPMOXEHUIO aKTUBHOCTHU

Taomuna 2. ConepxaHue MaKpO3JIEMEHTOB B HaA3eMHOI Oromacce pacTeHuit, % OT KOHTpOJIst

B Canar Msita

apuant, Ne a3oT docdop Kanuit azoT docdop KaJIuii
1 (koHTpOJIB)* 3.51 1.06 2.97 2.70 0.71 2.52
2 123 120 108 117 211 127
3 123 108 104 135 179 122
4 116 106 107 131 153 153
5 121 117 107 123 152 183
6 130 129 96 141 120 176
7 124 132 103 111 174 173
8 120 132 107 122 199 134
9 132 159 116 134 85 131

ITpumeyanue. Ommnobka omnbita coctaBmia <10%. To ke B Ta6i. 3, 4.

* dakTyeckoe comepxaHue B KoHTpoute (% B cyxoM BelecTse), npuHsaToe 3a 100%. To xe B Tabi. 3. 4.
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Ta6mua 3. Conep:xaHre MUKPO3JIEMEHTOB B HaJI3eMHOI Macce pacTeHUid, MI/KT

Canar Msrta
Bapwmant, No

LIMHK Melb LIMHK Mellb
1 (KOHTpOJIB)* 54.8 1.6 44.5 4.1
2 90 63 100 117
3 114 177 107 159
4 106 53 89 95
5 107 90 91 100
6 110 183 98 141
7 106 205 104 144
8 131 256 88 120
9 121 238 86 100

KaTanasbl. JlJaHHBIN (pepMEHT U3 Kjlacca OKCUI0pe-
JIyKTa3 ydyacTBYeT B pa3pylIeHUU TOKCUUYHOTO MepPOK-
cHMIla BOIOpoaa, HaKaruIMBaeMoTo B KJIeTKaxX B MPO-
ecce Metabosnusma. Bo Bcex BapraHTax OombITa OT-
MEYEeHO BBICOKOE€ COAepKaHWE HUTPATOB B JIMCTHIX
canarta B quarna3oHe oT 5420 no 9240 mr/xr npu TTAK
IJIsT TMCTOBBIX oBoleit, paBHoit 2000 mr/kr (CanlluH
2.3.2.1280-01). Haubousblilee KOJIMYeCTBO HUTPATOB
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AXTHBHOCTB KaTaJIa3bl B JINCT biX,

AKXTUBHOCTB KaTajla3bl B JINCTBAIX,

B JINCThSIX CajlaTa OTHOCUTEIBLHO KOHTPOJISI OBLIO B Ba-
puaHTax 5—7, 9, rae NpuMeHsIM JIMTHOryMaT. DTO I10-
3BOJIUJIO TIPEATIOJIOXUTh, YTO JUCTOBOE U COBMECTHOE
C KOpPHEBBIM BHECEHUE JIMTHOryMaTa Ha 3eJIeHHO
KyJIBType TIPUBOAMIIO K HAKOTIJICHUIO HUTPATOB B JIU-
CTBSIX pacTeHuii (puc. 2).

MsTy nepeyHyo UCOJB3YIOT 7151 €1kl B HEOOJIBIIIUX
KOJIMYECTBAX, OCHOBHAsI YaCTh HUTPATOB HAKATLTBACTCST
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Puc. 2. ConepkaHre HUTPATOB U aKTUBHOCTb KaTajlasbl B ChIPOil GMOMacce pacTeHMiA (B OMBITE C CalaTOM: KOHTPOJIb —
6230 mr NO;™ /kt 1 6.3 MT H,0,/1; ¢ MstTO# — 3210 Mr NO;3™ /KT 11 43.6 Mr H,0,/T COOTBETCTBEHHO).
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Ta6mua 4. ConepxxaHre (GOTOCUHTETUIECKUX MTUTMEHTOB B JIMCTBSIX PACTEHUI, MT/T ChIPOii MacChl

ITurmeHTHI
BapuanT, Ne 1 | 2 3 1 | 2 | 3
cajar MsITa

KonTtposp* 0.205 0.077 0.094 0.581 1.69 0.616
2 109 106 101 203 69 119
3 85 77 90 204 60 120
4 75 70 86 202 55 117
5 116 119 101 206 77 121
6 90 91 97 210 54 122
7 99 88 100 208 63 122
8 69 64 78 210 52 122
9 113 108 104 208 61 122

ITpumeuanue. B rpade 1 — xmopoduin a, 2 — xnopodusut 6, 3 — KapOTUHOWIHI.

B cTeOJisIX. YeraHoBiieHo npeBbiiieHre [TJIK HutpatoB
B JIUCTBSIX MSITBI B BapyMaHTax 3, 7 MpU JUCTOBOM IO~
KOpPMKE XeJJaTHBIMU MMKPOYIOOPEHUSMU C IMHKOM
¥ MeZIBlo, a B BapHaHTe 6 — TIpY COBMECTHOM (KOPHEBOM
¥ JIMCTOBOM) BHeceHuu JiurHorymara (ITJIK nurparon
it Matel — 2000 Mr/kT). JIMCTOBOE TIpUMEHEHNE XeJlaT-
HbIX yA0OPEeHUIT He CHUMAJIO MPpo0JieMy HAKOTUIEHUSI HU-
TPaToOB B PACTUTEJILHOM TTPOMYKIIAH.

B nucThsX canata BO BCeX BapuMaHTax OMNbITA OT-
MEYeHO CHIDKEeHME aKTUBHOCTH KaTajasbl Ha 4—7%
10 CpaBHEHUIO C KOHTPOJeM. B ombiTe ¢ MATOI BBI-
SIBJIEH 00paTHBIN 3 (eKT, T.e. BHECEHUE TI000ro yao-
OpeHUsT pa3HbIMU CITOCOOaMU MOBBIIIATIO0 AKTUBHOCTD
Kartajnassl (Ha 24—38%) u, cnemoBaTeIbHO, TIPOUCXO-
IUJIO YCUJIEHUE IBIXaHUS ¢ 00pa3oBaHMEeM TOKCHY-
HOTO JIJISI paCTeHUI TTIepOKCUIa BOIOPOJa, KOTOPOTO
JIeaKTUBUPOBAJ JaHHbIN (pepmMeHT. MaKkcumalbHbII
3 deKT B oNbITe ¢ MIATOM OTMEUEH MpU IIPUMEHEHUN
XeJaTHBIX ynoopeHuit MO B BapuaHTe 3 U B BapuaHTax
4, 5 ¢ npuMeHeHueM JIUTHOTyMmarTa.

JloroJIHUuTeIbHOE TTpUMEHEHNE YIOOpEHMT B BUIE
JINCTOBOM MOAKOPMKHU BET€TUPYIOIIUX PACTEHUI BIIUSLIO
Ha TIporecc poTocuHTe3a (comepXaHue XJIOpO(PULUIOB
a ¥ 6 1 KapOTUHOWIOB B JIMCThsIX) M OMOMACCy B 1LI€JIOM.
OTMeUYeHO CHUKEHUE COAEePXKaHUSI XJIOpoduLia a OTHO-
CUTEJTbHO KOHTPOJISI B JIUCTBSIX cajiata B BapuaHTax 3, 4,
6, 7, 8, B INCThSIX MSATBI 9TOTO He Habmonanu (tao. 4).

[TokazaHo yBeanuyeHue KoJIrvecTBa Xxjopobduia 6
B JIMCTBSX cajlaTa, XapaKTepHU3YIOIIEro CTPECCOBOE
COCTOSTHME PacTEeHUi B BapuaHTax 2, 5, 9, B IUCTbSIX
MSIThI 3TOro He oTMevaiu. [ToBbllIeHre conepKaHus
KapOTUHOWIOB YKa3bIBaJIO Ha CTETIEHb 3PEIOCTH JI-
CTbEB cajiaTa B BapuaHTe 9 U MITbl — BO BCEX BapUaH-
Tax onbita. [I[puMeHeHUe y10OpeHUi CTUMYIMPOBAJIO
ITOCTOSTHHBIN POCT pacTeHUI caiara, HO B clIyJae C CO-
BMECTHBIM (KOPHEBBIM 1 JTUCTOBBIM) BHECEHUEM JINT-
HorymMmaTa U JOTIOJHUTEJbHBIM BHECEHUEM XeTaTHBIX
MDB-ynobpeHuii cogepkaHue KapoTUHOUIOB ObLIO
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MaKCUMaJIbHBIM, UTO XapaKTepU30Bajo He TOJIbKO CO-
3peBaHUe, HO U CTapeHue pacTeHuil. buosorus MsaThl
OTJIMYHA OT cajaTa JUCTOBOTO (OMHOJETHSIS 3eJIeH-
Hasl KyJIbTypa), IIO3TOMY BBICOKOE CcolepKaHue Kapo-
TUHOWIOB M HU3KOE colepskaHMe XJIopoduia O B ee
JIUCTBSIX MOXKHO CUUTATH TTOJIOKUTEIBHBIM 3PP eKTOM
BHECEHUSI U3YYEHHBIX YI00pEeHUIA.

JaHHbBIC OIBITAa pa30WIIK Ha 2 TPYITITBL: TIPOTYKTHB-
HOCTh ¥ (DYHKIIMOHATBHOCTD PACTeHUI MO BIUSTHUEM
ynoopeHuit. s mpoayKTUBHOCTU BblIEJIEHBI TTapHbIE
KOPPE/ISILIMOHHbIE 3aBUCUMOCTU: OUOJIOTHUSI KYJIBTYphI
M KOJIM4YeCcTBO chIpoit bromacckl (» = 0.901, p < 0.050),
IpYMMEHEHUEe JIUTHOTyMaTa U CUCTeMa YIOOpeHMUs
(r = 0.816), 6uosorus KyJIbTyphl M YCBOCHUE ITMHKA
n a3ota (r = —0.816... —0.872), HaKOIJIeHKE BJIaTy B pac-
TEeHUU U XeJlaTHoe yaoopeHue 1uHka (r = 0.813); mis
(byHKIIMOHAIBHOCTH OIPEEICHBI CIEAYIOIINE TapHbIe
KOPPEJISILIVK; OMOJIOTHsI KYJIBTYPhI M aKTUBHOCTb KaTajia-
3bl (r = 0.992, p < 0.050), conepxkaHrie HUTPATOB U XJIO-
podwmia a (r < —0.900), conepxaHne HUTPATOB 1 HAKO-
IJIeHKe BIIary B JICThX (r = 0.850) (Tabm. 3, 6).

[Ipu momoIM MPSIMOTO TMOLIArOBOTO AUCKPU-
MUHAHTHOTO aHaju3a ObLIM OTOOpaHbI Claeaylolue
HauOoJiee 3HaUMMBbIe (paKTOphI, BIUIBIINE Ha Kaye-
CTBO PaCTUTEIbHOIN MPOAYKLINU: OMOJIOTHS KYyJIBTYPBI,
pueM ymoOpeHus, comepkaHne dJIeMeHTOB (a3o0Ta,
docdopa, kanusa, Mean), IpUMEHEHNE JIMTHOTYMaTa
U cofepKaHue HUTPATOB. MeTogaMu MHOXECTBEH-
HOIi perpeccuu yCTaHOBJIEHO, YTO Ha HAKOILJICHUE ChI-
poii 6omMacchl OCHOBHOE BIIMSIHME OKa3biBal (haKTop
Guosioruu KyaeTypel — 37% (kpurepuii F = 15.999 >
> Fyp= 8.9, p <0.00018). Pesynbsrarer ananmsa pasim-
yrii 9(pHeKTOB HA OCHOBE CTATUCTUKM JIsIMO/1a YrJikca
MoKa3aJiv, YTO IJIABHBIMU MEPEeMEHHBIMU MEXIY Ba-
puaHTaMM OTIbITa ObLIM OMOJIOTUST pacTeHUsI, 0a30BoOe
ynoopenue (NPK) u nurHorymar (kputepuii asismona
Yuskca cocrasun 0.02748, kputepnii F=18.25> F, =
= 3.69, p <0.0013).
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BbIBOJ1bI

1. YcraHoBI€HO, YTO AJs cajiaTa JUCTOBOro (of-
HOJIETHE! 3eJIEHHOM KYJIbTYphl) caMbIM 3(eKTUB-
HBIM CITOCOOOM yI0OpEHUsI OBIJIO COBMECTHOE KOPHE-
BO€ U JIMCTOBOE BHECEHUE JTUTHOryMarta. g jgekap-
CTBEHHOI MHOTOJIETHEM KYJIBTYPbl — MSATHI IIEPEYHOM
MpUMEHEHHWE JUTHOTyMaTa He 0Ka3ajo 3HaYUMOTO0
MEeUCTBUSI HA HAKOTUIEHUE TOTIOJTHUTEIbHO Ouomac-
cbl. [TokazaHo, 4To NMpu BeIOOpPE CIIOCOOOB MPUMEHE-
HUs U TUNA yI0OpeHUs ObLIO CYLIECTBEHHBIM BIWSIHUE
OMOJIOTUM KYJIBTYPHI.

2. YcTtaHOBIIEHO, YTO JIMCTOBAS MOIKOPMKA JTUTHO-
ryMaTOM M €r0 KOpHEeBOe BHeceHUe (hopMUPOBAJIO Jie-
(buUT Menu ¥ LIMHKA B IMCThSIX KaK 3€JIEHHOM KY/b-
TYpBI, TaK 1 JeKapcTBeHHOro pacrenus. Heodxonumo
JJI YAyYIIeHHWsT KadeCcTBa MoIydyaeMoi pacTUTEIbHO
NPOAYKIINN AOMOJHUTEIBHO C BHECEHMUEM JIMTHOTY-
MaTa IIPUMEHSITh XeJaTHbIe (POPMbI MUKPO3JIEMEHTOB
C MEIbIO U IIMHKOM.

3. CoYHOCTb JTUCTHEB U HAKOILJIEHUE BJlaru B ca-
JlaTe W MSIT€ 3aBUCEJIO OT COAEpPXKaHUS B TOP(PSIHOM
cyOcTpaTe CoOeMMHEHMI LIMHKA, YTO MOATBEPXKIal BbI-
COKMI TTOJIOKUTENbHON KO3 OULIMEHT KOPpPEeasILuu
MeEXIy OMOJIOTUYECKOM Baroit u neuunuToM JaHHO-
ro mukpoasiemeHTa (r = 0.8123, p < 0.050).

4. Iloka3aHo, 4TO IMCTOBasE 0OPAbOTKA JIMTHOTYMa-
TOM MSTBHI CHIDKAJIa comep:kaHe HUTPATOB B paCTCHU-
sx. [ 3eNIeHHBIX KYJIBTYp Ha TIpMepe cajlaTa KOpHEBOE
1 COBMECTHOE C KOPHEBBIM JIMCTOBOE BHECEHIE JIMTHOTY-
MaTa CyIIECTBEHHO YBEJTMYMBAJIO ColepKaHNe HUTPATOB
(npesbiienue [1IK aurparoB B 2.5—4.6 pa3za).

5. JIucToBO€ BHECEHUWE JIUTHOTYMAaTa yBEJIUYUBAIIO
conepkaHue XJI0po(UIUIOB @ 1 6 B TUCThsIX cajaTta. B Ba-
pHMaHTe C JIMCTOBOI 00pabOTKOIT TUTHOIYMAaTOM B KOM-
OMHAIINN C XeJJAaTHBIMI MD oTMedeHO HaMeHbIIlee Co-
JiepXaH1e KapOTUHOMIOB B CaJlaTe, YTO XapaKTepU30BaIo
MPOIOJIKUTENbHBIN MepUOJ aKTUBHOTO POCTA KYJIBTYPHI.
711 MHOTOJIETHETO paCTEHUS MSTHI TIEPEUHOM peakius
MUTMEHTHOTO KOMITJIEKCa ObllIa MEHee BhIPasKeHHOIA.

6. CaMy10 HU3KYIO aKTUBHOCTb (hepMEeHTa KaTajia3bl
OTMEUaJIN B JINCThSIX cajlaTa B BApUaHTE COBMECTHOTO
BHeCeHUS (KOPHEBOTO U JIMCTOBOTO) IMTHOTYMAaTa B KOM-
OMHALIMY C XeJITaTHBIMUA YIOOPEHUSIMM MEIW M IIMHKA.
JaHHBI (hepMEeHT SIBJISICTCST TIPUPOTHBIM OMOKaTaIn3a-
TOPOM, HI3KOE ColepkaHIe KOTOPOTO XapaKTepr3yeT OIl-
TUMAJIbHBIE YCJIOBHS JIJIST POCTA PACTECHUIA.

Bripaxkaem 01aromapHoOCTh KojieraM oTaesia maTojio-
TUY CagoBBIX U AeKOopaTUBHBIX KyasTyp BHUMU duto-
MaTOJIOTUU: 3aBEAYIOLIEH OTIEI0M MaTOJOrMHU AeKopa-
TUBHBIX U CAJOBBIX KYJIBTYp K.0.H. Cepoit Jluguu I'e-
OprueBHE U HaydHOMY coTpynHUKY KanembeT MpuHe
HukonaeBHe 3a MoMollb B MOATOTOBKE MOCAT0YHOTO
MaTepuasa (Y4epeHKOB MSThI TIEPEYHOI ), HEOOXOIUMO-
To JJ1s1 MPOBEAECHUS UCCIIeA0BaHNS.
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Influence of Different Methods of Application of Lignogumate
on the Product Quality of Green Crops and Medicinal Plants

E. B. Pashkevich**, G. E. Larina®, M. V. Parachina“

“Lomonosov Moscow State University, Faculty of Soil Science,
Leninskie gory 1, bld. 12, GSP-1, Moscow 119991, Russia

bAll-Russian Scientific Research Institute of Phytopathology,
ul. Institute, posses. 5, Moscow region, Odintsovo district, r.p. Bolshye Vyazemy 143050, Russia

*E-mail: pashkevich05@list.ru

The effectiveness of the use of lignohumate on lettuce (annual, green crop) and peppermint (perennial,
medicinal plant) grown under the conditions of vegetation experiments was studied. The combination of
lignohumate with the introduction of chelated fertilizers containing trace elements (zinc, copper) into peat
showed a significant positive effect in obtaining high-quality plant products. The most effective was the
fertilizer system, which included a combination of lignohumate with chelated forms of zinc and copper:
the increase in lettuce biomass was 29—32, mint — 71—-79%, the content of macro- and microelements
in plants became optimal.

Keywords: fertilizers, humic preparation, lignohumate, green culture, medicinal plant, productivity,
photosynthetic pigments, lettuce (Lactuca sativa L.), peppermint (Mentha piperita L.).
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VIK 631.81:633.31./37:633.1:632.11:631.559(470.31)

BJIUAHUE YIOBPEHUS, HOPM BBICEBA BOBOBOTO
KOMIIOHEHTA U MOTI'OAHBIX YCJIOBUIM HA YPOXAMNHOCTH
" HAKOILVIEHUE PACTUTEJIbBHBIX OCTATKOB
JIOTINMHO-3JIAKOBBIX CMECEN
HA 3EPHO B IIEHTPE HEYEPHO3EMbA

© 2024 r. B. B. Kononuyk'*, C. M. Tumomenko', T. O. Hazaposa!, B. /I. IIITeipxyHos!,
E. A. Tymunosa!, T. B. Cmommna', I. B. Mopo3osa!, E. A. Komuccaposa?

! Dedepanvubiil uccredosamenvckuil uenmp “Hemuunosxa”
143026, Mockosckas 06a., e.n. Odunyoso, p.n. Hoeousanoseckoe, yn. Aepoxumuxoe, 6, Poccus

2Poccuiickuii 20CY0apCcmeeHH bl a2papHbLil 3a04HbLI YHUBepCUmem
143907 baarawuxa, Mockoeckas 00a., ya. Illocce Dnmyszuacmos, 50, Poccus

*E-mail: vadimkononchuk @yandex.ru

Ha cpenHeoKyaIbTypeHHBIX CPeIHECYITIMHUCThIX JePHOBO-IIOA30IUCThIX MouBax LlenTpanbHoro He-
YEepPHO3EMbsI, XOPOIIIO 00eCTIeYeHHBIX MOABKHBIM (hocchopom u kaiaueM (IV—V kiacc), BeipalimBaHue
JIIOIIMHO-3/IaKOBBIX CMECEil Ha 3¢pHO C Y4aCTUEM Y3KOJIMCTHOIO JIFOIMHA copTa JIamHbIi, MIIEeHUIIbI
SIPOBOIA, STAMEHSI ¥ OBca cOPTOB HeMUYMHOBCKOI1 CeIeKIIMHY MTOC/Ie 3€PHOBBIX MPEAIIeCTBEHHUKOB B YC-
JIOBUSIX U3MEHSIOIIETOCS KJIMMaTa 00ecIieunyIo TToJydeHre 3epHa B cpemHeM 3a 5 et mo 3.0—3.7 T/ra
¢ moseit 6060Boro KomroHeHTa 29—57% 1 ocTaBjieHUE B IIOUBE CYXOM MACChl pACTUTEIbHBIX OCTATKOB
1o 6—8 T/ra ¢ HaKOTUIeHWEM B Heit obmrero azora no 40—60 Kr/ra u 6uonormyeckoro — 12—17 kr/ra.
B 3acymmuBeix yenoBusix (I'TK 0.80—0.92) o ypoxkaifHOCTH ¥ Macce pacTUTEIbHBIX OCTaTKOB B JIy4-
1IIYI0O CTOPOHY BBIAEISAIACH CMECh JIIONIMHA ¢ suMeHeM, Tipu nepeysiaaxkHeHuu (I'TK = 2.47) — cmecu
C y4acTHeM OBCa U sIpOBOI1 MMIIIEHUIIbI. BKiIIOUeHME B TEXHOJIOTMYECKUI TTPOLIECC KUAKUX MUKPOYIO-
OpeHUit OpraHMYECKO TIPUPOIBI CO CTUMYTUPYIOMINM 3 (MEKTOM TSI HEKOPHEBBIX TTOJKOPMOK CHUMA-
JI0O HEOOXOAUMOCTb ITPEAIIOCEBHOIO BHECEHUS a30THOIO YIOOPEHMS U B YCIOBUSIX YMEPEHHOM 3aCyIIUIN-
BOCTH ITOBBIIIAJIO YPOXKAKHOCTD 36pHA B 3aBUCUMOCTHU OT cocTaBa cMecu 10 3.9—4.9 t/ra (Ha 53—59%),
BBIXOJl PACTUTENIBHBIX OCTaTKOB — 10 7—11 T/Ta (Ha 54—139%), a B HUX — HAKOILIEeHHEe CUMOMOTUYECKU
CBSI3aHHOTIO a30Ta — A0 15—25 kr/ra uiau B 5—8 pa3 0osibliie, yeM 0e3 UX UCIIOIb30BaHUS.

Knarouesvie crosa: JIIOIMMH, CMCIIaHHLBIC ITOCEBbLI, COCTAaB, IOoroaa, yL[o6peI-me, PaCTUTCIbHLIC OCTAaTKU,

OMOJIOTUYECKHUIA a30T.
DOI: 10.31857/50002188124040084, EDN: dljdke

BBEAEHUNE

Poccuiickoe 3emienenre Ha COBpEMEHHOM JTalle
(byHKIMOHUPYET B YCIOBUSX AeUIINTAa OpraHUUYe-
CKMX yIOOpEeHUIi 1 B MepByo ouepenb — HaBoza KPC
B CBSI3U C MEIJICHHBIM BOCCTaHOBJIEHMEM TTOTOJIOBBSI.
Hcnonb3oBaHue Mist yIoOpUTENbHBIX LEIei MTUYbe-
IO TIOMeTa ¥ CBUHOTO HaB03a COMPSIKEHO C BHICOKUMU
3aTpaTaMM Ha UX T10pabOTKy MPUMEHUTEIBHO K Tpebo-
BanusMm ['OCT.

CornacHo craructuke [1], B HeuepHosembe Ha |
ra rmocesa B 2022 I. ObIO BHECEHO OpraHUYECKHUX yI0-
O6peHwuii Bcero 2.2 T/ra, NIaBHbIM 00pa3oM B BUIE TOP-
(ha 1 mpoaykToB ero nepepadorku. IToaromy B co-
XpaHEHUU M BOCTIPOM3BOICTBE TJIONOPOAMS 30HAb-
HBIX TIOYB CYIIECTBEHHO BO3pacTaeT pOJb U 3HAYCHHE

69

pPaCTUTEbHBIX OCTATKOB MOJIEBbIX KYIbTYp. VX 3amar-
Ka TI03BOJISIET OT POTAIIMK K POTAllMM CEBOOOOPOTOB
MOCTEeNIeHHO OOHOBJISITh U HapalllMBaTh CoAepKaHue
OPraHUYECcKOro BelIeCTBa B MTaXOTHOM CJIOE, YCUIU-
BaTb OMOJOTMYECKYI0 aKTUBHOCTD MOYBBI, YIY4IIATh
MoKa3aTejil arpOXMMUYECKUX CBOMCTB [2—5].

CKOpOCTh M CTeTIeHh MUHEPATN3alli PACTUTEIb-
HBIX OCTaTKOB OTIpefe/sieTcs] KaK KIMMaTu4eCKUMU
YCJIOBUSIMU, TaK U Ka4€CTBOM MX OPTaHUYECKOTO Be-
mectBa (cootHomeHuss C: N), KOTopoe B CBOIO O4e-
pellb TECHO CBSI3aHO C €r0 COCTABOM.

ITo naHHBIM MCcieOBaHW, MPOBEAECHHbBIX B MO-
cJIeHKE TONnbI [6—8], B paCTUTEIbHBIX OCTaTKaX OTHO-
BUJIOBBIX TIOCEBOB 3¢pHOOOOOBBIX KYJIBTYP Ha 36pHO
oTHomeHue C: N B cpeHeM BapbUpOBaJIO B UMara3oHe
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(18—20): 1, B cMelIaHHBIX — paclupsioch A0 (25—31):
1, SpoBBIX 3epHOBBIX — 10 (39—59): 1, 03UMBIX U KYKY-
py3bl — 10 (53—61): 1. [1pu aTOM 3a rof mocie 3amnani-
KU COJIOMBI M TTIOXKHUBHO-KOPHEBBIX OCTATKOB MUHE-
panusoBanoch 82, 77, 65 u 58%, rymudukauuu mnosi-
Beprajioch 18, 23, 35 1 42% coOTBETCTBEHHO.

ComlacHO 3TUM M ApYyTUM uccienoBaHusam [9—11],
MOCTYIUIEHWE B MOYBY CYXOif MacChl pacTUTENb-
HBIX OCTaTKOB OMHOJIETHUX 6000BO-3JTaKOBBIX CME-
cell TIpu BBIPAIIMBAHUKM Ha 3¢pPHO B 3aBUCUMOCTHU
OT cocTaBa, MPUMEHEHUS yIOOpeHW 1 MTOYBEHHO-
KJIMMATUYECKUX YCIOBUI M3MEHSIOCHh B Mpeaeaax
2.5—7.0 T/ra U B cpaBHEHUU C HEYTOOPEHHBIM KOH-
TpoJieM Bo3pacTtaiio B cpeaHeM Ha 19—41%. C pactu-
TeJIbHBIMU OCTaTKaMM B ITOYBY BO3BPAIIAJIOCh: OOIIIETO
azora — oT 13—16 no 30—48 kr/ra, dpocdopa — ot 8§—10
1o 14—19 xr/ra, kanmust — ot 26—32 mo 56—60 xr/Ta.

IpuBeneHHBIE MaTepUaIbl CBUIETEIIBCTBYIOT O CY-
1IECTBEHHOM BO3BpaTe 3JIEMEHTOB MUTAHUS B ITOYBY
C paCTUTEJIbHBIMU OCTaTKaMU OAHOJIETHHUX 0000BO-
3J1aKOBBIX CMeceil 1 0 BO3MOXHOCTH €ro peryjiupoBna-
HUSI C TOMOIIBIO DJIEMEHTOB arpotexHosjoruu. [1pu-
MEHUTEJIbHO K JIIOITMHO-3JIAKOBBIM CMECSIM Ha 3€pHO
B YCIIOBUSIX M3MEHSIIOIIETOCs KiiuMara HeuepHozembs
TEXHOJIOTMIECKIE ACTIEKTHI TTOBBIIICHUS TTPOTYKTHB-
HOCTH U HaKOIJIEHUS] PACTUTEJIbHBIX OCTaTKOB TPEOyeT
JnanbHeiero usyyeHus. Lleab paboThl — BbISIBIEHUE
0COOEHHOCTEH BIAMSHUSI MAaKpPO- U MUKPOYAOOPEHUIA
U HOPM BbICEBA JIIOMIMHA B CMECSIX Ha YPOXKAaHHOCTh
3epHa, MacCy pacTUTEIbHBIX OCTATKOB U HAKOTIJICHHE
3JIEMEHTOB TTUTAHUS B Hell TIPU pa3TUIHBIX TTOTOTHBIX
ycinoBusx B Llentpe HeuepHo3zeMHoit 30HB1 PD.

METOANKA MCCIEJOBAHUA

OOBeKT MccaemoBaHUs — JAIOIMHO-3JIaKOBBIE
CMeCHM Ha 3epHO C YYaCTHUEM OIHOJIETHErO JIIOMU-
Ha JeTepMUHAHTHOTO TUTa copTa JlamHbIi, MMIIeHmn-
bl spoBoii copToB JInza (2018 r.), Arara (2019 r.),
3nata (2020—2022 rr.), suMeHs1 copToB HamexHbiii
(2018—2019 rr.), 3marosip (2021 r.), MockoBckuii 86
(2020, 2022 rr.), ieHyaroro osca copta Axos (2019—
2020 r.), rono3zepHoro — coprta Asuib (2021—-2022 rr.).

Nccnenopanue mpopoauam B 2018—2022 rr.
Ha onbITHOM T1ojie DU “HemumnHoBKa”, pacmnoo-
XKeHHOM B HOBOMOCKOBCKOM aIMWHUCTPATUBHOM
okpyre I. MockBbI HenoaajieKy oT asponopTa “BHy-
KOBO”, y HacelleHHoro nyHKTta KpuBouienHo B cepun
KpaTKOCPOUHBIX MOJIeBbIX oNbITOB. [IpeniiecTBeH-
HUK — SIpOBbI€ 36PHOBBIE.

[TouBa — IEpPHOBO-TOA30MCTasI CPEAHECYTIIMHU-
cTasi Ha MOpeHHOM cymiuHKe. [Tocie yoopku mpen-
IIeCTBEHHUKA B IMaxoTHOM cyioe 0—20 cMm B pa3HbIe
rofbl conepxkainock: rymyca — 1.4—2.1%, P,O5 u K,O
(mo KupcanoBy) — coorBeTcTBEHHO OT 160—250
10 300—350 u or 130—160 mo 180—220 wmr/kr,

pHyc — o1 4.6—5.2 10 5.8—6.7 en. ¢ mocTeneHHbIM
MTOHIKEHMEM OT Havajla K KOHILy ccienoBanust, H. —
oT 0.94—1.90 no 2.30—3.50 mr-sxB/100 T.

CxeMa JByxX(aKTOPHOTO OTbITa BKJII0o4aja 2 Bapu-
aHrta ynoopenus (paktop A) — PK, NPK u HopmbI BbI-
ceBa JilonuHa B cMecsix (paktop b) — 1.4—2.0 muH/Ta
¢ marom 0.2 maH/ra. B HacTosiiyo paboTy BKIIOUE-
HBI PE3yJIBTAThI, IIOJYIeHHBIC B BAPMAHTAX C HOPMaMU
BeIceBa 1.6 m 1.8 MuTH/Ta, TIPOXOOSIIINMHU Yepe3 BeCh
5-NeTHUI LUKIT UCCIETOBAHMUSI.

Ho3bl P,O5 B pa3Hble rofpl BApbUPOBAIN B IIpene-
nax 30—100 kr/ra, K,O — ot 30 no 150 xr/ra u B cpen-
HeM 3a 5 jet cocraBiagiau P60K80. Mx BHeceHuUe
C OCEHU MOJI 350b MOIIEPKUBAIO 00eCIeYeHHOCTD
IMAXOTHOTO CJI0S MOABUXHBIM (POocHOpoOM U KaaueM
Ha yKa3aHHOM BbIlIe ypoBHe. J103a a30Ta MpH MPeJIIo-
CEBHOM BHECEHUU BO BCe rofnl cocrasisuia 50 Kkr/ra.

Cucrema 3alIMTHBIX MEPONPUITUI B CMEIlIaH-
HBIX MTOCEBaxX COCTOsIa U3 MPOTPaBIMBaHUS CeMsH
¢ ucrnojb3oBanuem ®dynmazona, CIT (2018—2019 rr.),
TMT, BCK + Taoy, BCK (2020—2021 rr.), Butapoc,
BCK + Ta6y, BCK (2022 r.) u nByKpaTHOIt 00paboTKu
MOCeBOB B TeueHUue Beretauuu (pasbl 2—3 mapbl Ju-
CTheB, OyTOHM3a11s1) 0AKOBOI CMeChIO U3 (DyHTULIMAA
Komnocans I1po (2018—2021 rr.), Cnuput, CK (2022 1.)
u nHcexktuuuaa Jdanagum, KO (2018 r.), Hemuc I1po-
du, K9 (2019 r.), bopeii Heo, CK (2020—2022 1T.).
I'epOununbl He mpuMeHsIM. Bo Bce CpoKU MCMOIb30-
BaHUSI MECTULIMIOB, BKJIIOYAsl TPOTPAaBIMBAHUE CEMSIH,
B 0aKOBYIO cMeCh JO0ABJISIIN XKUJAKNE MUKPOYI00pe-
HUSI OPTaHUYECKOU MTPUPOJIbI C POCTCTUMYIUPYIOIIUM
U aHTUCTpeccoBbIM apdexkrom: B 2018—2020 rr. — T'y-
mucTuM Zn, B 6emopycckoro npousBoacTsa, B 2022 T.
npenapathl, npousBeneHHble B ®PI: nmpu npotpas-
JuBaHuu — AmMuHo30ia + Jlebo3zon—3aaTtryr Mukc,
B nepuon Beretauuun — Jlebozos-MonubaeH (¢dasza
2—3 mapsl qucTtbeB) u Jle6ozon-bop (¢paza 6yToHU-
3auuun), B 2021 I. pOCTOCTUMYISITOPBI HE UCTOIb30-
Banu. Bo Bce roapl B JeHb ITOCeBa ceMeHa JIIoMUHa
oOpabaTbiBaii pU3OTOP(UHOM C aKTUBHBIM IIITAM-
MoM N,-dukcupyromux 6akTepuii Tpou3BoaCTBA
BHUUMCXM (r. [Tymkun JleHUHTpagckoii ooI1. ).

IToceB mpoBOIMIM B JIy4UllIMe arpOTeXHUYECKUE
cpoku cestkoii Amazone 9. [MecTMUuAbI U CTUMY-
JIUPYIOLLIME TIpernapaTthl B IEPUOJ BEreTallui BHOCUIU
LITAHTOBBIM OMpbICKUBaTeJIeM Amazone ¢ IUPUHOK
3axBara 12 M. [Iyis1 BeIUJIeHEHUS NeiCTBUS MOCe-
Hux B 2022 1. ucrnojib3oBaau pe3ynabraTel 2021 ., M0-
JIydeHHBIE 0e3 IPUMEHEHUST CTUMYJISITOPOB B CXOTHBIX
METEOYCIOBUSIX.

YyeT ypoxasi 3epHa B dase IMOJHON CIEeJOCTH
(1—-2 nexana aBrycra) — CIUIOIIHON MOAEISIHOYHBIM
CeJIEKIIMOHHBIM KoMbaliHoM Wintersteiger. [lnomanb
TEeJISTHKY TIEpBOTO Topsiaka — 192, BToporo — 64, y4eT-
Has — 32 M, MOBTOPHOCTh YeThIpEeXKpaTHas.
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[Tpu 3aKjanke MmojaeBbIX 3KCIIEPUMEHTOB, IPOBEIE-
HUU YYETOB U HAOJIOACHUI PyKOBOJACTBOBAIUCH PEKO-
MmeHgauusmu [12—15].

ATpOXMMUYECKU aHAIN3 CYyXOM MacChl COJIOMBI
¥ TTOXXHUBHO-KOPHEBbIX 0cTaTKOB (ITKQO) BhIMONHSIIN
B aKKPEAUTOBAHHOU J1a00OpaTOpUX MAacCOBBIX aHAJIU -
30B MHCTUTYTA 110 MeTonukaMm u 'OCTam, IpUHSATHIM
B ATpOXMUYECKOI CTyKOe.

MeTeopojoruuyeckue yciaoBUsI BereTallMOHHO-
ro repuoja OT BCXOAOB [0 MOJHOM CIeJIOCTU 3epHa
(1-a nexaga mas — 2-sg aekana asrycra) 2018—2022 rr.
CYIIIECTBEHHO OTJIMYAJINCh OT CPEIHUX MHOTOJETHUX
nokazateneit. [Ipu cpenHeit MHOrosieTHei HOpMe THU-
JIPOTEPMUUECKOTO KO3 (UILIMEHTA 32 YKa3aHHbII Tie-
puon, paBHoit 1.48, B TeueHue 4-x jet (2018—2019,
2021—-2022 rr.) HaOmomaay OpoOSIBJICHUE 3aCYIIIN-
Boctu (I'TK coctaBnstma ot 0.80 no 0.92), onuH rox
(2020 1.) xapakTepu3oBajcs M30BITOYHBIM yBJIAX-
HeHueM (I'TK = 2.47), yTo oka3bIBalIO BIUSHUE KaK
Ha YpOXalHOCTb 3€pHa, TaK U Ha HAKOIJIEHUE MaCChl
OPraHMYeCKOro BEUIECTBA PACTUTEIbHBIX OCTATKOB.

PE3VIJIBTATBI UX OBCYXIEHUE

YcTaHOBNIEHO, YTO MPU CpeaHel 3a 5 JIeT ypoxaii-
HOCTH 3epHa CMeIIaHHbIX ITOCEBOB Pa3IMYHOTO COCTa-
Ba, paBHoit 3.05—3.71 1/ra, ¢ noneit 6060BOro Kom-
noHeHTa 29—57% cyxast Macca pacTUTEIbHBIX OCTaT-
KOB cocTaBisiia 6.3—7.7 T/Ta ¢ comepXaHUeM JTIOTMHA
32—46% w BKITIOUAJIa COJIOMY, CTEPHIO Ha BBICOTE Cpe-
3a 12—15 cM u KopHu B ciioe 0—20 cM ¢ morpaBkoit
Ha IIOJIHOTY y4eTa, paBHyio 1.4 [15].

B cpenHeM B BapuaHTax ynoOpeHUs] 1 HOPM BbI-
ceBa JIIOMMMHA B CMECSX B HEll HaKaIIuBaJloCh: 00-
mero azora — ot 37 10 59 kr/ra u CMUMOMOTHUYECKHU

cBsizaHHoOro — 9—17 kr/ra. Bo3Bpar B nouBy (occopa
coctaBui 29—49, kanust — 109—185 kr/ra.

HaunGomee BBICOKMMM BeTMYMHAMU BO3BpaTa a30Ta
BBIIEISJINCH CMEIIaHHBIE TTOCEBBI JIIOIUHA C IPOBOM
MIIEHWIEN U C TJIEHYaThIM OBcoM, docdopa 1 Ka-
JIVSI — JIIOITMHO-OBCSIHBIE cMecH (Taba. 1).

C yBenn4yeHUEM BJaroodecrneyeHHOCTH MOCEBOB
(I'TK = 01 0.92 no 2.47) cMmecu J10oNuHA ¢ MIIEHU-
LIEil 1 OBCOM YBEJIMUMBAJIU HE TOJIBKO YPOXKAWNHOCTH
3epHa B cpemHeM Ha 28 u 61%, HO u pa3Mephbl HaKoO-
TUIEHUS CYyXOil MacChl pacTUTEIHLHBIX OCTAaTKOB Ha 66
u 111% 3a cuet pocTa J0JM 3JIaKOBOIO KOMIIOHEHTA
B OCHOBHOI ¥ TTOOOYHOI ITPOAYKIIMY COOTBETCTBEHHO
B cpenHeM ¢ 50—70 mo 66—72% u ¢ 55—66 no 71-75%,
a B Hell — HaKOIUICHUS JIEMEHTOB MUTaHusl: hocdo-
pa — B 3.1-3.4 pasa (¢ 21—-27 no 66—92 kr/ra), Ka-
s — B 2.3—2.6 paza (¢ 88—109 mo 204—282 xr/ra).
B 3HaunTeNbHO MeHbIIEl CTeNeHW Bo3pacTaio HaKo-
mieHue azota — Ha 10% B conome u I[1KO nronuHo-
MILEHUYHON cMecu U Ha 68% — cMecH JIIoI1HA C OB-
coM. PasmMephl HakoIUIeHUs (PUKCUPOBAHHOTO a30Ta,
B omnuue oT N, O BAMSAHUEM U30bITOYHOTO YB-
JIAXKHEHWs YMeHbIIAIKUCh Ha 57—79% w1 He TIpeBbIIia-
Jii 5—6 Kr/ra BCJIEACTBUE OTPULIATEIbHOIO BIMSIHUS
nocJyieqHero Ha mpouecc N,-dukcauuu [16].

CMech JIIONKMHA C SYMEHEM MHa4de pearupoBaja
Ha TIOBBIIIICHUE YPOBHS YBJIAXHEHHST B TEUCHHE Be-
rerauuu. M3-3a HeraTUBHOM peak MU 00OUX KOM-
IIOHEHTOB Ha Ype3MEpPHOE BhIIIaIeHNE OCAIKOB OT-
MEUYEHO CHHMKEHME YPOXANHOCTU 3€pHa B CPEAHEM
¢ 3.60 mo 2.67 1t/ra (Ha 26%). B T0o Xe BpeMsT Mac-
ca pacTUTENIPHBIX OCTaTKOB yBeIM4YMBaiach Ha 12%,
a B Heil — HakorieHue P,Os u K,O Ha 96 u 50% co-
OTBETCTBEHHO. Pa3Mepbl HaKOTIIeHUS 00IIEero a3o-
Ta TakxXe Bo3pacTanu Ha 34% wnu B cpenHeM c 38

Ta6mmma 1. BiussHue cocTaBa JTIOIMMHO-3JIaKOBBIX CMECe Ha YPOXKAWHOCTh 3€pHA, MAacCy PaCTUTEIIBHBIX OCTATKOB
¥ HaKOIJICHME B HEU 2JIEMEHTOB MUTaHUs (CPEIHETONOBbIC BEIMUMHDI)

CocraB cMmeceii
+
MokazaTens JIIOTTVH + TIIIeHULA JHOLIH + STIMEHD J‘T)IOHI/IH OBEC .
sgpoBas (2019—2022 rr.) TJTeHYaThIA rOJIO3ePHBIN**
(2018—2020 rr.) ) (2019—2020 rr.) (2021-2022 rr.)
3.05 3.71 3.43 3.34
7 * AL EANEE e Tor e T
YpoxaliHOCTb 3epHa 31 35 29 57
Macca pacTUTEITbHBIX 7.0 6.3 7.3 7.7
OCTaTKOB* 40 34 32 46
X 59 42 54 37
— skek =L L = =L
gz N 17 9 12 14
28
EE§ |POs 36 29 49 32
%5 &
=1 <
T25 K0 127 109 167 185

* Ham yepToii — T/ra, o 4epToii — noJjisi 6060BOro KOMIIOHEHTa, %.

** Ham ueproil — N GMOJIOrMYECKHUIA, KT/Ta, ITOI YePTOil — ero no0jist, % ot obmiero asora. To xe B Tabi. 2—35.
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10 51 Kr/ra, HO 10J11 OMOJOTUYECKOTO a30Ta COKpallia-
nach ¢ 29 1o 0%, 4To TakKe ObUIO TIPOSIBJICHUEM He-
TaTUBHOTO BJIIMSTHUS TIEPEYBIAKHEHMST Ha a30TMUKCa-
1y (Tadi. 2).

CrnenoBaTelbHO, YCIOBUS MEPEYBIaXKHEHUS JTy4-
1€ TIEPEHOCUIU CMECH JIIOIIMHA C IPOBOM IMIIEHULIEH
M OBCOM, o0ecrneunBasi pocT YpOKalfHOCTH 3epHa, Ha-
KOIUJIEHME MACChl pAaCTUTEJIbHBIX OCTATKOB U pa3Me-
pOB BO3BpaTa 3J€MEHTOB MUTAHUS B MOYBY, KPOME
CUMOMOTHUYECKOTO a30Ta, MOCTYIIEHHE KOTOPOTO IIPU
5TOM YMeHbIIanoch. [To3TOMy B OTCYTCTBHE JOCTOBEP-
HOTO JOJITOCPOYHOTO MPOTHO3a MOTOAbl Ha BECEHHE-
JIETHUI TIEPUOLI, TSI OBBIIIEHUSI CTAaOMJILHOCTH 3ep-
HOBOM NMPOAYKTUBHOCTU M MOCTYIUIEHUS B MOYBY
PacTUTEJbHBIX OCTATKOB HEOOXONMMO paclIMpeHUe
BUJIOBOTO pa3HOOOpa3nsi CMEIIaHHBIX [IOCEBOB, B TOM
4uciie ¥ C IIpUBJIeYeHNEeM HanboJjiee YCTOMUYNBBIX BU-
JIOB SIPOBBIX 3€PHOBBIX KYJIBTYP.

Heo0xonnmMo 0OTMETUTD, YTO HEKOPHEBbIE TTOIKOPM-
KU KUJIKUMH KOMIUIEKCHBIMH YIOOPEHUSIMU OpraHnde-
CKOM TIPUPOIBI C POCTCTUMYTUPYIOIIM U aHTUCTPEC-
coBbIM 3(hdekTom B 3acyuuom 2022 r. (I'TK = 0.80)
MPUBOAUIN K POCTY HE TOJBKO YPOXKAWHOCTHU 3ep-
HOCMECH C yJacTHeM STIMEHS B CPAaBHEHHMU C TIPEIBI-
aymmm rogom (I'TK = 0.92), koraa ux He TPUMEHSUIU
(rmpubaBka 32%), HO ¥ TIOBHITIIATN MAcCy PaCTUTENThb-
HBIX OCTATKOB B cpeaHeM Ha 33%. HakorieHne B Hell
2JIEMEHTOB IMTaHUsS Takxke Bo3pacTtano: N — c 25

1o 41 kr/ra (Ha 60%), B TOM 4KCIie GMOJTOTHYECKOTO —
ot 0 1o 14 xr/ra, K,0 — ¢ 76 no 152 kr/ra (1a 100%).

BiusiHue npearnoceBHOTO BHECEHHUS a30Ta Ha ypo-
>KalfHOCTh 3€pHa, HAKOIIJIEHUE paCTUTEJbHBIX OCTaT-
KOB, a B HUX — DJIEMEHTOB MUTAHMS B TOIbI UCCIEIO-
BaHUSI COOTBETCTBOBAJIO MOTOAHBLIM YCIIOBUSIM TOHA,
oIpenessBIIMM MHTEHCUBHOCTD a30T(PUKCALIMU B CMe-
LIAHHOM arpolieH03¢e ¥ HUTpU(UKALIMU B MIOYBE.

Korma B mepuon (GpopMHpoOBaHUS U Pa3BUTUS
0000BO-pU300MaILHOTO CUMOMO3a Mmoroga He OJia-
ronpusTcTBoBasa HuTpudukauuu (2018, 2019 rr.)
BCJIEACTBUE HEIOCTATOUHOTO YBJIAXKHEHUST U TOBBI-
IIEHHOTro min noHmkeHHoro (2019 r.) Temmeparyp-
HOTO pexXuma, a30T yooopeHuit odbecrieunBa yBeau-
YeHHUEe HAKOIUIEHUSI paCTUTEIbHBIX OCTATKOB, 00IIe-
ro ¥ GUKCUPOBAHHOTO U3 aTMOoc(ephl a30Ta B CyXOi
macce. HauGosee BbIpaxkeHO 3TO ObLIO B CMEIIIaHHOM
noceBe JIIoMKWHA ¢ TIeH4YaTolt (hopmoii oBca (Tipu-
6aBka 54 1 42%, wnu ot 35 10 54 u ot 12 go 17 Kr/Ta
COOTBETCTBEHHO). Bo3Bpart B nmouBy P,O5 Takxke BO3-
pactain Ha 46, K,O — Ha 32%, uiau ot 22 1 94 no 32
u 124 xr/ra COOTBETCTBEHHO.

Ecnu ke morogHble yCa0BUsI CIIOCOOCTBOBAIN HU-
TpuduKauu, U ypoBeHb 3arnacos N-NO;3 B KOpHe-
obutaemMoM cioe 0—60 cM IMOYBBI HA €CTECTBEHHOM
a30THOM (hoHe B Havajie OyTOHM3alMHU JIOMMHA 10-
cruran 60—80 kr/ra, a ipu BHeceHUn NPK yBennun-
Bajicsa 1o 180—240 kr/ra (2021 r.), To a3oTduKcanus

Tabauna 2. BausHue Baaroo06ecrneueHHOCTH JTIOTTMHO-3JIaKOBBIX cMeceil Ha cOOp CyXOil MacChl pacTUTEIbHBIX
OCTaTKOB M HaKOILICHUE 3JIECMEHTOB ITUTaHUS (CpeIHee BAPUAHTOB C YIOOPSHUSIMI 1 HOPM BEICEBa JIFOITHA)

Tox, INToka3zaTemm
I'TK 3a
COCTaB CMeceﬁ Maﬁ — mepByIo cyxast Macca HaAKOIIJICHO B paCTI/}TeJTBHbIX
| TaTKaxX, KI'/T:
MOJIOBHHY yggn;a;u;c/)gb PACTUTETbHBIX ocTatkax, K/
BereTaunu pHa, OCTAaTKOB, T/Ta N P,0; K,0
2018—2019, 3.05 5.8 57 1 88
JlronuH + nmeHuna 0.86—0.92 50 5 23
sIpoBast 2020, 3.89 9.6 63
2.47 34 29 5 66 204
2019, 2021, 2.85 5.3 44
Miomust + opec 0.92 30 35 14 27 109
[IEHYaThIi 2020, 4.58 1.2 74
2.47 28 25 6 92 282
2019, 2021, 3.60 5.6 38
0.92 34 31 1l - 78
2021, 3.79 2./ 25
o & mie 0.92 34 30 0 22 76
TTUH AYMECHDb
2022, 4.99 14 40 22 164
0.80 36 14
2020, 2.67 6.3 51
2.47 37 35 0 47 17
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Taoauna 3. BiusiHue asora ynoOpeHUiT Ha ypoXaWHOCTh 3epHa JIOMUHO-3J1aKOBBIX CMeceil, HaKoIlIeHue
PaCTUTEIBHBIX OCTATKOB U 3JIEMEHTOB ITMTAHUS B HUX B 3aCYLIJINBBIX YCIOBUSX (CpeaHee BApMAaHTOB HOPM BhbICeBa

JIIOTIMHA B CMECSIX)

% % Haxomnneno
Q T o= B PACTUTEIBHBIX
o < ve) -
Bapuanr Z £ oS 5 =) ocTaTKax, Kr/ra
f yAOOpeHst CocraB cMmeceit, ron S g < = &
= | NPK, kr/ra : 5 ° = =3
(dbaxrop A) = £ N | P,0s | K0
T/Ta
JlionuH + mueHuna 3.12 5.8 51 20 91
aposas, 2018, 2019 56 50 22
JIrormmH + oBec 2.71 4.6 35 22 94
P60KS0 Henuariii. 2019, 2021 34 12
Q 3.48 5.5 44 26 76
()Y 2. TO AT aT
Cr- JlronuH + ssumens, 2019 3 38 20
S JItormuH + mreHuIa 2.92 0.22 5.8 63 22 84
o gposas, 2018, 2019 44 40 24
JIrormmH + oBec 2.99 0.23 6.0 54 32 124
N30P60K80 rureHyarsiii, 2019, 2021 26 34 17
3.31 0.35 5.6 58 24 82
JlrormuH + gumenn, 2019 26 24
JlronuH + oBec 2.45 4.6 16 26 92
P6OKS0 rojio3epHsIii, 2021 62 42 3
JlronuH + sumeHsb, 2021 3.22 48 18 19 2
I~ ’ 42 32 3
S JionuH + oBec 2.64 0.22 5.5 22 25 110
royio3epHsbIii, 2021 45 52 3
P60K
N30P60K80 JronuH + 4.36 0.24 6.6 28 24 79
sSYMeHb, 2021 28 29 1
JlronuH + oBec 3.89 10.6 56 42 272
P6OKS0 roJio3epHBbIit, 2022 64 54 25
JlionuH + gumeHn, 2022 4.2 7.0 45 22 157
2 ’ 46 50 15
S JlionuH + oBec 3.86 0.32 9.2 54 28 224
roJjio3epHbIit, 2022 65 38 22
N50P60KS80
JlionuH + ssumeHs, 2022 3.06 0.39 8.7 38 20 150
’ 26 23 14

npekpauiazach, U Ipu NojJoXXKUTeIbHOM BIMSHUU a30-
Ta yioOpeHUii Ha ypOoxKaifHOCTh U MacCy pacTUTEIb-
HBIX ocTaTKOB (mpubaBka 8—35 n 20—38% cooTBeT-
CTBEHHO) B 3aBUCHMOCTU OT COCTaBa, B MOCIEIHUX
HaKaruImBaJIoCch o01ero azora 16—28 kr/ra u cuMouo-
TUYECKU CBsI3aHHOTO — 1—3 Kr/Ta (Tabdn. 3).

B HeckonbKo 00J1e€ XKECTKUX YCIOBUSIX YBIIaXKHE -
Hus BeretaumoHHoro nepuoaa 2022 r. (I'TK = 0.80),
MIPY TOBBILIEHUU 3¢pHOBOM MPOAYKTUBHOCTU U HAKO-
TUIEHUsI PacTUTEJbHBIX OCTaTKOB Ha (pOHE TpexKpart-
HOTIO IIPUMEHEHUS XUAKUX OMOJIOTUYECKN aKTUBHBIX
MUKpOyn00peHuii (¢ MpoTpaBUTEIEM U 2 pa3a B Iepu-
OJI BereTallui), HallpaBJIEHHOCTh U CTEIIeHb BO3/eii-
CTBUSI a30Ta yIOOPEHMIT Ha KOMIUIEKC pacCMOTPEHHBIX
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rokazaTesieil onpeaesyiuch BUIOBbIM COCTAaBOM CMe-
IIAHHBIX TOCEBOB. Y CMECU C YUacTUEM STYMEHS IO
BJIMSIHMEM MpearnoceBHoro BHeceHust N50 ypoxaii-
HOCTh 3epHa 1 Macca pacTUTEIbHBIX OCTATKOB YBEIH-
yuBaauCch Ha 3 1 24% COOTBETCTBEHHO 3a CUYET YBe-
JIMYEHUsI TOJU 371TaKOBOTO KOMITOHEHTA B TIPOAYKIIUM
Ha 20 1 27%. D10 criocoOCTBOBAJIO CHUKEHUIO HAKO-
eHus azota B [1KO ¢ 45 mo 38 kr/ra (Ha 16%) nipu
OJIM3KMX TTOKAa3aTeNsIX ST OMOJOTMYEeCKOTO a30Ta.
Axkymynauusa P,Os u K,0O B 6uomacce uameHsuiach
ci1abo. B cMenaHHOM IMOceBe ¢ ro1o3epHoi (hopmoit
OBCa a30T yIOOpeHUIl He OKa3bIBaJ BIMSHMS Ha YPO-
>KalfHOCTh, HO CHUKAJ Maccy pacTUTEJbHBIX OCTAaTKOB
Ha 13%, HakoIUIeHWe B Heil 2JIeMEHTOB MUTAHUS —
Ha 12—33% B 3aBUCUMOCTHU OT IOKa3aTeJs.
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Ta6auna 4. BiusHue azora ynoOpeHUil 1 HOPM BbICEeBa JIIOIMHA B CMECSIX Ha YPOXKAWHOCTh 3¢pHa, HAKOILJIEHUE
pPaCTUTEIBLHBIX OCTATKOB M 3JIEMEHTOB MMUTAaHUs B HUX ITPHU M30BITOYHOM YBJIaKHEeHUHU (cpemHee (akKTopoB, KpoMe

usyyeHHoro, 2020 r.)

Ynob6penue (akrop A), Kr/ra Hopwmei BeiceBa sitoniuHa (akrtop b), MutH/Ta
= i E Q E E © E o E g
3 = o | 5g = E = o | 5g T4
S = s & | 3% 28w o2 5| & 5% 28
S = 3 & 2 . E E S = = P g2 . e £ S
2 s 3 5 8 5 & 5 | 8 5 28 S5 &
s = T S | o 2 S ec = T S | o % s ec
3} o = & S = T a S o8 S & S = T o S
1) < b= ) o< 3 < = ) o< a3
o = X | X g5 = S S SR 5
2 g ° & g °
~ = N | P,05| K,O ~ = N | P,05| K,O
+ g P60K80 3.32 | 0.36 | 7.96 | 64 37 118 | 1.6 | 3.86 | 0.44 | 9.28 | 60 37 141
z = § 54 37 5 38 32 5
(]
5 E é« N50P60KS80 | 4.46 10.7 | 63 47 169 | 1.8 | 3.92 9.41 | 66 46 145
= 14 21 4 30 26 4
+ = |P60K80 4.16 | 0.43 | 9.96 | 63 81 123 | 1.6 | 438 | 0.52 | 10.3 | 59 83 | 254
=8 & 32 20 | 3 28 26 | 6
=)
Ef T |N50P60K80 | 5.00 123 | 72 | 101 | 316 | 1.8 | 4.78 120 | 76 98 | 307
= B 23 28 6 28 23 3
+ a8 P60K80 2.31 1 0.30 | 542 | 46 43 108 | 1.6 | 2.66 | 0.36 | 6.06 | 51 39 116
= § 46 40 | 0 48 2 ] 0
5 & N50P60KS80 | 2.98 720 | 56 51 126 | 1.8 | 2.63 6.58 | 51 54 118
=+ 32 29 0 28 28 0

Takum oOpa3oM, MCITOJIb30BaHUE XUIKUX KOM-
TUIEKCHBIX OMOJIOTUYECKH aKTUBHBIX MUKPOYIOOPEHUI
COBMECTHO CO CPEICTBAaMM 3allMThl PACTEHUIA B yCJIO-
BUSIX YMEPEHHOM 3aCylIMBOCTHA OKAa3bIBAJIO MOJIOXKM-
TeJIbHOE BJIMSHUE Ha BEJIMYMHBI PACCMOTPEHHBIX T10-
KazaTejieil B CpaBHEHMM C HEOOpaObOTaHHBIM ITOCEBOM
(2021 r.), cHUMAaIO HEOOXOMMMOCTD IIPUMEHEHMST a30T-
HOTO YIOOpEHMSsI, TEM CaMbIM IIpUIaBasl OOJIbIIIE YCTOM-
YHMBOCTHU IKOJIOTUM arpo(uTolLieHO3a 1 MPUJIETaloInX
TEPPUTOPUIA.

B To ke Bpems mpu M3OBITOYHOM YBIAXXKHEHUU
(I'TK = 2.47, 2020 .) BHeceHue NS0 nepes MoceBOM OKa-
3bIBAJIO BBEIPAKEHHOE MOJIOXUTEILHOE BIMSTHUE Ha pa3-
MephbI ypoxkaitHocTH 3epHa (npubaska 20—34%), maccy
paCTUTETBHBIX OCTATKOB (MprbaBKa 24—35%), HakoruTe-
Hue P,O5 u K,O B Hux (Ha 19—27 u 17—-157% cootser-
CTBEHHO) B 3aBUCMMOCTH OT cocTaBa (TabJ1. 4).

B 311X ycnoBusix HauOoabIIEH YPOXKAHOCTBIO U pa3-
MepaMU HaKOITJICHUSI PACTUTEIBHBIX OCTATKOB BBIIE-
JISITACh CMEIIaHHbIe TTOCEBBI JIFOITMHA C IPOBOM ITIIIe-
Hutei (4.46 n 10.7 1/ra) u ¢ ieH4YaTeiM oBcoM (5.00
u 12.3 1/ra), npu goje 6060BOro KOMMoHeHTa B HuX 11
n 23, 21 u 28% COOTBETCTBEHHO.

HauMeHnblnmMy nokasaTesisiMu XapaKT€puru3oBajiaCb
CMECH JIIOIIMHAa C AYMCHEM, IIC 00a KOMITOHEHTa Ipo-
ABJIAJIN OTPULIATEIIbHYIO PEAKIIMIO Ha IIEPCYBIA>KHCHUEC.

Ha dore N50P60K80 oHa obecrneunBaia MojydeHue
3epHa 2.98 T/ra (iprbaBKa 29%) 1 BBIXOI PACTUTEITEHBIX
OCTaTKOB Topsiaka 7 T/ra (rpubaska 33%) nipu mosne 60-
60BOTO KOMIIOHEHTa B HUX 32 1 29%, Wiu YMEeHbBIIIEHHE
Ha 14 1 11% cooTBeTCTBEHHO B cpaBHeHMH ¢ (poHOM PK.

HamnpapineHHOCTb M3MEHEeHMsT YPOBHEM HAKOTUICHMSI
0011ero a3oTa B paCTUTEIbHBIX OCTATKaX M3YYEHHBIX
JIIOTIMHO-3JIAKOBBIX CMeceil TIo BAMSHUEM a30Ta yIo-
OpeHuli Mpy 3TOM He MOAUMHSIIACh OTMEUEHHBIM BhIIIIE
3aKOHOMEPHOCTSIM M HAXONWJIaCh B COOTBETCTBUU C UX
coctaBoM. Eciim cMech onnHa ¢ SpoBO¥ MIIEHUTIEN
He pearrMpoBaJia Ha MpearoceBHOe BHeceHe a3oTa (64
n 63 Kr/Ta), TO y CMeceil ¢ yJyacTHeM IICHYaTOro OBca
U STYMEHS OTMeUeHa TOJIOKUTETbHAs peakiysl mpubaB-
ka 9 u 10 xr/ra, wim Ha 14 u 22%) pu MaKCUMaJIBHOM
Hakoruienuu 72 u 56 kr N/ra. [1pu oueHb HU3KOI a30T-
(bukcalmu wiM ee OTCYTCTBUM B YCJOBUSIX U30bITKA BJla-
TW, OYEBUIHO B CBSI3M C HEMOCTATKOM KMCJIOpOAa B PH-
3ocepe, HakorIeHue (PMKCUPOBAHHOTO U3 aTMOC(Hephl
azoTa B PACTUTEJbHBIX OCTAaTKaX HAXOOUJIOCh B IIpee-
nax ot 0—3 1o 4—6 xr/ra. B cBsI3M ¢ 3TM, HEOOXOTUMO
MPOAOJIKATh MCCIASIOBAHUS T10 TIOMCKY TEXHOJOTUYe-
CKWX pEIlIeHNIA, HalTpaBJIeHHBIX Ha YITYJIIeHUE YCIOBUIA
JUIsT a30T(hUKCALIMM B CMEILIAHHBIX OMHOJETHUX 0000BO-
3JIAKOBBIX arpo(HUTOIICHO3aX B CTPECCOBBIX CUTYAITUSIX,
CBSI3aHHBIX ¢ TiepeyBIaXHeHueM. OTHUM MX HUX MOXET
CTaTh MCIOJIb30BaHWE JIMCTOBOM 00pabOTKM pacTeHUA
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Tabmmua 5. BiausiHre HOpM BbICeBa JIIOIIMHA Ha YPOXKAWHOCTD 3¢pHA CMEIIAHHBIX ITOCEBOB, HAKOILICHUE PACTUTEIbHBIX
OCTATKOB U JIECMEHTOB IMUTAaHUS B HUX ITPHU HEAOCTATOYHOM yBJIaxkHeHUU. CpenHee 1Mo (hakTopaM, KpoMe M3ydaeMoro

9 A o o | HAaKOIUICHO B paCTUTEIbHBIX OCTATKAX,
§ S 5| £ 2L Kr/ra
3 ~~ g } } 4 H.\
Ao T . = S
I'TK| & z 5 CocrtaB cMmeceit, ron = o Q@ “E’ 2
Ik 258 35 0N | R KO
T = > £ 3
JronuH + mieHuua ssposas, 2.95 6.11 53 23 9
2018, 2019 49 44 24
JlronuH + oBec MyIeHYAaTHIH, 2.89 5.35 42
16 15019,2021 3l 31 14 28 113
JronmH + sgumens, 2019, 2021 % 53—§2 % 21 68
.92
0.9 JlroruH + nureHunua spoBas, 3.10 0.26 5.45 49 19 89
2018, 2019 51 ) 56 25
JlronuH + oBec mieHyatsin, 2019, | 2.81 5.21 47
1.8 2021 29 0.23 37 16 26 105
JronuH + gumens, 2019, 2021 % 0.29 % % 28 89
JroruH + oBec rono3epHblii, 2022 % %20 g—g 37 306
1.6 JronuH + 94MeHb 4.94 7.50 44 Py 160
0.80 27 36 14
: . 3.72 8.40 44
JlionuH + oBec rono3epHsblii, 2022 62 0.54 48 18 32 189
1.8
JliortmH + T9MeHb 5.03 7.20 38
45 0.35 38 14 20 148

POCTCTUMYJISITOPAMU M aHTUCTPECCAHTAMU 10 2-X pa3
3a Beretaluio. Ho aToT Bompoc TpeGyeT manbHeiIero
H3YJEeHUSI.

Bnusinue HOPM BbICEBa JIIOITMHA B CMECAX Ha ypo>1<a171—
HOCTb, HAKOIUICHME PaCTUTC/IbHBIX OCTAaTKOB 1 BO3BpaT
9JICMEHTOB IUTaHUA B ITIOYBY HAaXOOMJIOCh B COOTBET-
CTBUU C X BUIOBBIM COCTaBOM U IMTOTOAHBIMMU YCJIOBUSA-
MU 1ni€proaa BEreralnm.

[Tpy M30BITOYHOM YBJIAXKHEHHWHU TOJIBKO JIFOTTMHO-
OBCSIHAs1 CMECh TPOSIBJIsLIIA XOPOILO BhIPAXKEHHYIO TO-
JIOKUTEIBHYIO PEaKIIMio Ha YBEIMYCHUE HOPMBI BhICEBa
monuHa (0T 1.6 10 1,8 MJIH ceMsIH/Ta), HOBBIIIAS YPO-
XaitHOCTh Ha 9, cO0p CyXOif MacChI TTOKHUBHO-KOPHEBBIX
OCTaTKOB U COJIOMBbI — Ha 16%, a B Heil — 00I1Iero a3o-
Ta Ha 29, P,O5 u K,O — Ha 18 u 21% cooTBeTcTBEeH-
Ho. Ho nong 6uonornyeckoro azora B oOuomacce [1KO
ocTaBayiach HI3Koi (3—6 kr/ra wim 4—11% ot o6111ero
HaKOTUIEHMS]).

Y cMmeceii monuHa ¢ IpoBOM MIIEHULICH U ¢ TIMEHEM
MNPOSBJISUIACH JIMILb TEHACHLIMS K YBEJIMYEHUIO PACCMO-
TPEHHBIX ITOKa3aTesell B OTCYTCTBUE HAKOTIEHUS N,
B PACTUTEJIbHBIX OCTaTKaX.

ATPOXUMUA Ned 2024

B ycinoBusix ymepenHoi 3acyuiuBoctu (I'TK =
= 0.86—0.92) TOJBKO B CMEIIAHHOM TTOCEBE C yIacTH-
€M STIMEHST C POCTOM HOPMBI BhICEeBa JIIOITMHA HaOJII0-
JIajau yBeJTWYeHUE YPOXKAMHOCTU U cOopa pacTUTEIb-
HbIX ocTaTKoB Ha 3 1 11%, Hakorienust N, P,O5 u K,O
B Heit Ha 29, 33 u 31% coorBeTcTBeHHO. B monuHo-
MIIEHUYHOM U JIIONMHO-0BCSIHOM (TuieH4YaTtast (hopma)
arpogUTOoLIeHO3aX MPOCISKEHO B OCHOBHOM CJIa0O BBI-
paxkeHHOE OTPHUIIATETEHOE BIMSTHIE, BO3MOXHO CBSI3aH-
HOE C YCWJIEHUEM KOHKYPEHLIMY KOMITIOHEHTOB 3a BJary:
M3MEHEeHUe ypoxkaiiHocTi Ha 3—5%, Macchl pacTUTEb-
HBIX OCTaTKOB — Ha 2—11%, HakoruieHust B HUX P,Os
u K,O — Ha 7—17 u —3—7% cOOTBETCTBEHHO, UTO CBUJIE-
TEJTLCTBOBAJIO B TOJIB3Y MEHBIIIEH HOpMBI BbIceBa. OTMe-
YyeHHas1 TEHICHIIMS COXpaHsIach 1 B TIOCEBaX, ABAXKIbI
00pabOTaHHBIX B ITIEPUOJ BETETALIMK CTUMYTUPYIOIITAMU
nipermapartamMu. [1pu Gosree BHICOKOI MPOXYKTUBHOCTH
¥ HAKOTJIEHUU PACTUTEIbHBIX OCTAaTKOB B CpaBHEHUU
¢ HeoOpaboTaHHBIMU TTOCEBAaMU B BapUaHTax ¢ HOP-
MO BBICeBa JIIONMMHA 1.6 MUTH ceMsiH/Ta B TIO>KHWUBHO-
KOPHEBBIX OCTaTKaX HAKATTMBAJIOCH OOJIBIIIE 3JIEMEHTOB
nutaHust: oT 8—16 no 48—62% B 3aBUCHMOCTH OT ITOKa-
3aTelist, 0COOEHHO 3TO OBLTO 3aMETHO B CMEIIAHHOM I10-
CeBe JIIOIMMHA C r0JI03epHbIM OBCOM (TaoJI. S).
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SAKJIIOYEHUE

Taxum oOpa3om, B yCJIOBUSIX INIOOAJbLHOIO IOTE-
MieHust, mpossisouerocs B HeuepHozembe yepes
yuallleHue 4YepeaoBaHUSI CyXUX U BIAXKHbBIX TIEPUOIOB
B TeYEHME OIHOM BereTallu, MOBBILICHUE U CTaOu-
JI3alusl ypoxKailHOCTU 3epHa, MOCTYIJICHUS B MOY-
BY PACTUTEJIbHBIX OCTATKOB MOXKET ObITh JOCTUTHYTA
TOJILKO MyTEM pacIIUpeHust OMOJOrMYECKOTo Pa3HOO-
Opasusi CMelIaHHBIX JIOMUHO-31aKOBBIX arpoGUTOlLIe-
HO30B C BKJIIOUEHUEM B HUX BUIOB 1 COPTOB SIPOBBIX
3€pPHOBBIX KYJILTYp, OJIM3KHUX 0000BOMY KOMITOHEHTY
10 TeMIIaM Pa3BUTUS U HACTYIUIEHUS (peHOoIornde-
ckux ¢as.

Ha cpenHeoKyabTypeHHbBIX IepHOBO-TIOA30JUCTBIX
MoYBaxX ¢ JOCTATOYHON 00eCNEeYeHHOCThIO MOABUXK-
HbIM (pochopom (III—-V knacc 1Mo TpUHSTHIM rpaga-
LUSIM) ¥ IIUPOKUM Auarna3zoHoMm pH 3epHoBas mpo-
OYKTUBHOCTH OT 2.5—3.0 mo 3.5—5.0 T/ra u ocrasje-
HUE B TTIOYBE CyXOi MacChl TTOCIEYyOOPOUYHBIX OCTATKOB
1o 6—8 T/ra, BKiI04asg KopHH B ciioe 0—20 cM, B 3a-
CYIIIMBBIX YCIIOBUSIX oOecredynBajiach IMOCEBOM
¢ HOpMOIf BbICEeBa JTIOMMMHA 1.6 MUTH ceMsIH/Ta, 3epHO-
BBIX — 50—60% OT mOTHOI HOPMBI BEICeBa Ha (poHe
npumeHenuss P60K80 B cpenHeM B ron 6e3 BHeCEHUS
MUHEpaIbHBIX a30THBIX YI0OpPEHUiT U P TIpoBee-
HUM 2-X JTUCTOBBIX TTOAKOPMKAX KUIKUMU MUKPOY-
JOOPEHUSIMU OPTaHUYECKOM TTPUPOIbI CTUMYIUPYIO-
ILIETO XapaKTepa COBMECTHO C MHCEKTO—(YHTULIUI -
HOM 3allUTOl pacTeHUid. DTO oOecreunBago IMPUXo
B IMOYBY a3oTa: ob1iero — 40—60 1 GMOJIOrNYeCcKo-
ro — 15—30 kr/ra. I1pu nepeyBiIakHEHUU OTMEUYECH-
HBIl YpPOBEHb YPOXKANHOCTU C BBIXOAOM CYXOM MacChl
pPaCTUTENBLHBIX OCTATKOB 7—12 T/Ta co3maBaics IpuMe-
HEHUEM TOJITHOTO MUHEPAJIbHOTO YI0OPEHUS CO Cpell-
HeronosbiMU go3amMu N50P60KS80, uro obecrieunBaio
MOCTYIUIEHUE B ITOYBY 001Iero azora g0 60—70 u 61o-
JIOTUYECKOTO — TOJBKO 10 3—6 kT/Ta. B nanbHeiem
MOUCK TEXHOJOTMUYECKMUX PELICHUN MO YIy4YIIeHUIO
YCJIOBUI a3oTdukcanuu U GopMUPOBAHUST TPOAYK-
TUBHOCTHU CMEILIaHHBIX JIFOIMMHO-3IaKOBBIX ITOCEBOB
B YCJIIOBUSIX BOIHOTO CTpecca HeoOXOOAMMO TPOIOJI-
KaTh C MCIOJb30BAHUEM HOBEHIINX OTEeYeCTBEHHBIX
U 3apyOekKHBIX pa3pabOTOK B 00JIaCTU MPUMEHEHUS
AHTUCTPECCOBBIX U POCTCTUMYJIUPYIOLINX ITPErnapaToB.
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Effect of Fertilizers, Seeding Rates of the Legume Component and Weather
Conditions on Yield and Accumulation of Plant Residues of Lupine-Cereal
Mixtures on Grain in the Center of the Non-Chernozem Region

V. V. Kononchuk**, S. M. Timoshenko*, T. O. Nazarova“, V. D. Shtyrkhunov“, E. A. Tulinova“,
T. V. Smolina‘, G. B. Morozova“, E. A. Komissarova’
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b Russian State Agrarian Correspondence University,
Shosse Entuziastov 50, Moscow region, Balashikha 143907, Russia
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On medium-cultivated medium-loamy sod-podzolic soils of the Central Non-Chernozem region, well
provided with mobile phosphorus and potassium (IV=V class), the cultivation of lupine—cereal mixtures
for grain with the participation of narrow-leaved lupine varieties Ladny, spring wheat, barley and oats
varieties of Nemchin breeding after grain precursors in a changing climate ensured grain production in
an average of 5 up to 3.0—3.7 t/ha with a share of the legume component of 29—57% and the remaining
dry mass of plant residues in the soil up to 6—8 t/ha with the accumulation of total nitrogen in it up to
40—60 kg/ha and biological — 12—17 kg/ha. In arid conditions (GTK = 0.80—0.92), a mixture of lupine
and barley was distinguished for the better in terms of yield and weight of plant residues, and in case of
waterlogging (GTK = 2.47) — mixtures with oats and spring wheat. The inclusion of liquid micronutrients
of organic nature in the technological process with a stimulating effect for non-root top dressing eliminated
the need for pre-sowing application of nitrogen fertilizer and, in conditions of moderate aridity, increased
grain yield, depending on the composition of the mixture, to 3.9—4.9 t/ha (by 53—59%), the yield of plant
residues — up to 7—11 t/ha (by 54—139%) and in them there is an accumulation of symbiotically bound
nitrogen — up to 15—25 kg/ha or 5—8 times more than without their use.

Keywords: lupin, mixed crops, composition, weather, fertilizer, plant residues, biological nitrogen.
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ITpoBeneHo uccienoBaHe JIEMEHTHOIO COCTaBa U CTPYKTYPbl TYMUHOBBIX KHUCJIOT MMOMMEHHBIX MTOYB
nenesthl p. Cenenra (3anagHoe 3abaiikaibe). PalioH ucciieqoBaHUil OTHOCUTCS K J€IBTOBOMY JIYTOBO-
0OJIOTHOMY U JIECOCTETTHOMY PailoHy, KOTOPBI TIPEACTABISIET COO0I TEPPUTOPUIO, T1e AKTUBHO UIYT
OTJIOKEHUSI TIECYAHBIX Y WIMCTBIX (hpaKinii, MPUHOCUMBIX CO BCETO OacceifHa. 31ech MOUBBI U PACTH-
TEJIbHOCTb SIBJISIIOTCSI MPUPOAHBIMU OMobunbTpamMu. B 3aBucuMOCTH OT OMOKJIMMATUYECKUX YCIIOBUIA,
PEXMMOB IPYHTOBBIX BOJ, COCTaBa OTJIOXKEHUH (POPMUPYIOTCS MOYBBI, Pa3IUYaIOLINECs COCTABOM Ty-
myca 1 ryMmuHoBbIX kucyoT (I'K). B kauecTBe 00bEKTOB UCCAENOBAHUI CIY>XWIM aJUTIOBUATbHbBIE (JTy-
TOBBIE, JIYTOBO- 6on0THLIel, JIyTOBBIE€ COJIOHYAKOBATHIE) MOUBHI 1eJbThl CelleHTH, TT0 KiaccuduKaluu
WRB — Fluvisols. Anamus " C-AMP-cnexrpoB npenapartoB 'K rcciienoBaHHBIX TOAMEHHBIX ITOYB TO-
3BOJIUJ BBIIETUTh AMATMIa30HbBl XUMUYECKUX CIBUTOB, TIPUHAUIEKAIINX aTOMAM YIIepoaa pa3IndHbIX
(YHKIIMOHATBHBIX TPYIII U MOJIEKYISIPHBIX (pparMeHTOB. JlanHbie AMP-criekTpockonuu moxkasaiu,
4YTO TYMUHOBBIE KMCJIOThI &JTIOBUAJIBHOM JIYyTOBOM MOYBHI O0Jiee oOoraiieHbl apoMaTuieckumu dpar-
MEHTaMU, YeM T'YMUHOBbIE KUCJIOThI TYTOBO-OO0JIOTHBIX 1 JTYTOBBIX COJTOHYAKOBAThIX MOYB. HeckoJib-
KO OoJibIlIasi CTENEeHb apOMAaTUYHOCTU B aJUTIOBUATIBHON JTYTOBOW U JIyTOBO-00OJIOTHOM MOYBE CBSI3aHa
C 9KOJIOTUYECKUMU YCIOBUSIMU I KOMITIOHEHTHBIM COCTaBOM TPEAIIECTBEHHUKOB ryMubukanuu. Bos-
pactaHue o anudaTudecKux CTPYKTYp U CHUXKEHUE JOJIM apoMaTUIecKnX (DparMeHTOB B COCTaBe
npenapaTtoB ['K jiyroBoii cOTOHYaKOBOI1 MOYBbI TO3BOJISIIOT CYUTh 00 YIPOIIEHUU CTPOEHUST TyMU-
HOBOM KUCNOTHL. [pyHTOBOE YBIaXXHEHNE B COBOKYITHOCTU C 3aCOJIEHUEM 3aMETHO CHUXKAET CKOPOCTh
TpaHcdopMalMy MouyBeHHOTo opraHuyeckoro BeiectBa (ITOB) u NpuBOAUT K yBETUYEHUIO JOJIU He-
OKUCJIEHHBIX anudatudeckux pparmeHToB. [Ipumenenre AMP-cnekrpockonuu npu usydenuu [1OB
CYIIECTBEHHO PACIIMPUIIO TIPEICTABICHUS O €r0 COCTaBe M CTPYKTYpE, YIITyOMIO TOHUMaHUE MEXaHWU3-

MOB TYMUGDUKAIIUN 1 TpaHC(HOPMAIIUH TTOYB pa3TMIHOTO TeHE3Mca.

Karoueswie cnosa: Fluvisols, ajumioBraibHble TOUBHI, AeabTra p. CelleHI, TYMUHOBBIE KUCIOThI.

DOI: 10.31857/50002188124040099, EDN: dlhset

BBEAEHUNE

I'ymycoBbie BemiectBa (I'B) sIBASIIOTCSI TOMUHUPY-
IOIIMMH KOMITOHEHTAMU OPTraHUYECKOIo BEIECTBA
OOJBIIMHCTBA MUHEpaJTbHBIX MouB (60—80%) u urpa-
IOT KJIIOYEBYIO POJIb B SKOJIOTUYECKON YCTOMYUBOCTH,
Osiaromapsi UX BKJIaay B OMOJOTMYECKUE, XUMUYECKUE
u pusndeckue cBoiictBa mouBkl. ['B oOpa3yiorcs B pe-
3yJIbTaTe Pas3jioXKeHUs U TOoCIeayolei mojiumMepusa-
LIMM OpraHUYECKUX OCTaTKOB PACTUTEIbHOTO U KUBOT-
HOTO MTPOUCXOXAECHUSI, YTO MPUBOAUT K 00pa30BaHUIO
reTepOTeHHBIX CYMPaMOJEKYSIPHBIX YacTULL C OOJIb-
IO MOJIEKYJISIpHOI Maccoii [1], conepkalux pasiny-
Hble (PyHKIIMOHAJIbHbIE TPYIIIbI, COCTaB U CBONCTBA
KOTOPBIX pa3jinyaloTcsl B 3aBUCUMOCTU OT UCTOUHUKA
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nouBeHHOro oprannuyeckoro Bemiectsa (IIOB) u 6uo-
KiImMmaTtudeckux ycnosuii [2]. IIpoucxoxneHue, co-
CTaB U CTPYKTYpHbIe ocodbeHHocTu I'B 1o cux mop s1B-
JITIOTCSI PEAMETOM MHTEHCUBHBIX TMCKYCCUN U Maxke
cropoB [3—8]. C dpU3MKO-XMMUYECKOM TOYKHU 3pEHUSI
I'B npenacraBisitoT co00it MOJIEKYISIpHbIE arperarhl,
COCTOSIIIINE N3 CaXapoB, XKMUPHBIX KUCJIOT, TTOJTUTICITTH -
OB, aM(aTUICCKUX IeTiei M apoMaTHIECKUX KOJIeI]
[9], a B paboTe [10] oHM onKChIBAIOTCS KAK KOHTUHYYM
OMOMOJIEKYNT Ha pa3HBIX CTANMSIX AeTpamalii.

BaxXHbIM 11aroM K MOHUMaHUIO peakIMOHHON
CMOCOOHOCTU, CBOMCTB U (PYHKIIMI T'YMUHOBBIX KHUC-
sot (I'K) siBasieTcst onpenesieHre UxX coctaBa U pyHK-
LUOHAJIbHBIX TPYIII, YTO YPE3BbIUATHO CJIOXKHO 13-3a
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CTPYKTYpHOI1 HEOMHOPOAHOCTU nouBeHHOro OB. s
uccienoBanust cTpyktypbl I'K rcrosib3yloT pa3iny-
HbI€ METO/Ibl, BKJIIOUAsi XUMUYECKOE U TEPMUYECKOE
pasjiokeHue, ClieKTpocKonuueckue metoasl [11—13].
XOTs XUMUYECKHE U TEPMUYECKNE METOAbl MOTYT 1aTh
CTPYKTYPHYIO MHDOPMALIMIO O CYObENUHULIAX U UX
CTPYKTYype, 3TU JaHHbIE MOTYT ObITh HEpeTpe3eHTa-
TUBHBIMU U UX TPYAHO HANpPSMYIO CBSI3aTh C UCXO/-
Hoit cTpykTypoii [TOB. MHorue crieKTpocKkonuueckue
METO/Ibl, TaKre KaK uHbpakpacHasi, hayopeclieHTHas
U CIIEKTPOCKOMUS SACPHOT0O MAarHUTHOTO pe30HaHca
(SIMP), npumeHsiiu K uzydeHuto 'K [14—15]. bouio
YCTaHOBJIEHO, YTO Hepa3pyllalollre CreKTpOoCKomuye-
CKHUe aHalu3bl, Takue Kak SIMP-cnekrpockomnus, siB-
JISIIOTCS HAMJIYYIIMM BbIOOPOM, YeM JAeCTPYKTUBHBIE
noaxonsl [16, 17].

[To cpaBHEHMIO C APYTUMU CIIEKTPOCKOIIMYECKUMU
METOmaMM, TBepztoq)a3Haﬂl3C—HMP MO3BOJISIET MOIY-
YUTh BCECTOPOHHIOI KOJIMYECTBEHHYIO U CTPYKTYp-
Hyto uHdopmanuwo 'K 1, BO3MOXHO, SIBJsSIETCS OMHUM
U3 CaMbIX MOIITHBIX METOOB /ISl BCECTOPOHHEH xapak-
TePUCTUKH CIOXKHBIX OpraHMYecKux BerecTs [18, 19].
B Hacrosiee Bpems AMP-criekTpockonus SIBIISIETCS
HauOoJiee 3(Pp(EKTUBHBIM aHAJTUTUYECKAM METOIOM
JJIs1 IoJIydeHus MHOPMaIlUM O XMMHUYECKOM COCTa-
Be 1 cTpykType ITOB, uTo 1103BOIUT pacIIMPUTh HALLIN
peacTaBiIeHus: 0 MoJaeKynsipHoii ctpykrype 'K [20].

Hensra p. CenieHru npeacTapisieT yHUKaJIbHOE MpU-
ponHoe oOpa3oBaHue, He UMEIOIee aHAJIOTOB B CBO-
eM Mop@oJiiornueckoM psiay. Ee ornuuuem oT Ipyrux
NEJTBT SIBJISIETCS ceficMrUecKast aKTUBHOCTh TEPPHUTO-
pUU, IPECHOBOIAHBIN XapaKTep BOJ, KOHTMHEHTAIb-
HOCTb KJIMMaTa. 3HAYMMOCTb PE3yJbTaTOB MCCIIENO0-
BaHUI TIpenoIIpeneIsieTcs TeM, 4To 03. baiikam nme-
eT cTaTyc 00bEKTa MUPOBOTO IMIPUPOJHOIO HACIEAUS
FOHECKO, a nenbra p. CeneHru paccmarpuBaeTcs
KaK e€CTECTBEHHbBIII MPUPOMHBINA (UIBTP. YHUKATb-
HOCTb IIPUPOTHOI Cpelbl ASNbThl — aKKYMYJISITUBHAS
HamnpaBJIEeHHOCTh MMOYBOOOpPAa30BaTEIbHbBIX MpOleC-
COB, BbICOKAasl OMOIPOIYKTUBHOCTh U pa3HOOOpasue
JIOJKHBI OBIJIM MPUBECTU K 00pa3oBaHUIO OpraHuye-
CKOTO BellleCTBa, OTJIMYHOTO OT TAKOBOTO MOYB (hDOHO-
BBIX TEPPUTOPUIA.

B Hacrosi1iee BpeMs UcciienoBaHUI0 0COOEHHOCTEM
TTOMMEHHBIX TTOYB NeBTH p. CeJIeHTH TTOCBSIIeHO He-
0O0JIBIIIOE YHMCJIO PadOT, OAHAKO OOJBIIMHCTBO 3TUX
HUCCIeI0BaHUI CBOIUTCS K pAaCCMOTPEHUIO Teorpadu-
YeCKMX 3aKOHOMEPHOCTE (POpMUPOBAHUS ITOYB, OMO-
TEOXMMUYECKUM OCOOEHHOCTSIM U MUKPOOMOIOTHYE-
CKUM uccienoBaHusiM. HecMoTpst Ha OTHOCUTEIbHYIO
M3Y9eHHOCTh OCHOBHBIX TUIIOB TIOYB IeNBTHI p. CeleH-
I'M MccaeqoBaHue KauecTBeHHoro coctaBa 'K, ot mpu-
POIbI KOTOPBIX 3aBUCUT YCTOMUMBOE (PYHKIITMOHUPOBA-
HUE TOYBHI B IIEJIOM, HE MIPOBOIMIN. TpaguiInOHHBIC
METO/bl UCCJIeNOBaHUs (aHAIU3 TPYNITIOBOTO U (ppak-
LIMOHHOTO CcOCTaBa Tymyca W Jp.) B 3HAUUTEJbHOM
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CTETNeHU Mcuepraiu CBOM BO3MOXHOCTH, a PsIIl CTPYK-
TYPHBIX METOIOB MCCIICIOBAHNS, IIIMPOKO MCITOb3Y-
€MBbIX B OMOXMMUM, 0KA3aJIUCh JIMOO TPYAHO MpUMeE-
HUMBIMHU, JIMOO CJMILKOM KOCBEHHBIMU U CIOXKHBIMU
B UHTEPIPETUPOBAHUU, UTO OTPaHUYMBAET UX IIU-
poKoe ucroib3oBaHue. 11 maabHEHIIero pa3BUuTUs
ouoxumuu I'K HeoOXoamMo BBITU Ha HOBbBI YPOBEHb
METOIMYECKOro o0ecIeueHus, CBSI3aHHbI C UCTIONb-
30BaHUEM COBPEMEHHBIX MPSIMbIX METOJ0B U3yUYEeHMSI
MOJIEKYJISIPHOM CTPYKTYPHI ¥ (PYHKITMOHATBHBIX CBOIA -
ctB 'K [21-25].

B cBs13u ¢ 3TUM 1ieb paboThl — U3yUYeHUE BbICO-
KOMOJIEKYJISIPHBIX OPTaHUYECKUX COCTMHEHUI, TaKUX
Kak 'K, BeIIeJIeHHBIX U3 TOMMEeHHBIX MoYB CeJIeHTMH-
CKOTo JIeJIbTOBOTO palioHa, ¢ UCMOJIb30BaHUEM Be-
SIIEPHOTO MarHUTHOTO pe3oHaHca. M3yueHue cTpyk-
typhl I'K 1o AMP-cniekTpam Hapsiay ¢ pe3yjabraTaMu
3JIEMEHTHOTO aHaj13a HEOOXOIUMO IS OLIEHKU KO-
JIOTUYECKOTO COCTOSIHUSI U TIPOTHO3UPOBAHUS YCTOM -
yuBoctu [TOB nouB naHHOTrO paiioHa B yCIOBUSIX YCU-
JIUBAIOIIETOCS aHTPOTIOTEHHOTO BO3ICHCTBHUS.

METOOAUKA NCCIEJOBAHUA

HccnenoBanme mpoBonunau B aenbTe p. CeneH-
ra (camMoii KpynmHoOi B MUpP€ IIPECHOBOIHON NEJBThI),
pPAacIoIOXKeHHOH B LIEHTPAJIbHOM 30HE I0T0-BOCTOY-
Horo nobdepexbs 03. baiikan. OHa npeacTaBisieT co-
0011 TIPeNrOPHYI0 TEKTOHMYECKYIO BIIATUHY TLTOIIAIbIO
1120 KM2, 3a0JHEHHYIO aJUTIOBUAIbHBIMU U JETIOBU-
aJIbHBIMU OTJIOXEeHUsIMU. Ee TeppuTOprsl HAXOAUTCS
B nipeaenax KabaHnckoro p-Ha Pecniyonuku bypstus
¥ XapaKTepu3yeTcs 3HAUMTEIbHBIM pa3HOOOpa3ueM
9KOJOTUYECKUX YCIOBUM, OOYCIOBIEHHBIX CIOXKHO-
CTbIO TeOMOPGHOJIOTUYECKOTO CTPOCHUS U Pa3HOI CTe-
MEeHbIO TUAPOMOPDHOCTHU.

Knumat paitoHa — pe3ko KOHTUHEHTaIbHBIN, He-
CKOJIBKO CMSITYEHHBII BIMsIHMEM 03. balikan. ['omoBas
cymMma ocankoB paBHa 400 MM, OCHOBHasI X 9aCTh BbI-
nagaeT Bo 2-1 monoBuHe jeta. CpegHeromoBas TeM-
neparypa — —1°C, cpenHss TeMiepaTrypa ssHBapst —
—25°C, mons — 21°C. Koa(ppureHT KOHTUHEHTaThb-
HOCTHM B MEXXTOPHBIX BrlagnHax 3abalikajibsi JOCTUTAET
85—90, a Ha mobepexbe baiikana cHIKaeTcs 10 67—73
[26]. OTHOCUTEIBHAST MIATKOCTh KJIMaTa 0J1aroIpu-
SITHO CKa3bIBAeTCsl HA MTPOAYKTUBHOCTU (DUTOLIEHO30B
U TIpolieccax ryMycoobpazoBaHusi. [pyHTOBbIE BOAbI
B JeabTe 3ajieraioT Ha mryouHax 0.5—3.0 M B moiimax
u 10 8—15 M — Ha HaAMMOMMEHHBIX Teppacax. ApeHu-
POBAHHOCTb TEPPUTOPUM JAeabThl CeJIeHT U TPOMBbIB-
Ka TOATOTIIEMbIX 30H 0aliKaJlbCKUMU BOJAMU Orpa-
HUYMBAET BO3MOXHOCTb 3aCOJIeHUS ITo4B. TeM He Me-
Hee, O6Jarogapsi 3acyllLIMBOMY BeCEHHE-paHHEJIECTHEMY
MepUoIy BCTpeUaeTCsl akKyMYJISILIMS BEILIeCTB Ha UCTia-
puteabHOM Gapbepe [27].
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Bbiaensitor 3 BBICOTHBIX YPOBHSI B JeJIbTE: Mep-
BBII — 9TO BHEIIHSIS Tiepudepudeckast 4acTb ¢ OTMET-
Kamu 455.5—457.5 M H.y.M. C IpUTeppacHbIMU TTOHU-
>XKeHUSIMH. BbICOKMEe OCTpoBa NeIbTHI U LICHTPaJbHAS
noiitMa ¢ ormeTkamu 457.5—460.0 M cocTaBisioT 2-i
" 3-i1 ypoBeHb — BbIcOKasg moiiMa ¢ 460.0—464.0 m
[27]. bnarogapsi pa3HOBBICOTHOCTH OHU OTIMYaIOT-
s IO TUAPOJIOTUIECKOMY pexkMy. KaxkmoMy ypoBHIO
XapaKTepeH cBOoeoOpa3HbIil pebed, KOTOPHIit 00y-
CJIOBJIMBAET HEOMHOPOAHOCTH TTOYBEHHOTO MTOKPOBA.
Ha BricOKUX ocTpoBax Ipeo01agaeT rpyHTOBOE YB-
JJaXXHEHUE, B LIGHTPaJIbHOMU TMoiiMe B 3aCylIIUBBIC TIe-
PMOIBI TIOYBHI OTPBIBAIOTCS OT TPYHTOBBIX BOI, a I10-
YBBI BHICOKOM TTOMMBI pa3BUBAIOTCS TPEUMYIIIECTBEH -
HO TIO/ BIUSTHUEM aTMOC(HEPHOTO YBIAXKHEHMUS.

BonHbie BHITSIKKY M3 TTOYB 7151 OTIPEAeSICHUS CyX0-
ro ocTaTkKa roToBUju B cooTHolneHuu 1: 5. Comepxka-
HUE XJIOPUJ-UOHA U3MEPSITIN MEPKYPOMETPUIECKUM
METOIOM, CyJdb(aT-uoHa — TypOUAUMETPUUECKUM,
MOHOB HAaTpUs U KaJlusl — METOJOM TIaMEeHHOM (o-
TOMETPHUH, KaJIbIINS 1 MaTHUS — METOIOM aTOMHOI a0-
CcOpOLIMU, CYXOi OCTAaTOK — METOIOM BbIMIApUBAHUS
¥ TIPOCYIIMBAHUS B CyIIMJILHOM IIKady TTPU TEMIIE-
parype 105°C. ®usuko-xuMudecKue CBOMCTBA Ompe-
JeSIIA OOLIEeNPUHSTBIMU METOAMMU.

Brigenenue npemnapatoB I'K 13 mouBeHHBIX 00pa3-
1oB (cioit 0—20 cM) ¥ UX OUMCTKY IIPOBOAMIN CTaH-
JapTHBIMU MeTonaMu [28] skcrpakuueii 0.1 H. pac-
TBOPOM THUIPOKCHUIA HATPHS TIOCIIE TIPEIBAPUTEIIBHOTO
nekanbuupoBaHus. Ilpenaparel 'K ouninany nytem
nepeocaxaeHust 20%-uuim pactBopoMm HCI mo Benmm-
yuHbl pH 1.5—2.0 1 MHOroKpaTHOTO LEHTPUGYTUPO-
BaHwus1. Ocanok npombiBaiu 0.1 H. HCI, 3aTem nuctui-
JIMPOBAHHOM BOAOM, BBICYLLIMBAINA U PacTUpaIn A0 CO-
CTOSTHUSI TIYIPHI.

DJEeMEHTHBIN aHaJu3 BBIACJEHHBIX MperapaToB
I'K 6b11 MpoBeeH Ha aBTOMAaTUYECKOM 3JIEMEHTHOM
a”anuszartope “CHNS/0-2400 series II” PerkinElmer
(CIA). CrnexkTpbl siAepHO-MarHUTHOTO Pe30HaH-
ca3C-SIMP Gbuu CHATHI Ha crekTpomeTpe “Avance
300 MHz” Bruker (I'epmaHust) ¢ paboueii 4acToTo
100.53 MI11 ¢ ucnonb3oBaHueM TBeproda3zHoOit METO-
aukyn CP-MAS. XuMuuyeckue CIBUTY IIpeCTaBICHBI
OTHOCHUTENIFHO TeTpaMeTHJICHIaHa co casurom O ppm,
B KayecTBe CTaHIapTa MCMOJAb30BaIM MUK afaMaHTaHa
(B cnaboM mojie) ipu 38.48 ppm. i1 KoauuecTBeH-
HOI 00pabOTKM MPUMEHSIJIN YUCIIEHHOE MHTeTPpUPOBa-
HUE 10 00JIaCTSIM, COOTBETCTBYIOILIUM PACIIOJOXEHUIO
(byHKIIMOHATBHBIX TPYIIIT M MOJIEKYISIPHBIX (DparMeH-
ToB. JIJIst cTaHaapTU3aluy KOJIUYECTBEHHBIX XapakK-
TepucTuk Makpomoiiekys 'K ncrnonab3oBaHbI ciaeny-
[olIMe MapaMeTphbl: OTHOLIEHHWE YIJIepoaa apoMaTu-
YeCKUX CTPYKTYP K yriepony anudaTUIecKnX mereit
(AR/AL), nipolLIleHTHBII MMOKa3aTelb apOMaTUYHOCTHU
fa (Ar/(Ar + AL)).

PE3VIJIBTATHI U UX OBCYXKAEHUE

Mopgonoeuueckasn xapakmepucmuka u Kaaccupuka-
YUOHHOe noaodiceHue noye. B KauecTBe 0ObEKTOB UCCTIEe-
JIOBaHUi1 OBLIN BEIOPAHBI TYMYCOBO- aKKyMYJISITUBHBIE
TOPU30HTHI IMOYB C PA3HOM CTEMEHbIO TUAPOMOPGHHO-
CTU: aJlJIIOBUAJIbHBIE JTyTOBO-00JIOTHBIE, aJUTIOBUATb-
HBIE JIYyTOBBIE U aJUTIOBUAJIbHbBIE JIYTOBbIC COJIOHYAKO-
BaThle MOYBHI AeJbThl CeJleHTH, 0 KJTaCCU(MUKALIMKU
WRB — Fluvisols [29].

B LlenTpanbHOIi moiiMe ITOJ 3JJaKOBO-pa3HO-
TPaBHO-OCOKOBBIM COOOIIECTBOM (hOPMUPYIOTCS ajl-
JoByralbHbie nyrosbie moussl (C,,. — 4.04%, pH 7.5)
(Mollic Fluvisols). B HacTosi111ee BpeMsl 3TU ITOYBBI
HE 3aTaIlIMBAIOTCS TTaBOIKOBBIMU BOTaMHU, a YBJIaXK-
HSIOTCS aTMOC(HEPHBIMU ocaaKkaMu. M3ydeHHas mouBa
pacnionoxkeHa B 1 km ot cT. Tumiroit KabaHckoro p-Ha
Ha cy1abo HakJIoHHO# paBHUHE (52°00" N, 106°32" E).
[TouBa umeet npodunb AU—C(ca)™", cpenHecymm-
HUCTas1, MEJIKO3EPHUCTOM CTPYKTYPHI.

B moHmXeHUSIX M MO TeppacaM peK Ha yyacTKax
¢ OJTU3KUM 3aJieTaHNEM TPYHTOBBIX BOI ITOJI OCOKOBO-
pPa3sHOTpPaBHBIMU COOOIIECTBAMU (POPMUPYIOTCS ajl-
JIIOBUANbHBIE JIyTOBO-00710THBIE MO4BbI (Cop — 2.43%,
pH 6.8) (Gleyic Fluvisols). Onu (hopMUpyIOTCS B yCIIO-
BUSIX IJTUTEJIBHOTO IMTOBEPXHOCTHOTO U I'PYHTOBOTO YB-
JIAXXHEHUS ¢ IPAKTUYECKHU MOCTOSTHHON KaWJUISIpPHOMN
KaiiMoit Ha WX TTOBEPXHOCTU U MEPUOTNISCKIM 3aTO-
rieHueM. [Ipoduis ux cocrour (AU—-AU(g)-C(g)™"™
W3 3aJepHOBAHHOTO aKKYMYJISITUBHOTO TOPU30HTA
¥ C BBIPaXXeHHBIM OTJICEHUEM MUHEpPaJbHBIX TOPU-
30HTOB. Pa3pe3s 3aj0xeH okoito ¢. 3akanryc (52°01' N,
106°35" E), cpeaHecyIMHUCTOTO IPaHyJIOMETPUYECKO-
ro cOCTaBa, KOMKOBATO! CTPYKTYPHI.

Ha BbICOKOIT moiiMe Moj 371aKOBO-pa3HOTPaBHO-
XBOIIIOBBIM COOOIIECTBOM (hOPMUPYIOTCS aJLIIOBU-
aJbHbIE JYTOBble COJlOHYaKoBaTele nmouBbl (C, . —
2.49%, pH 8.3, cyxoii ocrtatok — 0.43—0.67%) (Mollic
Fluvisols (Salic)) ¢ mpocdunem: AU(s)—C(ca)™". HaH-
HbIE TTOYBHI pacmHoyiokeHBl B 2 KM oT ¢c. KabaHck
(52°03' N, 106°37' E) 1 xapakTepH3ylOTCS CpeaHe-
CYIJIMHUCTBIM TPaHYJIOMETPUUECKUM COCTAaBOM,
TYMYCOBO-aKKyMYJISITUBHBII TOPU30HT YEPHOTO 1IBETA
MMeeT KOMKOBATYIO CTPYKTYpY, HUXXHUI (Ceporo LBe-
Ta) — MJIACTUHYATYIO.

TopHnbiii xapaktep peabeda OacceitHa CeneHru
OIpeaesieT HU3KO0E Colep:KaHue MINCTO hpaKInuu,
a aJUTIOBUAJILHOCTb — BBICOKYIO CTE€IIEHb COPTUPOBAH -
HOCTH ¢ TIpeo0JIalaHueM MEJIKOTO TecKa U KPyIHOI
OBIM. DTH KayecTBa O0YCJIOBIUBAIOT YCUJICHUE KC-
napuTeabHOro 3¢ @exTa B yCIOBUSIX ITPYHTOBOIO MU-
TaHWsI, HEYCTOMYMBOCTb arperaTtoB, OBICTPBIN OTPHIB
I0YB OT TPYHTOBBIX BOJ, U TIEPEXOJ [TOYB B MOCTAJIIO-
BUAJIbHYIO CTAIUIO.

[ToBhIlIEHHOE comepXaHUE ILIOTHOTO OCTaT-
Ka (0.67%) B BOOHOI BBITSIKKE MCCIICIOBAHHBIX TOUB
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oOHapyxXuBaeT HaJIMuMe MCHapUTeIbHOTO Oapbepa,
B PE3YJIbTaTe YEro peaKlus Cpeabl CTAHOBUTCS IEJIOY -
HOM cHayaJla B BEpXHUX TOPU30HTaX MPODUs, 3aTeM
o BceMy Npo(UII0 U Ha OTAEIbHBIX y4acTKaX IIPUBO-
JIUT K HAKOTIJICHUIO BOIOPACTBOPUMBIX COJIEH B TTOBEPX-
HOCTHOM TOPU30HTE B KOJIMYECTBE, MO3BOJISIOIIAM OT-
HECTH MX K COJIOHYaKoBaTbIM. MOHHBII cocTaB BOTHOM
BBITSIKKM CBUIETEILCTBYET O CYJIb(PaTHO-HATPUEBOM
TUIIE 3aCOJIEHUSI, YTO OOYCIOBIEHO BHICOKO MUHEPAJIN-
30BaHHBIMU MMOYBEHHO-TPYHTOBLIMU BOJAMMU.

CBoeobOpasue nenbrbl CelneHIn, CBSI3aHHOE C Yilb-
TparnpecHOCTbhIO Box 03. baiikai, 3akirodaeTcs B Ipe-
00JIaaHMM MOYB C peaKlueil cpeabl OJIM3KOM K Heil-
TpaJIbHOM U cnadouesouHoii. OTMeueHHast TeHASHLIUS
K 3aCOJICHUIO SIBJISICTCS OTJIMYUTEIbHOM YePTOI IeJb-
TOBBIX IIOYB M HE XapakTepHa s moiimbl CelleHIu
[30]. 3aconeHHbIe, HIeI0YHbIe M1 OTOP(GOBAHHBIE KMC-
JIbIE TTIOYBHI B OTJIMYME OT JEJIBT PEK, BIIAJAIOLINX B Ce-
BEPHbIC U I0XKHBIE MOPSI, IIIMPOKOTO pacIpOCTpaHEHUs
B COBPEMEHHOI JeIbTe He MMEIOT.

DnemenmHbLil cocmae 2yMUHOBbIX KUCAOM. DIEMEHT-
Hblii coctaB 'K, mpeacraBieHHbId B aTOMHBIX IIPO-
LIEHTaX, XapaKTepu3yeTcsl MOHXKEHHBIM COMepKaHM -
€M yIiepona M HECKOJIbKO MOBBIIIEHHBIM BOIOPOIA
U KHUCJIOpOJa [0 CPABHEHUIO C ITIOYBAMU APYTUX TeP-
puropuii [31, 32] (taba. 1).

3aKOHOMEpPHOE BO3pacTaHUE CONEepPKaHUs yIIIepO-
Jla U CHUXXEHUE KOJIMUeCcTBa BOIOPOJA B MCCENOBaH-
HbIX I'B 1ipu mepexone OoT 3aCOJIEHBIX K TUIpOMeTa-
MOp(hU30BaHHBIM TTOUYBAM OOBSICHSIETCSI HapacTaHUEM
CTeTIeHU KOHJIEHCUPOBAHHOCTU, YTO COOTBETCTBYET
5KOJIOTUYECKUM YCIIOBUSIM TTOYBOOOPA30BAHUS U CTE-
neHu ruapomopdHoctu. Ilokazarenp H/C sBasiet-
Cs KJIMMATOTr€HHO O0OYCIOBJIEHHBIM, UMEIOIIMM CBOU
npeneabl MpU pa3HOM COYETaHUU TEIIo00ecIeueH-
HOCTU U YBJIAXHEHOCTU, €ro KOJMWYECTBEHHbIE JaH-
Hble crieuUYHbI 11 1To4yB 3aranHoit Cubupu, [op-
Horo Aurast, Ypana u [ToBomxkss [33]. OTtHOCUTEIEHOE
otHomeHne H/C yMeHbIIaeTCs OT aJLIIOBUAJIbHOM
TEeMHOT'YMYCOBOIi ruipoMeTaMop¢GU30BaHHOM K 3a-
COJIEHHOM, YTO CIYXUT JOKa3aTeJIbCTBOM MENJIEHHOTO
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yBenuueHust ooymepoxeHHocty 'K 1 cHuzkeHusI cre-
MEHU UX TUAPOTEHE3UPOBAHOCTH.

OtHomienne C/N, cBUIETENbCTBYOIIEEe 00 obora-
meHHocTtu [TOB azoTom, B n3yyeHHBIX Ipenaparax 'K
cyXaeTcsl B JIyTOBOI COJJOHYAKOBATOM MOYBE, UTO SIBJISI-
€TCSl Pe3YyJIBTAaTOM OCOOBIX YCIIOBHiIT TYyMycOOOpa3oBa-
HMSI, CBSI3aHHBIX C 3aCOJIeHUeM. B HUX CHIKaeTcs ypo-
BEeHb TTOTEHIIMAIBHOTO TUTOMOPOINS, TOCTYITHOCTh Ma-
KpO- M MUKPO3JIEMEHTOB /ISl pACTEHM, YXYIIIAIOTCS
BOIHO- (hU3MYeCKre CBOMCTBA MTOUB, YCUJIMBAETCSI MUHE-
panuzaums opranudeckoro Bemecta. I'K 13 rymycoBo-
AKKyMYJISITUBHOTO TOPU30HTA JAHHBIX MOYB 00OTallleHbI
He TOJIBKO a30TOM, 31eCh XK€ M caMasl BBICOKAs TOJIS BO-
JIOPOZIA, YTO CBUIETEILCTBYET 00 OTHOCUTETHHOI He3pe-
JIOCTU 3TUX KUCJIOT Y 3HAUUTESTbHOM YJacTUM Tiepucepu-
YeCKUX (DparMeHTOB B UX CTPYKTYpE.

I'K 13 ajmioBraibHBIX JIyTOBO-00I0THBIX ITIOYB Me-
Hee oboraleHbl a30ToM, 4yeM 'K ajrioBruanbHBIX JIy-
TOBBIX IIOYB, IIPY 3TOM OHU 00Jiee TUAPOTeHU3UPO-
BaHbI U HECKOJIbKO 0oJiee OKMCIEHBbI, YTO Ha (oHE
YMEHBIICHUS CONep:KaHUs yIiepoaa CBUACTEIbCTBYET
0 OOJIbIIIEH PAa3BUTOCTU TTepUdEPpUIECKOIl YaCTU MO-
Jiekya. Mexay TeM Helb3sl Ae/laTh BbIBOI O Pa3BUTUU
VUMEHHO aln@aTndecKnx KOMIIOHEHTOB, IO JaHHBIM
BJIEMEHTHOTO COCTaBa, MOXHO IPeANoJaraTb JOMUHM -
pOBaHUe YIJIEBOIHBIX, aJIKMJIbHBIX U TTOJIMCaXapUIHbIX
¢parmenToB. [1oBeIlIeHHAsST CTEIIEHb OKMCIEHHOCTU
I'K Takzke cBUAETEIHCTBYET 0 pa3BuUTUU nepude-
pUUYECKUX, B OCHOBHOM KapOOKCUJILHBIX TpymIl. B 1ie-
JIOM YCTaHOBJICHHBIE YPOBHU COAEpKaHUS yIaepoaa
u a3ota B coctaBe 'K mcciaenoBaHHBIX MOYB OJIM3KHU
K cpenqHuMm 1okasarensiMm 'K 1mouB pa3nuuHBIX TIpu-
POIHBIX 30H, BBIYMCIIEHHBIM JJISI BHIOOPOK OOJILIIOTO
obbema [13, 34].

Cmpykmypuotit cocmaeé I'K. [ns aHanu3a cBSI-
31 MEXOYy BJIEMEHTHBIM COCTaBOM M CTPYKTYPHBI-
MU ocobeHHocTsIMU 'K mpoaHaniu3aupoBaHbl CIIEK-
TPHI Bc-gamp npenaparoB 'K ncciaenoBaHHBIX TOYB,
UIEeHTU(GUIUPOBAHBI ClieAylolue obaacTu: anudaTu-
yeckas (0—95 ppm), apomatuueckas (95—165 ppm),
objacTu KapOOKCHIIOB, 3()UPOB U aMUAOB (3TU

Tabmmna 1. DaeMeHTHBIN cocTaB TYMHMWHOBBIX KHNCJIOT U CTCIIEHb UX OKMCJICHHOCTHU B aJUIIOBUAJIbHBIX ITOYBaX ACJIbThI

p. Cenenru
AtomHble % ATOMHBIE€ OTHOIIIEHUST
ITousa ¥
C H N O H/C 0o/C C/N

AJutioBuaibHas 438 +0.713234+0.3|24+02 | 21.14+0.3 0.7 0.4 17.9 0.2
JIyroBast
AnmoBnanbHas 41.14+0.1(33.9+0.1|22+0.1 [22.6+0.3 0.8 0.5 18.7 0.3
JIyTOBO-00JIOTHas
AJutioBuaibHast 374405350+ 04| 2.6 0.1 |[25.04+04 0.9 0.7 14.4 0.4
COJIOHYAKOBaTast
* CrelneHb OKUCJIEHHOCTH.
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Puc. 1. CriexTphl Bc-aMmP TYMMHOBBIX KUCJIOT: 1 —
aJUTIOBUAJIbHASI JIyTOBasi, 2 — aJUTIOBUAJbHAsT JTYTOBO-
00JI0THAsI, 3 — aJIIOBUAIbHAS JIyTOBasi COJIOHYAKOBa-
Tas IOYBa.

(byHKUMOHANIbHBIE TPYNIbl MOTYT OBITh CBSI3AHBI
Kak ¢ anudaTUdeckoi, TaK U ¢ apOMaTUUYECKOM
kommioHeHTOM I'K) (165—185 ppm) u KapOGOHUIIOB
(185—200 ppm), 4TO CBUIETEABCTBYET O OOJBIION
cioxHocTu cTpoeHust 'K u moJudyHKIMOHaTbHBIX
CBOICTBax, 00YCJTOBIMBAIOIINX X aKTUBHOE yyacTue
B ITOYBEHHBIX Mpolieccax (puc. 1).

O1eHKa OTHOCHUTEJIBHOTO COIEpXaHUSI aTo-
MOB yIJiepoJia OCHOBHBIX (DYHKIIMOHAJIBHBIX T'PYMII
U CTPYKTYPHBIX (hparmMeHToB B npenapatax I'K amtio-
BUAJIbHBIX MTOYB MPOBEACHA MHTETPUPOBAHUEM JTMHUIA
TTOTJIOIICHUSI B COOTBETCTBYIOIINX THATIa30HAX XUMU-
YeCcKUX CABUTOB (Tad. 2).

B anudarnyeckoil o6JacT BO BCeX CIIEKTpax
I'K npucyrctByior CH,— ankuiabHble ¢parMeH-
ThI, cocpenoTouyeHHbIe B objgactu 30—50 ppm, xa-
paxkTepusyloliunecs HauOOJbIIEH YCTOMUYUBOCTbHIO

K TpaHchopMaluu cpenu aaudaTuyecKux KOMITOHEeH-
ToB. CunTaeTcs, UTO BbICOKAsI 10JIs aTOMOB anudaTu-
YeCcKUX (pparMeHTOB CBsI3aHa ¢ HAKOTUIEHUEM MTPOIYyK-
TOB PACTUTEIILHOTO MPOUCXOXIEHUS — BOCKOCMOJ,
NIMKOJUMUIOB, KyTUHA, XXKUPHBIX KUcaoT [35]. B TK
JIYTOBBIX COJIOHYAKOBAThIX MTOYB OH HauboJiee BbIpa-
JKeH, cKopee BCero n3-3a oobeMa M cocTaBa OpTaHU-
YECKHUX OCTATKOB, TaK U CeU(PUIECKUMU OUOXUMU-
YeCKMMM YCIOBUSIMU UX Pa3IOKEHMSI.

Bo Bcex criektpax 'K BUAHBI OTYET/IMBBIE MTUKH,
KOTOpBIE MOXKHO HabJIoAaTh B 1Mama3oHe 45—65 ppm,
MPEIoIaraeTcsl YTo JaHHbIN IUAIa30H CBSI3aH C METOK-
CUJIbHBIMU IpynamMu, 00yCIOBJIEHHBIMU ITPUCYTCTBUEM
JIMTHUHOBBIX (hParMeHTOB, a TAKXKE O- U [3-yIJIepOTHBIMU
aTOMaMU aMUHOKUCJIOTHBIX pparMeHToB [36]. CusbHBIE
CUTHAJTBI B 0071acTH 65—95 ppm oTHOCATCS K adaTi-
YecKUM (pparMeHTaM, IBaKIbl 3aMEIIEHHBIM IeTepoaTo-
MaM (B TOM YMCJIe YIIEBOZHBIMI) U METUHOBOMY YIJIEPO-
Iy TIPOCTBIX U CJIOXKHBIX 3¢pupoB [37].

B oGsacTu apomaTuuyeckux (pparMeHTOB HauboJiee
IUpOKNe MUKM TTpuxonsTcs Ha C-, H-3amemeHHbIe
apomatuueckue pparmeHTsl (110—130 ppm), yTo xa-
paxKTepHO B OOJBIIEH CTETICHU MUTS TIOYB TIOM TYTOBO#
pactutenbHOCThIO. [TuK 1ipu 147—149 ppm (06acThb
pPEe30HUPOBAHUS CBSI3eil apoMaTUUECKOI TIPUPOJIBI)
00yCIOBIIEH COCAMHEHUSIMH JTUTHUHOBOTO TIPOUC-
xoxnaeHus [38], Takue MUKKU CKOpee BCEro 00yCcIoB-
JIEHBI BBICOKMM CONIEePXKaHUEM IIeJUTI0I030IUTHUH-
HOTO KOMILIEKCA B pacTUTENbHOCTU 3abaiikaibs [39].
SAMP-cnextpsl 'K anioBuaabHONM JTyTrOBOM MOUBBI
uMesu 00jiee MUHTEHCHBHbBIE CUTHAJIBI B 3TOK 00J1aCTU
0 CPAaBHEHUIO C JIYTOBOI COJIOHYAKOBATOM MOYBOM.

B o6nactu 172—174 ppm npucyTCTByeT CUTHAJ, OT-
HOCHMBI K YIJIEpOay KapOOKCUIbHBIX TPYIIM, HO TaK-
K€ OH MOXeT MpUuHaIiexaTb U KapOOHUJI TpyIire
amuaoB u nonunentunoB [40]. [Tpeobnananue kap-
OOKCUJIBHBIX I'PYMIT CAYXKUT OCHOBAHUEM JIJISI TIPU-
YUCJEHUS TYMUHOBBIX BEIIECTB K KMUCJIOTaM, B 4acT-
HOCTH, K BBICOKOMOJIEKYJISIPHBIM apoOMaTUYE€CKUM
OKCUKapOOHOBBIM KMCJIOTaM. ATOMBI yIJIepojia XMHOH-
HBIX (hparMeHTOB U KapOOHUJIbHBIX TPYII aJIbAETUI0B

Taomma 2. ConepxxaHue CTPYKTYPHBIX (PparMeHTOB T'YMUHOBBIX KUCJIOT aJJTIOBUATBHBIX TTOYB AeNbThl p. CeleHrn

o nanubiM SC-IMP, %

XUMUYECKUI COBUT, ppm
II AR/AL f:

opa 0-45 | 45-65 | 65-95 | 95-165 | 165185 | 185-200 | "%/ 2, %
AJITIOBAaNbHAsA 12.3 6.5 8.5 55.1 15.5 2.1 2.0 66,9
JIyroBas
AJTroBUaabHasg 12.6 8.4 8.1 53.7 17.2 1.8 64.8
JIyTOBO-00JIOTHas
AJutioBUajIbHAasI IyroBast 28.5 16.9 39.3 13.3 2.0 0.9 41.3
COJIOHYAKOBATAs

IMpumeuyanve. AR/AL — curHaisl oT B¢ apomatnyeckux cTpyktyp (AR) cymmupoBaHbl o o6sactsm 165—95 ppm, anmudarude-

ckux cTpykTyp (AL) — 95—0 ppm; fa — creneHb apOMaTUIHOCTH.

ATPOXMMUA Ned 2024



BJIIEMEHTHbBIN COCTAB U CTPYKTYPHBIE OCOBEHHOCTU I'YMUHOBBIX KMCJIOT 83

1 KETOHOB BHOCSIT CBOIf BKJIaJ B CJ1a0ble CUTHAJIBI B 00-
Jactu 185—200 ppm, ¥ He3HAYUTEILHOE UX COIepKa-
HHUE, BEPOSITHO, CBI3aHO C HEBBICOKON CKOPOCTHIO
Pa3JIOXKEHUsT OPraHMYECKOTO BEIIECTBA B OTUX IMOYBAX
B pe3y/braTe HeOJaronpusaTHBIX BOIHO-(GU3NUECKUX
YCJIOBUI (TIepeyBIakHEeHNe), KOTOpble CHUKAIOT aK-
TUBHOCTB [TOYBEHHBIX MUKPOOPraHU3MOB. 3acojicHNE
TakKe OTPULIATENILHO BIMSIET HA MHOTHE ITOYBEHHBIE
OpraHM3Mbl, OTPAHUYMBAs JOCTYITHOCTb BOJBI B pe-
3yJIbTaTe HU3KOIO0 OCMOTUYECKOTO MOTEHI[MAJIa B MOY-
B€ U MIOHHO# TOKCUYHOCTH [41].

IMTonyyenHsle nanHbie o0 coctaBe I'K mo3BoJsiiorT
3aKJIIOYUTh, YTO U3MEHEHMS 3JI€MEHTHOIO COCTaBa
COIIPOBOXIAIOTCSI U3MEHEHUSIMU COCTaBa U CTPYK-
TYPHBIX OCOOEHHOCTEN TYMUHOBBIX KUCIOT. B 11eioM
I'K annroBuanbHOIt J1yroBoii MOYBLI OoJiee oboralle-
HbI apoMaTU4YecKuMHU pparmeHTtamu, yeM I'K 1yroso-
OOJIOTHBIX M JIYTOBBIX COJIOHYAKOBaThIX MMOouB. OHU
MNpeAcTaBIsSIIOT co0oit Gosee “3peiblii” MPOAYKT Ty-
mubukauu. st cpaBHeHUST CTEIIEHU apOMaTUYHO-
ctu (fa) cTpykTypHbIX hparMeHToB I'K anmtoBuaabHBIX
MOYB ObLIO MCIIOJIB30BAaHO COOTHOIIECHME YIJIEpoaa
apoMaTUYECKUX CTPYKTYP K yriepony anupaTudecKux
mermeit AR (165—95 ppm)/AL (95—0 ppm), KoTo-
poe oTpaxaeT ruapodoOHO-TUIPpOoGUIbHBINA bajlaHC
B I'K. JlaHHOE COOTHOIIIEHUE YBEIUYUIOCH 00Jiee YeM
B 2 pa3a IIpu Mepexole OT ajJII0BUAJIbLHON JIyTOBOM1
COJIOHYAKOBOI K aJlJIIOBUAJIbHOI JIyroBoli. MeHblias
crerneHb apomaTuuyHocTu nipenapara 'K ayrosoii co-
JIOHYaKOBATOM MOYBKI TAKKE TTOATBEPKAACT BETUUMHBI
H/C, nony4yeHHbIe MO JaHHBIM 3JIEMEHTHOTO COCTaBa,
M yKa3bIBaeT Ha 0oJiblllee colaepKaHWEe B HUX MeHee
PA3IOXKEHHBIX TUAPOMUIBHBIX CTPYKTYP (B MEPBYIO
ouepenb — LEJUTI0JO3HbBIX OCTaTKOB).

SAKJIIOYEHUE

Takum o6pasom, hopMupoBaHue B noiimax p. Ce-
JICHTY aJTIOBMAJBHBIX ITOYB C Pa3HBIM COAEpPXKaHU-
eMm C, H, O, N u ¢ pa3nnuHbIMu (pyHKIIMOHATbHBIMU
TpyNIlaMyi B TYMUHOBBIX KMCJTOTaX 00yCJIOBJIEHO OMO-
KJIUMATUYECKUMHU YCITOBUSIMHU, CBSIZAHHBIMU C I -
TETBbHBIM HaXOXIEHUEM X B MEP3JIOTHOM COCTOSTHUU,
PEXHMMOM TPYHTOBBIX BOJ, COCTABOM OTJIOXEHUit, 60-
TaHWYECKOTO cocTaBa pacTeHuil. Heckoibko Oosblas
CTerneHb apOMaTUYHOCTHU B aJTIOBUATBHON JIyrOBOM
U TYTOBO-00JIOTHOIT MOYBE CBSI3aHA C 9KOJOTMIECKM -
MU YCIOBUSIMHU M XUMHIECKUM COCTABOM TIpEIIIIe-
CTBEHHMKOB rymucdukaiuu. Bozpacranue nonu anu-
(baTnyeckux CTPYKTYp U CHUKEHME TOJIU apoMaTuye-
CKUX (hparMeHTOB B COCTaBe MpenapaToB I'YMUHOBBIX
kucnotT (I'K) 1yroBoii conoH4aKOBOI ITOYBHI ITO3BO-
JISIIOT TOBOPUTDH 00 YIPOILIEHUU CTPOSHUSI TYMUHOBOM
kuciotsel. [pyHTOBOE yBIaXKHEHUE B COBOKYITHOCTU
C 3aCOJICHUEM 3aMETHO CHIKAET CKOPOCTh TpaHCchOp-
MallMM II0OYBEHHOTro opranndeckoro Beuectsa (I1IOB)
U NPUBOJAUT K YBEJIMUEHUIO TOJU HEOKUCIEHHBIX
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anudaTnyeckux GparMeHToB. 3HAUYUTEJbHAS 0JIs
PeakiMOHHO-CMTOCOOHBIX (PYHKIIMOHAIbHBIX TPYII
B cocTtaBe I'K mpumaeT mouBaM BBICOKYIO aacOPOLIMOH-
HYIO CLIOCOOHOCTD U SIBJISIETCS OIIPEAC/ISIONIIM (haKTO-
POM MPU PaCCMOTPEHUU MX B KAUeCTBE OMOTEOXNMMU -
YeCKUX MPUPOIHBIX OAPHEPOB B ACIbTE.
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Elemental Composition and Structural Features of Humic Acids
from Floodplain Soils of the Selenga River Delta

E. Y. Milkheev~*, N. D. Baldanov®

Institute of General and Experimental Biology SB RAS,
ul. Sakhyanovoy 6, Ulan-Ude 670047, Russia

b Filippov Buryatia State Academy,
ul. Pushkina 8, Ulan-Ude 670047, Russia

*E-mail: evg-milh@rambler.ru

The study of the elemental composition and structure of humic acids of floodplain soils of the delta of the
Selenga River (Western Transbaikalia) was carried out. The research area belongs to the delta meadow-marsh
and forest-steppe region, which is an area where deposits of sandy and silty fractions are actively carried
out from the entire basin. Here, soils and vegetation are natural biofilters. Depending on the bioclimatic
conditions, groundwater regimes, and sediment composition, soils are formed that differ in the composition
of humus and humic acids (HA). The objects of research were alluvial (meadow, meadow-marsh, meadow
saline) soils of the Selenga delta, according to the classification WRB — Fluvisols. The analysis of 13 C-NMR
spectra of HA preparations of the studied floodplain soils made it possible to identify ranges of chemical
shifts belonging to carbon atoms of various functional groups and molecular fragments. NMR spectroscopy
data showed that humic acids of alluvial meadow soil are more enriched in aromatic fragments than humic
acids of meadow-marsh and meadow saline soils. A slightly higher degree of aromaticity in alluvial meadow
and meadow-marsh soil is associated with environmental conditions and the component composition of
the precursors of humification. An increase in the proportion of aliphatic structures and a decrease in
the proportion of aromatic fragments in the composition of preparations of meadow salt marsh soil make
it possible to judge the simplification of the structure of humic acid. Soil moisture in combination with
salinization significantly reduces the rate of transformation of soil organic matter and leads to an increase in
the proportion of non-oxidized aliphatic fragments. The use of NMR spectroscopy in the study of soils has
significantly expanded the understanding of its composition and structure, deepened the understanding of
the mechanisms of humification and transformation of soils of various genesis.

Keywords: Fluvisols, alluvial soils, Selenga River delta, humic acids.
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BIIMSAHUE CEJEHA HA YPOXA M1 AMUHOKHMCJIOTHBIN COCTAB

3EPHA APOBON IIIEHUIIbI B OIITUMAJIBHBIX YCJIOBUAX
BOJJOCHABXKEHUSA U ITPU 3ACYXES

© 2024 r. MW. U. Cepernna*

Poccuiickuii Tocyoapcmeennwiii Aepapruiit Yuueepcumem—MCXA um. K.A. Tumupszesa
127550 Mockea, ya. Tumupszeeckas, 49, Poccus

*E-mail: seregina.i@inbox.ru

B MozenbHbBIX OMBITAX B IOYBEHHOM KYJIBType U3y4alll BAUsSHUE Pa3IMYHbIX CIIOCOO0B BHECEHUS Celle-
HUTa HATpUs Ha (hOPMUPOBAHUE YPOXKANHOCTY U AMUHOKUCIOTHBIX COCTAB 3€pHA COPTOB SIPOBOIA Milie-
HUILIBI 371aTa U DCTep B 3aBUCUMOCTH OT yCJIOBUii BogoobecrnieyeHus. CeIeHUT HaTpUsl BHOCUJIM ITyTEM
MpeamnoceBHO 006pabOTKM CEMSIH U JTUCTOBOM 00pabOTKM BereTUpyoolux pacteHuit. B uccnenosanuu
MOIETMPOBAIM ONTUMAJIBHBIC YCIIOBUSI BOTOOOECIIeUeHNS U Ne(PUITNAT BJIaTH B IIOYBE B KPUTHIECKUIMA
TIepUOM pOCTa pacTeHmit. M3yuanu polib celeHa B peryIMpoBaHUM IIPOIYKIIMOHHOTO TIpoliecca u hop-
MMPOBAHUKM AMUHOKKCIIOTHOTO COCTaBa 3€pHa SIPOBO MIIEHULIbI. BbLI0 YyCTaHOBIEHO, YTO IIPOLYKIIM-
OHHBbIIA TPOLECC PACTECHUI MILIEHULIBI KAK IIPY ONTUMAIbHOM BOL0OOOECIIeYeHU U, TAK U B YCJIOBHUSIX 3a-
CYyXU, 3aBHUCEII OT CIIOCO0a IIPUMEHEHMSI CeJIeHA M COPTOBBIX 0COOCHHOCTE sIpOBOI IMIIeHUIIBI. Pe3yib-
TaThl MO3BOJIWIIM CIENATh MPEANOJI0XKEHNE, YTO CeJIeH aKTHUBU3MPOBAJI aTTParupyrollylo ClIoCOOHOCTh
KOJIOCa 32 CYET YCUJICHUS ero aKIENTOPHBIX CBOMCTB. B MAaHHBIX YCIOBUSX 3¢pHOBKH OBUTH JTy4IIle 00e-
CIIEYCHBI aCCUMMJISITAME, UTO 1 TTO3BOJIMIIO C(pOPMUPOBATH MAKCHMMAILHO BO3MOXHBIN ypoXKail 3epHa
MILEeHULBI. B ycI0BUsIX 3aCcyXu 1P JIUCTOBOM 00pabOTKe paCTEHUIM CEJIEHUTOM HATPpUsl ObLIM CO3IaHbI
GJIaroNpUSITHBIC YCIOBUSI (POPMUPOBAHUS PENPOAYKTUBHBIX OPraHOB IMILEHUILIbI, YTO CTUMYJIMPOBAIO
BOCCTaHOBJICHHE IIPOLIECCOB OTTOKA aCCUMUJISTOB U3 BEreTATMBHOM MacChl B (hOPMUPYIOIIECECS 3ep-
HOBKU. DTO IMO3BOJIMJIO BJIMSITh Ha MPOMYKIIMOHHBIE TTPOLIECCHl M CHMXKATh JeNpeccuio ¢hopMUpOBa-
HUS ypoxkast meHUIbl. [Ipy MpruMeHeHN ceJieHa BBISIBJICHO YBEJTMUEHNE COBOKYITHOTO COIEpPKaHUS
KJTIOYEBBIX aMIHOKHMCIIOT, KOTOPBIE OKA3bIBAJIM CYIIIECTBEHHOE BIMSHIEC Ha aHTUOKCUIAHTHBIN CTaTyC
pacTeHMi U CIIOCOOCTBOBAIN pealn3aliuy UX aJallTUBHOIO IMOTEHIMaja. BEISIBIEHO MOJOXUTEIbHOE
BIMSTHUE CeJIeHa Ha Colep:KaHMe psiia aMIHOKHUCIIOT, B TOM YMCJIe Ha aCCUMIWISIIMIO METUOHMHA, YTO
BEPOSITHO, OBUIO OOYCIIOBJICHO CUHTE30M CEJICHOMETMOHMHA, TIOCKOJIBKY IYTH UX 00pa30BaHUS TTOX0XHU
M pa3le/IuTh UX He MPEACTaBIIsIeTCs BOBMOXHBIM. Hanboiblilee BAMSIHUE CeJieHa OTMEUEHO IIpY BbIpa-
IIMBAaHWH ITIIEHUIIBI cOpTa 3j1aTa 10 CPaBHEHUIO C MIIEHUIIEH copTa DCTEP, UTO OMPENeIOCh COPTOBBI-
MU Pa3IMIUSIMU, 3aJI0KCHHBIMY TeHETUUICCKI U pa3INIHBIM COlep:KaHNEeM OelTka B 3epHE.

Karoueguie crosa: copra spoBOii MIIIEHUIIBI, CeJIeH, YpoXkKaii 3epHa, aMIHOKHCIIOTHBIN COCTaB 3epHa, yC-
JIOBHSI BOIOOOECTICUeHUS.
DOI: 10.31857/S0002188124040102, EDN: dlhasw

BBEAEHUWE

B nocnenHue necsituieTvusi OqHOM U3 OCHOBHBIX
MPUUYMH KJIMMATUUECKUX UBMEHEHUM cuuTaeTcs Ha-
pacTaHuWe aHTPOMOTeHHOU Harpy3ku Ha OKpyXkaro-
111y10 cpeay oOuTaHUsl, YTO MPUBOAUT K HAPYILIEHUIO
ee ecTecTBeHHOro (pyHKunoHupoBaHus [1]. Cenbcko-
XO3SIICTBEHHOE MPOU3BOJACTBO B HAaUOOJIbIIIEH CcTeIe-
HU MoJBepraeTcs HeraTUBHOMY BJIUSIHUIO U3MEHEHUI
OKpYXalollleil cpebl, B pe3yJbraTe Yero mNpoucxXoasiT

$ PaGota BbIMoNHEHMS 32 CUET CPeICTB MPOrpaMMbl Pa3BUTUSL
YHUBepcHUTeTa B paMKax [IporpamMMbl cTpaTernyeckoro akase-
muaeckoro ymaepcrsa “IIpuopurer 20307,
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3HAUYUTEJbHbIC TTOTEPU YPOXKash KYJIbTYP U CHUXXKEHUE
SKOHOMUYECKOMN 3((HEKTUBHOCTU IIPUMEHSIEMBIX TeX-
HoJjioruii [2, 3]. HamOosblllee HeraTUBHOE IeliCTBUE
Ha OKPYXaloIllylo Cpeay OKa3bIBalOT Ne(UIIUT Bia-
TY B TIOYBE U BBICOKHE TeMIEpaTypbl BO31yXa, BbI3bl-
BaloIre aTMOC(EPHYIO ¥ TTOYBEHHYIO 3aCyXH, KOTO-
pble XapaKTepHbI ISl 0OJIBIION TEPPUTOPUMN 