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B MHOrosieTHEM CTallMOHAPHOM OTIBITE Ha CEPBIX JIECHBIX MOYBaX BianuMupCcKOro oroJibsi U3y4eHbl BIIMSI -
HY€ arpoOTEeXHOJIOTUI BO3/IEbIBAHMS MOJIEBBIX KYJIBTYpP Ha coAepXaHue MOIBMXHBIX (OPM a30Ta, UX B3a-
UMOCBSI3b C XUMUUECKUMU U (PU3MKO-XMMUYECKMMU CBOMCTBAMU TTOYBbI, YPOBHSIMU MHTEHCU(DUKALINU.
IMocne nnuTenbHOro MPpUMEHEHMSI arPOTEXHOJIOTUIA C TTIOBBIILIEHWEM YPOBHS TPUMEHEHUS Y1O0OpEeHMi BbI-
SIBJICH POCT 3aI1acoOB HUTPATHOTO a30Ta, CTeTNIeH! Tlepexo/ia aMMOHUITHOTO a30Ta IMOYBHI B XXUAKYIO a3y OT
COIEepKaHus TyMyca Ha YpOBHE CUJIbHOM B3auMocBs3u. Conepxxanue N-NH, B mouBe CHUXaJO €ro BeJIu-
yuHy. C pOCTOM €MKOCTU KaTUOHHOTO OOMeHa BeJIMUYMHA 3TOTO MapaMeTpa U3MeHsIach, IPOXOAs Yepe3
MakcuMyM, pHyc| — 4epe3 MUHUMYM. YCTaHOBJIEHBI U3MEHEHUS B COEPXKAHUU TyMyca U (PU3UKO-XUMU-
YECKMX CBOMCTBAX MOYBEHHBIX Pa3HOCTEN CEPBIX JIECHBIX ITOYB: CEPOI JIECHOU MJIAKOPHOI, Cepoii JIECHOM
CPEIHEOTIOA30JIEHHOM, CEPOIi JIECHOU CPETHEOITON30JIEHHOM CO BTOPHIM I'YMYCOBBIM TOPU30HTOM.
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CKHE CBOMCTBA, 3aI1aCbl HUTPATHOIO a30Ta, CTEIIEHb MePEX01a aMMOHUIHOTO a30Ta B KUAKYIO d)a3y, KOp-
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BBEAEHWE

Ha nepHoBo-1nonzonucthix [ 1—3] 1 cepbIX T€CHBIX
noyBax BiammMmupckoro omosbst [4] BhIsIBIIEHaA pe-
11aronasi pojib a30THBIX YyIOOpEeHUId B MOBBILIEHUM
MPOAYKTUBHOCTU BO3AEIbIBAEMBIX TOJIEBBIX KYJIBTYP
B pPa3IMYHBIX ceBooOopoTax. OMHAKO B OTIEILHBIC
Oojiee OyaronmpusiTHbIe IO YBJaXXHEHUIO TOAbI Ha
JIETKMX JE€PHOBO-MOA30JUCTBIX MOYBaX MPU TpUMe-
HEHWU TIOJTHOTO MUHEPAITBHOTO yIOOpEeHUsI OTMeUe-
Ha 6oJiee BbICOKAsl YPOXKAWHOCTD MOJEBBIX KYJIBTYD,
yeM Ha 0oJiee MIOAOPOIHBIX CEPBIX JECHBIX MOYBAX
Ononbg. 1o pa3zBuBaeMbIM B paGorax [5, 6] mpen-
CTaBJIEHUSIM 3TO CBSI3aHO C Pa3IUUYUIMU B MUTAHUU
pacTeHuit NoABUXHBIMU (hopMaMu a3oTa, popMuUpy-
IOIIMMUCS B TIpoliecce TpaHc(opMalluy opraHuye-
CKVX 1 a30THBIX MUHEPaJTbHBIX yTOOPEHUIi B 3aBUCH-
MOCTHU OT (PU3UKO-XMUMUYECKUX CBOUCTB MOUBHI (EM-
KOCTU KaTMOHHOTIo oOMeHa, MUHEpPaJIorn4yeckKoro u
rpaHyJIOMeTprUUecKoro coctaBa). WMcciaenoBaHust
MPOBOJIWJIM Ha TToYBax BiiaiuMupcKoro onosbs.
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B uccnenoBanusix [4, 5] yctaHOB/IEHO, YTO Ha CJia-
GOKMCIIBIX CepbIX JIECHBIX ITOYBAaX M3BECTKOBaHME
¢1a00 BIIMSIO HA YPOKAMHOCTH IMOJIEBBIX KYJIBTYP U
MIPOLYKTUBHOCTH CEBOOOOPOTOB. DTO OOBSICHEHO OT-
CYTCTBUEM B KOHTPOJIE U BO BCEX BAPUAHTAX U3BECT-
KOBAaHUS METPOBOM CJIO€ 3THUX IOYB OOMEHHOTIO
AJTIOMUHUS B TOKCUYHBIX JJIs1 KOPHEBBIX CUCTEM BO3-
JIeJIbIBAEMBIX KYJIbTYp KonndecTBax. Mi3BecTkoBaHue
00ecIieunBajIo BO3MOXKXHOCTh PACITPOCTPAHEHUS UX B
6oJiee ITyOOKMeE BIaXKHbBIE CJIOW TTOYBKI IIPU TTePECHI-
XaHUU BEPXHUX.

CpenHsis exerogHasi MPOAYKTUBHOCTb 8-TIOJIbHO-
ro 3epHOTPaBSIHO-MPOIAIIHOTO CEeBOOOOpOoTa Ha
89.1-94.7% w 7-mOABHOTO 3EPHOTPABSIHOTO CEBO-
o6opora Ha 92—93% omnpenensinachk NpUMEHEHUEM
a30Ta MUHEPpaJIbHBIX YIOOpEeHUI U HaBO3a KPYITHOTO
poraTtoro ckoTa. Yudactue (ochOpHO-KAIUNHBIX
yI0OpEeHMI MOBLIIIATIO TECHOTY CBsI3U Ha 4.3—7.4%.

IMTockonbKy pelnaoliiee BAUSIHAE HA MPOXYKTUB-

HOCTh CEBOOOOPOTOB Ha CEePhIX JISCHBIX IToYBax Bepx-
HEBOJLKbSI OKAa3bIBAJI0O NMPUMEHEHME a30Ta MUHEe-
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paJbHBIX YIOOpEeHW 1 HaBOo3a, TO B padorax [4, 5]
u3ydganu TpaHchOpPMAIIUI0 BHECEHHBIX a30THBIX
ynoopenmit m HaBo3a KPC u cBg3aHHYIO ¢ Hell cpen-
HIOIO €XXKEeTOMHYIO IMHAMUKY COAEPXKaHUSI HUTPATHO-
ro 1 aMMOHUWITHOTO a30Ta MO KyJIbTypaMu 7-TI0Jb-
HOTO ceBOOOOpOTAa.

K 1-My cpoky HaGmtoneHUit (OTpacTaHUe O3UMBIX
Y MHOTOJIETHUX TPaB, BCXOIbI IPOBBIX KYJIbTYP U OfI-
HOJIETHUX TPaB) IPOUCXOAMIIa TpaHC(HOPMAIINSI BHE-
CEHHBIX a30THBIX yIOOpeHMIi B HUTPATHI, a30Ta Opra-
HUYECKOTO BEellleCTBa MOYBLI (TyMyca, paCTUTETbHBIX
OCTaTKOB) Y OPraHMYECKNX yIOOPEHUIT — B aMMHad-
HYIO 1 HUTpaTHYIO (popMEL. [103TOMY 3amachl TTocien-
HEel B 3TOT CPOK OOBITHO OBUTM MaKCHUMadbHBIMHU. K
cepenuHe Beretaluu 3anacbl N-NO; cCHUXXanuch 3a
CYET MHTEHCHUBHOIO IIOIVIOIICHMSI PACTCHMSIMH, K
yOOpKe KYJIbTYP HECKOJIBKO BO3paCTal, B 3aCYILLTH -
BbIE€ TOAbLI MOTJIM YMEHBIIIATHCS.

YcranosneHo [4, 5], 9To Ipu IIpUMEHEHUH a30T-
HBIX MUHEPaJIbHbIX YIOOpEHUI (AaMMHUAYHOM CEJIUT-
pbl) 3amachl HUTPATHOTO a30Ta B 1-i cpok Habone-
Huit B cioe 0—40 cM MOYBHI MOBBILIAIUCH C 42.2
(xoHTpOIB) 10 90—160 KT/Ta, B TO BpeMsI KaK 3aIrachl
aMMOHMIAHOTO a30Ta UBMEHSIJIUCh B HEOOIBIIUX MTPe-
nmenax (¢ 98.1 mo 96—136 xr/ra). B ymoGpeHHBIX a30-
TOM BapuaHTax nomioiieHue N-NO; (CHUXEeHUE ero
3aI1acoB BO 2-f CpOK IO CpaBHEHMIO C 1-M, KT/Ta) B
OTBETCTBEHHBIE (pa3bl pOCTa U PA3BUTHUS KYJILTYD Obl-
Jio B 2.5—3.4 paza 6osee BbicokuM, yeM N-NH,. Oue-
BUIHO, OHU UTpajid ONpeNesisIollyl0 POJib B MOBbI-
IIEHUU MTPOAYKTUBHOCTHU KYJbTYp C€BOOOOPOTA, T.K.
MOJIHOCThIO HAXOIWJIMCH B XKUAKOM (haze. MoHbI am-
MOHMUSI B TTOYBAaX C BBICOKOI €MKOCTbIO KATUOHHOTO
oOMEHa IepeXOaWIM B XXKUIKYIO a3y B HEOOJbIINX
konnuyecTBax. KoaddulimeHT ucnoib30BaHUs 3ama-
coB N-NOj; 3a 1-10 NOJOBUHY BereTaluu KyJbTyp B
cioe 0—40 cM TTouBBI BapbupoBai oT 54 1o 70%, 3a-
nacoB N-NH, — ot 7.5 10 26.1%.

Paznuuust B pasmepax MCIOJIb30BaHUS 3aracoB
N-NO; u N-NH, 3a ykazaHHblil niepuof 0butn 00y-
CJIOBJICHBI TTIOJIHBIM HaXOXJIEHNUEM HUTPATHOTO a30Ta
B XUOKON (pa3e MOYBBI, aMMOHUIHOTO — YacTUY-
HbIM. 3a 1—4-10 porauuu nMHamuka 3anacoB N-NO;
B ciioe 0—40 cM MoYBHI B TEUEHME BET€TallUU KYJIbTYP
Obu1a onHoTUIHOU. OnHako 3amackl N-NH, B cioe
0—40 cM nouBsI B 1-ii cpok HaOIOAEHU IO CpaBHE-
HUIO ¢ 1-1i u 2-if poTalsIMM CHUBWJIMCH B 3-Ii poTa-
uuu B 1.58—1.77 pasa, B 4-i1t — B 3—4 pa3sa, a CTeIICHb
nepexoga N-NH, noussl B xuiakyo ¢dasy (COOTHO-
IeHue moysa : Boga = 1 : 1) 3a e e rogsl B cioe 0—
20 cMm yMeHbluanach ¢ 3.3—5.4 no 1.4—3.5% B 3-ii po-
tatuu, 10 0.6—2.4% — B 4-it poramunu. CHIXKeHUE
kak 3anacoB N-NH, B nouse (B 3—4 pa3a), Tak u 10-
JIM MIX TIepexona B KUIKYIo da3y B 4-i1 poTaliiu 1o

CpaBHEHUIO ¢ 1-i1 u 2-i1 MoATBepaMJIO CIIa0yIO POJIb
aMMOHMIAHOTO a30Ta 1 onpeaesiontyo pojib N-NO,
B IMMMTAHUU BO3JEIBIBAEMBIX KYJILTYp IIPU MPUMEHE-
HUU Hay4HO 0O0CHOBAHHBIX 103 A30THBIX YIOOpEHMIA.

Bbicokass mpOYHOCTH CBSI3M HMOHOB aMMOHMUS
IIIIK (mpu BBICOKOIT €eMKOCTH KaTMOHHOIO OOMeHa,
EKO) Bena x pematoiueit ponu 3amnacoB N-NO; B
MOYBE Ha MPOAYKTUBHOCTb BO3JEIbIBAEMBIX KYJIBTYD
1 CEBOOOOPOTOB, K 00Jiee BLICOKOI arpOHOMUYECKOM
3(PeKTUBHOCTM MUHEPAJIIBHOW W OpraHo-MUHE-
paIbHOI cHUCTeM YIOOpeHHUs TI0 CPaBHEHUIO C opra-
HUYeckKoil. DTo OBbLJIO CBSI3aHO C 0OoJjiee OBICTPOit
TpaHchopMalMeil a30Ta BHECEHHBIX MUHEpPaJIbHBIX
yInoOpeHUit B paHHUE TIEPUOAbI BETreTalliu KyJIbTyp B
HUTpaTHYIO (POpMy, YEM a30Ta OPTAaHUUECKUX.

YcraHoBneHo [5], uTo 1 KT a30Ta BHECEHHBIX Op-
raHudyeckux ynoopenuii B cioe 0—40 cM mouBsl B 1-i1
U 2-ii poTalLMsIX B paHHUI Nepuoi BereTalyn Kyiab-
Typ obecneunBan HakoriaeHue (.18 Kr HUTpaTHOTrO
asora, a 1 Kr azota MUHepaJIbHbIX — 1.26 KT. B 3-ii u
4-ii poTauusx ceBoodbopoTa BeIUYMHA HAKOTIIEHUS
HUTPATHOTO a30Ta OT 1 KT a30Ta HaBO3a MOBLICUJIACH
c0.18 10 0.351 0.39 kT, 1 Kr a3oTa aMMHUa4YHOI CEJIUT-
pel — ¢ 1.26 10 1.27 u 1.30 kT, 5 HEKTUBHOCTH a30Ta
HaBO3a Ha HAKOIUIEHHWE HUTPATHOTO a30Ta B MOYBE
ITO CpaBHEHMUIO C aAMMOHMUITHBIM a30TOM CCJIUTPLI CO-

cTraBuiia 0.35 .w, i 0.55—0.60. B 1-i1 u 2-ii po-

0.64 0.65
TaLMSIX HAKOTUIEHHBIE B NE€PUOJ, aKTUBHON XMMU3a-

LIMH 3aracbl aMMOHUITHOTO a30Ta B IOYBE 3aMEIJISLIN
TpaHchOpPMAIIMIO a30Ta OPTAHNYECKNX YIOOpEeHMIT B
HUTPATHYIO (DOPMY B paHHHE CPOKH BEreTallU KYJIb-
TYp.

Jnsg cmoeB 0—20 m 2—40 cM TTOYBHI B 0Opasnax
2007 n 2020 rr. O6BUIa yCTaHOBJICHA TeCHAS JIMHEITHas
cBa3b comepxkaHmusa N-NH, B mouse (6.92 > x > 0.77,
mr/100 r moYBBI) ¢ pa3MepaMu €ro nepexoaa B BOI-
HY10 BBITSEKKY (W, %) [6]:

W=0.28 + 0.743x, n = 68, .,
JOBepUTeNAbHBIN MHTepBad — 0.98.

OueBUIHO, B 3TOM C/Iyyae Ha CTaTUCTUYECKUE T1a-
paMeTphbl, OIpeaeisaiolee BAUsIHIE, OKa3aii Haubo-
Jiee BBICOKME BEJIMUYMHBI BapMaHT (X), IPU KOTOPHIX
MOBBIIIAACh ITIOABUXHOCTH aMMOHHUMHOIO a3zoTa
MOYBbI, IIPU 00JIee HU3KUX MOTJIU IIPOSIBUTHCS U APY-
rue ¢akTophbl, BIUSIONINE HA CTETICHb Iepexoaa aM-
MOHMMHOTO a30Ta IT0YBHI B XUIKyI0 ¢dasy. [asa ce-
PBIX JIECHBIX ITIOYB OIOJIbs, XapaKTePUIYIOIINXCS BbI-
COKMM BapbHpOBaHUEM (DUIUKO-XUMUYECKUX U
XUMWYECKUX CBOMCTB, 3TO TPEeOYyeT JaTbHEMIIINX 1C-
CJIeIOBAaHUM.

B nonmonHeHune K cKkazaHHOMY CJIEIYET COCIAThCS
Ha ITOCJIeAHNE UCCICAOBaHMUS U Ha TePHOBO-IION30-
JIMCTHIX TTouBax [7, 8]. Harmpnmep, Ha JepHOBO-CIa-

=26.2, »=0.912,
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Tabomuna 1. Cxema ceBOOOOPOTOB arpoyiaHAIIA(OTHOTO CTALIMOHAPHOTO OTIBITa

CeBoobopor

1-i 2-1

3-i

4-i 5-i

OBgec noaceBoM TpaB—| OBec IOACEBOM TpaB—
MHOTOJIETHUE TPaBbl | MHOTOJIETHUE TPaBbl
1-ro ronga nonw3oBa- | 1-ro roma noyib3oBa-
HUSI—MHOTOJIETHUE HUSI—MHOTOJIETHUE

TpaBhbl 2-TO Irojia MOJIb-| TPaBbl 2-TO roja MoJjib-
30BaHUSI—IYMEHb— |30BaHUS—SIPOBAas IIlie-

YUCTHII Map—03uMasl | HULla—3aHSThIA ap—
MueHuna o3uMasi poXb

AumeHb c monceBom
TpPaB—MHOTOJIETHUE
TpaBbl 1-ro roja mojb-| TpaBbl 1-T0 roaa Mojib-
30BaHUSI—MHOTOJIET-
HME TpaBbl 2-TO Toaa
MOJIb30BaHUSI—O3U-
Masi poXKb—sIpoBast
MIIIeHUIIa—O0BeC

Kaprodpenb—saumMeHb
C MOJCEBOM TPaB—MHO-
I'OJICTHUEC TPpaBbl
30BaHUSI—MHOTIOJIETHUE |1 -ro rosa 1moJjib30BaHUsI—
TpaBbl 2-TO TONIA MOJIb- | O3MMasl MIIeHUIa—3ep-
30BaHMSI—O3MMasl ITiie- | HOOOOOBBIe—sIpOBast
HULIa—KapTodesIb— MIIeHu1a
spoBad IMILICHULIa

SluMeHb ¢ IToACceBOM
TpaB—MHOTOJIETHUE

IMpumeuanue. Hymepaiiust ceBooGOPOTOB Ta e B TabJI. 2—5.

0OMOA30UCTHIX JIETKO- U CPENHECYTTIMHUCTBIX TOY-
Bax fpociaBckoii 00J1., XapaKTepU3YIOIIUXCS TUAPO-
CJIIOIUCTBIM MUHEPaJIOTMYEeCKUM COCTaBOM uJIa U
BBICOKOI €MKOCThIO KATUOHHOTO oOMeHa 14—24 mr-
5kB/100 T IIOYBEI, II0 ACICTBUIO KypUHOTO IIOMETA
(KII) conepxaHne aMMOHMIAHOTO a30Ta B cjtoe 0—40 cMm
BospacTtayno 10 4—6 Mr/100 r IOYBHI, a CTEIIEHb €T0
rnepexoja B XXKUIKYI0 a3y — mo 8.0—22.5%. Ho yxe
npu nocneneiicteuu KIT 3tu napameTpbl CHU3UINCH
1m0 1.46—1.76 mr/100 T mouBsl u 10 2.5—2.7%. Ilpu
nocneneiicteun KIT ypoxkaliHOCTh BO3O€JIbIBAEMBbIX
KyJbTYp OMNpeaessuiach 3aracaMyu HUTPATHOTO a30Ta
B cinoe 0—40 cMm mmouBsI [8].

Ha nerkux nepHOBO-TIOA30JMCTBIX MouBax Me-
mepsl, B koTopbix EKO u conepkanue puznyeckoit
[JIMHBI BapbUPOBAJIN COOTBETCTBEHHO OT 2.0 10 14.6
Mr-3kB/100 T moussl u oT 1.4 no 22.5%, crerneHs Tie-
pexona N-NH, mouBsl B Xuakyo ¢a3y Bo3pacraia ¢

yMeHblIeHneM oboux napamerpos (#2 = 0.907), us-
MeHstsich ot 7.0 mo 22.4% |5, 7].

Llens paGoOTBIl — B MHOTOJIETHEM CTallHOHAPHOM
KOMILUIEKCHOM OITBbITe (arpojlaHmima@Thl) OLEHUTH
pOJb yIoOpeHWt, (PU3UKO-XUMUIECKUX W XUMHYe-
CKWX CBOIMCTB, MHOYBEHHBIX PAa3HOCTEM CEPBIX JICCHBIX
TOYB Ha 3amachbl HUTPATHOTO a30Ta M MOIBMKHOCTH
aMMOHUITHOTO a30Ta B TTOYBE.

METOJINKA UCCIEJOBAHUA

MccnenoBanue mposenu Ha 1-1 KynbType 5-ii po-
TallUU 5-TU LLECTUIIONbHBIX CEBOOOOPOTOB (Ta0. 1).
OmnbIT 3a0xeH B 1996 1. [9]. Ho3wl ynobpeHwmii pac-
CUMTHIBAIA OaJIAHCOBBIM METONIOM JUISI CIIEIYIOIINX
YPOBHEN MHTEHCUBHOCTU:

1 — HyneBOM (3KCTEHCUBHBIN) — Ha MPOIYKTUB-
HocTb 18—20 11 3.¢./TA;

2 — TmonaepXKUBaIOIINK (HOPMaIbHBII) — Ha IIPO-
IykTuBHOCTh 20—23 11 3.€./Ta;
ATPOXMUI
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3 — VHTEHCUBHBIA — Ha TMPOTYKTHBHOCTH 27—
351u3.e./ra;

4 — BBICOKOMHTEHCHBHBIN — Ha TTPOAYKTUBHOCTh
37—45 1 3.e./ra win

0/0 — 0e3 BHEeCEeHMsI MUHEPAIbHBIX YIOOpPEeHMIA,
n/oM — MOAIEePXUBAIOIINK OpraHO-MUHEPaJbHbIM,
/M — UHTEHCUBHBI MUHEPATLHBIN, B/M — BBICOKO-
WHTEHCUBHbIA MUHEpaJIbHbIA, U/OM — WHTEHCUB-
HbIiA OpraHO-MUHepalbHbIi, B/OM — BBICOKOUHTEH-
CHBHBIA OPraHO-MUHEPAJIbHBIN.

Vnobpenus BHOCHIIM Ha poHe 4-X crcTeM 00paboT-
KM: OTBajbHOM (Bcrmamka Ha 20—22 CM €XeromHo),
KOMOMHMpPOBaHHO-3Heprocoeperatomeit (8 2021 1.
IUIOCKOpe3Hast oopaborka Ha 10—12 cM), KOMOMHU-
poBaHHO-s1pycHOi1 (B 2021 1. Bcrmamka Ha 20—22 cM),
MpOTUBO3PO3nOHHOI (B 2021 I. Imy0b0oKoe phIXIeHNE
Ha 25—27 cm). UccaemoBaHus BeW U B Pa3IMIHBIX
MMOYBEHHBIX apeaiax.

OIBIT 3aKJIaabIBaId B YETHIPEXKPATHOI MOBTOP-
HocTu. [nowans gensaku 20 M X 7 M = 140 m2. Pac-
MOJOXEHUE OeISTHOK 110 GJI0KaM U gpycaM crucTeMa-
TUYECKOE.

B pesynabraTe mouyBeHHOro obOciemoBaHusI B 1-it
3aKJIaJIKe OMbITa, IPOBEIECHHOTO COTPYIHUKAMU
MCXA um. K. A. TumupsizeBa 1mon pyKOBOACTBOM
B.1. KuprommHa, cocTaBjicHa ITOYBEHHAas KapTa B
macmTa6e 1 : 200 ¢ BeigeneHneM 8-M1 pa3HOCTEN ce-
PBIX JIECHBIX MOYB, (DOPMUPYIOIINX 3JIEMEHTapHBIE
nouBeHHBIe apeanbl (DITA) pazHooOpa3Hoit IUIOIIA-
o1 U (GopMbl. BhimeleHbl cieaylolme MOYBEHHbIE
Pa3HOCTU: TUMWYHbIE (TJIAKOPHEIE) Cephble JIECHBIE,
cephle JIECHBIE CJTA00O0IOA30JIEHHBIE, CEPhIe JIECHBIE
CpeaHeOoNnoa30JIEeHHbIE, CUJIBHOOITOA30JICHHbBIE, OCTa-
TOYHO-KapOOHATHEIE, CephIe JIECHBIE CPEIHEONOA30-
JIEHHbIE CO 2-M rymycoBbiM ropu3oHToM (BIT),
cuiabHooIMon30aeHHbIe co BI'T, cepble JiecHbIE TPYyH-
TOBO-CJaborieeBaThic ITOYBLI.

Jo3bl ynoOpeHunii, BHECEHHBIX MOJ MPEAIISCTBY-
IOIIYIO KyIbTypy (KoHel 4-ii porauuu, 2020 T1.) 1 1-10



Taoauua 2. CxeMa IIpUMeHEHNST YIOOpEeHUIA Mo, MPEALIECTBYIOLIYIO (6-10 KYJIBTYPY) U 1-10 KyILTYpYy c€BOOOOPOTOB [9, 10]
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-MUHEpaJIbHBIIA ypoBeHb. To e B Tab1. 3—5.

i1 opra”o

— MHTEHCUBHBIN OpFaHO—MMHepaﬂbeIl‘/Jl, B/OM — BBICOKOMHTEHCUBHBI

, /oM

1 MUHE€paAJIbHbIN

B/M — BBICOKOMHTEHCUBHBbI

KYJIbTYpy 5-i1 poTaliuu ceBOOGOPOTOB, MpPEICTaBIIC-
HBI B Ta01. 2. [TouBeHHBIE aHAIN3EI IO OOIIECITPUHS -
TBIM METONMKAM MPOBEACHBI IS 3-X MOYBEHHBIX
pa3HOCTeIi: cephle JIECHbIE TUITMYHbBIE, CEPhIC JICCHBIE
CpPEIHEOIOA30JeHHbIE, cephble JIECHBIE CPEIHEONO-
3osieHHBIE co BI'T [10]. ComepskaHne aMMOHHUITHOTO
a30Ta B BOOHOM BHITSKKE (1 : 1) ompenensuiy ¢ ToMo-

1IbI0 MOHOCENEKTUBHOTO 3JI€KTpoaa Ha MOoHbl NHj
[5,7].

YcnoBus UCIONB30BAHUSI CEBOOOOPOTOB COCTOSI-
JIX B TOM, 4TO C pOCTOM YPOBHA MHTEHCUBHOCTH CE-
BOOOOPOTA MOBBIIATNCH U O3Bl IPUMEHEHUS Y100~
pEeHUIA.

CTaTUCTUYECKYIO 00pabOTKY JaHHbBIX ITPOBOIMIIN
METOIOM KOPPEISIIIUOHHO-PErPECCUOHHOTO aHalu-
3a C HCIOJb30BaHMEM KOMIIBIOTEPHBIX IPOTpaMM
Microsoft Excel, STAT VIUA.

PE3VJIBTATBI 1 UX OBCYXIEHHUE

IMoromusie ycmosus B 2021 1. XapaKTepu30BaJINCh
KpaiiHe HepaBHOMEPHBIM BBIITaIECHUEM OCAIKOB B
TeUeHHe BEreTallMOHHOIrO Iepuoja, He COBIaaalo-
IIIUM C ONITUMAJIBHOM MOTPEOHOCTHIO B HUX TTOJIEBBIX
KYyJIBTYpP, BBICOKMMU TIepernagaMu TeMreparyp. Bec-
Ha 2021 1. O6pl1a 3aTs>KHOI. 3a arrpelib BhITIajia ITo9YTH
JIBOMHAsI HOpMa OCaJIKOB, 3a Maii — GJIM3Kast K HOP-
Mme. Temneparypa B 1-i1 nekane mas 6b11a Ha 1.1°C
6ojiee HU3KOI, YeM CpeAHEMHOTOJIETHSS HOpMa.
CpenHss TeMnepaTypa Bo3ayxa 3a MIoHb Obuta Ha 4°C
6ojiee BBICOKOI, YeM CpEIHEMHOTOJICTHSISI, YTO
YCKOPSUIO pa3BUTUeE pacTeHuii. KomyecTBo ocagkos
ObUTO OJIM3KMM K HOopMme. [Ipmyem B 3-it mekane ux
ObLIO B 2.3—2.5 pa3a MeHBIIIe, YeM OOBIYHO. 3a TIepH-
on ¢ 13.06 mo 20.07.2021 1. (3a 37 cyT) BBIITIAJIO BCETO
12.2 MMm. U3 Hux 36% (4.3 MM) SBISUTMCH Maio3ad-
dexkTuBHBIMA. TakuM oOpa3oM, B (pa3ax BBIXOHA B
TPYOKY M KOJIOIIECHUSI PACTeHUS UCIBLITHIBAIA OCT-
pBIit 1eULIUT BO BJIAre, 4YTO PE3KO CHU3UJIO ypOXKaii-
HOCTb 3€pPHOBBIX SIPOBBIX KyJbTYp. BhimaBmue B 1-it
M TIOCJIEAYIOIINX JeKaaax aBryCTa OCaaKHU yKe 3aMeT-
HO He MOTJIM HOBJIUSITh HA BEJIMIMNHY YPOKast SPOBBIX
3€PHOBBIX KYJILTYpP, HO YCIOXHUIU MX YOOPKY, 3a-
METHO YCKOPSUIM TpaHC(HOpMaIMio a30Ta MOYBBI U
yooOpeHMiA.

UccnengoBanus nokasanu (tadi. 3), 4To IIpU OT-
BaJIbHOI Bemannke Ha 20—22 ¢cM 1Mo cpaBHEHUIO C HY -
JIEBBIM ypoBHeM uHTeHcudukamuu (1. OBec + Tpa-
BBI, 0/0) C ero noBwleHUeM A0 “B/omM” (5. Kapto-
denp) B cmoe 0—60 cm mouskl 3amacel N-NO; B 1-ii
CPOK HaOJIIOIeHUI B cepoii IeCHOI MoYBe BO3pacTa-
mm ¢ 10.0 mo 85.2 kr/ra, B cepoii JleCHOI cpemaHe-
oroa3oJieHHoi — ¢ 14.9 mo 196 xr/ra. B yb6opky 3ama-
cbl N-NO; B BapuaHTax MOCJIEAEUCTBUS HaBO3a

ATPOXUMHUA Nel 2023
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Ta6mma 3. BnusiHue ypoBHe MHTeHCU(BUKAIIMK Ha 3aIlackl HUTPATHOTO a3oTa B ciioe 0—60 cM B cepoli JIeCHO# 1 cepoii
JIECHOI1 CpeIHe-0IoA30JEHHOM MouyBax B (pa3e BCXOIOB HA (pOHE OTBAJIbHOM BCcHAILKKU Ha myouHy 20—22 cM, Kr/ra

CeB00OOPOTHI
1. OBec + TpaBEI 3. SlumeHb + TpaBbl 4. SlumeHsb + TpaBbl 5. KapTtodenn
Cnoii, cM
YPOBHU UHTEHCU(UKALTUT
o/o u/M u/MmM B/OM
Cepast 1ecHas mouBa
0-20 3.2 5.7 15.7 37.8
20—40 3.5 4.9 16.1 28.8
40—60 3.3 4.7 15.1 18.6
Cymma 10.0 15.3 46.9 85.2
Cepasl iecHas1 cpenHe-omnoa30JeHHasT ToYBa

0-20 5.3 10.7 443 95.6
20—40 4.9 8.4 14.7 56.2
40—60 4.7 7.1 30.2 44.7

CymMma 14.9 26.2 89.2 196

Ta6muua 4. BiusHue ypoBHeil MHTeHCU(UMKALIMKM Ha 3allacbhl HUTPATHOTO a30Ta B cjioe 0—60 cM cepoii JIeCHOM U cepoit
JIECHOI1 CpemHe-0IoA30JeHHOM mouyBax B (pa3e yOOpKM Ha (hoHe OTBAJIbHOM BCcHalllKu Ha mryouny 20—22 cM, Kr/ra

CeB000OOPOTHI
1. OBec + TpaBbI 3. SflumeHb + TpaBbI 4. SlumeHsb + TpaBbI 5. Kaprodens
I'my6una cinos, cm
YPOBHU UHTEHCU(DUKALIUU
o/o u/M u/M B/OM
Cepas jiecHasI oyBa
0-20 14.7 34.1 20.4 27.5
20—-40 9.2 13.0 14.4 12.7
40—60 14.2 10.1 9.8 19.8
CymMma 38.1 57.2 44.6 60.0
Cepasi 1ecHasi cpeHe-0IoA30JIeHHas TToYBa

0-20 9.5 20.4 16.1 16.2
20—40 6.3 10.7 11.5 12.7
40—60 7.1 7.7 15.4 8.8
CymMma 22.9 38.8 43.0 37.8

40 (o/0) m N60P60K60 c¢ meitctBuem N45P45K45

I1pu

KOMOMHHPOBAHHO-3HEpProcoeperaromiein

(1u/M, ceBoOOOPOT 3 — sTUMEHb + TpaBbl) B 00eUX
TMOYBEHHBIX pa3HOCTIX Bo3pociau: no 38.1 wu
57.2 xr/ra B cepoii JiecHOI mouBe u no 22.9 u 38.8
KI/Ta — B CEpOM JIECHOM CpeaHe-OIoA30JeHHOM
(Tabi. 4), 9yTo OBLIO OOYCIOBIECHO OOJiee OiaroIpu-
SITHBIMU YCJIOBUSIMHU YBJIQXKHEHUS I JOCTATOYHO BBI-
COKHMMU TeMIlepaTypaMHM I IIPOIIECCOB HUTPUDU-
Kanuu. B BapmaHTax HaJIbHEMINETO ITOBBIIIICHUS
YPOBHST MHTeHCH(MDUKAIINK BO3pacTaHWe 3amacoB N-
NO; B nouBe B yoopKy He Habmonanu. [lonyyeHHbie
pe3y/IbTaThl B 1IEJIOM COBITAIaN C pe3yJIbTaTaMu pa-
60t [4—6].

ATPOXUMHUA  Nel 2023

crcTteMe oOpabOTKM MOYBBI Ha CEpOi JIECHOM cpen-
HeonoazoieHHou co BI'T mouBe mpu peIxXJIEHUW HaA
10—12 cm, Korga ocHOBHasl YacTh BHECEHHBIX Opra-
HUYECKHUX YTIOOpeHHUil pacriojiarajiach B BepxHeit ya-
CTHM MAXOTHOTO CJIOSI, UHTEHCUBHO MPOXOAWIN MPO-
1ecchl HUTpU(UKALIMY B BapyuaHTax MocjaeaeicTBus
HaBo3 40 T/ra u HaBo3 40 T/ra + N60 ¢ aeiicTBueM
N45P45K45. IlokazaHo, 4TO 3arachl HUTPATHOTO
a30Ta pe3Ko Bo3pacTaju B 00a cpoka HaOIIOASHUM
(tabn. 5). Ilpu mpuMeHEeHUN TOJBKO MUHEPaJIbHBIX
yI0OpEHMI C TTOBBILLIEHUEM YPOBHSI X MPUMEHEHUS
OT ypOBHA U/M (CeBOOOOPOT 3 — TIMEHb + MHOTO-
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OKOPKOB u np.

Ta6mmna 5. Bnusinue ypoBHeil MHTeHCU(DUKAIIMK Ha 3allackl HUTPATHOTO a3oTa B ciioe 0—60 cM cepoii JiecHOI cpemHe-
onon3osieHHoIi ¢ BI'T rouBkl B haze BCxonoB U B (haze yoopKu Ha (poHe KOMOMHUPOBAaHHO-3Heprocoeperarlieii oopa-
06oTku Ha T1youHy 10—12 cm, Kr/ra

CeB000OOPOTHI
1. OBec + TpaBbl 2. OBec + TpaBbI 3. {lumeHs + TpaBbI 4. Slumens + TpaBbI
Imy6una cnost, cm YPOBHU UHTEHCUGDUKALIUU
o/o u/oM B/M B/M
Cepas necHas cpenHeornon3ojieHHas ¢ BI'T mousa (¢aza BcxomnoB)

0—20 14.2 47.4 13.1 28.3
20—40 17.0 93.3 12.1 12.4
40—-60 26.3 83.5 10.1 11.5
Cymma 57.5 224.2 35.3 52.2

Cepast necHas cpenHe-oronzosieHHas ¢ BI'T mouBa (da3za ybopku)

0—20 34.3 12.4 33.9 86.6
20—40 23.9 109.4 16.4 27.1
40—60 18.6 57.7 9.2 15.4
Cymma 76.8 179.5 59.5 129

Tadmmua 6. Bzanmocss3b crenenu nepexona N-NH, B xxuakyto dasy st cepbix JecHbIX 11ouB (W, %) Bragumupckoro
omosbs JaHamadTHOro craumoHapa “BepxHeBomkckuit @PAHIL” ¢ comepkaHueM aMMOHUIAHOTO a30Ta B MOYBe (X,
Mr/100 r MouBsI), conepkaHueM Tymyca (x,, %), EMKOCTbIO KATHOHHOTO 0OMeHa (X3, Mr-3KB/100 T mouBsl) 1 pHyy (X4)

[TouBa

YpaBHeHue B3auMocBsizu (n = 103) R?

W] = 096 — 0153x1
Wy =0.20 + 0.181x,
W, = —0.33 + 0.0386xs

Cepas recHast
CpeIHECYIMHUCTAsT

W, =0.63 — 0.221x, + 0.210x,

Ws=6.36 — 0.248x, — 1.80x, + 0.0518x5 — 0.010x3 + 0.0766x3x,

JloBepuTeNbHbIN UHTEPBAJ
0.100 0.82
0.343 0.70
0.057 0.84
0.540 0.59
0.678 0.50

IMpumeuanue. 2.20 > W>0.06, 4.24 > x> 0.85, 5.58 > x, > 0.29, 33 > x3 > 15.5, 7.20 > x4 > 4.85. [ln1s1 Bcex MoJeseit SKCIIEpUMEHTab-

Hasl BeanynHa Koadduunernta duiiiepa 60Jbliie TeOPETUIECKOIM.

JIETHHUE TPaBbl) 10 YPOBHS B/M (CEBOOGOPOT 4 — su-
MeHb + MHoroJieTHUe TpaBbl) 3anackl N-NO; Takxke
Bospactanu ¢ 35.3 1o 52.2 B paze BcxomoB u ¢ 59.5 no
129 xr/ra B (haze yOOpKHU.

B 1tetom 3ammacer N-NO; B citoe 0—60 cM TTOYBEI
YBEJIMYUBAINCH C ITOBBIIICHUEM YPOBHSI MHTCHCH-
¢dukanmm, Hanbdoiee BEICOKMMU OHU ObLUIM B CEpOi
JIeCHOM cpenHe-omnonzoneHHoI ¢ BI'T mouBe u pa3me-
IIEHUY OpraHNYECKUX YIOOpEeHUIT B BepXHeil YacTy ma-
XOTHOTO CJIOSI, OJIATOIIPUSITHEIC YCIIOBUST YBJIIASKHEHMS
nocyie YOOpKU MHpU BBICOKMX TeMIlepaTypax CIIOcOo0-
CTBOBAJIM 00JIee OBICTPOMY BOCCTAHOBJICHMIO IUIOAOPO-
Jlvisl TIOYBBI O BefimuuHe 3anacoB N-NOj.

Tak kak B MouBe MepBBIM 3TaIoM TpaHcdopma-
UM OPraHUYeCKOro BeIIeCTBa, pPACTUTEIbHBIX
OCTAaTKOB, BHECEHHBIX OPraHUYECKUX YIOOpeHUit

SIBJISICTCSI aMMOHMUKAILIMS, C pOCTOM KOTOPOIi 1Mo-
BBIILLIAIOTCSI CKOPOCTb HUTPUGDUKALIUU U pa3Mephl
HaKOIJICHUS B [IOYBE HUTPATHOTO a30Ta, TO HA IPU-
Mepe MOYBEHHBIX Pa3HOCTEN CephIX JIECHBIX ITOYB B
onbITe ObLJIAa U3YyYeHA B3aMMOCBSI3b CTEIIEHU Mepe-
X0Ja aMMOHUITHOTO a30Ta B XKUIKYIO a3y mpu co-
OTHOILIIEHUM MOYBa : Boga = 1 : 1 B 3aBUCUMOCTH OT
HEKOTOPHIX CBOMCTB MOYBbI. BbIIM HMCIIOIB30BaHBI
0o0pa3slibl NoYBbI, 0OTOOpaHHbIe A0 TyouHbl 100 cm
Ha 3-X IIOYBEHHBIX Pa3HOCTSX (CephbIe JECHBIE, Ce-
pBIe IeCHBIEe CpeaHe-0II0N30JIeHHEIE, Cephie IeCHBIE
cpenHe-omnon3ojieHHble ¢ BIT), mcronb3oBaHHBIX
IIpY pa3INYHBIX YPOBHIX MHTEHCU(PUKALINN U pa3-
JIMYABIINUXCSI COAEpKaHWEM aMMOHHUITHOTO a3oTa,
ryMmyca, eMKOCTbI0O KATHOHHOTO OOMeHa 1 BEJINYM-
Hoit pHyc, (Tabi. 6).

ATPOXUMHUA Nel 2023
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CreneHb nepexona aMMOHMIAHOTO a30Ta B KU/I-
Kyio ¢azy (W) BappupoBana B y3Kux mnpenenax (OT
0.06 mo 2.20%), comepxaHue aMMOHUITHOTO a30Ta B
nmouBe — ot 0.85 mo 4.24 mr/100 r mouBEI, comepka-
Hue rymyca — ot 0.29 1o 5.58 %, eMKOCTh KATUOHHOTO
obMeHa — ot 15.5 10 33.0 Mr-3xB/100 r mouBsbl, pHgc —
oTr 4.85 10 7.20 en.

YcTaHOBJIEHO, YTO € yBEJIMYECHUEM COACPKAHUS
N-NH, B nouBe g0 ero nepexona B XUIKyto dasy
CHMXXAJIaCh, YTO B 1LIEJIOM COBMHANAJIO C 3aKOHOM JIeii-
CcTByIOIIMX Macc. Ha BiusstHme 31010 hakTopa mpuxo-
aunoch okoio 10.0% BapualmMu CTENEHM Iepexona
W. dons BIUSTHUS BEJIMYUHBI COAEpPKAHMUS TymMyca
cocraBuia 34.3%, T.e. 66U10 B 3.4 pa3a 6oJiee BBICO-
KUM. Mexay 3TUMHU ITapaMeTpaMy HaOJTIOIaIu Cpel-
HIOIO CTeIleHb B3aUMOCBSA3U. MI3BECTHO, 4TO COIU
AMMOHMSI OPTaHUYECKUX KHUCJIOT XOPOIIIO PACTBOPU-
MBI B BOJIE U, CJIEIOBATEIbHO, UX CBSI3b C KUCIIOTHBI-
MU TpynIiaMy OPTaHUYECKOTO BellleCTBa BechMa Cila-
0as. Cirabo Biamsia Ha mapaMeTp Wi eMKocTh KaTh-
OHHOTO oOMmeHa (mona — =5.7%). be3 yuera
B3aMMOJCUCTBUS (DAKTOPOB CTENEHb IepPexoaa aM-
MOHUITHOTO a30Ta ITOYBHI B KMAKYIO (ha3y crabo BO3-
pacraina.

ITpu yyere BiIuSIHUSA Ha ToKasaTeiab W 2-x usy-
YeHHBIX TapaMeTpoB (coaepXkaHWe aMMOHUIHOTO
a3oTa M rymyca B IOYBe€) BeJauuumHa R’ mocTuraia
54.0% (cpemHsist cTeneHb B3auMocBs3n). [Ipu aTom
CTeIeHb Iepexona W cHmKamach ¢ yBeJTMYEeHUEM CO-
Iep>kaHUsI aMMOHMITHOTO a30Ta, HO YBEJIMIMBAJIACH C
POCTOM COMIEepKaHUS TyMyca B TIOUBE.

I1pu yuete BnusIHUS Ha CTENIEHB Ilepexona W Bcex
M3YYEHHBIX (DAKTOPOB 1 MX B3aMMOACUCTBUIA MOy~
YeHa BBICOKAs CTeNeHb B3anMocBsasu (R? = 0.678).
ITpu aTOoM ¢ pocTtoM conepxanusi N-NH,, Be1uunHbI
EKO ormeueHO yMeHbIIIEHIE CTEIIEHN IePEeX0aa aM-
MOHMITHOTO a30Ta B XXMAKYIO (pa3y, 4TO COBIIAAANO C
pesynbTatamMu padot [5—7]. C pocTtoM conmepsKaHUS
rymyca CTeleHb Iepexofa W ocobeHHO OBICTPO 1o~
BBIIIAJIACH (BBISIBJICHA KBaJApPAaTUYHAS 3aBUCUMOCTb).
DTOT TapaMeTp HECKOJBKO CHIKAICSI C POCTOM
pHkc;, HO OBHITITAJICS OT B3aMOIEMCTBUS TTOKa3a-
teneit EKO u pHgc,.

B pa6otax [4—6] ObLIO YCTAaHOBJIEHO, YTO OIIpeae-
JISIIolee BIMSTHUE HA TIPOAYKTUBHOCTD BO3/Ie/IbIBac-
MBIX KYJBTYP OKa3bIBaJIM 3aMachl MOABUKHBIX (OpM
asora, (popMUpyIOLIVecs B paHHUI TIEpUOI UX BeTe-
tauuu B ciioe 0—40 cM rmoussl. Ho momtonieHue azora
M3 TI0O9YBBI OTMEYEHO M 13 cinoeB mryoxke 40 cum. Ilo-
BSTOMY YYeT CollepxKaHUs MOABUXKHBLIX (DOPM a30Ta 1
CBOIICTB MOYBHI OoJiee 1yookux ciaoeB 0—60 cM Oy-
JIeT 6osee KOPPEKTHO OTPpaKaTh B3AMMOCBSI3U MEXITY
auMu. B cBa3m ¢ atum a1 cimoeB 0—10, 10—20, 20—
40 1 40—60 cM cepbIX JIECHBIX, CEPBIX JIECHBIX CpeJl-

ATPOXMUI
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HE-OITOA30JIEHHBIX U CePhIX JIECHBIX CPEeIHE-OIOA30-
neHHbIx ¢ BI'T mouB ObIM ycpemHeHbI JaHHBIE CTe-
neHu nepexona N-NH, mouBsl B xxuakyto ¢asy, co-
JepxXaHusT aMMOHUiTHoro asorta, rymyca, EKO u
BenuuH pHyc (Tab. 7).

HauGonee BbIcOKast oIl mepexoaa aMMOHUITHO-
ro a3oTa B XuaKyto ¢a3sy W ormedeHa B cepoii Jiec-
Hoii ¢ BI'T mouBe, HanboJiee HU3Kass — B Cepoif Jiec-
HOI cpemHe-omnon3ojeHHoi. OmHaKo coaepxKaHue
N-NH, B nouse 6b110 HarboJIee BHICOKMM B MOCJIEI -
HEM IMTOYBEHHOM Pa3HOCTHU.

Conepxanne rymyca 1 EKO cHmxanuch ot cepoit
JIeCHOM cpenHe-omnon3oieHHo ¢ BI'T mouBHI K ce-
pOIii IECHOI U cepoii 1eCHOM CpeaHe-0N0a30J€HHOMA.

Haub6onee Boicokue nokaszatenau pHyq B ciioe 0—
20 cM MOYBBHI BBISIBJIEHBI B CEPOM JIECHON IMOYBE
(5.86—6.06 en.), Haubosee Huskue (5.37—5.53) — B
cepoii JecHoit cpemHe-omnoa3oneHHo# ¢ BIT nmouse.
B T0 :xe Bpems B ciogx 20—40 u 40—60 cM ITOYBHI B
cepoii JieCHOI cpemHe-0IToa30JIeHHOI oYBe HAOII0Ia-
Ji1 HauboJiee HU3Kue BeJMunHbl pHy (5.38—5.59 en.),
YTO OBLIO CBSI3aHO C FEHE3MCOM CEPhIX JIECHBIX ITOYB
(MOBBILLIEHHOE YBIAXXHEHUE).

KoppensiiimoHHO-perpecCMOHHbI aHanu3 B3au-
MOCB$I3U cpeHel creneHu nepexona N-NH, noussl
B XKUIKYI0 a3y cO CPeAHUMHU U3YYEHHBIMU Tapa-
MeTpaMu (Tabj1. 8) MO3BOJIMI BBISIBUTh UX TECHYIO
BBICOKYIO CBs13b (0.877 > R? > 0.707).

KoadhduinmeHT nerepMuHaLium 11 B3aUMOCBSI3U
cTernieHU nepexona W c comepkaHueM TyMmyca cocTa-
Bui 70.7% (monens 1). Ipu yuere EKO u conepxka-
HUS TyMyca OH HOBBIIIAICI 10 86.9% (Momenb 2).
I1pu s3Tom ¢ poctom EKO B Hauane HaOr0IaIM O~
BBIIIEHUE TTapaMmeTpa W, a 3areM — CHIUXEHUE.
ITo Mogenu 3 ¢ yBeJMYEHUEM COIEpPXKAHUS aMMO-
HUITHOTO a30Ta B ITOYBE CTeNeHb nepexona W cHuxka-
JIach MO KBaJpaTUUYHOM 3aBUCUMOCTHU, HO TOBBIIIA-
JIaCh OT JEMCTBUS €T0 COYCTAHUS C COACPKAHUEM TY-
Mmyca. Heckonbko Gojiee TecHass B3aMMOCBSI3b
YCTAaHOBJIEHA TIPU Y4YeTe CoIepKaHUs TyMyca, Beu-
yuHbI pHy ¥ coueTanust aTux napameTpoB (Monenib 4).
ITpu aTom ¢ poctoM pHy, cTeneHs nepexona W uns-
MEHSJIACh, IPOXOIS Yepe3 MUHUMYM.

OueBUIIHO, B CEPBIX JIECHBIX CPEIHE-OMOA30JICH-
HBIX TToyBax B cjosx 20—40 cMm u 40—60 cM moYBBI
npu 6osee HU3kUX BenuuuHax pHge moBbiasncs
MMOJIOXKUTEIbHBIN 3apsia TUAPOKCUIOB XKejle3a U alio-
MUWHUS. DTO BEJIO K TeTEPOKOATYJISILIMU X C OTPHULIA-
TEJIbHO 3apsSKEHHBIMUA OPraHMYeCKMMU U OpPraHo-
MUHEpaIbHBIMU KoJuTonaaMu. [1pu aToM mpoucxo-
JIWJIO BHyTpUarperaTHoe IOmIOoIeHue NOHOB aMMO-
HUS, TIepeXol KOTOPHIX B XXKUAKYIO (pa3y 3aMemIsiics.
OCHOBHOM XXe MTPUYNHOM CHIKEHUS ITapaMeTpa W'B
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Ta6auna 7. CBoiiCTBa MOYBEHHBIX pa3HOCTE! CephIX JIECCHBIX IIOYB B CJIOSIX B BapMaHTaX, Pa3IMYaBIINXCSI YPOBHEM MH-
TeHCU(UKALMU U CUCTEMaMU 00pabOTKM MOYBHI

[ny6una BapuaHTBI ¢ pa3HBIMM YPOBHEM MHTEHCU(MUKAIIUU U CUCTEMaMU 0O0pabOTKY TTOYBBI
CpenHee
crod, CM 1 2 3 4 5 6 7 8
Crenenb nepexona N-NH, moussl B xxuzakyto dasy B cepoii JecHoii mouse, %

0—10 2.08 0.92 1.08 0.70 0.70 1.46 1.15 — 1.06
10—20 0.68 1.06 0.66 0.80 0.93 1.43 1.02 — 0.94
20—40 0.30 0.36 0.38 0.90 0.32 0.40 0.59 - 0.46
40—60 0.48 0.30 0.36 0.36 0.46 0.32 0.41 — 0.38

Crerrenp nepexona N-NH, mouBsl B xxuakyo a3y B cepoii IeCHOM cpenHe-0Mon30JeHHOi nouse, %

0—10 0.75 0.80 0.29 0.72 0.44 0.67 0.48 — 0.59
10—-20 0.60 0.31 0.21 1.02 0.35 0.48 0.38 - 0.48
20—40 0.18 0.14 0.06 0.20 0.10 0.12 0.21 — 0.14
40—60 0.20 0.20 0.20 0.13 0.14 0.14 0.27 — 0.18

Crenenb nepexona N-NH, nouBsl B xkuakyio ¢asy B cepoii JiecHoii cpeaHe-onoazoieHHoi nouse ¢ BIT, %

0—10 0.52 1.13 1.76 1.33 0.85 2.20 0.78 0.41 1.12
10-20 0.43 0.79 1.68 0.90 0.99 1.65 0.70 0.61 0.97
20—40 0.19 — 0.69 0.70 0.74 0.84 0.51 0.43 0.59
40—-60 0.14 0.99 0.68 0.17 - 0.84 0.62 0.79 0.60

Conepxanue N-NH, B cepoii iecHoii mouse, Mr/100 T TOYBHI

0—-10 1.54 1.99 2.25 3.18 2.90 2.19 1.55 - 2.23
10—20 1.78 1.79 2.44 2.46 3.07 1.62 1.60 - 2.11
20—40 1.40 1.33 1.95 1.70 2.96 1.38 1.13 — 1.69
40—-60 1.37 1.32 1.46 1.60 1.44 0.99 1.52 - 1.38

Conepxanue N-NH, B cepoii iecHol cpenHe-onoa30JieHHoi noyse, Mr/100 r mouBsl

0—-10 1.58 2.78 2.66 2.07 3.82 4.16 4.06 - 3.02
10—20 1.34 3.00 3.85 1.40 3.62 3.32 2.88 — 2.77
20—40 3.19 3.22 3.81 2.76 3.59 3.45 2.69 - 3.24
40—-60 2.29 2.78 3.88 3.04 3.17 3.00 2.97 - 3.02

Conepxanue N-NH, B cepoii iecHolt cpenHe-ononzoeHHoi nouse ¢ BI'T, mr/100 r mouBbl

0—10 3.35 3.11 1.82 2.09 2.27 2.27 2.41 2.80 2.52
10—-20 2.59 2.76 1.62 2.46 1.82 2.21 2.50 1.82 2.22
20—40 3.02 2.43 1.35 1.55 1.62 2.54 1.51 1.49 1.94
40—60 4.04 1.10 1.57 1.16 — 1.86 1.32 1.80 1.84

ConepskaHue Tymyca B cepoii JiecHOI TTouBe, %

0—10 5.42 2.96 4.68 4.05 2.47 3.86 2.60 - 3.72
10—-20 3.09 2.73 3.82 3.84 2.49 4.18 1.78 - 3.13
20—40 1.11 0.70 2.71 1.94 1.30 1.40 0.71 — 1.41
40—-60 0.98 0.54 1.22 0.84 1.11 0.98 0.89 - 0.94

ConepxxaHue TyMyca B cepoii JIECHO cpenHe-0Ioa30J1eHHOM nouBe, %

0—10 2.79 3.94 2.98 3.05 3.03 2.87 3.14 — 3.11
10—20 1.19 3.76 2.68 3.10 3.10 2.65 3.14 - 2.80
20—40 0.83 1.49 1.09 1.98 1.64 1.43 1.42 - 1.41
40—60 0.57 0.80 1.10 1.12 1.16 0.97 1.08 — 0.97

Conep:kaHye rymyca B cepoil JIeCHOI cpeqHe-onon3oaeHHoii mouse ¢ BI'T, %
0-10 3.82 3.89 3.00 3.18 4.70 5.58 3.99 3.82 4.00
ATPOXUMUA Ne 1 2023



M3MEHEHUWE COAEPXAHUA IMOABUKHBIX ®OPM A30TA 21
Ta6muua 7. OkoHUaHue
Dy6una BapuaHThI ¢ pa3HBIMU YPOBHEM MHTEHCU(UKALIMM U CUCTEMaMU 00pabOTKM TTOYBHI Cpemoe
CIIOST, CM 1 2 3 4 5 6 7 8 P
10—20 4.00 4.13 3.25 343 3.61 4.80 3.88 3.94 3.88
20—40 4.94 4.35 3.69 2.82 4.08 3.99 2.41 3.20 3.68
40—60 2.66 2.35 1.25 1.17 — 1.91 1.35 2.11 1.83
EKO B cepoii necHoit mouse, Mr-akB/100 T mo4yBbl

0—-10 20.5 26.8 15.5 22.6 27.6 24.0 — 23.1
10—20 26.2 24.8 27.2 27.9 25.1 27.7 22.5 — 25.9
20—40 27.1 26.6 25.8 24.6 25.6 22.4 23.0 — 25.0
40—60 26.0 25.6 27.7 27.4 25.0 22.8 20.9 - 25.1

EKO B cepoii iecHoi1 cpenHe-ornoa301eHHoi nouse, Mr-3kB/100 r mouBbI

0—-10 23.7 25.6 21.8 23.4 23.7 23.0 24.6 — 23.7
10—-20 23.3 25.4 21.5 23.3 21.8 21.5 23.4 - 22.9
20—40 24.3 18.4 20.3 22.0 22.1 22.8 20.5 — 21.5
40—60 24.6 19.5 20.4 23.1 21.6 22.8 22.9 — 22.1

EKO B cepoii 1ecHoii cpenHe-ornoasoieHHoi nmouse ¢ BI'T, mr-sks/100 1 moyBsl

0—10 26.0 26.2 23.0 23.9 26.9 27.6 25.4 26.9 25.7
10—20 27.7 26.4 23.4 24.3 26.6 27.2 24.8 28.1 26.1
20—40 33.0 25.9 27.6 23.2 30.0 27.4 23.6 27.2 27.2
40—60 23.9 27.6 20.9 21.1 — 22.5 23.1 24.4 23.4

pHy| B cepoii iecHoii mouse

0—10 5.81 5.35 5.41 6.17 7.20 6.40 6.10 — 6.06
10-20 5.65 5.53 5.32 6.19 6.38 6.09 5.90 — 5.86
20—40 5.28 5.37 5.55 5.86 6.35 6.18 5.68 — 5.75
40—-60 5.44 5.47 5.37 5.60 6.37 5.98 5.55 — 5.68

pHk( B cepoii JIECHOI cpeaHe-0non30J1€HHOM NoYBe

0—10 5.87 5.91 5.67 5.35 5.19 5.86 5.69 — 5.65
10-20 5.97 5.90 5.61 5.49 5.12 5.93 5.49 - 5.64
20—40 5.48 5.70 5.19 5.30 5.78 6.13 5.56 — 5.59
40—-60 5.53 5.24 4.92 5.18 5.62 5.83 5.38 - 5.38

pHk; B cepoii 1ecHOi cpenHe-onon3oneHHoi nouse ¢ BI'T

0-10 5.22 4.97 4.99 5.28 5.39 6.41 5.34 5.39 5.37
10—-20 5.81 4.91 5.13 5.27 6.03 6.12 5.44 5.50 5.53
20—40 5.96 5.35 5.58 5.80 5.90 5.96 5.53 5.66 5.72
40—-60 5.62 5.27 5.19 6.47 — 5.56 5.22 5.33 5.52

6oJiee NIYOOKUX CIIOSIX 3TOM ITOYBHI SIBISUIOCH CHU-
XKEeHUEe MUKPOOMOJIOTrNYeCKOil aKTUBHOCTH, OCOOEH-
HO TIpOLIeCCOB HUTPUGUKALIUU, U3-3a MOBBIIICHUS
KUCIIOTHOCTHU. DTO MOATBEPXKIAJIO Hanbojee BBICO-
KOe coIepskaHhe aMMOHMUITHOTO a30Ta B c1osx 20—40
u 40—60 cM 11ouBHI (TabII. 7).

B Ta6n. 9 npoBeneHo cpaBHEHUE SKCHEPUMEH-
TATbHO TOJIYICHHBIX CPEOHUX BEJIWYMH IIepexona
aMMOHMITHOTO a30Ta B XKUAKYIO ha3y (BBITSKKA MTOY-
Ba:Boma = 1 : 1) ¢c paccumTaHHBIMU I10 MoAesIM 1—4

ATPOXUMHUA  Nel 2023

(ta6n. 8) BenmmumHamu. [loaydeHO YIOBIETBOPU-
TeJIbHOE COOTBETCTBUE MEXIY HUMU.

B octpozacymnuBom 2021 T. MOTOOHBIC YCIOBUS
OKasain onpenessioniee OTpULATeIbHOE BIUSTHUE
Ha ypOXXallHOCThb SIPOBBIX 3€PHOBBHIX KynbTyp [11].
Jedunut Baru B nepuom KojaolreHne—GopMUpoBa-
HUE 3epHa CHU3WJI MX ypoxXalHOCTb (I 3epHa/Ta),
KOoTopasi cocTaBuia: oBca — 21.9—25.6, suMmeHsT —
13.2—15.0. JJocToBEepHBIX pa3Iuduii BIUSTHUS yI00-
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Tabmuma 8. Bzaumocssizb crenienn nepexona N-NH, B xxunkyto dasy mis cepbix JecHbIx TouB (W, %) BraguMupckoro
onosibs JaHnwadTHoro crauroHapa “BepxHeBomxckuit PAHIL” ¢ conepkaHueM aMMOHUIHOIO a3oTa B MoyBe (X,
Mr/100 r ouBsl), conepxaHueM rymyca (x,, %), EeMKOCTbIO KATHOHHOTO 0OMeHa (X3, Mr-3kB/100 T moussr) 1 pHyc (x,)

ITouBa YpaBHeHUe B3auMOCBsI3H (n = 12) R? JloBepUTeIbHBIN NHTEPBAI
_ 5 W, =0.0273 + 0.231x, 0.707 0.37
Q
§ g Wy = —26.2+ 2.17x; + 0.0455x% — 0.0443x2 0.869 0.28
=~
§ g W3 =0.45 — 0.71x} + 0.096x,x, 0.813 0.31
& W, = 94.6 + 3.54x, — 35.3x, +3.29x2 — 0.60x,x, 0.877 0.29

IMpumeuanue. 1.12 > W> 0.14, 3.24 > x; > 1.38, 4.0 > x, >0.94, 27.2 > x3 > 21.5, 6.06 > x4 > 5.38.

Tabmuma 9. BzauMocssi3b cpenHeit creredu nepexona N-NH, moussl B xunkyto dazy (W, %) c ero cpemHUM conepxka-
HMeM B 1ouBe (x;, Mr/100 r), cpenHUM conepxkaHueM rymyca (x,, %) u cpennumu BemmunHamu EKO (x;, Mr-aks/100 r

nouBbl) U pHygc; (X4)

Ty6uHa CIros, W N-NH, | Tysye EKO pHe W B 3aBUCUMOCTH OT MOJIEJIN Cpemee
oM 2 Z Z W,
Cepas ecHasi mouyBa
0—10 1.06 2.23 3.72 23.1 6.06 0.89 0.94 0.89 1.10 0.96
10—20 0.94 2.11 3.13 25.9 5.86 0.75 0.75 0.77 0.76 0.76
20—40 0.46 1.69 1.41 25.0 5.75 0.35 0.47 0.48 0.50 0.45
40—60 0.38 1.38 0.94 25.1 5.68 0.24 0.41 0.44 0.34 0.36
Cepasl JiecHas1 cpenHe-omnoa30JIeHHAasT TToYBa
0—10 0.59 3.20 3.11 23.7 5.65 0.75 0.80 0.70 0.62 0.72
10—20 0.48 2.77 2.81 22.9 5.64 0.67 0.64 0.65 0.57 0.63
20—40 0.14 3.24 1.41 21.5 5.59 0.35 0.09 0.15 0.32 0.23
40—60 0.18 3.02 0.97 22.1 5.38 0.25 0.18 0.09 0.20 0.18
Cepast n1ecHas cpenHe-oronzosieHHas ¢ BI'T mousa
0—10 1.12 2.52 4.00 25.7 5.37 0.95 1.05 0.97 1.16 1.03
10-20 0.92 2.22 3.88 26.1 5.53 0.92 0.96 0.93 0.84 0.91
20—40 0.59 1.94 3.68 27.2 5.72 0.88 0.68 0.87 0.69 0.78
40—60 0.60 1.84 1.83 23.4 5.52 0.45 0.49 0.53 0.38 0.46
JloBepuTENbHBIN — - — — — 0.37 0.28 0.31 0.29 0.31
WHTepBaJ

peHuit U cucteM oOpPabOTOK Ha ATOT IapaMeTp He
YCTaHOBJICHO.

PerynsgpHo BhIagaloliue IO AeKagaM aBrycTa
ocanku [11] Mo3BOJUIN MOJYYUTh YpoxKail KiiyOHel
Kaptodest IpyU UHTEHCUBHOM YPOBHE NMMPUMEHEHUS
ynoOpeHuii B pazmepe 259—281, 11pu BBICOKOMHTEH -
CUBHOM — 264—284 11/ra. OueBUIHO, MIPUMEHEHHEIE
03Bl ynoOopeHuii (Tabds. 2) MoBBIILIAIN 3alachl HUT-
parHoro a3orta (tabn. 3) B cmoe 0—60 ¢cM MOYBBI 1O

85.2—196 kr/ra M oGecrneynBaIn MOJyYEeHUE BHICO-
KUX ypoXaeB 3TOI KyJabTyphl. [Ipu 3TOM HYXXHO OT-
METHUTh, YTO yBEJIMYEHNE J03bl MOJHOTO MUHEpPaJb-
Horo ynoopenusi ¢ N9OP90K90 no N120P120K120
HE BEJIO K TOCTOBEPHOMY POCTY YPOXKaHHOCTU KapTO-
demd. Jag ceprix TecHBIX TT0YB OTI0IbST 3TO HAOIIO-
JIaJii U B APYTUX UCcenoBaHusIx [12].

B Bapuanrtax, roe mom Kaptodedb MPUMEHSIIN
3501eByI0 Beramky Ha 20—22 c¢cM (CUCTEMBI OTBaJlb-
ATPOXUMUA

Nel 2023
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HOM 1 KOMOMHNPOBAHHO-SIPYCHOI 00paboTKI) ypo-
XXaifHOCTL KapTodesT OblIa ITOCTOBEPHO OOJBIIe
(283 u 280 11/Ta COOTBETCTBEHHO), YeM IIpU KOMOM-
HUPOBaHHO-3Heprocbeperalomieii (265 1/ra) u mpo-
TUBO3PO3MOHHOM (262 11/Ta) cucremMax oOpabOTKU
(HCPys = 13 1/ra). Ilo-BuauMomy, Tpu BCHaIlIKe
¢dopMupoBaInuChk Ooyice OJaronpusTHEIE arpodu3n-
YeCcKre CBOMCTBA MaXOTHOTO CJIOSI M €r0 BOAHO-BO3-
IYUIHBINA PEXUM.

BbIBO1bI

1. O60011IeHEI TUTEepaTypHbIC JaHHbBIE O BIUSTHUU
TMOABMKHBIX (DOPM a30Ta Ha MPOAYKTUBHOCTD KYJIb-
TYp C€BOOOOPOTOB Ha CephIX JIECHBIX ITOYBax Bnanu-
MMPCKOTO OITOJIbSI M J€PHOBO-IOA30JUCTBIX ITOYBAX
pa3Horo GU3UKO-XMMUYECKOTO cocTostHusA. Ha jer-
KO- U CpelHe-CYINIMHUCTBIX ITOYBaX, XapaKTepu3ylo-
IIUXCSI BBICOKOM €MKOCTBHIO KAaTMOHHOro oOMeHa,
oIpelensioniass pojib B MOBBIIIEHNU YPOXANHOCTH
KYJIbTYp CeBOOOOpOTa MpUHAaIJIexXaja 3arnacamMm HUT-
paTHOTO a30Ta, B MeHbIleil Mepe (B 2—3 pa3a) — 3a-
rmacamM aMMOHUITHOTO a3oTta B cjioe 0—40 cM ITOYBHI B
paHHUI nepuoa UxX BereTaluu. OTO ObLIO CBSI3aHO C
MOJIHBIM HaXOXJIEHWEM HUTPATHOIO a30Ta B XKUJIKOMN
daze, aMMOHUITHOTO — ¢ YacTUUYHBIM. C 00JIeTYeHU -
€M I'paHyJIOMETPUUYECKOrO COCTaBa M yMEHbIIEHUEM
€MKOCTU KaTUOHHOTro obmeHa nepexoa N-NH, nou-
BBI B XXUIKYIO (pa3y 3HAYMMO MOBBILIAJCS, IJIsI Jra-
THOCTUKM MUHEPAJTbHOI'O MUTAHUS PACTEHUM a30TOM
MOXHO MCIIOJIb30BaTh 3alachbl €ro aMMOHUMHOU M
HUTpaTHOM (popM.

2. B MHOroJeTHeM CTallMOHAPHOM OIIBITE “arpo-
JaHmmadTe” MOATBEPXKIASHO BIMSHHE BHECEHHBIX
MUHEPAJIbHBIX a30THBIX M OPraHUYECKUX yIoope-
HUi, noBbiaBiiee 3anackl N-NO; B TTOUBE, BBISIB-
JIEHBI pa3In4ys B 3aiacax HUTPATHOTO a30Ta B pa3-
JIMYHBIX IOYBEHHBIX PA3HOCTSIX CEPHIX JIECHBIX ITOYB
¥ B BapMaHTaX CUCTEM MX 00pabOTKU.

3. JIns mepBoro aTtara TpaHcgopMaluu ynoope-
HUli (aMMOHUM(UKALIMKU), BAUSIOLIETO Ha JaJTbHEH-
1I1e MPOLEeCChl HUTpUMUKAILIMU, YCTAHOBJIEHBI (haK-
TOPBI KaK TOBBILIEHUS, TAK Y CHUKEHUS CTETICHU T1e-
pexoma aMMOHMIAHOTO a30Ta TIOYBHI B XKUIKYIO a3y
(W). BToT mapameTp Bo3pacTajl ¢ YBEJIMUYEHUEM CO-
Jiep>KaHUsI TyMyca ¥ YMEHBbIIIAJICS ¢ pOCTOM coliepKa-
HUSI B TTOYBE aMMOHMITHOTO a30Ta. C TOBBILIEHUEM
€MKOCTH KaTUOHHOTO OOMeHa B Havajie HaOIoaanm
pocT mapameTrpa W, 3ateM — ero cHuxkeHue. B Ha-
yanbHOU obnactu yBenuueHus pHgq npoucxonusno
CHUKEHME CTEIIEH! Mepexoaa aMMOHUITHOTO a30Ta B
XKUIKylo a3y, B AajbHEMIIeM — ee BO3pacTaHUE.
Haub6onee 3aMeTHBIM BiIMSIHUE BeIUUUHBI pHyc Ha
W3YdeHHBINA ITapaMeTp OBIJIO XapaKTEepHO IJIST Cepoit
JIECHOI CpeaHe-0no0a30J€HHOI TTOYBHI.

ATPOXUMUA
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Changes in the Content of Mobile Forms of Nitrogen
in Gray Forest Soils of Opole under the Influence of Landscape Features
of Agricultural Technologies

V. V. Okorkov#*, 1. M. Shchukin’, L. A. Okorkova“,
V. 1. Shchukina“, and A. A. Kozlov*

YUpper Volga Federal Agrarian Scientific Center
p. Novy, Suzdal district, Vladimir region 601261, Russia

# E-mail: okorkovvv@yandex.ru

In a long-term stationary experiment on gray forest soils of the Vladimir Opole, the influence of agricultural
technologies of cultivation of field crops on the content of mobile forms of nitrogen, their relationship with
chemical and physico-chemical properties of the soil, levels of intensification has been studied. After a long-
term application of agricultural technologies with an increase in the level of fertilizer application, an increase
in nitrate nitrogen reserves, the degree of transition of ammonium nitrogen of the soil to the liquid phase from
the humus content at the level of a strong relationship was revealed. The content of N-NH, in the soil reduced
its value. With an increase in the capacity of cation exchange, the value of this parameter changed, passing
through the maximum, pHy; — through the minimum. Changes in the humus content and physico-chemi-
cal properties of soil differences of gray forest soils have been established: gray forest plakornaya, gray forest
medium-saline, gray forest medium-saline with a second humus horizon.
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