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B MHOroJIeTHEM CTalIMOHAPHOM OITBITE U3yUYEHBI BIIUSTHUE YIOOPEHUI HAa YPOXKAifHOCTh OMHOJIETHUX TPaB
(BUKOOBCSIHOI 1 TOPOXOOBCSIHOM cMeceit) 1 HUTpU(MUIIMpPYIoNIas aKTUBHOCTh CEPhIX JIECHBIX TTOYB. 3a § jieT
Kak 6e3 IIpuMeHEeHUsT yIoOpeHU i, TaK U ¢ HUMU, YPOXKAWHOCTb TpaB u3MeHsuiach B 1.72—1.88 pasa. Ycra-
HOBJICHO, YTO MPUMEHEHME a30Ta MUHEPaJIbHBIX yIoOpeHuit obecrneunBaino 88.3% oOleil Bapuaum ux
ypOXaHOCTH, ITocaeneicTeue HaBo3a — 8.1, mocneneiicreue PK ynoopennii — 1.8%. 3a 7 neT u3 8-Mu BbI-
sIBJIEHA BBICOKAsl CTENEHb B3aMMOCBSI3U ypoxaliHocTu Tpas ¢ 3anacaMu N-NO; B cioe 0—40 cM nouBbl B
(aze Bcxonos Tpas. [1pu 3ToM MuHUMasbHbIe 3anackl N-NO; ¢hopMUpOBaIuCh PY TUAPOTEPMUYECKOM
K03 GUIMEeHTe 3a BereTallMOHHbBIIM Iepron, paBHoM 1.21. [IpuMeHeHre ynoOpeHMiA, IIOBBIIIICHNUE YBIaXK-
HEHHOCTH U TEMIIEPATyp B TEUCHME BEreTalluK TPaB BEJIM K POCTY HUTPU(DUKAITMOHHO aKTUBHOCTH Cepoii
siecHoit mouBsl. [IpenoxeHo oleHMBaTh y4acTHe MOABMXKHBIX (hOPM a30Ta B MUTAHUU PACTEHUI 110 OTHO-
weHuto conepxxanus N-NO; B nouse K conepxkaHuto N-NH, B BogHoit BeITszKKe (1 : 1). BennmuuHbl 3T0TO
napaMmerpa B pazax BCX0IOB U YOOPKHU TPaB MOATBEPAWIN ONPENEISIIONLYIO poiib 3anacoB N-NO; B nutaHuu
OIHOJIETHUX TpaB. PaccunTanbl pa3HOCTHBIE KOO OUIMEHTHI UCTIONIBb30BaHMs a30Ta N,, B 103ax N60 1 N75,
KoTopkie BappupoBaiu ot 40 mo 49%. [IpemnoxeH aaropuT™ pacuera pa3mepoB HakoruieHust N-NO; 3a Be-
reTallMOHHBIN Ieproa TpaB. B ynoOpeHHBIX a30TOM BapUaHTaX YCTAHOBJIEHO XOpolllee CoOBNageHue Koad-
(pULIMEeHTOB UCTIOIB30BaHMs HakaruiiBaomuxcs 3anacoB N-NO; ¢ pa3HOCTHBIMU.

Karoueeguie caoea: cepble JieCHbIE TOUYBBI, BllannMupcKoe omnosibe, yposKaifHOCTb, 3a1achkl HUTPATHOTO U aM-
MOHMITHOI'O a30Ta, CTeNEeHb ITepexoja aMMOHUITHOTO a30Ta MOYBHI B XKUAKYI0 da3y, BbIHOC N TpaBamu, OT-
HolueHue conepxkanuii N-NO; u N-NH, B xuakoii ¢ase noussl.
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BBEIAEHME

OnHoJieTHHE TpaBbl (BUKOOBCSIHAsE M TOPOXOOB-
csHast cMecu) B HeuepHo3emHoili 30He PD sgBnstioTest
Ba>KHEUIITUM MPEAIIeCTBEHHUKOM O3UMBbIX U SIPOBBIX
KYJIBTYpP, TTOBBIIIAIOT YUCTOTY ITOJIe 1 obGecIeueH-
HOCTB BJIaroii, yay4iaioT MUTaHNE 3ePHOBBIX a30TOM
[1]. B To XXe BpemMs HEeT OMHO3HAYHOIO MHEHHS 00
yIO0OpeHNN 3TUX KyIbTyp. Ha cephIx JleCHBIX TOYBax
Bnamnmmupckoro omoiibg B 1-if 1 2-i1 poTanugx 8-
MOJILHOTO 3€PHOTPAaBSHOIIPOIIAIIIHOTO CEBOOOOPOTA
yaoOpeHne OMHOJETHUX TPaB MOJHBIM MUHEPaJb-
HbIM ynoopenueM (N40P40K40 u NS8OPS8OKS80) mo
CpaBHEHUIO C OMHUMM a30THBIMU YAOOPEHUSIMHU CJla-
60 TOBBIIIANIO UX YPOXKANHOCTD M 3aMETHO CHUXKAJIO
nx okymaemMocTh [2]. [Tosromy B 3-it 1 4-i1 poTanmsax
aTOoro omnbiTa B3aMeH 103 NPK nmpumMeHsim muirb 1o0-
3b1 N60 1 N75 B Buae aMMuadHoi ceauTpbl. M3yde-
HHe nX 3pOEKTUBHOCTU U OBIJIO OTHOI M3 1Iejeit pa-
OOTHI.
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Jpyras 1ejb padoThl — Ha CEePhIX JISCHBIX IMOYBaX
OT110J1b51 OLICHUTH POJIb HUTPATHOTO U aMMOHUIAHOTO
azoTa B IIMTAaHUM BUKOOBCSIHOU (TOpPOXOOBCSIHOM)
CMecH, T.K. B HACTOSIIee BpeMsi, OCHOBBIBAsICh Ha
OMbITaX B BOIHBIX KYJIbTYpaX, paClpOCTPaHEHO MHE-
HHE O PABHOLIECHHOCTU aMMOHMMHON W HUTPATHOM
¢dopM azoTa B nuTaHuu pacteHuii [3]. OpgHako cieny-
€T YYUThIBaTh, YTO B IIOYBE HUTPATHBIN a30T MOJHO-
CTbIO HaXOOUTCSI B KUAKOI ¢a3e (ITOUBEHHOM pac-
TBOpE), a aMMOHUIHBII — yacTUYHO. CTeneHb nepe-
xona N-NH, noussl B ee Xuakywo (asy 3aBUCUT OT
cpoiictB IIIIK u ypoBHSI mpuMeHeHUsT ynoOpeHui
[4—7].

METOJANKA NCCIEJOBAHUA

UccnengoBanne mmpoBOmMIM B 7-TIOJIBHOM CEBO-
00opoTe: 3aHATHIM Map—spoBas IIIEHUIIA—OBEC C
MOICEBOM MHOTOJIETHUX TpaB (KjeBep + TUModeeB-
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Tab6muna 1. YpoxaliHOCTh BUKOOBCSTHOM (TOPOXOOBCSIHOM) CMeCH 3a TObl UCC/Ie0BaHus, 11 3.€./Ta

BapuaHTt 2007 2008 2009 2014 2015 2016 2021 2022 |CpenHee

1. KoHTposib 18.2 24.3 26.1 15.9 19.1 19.0 20.2 15.1 19.7
2. N3BecTKkOBaHUE 19.2 24.2 24.5 16.3 18.7 22.1 19.5 15.9 20.0
3. PK — nocneneiictBue 18.1 27.5 25.6 17.2 19.6 27.5 23.0 17.3 22.0
4. N60 23.0 32.1 32.5 21.1 24.6 30.6 21.2 18.2 25.4
5.N75 24.1 32.2 36.3 21.1 24.5 31.4 24.1 19.3 26.6
6. HaBo3 40 t/ra (HaB40) — | 19.7 27.2 24.3 17.8 19.0 26.3 21.9 18.1 21.8
TocyieneicTere

7. HaB60 — nocieneiicTBre 18.5 25.0 24.9 18.6 20.7 26.8 23.6 18.2 22.0
8. HaB80 — mocneneiictBue 19.6 26.8 24.4 18.9 20.3 28.3 23.3 18.9 22.6
9. Ha40 + PK — 19.8 24.1 26.3 17.7 20.1 27.7 249 17.6 22.3
TmocyieneicTre

10. Ha40 + N60 23.5 31.6 31.7 21.1 24.8 29.4 25.4 20.4 26.0
11. Ha40 + N75 24.9 31.7 35.4 21.4 26.5 32.5 24.7 20.5 27.2
12. HaB60 + PK — 19.7 26.0 26.3 19.9 20.1 25.0 26.1 18.5 22.7
TmocyieneicTre

13. HaB60 + N60 23.0 31.3 32.4 21.2 25.4 31.8 26.6 19.8 26.4
14. HaB60 + N75 26.0 36.5 37.2 22.2 25.2 33.0 25.6 20.7 28.3
15. HaB80 + PK — 21.5 27.2 26.2 20.7 20.1 26.6 24.9 18.7 23.2
TmocyieneicTere

16. Has80 + N60 25.4 32.6 33.3 21.7 24.2 33.3 26.2 20.3 27.1
17. HaB80 + N75 25.7 34.0 35.7 21.4 26.8 33.3 26.7 21.5 28.1
HCPys 2.0 4.2 2.8 1.6 2.0 2.6 3.2 1.1 2.4
TouyHoCTH OTTBITA, % 33 5.1 3.4 2.9 3.2 33 4.8 2.0 3.5

ITpumeuyanue. HaB — HaBo3. To xke B Tab1. 2—14.

Ka) — TpaBhbl 1-T0 roaa Imojib30BaHUsS—TPaBhl 2-TO TO-
J1a TI0JIb30BaHUSI—SIPOBas TIIIeHULIA—IIMEeHb Ha BU-
KOOBCSIHOI1 (TOpOXOOBCSIHOIM) cMecu B 3—5-ii pora-
nusax. CTanMoHapHBI ONBIT ObUT 3ajI0KeH B 1991—
1993 rr. B 3-x 3akiiaakax (1oirsix) [2, 4].

ITouBa OnBITHBIX TIOJIElt — cepasi JiecHasl CpeIHecy-
IIMHUCTAsT CO CJICAYIOIIEeH MCXOMHOUN XapaKTepUCTU-
KOI ITaXOTHOTO CJIOS: cofepkaHue rymyca — 2.6—3.7%.
pHxka 5.1-5.5 en., rupponutrnyeckass KUCIOTHOCTD
(Hp) — 3.2—3.5, cyMmMa NOMIOIIEHHBIX OCHOBaHUM —
19.4—22.4 mr->kB/100 1, comep:xaHue MOIBUKHOTO
dochopa (mo Kupcanoy) — 130—200, ooMeHHOTro
kanus (mo MacnoBoii) — 150—180 Mr/KT MOYBHI.

B nauane 1-it poramm ObLIO TPOBEACHO N3BECT-
KOBaHUE 10 MOJHOM TMAPOJIUTUYECKON KUCIOTHO-
ctu. Ha ero ¢poHe nsyganu BIMSHUE pa3aInIHBIX 103
noncTuiiouHoro HaBoza KPC (0, 40, 60 u 80 T/ra),
KOTOPBI BHOCHJIM TIOCJIE YOOPKHN OTHOJIETHUX TPaB
Ha CeHO, W BIUSTHUE €XETrOmJHOro MPUMEHEHUS MH-
HepanbHBIX ynoopenuii (0, PK, NPK, 2NPK), ux co-
YyeTaHUS Ha YPOKANHOCTH ITOJEBBIX KyNbTYyp, N3Me-
HEeHUE arpOXUMMNUYECKUX CBOMCTB Cepoii JeCHOM Moy-
Bel. Bo 2—5 poranmsax Beau McclIegoBaHUE
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TociieIeicTBUST M3BeCcTKOBaHMsA. CxemMa NpuMeHe-
HUSl yooOpeHUit ToA TpaBbl IpUBeIeHa B TaOd. 1.
B xauecTBe MUHEpaIbHBIX yIOOPEHU UCTIOIb30Ba-
mu N,,, KOTOPYIO BHOCWIIH TIOI TIPEATIOCEBHYIO KYTh-
THBAIIHIO.

ArpoxvMnuyecKue aHaJiM3bl MOYBBI BBIMOJHSIIU
MO0 METOJAMKaM, U3JIOKeHHBIM B pabdote [8]. CtaTu-
CTUYECKYI0 00pabOTKY pe3yJbTaTOB MPOBOAMUIIN C UC-
nonb3oBanueM nporpamm STAT VIUA u EXCEL.

PE3VJIBTATbBI 1 UX OBCYXIEHHUE

B ta6n. 1 u 2 mpencraBieHbl JaHHBIC BIWASHUS
ya0oOpeHMiI Ha YpOXailHOCTh OMHOJIETHUX TpaB 3a 8§
ONEITO-JIeT. B 3aBMCMMOCTU OT MOTOOHBIX YCIOBUMA
YpOXKaiHOCTB TpaB 0€3 MpUMEHEHUS YIOOpEeHWI 13-
MEHsIJIach IO rogaM ucciaemoBaHust B 1.72 pasa, ¢
ynoopenusmu — B 1.88 paza. Pe3ynbraThl McciaemoBa-
HUSI CBUIETEIBCTBOBAIN OO0 Ompeaesionieii poau
a30THBIX MUHEPAIbHBIX YIOOpEeHUII Ha UX ypoxKaii-
HoCTb. IToaydeHsl ocTOBEpHBIE MPUOABKKU U OT I10-
caeneiicteug HaBo3a KPC, BHeceHHOro B 103ax 60 u
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Ta6mmna 2. BiusiHue ynoopeHnii Ha CpeaHIo YPOXKaiHOCTh OTHOJIETHUX TPaB MPH MOCTeAeHCTBUN N3BECTKOBAHUS 3a

8 ombITO-JIET, 11 3.€./Ta (KOHTpOJIb — 19.7 11 3.€./ra)

IMpuMeHeHne MUHEPATBHBIX YIOOpEeHUM
ITocneneiicTBue mo03 CpenHee (HaBO3),
HaBO3a, T/Ta 0 nocyeneicTue N60 N75 HCPys=121u3.e./ra
PK
0 20.0 22.0 25.4 26.6 23.5

40 21.8 22.3 26.0 27.2 24.3

60 22.0 22.7 26.4 28.3 24.8

80 22.6 23.2 27.1 28.1 25.2
CpenHee (MUHEpaIbHbIE 21.6 22.6 26.2 27.6
ynoopeHusi),
HCPys;=12u3.e./ra

Taommna 3. MaTteMaTuyecKue 3aBUCMMOCTHU BJIUSIHUS yIOOpEHMIA Ha YPOXKAMHOCTb OMHOJIETHUX TpaB (CpeaHee 3a 8 OIbI-

To-JeT (Y, 11 3.e./ra))

Mogenu B3aMOCBSI3U VYpaBHeHUE B3aMOCBSI3H, n = 17 R?
1 Y'=20.5+0.025x; + 0.060x, + 0.021x; 0.982
2 Y=120.8+0.0256x; + 0.0737x, 0.964
3 Y=121.8+0.0755x, 0.883

IIpumeuanue. x; — mocueneicTere 103 HaABO3a, T/Ta, X, — Aelicteue 103 asota NHyNO3, x3 — nmocneneiicteue PK-yno6pennii B pac-

yete Ha P05, kr/ra.

80 T/ra, orcyrcrBue uX I IocieneiictBusg PK-
yooopeHuii.

MareMaTu4ecKre 3aBUCUMOCTU II0 BIMSHUIO
yIOOpeHWT Ha ypOXKAaMHOCTh OJHOJISTHUX TpaB B
CpemHeM 3a roabl ucciaemoBaHus (Tada. 3) mokasaiu,
YTO MPUMEHEHHE a30Ta MUHEPAIbHBIX yIOOpECHMIA
obecrieunBaio 88.3% oO61ieit Bapuaum ypoxxaitHoO-
CTHU TpaB, IOCJeaeiicTBUe HaBo3a — 8.1, mocieneii-
crBue PK- ynobpenmii — 1.8%.

1 Kr a3ora aMMua4dyHo¥# ceauTpsl B 103€ N60 obec-
neynBajl YBCINYCHUC ypox(aﬁﬂocwl OOHOJICTHUX
TpaB Ha 9.0 KT 3.¢., a [0 NOoC/IeAeAICTBUIO HABO3a B 10-
3ax 40, 60 u 80 T/ra — coorBeTcTBeHHO Ha 10.0, 10.7 1
11.8 k1 3.e. CoOTBETCTBYIOIIME MTOKA3ATENU ITPU TIPU-
MeHeHuu N75 cocraBwin: 8.8, 9.6, 11.1 u 10.8 xr 3.€.
OHu ObUIM OJIU3KUMU IJIsI 00erX 103 a30Ta B hopMme
NH,NO;.

CJ'[CI[OBaTCJIBHO, ypO)KaﬁHOCTB OOJHOJICTHUX TpaB
JOJDKHaA OIPEACTIATHCA COACPKAHMEM M 3almaCaMM B
IIOYBEC IMOABM>KHBIX (I)OpM aszora, T.K. TOCJIEACCTBUE
HaBO3a B IIC€PBYIO OYCPEIDb BIIMAJIO HA X UIBMCHCHUC.

B tabn. 4 npencraBiieHBl JaHHBIE O 3armacax N-
NO; B ciioe 0—40 cM MouBbl B paHHUIA TIepUO Bere-

TalMy OOHOJETHUX TpaB. OHU pe3KO BO3pacTalu Ipu
HEIMOCPEACTBEHHOM TPUMEHEHUM aMMMAYyHOI ce-

yutpel. B pabote [4] OBLIO YCTAHOBJIEHO, YTO CPElI-
HSISI TPOJAYKTUBHOCTD 8- 1 7-TOJIbHBIX CEBOOOOPOTOB
MO CTEMEHHOW WM TUNEepOOTUYECKON 3aBUCUMO-
CTSIM BO3pacTaja ¢ nosbilieHueM 3amnacoB N-NO; B
YKa3zaHHOM cjioe, (POpMUPYIOIIUXCS UMEHHO B 1-i
paHHUI CPOK HAOIIOACHUN.

IIpoBeneHHOE M3y4yeHUE B3aMMOCBSI3U ypoOXKaii-
HOCTU ONHOJIETHHUX TpaB C 3artacaMy HHUTPATHOIO
asorta B ciioe 0—40 cM 1ouBHI B 1-#1 CpoK HaOmoIe-
HUI TaKXe TIOATBEPAMIIO UX OMPEAEISIONIYIO POIb B
MOBHIIICHUY IIPOAYKTUBHOCTH TpaB (Tadi. 5). OueHb
BBICOKAsl CTeMeHb B3auMocBsa3u (R? > 0.80) mexny
yKa3aHHBIMU ITapaMeTpaMu YCTaHOBJIEHA B 3-i1 poTa-
1K1 7-nojibHOTrOo ceBoobopota (2007—2009 rr.), KO-
IIa BeJIMYMHA TMIPOTEPMUYECKOTo KO3 UIIMEeHTa
no CengHuHOBY Obl1a >1.05, a Takke B 4-i1 poTaliumn
B 2015 r. mpu I'TK = 1.34. B 2021 r. B oTCyTCTBHE
0CaIKOB B KpUTUYECKHUE TIEPUOIbI BETeTalluu TPaB U
ONMM3KON MX YpOXXaWHOCTU TIpU BHECEHMM a3oTa M
nocneneiicteun HaBo3a u PK-ymobopeHuii oHa Oblia
cJ1aboii, B ocTaJbHbIC TOIbl — Ha YPOBHE BBICOKOM
(>0.60, Ho <0.80).

Makcumanbhble 3anackl N-NO; B haze Bcxonos
KYJIbTYD (Z,,.y, KT/Ta) 3aBUCETN OT MOTOAHBIX YCIIO-
BHI1. YCTaHOBJIEHO, YTO OHM 110 KBaJIpaTUIHOM 3aBU-

ATPOXUMHUA  Ne 10 2023
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Ta0nuna 4. Bnuanue ynobpenuii Ha 3anacsl N-NOj B cnoe 0—40 cMm ouBsl B (ha3e BCXOOOB MOJ, BUKOOBCSHOM (TOpoXo-
OBCSIHOI) CMECBIO B TOJIbI UCCIIEOBAHUSI, KT/Ta

BapuanTt 2007 r. | 2008r. | 2009r. | 2014r. 2015 . 2016 1. 2021 r. | 2022r. |CpenHee
1. KoHTpoib 60.5 30.9 61.0 52.5 35.8 37.1 64.9 459 48.6
2. I3BecTKOBaHMeE 53.1 46.8 43.1 63.6 52.6 37.9 81.8 45.4 53.0
3. i3BecTKOBaHME 51.4 38.2 41.6 62.9 46.4 41.1 87.3 44.3 51.6
4. N60 92.8 171 120 119 134 82.2 148 229 137
5. N75 118 249 143 137 153 158 172 241 172
6. Hao3 40 1/ra 54.8 32.7 54.3 52.6 43.6 40.1 57.8 54.6 48.8
7. HaBos 60 T/ra 50.7 45.1 53.2 59.0 74.2 48.5 77.2 57.4 52.5
8. HaBo3 80 T/ra 54.3 42.5 47.9 46.1 53.8 42.7 56.5 73.9 52.2
9. HaBo3 40 1/ra 44.8 28.2 54.4 58.4 78.0 40.4 57.5 79.6 55.2
10. Has40 + N60 120 191 109 106 134 110 145 207 140
11. Ha40 + N75 144 278 149 157 166 178 177 226 184
12. HaB60 70.1 39.6 62.7 85.8 52.0 38.6 82.4 76.6 63.5
13. HaB60 + N60 116 179 126 156 129 124 165 185 148
14. Ha60 + N75 128 245 191 216 166 166 176 204 186
15. Har80 64.7 43.5 52.0 88.9 70.4 44.9 94.6 61.3 65.0
16. Has80 + N60 113 226 118 138 134 129 161 186 151
17. Ha80 + N75 156 264 172 189 177 170 200 257 198
Cpennee 87.8 126 94.0 105 100 87.6 118 134 106

Ta6mauna 5. BzauMocBsI3b ypoxKaifHOCT BUKOOBCSHOM (TOPOXOOBCSIHOM) cMecH (11 3.€./Ta) ¢ 3altacaMy HUTPATHOTO a30Ta
B ciioe 0—40 cM mouBsl B hase BcxoaoB (Z, Kr/ra)

Ton YpaBHeHUE B3aIMOCBSI3H, ) X=2, MaxkcuMmanbsHast
WCCIIeNOBaHUS n=17 R YMEHDBIICHHABIM | = rauna Z Tk
Ha (Kr/Ta)
2007 Y=18.3+0.071x 0.867 40 156 1.05
2008 Y=10.0357x + 25.6 0.844 30 278 1.92
V=251 +0.064x — 0.0001x> 0.866
Y= 123.7x0.0568 0.746
2009 Y=0.0949x + 24.5 0.954 40 191 1.09
Y= 20.6x"1052 0.798
V=23.8 + 0.137x — 0.0003x? 0.969
2014 Y=17.7+0.032x 0.693 45 216 0.94
Y=17.0 + 0.071x — 0.0003x> 0.787
2015 Y=18.6 +0.057x 0.948 35 177 1.34
2016 Y=125.3+0.060x 0.677 35 178 1.28
Y=21.7x00862 0.784
V=246 + 0.136x — 0.0006x? 0.731
2021 Crnabast B3aMMOCBSI3b <0.30 — 200 1.04
2022 YV =15.0x0-0564 0.718 40 257 0.54
Y=16.8 + 0.043x — 0.0001x> 0.658

IIpumeyanue. Z — 3anacskl N-NOj B cytoe oussl 0—40 cm, Kr/ra.

AT'POXUMUA
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Ta0muna 6. Biuanue yno6pennii Ha 3anacsl N-NOj B cnioe 0—40 cM 1TouBeI B (hasze yOOpKU BUKOOBCSHOI (TOPOXOOBCSI-

HOI1) cMeCHU B IOJIbl UCCIEI0OBAHMUS, KT/Ta

Bapuant 2007 . 2008 1. 2009 r. 2014 r. 2015 1. 2016 1. 2021 1. 2022 r. | CpenHee
1. KoHTponb 22.3 19.2 10.6 20.9 20.4 8.1 8.1 29.7 17.4
2. 3BecTKOBaHUE 28.6 25.4 11.4 32.0 32.6 8.3 18.1 40.1 24.6
3. N3BecTKOBaHUE 19.7 21.6 11.7 34.5 29.0 6.7 22.6 48.6 24.3
4. N60 61.2 34.8 16.9 55.1 95.4 9.3 14.0 204 61.3
5.N75 74.6 43.6 25.9 49.5 92.8 11.4 52.7 260 76.3
6. HaBo3 40 T/Ta 31.6 22.6 9.3 26.9 32.4 8.9 82.4 26.3 30.0
7. HaBo3 60 T/ra 20.5 28.7 13.6 28.7 38.7 9.3 14.7 25.2 22.4
8. HaBo3 80 T/ra 29.0 27.2 9.9 20.5 23.2 8.4 24.1 23.9 20.8
9. HaBo3 40 T/ra 24.1 18.6 8.1 25.0 31.8 11.8 25.2 27.7 21.5
10. HaB40 + N60 62.5 41.6 15.8 42.2 96.5 14.7 22.3 161 57.1
11. HaB40 + N75 58.1 49.4 17.6 43.5 94.3 9.1 63.1 221 69.5
12. HaB60 34.8 25.0 13.1 27.2 28.7 9.8 94.6 31.7 33.1
13. HaB60 + N60 72.0 36.0 23.4 38.7 95.5 8.9 25.7 202 62.8
14. HaB60 + N75 72.8 60.0 36.5 36.7 103 31.4 57.6 218 77.0
15. HaB80 33.4 31.2 12.3 33.6 26.6 9.2 93.8 55.7 37.0
16. HaB80 + N60 50.4 40.1 16.1 51.7 96.8 11.3 18.8 169 56.8
17. HaB80 + N75 72.0 52.6 24.0 58.4 92.5 19.7 55.5 237 76.5
Cpennee 45.2 34.0 16.2 36.8 60.6 11.6 40.8 116 45.2

CUMOCTHU UBMECHAJIINCH B 3aBUCUMOCTHU OT BECJINYUNHBI
I'TK (x):

=450 — 445.6x + 184.8x7,
R* =0.860.

Z

Max

n=S_§,

MuHuManbHas BeIUYrHa napamerpa Z,,,, (181 xr
N-NO;/ra) ormeueHa npu BeauuuHe ['TK = 1.21.
Poct ero >1.21 (1moBbIllIeHUE YBIaXKHEHHOCTU T10Y-
Bbl) M 3acCYLLJIMBOCTH BereTallMOHHOIO Tiepuoja
(I'TK < 1.21) nmoBbl1Iaga HUTpUDUKALIMOHHYIO aKTHUB-
HOCTb TTOYBBI. Pe3ko Bo3pacTaia oHa U IIpU MpUMe-
HeHuu azota N,, (Tabi. 4). K ydopke 3anmacel N-NO;
B cjioe 0—40 cM MOYBbI 3a CUET MOIJIOIIECHUS KYJIbTY-
paMu CHIDKaJIUCh B 2 pa3a u 6oJiee (TabiI. 6).

3amacel aMMOHUiITHOTO a3oTa B cjioe 0—40 cM 1mou-
Bl B 3-i1 poramuu (2007—2009 rr.) B 1-i1 cpok Ha-
GogeHuit MeHsUTUCh OT 95.2 10 276 Kr/ra, HO pe3Ko
cHU3UIUCH 10 35.1—109 kr/ra B 4-if porauuu (2014—
2016 1T.), T.€. B 2.4—2.7 paza (ta6u. 7). Beicokue 3a-
nacel N-NH, B 3-i1 porauuu 7-nospHOro ceBoodo-
poTa ObUIU CJIEICTBMEM M30BITOUYHOIO MPUMEHEHMUS
a30THBIX U OpraHUYeCKUX YIO0OpeHUit Ha CephIX Jec-
HBIX Mo4Bax B KoHIIle 1980-x—Hauvane 1990-x rr. [4].
B 2021—2022 rr. (5-s1 porauus) 3anacsel N-NH, B 1-i1
CPOK HAaOJIIOACHUS TaKXe YBEIWYUIMCh C POCTOM
WHTeHCU(UKAILIMY IPUMEHEHUST YIOOpEeHUI, HO He
npesbianu 109 kr/ra.

B yoopky (Ta6a. 8) B 2007 r. (I'TK = 1.05) 3anacsl
N-NH, camsunuchk co 145—258 mo 67.6—178 kr/Ta, a
B 2008 r. (I'TK = 1.92) onu Bo3pocau ¢ 95.2—258 no
140—346 kr/ra. JocTaTOYHO BHICOKOE YBJIAXKHEHUE B
3TOT CPOK CIOCOOCTBOBAJIO POCTY 3aracoB KaK aM-
MOHUIHOro, TaK M HUTpaTHOTO a3oTa (Tabi. 5).
B 2009 r. (I'TK = 1.09) B 1-i1 cpok 3anacsl N-NH,
BapbupoBaiu ot 167 1o 276 Xr/ra, a Bo 2-if — CHU3U-
nuchk 10 115—164 kr/ra.

B 4-ii porauiuu B 06a cpoka HabJIIOASHUSI 3arachl
N-NH, 661 6mmmskumu (I'TK mensics ot 0.94 no
1.34). B 2021 r. B 5-i1 porauuu npu I'TK = 1.04 nipn
KpaiiHe HepaBHOMEPHOM BbINAJeHUN OCAaIKOB B Te-
YyeHHe BereTaliiy BO 2-i1 CpOK HAOIIOACHMS 3aI1achl
N-NH, Heckoabko cHUXanuch, a B 2022 r. (I'TK =
= 0.54) Bospociu ¢ 28.5—107 no 112—256 kr/ra. Kak
MOBBIIIEHHOE YBIIAXKHEHNE, TaK U HEAOCTATOK BJIaru
1 BBICOKHE TeMIIEpaTyphbl CIIOCOOCTBOBAIN PE3KOMY
BO3paCTaHUIO TpaHC(HOpPMALIMY OPTAHUYECKHUX U Op-
raHO-MWHEPaJIbHbLIX COGIMHEHUIA a30Ta ITOYBbI B aM-
MOHUITHYI0 (opmy. Mcxonst ke U3 oIpenensoieit
ponu 3anacoB N-NO; B cioe 0—40 cm mtouBHI B haze
BCx0m0B (TabJI. 5) Ha ypOXKafHOCTH TPaB, CIEAYyeT 3a-
KJIIOYUTh, UYTO AMMOHUIHBIN a30T IOYBbI B KOHEU-
HOM cueTe TpaHC(HOPMUPOBAJICI B HUTPATHYIO Gop-
MY, KOTOPYIO ITPEUMYILECTBEHHO U MOTPEOJISUIN pac-
TeHMUSI.

ATPOXNMUI
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Tabmuua 7. Bnusinue ynoo6penuit Ha 3anacsl N-NH, B ciioe 0—40 cMm nouBsl B (ha3e BCXOA0B BUKOOBCSIHOM (TOPOXOOBCSI-
HOI1) cMeCHU B IrOJIbl UCCIeI0OBAHUS, KT/Ta

BapuaHTt 2007 . 2008 T. 2009 . 2014 r. 2015 1. 2016 1. 2021 1. 2022 1. | CpenHee
1. KoHTpOab 167 182 204 39.3 50.6 58.8 69.2 28.5 100
2. Vi3BecTKOBaHUE 152 138 212 35.1 56.6 48.1 77.0 34.1 94.0
3. U3BecTkOBaHMe 145 108 209 51.2 54.0 46.8 74.3 29.4 89.7
4. N60 209 176 216 49.3 66.0 65.9 82.4 88.0 119
5.N75 247 141 178 43.0 76.9 67.0 89.5 73.9 115
6. HaBo3z 40 1/ra 257 196 167 35.7 54.4 60.3 69.3 54.3 112
7. HaBo3 60 T/ra 245 132 216 35.4 62.7 58.2 91.3 41.0 110
8. HaBo3 80 1/ra 258 164 175 45.9 54.5 52.0 77.9 42.3 109
9. HaBo3 40 1/ra 255 162 232 43.0 71.5 60.5 85.0 41.3 119
10. HaB40 + N60 183 169 216 39.5 66.7 73.7 95.0 52.5 112
11. HaB40 + N75 156 219 216 46.0 66.6 64.2 106 52.9 116
12. HaB60 230 177 276 54.1 64.3 54.6 77.7 35.9 121
13. HaB60 + N60 162 188 270 67.1 63.0 63.1 94.5 57.9 121
14. HaB60 + N75 249 165 269 42.3 68.2 65.0 108 80.2 131
15. Has80 211 95.2 245 41.0 50.3 60.4 93.9 49.5 106
16. Ha80 + N60 166 106 251 36.3 72.1 62.3 102 51.5 106
17. HaB80 + N75 253 258 248 56.2 69.6 58.1 109 107 145
CpenHee 208 163 224 44.7 62.8 59.9 88.4 54.1 113

Ta0muua 8. Bnuganue ynoopenuii Ha 3anacel N-NH, B cioe 0—40 cMm B haze yOopKu BUKOOBCSIHOI (TOPOXOOBCSHOI)
CMeCH B TONIbl MCCeA0OBaHUSI, KT/Ta

BapuanTt 2007 r. 2008 r. 2009 1. 2014 r. 2015 1. 2016 1. 2021 r. 2022 r. | Cpennee
1. KoHTpOab 88.6 248 124 49.0 40.7 57.6 58.2 132 99.8
2. I3BecTKOBaHME 81.3 192 140 60.2 48.7 61.4 71.5 112 95.8
3. 3BecTKOBaHMeE 67.6 140 134 59.0 47.2 63.2 66.2 159 92.0
4. N60 154 277 158 61.2 46.2 64.4 70.8 144 122
5. N75 152 299 144 72.5 51.8 68.0 79.0 256 140
6. HaBo3 40 1/ra 112 252 128 54.9 50.7 60.4 57.9 192 113
7. HaBo3 60 T/ra 117 246 149 52.0 52.0 58.4 72.8 168 114
8. HaBos 80 1/ra 123 236 143 57.2 41.6 56.2 60.4 184 121
9. HaBo3 40 1/ra 148 229 130 61.4 50.0 69.7 65.4 201 119
10. Ha40 + N60 122 290 167 57.2 56.3 65.9 79.5 152 124
11. Ha40 + N75 80.5 279 115 58.2 52.8 68.2 97.6 192 118
12. HaB60 124 292 156 56.8 53.9 65.8 65.2 165 122
13. HaB60 + N60 90.2 334 164 47.0 47.7 67.6 81.8 152 123
14. HaB60 + N75 178 226 157 60.1 58.4 69.2 96.6 150 124
15. HaB80 97.3 346 143 55.5 52.3 63.0 83.6 159 125
16. Has80 + N60 96.5 333 143 66.3 58.2 73.8 90.6 110 121
17. Ha80 + N75 139 284 148 61.9 51.2 68.8 88.0 200 130
Cpennee 116 265 144 58.3 50.6 64.8 75.6 166 118

ATPOXUMHUA  Ne 10 2023
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Tabomuna 9. Bnusinue ynoObpeHuii Ha conep>XaHue aMMOHUITHOTO a30Ta B TTIOYBE U BOAHOM BhITsIXKKe 1 : 1 B cinosix 0—20 u

20—40 cm noussl B 2021 r., mr/100 r mouBbI

1-it cpok 2-1f cpok
BapuaHTt Croit, cM
N—NH4 N—NH4 BOIH W, % N'NH4 N'NH4 BOIH W, %
1. KoHTposib 0-20 1.61 0.0299 1.9 1.04 0.0212 2.0
20—40 0.95 0.0261 2.8 0.70 0.0106 1.5
2. U3BecTkoBaHue ((hoH) 0-20 1.54 0.0394 2.6 1.23 0.0114 0.9
20—40 1.25 0.0413 3.3 1.18 0.0104 0.9
3. ®on + PK — moce- 0—-20 1.45 0.0267 1.8 1.03 0.0238 2.3
neiictue 20—40 1.27 0.0386 3.0 1.09 0.0180 1.6
4. ®oH + NPK 0-20 1.65 0.0474 2.9 1.15 0.0180 1.6
20—40 1.37 0.0386 2.8 1.02 0.0116 1.1
5. ®oH + 2 NPK 0-20 1.79 0.0655 3.7 1.76 0.0485 2.8
20—40 1.49 0.0442 3.0 0.79 0.0184 2.3
7. HaB60 — mocneneii- 0—-20 1.74 0.0386 2.2 1.18 0.0164 1.4
CTBHE 20—40 1.60 0.0299 1.9 0.82 0.0128 1.6
12. HaB60 + PK — mociie- 0-20 1.58 0.0735 4.6 0.98 0.0298 3.0
neicTBue 20—40 1.27 0.0394 3.1 0.95 0.0273 2.9
13. HaB60 + NPK 0-20 2.04 0.0321 1.6 1.31 0.0232 1.8
20—40 1.44 0.0386 2.7 1.22 0.0147 1.2
14. HaB60 + 2 NPK 0—-20 2.10 0.104 5.0 1.92 0.0413 2.2
20—40 1.86 0.0413 2.2 1.14 0.0368 32
Cpennee 0-20 1.75 0.0460 2.6 1.30 0.0260 2.0
20—40 1.44 0.0433 3.0 1.00 0.0180 1.8

B pabGorax [4—7, 9] ycTaHOBJIEHO, YTO Ha CEPhIX
JIeCHBIX TTouBax OMoJjbsl, XapaKTepU3YIOIIUXCS BbI-
COKOM €MKOCTbI0 KaTMOHHOIo oOMeHa, OCHOBHOE
konnyectBo N-NH, noromasock NoYBEeHHbIM MO-
mromatoniuM komriuiekcom (IITIK). Iepexonsimnas B
XKUIKYI0 ba3y 4acTb €ro, a TakKKe BHECEHHOIO C
yIoOpeHUsIMU, HUTpUGPUIIMPOBAJIach. YMEHBIIIEHUE
koHueHTpauuu N-NH, B xuakoii ¢aze cMmemano
paBHOBECHE B CTOPOHY ITOIIOJIHEHMS €0 3a CYET Je-
copOiuu. Ha crenens nepexoga N-NH, B Xuakyio
¢dazy u TpaHchOpMaALIUIO €r0 B HUTPATHYIO (POPMY
BJIMSIIU cofepKaHue rymyca, pHge ouBbI, EMKOCTb
ee KaTuoHHoro oomeHa. O6pasosasiiuiics N-NO;,
IMOJTHOCTBIO HAXOISIIUIACS B XKMIKOK (ha3e MOYBEI, B
OCHOBHOM y4aCTBOBaJI B IIMTaHUM a30TOM BO3IEIIbI-
BaeMbIX KyabTyp. [ToaTomy 06 yuactuu N-NO; B 1u-
TaHUM PACTEHU HAMU OBbLIO IIPEIIOXKEHO CYIUTh 10
oTHolleHuIo coaepxanus N-NO; B mouBe K conep-
xkaHuto N-NH, B BonHoi1 BbiTsiKKe (1 : 1), onpenens-
€MOMY C MOMOIIbI0 MOHOCEJIEKTUBHOIO 3JeKTpOoaa

+
Ha noHbl NH, .

B 1a61. 9 1 10 npuBeaeHsl JaHHbBIE IO COAEpXKa-
Huto N-NH, B nouse (cosieBas BBITSKKA) U BOAHOM
BBITsSDKKE (1 : 1) B 3aBUCMMOCTH OT MPMMEHEHHBIX

ynoopenuii B ciosix 0—20 u 20—40 cMm 1mouBHI B (pazax
BCXOJIOB 1 YOOPKM.

BunHo, yTo B pa3e BcxoaoB KyabTyp B 2021 1. cTe-
reHb niepexona N-NH, B xkunkyo daszy (W, %; Bon-
HYIO BBITSDKKY 1 : 1) B 3aBUCMMOCTU OT YPOBHS MpHU-
MEHEeHUs yooOpeHuil U IiIyouHBI 0TOOpa 0Opa3loB
BapbupoBaia ot 1.5 1o 5.0%. Crernenn nepexona (W)
BO3pacTajla C MoBblILIEHUEM conepxaHust N-NH, B
ToYBe 1 B cpenHeM B 17-Tu BapuaHTax ObLia Ooliee
BBICOKO#1 B cjiosix 20—40 cM TToYBBI, 4YeM B cJiosax 0—
20 cM, yTO coBmanajio ¢ 0oJjiee BHICOKOM YBIaXKHEH-
HOCTbIO HMDKHUX cJIoeB. B ¢asze ydopku cpenHue 3a-
nacel N-NH, B cioe 0—40 cM CHU3UIUCH MPUMEPHO
Ha 16% (ta6n. 7 u 8), B GoJIbllIeil Mepe MPOUCXOINIIO
cHUXeHue cteneHu nepexona N-NH, B xunkyto da-
3y B yIOOPEHHBIX a30TOM BapMaHTaX W MpH MHOCJIe-
JIENCTBUM OpraHWYEeCKMX ymoOpeHmit. B cpemHem B
17-T1 BapmaHTax YMEHBIINJIACh W CPETHSIST KOHIICH-
tparus N-NH, B xkxunkoit daze: ¢ 0.0433—0.0466 mo
0.0180—0.0260 Mr/100 T TOYBEIL.

B 2022 r. crenenn nepexona N-NH, B xuakyio
da3zy B 1-i1 cpok HaOmoneHus B ciaoe 0—40 cM ITOYBEI
BapbupoBaia ot 1.0 1o 5.9%, Bo3pacTana ¢ ypoBHEM
nHTeHCcnuKanun. B cpemnem B 17-TM BapmaHTax
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Taomuna 10. BrusiHue yno6peHuii Ha coaepkaHre aMMOHUITHOTO a30Ta B IMOYBE U BOMHOM BhITsIXKKe 1 : 1 B ciosix 0—20

u 20—40 cm noussl B 2022 1., Mr/100 T 1TOYBbI

1-i1 cpok 2-1i cpok
BapuaHTt Croit, cM
N—NH4 N-NH4 BOIH W, % N'NH4 N'NH4 BOIH W, %
1. KoHTposab 0—20 0.55 0.0132 2.4 1.41 0.0168 1.2
20—40 0.50 0.0125 2.5 3.32 0.0143 0.4
2. U3BectkoBaHue (hoH) 0—-20 0.68 0.0153 2.2 2.09 0.0104 0.5
20—-40 0.57 0.0125 2.2 2.00 0.0073 0.4
3. ®oH + PK — mmocneneii- 0—20 0.60 0.0164 2.7 2.82 0.0147 0.5
CTBHE 20—-40 0.48 0.0097 2.0 2.90 0.0062 0.2
4. ®on + NPK 0—20 2.41 0.143 5.9 4.04 0.111 2.8
20—40 0.88 0.0321 3.6 1.36 0.0150 1.1
5. ®oH + 2 NPK 0—-20 2.19 0.112 5.1 5.75 0.161 2.8
20-40 0.59 0.0101 1.7 3.68 0.0150 0.4
7. HaB60 — mocneneiictBue 0-20 0.87 0.0180 2.1 3.60 0.0299 0.8
20—-40 0.64 0.0067 1.0 2.58 0.0119 0.5
12. HaB60 + PK — mociie- 0—20 0.54 0.0261 4.8 2.94 0.0314 1.1
neiicteue 20—40 0.76 0.0314 4.1 3.08 0.0161 0.5
13. HaB60 + NPK 0—-20 1.55 0.0557 3.6 2.36 0.0433 1.8
20—-40 0.61 0.0161 2.6 3.14 0.0131 0.4
14. HaB60 + 2 NPK 0—20 2.19 0.140 6.4 3.56 0.0990 2.8
20—40 0.81 0.0147 1.8 1.98 0.0168 0.8
Cpennee 0—20 1.18 0.0465 3.9 3.34 0.0451 1.4
20—-40 0.70 0.0171 2.4 2.68 0.0161 0.6

OHa ObL1a 60J1ee BeicoKoit B cioe 0—20 cMm, yeM B ciioe
20—40 cMm. Cpennue 3anacel N-NH, B xxunkoii dase
B ci1oe 0—20 cM rmouBsl coctaBmiii 0.0465, B citoe 20—
40 cm — 0.0171 mr/100 r mouBsl. Bo 2-i1 cpok Hab10-
JeHuss oHu okazamuch Onu3kumu (0.0451 wu
0.0161 Mr/100 r moussr). [1py 3TOM cpeaHue 3amachl
N-NH, B nouse B ciioe 0—40 cM BO3pociv TPUMEPHO
B 3 pasa (c 54.1 no 166 xr/ra) (ta6. 7, 8). Ho B ycio-
BUSIX OCTPOTO Ae(UIIMTA BJIaTU 1 TTOBBIIIIEHHBIX TEM-
repaTyp B Mae 1 MlOHE HaOII01a11 BICOKOE CHIKEHIE
crerieHu nepexoaa N-NH, mousbl B kuakyto dasy.

Ha ocHoBaHMM HaHHBIX COAEPKAHUSI HUTPATOB B
ciosix 0—20 u 20—40 cM TTOUBBI U COAEPKAHUIO B HUX
N-NH, B xuakoii ¢aze (tabu. 9 u 10) g 2021 u
2022 rr. B Ta6n. 11 mpencraBiieHbl JaHHBIC UX COOT-
HOIIICHUSI.

B daze BcxonoB B ciioe 0—20 cm B 2021 1. cpenHsis
BeJIMYMHA 3TOro ImapameTpa cocrasmia 60.4, B 2022 1. —
64.2. B atoM ciyyae nons N-NH, B xunkoit daze
nmousbl 0T cyMMbl N-NO; 1 N-NH, B Heli cocTaBisiia
cootBercTBeHHO 1.6 [100 : (60.4 + 1)] 1 1.5% [100 :
:(64.2 + 1)]. CaegoBarenbHO, B MUTAHUU KYJIBTYP
npeumyiecTBeHHo ydactBoBal N-NO; (Ha 98.4 u
98.5% cooTBeTcTBEeHHO). HU3KMe cpemHue BeTudu-
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Hbl 1o N-NH, B )xuakoii ¢ha3e nouBbl ycTaHOBJIE-
HbI U B cjioe 20—40 cm B 2021 1 2022 1. B (pa3zax BCxo-
0B (3.1 u 1.1%) 1 y6opku B o60oux ciosx (<2.4%).

CpenHnii pa3HOCTHBIN KO3(PMUIINEHT UCIIOIb30-
BaHus (KM) npumeHeHus 1036l N60 3a 8 OIbITO-JIET
coctaBul 46.2%, mo mnocinenencTtsuio Hapo3a 40—
80 1/Ta — 40.0—(40—44.5)%, mo3er N75 — cooTBeT-
ctBeHHO 48.9 m141.3—47.6% (Tab6:x. 12). Ha ceprix jtec-
HBIX TTouBax OTIONbs KaK ITO0 OKYITAaeMOCTH ymoope-
Huit mpubaBkoif (9.0—11.8 kr/kr N mipu mo3e N60 n
8.8—11.1 kr/kr N npu goze N75), Tak 1 Ko3dduim-
e€HTaM UCHOoIb30BaHud, TpuMeHeHue 103 N60 1 N75
OBLIO B OMMHAKOBOIT Mepe 3((PEKTUBHBIM IIPHUEMOM.

Tak Kak ypokailHOCTh TpaB ompeiessiach Ipe-
MMYILIECTBEHHO MX IMUTAaHUEM HUTPATHOII (opMoii
a3oTa, To OblJla MpoBeAeHa OlIeHKA HAKOTUIEHUSI ATO
¢dopMBI a30Ta B TeUYeHME BEreTallMOHHOIO MIepuoja
KYJIBTYD.

Oo6mune pasmepbl HUTPUDUKAITMOHHOW CIIOCO0-
HOCTH TTOYBBI ITOJ] TPAaBaMU 3a BETeTallMOHHBIN TTepu-
Ol MOXXHO PacCcuYMTaTh 110 CyMMe BBIHOCA a30Ta YpO-
KaeM (CeHO U TIOKHUBHO-KOPHEBBIE OCTaTKU) U
OCTAaTOYHBIM KOJIMYECTBOM a30Ta HUTPATOB B CIOE
0—40 cm ouBHI B pase yoopku. [1To maHHBEIM pabGoOTHI
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Ta0muna 11. CootHowmrenne N-NO; k N-NH, B xxunkoii paze cepoii lecHOI NOYBBI B 3aBUCUMOCTH OT YPOBHSI UHTEH-
cuduKalu MpUMEHEeHUs YIOOpEeHU 1o ONHOJIETHUMU TpaBaMu

CootHoutenrne N-NOj : N-NH, B xunxoit ¢dase
Bapuant TopuzoHT, cm 2021 r. 2022 r.
BCXOJIBI ybopka BCXOJIbI ybopka
1.KoHTpOh 0-20 50.5 16.5 81.1 35.7
20—40 34.1 29.2 50.4 34.3
2. N3BecTtkoBaHwme (hoH) 0—20 42.1 43.8 69.9 77.9
20—40 29.1 46.2 48.8 90.4
3. ®oH + PK — mocneneiictBue 0-20 69.7 12.2 64.0 98.0
20—40 35.0 12.2 60.8 62.9
4. ®on + NPK 0—20 65.2 60.5 40.2 60.8
20—40 34.2 111 86.0 65.3
5. ®on + 2 NPK 0—20 71.4 71.5 54.7 58.1
20—40 394 70.1 180 38.0
7. HaB60 — mocneneiictBue 0-20 56.7 16.5 83.9 18.1
20—40 46.2 16.4 94.0 32.8
12. HaB60 + PK — nocneneiictBrue 0-20 13.7 16.8 71.3 26.4
20—40 32.7 16.1 31.2 21.7
13. HaB60 + NPK 0-20 149 58.2 90.0 113
20—40 37.3 53.1 118 196
14. Has60 + 2 NPK 0-20 46.1 59.6 45.0 75.9
20—40 38.2 50.5 95.9 46.4
Cpennee (17 BapraHTOB) 0-20 60.4 40.0 64.2 64.2
20—40 31.6 41.4 89.0 73.3
Homsa N-NH, B xunkoit dase ot 0-20 1.6 2.4 1.5 1.5
cymmbl N-NH, u N-NO;, 20—40 3.1 2.4 1.1 1.3
% (17 BapuaHTOB)

[10], ncxonmst 3 cBSI3M YpOXKAHOCTY CeHa ¢ pa3Mepa-
MU HaAKOIUIEHUS] ITOXXHUBHO-KOPHEBBIX OCTAaTKOB
(mpu ycaoBUM OJIM3KOIO COAEPKAHMS B HUX a30Ta),
OIpeAeINIIN BLIHOC a30Ta CEHOM M MOXHUBHO-KOP-
HEBBIMM OCTaTKaMU 1 00II1ie pa3Mepbl HAKOTIJICHUS
N-NO; (tabu. 13). ITo pa3Hulie MeXI1y HUMU U 3ana-
camu N-NO; B ci1oe 0—40 cM B (paze BCXOIOB OLIEHU -
Baju mpupoct 3amacoB N-NO; oT BCX0I0B 10 yOOp-

KU KYJIBTYP.

O61ue pa3mepnl HakoruieHuss N-NO; o cpas-
HEHUIO C KOHTpOoJeM U (POHOM M3BECTKOBAHUS BO3-
pacTaiy npu IPUMEHEHUUW a30THBIX MUHEpPaTbHBIX
ynoopenuit Ha 75—105 Kr/ra, X co4eTaHusI C IIOCIe-
nericrBueM HaBo3a — Ha 80—120, mocirieneiicTBUS op-
ranmdgecknx — 20—30, codeTaHUsT MOCHEOCHCTBUS
opranndeckux ¢ PK-ynoopenussmu — 25—40 xr/ra.

ITpupocrt 3anacoB N-NO; oT BCX0J10B 10 YOOPKU
TpaB ObLT HanOoOJIee BEICOKMM B BapuaHTax 0e3 mpu-
MEHEHUSI MUHEpPaJbHBIX ynoOpeHuii (146 Kr/ra) u

IpH TTocieneicTBUM (PochOpHO-KATIMUHBIX yIoOpe-
Huii (150 kr/ra) (tadmn. 14). [locneneiicTBrue opraHu-
YEeCKUX yIOOpEeHMi TMOBBIIAIO 3TOT MapameTp, a
JIeificTBe MUHEPAILHOTO a30Ta Pe3KO CHIKANIO €ro.
ITocienHee OBIIO OOYCIOBICHO €Tr0 PE3KMM ITOBBI-
LIAIOMIUM IefiCTBUEM Ha HUTPU(PUKALUOHHYIO aK-
THUBHOCTB ITOYBBI B pAHHUIA BECEHHE-JICTHUM TTepUOI
(I0 BCXOIOB KYJIBTYD).

ITo cooTHOIIEHNIO BEIHOCA a30Ta CEHOM M O0I1Ie-
ro pa3dMepa HakorieHus1 N-NO; paccuutbiBasin K1
HaKOIUIEHHBIX 3a Beretanuio 3anacoB N-NO;. Cpas-
HeHue ux ¢ pasHocTHEIMU KU (Tab:1. 12) B BapmaHTax
C BHECEHHEM a30THBIX MUHEPaIbHBIX yIOOpEeHUI IO~
Kazajo UX Xopollee coBnaiaeHue. [1o aTuM JaHHBIM
KW nHakoruteHHoro 3a Beretanuio Kyibryp N-NO; Ba-
pbupoBanu ot 43 1o 50%, a pasHoctHbie KW azota Mu-
HepaJIbHbIX ynoopeHuii — ot 40 1o 49% (tab6mn. 12, 13).

CiiegoBaTelbHO, Cepble JIECHBIC ITOYBBI OIIOIbS
XapaKTepU3YIOTCSI BBICOKOM HUTPUPHUKAITMOHHOMN
ATPOXNMUI
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Ta6muna 12. BeiHOC a30Ta CEHOM BUKOOBCSIHOM (TOPOXOOBCSIHOI) cMecH (KT/Ta) U CpenHUit pa3HOCTHBIN KO3 dUIIeHT
HCTIOJIb30BaHUS a30Ta MUHepaibHbIX ynoopeHnuii (KU, %)

BapuaHTt 2007 r. | 2008 1. | 2009T. | 2014r. | 20151 | 20167T. | 2021 T. | 2022 T. |Cpemuee| KM
1. KoHTpob 67.2 93.5 95.8 84.6 89.9 74.6 100 82.2 86.0 —
2. 3BecTKOBaHUE 71.5 94.8 90.0 91.4 87.0 78.2 100 85.2 87.3 —
3. i3BecTKOBaHME 68.4 112 96.0 85.2 97.0 95.7 111 90.3 94.4 —
4. N60 93.7 118 119 132 129 108 118 102 115 46.2
5.N75 102 128 148 125 134 108 138 107 124 48.9
6. Hao3 40 1/ra 73.5 102 93.0 98.6 92.2 88.9 118 96.3 95.3 —
7. HaBo3 60 T/ra 70.8 102 101 105 105 91.7 124 100 100 —
8. HaBo3 80 1/ra 76.1 109 95.2 106 103 94.5 117 115 102 —
9. HaBo3 40 T/ra 76.2 98.9 101 93.9 99.6 95.8 129 101 99.4 —
10. Ha40 + N60 101 121 129 124 130 112 143 117 122 44.5
11. HaB40 + N75 109 130 142 132 144 123 141 124 131 47.6
12. HaB60 78.2 108 98.7 114 101 80.8 136 102 102 —
13. HaB60 + N60 95.6 120 133 134 135 111 146 117 124 40.0
14. HaB60 + N75 112 145 152 140 137 109 138 114 131 41.3
15. HaB80 81.6 111 98.2 114 92.0 86.2 129 104 102 —
16. Has80 + N60 111 126 134 130 132 117 146 113 126 40.0
17. Ha80 + N75 120 136 151 132 147 115 146 120 133 41.3
Cpennee 88.7 115 116 114 115 99.4 128 105 110

Ta0bmuna 13. CpegHue 3a 8 ONBITO-JIET pa3Mepbl HAKOIJIEHU (Kr/Ta) 1 ucnoiab3oBaHusl N-NOj 3a BereTalluoOHHBbIN TTe-
puon ogHoeTHUX TpaBs (%)

BoiHoc N TpaBamu
p— N Iiag)nac:l&l) O6mmue ?ﬁrﬁgﬂ l'IpI/II;\cI)c;I o
-NO; B daze| pasmepsl -NO; |3amacoB N-NO;
BapuanT Haf,;echg:aﬂ + NOXHUBHO-| yGonky (cioi | HAKOILIEHUS! | B hase OT BCXOIIOB KHx-no,
(ceno) Kgf;i‘:;e 0—40 cm) N-NO; BCXOIOB | 710 yGOpKM
1. KoHTpOab 86.0 155 17.4 172 48.6 123 50.0
2. 3BecTKOBaHUE 87.3 157 24.6 182 53.0 129 48.0
3. N3BecTKOBaHUE 94.4 170 24.3 194 51.6 142 48.7
4. N60 115 196 61.3 257 137 120 44.8
5.N75 124 211 76.3 287 172 115 43.2
6. HaBo3 40 T/Ta 95.3 172 30.0 202 48.8 153 471
7. HaBo3 60 T/ra 100 180 22.4 202 52.5 150 49.5
8. HaBo3 80 T/ra 102 184 20.8 205 52.2 153 49.8
9. HaBo3 40 T/Ta 99.4 179 21.5 201 55.2 146 49.4
10. HaB40 + N60 122 207 57.1 264 140 124 46.2
11. HaB40 + N75 131 223 69.5 293 184 109 44.7
12. HaB60 102 184 33.1 217 63.5 154 47.0
13. HaB60 + N60 124 211 62.8 274 148 126 45.2
14. HaB60 + N75 131 223 77.0 300 186 114 43.7
15. HaB80 102 184 37.0 221 65.0 156 46.2
16. HaB80 + N60 126 214 56.8 271 151 120 46.5
17. HaB80 + N75 133 226 76.5 302 198 104 44.0
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Ta0nuna 14. Bausanue ynobpenuit Ha mpupoct 3anacoB N-NO; B citoe 0—40 cM NOYBHI B [TeprOL OT BCXOLOB 10 YOOPKH

TpaB, Kr/Ta
IpuMeHeHne MUHEPATbHBIX YIOOPEeHUM

IlocneneiicTBue 03 — CpenHee
HaBO3a, T/Ta 0 nocnez}x)ei?cmne N60 N75 (HaBO3)

0 129 142 120 115 126

40 153 146 124 109 133

60 150 154 126 114 136

80 153 156 120 104 133

CpenHee (MUHEpaJIbHBIC 146 150 122 110
ynoopeHus)

ITpumeuanue. ITpupoct 3amacos N-NO3 B mepros; OT BCXOIOB 10 YOOPKM B KOHTpoJIe cocTaBw 123 xr/ra.

aKTUBHOCTBIO. B cpegHeM 3a 8 ombITO-JIeT OHA pPe3KO
BO3pacTajia C TIOBBILLIEHUEM YPOBHSI NMPUMEHEHUS
a30Ta MUHepaJIbHbIX ynoopeHuii B mo3e N75 ot 170—
180 (06e3 ymoopenmii) mo 300 xr/ra. IIpogyKTUBHOCTh
OMHOJIETHUX TPaB B OOJBIIMHCTBE CIyYaeB JUMUTH-
pOBaJIO OTCYTCTBME ONTUMAJIBHOTO YBJIaXXHEHUS B
PaHHUA BECEHHE-JIETHUMN IEPUO.

BbIBOJbI

1. B 1muTe1bHOM MOJIEBOM OITHITE 3a 8 OIBITO-JIET
ypOXXaifHOCTb OOHOJIETHUX TpaB (BUKOOBCSIHOI, Iro-
POXOOBCSIHOI CMeceil) B KOHTpoOJe M3MEHSIIach OT
15.1 mo 26.1 11 3.e./ra, npu npuMeHeHnn 103 N60 u
N75—ot118.2 1o 37.2 113.e./Ta, T.e. B 3aBUCUMOCTHU OT
TOTOAHBIX YCJIOBUM BapbupoBaia B 1.73—1.88 pa3a.
ITpu sToM azot N,, oGecrieurBa NOBbIIIEHUE TTPU-
0aBKU UX ypoxaiHocTi Ha 88.3% ot o6I11eil Bapua-
uu, mocieneicreue HaBo3a KPC, BHeceHHOTO B Ha-
yajie potauuu, — Ha 8.1%, nocneneiictue PK-yno6-
peHUii, MpUMEeHEHHBIX Mon 6 KyJbTYp 7-TIOJbHOIO
ceBoobopota, — 1.8%. 1 kr azota N,, B 1o3ax N60 u
N75 obecrieunBan yBeIMYEeHME YPOXKAWHOCTH TpPaB
Ha 9.0 u 8.8 kT 3.¢., Ipu nocieneiicTBuu HaBo3a 40—
80 1/ra — 9.6—11.8 kT 3.¢.

2. 3ammacel HUTpaTHOTO a3oTa B ciioe 0—40 cm 1mou-
BBl B (pa3e BCXOTOB TpaB OBIIM MaKCUMaJIbHBIMU.
B BapuanTax ¢ npuMeHeHueM 1036l N60 1Mo cpaBHe-
HHUIO C BapWaHTaMM 0Oe3 yIOOpeHMH B CpelHeEM 3a
8 et onu Bo3pactanu ¢ 49—53 mo 137—151 kr/ra, no-
361 N75 — o 172—198 xr/ra. K ybopke 3a cueT 1orjio-
IIEHWsI HUTPATHOTO a30Ta pacCTeHUSIMU €ro 3aIiachl B
3TOM CJIO€ CHIDKAJIMCH B 2 pa3a 1 6oJjiee. 3ammachl N-
NH, B 3TOM cji0e B BapuaHTax onbITa B (pazax BCxo-
JIOB 1 YOOPKM TpaB ObIIM OJM3KMMU. B ymoOopeHHBIX
BapMaHTax MO CPaBHEHUIO ¢ HEYOHOOPEHHBIMU OHU
yBeJIU4YUBaIUCh Bcero B 1.4—1.6 pa3a.

3. 3a 7 meT 3 8-MM yCTaHOBJICHA BBICOKASI CTe-
MeHb B3aMMOCBSI3U YPOXAMHOCTU TpaB C 3aItacaMu

N-NO; B cinoe 0—40 cm nouBsl B ¢haze BcxoaoB. Ha-
OMoJaliv IMHEMHYIO, KBAAPaTUIHYIO U CTEIIEHHYIO
B3aMOCBsI3U. [1oIydyeHHbIE pe3yabTaThl CBUAETEIb-
CTBOBAaJIU 00 OMNpeAesIoIeil PO HUTPATHOTO a30-
Ta B MUTAaHUU TPaB a30TOM.

4. 3a 8 jeT, Ucxods1 U3 JOCTOBEPHOI KBaapaTUy-
HOI B3aMMOCBSI3U MaKCUMaJlbHbIX 3antacoB N-NO; B
cioe 0—40 cM nouBbI B (ha3e BCXOMOB KYJIbTYD C T/~
potepmudeckuM Koaddunuentom (I'TK), yctaHOB-
JleHa MMHUMaJbHasi HUTPUGUKAIITUOHHAS aKTUB-
HocTb TTouBkl Tipu ['TK = 1.21. [ToBbIlIeHHE KOJIMYE-
CTBa BBIMNABIIMX OCAIKOB, C OMHOU CTOPOHBI, TaK U
TeMIlepaTyp B T€UeHHE BETreTallMOHHOTO Tepruoaa, C
JIPYTroi, BeJo K yBenaumyeHuto 3anacoB N-NOj; B 11ouse.

5. Ha ceppix necHBIX mouBax OMoJibs, XapaKTepu-
3YIOIIUXCS BBICOKOII €MKOCTbIO KaTMOHHOIO OOMe-
Ha, ctenieHb nepexoga N-NH, mouBsl B XXuakyio da-
3y (BomHy10 BHITSKKY 1 : 1) B 2021 T. He IIpeBHIIIajia
5.0,82022r. — 5.9%. OHa Bo3pacTalia IIipu NpuMeHe-
HUM a30THBIX MUHEPAIbHBIX YIOOpEHUI, U3MEHS -
JIach OT CPOKOB (BCXOMbI, yOOpKa) 1 IITyOMHEI 0OTOOpa
(cimon 0—20 1 20—40 cM) 00pa31ioB. DTO BEJIO K U3Me-
HeHuto conepxaHus N-NH, B xkxunkoit paze nmoussbl.

6. I1penioxkeHO OLEHUBATh YYaCTHUE ITOABUKHBIX
¢opM a30Ta B MUTAHUU BO3IEIbIBAEMBIX KYJIBTYP 110
BEJIMYMHE COOOTHOLIEHUsI coiepxkaHus N-NO; B
nouse K coxepxaHuio N-NH, B BOIHOI BBITSIKKE
(1:1), T.K. HUTpaATHBII a30T IMMOJIHOCTHIO HAXOAUTCS B
Xuakou asze, a aMMOHMIMHBII a30T MOYBHI — 4Ya-
CTUYHO. YKa3zaHHoe cooTHouieHue B 2021—-2022 rr.
BapbupoBayio oT 12.2 mo 184. [Iyist 5TUX BEJIMYUH A0~
Jst N-NH, B Xxunkoii ¢asze oT CcyMMbI HUTPaTHOTO U
aMMOHUMIHOTO a30Ta COCTaBJsijla COOTBETCTBEHHO
7.6 u 0.54%. D10 MOATBEPAMIIO OIPEACIISIOLIYIO
posib N-NOj; B MUTaHUU TPAB a30TOM.

7. CpemHue 3a 8 OIBITO-JIET pa3HOCTHBIEC KO3 -
nueHTHl ncnoab3oBanus (KI) mo3 a3oTHBIX ynoOpe-
Huii coctapnsiv 40—49%, cHUXasiCh C POCTOM YPOB-
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HS TIpUMEHEHUS ymoopeHMii. BenmauHbl pa3HoOCT-
Hbeix KM azora N,, 10CTaTOYHO XOPOIIIO COBNAAAIU C
KW nakannusatoierocss N-NO; B TeueHue BereTa-

HMOHHOTIO Itepuoaa Tpas. OHM BapbUpPOBaN OT 43.2
10 50.0%.
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Fertilization of Annual Grasses
on Gray Forest Soils of the Vladimir Opole

V. V. Okorkov+#, L. A. Okorkova?, and A. E. Lebedeva*

“Verkhnevolzhsky Federal Agrarian Scientific Center
d. Novaya, Viadimir region, Suzdal district 601261, Russia

# E-mail: okorkovvv@yandex.ru

In a long-term stationary experiment, the effect of fertilizers on the yield of annual grasses (vetch and pea
mixtures) and the nitrifying activity of gray forest soils were studied. For 8 years, both without the use of fer-
tilizers and with them, the yield of herbs changed by 1.72—1.88 times. It was found that the use of nitrogen of
mineral fertilizers provided 88.3% of the total variation in their yield, the aftereffect of manure — 8.1, the af-
tereffect of PK fertilizers — 1.8%. For 7 out of 8 years, a high degree of correlation between the yield of grasses
and the reserves of N-NOj in the 0—40 cm layer of soil in the phase of grass germination was revealed. At the
same time, the minimum reserves of N-NO; were formed at a hydrothermal coefficient for the growing sea-
son equal to 1.21. The use of fertilizers, increased moisture content and temperatures during the growing sea-
son of grasses led to an increase in the nitrification activity of gray forest soil. It is proposed to evaluate the
participation of mobile forms of nitrogen in plant nutrition in relation to the content of N-NOj in the soil to
the content of N-NH, in the water extract (1 : 1). The values of this parameter in the phases of germination
and harvesting of grasses confirmed the determining role of N-NOj reserves in the nutrition of annual grass-
es. The difference coefficients of the use of nitrogen Naa in doses N60 and N75, which ranged from 40 to
49%, were calculated. An algorithm for calculating the size of the accumulation of N-NO; during the growing
season of grasses is proposed. In nitrogen-fertilized variants, a good coincidence of the utilization coefficients
of accumulating N-NOj reserves with the difference ones has been established.

Keywords: gray forest soils, Vladimir Opole, yield, nitrate and ammonium nitrogen reserves, the degree of
transition of ammonium nitrogen of the soil to the liquid phase, removal of N by grasses, the ratio of N-NO;

and N-NH, contents in the liquid phase of the soil.
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