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IToxazaHa M3MEHYMBOCTb IIPUPOCTA YPOXKAWMHOCTU KYIbTYp OT IIpuMeHeHUsI pochopHOro ynoopeHus: B
no3ax P40—20, no6GaBiaeHHBIX K a30THOMY YIOOpPEHMIO B 52-JIeTHEM CTallMoOHapHOM omnbiTe KypraHckoro
HUHNCX. Uzyuenue a¢pdpexTuBHOCTU hocdopa Besin CHavajIa B 3€pHOMNPONAIITHOM CEBOOOOPOTE IIPHU eXKe-
TOJHOI BCIIAIIIKE, 3aTeM B ITOCeBax 0€CCMEHHOI TIIIEHUIIBI ITocie cTepHeBoro ¢oHa. 1o rogaM rnmpubaBku
YPOXKaHOCTH OUYEHb OTIIMYAIUCH. 32 HEOOIBIIMMU UCKITIOUEHUSIMHY TTOKa3aHa CBSI3b BEJIMYMHBI TIPUPOCTA
ypoxXaifHocTH oT hocdopa ¢ TeMnepaTypoii Bo3myxa 1-it mekagbl nioHs1. BeicokuM mprbaBKaM COITyTCTBO-
BaJIa TIOHMXKEHHAasI TeMIlepatypa Bo3ayxa B 1-ii Iekane WIOHS U TOCTaTOYHasi 06eCnedeHHOCTh PaCTeHU
Biaroii. CBsi3b ¢ 0caliKaMU sipue MPOosIBUIIACh B IOceBax 6eccMeHHOM nieHulbl. OKyrnaeMocTb 103bl P40
MIPUPOCTOM YpOKasi B 36pHOBBIX €AMHUIIAX B CEBOOOOPOTE B TOIBI C BHICOKOU 3(p(heKTUBHOCTHIO yaoOpe-
HUs OblTa Ha ypoBHE 8— 14 KT/KT, OMycKasiCh B APYTMX yCJIOBUSIX 10 6—1.5 kr/Kr. OmiaTta P20 mpuGaBkamu
3epHa 6€CCMEHHOI MILIeHULIbI MEHSUTIACh OT 13—17—26 KI/KTI B TOABI C BHICOKMMU U CPEAHUMU MPUOGaBKaMU
110 2 KT/KT TIp1 HU3KUX 3deKTax ot mpuMeHeHus1 pochopHoOro ynoopeHusl.

Karouesbie cro6a: 3epHOIIPOIIAIITHON CEBOOOOPOT, GecCMeHHas IMIIIeHUIIA ITOCJIe CTEPHU, IIPUOaBKU OT (hoc-

¢dopHoro ynobpeHus1 Ha ¢oHe MPUMEHEHUS a30Ta, IOTOIHbIE YCIOBUSI.
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BBEAEHUE

ITokazano, uro 3amacel ¢pocdopa B MTaXOTHOM CJTOE
nouyB Poccuu HeBenuku — nopsnka 2.3—4.4  P,Os/ra.
JIBe TpeTH 3amaca IMpUXOINTCS Ha MUHE paJTbHbIE POp-
Mbl Pa3HOM CTEMNEHM IOOCTYMHOCTU IJjIsI PaCTECHMUIA.
B Poccuiickoit @enepanyu Ha 01.01.2019 HacuuThIBa-
JIOCh 26% MOYB MAIllHKA C OYeHb HU3KUM U HU3KUM CO-
nepskaHreM noasrkHoro P,Os, cpenHuM — 34% v c 1o-
BBIILIECHHBIM, BEICOKMM 1 04eHb BhICOKUM — 40%. On-
HaKO J0JIs1 HOCTYIUIEHUS aMMo¢0oca OT 0011ero oobeMa
MPUMEHSIEMbBIX YIOOPEHMIA B YaCTU OKPYTOB HEBBICO-

" Ucenenosatue BbinonHeHo B Kypranckom HUNCX — ¢punua-
e Yp®AHMULI YpO PAH, B 1abopaTtopusix arpOXuMHU U 3€M-
Jiefiesivsl B paMKax rocyJapcTBEHHOTO 3aaHusi MUHUCTepCTBa
HayKM U BbIclIero obpasoBaHus 1o teme Ne 0532-2021-0002
“YcoBeplUIeHCTBOBaTb CUCTEMY aJaNTUBHO-JaHAIIA)THOTO
3eMJieeNs JUIsl YpaabCKOro permoHa M co3aaTh arpoOTeXHOJI0-
TMY HOBOTO IMOKOJIEHUSI HA OCHOBE MMHUMU3aLUU 00paboTKu
MOYBbI, AUBEpPCUDUKALIMM CEBOOOOPOTOB, pallMOHAIBHOIO
MPUMEHEHUs TMECTULIMIOB U OUOIpEenapaTroB, COXpaHEHUs U
MOBBIIIEHMS TIOYBEHHOTO IUIOI0OPOAMs U pazpadboTraTb MHDOP-
MallMOHHO-aHAIUTUYECKUN KOMIUIEKC KOMITBIOTEPHBIX MPO-
rpamMM, o0ecIeYyuBalolii THHOBALIMOHHOE YITPABJIEHUE CH-
cTreMoli 3emenenus”.
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Kas: JlanbHeBOCTOUHBIN U Ypanbckuit — 3.4, Cubup-
ckuit — 7.2, IpuBoiskckwmii — 9.1% [1].

Majtoe ncnonab3oBaHue (GochOpPHBIX yIoOpeHMit
B 3eMJIENCINM YAaCTU PETrMOHOB IIPUBEIO K CHILKE-
HUIO CONEpXaHUs B mousBe noasuxHoro P,Os. Ha-
npuMmep, ydeHbIMu Hukeroponckoit 'CXA, mo Ha-
OJTIOIIEHUSIM B OHOM 13 xX03siictB B 2014 m 2019 1T,
OTMEYEHO CHIDKEHME 3TOTO IToKa3aTesst 3a 5 et ¢ 116
1o 85 mr/kr [2]. HampoTuB, ecTh npuMephl HOJI0XKM -
TETBHOTO BIAUSHUS IIPUMEHEeHUS aMmModoca, 9To 00-
HapyxXeHo Ha Toissx HoBocubupckoit u benropon-
cKkoil 00i. [3, 4]. YpoBeHb XUMU3ALMU 3eMJICICIUS
TECHO CBsI3aH C IIPOAYKTUBHOCTBIO KYJIbTYp. YUEHBI-
mu bamkupckoro HUMCX nmpoaHaiu3anpoBaHoO, YTO
YPOXaMHOCTb 36pPHOBBIX KYJIbTYp B 23-X X03sIHiCTBaX,
TpaTsAIMX Ha ynoopeHus o 191 py6./ra, cocraBuia B
cpemHeM 25.1 11/ra, a B 8 IpeAIIPUSTUSIX IIPU 3aTpaTax
1436 py6./ra oHa oOKa3ajach HAMHOIO OOJbIIE —
33.0/ra [5].

HN3BecTHO, uTO hochop MPOIBIICT ITOTOKNUTETD-
HOE BIIUSTHUE Ha YPOXAWHOCTb TOJIBKO IPU XOPOILIIei
00eCIIeYeHHOCT! pacTeHnit azoToM. Takme yciaoBus
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CKJIAABIBAIOTCS ITOCJIE IAPOBOTO ITOJIS, a B APYTUX 1O~
ceBax — IIpM COBMECTHOM BHeCeHUM a30Ta U pocdo-
pa [6, 7]. [1To MHeHMIO A.A. 3aBajliHa W COaBTOPOB
[8], 3aBUCUMOCTH YpPOXKXaWHOCTU OT YIOOpEeHUU U
I'TK Mmexxda3HBIX IeprOa0B BeTeTalluy UMEET CIIOX-
HBII HEJIMHEIHBIN XapakTep U HauboJiee TOYHO OIU -
CBhIBAeTCS YpaBHEHUSIMHU 2-TO MOPSIAKA C YeTKO BhIpa-
XEHHBIMU 001acTIMU onTUMYMOB. B.I. MuHeeBbIM
C COaBTOpaMM OTMEYEHO, YTO IIPU IIOHMKEHHOI TEM-
nepatype Bosnyxa ¢pochopHoe ynoopeHue I1eiACcTBO-
Bajio cuibHee [9]. Hampumep, Ha MOIITHOM YepHO3€e-
Me MUPOHOBCKOI OITBITHOM CTaHIIMM OeCCMEHHAas
o3yMasl MIIeHUuIIa 0e3 ymoOpeHMs MMella CPeaHION0
ypoxaitHocTh 11.7, B ceBoobopoTe — 25.4, Ha ¢doHe
yaob6peHuii coorBerctBeHHO 20.8 1 30.2 11/ra [10].

Cr1oco6 00pabOTKM MOYBHI TAKXKE PETYJINPYET Ha-
Junure P,Os5 1 uBMEHUMBOCTDb 3TOTO MOKa3aTesis B 3a-
BUCHUMOCTH OT ce30Ha. Hampumep, Ha BBHIIIEIOYCH-
HoM 4yepHo3eMe B onbiTe CuOHMM3Xum ot BecHBI
o oceHu conepxanue P,Os B uepHOM napy Bo3pac-
tayio Ha 70% 1ipu TIy6OKOI 6€30TBAJIbHOM 06paboT-
Ke, Ha 41% — Ha (poHe MUHUMAJIBHOI 00pabOTKN 1
Ha 22% — tipy Benamke. CpeaHsist ypoXKaitHOCTb 3ep-
HOBBIX KYJIBTYp 3a 3 poTalliy B BApMAHTaX 3TOTO 3KC-
TIepuMeHTa Obljla JOBOJILHO OJIM3KOIi: 0e3 ymobpe-
HMI ypOKaiftHOCTb 3€pHOBBIX KYJIBTYP B 3€pHOIapO-
BOM ceBOOOOpoTe Ha (DOHE BCITAIIKKA ObLIa paBHA
15.0, mpu MUHUMAJIBHOI 06paboTke — 13.5, 1Ipu BHe-
ceHuu ynoopenuit — 24.3 u 23.5 u/ra [11]. Ha Bbiie-
JIOUCHHOM TSIKEJIOCYTTIMHUCTOM UepHO3eMe B OITbITE
CraBpornonbckoro I'AY nmorepu npogyKTUBHOCTH Ce-
BoobopoTra Ha (oHe MOBEPXHOCTHOM 0OpabOTKM
IMOYBBLI MO OTHOIIEHHWIO K BCITAIlIKe HOCTUTAIN 7—
9 11 3.e./ra [12]. [ToaTomy Lienb paboOThl — U3yUyeHUE
BJIVSIHUSI IpUMEeHEeHUsT pocopHOTro ynodpeHust Ha
BapbUpOBaHUE MPUOABOK YPOXKAMHOCTHU CEIbCKOXO-
3MCTBEHHBIX KYJIBTYP B YCIOBUSX 3aypaibsl.

METOOINKA NCCIIEAOBAHUA

DKcnepuMeHT 3ajoxeH B 1971 r. 3aBemyoolmnm
otneniom arpoxumun B.M. BonbiHkunbiM Ha lleH-
TpaibHOM oITbITHOM moyie Kypranckoro HUMNCX.
ABTOp CTaTbU — UCIIOJIHUTEJIb 3TOTO onbITa ¢ 1993 1.
Mo HacTosiee BpeMsi. McciaegoBaHue B TedyeHUE
7-mu potauuii B 1971—1999 rr. Benu B 3epHOMNpPO-
MaliHOM CEBOOOOPOTE KyKypy3a—IBe IMIIEHUIIbI—
oBec. KynbTypbl BbIpallluBaid TIpU €XETOAHOM
Bcnalike. B KoHIle 3Toro mepuona B 3emJjeaeabye-
ckoil mpaktuke KypraHckoil m apyrux oOacTeit
MPOU30IIUIM U3MEHEHUs] — COKpallleHUe T0CEBOB
KOPMOBBIX KYJIBTYp U OOBbEMOB MPOBENECHUS BCIalll-
ku. [Toaromy B 2000 1. B onibITe CEBOOOOPOT OBLT 3a-
MEHEH 0ECCMEHHON MIITeHUIIEN, BRICEBAEMOI MOCTE
crepHu. [1o pe3ynbpraTam 52-71€THET0 CTAllMOHAPHO-
ro ONbITa CAeJaH aHalu3 U3MEHUYMBOCTU MPUOABOK

YPOKAIHOCTU CEJIbCKOXO3STHCTBEHHBIX KYJIBTYp MpU
Jno06aBjieHUU (PoCcHOPHOTO yIoOpeHUs K a30THOMY.

ITouBa Ha y4acTKe IO OMIBITOM — BHILIEIOYEH-
HbIA YEPHO3€M MaJIOMOIIHbII MaJIOTyMYCHBIN Cpe/l-
HECYIJIMHUCTHIN C colepXXaHueM rymyca B ciioe 0—
20 cM B KOHTpoJie — 4.5% 1 TOABMXHBIX COEIUHE-
Huii: P,Os (mo Yupuxkoy) — 38—40 (Huzkoe), K,0 —
250—350 mr/kr (BbIcOKOE). 3a 52 roga mpoBeAcHUS
ornbITa mokaszarenab pHy U3MEeHWIICS ¢ UCXONHOI Be-
JuuuHbl 6.0—6.2 no 5.15 en. pH B KoHTpoJIE U IO
5.0 en. B Bapuante N60P20. DdpaKIMOHHBIIA COCTaB
coequHEeHMM pocdopa B BEIIICTOUYCHHOM YepHO3EME
IlentpanbHoro onbiTHOro Tossi Kypranckoro HU-
N CX uzygama JI.[. Peionna [13]. Pe3yapTaThl aHaMM-
3a Mokasaiu, uyto ¢dochopHoe ynodpeHue B A03aX
P60—90 Ha doHe BHeceHmsT a30Ta (BHOCHIM ¢ 1978 T.)
B CEBOOOOPOTE KYKypy3a—IIIIIeHUIIa yepe3 6 JIeT o~
BBICIJIO BEJIMUMHY COIepKaHUs BceX Ppakiuii poc-
datoB. BricokonoctynHas dpakuus Ca,-P (mr/100 r)
yBeandmiach ¢ 1.8 mo 3.0—6.0, elie 3ameTHee yBeJIu-
guack dpakuust Al-P — ¢ 0.6 go 2.2—2.6 mr/100 r.
bimskoe K ygBoeHMIO OBUIO ITOBBIIIIEHNE COAEpPXKa-
Hust ppakumit Ca,-P (¢ 0.8 mo 1.6—2.1 mr/100 1) 1 Fe-
P (c 2.5 mo 4.0—4.8 mr/100 1). ComepkaHue camoii
WHePTHOU (dpaKlMu 1o BAUSIHUEM YIOOpeHUI U3-
MeHm10ch Maso — ¢ 10.4 no 11.4—11.8 mr/100 1.

B crauimoHapHOM ombITe MO M3YyYEHUIO COCTaBa
yIoOpeHHs 1 103 a30Ta TpuMeHsum P B ceBoo6opo-
Te 1 AD — Ha 6eccMeHHoit mmeHuite U N,,. Cpok u
Ccroco0 BHECEHMsI — MPEAIIOCEBHOM JTOKAIbHBIN JUC-
KOBoIi cesuikoit C3-3.6 Ha 4—5 cM. J103bl HpUMEHEHUS
azorta (Kr/ra) B moceBe Kykypy3bl — N40—80—120, Ha
3epHOBBIX — N20—40—60 (B cpenHeM B CeBOOOOpOTE
N25—50-75), Ha 6eccMeHHOi1 mueHuie — N20—40—
60. ITpumensum no3y docdopa P40 B nepBoii yactu
onbita 1 P20 — Bo BTOpoii. YUUTHIBasI OCIICACIICTBIE
cyMmbl pocopa P1000 (P40 3a 25 net), BHECEHHOI
B 1971—1995 rr., cpenHeB3BellIeHHAs 103a BO 2-i1 T1e-
puon ombiTa K 2022 1. 66111a paBHa P25, oHa oTpaxkaia
arpoxuMmudeckuii ¢poH. [1pu BEIUMCIEHU 3TO 1035l
y4TeHO He ToabKo mpumeHeHme P40 u P20, Ho m
12-netHee oTcyTcTBUE (ochopHOro ymnodpeHus B
1996—2007 rT., KOTa IMIIEHUIY BHIPAIBAJIA TOJIBKO
Ha (POHE ITOCIEACHCTBUS JIUTEILHOTO IIPUMEHEHUS
P40. Jamnee 15 net, B 2008—2022 rr. BHOCHIN P20, T.C.
cymMapHas no3a 3a 52 roga paHsiiach P1300. Cpas-
HUBaJIU OAHOCTOPOHHEE a30THOE YIOOpPEHNE U COB-
MECTHOE €ro IIpuMeHeHune ¢ pochopom.

ITnowans nesssHKU B M2 obwas — 270 (6 x 45),
yuetHas — 90 (2 x 45) m2. TIOBTOPHOCTb TpEXKpaT-
Hasl. BriceBasin pailoHMpPOBaHHbBIE COPTA CEJILCKOXO-
3SCTBEHHBIX KYyJIbTyp. B ceBooGopoTe mpu nocese
3€pHOBBIX Y KYKYPY3bI MCITOJIL30BaIM cestiaiku C3-3.6
u CVYIIK. beccMeHHyH TMIIEHUILy CesUIM Mocie
OCTaBJIEHHOI C OCEHU CTEPHU CTEPHEBOM CESIKOI
CKII-2.1 ¢ COmTHMKOM KYJIbTUBATOPHOTO TUIIA. YXOI
3a MOCeBaMM COCTOSLI U3 IPUMEHEHUs] TepOrIIUIOB:
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Ta6muna 1. BappupoBaHue npubdaBok ot nobasneHus pochopHoro ynoopernusi P40 k azorHoMy N50 B pa3HBIX TTOTOTHBIX

YCIOBMSIX, 11 3.€./Ta, 1971—1999 rr.

['pymnmbl mokaszaTesnei

O4YCHb BBICOKHE BBICOKHE CpC€aHHNEC HHU3KHNEC
+, u/ra| t,°C* | Wy, MM | & 1/ra | t,°C* | Wy, MM | £, 11/ra | t,°C* | Wy, MM | &, 11/ra | t,°C* | Wye, MM

7.0 15.0 48 3.0 12.9 46 2.0 23.6 109 0.7 17.9 71
4.6 21.4 37 3.8 16.3 110 2.6 13.5 7 1.0 17.7 29
43 14.3 41 3.0 18.6 67 2.6 17.2 70 1.6 10.5 59
8.1 14.8 57 3.1 13.1 43 2.2 15.1 54 1.0 16.3 15
6.6 1.3 53 3.3 12.8 39 2.0 18.5 76
4.0 14.8 3 |29 23.6 34 0.3 20.7 28
5.7 11.5 69 3.1 11.3 26 1.5 17.5 39

3.6 12.9 45 1.6 11.5 49

3.3 21.4 58 0.2 19.1 63

CpenHee
58 | 147 | s | 32 | 159 | 52 | 24 | w4 | 76 | 06 | 166 | 48
Oxkynaemoctb P40, xr/kr
14.5 | 8 | 6 \ 15

IIpumeuanue. YpoxaiiHOCTb KyKypy3bl M OBCa MIPEICTaBIeHA B 36PHOBBIX eAMHMIIAX (3.€.). Bemuunna HCP 5 3a 29 et 6bL1a B rpee-

nax 1.9-3.5u 3.e./ra.
*Temriepatypa Bo3nyxa B 1-ii nekame nioHs. To ke B Ta0OI. 2.

**Huskast o0ecrieyeHHOCTD Biiaroii B MtoHe 1987 1. komrneHcupoBaHa MalickuMu ocankamu Mast (30.2 Mm) 1 1-it gexkanst utosst (32.8 Mm).

2.4]1 — B ceBoOOOpOTE M CMeCh ITpenaparoB dpoTuk +
+ I'paHar — Ha 6ecCMEHHOI MIIEHUIE. YUYeT ypoKast
KyKYpYy3bl BEJIU pyYHBIM CKallliBaHUEM U B3BEllIMBa-
HHEM Macchl C OTOOPOM pacTeHU AJisl ONpeAeaeHUS
BJIAXKHOCTH, 3€PHOBBIX — KoMmOaitHoM Sampo-500
HaIIPSIMYIO C OTOOPOM 00pa3lia AJIs aHaJIM3a BJIasKHO -
CTU U COPHOCTU OYHKEPHOI MaccChl 3epHa.

IToromusie yciaoBus 3a 52 roga uccjaenoBaHUS Xa-
pPaKTEPU30BAIUCH MOBTOPEHUEM 3aCyX B WIOHE WU
utojie ipu I'TK 3a maii—aBryct — 0.30—0.80. B atu
rofbl OCaaKW HWIOHS CHIXAJIKUCh 00 6—38 MM Tmipu
cpemHeM MHoOrojeTHeM mokazartene 51 mMm. biaro-
MPUSITHBIX MO YBIaXHeHUo 0610 20 JIeT B rofbl ce-
BOOOOpOTa M Bcero 6 JIeT MpU BhIpAIIUBAaHUM Gec-
CMEHHO MIIeHUIIbI, KOTAa B TJIaBHbIN Mepuron (hop-
MUPOBaHMS ypOKasi — MIOHb — BhIITagajio 48—122 MM
0CaJIKOB.

PE3VIIBTATHI 1 X OBCYXIEHUWE

I1poayKTUBHOCTh 3€pPHOIIPOMNAIIHOTO CEBOO0OO-
pota paBHsIach 24.2 B KoHTpoJie, 28.1 — Ha ¢oHe
N50 u 33.0 i k.e./ra — nipu npumeHeHuu N50P40.
VYpoxKaliHOCTbh KyKYpy3bl B T€X Xe BapuaHTax COCTa-
BuiIa 42, 52 m 63 11 cyXoro BelllecTBa/Ta, 36PHOBBIX —
18, 20 u 24 1 3epHa/ra; 1-i1 1 2-i1 NILIEHULILI TTOCTe
KyKypy3bsl — 15.8, 18.3 u 21.5 11 3epHa/Ta 1 oBca —
23.8, 25.6 n 28.4 11 3epHa/Ta. [1pm 6GeccMeHHOM BO3-
JIelIbIBAHUY TIIIEHULILI TI0C/Ie CTepHU cOOp 3epHa
CHU3MJICS B KOHTpoJie 1 BapuaHnTax N40 m N40P25 no
10, 12 u 15.6 1/ra.

ATPOXUMUA
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ITpu cpenHux iprubdaBKax oT nobasiaeHUs1 pocho-
pa K a3oty 3—4 11/Ta B psifie JJeT OTMeUeHbI 60Jiee Bbl-
cokue ypoxan — 4.6—8.1 11/ra, a B 4aCTU APYTUX JeT —
OTCYTCTBUE MpUOaBKU ypoxaliHOCTU. OTMeudeHo,
YTO B XOJIOAHYIO BECHY PACTEHUS CTPAIalOT OT HElO-
craTtka ¢ochopa U cuiibHee pearupyloT Ha ero npu-
MmeHeHue [9]. B Takue romgsl Ha (poHax 6e3 pochopay
KYKYpy3bl HaOMogam (PUOJIEeTOBBIM OTTEHOK OKpac-
KU JIUCTBEB, Y BCXOA0B 3€PHOBBIX — OJIENHO-3€JI€HbII
uBeT. B 3THX ycnoBusix pacTeHUsI aKTUBHEE UCTIONb-
3y10T pocdop rpaHya yooopeHus, yem pochop mou-
Bbl. B Teruiyto U BJIaxKHYIO TTOroay npu 6osiee BbICO-
KOl TeMIiepaType BO3ayxa KOpHeBasi CUCTeMa KyJb-
TYp MOIIIHEe, W pacTeHUs TIOJIHEe WCIOJb3YIOT
IMOYBEHHKIE 3a1ackl pocdopa, a a3 dekT oT hochop-
Horo ymnoopeHusi MeHblile. [Ipu HemoctaTke Biaru
MaJIOTIOJBMKHBIN (hocchop U MOUBBI, U yHOOpeHUit
MOTPEOsIeTCS pacCTeHUSIMU ciiabee.

ITo BeanumnHe BausiHUA pocdopa, 106aBIEHHOTO
K a30Ty, Ha TPUPOCT YPOKaHOCTU KyJIbTyp 29 jer
Meproja CeBOOOOpOTa pa3aeujivu COTIAaCHO BEIUY M-
He npubaBoK Ha 4 rpynnbl. CeMb JIeT UX BeJIMYMHA
ObLJIa OYEeHb BBICOKOI — B mpenenax 4.6—8.1, 9 et
BBICOKOIT — 2.9—3.8 11 3.¢./ra. B TeueHue 4-x et oHa
obuta cpenneit — 2.0—2.6 u 9 netr — Hu3KOM (—2.0—
1.6 o 3.e./ra). DTU maHHBIC OBLUIM COIMOCTABJICHBI C
norogHbIMU akTopamu (Tad. 1).

OTMeuYeHBl HECKOJIBKO SIBHBIX OTKIIOHEHUI TeM-
MePaTypPHOTO peXXMAa IIPOTUB OOJIbIIEI YaCcTH IMOKa-
3arelieil B KaxXAoil U3 TpyIH BBIOOPKU. 3aMedeHO,
4YTO B 1-11 rpyIIIie o4eHb BHICOKUM 3(pPeKTaM OT IpH-
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TewmriepaTypHbIe YCIOBHST Hauajia BEreTalliOHHOTO TTeproaa u
BBICOTa IIpubaBKu ypoxas oT P40, 11/ra

B Temmepatypa Bosayxa B 1-it nekane uions, °C

B TIpu6aska ot docdopa, 11/ra 3. €.

20.7

Puc. 1. YpoBeHb npubaBok ypoxaitHoctu (11 3.e./ra) oT nodasieHus P40 k N50 B 3aBUCMMOCTM OT TeMIlepaTyphl BO3ayxa

B IIepBoii nekane utoHs, 1971—1999 rr.

MeHeHUsT (ochOPHOTo yToOpeHUs yalle COMyTCTBO-
BaJIM HU3KHWE TeMIIepaTypbl Bo3ayxa 1-ii mekambl
nioHs (11—15°C). Bo 2-i1 rpyrne 3a 9 jieT 6 pas BeICO-
Kue IIprubdaBKy ObUIN ITOJIyYSHBI B YCIIOBUSIX, KOTIa B
Havajie MIOHSI TeMIIepaTypa Bo3ayxa ObljIa B IIpeaeiax
11-16°C. 3a 4 roga co cpeIHUMU IpUbaBKaMU B 2 13
HUX TOXe OblIa OTMeYeHAa MMOHWKEHHAasl TeMIIepaTy-
pa. 3HaUYUTEILHO Teriee ObLIO B OOJIbIIEH YACTH JIET,
oTHOcIImMXCs K mocienHeit rpymme (17—20°C), wmc-
KJII0UeH1eM ObUIU Beero 2 roma. JJocTaTouyHO CTpoii-
HOM CTAHOBUTCS OOCyXmaeMasi 3aBUCUMOCTb, €CJIU
WUCKJIIOUUTh HETUIIMYHbBIE JaHHBIE B 2-X KOHTPACT-
HBIX rpymnmnax (puc. 1).

st momcyeTa KOppeJIsiLivM KeJlaTeJieH JIUHHBIN
pSiI JAaHHBIX, HO BMEIIATEIbCTBO OTKJIOHEHUI CHU-
Xaet ee BeauuuHy. g 29 ner 1-ro meprona onbita
CBSI3b C TEMIIEpaTypOii Havajla MIOHSI BbIpa3uaach KO-
appummuernrom —0.331, ¢ ocagkamu utoHs — 0.159.
AHaau3 U3MEHYUBOCTY MIPUPOCTA ypoxKas oT poc-
dopHOro ynobpeHus: caeiaaH W JJISI pe3yJIbTaTOB
2-To mepuopa omnbiTa. [1o 3TUM JaHHBIM, 3aBUCH-
MOCTh IPUPOCTA ypoxKasl OT TEX Ke IMoKazarelieit 1mo-
roapl Beipaxajach Koadduumenramu —0.177 n 0.567.
B nenom mis 52-x MMeOIIuMXcsl OaT IMOACYEThI CBSI3U
YpOBHEei MpHOaBOK C TeMIIepaTypoil Bo3ayxa B 1-i1 e-
Kaje MIOHS Jaii KO3(MPUINEHT KOppeIsIluU, paB-
Hbelii —0.448, ¢ Temneparypoit uoHsg — —0.338 u
c ocankamu uwHs — 0.09. ITo BeIOOpPKE, caenaHHOM
I1s1 prc. 1, cBsI3b MpUOABOK C TeMIepaTypoit 1-it meka-
JIbI MIOHST OKa3aJIaCh 3HAaYMMOi1 1 paBHsUIach —(0.848.

B moceBax 6eccMeHHOI TIIeHUIIBI (hochop BHO-
cwi B 1o3e P20, To3ToMy K O4eHb BBICOKMM TTPUOaB-
KaM ypOXaifHOCTH 3epHa OTHECEHBI YPOBHM 3.7—
3.9 11/ra, KOTOpbIe 0OECIIEUNIIU OKYTTaeMOCTb, PABHYIO
18.5—19.5 kr/kr. B 3TOM Ciyyae Takke HauboJiee Bbl-
COKMMM O0Ka3aarch 3(PMEKTH B Tombl, KOTma cpemnu
9 et 8 pa3 Temrieparypa 1-ii neKamgbl UIOHS paBHSI-

nmack 12—16°C. B GOJBIIMHCTBE JIET BBICOKUE TPH-
0aBKU TIOJIyYeHBI TIPU JOCTATOUYHOM CyMMe WIOHb-
CKUX 0caakoB (Tabu. 2).

HawunGonvblilee BapbrpoBaHUe TIPUGABOK ypoxKaii-
HOCTH OBIIO B 1-¥1 rpyriie njist 60eccCMeHHOM MIIeHN -
1bl. OHU MeHsTUCh OT 3.7 10 9.4 11 3epHa/ra IIpu Ko-
sdpurmente sapuanuu 20.3%.

Crenyet 3aMeTUTD, YTO pa3MellieHUe rpaHyl poc-
¢dopHoro ynobpeHust B 1-ii u 2-ii meproAbl OIbLITA
OBUIO pa3IWYHBIM. 3a CUET €XEroJHOil BCHAIIKKU B
CeBOOOOPOTE TpaHyJIbl cynepdocdara nepeMelmBa-
Jmch B cioe mouBbl 0—22 cM. B crepHeBBIX IToceBax
aMModoc, BHECEHHBIN TMCKOBOI CesIITKOI Ha TITyOHn-
HY 4—5 ¢cM, MOT HEMHOTO II€peMeIaThCs JIUIIb IIPU
paboTe TOCeBHOM KyJIbTUBATOPHOI JIaIThl HA 5—6 CM.
OmHako B 00a Tiepmoma oItbiTa JelictBue ocdopa
CUJIbHEE 3aBMCEJI0 OT CJIOXMBIIMXCS TTOTOTHBIX
YCJIOBUMA.

HecmoTpst Ha pa3nuuusi B pa3MellleHUU TpaHys
nepeaBukKeHue coeauHeHuil dochopa B HUXKHUE
CJIOU TIOYBBI B 000UX CITyUyasix OCYIIECTBISIJIOCh KOp-
HEBOI cucTeMoil KyJibTyp. B rombl ceBoobopora B
1986 1. cnenanu ananus conepxanus P,Os (o @paH-
eCOHY) B 3-X ropn30HTax 1o 20 cM IIOYBHI Ha IIIyOM -
Hy 60 cMm (puc. 2). K BecHe 1986 1. ynoOpeHMs B CeBO-
obopoTe TIpUMEHSITIM yxXe 15 jeT mpum peryiaspHoi
Bcrnanike. ITokazaHo, yTo Ha (poHAX MPUMEHEHUS Cy-
nepdocdara noaBUXHbINA hochop B OCHOBHOM ObLIT
cocpenotodeH B cioe 0—20 cM. JIBa ¢poHa — HeynoO-
PEHHBIIA U OMHOCTOPOHHETO a30THOIO YIOOpEeHUsT —
ObUTN OemHBI coeqruHeHUsIMU (hocdopa, a B BapuaH-
Tax ¢ BHECeHUEM cyrnepdocdara BepXHUii cioii ObLI
oOoraileH noaBIKHBIM pochopom. ITpuuem, BIIoi-
HE OYEeBUIHO, YTO OJHOCTOPOHHee ¢ochopHoe
ynoOpeHue KyJabTypbl CEBOOOOPOTa MCMHOJIb30BAIU
3HAYUTEJbHO MEHbIIIE, YeM BHECEHHOE COBMECTHO C
a30TOM.
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Conepxanne P,Os mo @paHliiecoHy, Mr/Kr
r 7.5

8
7
6
5
4
3
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Puc. 2. Paccnoenue conepxanust P,O5 (1o dpaniiecony) o ropusonTaM B cioe 0—60 cM noussl, 1986 .

B mouBe mon nmoceBaMu O0€CCMEHHOM ITIIIEHUIIBI
2 pa3a ompenelsiid CTelleHb PaccIOeHUsT coaepka-
HUS TOABMKHOTO (ocdopa 1o CJI0SIM TOJIIUHOMN
10 cM B citoe 0—30 cM. 3a 6-1eTHMIA TIEPUOL C BECHBI
2015 mo BecHBI 2021 T. TPOM30LLIO YBEIUIECHHUE KO-
suyectBa P,O5 Bo Bcex ciosix mouBbl. Ha ynoGpsie-
MoM (oHe 0dmbmasg 9yacTh pocdopa ObITa cocpeno-
ToueHa B ciioe 0—10 cm. Ob6oraieHue 3-1o cjiosd co-
eqnHeHUSIMU (pochopa O0OBSICHSIETCS ITOIIOJTHEHIEM
P,0; ot paznoxkeHust OTMEPIINX KOPHE, yCBOMBIIINX
docdop 1mouBk 1 ynobpeHus (Tadiu. 3).

Kak B KoHTposie, Tak 1 Ha (GoHe TPUMEHECHUS
a30THO-(ochopHOTO yIoOpeHUs TToKa3zaTeIu colep-
xaHus P,0s 3a 3TU roAbl MOBBICUJIUCH, T.K. YDOBEHb
YPOKallHOCTU O€CCMEHHOM TIIEeHUIIbI yaille ObLI B
npenenax 8—10 1/ra B KoHTpoJjie u 10—15 11/ra — ipu
BHECEHUM ynoOpeHus. JIullb B ONWH OJaronpusT-
HbIi 2017 T. ObUIM MTOTYYeHbI 3HAYUTENIBHBIEC YPOXKaU —
16.8 11/Ta B KOHTpOJIE U 26.2 11/Ta — Ha (DOHE a30THO-
dochopHoro ynoopeHus. J{oTTOTHUTETBHBINA ypoxKaid
Ha ¢poHe nmpuMeHeHUs N40P25 B 3TH roabl MEeHSIJICS
ot 2.1 10 9.4 1i/ra u B cpenHeM coctaBui 5.0 11/Ta ripu

Ta6muna 2. BaprupoBaHue mprbaBoK ypOXXaitHOCTH 3epHa O0€CCMEHHOI MIIIEHUIIEL OT Jo0aBIeHMs (pocdopHOro ymoo-
penust P20 k asotHoMy N40 B pa3HbIX TOTOJHBIX YCIOBUSX, 11 3epHa/Ta, 2000—2022 rr. (HCPy5 B ipeaenax 1.2—3.2)

OueHb BBICOKHE Bricokue Cpennue Huskue
+,u/ra | t,°C* | Wy, MM | = 1u/ra | t,°C* Wy, MM | £ 1/ra | t,°C* | Wye, MM | £, 1i/ra | t, °C* | Wye, MM
5.3 12.4 109 34 19.2 27 2.3 10.5 28 —0.5 18.4 52
3.7 14.6 122 3.2 16.4 60 2.8 14.0 16 0.7 19.0 28
3.9 13.8 60 3.6 17.2 13 2.5 20.4 16 0.6 21.2 18
3.8 20.4 47 2.7 14.5 32 0.8 15.3 9

3.9 15.0 19 2.6 15.3 68

9.4 18.0 100 2.5 19.0 44

4.6 15.8 6*

5.3 15.4 48

4.2 16.4 38

6.9 16.2 83

CpenHee
5.1 15.8 63 | 3.4 17.6 33 | 2.6 | 15.6 | 34 | 0.4 18.5 27
Oxkymaemocts P20, kr/Kr
26 | 17 | 13 | 2

*HenocraTok ocaakoB B utoHe B 2014 r. ObUT KOMIIEHCUPOBAH PAaBHOMEPHBIMU OCaKaMU U10JIsl B cymMe 102 MM.

ATPOXUMHUA  Ne5 2023
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Ta6muna 3. Pacnipenenenue cogepxanus P,O5 (mo Yu-
PUKOBY) I0 ciosiM ToamuHoi 10 cMm B cioe 0—30 cMm
IMOYBBI, MT/KT

KoHTponb N40P25
Bapuant/Crnoit
2015r. | 2021 | 2015 | 2021
0—10 52 62 102 113
10—-20 38 56 56 68
20-30 35 69 62 85

ypoxkaiftHOCTH B KOHTpoJie u BapuaHTe N40P25 10 u
15 11/Ta COOTBETCTBEHHO.

INpencrasnser nHTepec 6anaHc dochopa 3a 3TU
6 net. I1pu cpenHem comepxxanuu ¢ocdopa B 3epHe
HEyI0OpEeHHOM U yIOOPEHHOM MILIEHUIILI B 3TU TOIBI
0.37 1 0.49%, BLIHOC 3TOTO 3JIeMEHTa YPOXasMU 3ep-
Ha paBHsuicd 3.7 u 7.4 kr/ra B ron. CoioMy He OTIyK-
JlaJiv, HO B Hel comepxkaitoch Becero 0.17 u 0.21% doc-
dopa, 4TO O3HAYaAJO BBIHOC cojoMoit ¢docdopa B
pa3mepe 2.6 u 4.5 xr/ra. OGLIMit BBIHOC paBHsLICS 6.3
u 12.9 xr/ra B ron, 3a 6 1et — 37.8 u 77.4 Xr/Ta Cc pas-
Hu1el B 39.6 Kr/ra pu cyMMe BHECEHHOTO 3a 6 JIeT
docdopa 120 kxr/ra. bamanc ¢pocdopa Ha ynobpsie-
MOM (oHe OBbLT TMOJOXUTEIbHBIM, MO3TOMY HEuC-
MOJIb30BAHHBIN pacTeHUIMU HocGOop MOIMOTHSIT 3a-
racel monBuxkHoro P,Os B mouse.

3a ITUHAMUKONI COIepKaHUsI TOIBMKHOTO (oc-
dopa B 3KCneprUMeHTe CIEeAUIN exeroqHo. Habmo-
IeHus 3a GOHOM, TAe MPUMEHSUIM aMModocC, CBUIC-
TEJIbCTBOBAJIM O ITOCTEIIEHHOM MOBBIIIEHUUN COIEp-
kaHus P,0Os5, 0cOGEHHO MOCe Cyxux HeypoXKalHbIX
net. [Ipy BHeCeHUM OgHOro a3oTa B TeYeHHME 52 neT
conepxaHue P,O5 ocTaBajioch Ha UCXOTHOM YPOBHE —
38—40 mr/kr (Tabi. 4).

DKoHoMUYecKas olleHKa 1o3bl P40 yka3piBaeT Ha
olpeAeeHHOE ee 3aBblllieHre B 1-ii 4YacTu OIIbITa.
ILleHa amMmmogoca nonHsiIach B MOCJAENHUE TOABI A0
57 thIC. pyo./T, unu 114 py6./Kr hochOopHBIX y1oope-
Huit. laxxe npumeHeHue P20 nmpu coBpeMeHHOoIi cTo-
UMOCTH aMmModoca 3(pHEKTUBHBEIM OKAa3bIBACTCS HE
Kaxablii ron (ta6a. 2). Ilokynka ynoOpeHuUs It 10-
361 P20 o6xommurcs 2280 py6./ra, ¢ pacxomamMu Ha

IIPUIIOCEBHOE BHECEHME 1 YOOPKY TOIIOJIHUTEIHLHOTO
ypoxast — 2905 py6./ra. Ilpu moBBIILIEHHBIX COOpax
3epHa B Kypranckoit 00J1. 1ieHa IMIIIeHU Bl 3-T0 KJ1ac-
ca yMeHbIIWIach 10 12 Teic. py6./T. CpenHue mpu-
0aBKM B onibITe OT puMeHeHusTt N40P20 u Hermocpen-
cTBeHHO OT gobasieHus P20 k azoty 3a 2000—2022 rr.
6butn paBHBI 5.6 u 3.1 1/ra. CTOMMOCTh ITPUPOCTa
ypoxasi OT TipuMeHeHus ¢docdopa cocraBuia
3720 py6./ra. CnenoBaTeabHO, MPUObLIb OblJIa OYEHb
maja — 815 py6./ra. Ha 1 py6. 3aTpaT IIpuxoamiIoch
0.28 py0. mpuobsutn. Kakoit MOXXHO clie1aTh BEIBOI 13
9TUX pe3yAbTaTOB? MOXHO MOMTHU IO MyTHU HEOOIb-
IIOTO CHIKEeHUS 1036 10 P10—15 mpm 06s3aTeibHOM
HMCIOJIb30BaHUM MPUIIOCEBHOIO cioco0a BHECEHMSI.
Ecim nng sHecenus P15 npemycMoTpeHa ycTaHOBKA
TYKOBOTIO arinapara KOMOMHHUPOBAHHOM CESUIKU, TO
npumeHeHue P10 MoxHO pealn3oBaTh BHECEHUEM
P20 uepe3s rom.

SAKJIFOYEHHME

Takum o6pa3om, aHAINU3 U3MEHYUBOCTU TTPUPO-
CTa ypPOXAMHOCTU CEJIbCKOXO3SICTBEHHBIX KYJIBTYP
OT mpuMeHeHUs1 (pochOpHBIX yIOOpPEeHUM B m03ax
P40—20, no6asneHHBIX K a30THOMY N50—403a 52 ro-
na B craumoHapHoM omnbiTe Kypranckoro HUMCX
MokKasaJjl CUJIbHOE BapbUpPOBaHUE BEJIMYMHBI ITpUbda-
BOK. D eKThl B 3epHOMPOIIAIIHOM CEBOOOOPOTE OT
npuMeHeHus1 pocopa B cpegHeM B 4-X TpymIiax
JaHHBIX paBHAAuUCh 5.8, 3.2, 2.4 u 0.6 11 3.e./ra.
st 6GeccMeHHOI MILIEHULIBI TTocJie CTEPHEBOTO (hoHa
cpenHve NpubaBKU B 4-X TpyTinax JeT ObLIU OJU3KU-
MM K MOKa3aHHBIM B ceBooboporte: 5.1, 3.4, 2.6 1 0.4 11
3epHa/Ta COOTBETCTBEHHO. 3a HEOOJBITUMU UCKITIO-
YEHUSIMU BbISIBJIEHA CBS13b BEJIMYMHBI MPUOABKU YPO-
>KalfHOCTM OT MpUMeHeHUs pocdopa 1 TeMIiepaTyphbl
Bo3nyxa B l-i nmexkame uioHs. BeIcCOKOMY MpUpOCTY
YPOXaMHOCTH COIMYTCTBOBAJA MOHMXEHHAsI TeMIIe-
paTtypa Bo3ayxa B 1-ii gekanae MIOHS U TOCTaTOYHAs
00ecrieueHHOCTb pacTeHuit Biaroii. CBsi3b ¢ Konye-
CTBOM OCaJIKOB 3aMeTHee MpOosIBUJIach ISl 6eCCMeH-
Ho mueHu1bl. OKynaemMocThb 1036 P40 B ceBooGopo-
T€ MPU BBICOKMX TNMPUOABKaX YpPOXaWHOCTU KYJIbTYP
ObLJ1a Ha XopolieM ypoBHe — 8—14 KT 3.¢./KT pocopa,
OITyCKasiCh B apyrue roabl g0 6.0—1.5 kr/kr. Omnara

Taoauua 4. Conepxanue P,Os5 (o Yupuxosy) B ciioe mouBbl 0—20 cM MOYBBI O], TOCEBAMU OECCMEHHOI MILIEHULIBI [T0-

cJie CTepHU, MT/KT

Bapuant/Ton 2009—2012 | 2013—2016 | 2017—2020 | 2020 2021 2022 Cpenree
3a 15 et
KoHTpoub 50 43 48 36 59 64 48
N40 39 45 39 32 40 47 41
N40TIP + P20 (P25) 77 87 84 12 90 102 86
HCPy; 5 MI/KT (Fayr = 54.92, Frp6, = 4.75)
ATPOXUMMUA Ne 5 2023
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P20 mpn6aBKoii 3epHa 6€CCMEHHOM ITIIIEHUIIHI MEHSI -
Jachk OT 13—17—26 Kr/Kr COOTBETCTBEHHO B TOIBI C
BBICOKMMM U CPEIHUMHU MprOaBKaMu A0 2 KI/KT IIpU
HU3KoM apdekTruBHOCTH pocdopa. Ecim ornara poc-
¢dopa IIpUPOCTOM YPOKANHOCTU KYIBTYP B OOJIBIITH-
CTBE JIeT ObljIa MOJIOXKUTEIBbHOM, TO OKYIIaeMOCTh (poc-
¢dopa B pyOIIsIX MPpX HEOJIATONPUSITHOM COOTHOLLIEHUM
croumoctu 1 Kr dochopa B Buae ammocdoca u 1 Kr
meHunsl (114 : (12—9.5)) 6bi1a Huskoi — 0.28 pyo.
npuoken/py6. 3aTpar (815 : 2905).
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Effect of the Use of Phosphorus Fertilizer on the Variation
of Crop Yield Incrementsl in the Conditions of the Trans-Urals

O. V. Volynkina

Ural Federal Agrarian Research Center of the Ural Branch of the RAS
ul. Belinskogo 112a, Yekaterinburg 620142, Russia

E-mail: kniish@ketovo.zaural.ru

The variability of crop yield growth from the use of phosphorus fertilizer in doses of P40—20 added to nitrogen
fertilizer in a 52-year stationary experiment of the Kurgan Research Institute of Agricultural Sciences is
shown. The study of the effectiveness of phosphorus was conducted first in the grain crop rotation during an-
nual plowing, then in permanent wheat crops after a stubble background. The yield increases were very dif-
ferent over the years. With a few exceptions, the relationship of the increase in yield from phosphorus with
the air temperature of the 1st decade of June is shown. High increases were accompanied by low air tempera-
ture in the 1st decade of June and sufficient provision of plants with moisture. The connection with precipi-
tation was more clearly manifested in permanent wheat crops. The payback of the P40 dose by the increase
in yield in grain units in crop rotation in years with high fertilizer efficiency was at the level of 8—14 kg/kg,
falling in other conditions to 6—1.5 kg/kg. The payment of P20 by increments of permanent wheat grain var-
ied from 13—17—26 kg/kg in years with high and medium increments up to 2 kg/kg with low effects from the

use of phosphorus fertilizer.

Key words: grain-tillage crop rotation, permanent wheat after stubble, additions from phosphorus fertilizer
against the background of nitrogen application, weather conditions.
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