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AHHOTauma. B cTaTbe paccMOTpeHbl BOMpockl h0pMUPOBaHNA a30TRUKCUPYIOLLMX BaKTEPWUIA Ha KOPHAX FFOMNMHA Y3KONUCTHOrO MpW Npu-
MEHeHWU accoLmaTUBHbIX prusobakTepuii B 2023-2025 rogax. [na saknajku NoneBoro onbiTa MCMofb30oBanyi ceMeHa copTa FonvMHa y3KonMcTHOro
®dnamuHro. MHoKynALMA ceMsaH NionuHa nNposojunack nepes nocesomM npenapatamy PrusobakT (Mapka KK.d. 1 p.ax.d.), cogepxallymMn LUTaMMbl
Rhizobium sp. (Rhizobium lupini, wramm NBT-12), BblgeneHHble U3 kny6eHbKoB MtonrHa 6e3 uHokynauum (0,1 n/t), Corynebacterium sp. (0,1 n/T)
wtamm MBT-7, BblAENEHHBIA U3 pU30MNMaHbl KOPHEN SYMEHS; WTaMM SB, BblAeneHHbIA U3 pyu3oniaHbl KopHel cou; wramMM SR, BblaeneHHbIR
13 pusonnaHbl kopHel daconu (0,1 n/T). MNpeacTasneHa gnHamrka poOpMUMPOBAHUSA KONUYECTBa U Macchl kiybeHbKoB Ha copTe driaMuHro B 3a-
BUCKUMOCTMW OT MHOKYNALMK B ycnoBuaAx JleHnHrpaackon obnactu. MHokynauma uonpenapatamMu okasblBaeT CyLLeCTBEHHOE BIWAHNE Ha ypoxai-
HOCTb CEMSH M 3eneHol Macchl. K dase Bnectawmx 60608 MakcuMansHoOe KonM4ecTBo KiyGeHbKkoB (23,81 MnH Wr./ra) u ux maccsl (1259 kr/ra)
BbIN0 HAaKOMMEHo B BapuaHTe ¢ NpUMeHeHWeM TOrbKo LUTaMMa Ky 6eHbKoBbIX a30TpuKkeupytownx 6aktepuin. B cpegHeM 3a 3 roga nccnefosaHui
Haunbonbluyto 3eneHyto Maccy 10 T ¢ 1 ra HaBpan BapuaHT ¢ MHokynaumen Rhizobium lupini (NMBT-12) co wrtammom Corynebacterium sp. (SR),
3erieHas Macca KOTOpOro MpeBbILLAET KOHTPOMb B cpefHeM Ha 63 %. Mo ypokaliHOCTU CeMAH JOCTOBEPHO Myylune pesyrbsraTbl Gbinv NonyyeHs
B KOHTPOMBHOM BapuaHTe U B BapuaHTe C WMHOKYNALMEN TOMBKO LUTAaMMOM KyGeHbKOBLIX GakTepuit Rhizobium lupini (MBT-12), cocTtaBus
1,21 1,1 T/ra cooTBETCTBEHHO. [pK 3TOM 0BHapy}XeHa yMepeHHas 3aBUCUMOCTb Macchl KITyGEHBKOB OT YPOXaiHOCTM 3eMeHON Macchl U CeMSH
MONUHA Y3KOMUCTHOTO.

KnroueBble crnoBa: MionvH y3KkonMUCTHBIN, MHOKYMALMA, KOPHeBaa cucTema, asoTdrKcupytoLlme BakTepun, pusocdepHsle baktepun, cuge-
parT, kny6eHbku, PnsobakT.
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Abstract. The article discusses the formation of nitrogen-fixing bacteria on the roots of narrow-leaved lupine when using associative rhizo-
bacteria in 2023-2025. The seeds of the narrow—leaved lupine, Flamingo variety, were used to lay the field experiment. Before sowing, lupine seed
inoculation was carried out with Rhizobact preparations (brand k.zh.f. [liquid concentrate] and R.zh.f. [liquid solution]) containing Rhizobium sp.
strains (Rhizobium lupini, strain PBT-12) isolated from lupin nodules without inoculation (0.1 I/t), Corynebacterium sp. (0.1 I/t) strain PBT-7 isolated
from rhizoplana of barley roots; SB strain isolated from soybean root rhizoplane; SR strain isolated from bean root rhizoplane (0.1 I/t). The study
presents the formation dynamics of the number and weight of nodules on the Flamingo variety depending on inoculation in the Leningrad region.
Inoculation with biological products has a significant effect on the yield of seeds and green mass. By the shiny bean phase, the maximum number
of nodules (23.81 million units/ha) and their weight (1,259 kg/ha) were accumulated in the variant using only a strain of nodular nitrogen-fixing
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bacteria. On average, over 3 years of research, the highest green mass of 10 tons per 1 ha was gained by the variant inoculated with Rhizobium
lupini (PBT-12) with the strain Corynebacterium sp. (SR), the green mass of which exceeds the control by an average of 63 %. In terms of seed
yield, the significantly better results were obtained in the control variant and in the variant with inoculation with only a strain of nodule bacteria
Rhizobium lupini (PBT-12), amounting to 1.2 and 1.1 t/ha, respectively. At the same time, it was found that there was a moderate dependence of
the nodule mass on the yield of green mass and seeds of narrow-leaved lupine.

Keywords: narrow-leaved lupine, inoculation, root system, nitrogen-fixing bacteria, rhizospheric bacteria, green manure, nodules,

Rhizobact.
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BeegeHue. JlionuH, Kak npeacrtaBuTenb 3ep-
HOBbIX B0BOBbIX KynbTyp, 4EMOHCTPUPYET BbICOKYIO
CrnocoBHOCTE K (DOPMUPOBAHUID  CUMOUMOTUMECKO-
ro annaparta ¢ baktepusamu poga Rhizobium. 3T0T
cMMbuno3 obecneumBaeT MIONWHY AOCTYN K 4O0MNOn-
HATEMBHOMY WCTOMHWKY a30Ta, YTO SABMSETCA BaX-
HbIM 47151 pocTa U pasBuTUS pacTeHun [1]. Xapaktep
pasMmeLleHns KnyGeHbKOB Ha KOPHEBOW CUCTEME
y NoNnHa y3KONUCTHOro crieaytowmin: 60-90 % krny-
GeHbKOB HaXOAMTCH Ha rMaBHOM KOPHe, OCTarbHble
B paguyce ao 12 cm. [nybmHa nNpPOHMKHOBEHMS
25-27 cm, 60-95 % knyGeHbKOB pPacronOXeHbl
B cnoe 0-15 cm [2]. Korga BRnaxHOCTb MOYBbI
CHWXXAETCH B CEpeAuHe BeretTauum A0 KpUTUMECKOTO
YPOBHS, TO KNyOeHbKM OTMUPAIOT (MHOTA,a NOMHOCTbLIO)
1 NOSIBMSAIOTCA BHOBb MPU BOCCTAHOBNEHUN BNAXKHOCTY
Mo4yBbl 40 ONTUMAanNbHOW. AKTUBHOCTb cUMOKO3a 3Ha-
YUTEMNbHO 3aBUCUT OT arpOHOMUYECKNX YCIOBUIA, CBS-
3aHHbIX C YXOAOM 33 BEreTUpYIOLWUMHU pacTeHnsaIMU,
a Takxke asbl passutusa pactennn [3]. Konuuectso
hMKCMPOBAHHOIO a30Ta BO3yXa 3aBMUCUT HE TONbKO OT
Macchbl KnyGeHbKOB € NerremornoGMHOM, HO 1 OT Npo-
LOIMKUTENBHOCTYM «paboTbl» 3TON Macckl. Yem gonbLue
knyGeHbKkn brKCMpyoT a3oT, Tem Gonblue ero 6yaet
ycBOoeHo [4]. CocTosiHne CUMBUOTUYECKON CUCTEMBI
B NEpuoj Beretauuv pacTteHWid AOCTaTOYHO MOJHO
OoTpaXkaeT BEeNMYUHA AaKTUBHOMO CUMBUOTUMECKO-
ro noTeHyvana — npou3BeAEHNEe MAacChbl aKTUBHbIX
KnybeHbKOB Ha NPOAOIMKUTENBHOCTb WX (PYHKLMO-
HupoBaHus. Yem Gonble macca KnyGeHbKOB 1 YeM
JorbLle OHW HaXOASTCH B aKTUBHOM COCTOSIHAW, TEM
fornblle asoTa BO34yxa ycBaMBaeT cMMOMOTMYECKAS
cuctema [5; 6]. CumbnoTtuueckue asoTdukcmpyrowmne
BakTepun ABNAIOTCS BaXKHENLWMM 3BEHOM B Gronoru-
YEeCKOM KpyroBopoTe asoTa B npupoae [7].

B nocnegHue rogbl 0coby0 3HAaYMMOCTb Npuos-
peTaeT pasHOCTOPOHHEE M3ydeHue BakTepuanbHbIX
npenapatos Ha ¢OPMUPOBAHNE MPOAYKTUBHOCTM
Pa3nnuHbIX CENbCKOXO3ANCTBEHHbLIX KynbTyp. 3TO
obycnaenneaeTcsa HeoBX04MMOCTBIO CHUXEHUS 3aBU-
CUMOCTM OT MUHEpPanbHbIX Y4,00PEeHUIA, MPU COXpaHe-
HAWN BBLICOKOW YPOXAWHOCTU CENbCKOXO3SIMCTBEHHbIX
KynbTyp [8]. AKTMBHO u3y4aeTcs BONPOC B3aMMO-
JEeNCTBMSA PasnnYHbIX CEMbCKOXO3ANCTBEHHbIX Kyrib-
TYp C accouyvaTuBHbIMK pu3ocepHbiMn GakTepus-
MW, B TOM YMCre KX B3ammogencrteme ¢ 6060BbIMN.

B HacTosiuee BpeMs HaKOMMEH 3HaAYUTENbHbIN
3KCMEPVMMEHTamNbHbIA MaTepuan o MoMnoXUTENb-
HOM AEeWCTBUM accouMaTUBHbIX pu3oBakTepun
Ha POCT, NUTaHWe W aAanTauuld CernbCKOXO3HANW-
CTBEHHbIX pacTeHWid K HebnaronpuaTHbIM Knunma-
TUYECKAM W MOYBEHHbIM akTopam. M3BecTHO,
4YTO HekoTopble pusocdepHble BakTepunm MOryT
okasblBaTb GnaronpusaTHOE BRWSHME Ha opmMu-
poBaHue asoTdukcupyowero cumbuosa ¢ kny-
OeHbkoBbIMK  BakTepusMu. 3TO  NPOMCXOAWT
32 CYET CHUMXEHUA CTPECCOBbIX (PUTOrOPMOHOB,
K KOTOpbIM YyBCTBUTENbHO KNybeHbkoOOpasoBa-
Hue [9—11]. Mpwn aTOoM 3P PEKTUBHOCTb NPUMEHEHUA
GakTepuanbHbIX NPenapaToB CyLECTBEHHO 3aBUCUT
OT MOYBEHHO-KMUMATUYECKNX YCNOBMWIA PErMoHa Bbl-
pawmBaHns, 4YTO ONpeaenseTr HeobXoAUMOCTb KOM-
NNEKCHOro M3y4yeHnsa gaHHoro sonpoca [8; 12].

B nocnegHee Bpems akTUBHO M3y4aeTcs BONPOC
B3aVMOAENCTBUSA Pa3NNYHbIX CEMNbCKOXO3ANCTBEH-
HbIX KynmbTyp C accouuaTUBHbIMU PU3OCEpPHbBIMM
BakTepusimu, B TOM YMCre UxX B3anmogencremne ¢ 60-
6oBbIMW KynbTypamu. HakonneH 3HauYuTEnbHbIN 3KC-
NnepuMeHTanbHbIA MaTepuan o NONOXUTENbHOM LEN-
CTBUM accoUMaTUBHbIX pu3obakTepui Ha pocT, NuTa-
HME W ajanTaunio CenbCKOX03SNCTBEHHBIX PaCTEHUN
K HeBnaronpuATHbIM KINUMaTUYECKAM U MOYBEHHbBIM
taktopam. M3BeCTHO, YTO HEKOTOPbIE pu3ocdepHble
GakTepun MOryT okasbliBaTb GnaronpusTHOE BNUSHNE
Ha opmMupoBaHne asoTukcupyowero cumbno-
3a C kNyGeHbKOBbIMK GakTepusimn. 3TO MPOUCXOLUT
33 CYET CHWXKEHUS CTPECCOBbLIX (PUTOTOPMOHOB, K KO-
TOPbIM YyBCTBUTENBbHO KNybeHbkoobpasoBaHue [8].
Punsobaktepunn cnocoBHbl CUHTE3NPOBAaTL abCOMOTHO
pa3nuyHble BUAbI (PUTOrOPMOHOB C Pa3HOWN CTEMEHDIO
WMHTEHCUBHOCTU. [MO3TOMY Takke NepCneKkTUBHO WX
M3ydeHne B KaueCTBE anbTepHaTUBbl MUHEpPAnbHbIM
YAOBPEHNSM, XUMUYECKAM CPEeACTBaM 3aLLMTbl U pe-
rynsyum pocra pacTeHui.

PaHee He 6bINO U3Yy4EHO B3aUMOLENCTBUE WHO-
Kynayum pusocdepHbiMy 6akTepusmMm 1 nx COBMECT-
HO€ MPUMeHEHNE C a3oTurKeupyowmmm 6akTepnsmm
Ha Takon 6060BOWN KynbType, Kak NOMWH Y3KOMUCT-
HbI, @ Takxe UX BAUSHWE Ha DOPMUPOBAHMNE CUM-
6MOTMYECKOrO annapara n YpOKanHoCTb KYNneTYpbl.

Llenb nccneaoBaHns — N3yYnTb aKTUBHOCTb CUM-
OMOTNYECKON AEATENBHOCTU acCOUMATUBHBIX PU30-



BectHuk Kypranckoii I'CXA

Ne 2, 2026

Cenbcroxo3saticmeennie HAyKu 5

BaKkTepuin Ha KOPHEBOW CUCTEME FIONUHA Y3KOMUCT-
HOroO M WX BMUSHWE HA YPOXXANHOCTb KYNbTYpbl B YC-
nosusix JleHWHrpagckom obnacru.

Martepmanbl u metogbl. [na 3aknagku none-
BOrO OMbITa WCMOMb30Banu CEMeHa HOBOrO cuie-
panbHOro copTa MonMHa Y3KONUCTHOro PnamuHro,
BKMNioueHHoro B peectp B 2023 r. HOKynsauma cemsH
fonMHa NpoBogMnach nepes MOCeBOM MpenapaTom
Punso6akTt (mapka k.xk.d.) — Rhizobium sp. (Rhizobium
lupini, wtamm MBT-12), BblAENEHHBbIM U3 KNyOEeHbKOB
nonuHa 6e3 nHokynauum (0,1 n/T), a Takxke npenapa-
ToM PusobakT (mapka p.x.d.) — Corynebacterium sp.
(0,1 n/t) wramm [BT-7, BbIAENEHHbIM W3 PU3O-
nnaHbl KOPHEN AuMeHs; wtamm SB, BbigeneHHbIn
N3 puU3oNnaHbl KOPHEN cou; wTamm SR, BbloeneHHbIN
13 pusonnaHbl kopHen daconu (0,1 n/T). Cxema onbl-
Ta npegycmartpuBana creaylowme BapruaHThbl.

1. KoHTponb (6e3 yaoGpeHuin, 6e3 NHOKyNsALun).

2. N20 (cenutpa ammumadHas).

3. Pusobakt (mapka kxx.d.) Rhizobium lupini
(wtamm MBT-12).

4. PusobakT (mapka p.xx.cp.) Corynebacterium sp.
(wtamm MNBT-7).

5. PnsobakT (mapka p.x.d.) Corynebacterium sp.
(wtamm SB).

6. PusobakT (mapka p.x.dp.) Corynebacterium sp.
(wtamm SR).

7. Pusobakt (mapka kxx.d.) Rhizobium lupini
(wtamm MBT-12) + Pusobakt (mapka p.ak.d.)
Corynebacterium sp. (wtamm NBT-7).

8. Pusobakt (mapka kxx.d.) Rhizobium lupini
(wtamm  MBT-12) + Pusobakt (mapka p.k.d.)
Corynebacterium sp. (wtamm SB).

9. Pusobakt (mapka kxx.d.) Rhizobium lupini
(wtamm  MBT-12) + Pusobakt (mapka p.k.d.)
Corynebacterium sp. (wtamm SR).

[encTBMe WTAMMOB OMpefensany MO OUEHKe
NPOAYKTMBHOCTA CEMSH W 3€MeHOW Macchl MONuHA
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y3konucTHoro. [lMpenapaTtbl C AaHHbIMW LUTaMMaMU
6binn npegoctaenerel hupmon OO0 «[eTepbypr-
ckne buotexHonorum». ViccneposaHve npoBoaunoch
B 2023-2025 rogax B ®IBOY BO «CII6TAY».
[NMoneBon onbIT ObiN 3anNoXXeH B CEMEHOBOAYECKOM
xo3gamctee OO0 «CemeHoOBOACTBO» [aTyMHCKOro
panoHa JleHuHrpagckon obnactu. o arpoxumuude-
CKUM MOKa3aTensm rnovsa OMbITHOrO yyacTka AepHO-
BO-NOA30MNMCTad CynecyaHas, cogepkaHme rymyca —
3,69 %, noaBwkHoro coocgopa — 158,0 mr/kr, nogBux-
Horo kanuns — 153,0 mr/kr, pH — 5,0.
MoceB onbiTa NPOBOAWICSH B KOHLE NEPBON LeKa-
Abl Mas. PasvelleHne BapuaHToB CUCTEMATUYECKOE,
pasmep gensHkn 21 M?, MOBTOPHOCTb 4-KpaTHas.
MpenlwecTBEHHUK — OBEC AAPOBO. [ToceB NionnHa ys-
KONMMCTHOro 6bin NpoBeaeH Ha rmybuHy 3—4 cm. Hop-
Ma BbiceBa cocTasmna 1,2 MIH BCXOXMX CEMSAH Ha ra.
MaTtemaTtudeckas o6paboTka pesyneTaToB Bbl-
nonHANacb METOAOM AMCNEPCUOHHOTO aHanuaa
B n3noxeHun b. A. [locnexosa [14]. Cbipaa macca
AKTUBHbIX KNYyOEeHbKOB U CUMONOTUYECKUIA NOTEHUN-
an onpeaensanca no metoguke . C. MNocbinaHosa [2].
B roabl uccnepgosaHun 2023-2025 . B oC-
HOBHble pa3bl pasBUTUA NIONMHA Y3KOMUCTHOrO
NpoBOAUNMCL Yy4deTbl (OPMUPOBAHUSA AKTUBHbIX
kNnybeHbKOB Ha KOPHSX pacTeHun. Yucno asoT-
dukcupyownx kny6eHbKOB OMpeAensanun MeTo-
JOM rnojcdeTa, MpY BblKaMbIBAHUM KOMAa MOYBbI
C KOPHAMM, XM KX MOCNeaylwumMm OTMbIBAHUEM,
n otaeneHvem kny6eHbkoB. pu ndydyeHun guHa-
MUK POpMUPOBAHNA CUMOMOTUYECKOrO annapa-
Ta pacTuTenbHble 006pasubl oTbupanm B dhasbl po-
3eTKKn, cTebneBaHus, OyTOHM3auMM K BnecTawmx
6060B. Macca knyGeHbKOB B OCHOBHOM 3aBUCKT
oT hasbl pasBUTUSA KyNbTyPbl 1 YCNOBUIN BO34EMNbI-
BaHWUS U MOXET HE MEHATbCH B TedeHne 7—10 aHen.
Cymma TemnepaTyp W KOMMYECTBO OCaAKOB
3a BereTayuio NONuHa y3KOMNMCTHOrO B rofbl Mccne-
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PucyHok 1 — CpegHeaekagHas Temneparypa Bo3ayxa B nepuog seretayum nonuHa B 2023-2025 rr.,°C
Figure 1 — Ten-day mean air temperature during the lupine growing season in 2023-2025, °C
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PucyHok 2 — CpegHeaekagHas cymma 0CaakoB B NEpPUo Beretayum nionnHa
B 2023-2025 rr., mm
Figure 2 — Ten-day mean precipitation during the lupine vegetation period in 2023-—2025, mm

LOBaHWNIA NPUBELEHBI HA PUCYHKaX 1 K 2, MO faHHbIM
meTeoctaHuyun OreOyY BO «ClI6MAY»  (MywkuH,
r. CaHkTt-leTepOypr). ArpoknumaTuyecKkne yCnoBus
OTMMYaNUCb NO rojam WUCCNenoBaHUS, HO B LIENOM,
oTpaxanu knumartudeckne ocobeHHocTn JleHnHrpaa-
ckon obnactm n obecneunnyu AOCTaTOMHO BbICOKYHO
NPOAYKTMBHOCTb MOCEBA MIONMHA Y3KONUCTHOro. MNpu
OLEHKe MOroAHbIX YCNOBWI C Mcnonb3oBaHuem [TK,
OMMChIBAIOLLENO BEreTaLMOHHbIA Nepuog ¢ Temnepa-
Typamn Bosgyxa Bbiwe 10 °C, HabnwgaeTca crneay-
towasa kaptuHa: B 2023 rogy 'TK coctasun 0,97, uto
COOTBETCTBYET BEPXHEN IPaHMLE 3aCyLUNUBON 30HbI
yBnaxkHeHus, a B 2024 rogy — 1,6, UTO COOTBETCTBYET
30He M3bbITOYHOrO yBnaxkHeHus, B 2025 roay — 2,55,
TaKke COOTBETCTBYET W3OBLITOMHOMY YBNAXHEHUIO.
BeretaunoHHbein nepuog 2023 roga Obin 3acywnu-
BbliA, YTO HEFATUBHO NOBMNUANO Ha hopMUPOBaHNE Be-
reTaTMBHOM MacChl pacTeHUn NonuHa. o BnaXHocTu
2024 rop cooTBeETCTBOBAN CpeaHEMHOroNneTHUM
nokasaTtensm, 4YTO MO3BOMMMO PACTEHUSAM MOMy-
unTb Heobxogumylo Bnary B MEPUod akTUBHOrO
pocta. B 2025 roay Bbinano noytu B 3 pasa Gonb-
e OCafKoB 3a Man U MIOHb B CPaBHEHWWN CO Cpej-
HEMHOrONETHNMM MOKa3aTensamMu, 4YTOo B COBOKYM-
HOCTU C Bonee HU3KUMKW Temnepatypamn MepBon
yacTM neta cosgano HebnaronpusTHble YCroBMS
Ans pocta n passutua pacteHun. CymMma akTuB-
HbiX TemnepaTtyp Bbiwe 10 °C B nepuos Bereta-
uum nonuHa yskonuctHoro B 2023 rogy cocrtasuna
1947 °C, B 2024 rogy — 1588 °C, B 2025 rogy —
1582 °C. 3a TOT e nepnoj cymma BbiNnaBLUMX 0Caj-
koB coctasuna B 2023 rogy — 188 mm, B 2024 rogy —
333 mm, B 2025 rogy — 405 mm.

YCTaHOBNEHO, YTO Ha hopmnpoBaHne KriybeHb-
KOB OKa3blBalOT BMUSAHWE MOrOAHbIE YCNOBUS B TOM
yucne, Tak Kak ONTUManbHOE KONMUYECTBO BRary Cro-
cobcTByeT 60nee akTUBHOMY AE€NCTBUIO MUKPOBMOno-
rMYeCKMX Npenaparos.

Pe3ynbraTtbl MccnegoBaHMM M ux obeyxae-
HuWe. B Hawwmx wuccnefoBaHUAX [0 HACTYMMEHUs
hasbl ctebnesaHns He ObINo OTMeueHO obBpasoBa-
HUs kny6eHbkoB. B Tabnuue 1 npeacraBneHa AuHa-
MUKa POPMUPOBAHUS CbIPON MAacChl aKTUBHbIX Kiy-
GeHbKOB B OCHOBHble Pa3bl Pa3sBUTMA MIONMHA Y3KO-
FIMCTHOrO MO rogam uccriefoBaHuin. beina oTmedeHa
CunbHasg 3aBUCUMOCTb (POPMUPOBAHUA CUMOUOTU-
YEeCKOro anmnapara OT arpoKnMMaTUYecKMX YCNOBUN
ce3oHa. 3acylunuBbie YCNOBUS B Mepuoj Beretayum
B 2023 rogy noBnNuAnM yrHetawouie Ha dopmuposa-
Hve knyGeHbKOB Ha KOPHSAX MIOMMHA Y3KONUCTHOTO.
Mpn 3TOM KOMHOKYNAUMS asoTdukcmpyowmx bakte-
pyi ¢ pusocepHbIMU HE3HAUUTENBHO CTUMYNMPOBA-
na obpasoBaHne KnybeHbKOB, YTO MOXHO OOBACHUTD
CO CHWXEHUEM CTPEecCOBbIX PAKTOPOB Yy pacTeHun,
CBSI3aHHbIX C 3aCYXOW.

AHanuaupys aaHHble B cpegHem 3a 3 roga uc-
cnegoBaHmn (Tabnuua 2), k ase crebnesaHus
Macca akTuBHbIX knybeHbkoB konebanacb ot 0,29
40 3,7 MiH WT./ra. 3HadeHne B KOHTPONbHOM BapuaHTe
coctaeuno 0,59 mnH wT./ra. MnHUManbHoOe 3Ha4YeHne
0,29 kr/ra oTMeYEHO B 4-M BapuaHTe C MHOKYnsILUen
Corynebacterium sp. (INMBT-7), uto Ha 51 % meHbLue
KOHTpons. MakcumanbHoOe 3HadeHne B 7-M BapmaHTe
¢ nHokynsiyuen Rhizobium lupini (MBT-12) cCoBMeCTHO
co wrammom Corynebacterium sp. (INBT-7) npesBbicu-
Nno KOHTpoOnb Ha 527 %.

Macca akTuBHbIX KNyOeHbKOB B 3Ty hasy Ko-
neb6anacb ot 11,7 kr/ra go 30,8 kr/ra. Makcumanb-
Hoe 3HadveHue 33,7 kr/ra OTMe4YeHo B 5-m BapunaHTe
npu wHokynsaumn Corynebacterium sp. (SB), ko-
TOpPOE MpPEBLICUNO  KOHTPONb CO  3HAYEHUEM
12,6 kr/ra Ha 167 %.

B dhasy OyToHM3aLMM COOTHOLUEHWE NO BapuaH-
Tam wnsMeHunocb. MakcumanbHOe KOMnM4ecTBO ak-
TUBHbIX KIy6eHbKOB 6bIN0 OTMEYEHO B 7-M BapuaHTe
C  KOMOVMHUPOBAHHbIM  MPMMEHEHMEM  LUTaMMa
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Tabnuuya 1 — JuHammnka opMmnpoBaHnNS ChIPO Maccbl aKTUBHbIX KnybeHbkoB B 2023-2025 rr, kr/ra
Table 1 — Dynamics of formation of the crude mass of active nodules in 2023-2025, kg/ha

MesxchasHble neprofbl
Bo?_lilffg cTebneBaHms ByToHM3aLMN Bnectawmx 60608
2023r 2024r 2025t 2023r 2024r 2025t 2023r 2024r 2025t

1 30,0 79 0,0 266,6 131,6 284,4 432,0 1960,2 672,0
2 16,8 18,8 22,8 184,6 165,2 140,4 381,7 7853 1024,0
3 21,4 13,8 19,9 362,8 159,2 2074 620,8 702,7 2454,2
4 9,6 25,6 0,0 253,0 185,6 100,8 415,0 7516 709,6
5 84,0 17,0 0,0 3332 249,2 16,8 528,6 1018,1 2472
6 14,4 19,1 13,2 4158 300,6 250,2 4243 905,2 472,8
7 27,6 19,7 12,0 912,8 255,5 556,3 946,3 840,5 1419,8
8 32,4 335 26,4 5458 184,4 350,6 5959 680,3 1622,2
9 16,8 15,1 84 4726 157,0 451,2 713,2 992,9 1396,1

HCP05 14 0,8 1,3 6,2 8,8 94 16,6 14,9 21,3

*1. KoHTponb (6e3 ynobpeHnid, 6e3 nHokynaumm); 2. N20 (cenutpa ammuadHass); 3. Rhizobium lupini (wtamm MBT-12);

4. Corynebacterium sp. (wtamm MNBT-7); 5. Corynebacterium sp. (wWtamm SB); 6. Corynebacterium sp. (wramm SR);

7. Rhizobium lupini (wramm MNBT-12) + Corynebacterium sp. (wramm MBT-7); 8. Rhizobium lupini (wrtamm MNBT-12) +

Corynebacterium sp. (wtamm SB); 9. Rhizobium lupini (wtamm MBT-12) + Corynebacterium sp. (wtamm SR)

Tabnuua 2 — OuHamuka OPMUPOBAHUS aKTUBHOMO CMMOMOTMYECKOrO noTeHUuMana no dasam pasButus
KynbTypbl B CPE4HEM 3a rofbl NCCneaoBaHnm

Table 2 — Dynamics of formation of active symbiotic potential by phases of cultural development on average
over the years of research

®as3bl BereTaLmm
cTebneBaHms ByToHM3aLMN Bnectawmx 60608
BapwaHt* KOMM4eCTBO cbipas macca KONM4YeCTBO cbipast Macca KOMM4eCTBO cblpas Macca
aKTWBHbIX aKTUBHBIX aKTWBHbIX aKTWBHbIX aKTUBHbIX aKTWBHbIX
KIyOEHbBKOB, KIyOEHBKOB, KIyOEHbKOB, KIyOEHbBKOB, KIyOEHBKOB, KIyOEHBKOB,
MIH WT. /1 ra kr/1ra MIHWT. /1 ra kr/1ra MAH WT. /1 ra kr/1ra
1 0,59 12,6 2,44 2275 354 1021,4
2 0,59 19,5 1,63 163,4 2,88 730,3
3 1,08 18,4 6,36 2431 23,81 1259,2
4 0,29 1,7 2,35 179,8 2,67 625,4
5 0,68 33,7 317 199,7 3,63 598,0
6 0,47 15,6 3,43 322,2 383 600,8
7 3,70 19,8 13,10 574,9 13,35 1068,9
8 1,99 30,8 12,13 360,3 14,26 966, 1
9 1,94 134 12,52 360,3 14,43 1034,1
*1. KoHTponb (6e3 ynobpeHnid, 6e3 nHokynaumm); 2. N20 (cenutpa ammuadHast); 3. Rhizobium lupini (wtamm MBT-12);
4. Corynebacterium sp. (wramm MNBT-7); 5. Corynebacterium sp. (wrtamm SB); 6. Corynebacterium sp. (wramm SR); 7. Rhizobium lupini
(wramm MBT-12) + Corynebacterium sp. (wtamm MNEBT-7); 8. Rhizobium lupini (wtamm MNBT-12) + Corynebacterium sp. (wWtamm SB);
9. Rhizobium lupini (wramm MNBT-12) + Corynebacterium sp. (wtamm SR)
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kny6eHbKkoBbIX Baktepuin Rhizobium lupini (NBT-12)
co wrammom Corynebacterium sp. (INMBT-7), 3Haue-
Hue coctasuno 13,1 kr/ra, npu 3Ha4YeHUN KOHTPONSA
2,44 xr/ra. HeMHOro MeHbLIMe 3HaYeHWs Obinn nony-
YeHbl B 8-m 1 9-m BapmnaHTax— 12,13 n 12,52 t/ra coot-
BeTCcTBEHHO. Macca knybeHbKOB NpeBbICHna KOHTPOIb
B 7-M BapuaHTe onbiTa 6onee yem B gBa pasa.

K case bnectawmx 6060B mMakcumarnbHOe KO-
nnyecteo (23,81 mMnH. wr./ra) 1 macca KriybeHb-
koB (1259 kr/ra) 6binn HakonneHbl B 3-M BapuaH-
Te C MNPUMEHEHMEM TOMbKO LWTamMma KryB6eHbKo-
BbIX a30TuKcMpylowWnx OGakTepuin, Npu KOHTpOne
3,54 mnH wt/ra n 1021,4 kr/ra COOTBETCTBEHHO.
MuHMManbHOE KOnM4ecTBO KMNyBeHbKOB OTMEYEHO
B BapuaHTe C a3oTHbIMU yaobpeHusmu. [NpumepHo
Ha TOM >X€ YPOBHE YCTaHOBIIEHO COCTOsHME B 4, 5
1 6-m BapuaHTe, rae He Obino UHOKYNAUMKN knyGeHb-
KOBbIMK BakTepusimu.

Kak BumaHO u3 Tabnuubl 3, MHOKynAuMs pas-
NUYHBIMW LWITaMMaMn pusocdepHbix Oaktepun un
UX COBMECTHOE MPMMEHEHUE C a3oTMKUPYIOLN-
MW OKa3anu CyLeCTBEHHOE BMUAHUE Ha ypoxan-
HOCTb 3€MeHON MacChl U CEMSH NIOMMHA Y3KOMUCT-
HOro. YpoXXaHOCTb 3€feHOM Macchl yduTbiBanach
B asy Onectawmx 6060B, ypoOXaWHOCTb CEMSIH
B a3y nonHowm crnenoctu. B cpegHem 3a 3 roaa
nccrneaoBaHMn  HaubonblUylo  3ereHyl  Maccy
(10 T ¢ 1 ra) Habpan BapuaHT 9 C WMHOKynAUW-
en Rhizobium lupini (MBbT-12) c0 LWTaMMOM
Corynebacterium sp. (SR), 3eneHasa macca KoToporo
npesblllana KOHTpPonb B cpeaHem Ha 63 %. Mo ypo-
XaNHOCTN CEMSAH LOCTOBEPHO Nydlune pe3ynbraThbl
ObINN NOMY4YEHbl B KOHTPONBHOM M B 3-M BapuaHTe
C WHOKYNSUMeW TOMbKO LWTaMMOM Kry6eHbKOBbIX

BakTepun Rhizobium lupini (NMBT-12) n coctaBunun
1,2 n 1,1 T/ra COOTBETCTBEHHO.

OUHaMUYHOCTb NepeaBMKEHNA aCCUMUINSATOB, KX
CYTO4Has PUTMUYHOCTb U U3MEHYMBOCTb No drasam
opraHoreHe3a BO MHOIMOM 3aBUCHAT OT BHELUHUX YCro-
BUA. YacTo n3bbIToOuHOE NOCTYNNEHNE a30Tcoaepxa-
LMX COEAMHEHNIN B BEreTaTWBHbIE OPraHbl NPUBOAUT
K CHWKEHMIO yXyaleHus opMupoBaHnsa BereTa-
TUBHbIX OpraHoB. [M03TOMY MOXET HEe NPOVCXOAUTb
MOBbILLEHNE CEMEHHOW NPOAYKTUBHOCTU MONMHA
Y3KOMUCTHOrO NpY YBENWYEHUN €r0 BEreTaTMBHON
maccol [15-17].

BHeceHne gaxke manbix 403 MUHEpanbHbIX a30T-
HbIX Y0006 peHNiA B NOYBY OKa3blBano BIUSHUE Ha pas-
BUTWNE KNYBEHBbKOB 1 MPOAOIMKATENBHOCTb UX PaboThI.
YaobpeHne npuBoaAUNO K MHIMOUpoBaHmio obpasosa-
HYSA KNMy6eHbKOB Ha KOPHSIX.

Mony4yeHHble 3KCnepUMEHTAarnbHbIE JaHHbIE CBU-
JETenbCTBYIOT, UTO BHE 3aBUCUMOCTU OT AMHAMUKU
nepepacnpeaeneHns NnacTmydecknx sewecTs, bakrte-
pyU30BaHHbIE PacTeHWUs MMEIOT MO Pa3BUTUIO 3aMeT-
HO€ MPEeNMYLLECTBO NEePe] KOHTPOMbHbIMA. Yrydlle-
HMe a30THOrO NUTaHUs GaKTePU30BAHHbLIX PACTEHUN
npoucxoaunT Ha oHe noTpebrneHns asota 13 MoYBbl
n cumbnoTpochbHOro npouecca nocpencrsom abo-
puUreHHbIx pusobuin. B cutyaymm octporo aedpuynra
JaHHOro anemeHTa gaxe Hebonblioe ero nocTynne-
HVWe Mo4 BNUSHWEM LUTAMMOB MHOKYNAHTOB, obecne-
YMBAET 3aMETHOE BMUSAHME HA POCT pacTeHuin. Kpome
Toro, GakTepmanbHble Npenapartbl 0KasbIBaOT Ha ce-
MeHa cTumynupytoee gencrtaemne [16].

Ons ycraHoBneHWs BnusHus obpas3oBaHus
KnyGeHbKOBbIX OakTepuii Ha MNPOAYKTUBHOCTb Obin
NPOBELEH KOPPENSALUMOHHbIA aHanu3 3aBUCUMOCTM

Tabnuua 3 — BnuvsiHNE WHOKYNSUMM HA MPOAYKTUBHOCTE MIONUHA Y3KOMUCTHOrO U hOpMMpPOBaHUE

KNyGeHbKOBbIX BakTEPUIA HA KOPHSX

Table 3 — Effect of inoculation on productivity of narrow-leaved lupine and formation of root nodule bacteria

BapuaHt HpeHakCR, SE0SHAM YpoxaiHocTb ceMsH, T/ra | Macca kny©eHbKoB, Kr/ra
macchl, T/ra

1. KoHTpornb 6,09 1,07 1021,40
2.N(20) 6,04 0,88 730,30
3. Rhizobium lupini (NBT-12) 8,76 1,33 1259,20
4. Corynebacterium sp. (IBT-7) 6,26 0,98 625,40
5. Corynebacterium sp.(SB) 7,97 1,02 598,00
6. Corynebacterium sp (SR) 7,12 0,92 600,80
7. Rhizobium lupini (NBT-12) +

Corynebacterium sp. (MBT-7) 4k 108 1De820
8. Rhizobium lupini (MBT-12) +

Corynebacterium sp. (SB) L Lile 2061
9. Rhizobium lupini (NBT-12) +

Corynebacterium sp. (SR) 10,00 1,09 103410
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YPOXKaNHOCTU 3eNTEHOM MaCChl U YPOXKANHOCTU CEMSIH
OT Macchl knybeHbkoB. KoadhdumumeHT koppensyum
r ans obeunx BbIGOpok cocTaBun 0,56, 4YTO COOTBET-
CTBYET YMEPEHHO MONOXUTENbHON 3aBMCUMOCTHU
hakTopoB.

Takum 06pasom, MOXHO OTMETUTb MPAMYIO 3a-
BUCUMOCTb YPOXaNHOCTU CEMSIH U 3eNeHON Maccehbl
0T obpasoBaHus KryOeHbKOB Ha KOPHSIX MonuHa
y3konucTHoro. B cpeaHem 3a rogbl MCcnenoBaHWi
nyylime pesynbTaThl NOKasanu BapuaHTbl B KOTOPbIX
NpoBOAUNACh MHOKYNALMS a3oTdumkeupyowmmm 6ak-
TEpUsMK, Kak B YACTOM BUAE, TaK 1 COBMECTHO C pu-
30ChepHbIMM LUTAMMaMN.

3akntoueHue. [poBeaeHHble UccneaoBaHns no-
Kasanu, 4To k dase Gnectawmx 60608 Makcumarnb-
HOe Konm4ecTBo knybeHbkoB (23,81 MnH wT./ra) n ux
maccel (1259 kr/ra) ObINo HAKONMEHO B 3-M BapuaHTe
C MNPVMEHEHUEM TOMbKO LWTamma KryGeHbKOBbIX
asoTdhumkenpytownx Gaktepuin. B cpegHem 3a 3 roga
nccrneaoBaHun Hambonbluylo 3eneHyio maccy (10 T
¢ 1 ra) Habpan BapuaHT 9 ¢ nHokynsaunen Rhizobium
lupini (NMBT-12) co wtammom Corynebacterium sp.
(SR), s3eneHas macca KOTOPOro MNPEBLILAET KOH-
Tponb B cpeaHem Ha 63 %. Mo ypoxanHoCcTn CeMsIH
JOCTOBEPHO nyylune pesynbratel 6binu nomnyyeHb
B KOHTPONbHOM W B 3-M BapuaHTe C WMHOKYNSLUU-
e TOMbKO LWTaMMOM KiyOeHbKOBbIX BakTepuii
Rhizobium lupini (MBT-12) u coctasmna 1,2 n 1,1 1/ra
COOTBETCTBEHHO. [1pn 3TOM yCTaHOBMNEHA YMEPEHHas
3aBUCUMOCTb MaCChl kIyOeHbKOB OT YPOXaMHOCTU 3€-
NEHOM MACChl Y CEMSH MIOMNMHA Y3KOMUCTHOTO.
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