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CPABHHTEJIBHAS OIIEHKA JEUCTBHS PA3IHYHBIX BHOYJOBPEHHH B
KOMILTEKCE C IEQOJIMTOM HA IMTPOJAYKTHBHOCTSh H MUKPOBHOITEHO3
I'PEUNXH
H. A. Jlertapesa, H. H. Kapaiosa

Pedepar. VccnenoBasna NpOBOJHIH C IENBI0 ONEHKH BIHAHAA OHOYI00pEHHH HAa IPOAYKTHBHOCTH
H MHKpPOOHOIIEHO3 TpeuHXH. PaGoTy BHIMOMHATH B 2023 roay B BereTalHOHHOM JOMHKE B YCIOBHAX
PecryOmukn TatapcTaH Ha rpednxe copra Hukombckad. CxeMa OmbITa BKIFOYANA CIEAYIOITHE BapHAH-
TEI: Oe3 pacteHHH (KOoHTpomb 1); Oe3 ymoOpenmit (KoHTpomb 2). NgPsoKeo: meommT Tartapcko-
IllaTpamascKoro MecTopoxkaeHHd (pa3mep dactuil 0,04 M) 1 T/ra; 3aMadyHBaHHE CEMAH B CYCIOCH3HH
KOHCOPITHyMa MHKpoopraaa3MoB (KM) u3 pacdera 1o npenaparty 1 J1/T; 3aMadHBaHHE CEMAH B CyCIIEH-
3uH GHompenaparta AzoneH (Azotobacter vinelandii 11b-4) u3 pacdera mo npemapaty 1 m/T; KM + 1eo-
1HT; A307eH + meoant. B coctap KM BXOIHIH BEIICICHHBIE H3 IOUB TaTapcTaHa, HICHTH(QHIIHPOBAH-
HbIE H ACTIOHHPOBAHHEIE IITAMMBI a30TQHKCHPYIOIMHX (Azofobacter chroococcum u Pseudomonas bras-
sicacearum) u docharmobumH3YIOIMEX (Sphingobacterium multivorum u Achromobacter xylosoxidans)
pH300aKTepHil B COOTHOIMEHHH 1:1 mo Macce cycmeH3HH (IUTOTHOCTh GaKTEePHAIBHOH CYCIICH3HH JI0
8.0-10° KOE/cM®). YposkaifHOCTh TPEYHXH B BaPHAHTAX C IIEOTHTOM H MHHEpAIbHBIM yI00peHHeM ObI-
Jla BBINE, 9eM B KoHTpone, B 1,3 H 1,8 pa3a cooTBercTBeHHO. MakcHMaapHaA B ONBITE Macca IUIOJOB
OTMedeHa B BADHAHTAX ¢ KOHCOPIHYMOM MHKDPOOPTaHH3MOB B YHCTOM BHJI€ H COBMECTHO C ITEOTHTOM —
B 2.5 u 2.9 pa3a BBIIIE, 9eM B KOHTpoie. bHoyno6penna, NPK H neomHt no 3 (eKTHBHOCTH AeHCTBHA
MOKHO PacIloIOKHTE B ciaenyromui pag: KM > KM + neomnt > NPK > neonnr. [IpaMmererne A3oneHa
He NIPHBENO K MOBBINICHHIO YpPOKAHHOCTH I'DEUHXH, II0 CPAaBHEHHIO KOHTpoleM. Bo BpeMaA BereTallHH
pacTeHHH B BapHaHTaX ¢ KOHCOPIHYMOM MHKPOOPTaHH3MOB OTMEUeHA He TONBKO Iydmas Ipe/cTaB-
JICHHOCTh arpOHOMHYECKH 3HATHMBIX MHKPOOPTaHH3MOB (aMMOHH(MHKATOPOB, AHa30TpodoB, docdar-
MOOHIIH3aTOPOB, AKTHHOOAKTEPHIH), HO H BBHICOKAA PECITHPATOPHAA aKTHBHOCTH MTOYBEHHOH MHKPOOHO-
Thl. KOHCOPITHYM Ha OCHOBE aBTOXTOHHBIX a30TQHKCHPYIOMHX H (hochaTMOoOHIHIYIOMEX OaKTepHi
MOKET HOCIYKHTh OCHOBOH KOMILTIEKCHOTO OHOYNOOpEHHA /I NIHPOKOTO CHEKTPa CelbCKOXO3AH-
CTBEHHBIX KyIBTYD.

Kiao4eBble CJI0Ba: aBTOXTOHHble OAaKTEPHH, IIEONHT, KOMIUIEKCHBIE YJOOpEeHHA, TIpedHXxa
(Fagopyrum esculentum), ypoKaiHOCTb, MHKPOOHBIH IIEHO3.

Brenenne. ['peuynxa J1i MHOTHX CTPaH  TPOQHYECKOH IENH IT0YBA — MHKPOOPTaHH3MBI —
MHpA CIy’KHT CTPATETHIECKH BAKHBIM KPYIIAHBIM ~ pacTeHHA. VIMEHHO MHKPOOPTraHH3MBI JIAIOT 00-

CEIIBCKOXO3MHCTBeHHBIM pacTeHHeM [1, 2]. By-  mmHpHY0 HH(pOpMAIHIO 11 PEmIeHHA MPOOIEeMEL,
Jy9H CTOHKOH K COpHAKAM H BPETHTENAM, I  CBA3AHHOH C NPOH3BOJCTBOM 3KOJOTHYECKH Oe3-
TNOBBIIMICHAA YPOKAHHOCTH Ipedrxa, Kak H MHO- OmacHBIX IPOAYKTOB [6, 7, 8]. B CBA3H ¢ TeM, UTO
THe JIPyTHE KyIbTYPHI, Hy)KJaeTci B Ka4eCTBeH-  MHKpoQIIopa MOYBEI H pH30c(hephl He cTa0HIbHA,
HOH o00pabGoTke cemAH. MHOro HHTEpeCHBIX H  a €€ YHCIEHHOCTh MEHAETCA B 3aBHCHMOCTH OT
TIEPCIEeKTHBHBIX JAaHHBIX NPEJCTABIEHO B HAyd-  (ha3bl OHTOTEHE3a pacTeHHsA, HeoOXOJHM ydeT
HOH JHTepaType MO TOBHIMEHHIO MPOAYKTHBHO-  arpOHOMHYECKH 3HAYHMEIX TPYIO B pH30chepe
CTH TPeYHXH. 3HAYHMOCTh NPHMEHEHHA OHOIIpe- rpeunxd [9].

mapatoB IpeAcTaBleHa B cratbe 3. M. Ilems HCclemoOBaHHH — OIEHKA BIHAHHA OHO-
AnemenKkoBoii ¢ coapropamu (2015), B KoTopoifl ~ ymoOpeHH# Ha MPONYKTHBHOCTH H MHKpPOGHOIIE-
ABTOPHl CYHTAIOT TNEPCIIEKTHBHBEIMH a30T(HKCH-  HO3 TPEYHXH /UIA TOBBIIEHHA IIOYBEHHOTO
pyrommuii Raoultella oxytoca 15MS u docdarmo-  mIogopoIHA.

OoumHsyromui Serratia plymuthica 35MS mrram- YciaoBaA, MaTepHAAbl H MerToAbl. ONBIT
MBI B Ka9€CTBE OCHOBBI KOMILIEKCHOTO OHOY100- ObLT 3amoxeH B 2023 rofy B BereTalHOHHOM JI0-
perns [3]. Pa3paGoTaHBI peryiIaTOpHl pOCcTa HO-  MHKE, PacloloKeHHOM Ha TEPPHTOPHH madopa-
BOTO MOKOJNIEHHA, CIIOCOOCTBYIOIMHE YMEHBIIE-  TOPHH MOIEKYIAPHO-TEHETHISCKHX H MHKPOOHO-
HHIO KPaTHOCTH 00paboTKH 1MOoceBOB (DyHTHITHIA- morgueckax metoqoB OUIT KaszHII PAH, Pec-
MH B IIEPHOJ] BET€TAallHH H CHHKAIOIMHe HOpMY HX ~ myOnmka Tarapcran (PT), r. Kasame. Ilepmon
pacxoga Ha 25...50 %. IloBpmmai NIpPOIyKTHB- Bereranad 2023 roja xapakTepH30BalcA XKapKOH
HOCTh KyIBTYDHI, PEryIATOPHl POCTa YCHIHBAIOT  IIOTOJI0H ¢ MHHHMYMOM OCaJkoB (TaluL. 1).
YCTOHUYHBOCTH PACTHTENHHOIO OpraHu3Ma K abHo- Cxema BereTalfHOHHOTO OIBITa BKIIIOYAla
THYECKHM H OHOTHYECKHM (aKTopaM BHEMIHEH  CIIeIyIOIHE BapHAHTH: Oe3 pacTeHHH (KOHTPOI
cpensl [4]. Mcnonp3oBaHHE B KAa4eCTBE KOMIIO- 1); 6e3 ymobGpernit (KOHTPOIb 2): NgoPsoKeo: 11€0-
HEHTa KOMIUIEKCHBIX YJOOpPEHHH IIE0NIATa MOKET AT B JIo3e 1 T/ra; 3aMaYHBAHHE CEMAH B CYCIIEH-
CTaTh JIOCTYIIHBIM H JICIEBBIM CIIOCOOOM BOCCTa-  3HH KOHCOPIHyMa MHKpoopraHmsmon (KM): 3a-
HOBIIEHHA IUIOIOPOJIHA TO4B [5]. MadHBaHHE CeMAH B CyCIIEH3HH Ipemaparta A3o-

Jlns moGolf moYBeHHOH 3KOCHCTEMBI BaXKHO  JIeH; 3aMauHBaHHe CeMAH B cycmeHsuHn KM +
3HATh OCOOEHHOCTH CTPYKTYPHI H (DYHKIHH ee  IEONHT; 3aMaYHBAHHE CEMJH B CYCIEH3HH IIpema-
MHKPOOHOTO co0OIecTBa, BIHAIOIMETO Ha ypo-  para A3zolleH + HeomHT. OneIT OBUT 3al0KeH Ha
JKaiHOCTh H COCTOSHHE KOMIIOHEHTOB ~ CepOH IJIeCHOH CpeJHEeCYTTTHHHCTOH II0YBE CO
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clegyromel XapakTepHCTHKOH: ryMmyc — 3,11 %,
PH con. — 5.5 S 5o — 20,2 Mr-3k8./100 T; N ey —

77 Mr/kr; nomBHKHEBIE P,Os — 238 mr/kr H K50 —
180 mr/kr (mo KupcaroBy, 'OCT P 54650-2011).

Tabmuma 1 — [TorogHele YCIIOBHA Ieproaa Beretamun 2023 rox

Mecsn Cpemiemec:ﬂ]{a(ja TeMIIepaTypa, OTKJ'IOH&HHDE OT HOPMEL, OcaKe, MM H‘?pc;;rm
Mait 16.3 +2.3 39 103
IronB 16,6 -1.7 9 16
Hroms 21.8 +1,3 57 92
Asrycr 20,5 +2.3 21 39
CeHTAOPE 15,5 +3.2 10 19

Hcnonp30BanH clIeAyHONIHE MHKPOOHOIOTH-
YecKHE CPeCTBAa: KOHCOPIHYM, BBIIEIEHHBIX H3
mouB TarapcraHa, HAEHTHOHIHPOBAHHBEIX H Jie-
TIOHHPOBAHHBIX INTAMMOB  a30T(HKCHPYIOITHX
(Azotobacter chroococcum u Pseudomonas bras-
sicacearum), H dbocharmMoOHIHIVIOIHEX
(Sphingobacterium multivorum u Achromobacter
xylosoxidans) pazobakTepHii B cooTHOmeHHHA 1:1
TI0 Macce CyCHeH3HH (IUIOTHOCTh OaKTepHATBHOH
cycmensuH — j0 8,0-10° KOE/cn®); xuakuii 6Ho-
npenapat AzomeH, JK (Ha ocHoBe Azotobacter
vinelandii 11b-4) mpou3BojacTBa PoccenpXo3neH-
Tpa PecnyOomuku Tarapcran (PT). B BapHaHTe ¢
IEOTHTOM TIPHMEHATH MHHepan Tartapcko-
ITarpamanckoro mectopoxkacHEA PT c pasme-
poM gacTaI 0,04 M.

PacTaTenbHBIH 00BEKT — Ipeunxa copra Hu-
KOJIbCKAA.

MuHepanpHOEe yaoOpeHHe a30()0CKy BHOCH-
mH mpH HaOHBKe cocymoB Barmepa (o0peM
5 1). IlouBeHHBle o0Opasmbl H3 pH30CHE-
pBl pacTeHHH oTOHpamH B (a3l OyTOHH3a-
IIHH H CO3PEBAHHA T'PEYHXH, B KOTOphIE ONpe-
JeIITH KOMHYeCcTBO pH30chepHOH MHKpodIO-
Pl (aMMOHH(HITHPYIOITHX, a30T()HKCHPYIOMIHX,
dochaTMOCHIH3VIOIMHX H KHCIOTOYCTOHUHBEIX
OakTepHi, aKTHHOOAKTEPHH, MHKPOMHIICTOB) H
PEeCIHPATOPHYK AaKTHBHOCTh MIOouBHl [10]. s
KOJTHIEeCTBEHHOH XapaKTePHCTHKH PH30C(hEepHOTO

st dekTa HCmonp30BaIH cooTHOmEeHHe R/S, roe R
— KOTHYECTBO MHKPOOPTaHA3MOB B pH30c(epe, a
S — Bo BHepH30chepHOH moure [11]. Vpoxkaii-
HOCTh TPEYHXH (Maccy IUIO/IOB HA COCY/I) YIHTHI-
BaJH B (ha3e cO3peBaHHA.

CTaTHCTHYECKYI0 00pa0oTKa pe3yIIbTaToB
OCYIIECTBIATH C HCOONB30BAHHEM 3IIEKTPOH-
HBIX TaOmu Excel m mporpammer Origin 4.1.
JlocToBEepHOCTh pa3lIHYHH NONYYEHHBIX pe-
3yNbTaTOB MeXKIy BapHaHTAMH OIICHHBATH C
HCHOB30BaHHEM Ko3(dumuenra CThlofeHTa
(p<0.05).

Pe3yasTaThl H 00CY:KIeHHE. Y POKaHHOCTH
II0J0B TPEYHXH MPAaKTHIECKH BO BCEX BapHaH-
TaX OINBITa 3HAYHTEIBHO IPEBOCXOJHIA KOH-
TponbHEIH (Tabm. 2). Tak, IpH HCIOIb30BAaHHH
[IE0THTa H MHHEpANbHEIX YI0OpeHHH OHa ObLIa
Beime B 1,28 1 1,82 pa3 cOOTBETCTBEHHO.

Broymo6penna, NPK H meonnt mo 3¢ ¢dexTHs-
HOCTH JeHCTBHA MOKHO PAacIIOIOKHTh B CIEIYIO-
muH pag: KM > KM + neonnt > NPK > neomnHr.
Tompko mpHMeHeHHe A30leHa He NPHBENO K I0-
BBIICHHIO YPO:KaHHOCTH, II0 CPaBHEHHIO C BapH-
a"TOM Oe3 yJI0OpeHHH, B TO BpeMsd Kak IpPH HC-
MIOIIb30BAaHHH KOMOHHAITHH A301€H + I[e0IHT OHA
OBLIa BEINIE, 9€M B KOHTPOIIE, Ha 3,5%.

Crnemyer BBIIENHTh ABa BapHaHTa — KM +
neomwT H KM, B KOTOPBIX Macca yposKafd BEIIIIe
KOHTpOIA B 2,5 H 2,9 pa3a COOTBETCTBEHHO.

Tabmuma 2 — VpoxaHHOCTh TPeYHXH B (ha3e CO3pEeBaHHA B 3aBHCHMOCTH OT HCIIONb30BAaHHA

ynoOpeHHii, GHOMpEapaToB H IICOIHTA

BapnasT YpoxkalHHOCTS ILTOJOB, T/COCY IIpubaBka K KOHTpOIIO, %
Be3 ynoOpennii (KOHTPOIIB) 8.11 -
NPK 14.80 +82.49
IleomnTt 10,40 +28.24
KM 23.44 +189,02
A3omen, K 8,01 -1,23
KM + neomnt 20,14 +148.34
A3onen, K + neomHT 8,39 +3.,5
HCPq o5 0,21
I[JIH mo6oH MOYBEHHOH 3KOCHCTEMEI BakKHO IIenH II04YBa — MHEKPOOPraHH3MBI — pacTcHHA.

3HATh OCOOEHHOCTH CTIPYKTYpHI H GYHKIHE ee
MHKpPOGHOTO cOO0ImecTBa, BIHAIOMETO HA YPOKai-
HOCTB, H COCTOAHHE KOMIIOHEHTOB TpodHUecKoH
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IIMeHHO OHH HAKOT OGIHpPHYI0 HHGOPMAITHIO ITI
peleHHs NpPoGIIeMEl, CBA3aHHOH ¢ IPOH3BOACTBOM
SKOJIOTHIECKH Ge30MacHBIX IPOIyKTOB.
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50,00 14,00
12,00
40,00
10,00
30,00 8,00
20,00 6,00
4,00
10,00 -
2,00
0,00 A 0,00
4 s
a
700 3,50
6,00 3,00
5,00 I 2,50
4,00 2,00
3,00 1,50
2,00 1,00
1,00 0,50
0,00 0,00
4 5
B
12,00 2,50
10,00 2,00
8,00
1,50
6,00
1,00
4,00 I I
200 4 0,50
0,00 - 0,00
4 s 7
a
3
2,5 -
2 4
1,5 -
1 -
0,5 -
D -
1 4 5
A

Prc. 1 — UnCIIeHHOCTh PAH300aKTEPHI IPETHXH B 3aBHCHMOCTH OT HCHOIb30BAaHHBIX yI00peHHH
(10°KOE/T): 1 — koHTpOIb 1; 2 — KOHTpOIb 2; 3 — NPK: 4 — mmeomnT; 5 — KM; 6 — A3soneH;
7 — neonut + KM:; 8 — meoaHT + A3oleH;
a — aMMOHH(HKATOPEL, 6 — THa30TPOodEL B — pochaTMOOHIH3YIONIHE, T — AKTHHOOAKTePHH
Il — DaKTepHH — MHHEPAITH3aTOPHI, € — KACIIOTOYCTOHIHBEIE OaKTEPHH, K — IEeHHTPH(MHKATOPEI;
YepHBIH cTONOHK — (ha3a OYTOHH3AIHH, CepEIH CTOMOHK — (ha3a CO3PEeBaHHA IPEIHXH
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KomrgecTBO aMMOHHOHITHPYIOMIHX MHKPOOP-
TaHH3MOB B OOIBINMHHCTBE BAPHAHTOB BBINE B
¢aze OyroHH3amHH. TONBKO NPH HCHOIH30BAHHH
KOHCOPITHyMa HX YHCIEHHOCTh BO3pacTaeT K IIe-
PHOJY CO3PEBaHHA T'PEYHXH, 9TO KOCBEHHO IIOJI-
TBEPIKIAET CIIOCOOHOCTh aBTOXTOHHBIX OaKTEpHIA,
COCTABILAIOITHX OCHOBY KOHCOPITHYMA, BBIIEPKH-
BaTh 3acyxy. [IoATBep:KIEHHEM 3TOMY CIYy)KaT H
paHee IpOBeIcHHBIE HecIemoBaHuA [12, 13].

B KOHTpOIBHBIX BapHAHTaX OTMEYEHO OKHJIA-
€MO HH3KO€ KOIHYEeCTBO aMMOHH(HIHPYIOITHX
MHKPOOPTaHH3MOB B 00¢ (ha3bl. B BapHanTe KM +
IIEOTHT OTMEYeHA caMas BBICOKAA IPe/ICTaBICH-
HOCTh AMMOHH()HKaTOPOB BO BpeM: OyTOHH3AIHH
H JIOCTAaTOTHO Xopomad — B (ha3e co3peBaHHA HC-
cleayeMoH KyJIbTyPBL

TTpakTHYeCKH BO BCEX BapHaHTaX a30T(HKCA-
TOpPOB OOINbITE BO BpeM:A co3peBaHHA. lcKimode-
HHE COCTABIAIOT JBa BapHAHTAa — IIEOTHT H A30-
meH + meonHT. MHHAMAIbHOE B ONBITE KONHYE-
CTBO AHa30Tpo(oB B (haze OYTOHH3AIHH OTMEYe-
HO B KOHTpolle Oe3 pacterHi H ¢ NPK, a Makch-
MalbHOE C TIEONHTOM H KOHCOPITHYMOM
MHKPOOPI'aHH3MOB.

Bo BpemA co3peBaHHA JTHAEPOM IO TPHCYT-
CTBHIO a30T(HKCATOPOB CTAHOBHTCA BapHaHT KM
+ meonmdT. B BapHaHTE ¢ OJJHHM KOHCODPITHYMOM
MHKPOOPIaHH3MOB YHCICHHOCTh HX BEICOKA, HO
HECKOIIbKO HHXKe, 9eM B BapHaHTe KM + 1eomiHT.
Huskoe mnpHCYTCTBHE Ha30TPOGOB BO BpeMA
Bcell BereTarfHH OTMEYEHO B IATH BapHAHTAaX: B
000HX KOHTPOIBHBIX, a TakKe B BapHaHTaX C
NPK., AsoneHoM, A30I€HOM ¢ IleodHTOM. Paz-
Opoc 3HaueHHE pH3ochepHOTO 3ddekTa R/S
(M3MeHeHHE cocTaBa co0OMIeCcTBa MHKPOOPTaHH3-
MOB 1OJ1 icHiCTBHEM KOPHEBOH 3KCCYIallHH pacTe-
HHi) ¥ a30TdHKcaTOpoB B 00¢ (a3l OHTOreHe3a
cocraBmaeT ot 0,2 mo 3.7.

CrnenoBatellbHO, BO BPEMA BETETAIIHH TPETHXH
B BapHAHTaX ¢ KOHCOPIIHYMOM MHKPOOPTaHH3MOB
OTMedeHa JTydimas MpPe/ICTaBIeHHOCTh arPOHOMH-
YeCKH BayKHOH IPYNIBI GakTepHH — IHA30TPodOB.
DTH MHKPOOPraHA3MEI He TOIIBKO CHOCOOHBI (hHK-
CHPOBAaTh MOJEKYILIPHBIH a30T, HO H o0oramars
HM TI09BY.

OveHb BayKHO 1A TIOYBEHHOTO IUTOJOPOTHA H
XOPOIIEr0 POCTA CETbCKOX03AHCTBEHHBIX KYIBTY]P
TPACYTCTBHE (pochaTMOOHIHIVIOMHEX MHKPOOP-
TaHH3MOB. MHHHMANBHOE B OIBITE HX KOJHYeE-
CTBO OTMEYEHO B OOJBIIHHCTBE BapPHAHTOB, KPO-
Me JBYX, I/ie HCIIOJB30BaH KOHCOPITHYM MHKpPO-
opragm3moB (KM 1 KM + meonut). Tollbko B HAX
YHCIIEHHOCTE (hocaTMOOHIH3aTOPOB CYIMECTBEH-
HO NPEBBINAET TAKOBYIO B OCTaTbHBIX BAPHAHTAX.
Hanpamep, 1o cpaBHEHHI0O C KOHTpolleM O0e3
yIoOpeHHH, KOIHIECTBO 3THX MHKPOOPTaHH3MOB
B (haze OyToHH3amHH BEIIe B 16,2 pa3a. B KOHIIE
BereranHH — B 15,3 pa3a. OObACHEHHEM TaKOIo
HX BBICOKOTO NPHCYTCTBHA TOJIBKO B JIBYX BapH-
aHTaX BBICTYIIAET, TIO-BHIHMOMY, XOPOIIaA ajiar-
TaIHA COCTABIIAIONIHX OCHOBY KOHCOPIIHyMa Gakx-
Tepuit Sphingobacterium multivorum u Achromo-
bacter xylosoxidans ¢ BBICOKOH CHOCOOHOCTBIO
VTHIH3HPOPBATh (ocdaThl B HOBOH A HHX 3KO-
JIOTHYECKOH HHIIE,

B oHTOreHe3e TpeYHXH YETKO IPOCIIEKHBACTCA
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TEHJICHITHA YBETHICHHAA aKTHHOOAKTEPHH B BapH-
aHTAaX ¢ KOHCOPIIHYMOM MHKPOOpPTaHH3MOB. J[o-
CTaTOYHO MHOTO TIPE/ICTaBHTENEH 3TOH TPYMIIBI
MHKPOOPIraHH3MOB H B BapHaHTe A30IeH + Ieo-
muT. OGEMHO aKTHHOOAKTEPHH B 0ONBIIEM KOJH-
dgecTBe MPE/ICTABIeHBI B KOHIlE ce3oHa. [lomyden-
HBIe HAMH [aHHBIE IIOJITBEPKIAIOT 3T0. MakcH-
MalbHOE B OIBITE COOTHONIEHHE R/S y akTHHO-
OakTepHil oTMedeHO B (asze mpereHHda — 19.5, B
KOHIIE BeTE€TAaIlHH OHO ObLT0 paBHO 4.5. 11 mo npH-
CYTCTBHIO 3THX MHKPOOPTaHH3MOB B pH30chepe
TPEYHXH THIHPYIOT BAPHAHTHI ¢ KOHCOPITHYMOM
MHKPOOPTaHH3MOB.

Jlna Gonee monHOH HH(GOPMAITHH O COCTOSHHH
MOYBBI HEeOOXOJHMO 3HATh YHCIICHHOCTh OaKTe-
PHI, HCIIONB3YIOMTAX MHHEPATbHbIE (OPMBI a30-
Ta. Bo Bcex BapHaHTax KpoMe KOHTpOIA 0e3
ymoOpeHH HX Gonbie B ¢a3e OyroHH3amud. IIpu
3TOM caMoOe BBICOKOE KOJTHYECTBO B STOT MEPHO]
oTMedeHO B BapHaHTe KM + meomHT, 3aTeM HAYT
BApPHAHTHl C Hcmomb3oBaHHeM KM, meomdTta H
NPK. B KxoHIe BereTanHH HX 0oJbIne B OBYX Ba-
praHTax — KM B KM + neomut. CaMbIH BBICOKHEH
B OmbITe pH30chepHsI 3QdeKT y MEHepaTH3aTo-
pPoB OBUT OTMEYEH B Hadale BereTandd 6.4, a K
KOHITYy C€30Ha CHIDKAIcA 1o 2,9.

KucrotoycTofiunBEIe OaKTEPHH, KOTOPEIE CUH-
TAlOT OJTHHM H3 MapKepOB CHOCOOHOCTH IOYBEH-
HOH MHKPOQIOPH BBIIEPKHBATh CTPECC, MAKCH-
MAalbHO MPHCYTCTBYIOT B BapHaHTax ¢ KM, A3zo-
neHoM, KM + meonHt. ToJIBKO B TpeX BapHAaHTax
(Azomer, KM + meomHT H A30II€H + IEOIHT) 3THX
OakTepHii ObLT GOMBINE B KOHIE BereTamuH. Mak-
CHMAlbHOE COOTHOINEHHe R/S y HHX COMOCTaBH-
Mo — 6,7 (daza Oyronmsanun) H 6.8 (daza cospe-
BaHHA). B MONB3y NPHCYTCTBHA STOH TIPYIIIBI
HMEHHO B BapHAHTaX ¢ KOHCOPITHYMOM MHKPOOp-
TaHA3MOB CBHJIETEIBCTBYET TO, UTO OaKTEpHH,
COCTABJIAIONIHE €T0 OCHOBY, MOTYT Pa3BHBATHCA B
MTHPOKOM JiHAaTa30He pH.

IIpHCYTCTBHE [EeHHTPH()HKATOPOB BO BCEX
BapHaHTAaX (HCKIIOYeHHEe — KOHTPOIhb 1) cymme-
CTBEHHO BBIIIC B (haze OyTOHH3aIHH. [13-3a BEICO-
KOH TeMIlepaTypsl BO3IyXa B HIOIIE H aBIyCTe
YHCIIEHHOCTh 3THX MHKDPOOPTaHH3MOB PE3KO
YMeHbIaeTcA K KOHIy BETeTallHH T'DEYHXH, 9TO
BBICTYIIA€T MOJIOKHTETHHBIM (haKTOM.

TlouBeHHBIE MHKPOMHIIETHI IIPEICTABIAIOT
TPYIIIy MHKPOOPTraHH3MOB, YHHBEPCAIBHYIO IO
CBOEMY 3HAYeHHIO U (DOPMHPOBAHHA ILIOIOPO-
IuA 1o4Bbl. KoMHYeCTBO NIOYBEHHBIX IPHOOB Ba-
peHpYeT B (baze OyroHmsamum oT 10000 mo
120000, a Bo Bpemsa co3peBarHia — oT 60000 mo
130000 (puc. 2). B meppoii m3ygaeMoii daze Hx
MPAKTHYECKH HET TONBKO B BapHaHTe KM + meo-
JTHT, YACIIEHHOCTh MHKPOMHIIETOB MHHHMAJIbHA B
KOHTpolle 0e3 pacTeHHH H NPH HCIIONb30BaHHH
KM. Puzocdeprbni 3¢dekT v MHKDOMHIETOB B
Hadame BereTamuH jocTaraer 3.0, B KOHIE
ce3oHa — 1,6.

Bo Bpemi co3peBaHHA KOIHYECTBO MHKPO-
MHIIETOB 3aMETHO YBEIHIHBAeTCA. VICKITIOUeHHEM
BBICTYIIA€T BapHAHT C IEONTHTOM, B KOTOPOM B
mepBoil (haze BBRIABIEHA MAaKCHMAIbHAdA B OIBITE
BEIHIHHA 3TOr0 MOKA3aTeld, H OHA OCTaeTcA
MPAKTHYECKH TAKOH e JI0 KOHI[a BEreTaIlHH.
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Prc. 2 — KoH1ecTBO MHKPOMHIIETOB B pH30C(epe TPEUHXH B 3aBHCHMOCTH OT HCITOJh30BaHHBIX
yao6penmnii (10° KOE/T): 1 — koHTpoms 1; 2 — koBTpoms 2; 3 — NPK; 4 — neomnt; 5 — KM: 6 — A3omeH:;
7 — meommt + KM 8 — ieonHT + A3oneH: ¢a3a oHTorenesa: I — 6yronmsanmi, II — co3pepaHHe

Hackonpko AKTHBHO MPOTEKAIOT
OKHCIIHTEIBHO-BOCCTAHOBHTEIIBHBIE Tporec-
CHI H IIOIHOIEHHO (byHKITHOHHDYIOT

MHKPOOPTaHH3MBI TI03BOJIAET
moKa3aTels, Ha3bIBAEMBbIi
TTOYBEI (puc. 3).
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Purc. 3 — PecipaTopHas aKTHBHOCTE IMOYBEHHOH MHKpodIops! (Mr CO,/100 r=24 1)
IPH BEIPANIHBAHHH IPEYHXH: | — KOHTpOIb 1; 2 — KoHTpOmb 2; 3 — NPK: 4 — neonnrt; 5 — KM;
6 — AzoneH; 7 — nmeomut + KM; 8 — meonsaT + AzoneH

MaxkcaManbHOe KoaHdecTBo CO; BBIIEIASTCA
H3 T0YBEl B (paze OYTOHH3AIHH — B HEPHOJ HH-
TEHCHBHOT'O pocTa rpednxH. HanGompimas pecis-
paTopHasd aKTHBHOCTh OTMEUeHA B JBYX BapHaH-
Tax — KM 5 KM + neonnr. Bo BpemMa co3peBaHHA
HHTEHCHBHOCTh «IbIXaHHA» CHIKAeTcA, IIOo-
BHIHMOMY, H3-3a jKapkoro netra. OJHAaKO B BEHI-
IMenepeTHCIICHHBIX BapHAHTaX Jake B 3TOH (aze
OHONMOTHYECKad AKTHBHOCTh OCTAeTCA caMoH
BBICOKOH.

BoiBoabpl. MakcHManbHasd B ONBITE Mac-
ca (ypokafiHOCTh) IUIOZOB TPEUHXH OTMEUYCHA
B JBYX BapHaHTaX ¢ KOHCOPIHYMOM MHKpPOOp-
TaHH3MOB. [IpH €ro HCIONB30BaHHH B THCTOM
BHJIE YPOXKaHHOCTh OBLTa BBINE, 9€M B KOHTPOIIE,

38

B 2,5 paz’a, a B COYETAaHHH C IIEOJHTOM —
B 2.9 pa3a. broynoOperna, NPK H meomHT mo
s(dekTHBHOCTH HEHCTBHA MOXKHO pAacIolo-
JKHTh B ciaegyromad pag: KM > KM-+meomsr >
NPK > meonnr. Bo BpeMA BereTalid TPeYHXH
B BapHaHTAaX C KOHCOPITHYMOM MHKDOOpPTaHH3-
MOB OTMEUeHa He TOIBKO JIydmasd IIpelCcTaB-
IEHHOCTh TAaKHX AarpPOHOMHYECKH 3HATHMBIX
MHKPOOPTaHH3MOB, KaK  aMMOHH(HKATOPBL
mHa30TpodEl,  (docdarMOGHIH3ATOPEL, AKTHHO-
OakTepHH, HO H caMai BBICOKaA B
ONEBITE pecIHpAaTOPHAaA AaKTHBHOCTh IOYBEH-
HOH MHKpoOHOTEL. KOHCOPIHYM Ha OCHOBE
ABTOXTOHHBIX a30TQHKCHPYIOIHX H ¢ocdart-
MOOHTH3YIOITHX OakTepHi MEePCIIeKTHBEH
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COMPARATIVE EVALUATION OF THE EFFECT OF VARIOUS BIOFERTILIZERS IN COMPLEX WITH
ZEOLITE ON PRODUCTIVITY AND MICROBIOCENOSIS OF BUCKWHEAT
I. A. Degtyareva, N.I. Kirillova

Abstract. The studies were conducted to assess the effect of biofertilizers on productivity and microbiocenosis of
buckwheat. The experiment was carried out in 2023 in a vegetation house in the Republic of Tatarstan on buckwheat of the
Nikolskaya variety. The experimental scheme included the following options: without plants (control 1); without fertilizers
(control 2); NgiPgKep: zeolite from Tatar-Shatrashan deposit (particle size 0.04 mm) 1 t/ha; soaking seeds in a suspension
of consortium of microorganisms at the rate of 1 I/t for the preparation; soaking seeds in a suspension of Azolen
(Azotobacter vinelandii IB-4) biopreparation at the rate of 1 I/t of the preparation; consortium of microorganisms + zeolite;
Avzolen + zeolite. The consortium of microorganisms included strains of nitrogen-fixing (4 zotobacter chroococcum and
Pseudomonas brassicacearum) and phosphate-mobilizing (Sphingobacterium multivorum and A chromobacter xylosoxi-
dans) rhizobacteria isolated from soil of Tatarstan, identified and deposited in a 1:1 ratio by suspension weight (bacterial
suspension density up to 8.0 10° CFU/em®). The buckwheat yield in the variants with zeolite and mineral fertilizer was
higher than in the control by 1.3 and 1.8 times, respectively. The maximum fruit weight in the experiment was noted in the
variants with a consortium of microorganisms in pure form and together with zeolite - 2.5 and 2.9 times higher than in the
control. Biofertilizers, NPK and zeolite can be arranged in the following row by their effectiveness: consortium of micro-
organisms > consortium of microorganisms + zeolite > NPK > zeolite. The use of Azolen did not lead to an increase in
buckwheat yield, compared to the control. During the vegetation of plants in the variants with a consortium of microorgan-
isms, not only the best representation of agronomically significant microorganisms (ammonifiers, diazotrophs, phosphate
mobilizers, actinobacteria) was noted, but also high respiratory activity of the soil microbiota. A consortium based on
autochthonous nitrogen-fixing and phosphate-mobilizing bacteria can serve as the basis for a complex biofertilizer for a
wide range of agricultural crops.

Key words: autochthonous bacteria, zeolite, complex fertilizers, buckwheat (Fagopyrum esculentum), yield,
microbial cenosis.
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