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MIKPOBIOIIEHO3 PU3OC®EPHOI'O IPYHTY TA
NPOAYKTUBHICTH HNIIEHUII O3UMOI 3A BUKOPUCTAHHSA
BAKTEPIA AGROBACTERIUM RADIOBACTER 204,
AKTUBOBAHUX HAHOKAPBOKCHUJIATAMMU METAJIIB

C. ®@. Kozap, T. A. €Brymienko, T. O. Ycmanosa, €. II. CumoHeHKO

[HCTUTYT clbchbKOrOCIONApCHKOT MiKpOOioIOTii Ta arponpoMuciioporo BupoouuiTtea HAAH
By llleBuenka, 97; M. UepHiris, 14027, Ykpaina; e-mail: ismav@online.ua

Busueno eghexmusenicmo nepeonocienoi iHOKynayii HACIHHA NuleHuyi o3umoi oOaxkmepiamu
Agrobacterium radiobacter 204, nonepeonbo akmu8o8aHUMU HAHOKAPOOKCUNAMAMU MEeMAis, ma
npenapamy Aeamap (Komniexc MiKpoenemMeHmie — HAHOKaApOOKCUIamie Memainis), 3acmoco8anux
pasom i okpemo. IloeOnane 3acmocysanns 6akmepusayii ma KOMNIEKCY MIKpOeleMeHmie no3umu-
8HO BNIUBAE HA MIKPOOIOYEHO3 pu3oceprHo2o IpyHmy nuieHuyi 03umoi: 8i03Ha4eHo 3pOCMAaHH Yu-
cenvHocmi amoHigpikamopis (8i0 43,8 % oo 77,1 %), azomgbikcysanvnuux Oaxmepii (8i0 2,7 00
3,5 pazig), npu yvomy 3meHwuIaAcCA KilbKicmo mikpomiyemis. [lepeonociena baxmepuzayis i 3a-
CMOCY8AHHA HAHOKAPOOKCUNAMIE Memanié Cnpusie nio8UUieHHIo NOmeHYiliHoi a30ma@ikcy8anbHoi
AKmMu8HOCMi pu30CchepHo20 IpyHmy ma 3pOCmantio epoxcavnocmi nuenuyi na 24,4 % y nopieHsan-

HI 3 KOHMPOJIbHUM 8APIAHMOM.

KirouoBi cnoBa: Agrobacterium radiobacter, 6axmepuszayis, oiazompogu, Hanoxapboxcuia-
mu, a30m@ikcy8anbHa AKMUBHICMb, NULEHUYSL O3UMA.

[lepcriekTrBU BUpilIeHHS npobiaemu nedi-
LUTY MIKPOEJIEMEHTIB ISl ONTUMI3alii QyHKIi-
OHYBaHHS arpoOL€HO3IB 3 SBUJIUCS B PE3YNbTarTi
IHTEHCUBHOTO PO3BUTKY B OCTaHHI POKU HAHO-
TEXHOJIOT1H, cepel] AKUX BUPI3HIETHCS BUCOKOIO
e(EeKTUBHICTIO CMOCI0 OTpPUMAaHHA HATYUCTUX
KapOokcuiaTiB Metaiis [1].

[IpoaykTu, sIKi OTPUMYIOTHCS 3a IOIIOMOT'OFO
HAHOTEXHOJIOT1, MOXYTh MaTH BJIACTUBOCTI, 1110
KapAMHAIbHO BIPI3HSIOTHCS B BJIACTUBOCTEH
paHilie OTpUMYBaHUX CHONYyK [2]. Bomoniroum
ITJIBUIIICHOIO ITOTEHIIMHOI0 AaKTHBHICTIO, HOBI
HAHOIIPOJAYKTU 1 HaHOMAaTepiadl MOXYTb OyTH
BUKOPUCTaH1 y PI3HUX Traiy3six, y TOMy 4HCIl B
CUIbCHKOMY TOCIIOJApPCTBI, JUISl  TIABUIICHHS
eheKTUBHOCTI BUPOOHMITBA. Tak, MEepCHEKTUB-
HUM € 3aCTOCYBAaHHSI HAHOKApOOKCUIIATIB y BETe-
pHUHapii, 30kpeMa il po3poOKH aHTUMIKPOOHHUX
KOMIUIEKCIB 30BHILIHBOIO 1 BHYTPILIHBOI'O BUKO-
PHUCTaHHS, SIKI HE HECYTh PU3UKIB JJISl 3/I0POB’S
TBapuH 1 toaeit [3]. Takox mependavaerses, M0
HaHOKapOOKCUIIATU METAJIIB MOXYTh aKTUBYBATU
010JIOT1YHI MPOLIECH B POCIMHAX, YUM 3abe3re-
YUTHCS MIABUILEHHS BPOKaHOCTI CLICHKOTOC-
MOJIAPCHKUX KYIBTYP.

[lepciekTMBHUM HaAmpsIMOM BIUIMBY Ha
IIPOJIYKTUBHICTh arpoli€HO31B € TAKOX 3aCTOCY-
BaHHsA MIKpOOHHUX IIpernapaTiB Ha OCHOBI arpo-
HOMIYHO KOPHCHHMX OakTepii 1 MIKpOMILIETIB
JUIsl TIEPEANOCIBHOT 1HOKYISMi HaciHHA. Bon-
HOYAC BIUIMB HAa MIKPOOPraHI3MU I1HOKYIIOMY
KapOOKCHUJIaTIB METaliB, OTPUMaHUX 332 BUKOPU-
CTaHHS HAHOTEXHOJIOTIM, € MajJOBUBYECHUM. Y
3B’SI3KY 3 IHUM aKTyaIbHUMHU € JOCTIIKEHHS
0COOJIMBOCTEH BIJIMBY HAHOKapOOKCUIIATIB Me-
TaJiB Ha aKTUBHICTh a30TQIKCyBaJIbHUX OakTe-
piii, MO B TMEPCHEKTHBl 3MOXKE MIIBHIIUTH iX
e(eKTHUBHICTb NMPHU B3AEMOIIT 3 POCITUHAMU.

Mamepianu it memoou. JloCTiKEHHS TTPO-
Bonuiu 3 Agrobacterium radiobacter 204 (cu-
HOHIM Rhizobium radiobacter 204) [4], nmenu-
e o3umoro copry Ilomiceka 90 Ta HaHoKap-
OokcuiiaTaMi METaliB, OTPUMaHUMH 3 BHUKOPU-
CTaHHSIM JIMMOHHO1 KHCJIOTH SIK X€JIaTOyTBOPIO-
BasibHOiI pedoBuHu [1]. Bakrepii akTuByBamm
LUISIXOM JIOJABaHHs y CEpPEeOBUIIE IS iX KyJIb-
THUBYBaHHS paHille MiJiOpaHOTO KOMILIEKCY Ha-
HOKapOOKcUIaTIB [5], 10 CKIamay SIKOTO BXOJIHU-
mu Husak (Zn), Kynpym (Cu), Manran (Mn),
®epym (Fe) ta Monibaen (Mo). Takox Buko-
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puctoByBanu npenapar Asatap (TY V 24.1-
37033728-001:2010) [1], sikuit MicTUB HaHOKap-
o6okcunatu Lunky (Zn), Kynpymy (Cu), Man-
rany (Mn), ®epymy (Fe), Monidneny (Mo),
Ko6anbry (Co), Marnito (Mg).

Bucnosnroemo mupy BASUHICT aBTOpaM 3a
mo0’a3H0 HajgaHuil wram A. radiobacter 204 1
HaHOKapOOKCUJIATH METaIB.

EdexruBHicTh OGakTepusallii HaCiHHS MIle-
Huul copty [lomicbka 90 OGakrepisiMmu, aKTUBO-
BaHUMH HAaHOKapOOKCHJIATaMH, BHBUYAIN YIPO-
noBx 2015-2017 pp. y nmospoBoMy nociini Ia-
CTUTYTY CUIbCHKOTOCHOAAPCHhKOi MIKpPOOI10JIOTi]
Ta arpornpomucioBoro Bupoonunrsa HAAH na
YOpPHO3€M1 BUJIYKEHOMY JIETKOCYIJIMHKOBOMY,
axuil mictuth 2,8 % rymycy (3a TropiHum); Big
0,27 % no 0,31 % 3arampHOTO a30Ty; 15 Mr/
/100 r rpynTy P2Os (3a KipcanoBum); Bin 13 mr/
/100 r rpynty no 16 mr/ 100 r K,O (3a Macno-
BOI0); pHzoy 5,9-6,5.

Cxema mojapoBOTro JAOCTIAY:

— 06e3 00poOKM HACIHHS, KOHTPOJIb;

— Oakrepu3zauis A. radiobacter 204 (mo3u-
THBHHKA KOHTPOJIb);

— MIKpOEJIEMEHTHUH KOMILJIEKC ABaTap;

— KOMIUIEKC HaHOKapOOKcwiaTiB (s Ky-
neTUBYBaHHS A. radiobacter 204);

— Oaktepm3anis A. radiobacter 204 + Aba-
Tap Mpu NOCiBi;

— Oakrepusanisa A. radiobacter 204, KynbTu-
BOBaHUM Y CEpeI0BUILl1 3 HAHOKapOOKCUIIaTaMu;

— Oakrepm3anis A. radiobacter 204, Kyib-
THBOBAHHUM Y CEpEJOBHUILI 3 HaHOKapOOKCHUIIa-
TaMu + ABarap Npu Mocisi.

ITnoma o6mikoBoi gimsakn — 10 m°. TTos-
TOPHICTh — 4-KpaTHa.

Bakrepu3zaiiiro HaciHHS MIIEHUI TTPOBOIU-
JIM y IeHb BUCIBY Y I'PYHT. PO3MillIeHHS AUISTHOK
y JO0CIil peHIoMI30BaHe. ATrpOoTeXHIKa BUPO-
IIyBaHHS IIICHHUII 03UMOI 3arajibHONIPUIHATA
st 3oaM Tlomices [6].

3pa3ku TPYHTY I aHai3iB BimOupanud 3
pusocepu pociuH TIICHHUI Yy (a3zax CXOIIB,
KYIIIHHS, IBITIHHS, BUXOAY B TPYOKY Ta MOJIOY-
HOT CTUIJIOCTI.

BusnaueHHs NOTEHIMHOT aKTUBHOCTI a30T-
¢ikcauii (ITAA) B pusocepHomy IpyHTI mpo-
BOJIMUIA alleTHJICHOBUM MeToZoM [7; 8] Ha ra-
30BoMy xpomarorpadi «Chrom-5» 3 moym’s-
HO-IOHBaIHHUM JaeTekTopoM. CopOriifHi KO-
JIOHKM 31 CTajl 3arnoBHIOBaiIM copoentom Pora-
pak Q 60-80 mesh. Temneparypa TepmocTary
40 °C. Burpara rasis: BogHio — 15 cM’/xB.,
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asoty — 100 cM’/xB., moBiTpst — 500 cM’/xB.

YucenpHICTh MPEICTABHUKIB OKpEMUX (i3io-
JI0ro-TpoYHUX IPYIl MIKPOOpPraHi3MiB puzocde-
PHOTO IPYHTY MIIEHUIl 03MMOI1 BU3HAYaIM Yalll-
KOBUM METOJIOM IIISIXOM TINIMOMHHOTO BHCIBY Ha
arapu3oBaHi cepenoBuma [9-11]: m’sco-nen-
toHHu# arap (MIIA) mist 06aiKy MIKpoopraiiz-
MIB, SIKI BUKOPUCTOBYIOTh OpraHiuHi ¢opmu a3zo-
Ty; Kpoxmano-amiaunuii arap (KAA) — s Mik-
pPOOpPra”i3dmiB, 10 3aCBOIOIOTH 30T MIHEPATHHHUX
cronyk; cepenosunie Embi — s azordikcysa-
apHUX OakTepiil. KUIbKICTh MIKpOMILETIB BU3HA-
YaJii Ha MIKUCIeHOMY cepenoBui Yameka [9].

bioMeTpuuHi NMOKAa3HUKUA POCIMH Ta BpO-
KaMHICTh MIIEHUL 03UMOi BU3HAYAIIU 3T1IHO 13
3arajlbHONPUUHITUMU METOAMKAMH, OIHCaHU-
MU B jiteparypi [12; 13].

st ctatuctiaHOi OOpOOKH eKCTieprMEH-
TaJbHUX JAHUX BUKOPHUCTOBYBAJIM KOMII IOTEp-
Hy nporpamy Statistica 6.0. [InanyBanHns 1 npo-
BEJICHHSI TIOJbOBHUX JOCIIIIB TMPOBOIMIA 32
b. locnexosum [14].

Pe3ynomamu ma ix o6206opennsn. Y Xoi
JOCIIJKEHHSI BIUIUBY OakKTepiid, MOMEPEIHbO
aKTUBOBAaHUX HaHOKapOOKcUIaTaMH METaJIB, Ha
e(eKTHUBHICTh B3aEMOJIII 3 POCIMHAMU TIICHUII]
BCTAHOBJICHO, IO 3a iX IHTPOAYKIIi IiBHIIY-
€THCSI MTOTEHIIIHA a30T(IKCyBalbHA aKTUBHICTD
(ITAA) y pusocdeprnomy rpyHnTi. Tak, npotsarom
YCbOT'O BETeTallitHOro Mepioy JOCIHIIKYBaHUN
MOKa3HUK OyB HaMBUIIMM Y BapiaHTax 13 Oakre-
pHU3aIli€l0 Ta 3aCTOCYBaHHSAM HaHOKapOOKCHIIA-
TiB MeTaliB (puc. 1). YV ¢a3i usirinusa [TAA Oy-
Jla HaWBUIIOKO 1 30UIBIINUIIACH BITHOCHO KOHT-
poutto Ha 32,6 % 3a 00poOku A. radiobacter 204
Ta BHECEHHs1 ABarapy npu nocisi, Ha 32,9 % —
IIpY BUKOPUCTaHHI OaKTepid, KyJIbTUBOBAaHUX Y
cepenoBuIl 3 HaHOKapOokcmiraramu. OJHaK,
Halie(EKTUBHIIINM BHUSIBUJIOCH MOETHAHHS Oak-
tepu3aiii A. radiobacter 204, akTHBOBaHUM Ha-
HOKapOoKcuiaaTamu 3 00poOKoro ABaTapoM Npu
MOCIB1 — a30T(IKCyBaIbHA AKTUBHICTh Y IOMY
BaplaHT1 NePEeBUIIMIIA IOKA3HUKU KOHTPOJIIO Ha
36,7 %. Ilpu mpomy, y BapiaHTI 3 IepeaIociB-
HOIO OakTepu3alli€ro HaclHHSA nuieHull 4. radio-
bacter 204 (no3utuBHMIA KOHTpOJb) [TAA 306i-
JBIINIIACH Y MOPIBHSIHHI 3 KOHTPOJIbHUM Bapia-
HTOM juie Ha 15,8 %.

VY 1H1i Ga3u po3BUTKY POCIHUH a30T(hIKCy-
BaJlbHA aKTHUBHICTh Oyiia HIKYOI, HDK y ¢asi
LBITIHHS, MPOTE BIPOJOBX YChOI'O BereTarii-
HOTO TIepioJy POCIWH 30epiraanuch aHaJIOTITIHI
BUILEONMCAHUM OCOOJIMBOCTI.
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Puc. 1. Bniuse nepeonocienoi 00pooOKu HACIHHA HA NOMEHYIUHY a30M@IKCY8ANbHY AKMUBHICHb

pU30chepHo20 IpyHmy pocaun nueHuyi

OniHka cTaHy yrpynoBaHb MIKpOOpraHiz-
MIB y pu30cHEpHOMY I'PYHTI POCIUH MILIEHHUL1
MoKasajia, [0 3aCTOCYBaHHS HaHOKapOOKcuJa-
TIB CIpHUs€ MiABUIIEHHIO YHMCEIBbHOCTI OakTe-
piii. Tak, mix 4Yac AOCHIIKEHb CHOCTepiraiu
30UIBLIEHHS YHCEJIBbHOCTI aMOHI(IKaTopiB y
I'PYHT1 B yCiX JTOCHIHUX BapiaHTax. 3a OakTe-
pu3alii HaclHHS HATHBHHM IITaMoOM A. radio-
bacter 204 3 omHouacHorw 00poOkor0 ABarta-
POM IX KUIBKICTb 3pOCiia y MOPIBHAHHI 3 KOHT-
posiem Ha 43,8 %, y BapiaHT1 3 BUKOPUCTAHHAM
OakTepiil, aKTUBOBaHUX HaHOKapOOKCHIJIaTaMH
MertaniB, — Ha 52,1 %, a 3a yMOBHM 3acTOCYy-
BaHHS A. radiobacter 204, monepeaHbO KyJIb-
THBOBAHOTO 3 HaHOKapOOKcwWiIaTaMH, Ta 00-
poOku nepen BuciBoM ABarapom — Ha 77,1 %
(tabmn. 1).

Pesynbratu mocnimkens cBimuath mpo 30i1-
JBIIEHHS YUCEIBHOCTI a30T(IKCATOPIB y PU30-
cdepi poC/IMH MILEHUIL: y BCIX BapiaHTax 13 Oa-
KTE€pU3aLI€I0 IX KUIBKICTh BIPOTITHO 30UIbIIY-
Basachk. Tak, 3a mepeAnociBHOI OakTepu3aiii
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HaciHHS HATUBHUM wITaMoM A. radiobacter 204,
KUTBKICTh a30T(dikcaTopiB y puzocdepl pocianH
30UTBIIMIIACE Y/IBIYl, 32 OOpOKH OakTepisMu 1
ABatopom — y 2,7 pa3a. Y BapiaHTax 3 Oakre-
piimu A. radiobacter 204, akTUBOBaHUMHU Ha-
HOKapOoKcuIaTamu, SiKi OyJM 3acTOCOBaHI JUIst
00poOKM HACIHHA SIK OKpPEMO, TaKk 1 pa3oM 3
ABaTapoM, 4HCEIbHICTh MIKPOOPIaHi3MiB J1aHO1
rpynu nepeBuinuia KoHTpoasb y 3,4 1 3,5 paza
B1JITOB1JTHO.

BiporigHoro BmumBy A. radiobacter 204,
KYJIbTUBOBAHOI'O B CEpPEJOBHILI 3 HAaHOKapOOK-
cUjaTaMH, Ha YHCENIbHICTh y pu3ocdepi miie-
HULl OakTepii, 110 POCTYTh Ha KpoXMajo-aMi-
auHOMY arapi, He BCTaHOBJICHO.

[lepeanociBua OakTepu3allisi HaCIHHS TIIIIe-
HUIIl CIIpUsJIa 3MEHIIICHHIO YHCEIIBHOCTI MIKPO-
MilleTIB Yy puzochepHOMY TpyHTI. Y BapiaHTi 3
BUKOpUCTaHHIM A. radiobacter 204, akTuBOBa-
HHUX HaHOKapOOKCcHIaTaMH, Ta ABaTapy MpH I10-
CIBI YHMCENIbHICTh IpUOIB 3MEHIIMIACh HaMCyT-
teBime: Ha 40 % BITHOCHO KOHTPOJTIO.
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Tabauys 1. Bniue nepeonocienoi inOKynAuii HACIHHA HA YUCETbHICMb MIKPOOP2AHI3ZMIE Y
puszocgheprnomy rpynmi pociun nuieHUUi 03UumMor

Mikpoopra-
. . AmoHi(dika- HI3MH, IO ?,a- MikpockormiuHi . A30T- .
Bapiantu nocniny CBOIOIOTh MIHE- ¢ikcyBaibH1
TOPH, MJIH./T . rpubu, THC./T
panbHi hopmu OakTepii, MIIH./T
a30Ty, MJIH./T
be3 Gakrepu3arii, KOHTPOJIb 4,8 +0,7 8,4+0,9 261,0+ 13,3 1,5+0,3
baxrepu3zanis
A radiobacter 204 3,7£0,4 6,6 £0,8 203,0+ 17,6 2,9+0,3
Kowmruiekc MikpoeneMeHTIB 73406 8.0+ 0.9 279.4 +32.8 14402
ABarap
Komrmiekc nanokapbokcu-
JIATIB, MO BUKOPHCTOBYETh- 4,9 +0,4 7,1 £0,6 2755+ 12,6 1,240,1
Csl TIPY KYJIbTUBYBaHHI1
A. radiobacter 204
A. radiobacter 204 + ABatap 6,9+0,4 8,4+0,9 165,3 +25,1 4,0+0,3
A. radiobacter 204,
KyJIbTUBOBAaHMI 3a Aii 7,3+0,4 8,1+0,8 171,1 £15,3 5,1+0,1
HaHOKapOOKCHUJIATIB
A. radiobacter 204, KynbTH-
BOBaHMH 3a Jii HAHOKapOOK- 8,5+04 7,6 +0,6 156,6 + 18,1 5,3+0,2
cwiariB + ABarap

[Tix gac mpoBeaeHHS MOJBLOBUX JOCIIKEHb
BII3HAYEHO 30UIBIIIEHHS MAaCH POCIWH MIICHUI
y BapiaHTax 13 OakTepuzauieto 4. radiobacter 204.
3okpeMa, y ¢a3i cXo/liB y BapiaHTax 3 BUKOpUC-
TauuaM  A. radiobacter 204, axKTUBOBAHOIO
HaHOKapOOKCHUJIaTaMH Ta y BaplaHTi 3 OJHOYAC-
HOIO OakTepu3alli€lo HaciHHs 1 00poOKoto ABa-
tapom mpupict mMacu 100 pociauH CTaHOBUB,
BianoBinHo, 44,1 % ta 50,0 % (Tabmn. 2). Ana-
JIOTIYHA 3aJIEKHICTh IPOCTEXYBaJlach YIpPO-
JIOBX YChOT'O BEr€TAIIMHOTO TEPIOy.

OTpuMaHO TakOoX MO3UTHBHI pe3yjibTaTH
II0JI0 BIUIUBY TE€PEANOCIBHOT 0OpOOKH HACIHHS
MIIEHUIl Ha CTPYKTYpy BpOXKai0 Ta BpOKail-
HICTh KYJbTYpH. 3aCTOCYBaHHSI HaHOKapOOKCH-
JaTiB 'y MO€JHAHHI 3 OaKkTepHU3ali€l0 HACIHHS
BIUIMHYJIO Ha 30UIbIIEHHS BHUCOTU POCIIUH.
3a Oakrepu3anii 4. radiobacter 204, sxi Oynu
aKTMBOBaH1 HAHOKapOOKCUIaTaMU METaJIB, Ta Y
BapiaHTl 3 OakTepu3alli€lo 13 OJHOYACHOIO 00-
poOKOI0 ABaTapoM BUCOTa POCIHH IEPEBULIHIIA
KoHTposbHI Ha 21,5 % 1 23,9 % BignmoBigHO
(tabn. 3). [lepenmnociBaa 0OpoOka HaciHHs Oak-
TEepIIMHA CyMICHO 3 ABaTapoM 3a0e3rnednsia Imiji-
BUILIEHHS JIOCHPKYBAaHOTO  IOKa3HHWKa Ha
22,4 % y NOpIBHSAHHI 3 KOHTPOJIEM.
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VY xoAi MpoBEEHUX JOCTIIKEHb BCTAHOB-
JIEHO BIUIUB NEPEANnociBHOI 0OpoOKM HAaciHHS
Ha 30UIbLIEHHSI KUIBKOCTI 3€pEH B OJIHOMY KO-
noci. Tak, HaliBUIIl NMOKa3HUKU OTPUMAHO Yy
BapiaHT1 3 OakTtepuszauiero A. radiobacter 204,
aKTHBOBAaHMMM HaHOKapOOKcuiIaTaMHu, Ta OJ-
HOYAaCHOI'0 BUKOPUCTAaHHS KOMILJIEKCY MIKpoe-
neMeHTiB ABartap. KutbKicTh 3epeH y Kojoci
30UIBLINIIACH BIAHOCHO TMO3UTHUBHOIO Ta alco-
JIOTHOTO KOHTPOJIIO, BIAMOBIMHO, HA 19,3 % Ta
Ha 44,1 %.

30ubmmnack 1 maca 1000 3epen. HaiiOinb-
LIUI IpupicT Bi3HaYeHo 3a OakTepusalii 4. ra-
diobacter 204, KynTbTUBOBAHOTO 3a i1 HAHOKAp-
OOKcHUIaTIB, 13 OJHOYACHUM 3aCTOCYBAHHSM
npenapatry ABatap: Ha 9,8 % BiTHOCHO MO3UTHU-
BHOTO KOHTpoJto Ta 13,9 % BigHOCHO aGCoIOT-
HOT'O KOHTPOJIIO.

Haii6inp1ie niABUILIEHHS BPOXKAMHOCTI CIIO-
cTepirajii y BapiaHTl 3 BUKOPUCTaHHSM A. ra-
diobacter 204, axTMBOBaHMMH HaHOKapOOKCHU-
JaTaMH, y TO€JHAHHI 3 KOMIUIEKCOM MIKpoelie-
MEHTIB ABarap. Y JaHOMY BapilaHTI BpoOKail-
Hicte 3pocna Ha 0,48 t/ra (11,7 %) BimHOCHO
MO3UTUBHOTO KOHTpoimto Ta Ha 0,90 1/ra
(24,4 %) BimHOCHO aOCcOIIOTHOTO (Ta0. 4).
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Tabauys 2. Bniue nepeonocienoi 00pooKu HacinHa nueHuui Ha YopMyeanHa macu pociuH

Maca 100 cyxux pocnuH, T
Bapiantu nocniny ¢aza ¢aza (aza ¢aza ¢aza basa .
. . BUXONY Y . . MOJIOYHO1
CXO/I1B KYIIIIHHﬂ KOJIOCIHHA IIBITIHHSA .
TpYOKy CTHUIJIOCTI
Bes Gaxrepusanii, 34402 | 11,5+1,0 | 53.0+1.2 |153,5+9.5/196,8 + 6,6 [2583 + 12.4
KOHTPOJTb
baxrepusain 41402 | 13,9407 | 584+2,0 [182,0+9,9(2243 + 6,4 2953+ 14,7
A. radiobacter 204
Komrrexe mikpoese- 39+0,1 | 10,8+1,7 | 52.5+2.1 |159.4+ 10,5 187.8 £ 9,7 |234,0£23.0
MEHTIB ABarap
Kommiekc HaHOKapOOK-
CUJIATIB, O BUKOPUCTO= | 5 (), 4 | 11,1£0,9 | 53.5+2.4 [157.8+ 10,4/ 194,0+9.,5|238,5+£27.2
BYETbCS MPU KYJIbTUBY-
BaHHI1 A. radiobacter 204
A. radiobacter 204 + 47+02 | 143+05 | 651+2,1 |205,0+5.4(248,5+5,2(349,0+ 174
ABarap
A. radiobacter 204,
AKTHBOBAHHil HaHokap- | 4,9+02 | 14,009 | 66,3 2,3 [208,3 + 10,1/246,3 = 6,2 [350,8 + 18,0
OOKCHUIaTaMU
A. radiobacter 204,
AKTHBOBAHMil HaHoKap- | 5,1 +04 | 13,8+0,7 | 73,4 +£3,9 |232,8+7,4(245,0+7,1[389,1 £ 11,6
OokcmiaTamu, + ABarap

Tabauys 3. Bnaue nepeonocienoi 00poOKu HACIHHA HA 6UCOMY POCTIUH MA CHPYKHLYPY 6PO-

JHcaro nueHuyi 03umor

KinbkicTs
BapianTtu nocniny Bucora 3epeH B OJTHOMY Maca

P POCIMH, CM KOOCL. OJ1 1000 3epen, r
be3 6akrepu3arii, KOHTPOJIb 91,03 + 1,57 21,04 £0,14 44,03 £ 0,80
bakrepuzamis A. radiobacter 204 98,59 +2,12 25,68 £ 0,29 46,89 + 0,54
Kommiekc mikpoenemeHTiB ABarap 92,89+ 1,72 20,50 £ 0,28 44,08 £ 0,52
Kommiexc HanokapOoKcHIiIaTis, 1mo
BUKOPHUCTOBYETHCS MPU KYJIbTUBYBaHHI1 93,78 £ 1,33 20,80 + 0,58 42,99 + 0,87
A. radiobacter 204
A. radiobacter 204 + ABatap 111,41 £1,95 27,99 £ 0,37 48,14 £ 0,71
A. radiobacter 204, akTHBOBaHUI 110,62 £2.11 28.32 + 0,20 48.36 + 0,81
HaHOKapOOKCcHUIIaTaMu
A. radiobacter 204, akTHUBOBaHUK 112.83 + 1,65 3031 40,17 50,16 + 0,55
HaHOKapOokcuiaatamu, + ABaTtap

OTtpuMaHi pe3yabTaTH IOCIIHDKEHb MOXHA
MOSICHUTH TUM, IO JI0JIaBaHHSI B CEpPEIOBHILE
Uig KylbTuBYBaHHs A. radiobacter 204 HaHo-
KapOOKCUIIaTIB 3a0e3Ieuye MiABUIIICHHS POCTO-
BOi 1 a30T(}IKCyBaIbHOI aKTUBHOCTI OakTepii,

ISSN 1997-3004

10 MO€ MO3UTHBHO BIUIMHYTH HA a30THE KUB-
JeHHsT pociiuH. JlolaTKoBE BHECEHHSI HaHOKap-
OokcuaTIB y BUIVISAL IpemapaTy ABarap, Ha
Hally JIyMKy, Ma€ NOJBIMHY [ii0: MO-IEpILE,
3a0e3medye pOCIMHH MIKPOEIEMEHTaMH, IO
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Tabauys 4. Bnnue nepeonocienoi 00pooOKu HACIHHA HA YPOMHCAUHICMb RULEHUUT 03UMOT,

noavosi oocniou (2015-2017 pp.)

. . VYpoxaltHicTb, T/Ta [Ipupict
Bapiantu nocnigy

2015 p. | 2016 p. | 2017 p. | cepenne | T/ra %
be3 6akrepu3arii, KOHTPOJIb 3,16 4,10 3,80 3,69 - -
bakrepuszamis A. radiobacter 204 3,61 4,49 4,22 4,11 0,42 11,4
Kommiekc mikpoenemeHTiB ABarap 3,38 4,31 4,03 391 0,22 6.0
Kommiexc HanokapOoKcHIiIaTis, 1mo
BHUKOPHUCTOBYETHCS IPH KylbTuBYBaHH1| 3,09 4,12 3,99 3,73 0,04 1,1
A. radiobacter 204
A. radiobacter 204 + ABatap 3,82 4,78 4,54 4,38 0,69 18,7
A. radiobacter 204, akTHBOBaHUI 3.80 4,80 4,61 4,40 0.71 19.2
HaHOKapOOKCHUIIaTaMu
A. radiobacter 204, akTHBOBaHUI 4,03 4,98 4,77 4,59 0.90 244
HaHOKapOokcuiaramu, + ABaTtap
HIPys 0,26 0,26 0,22

CHpUs€ IHTEHCUBHIIIOMY pPO3BUTKY IIIEHMII]
03MMOi, a MO-Apyre, BIUIMBAaE Ha (YHKIIIOHY-
BAaHHS KOMIUIEKCY pU30C(HEpHUX MIKpOOpraHis-
MIB, PO 110 CBIAYATh AaHi Tabm. 1.

OTXe, y TEXHOJOTIi BUPOIIYBAHHS IIIlIe-
HUIIl 03UMOI JOUUIPHUM € 3aCTOCyBaHHS Oak-
tepil A. radiobacter 204, akTUBOBaHOI HaHOKa-
pOoKcHuIaTaMu METalliB, CYMICHO 3 IIpernapaToM
ABartap. 3a BHUKOPHUCTaHHS JaHOIO Aarponpu-
oMy B pusochepi POCIUH ONTUMI3YETHCS
CKJIaJl yrpyloBaHb MIKPOOPraHi3MIB Ta mepeoir
mporecy aszoTdikcailii, 3pocTae ypOKalHICTh
KYJIbTYpH.

1. Mar. 38391 Ykpaina, MIIK C 07 C 51/41,
C 07 F 5/00. Cnioci6 oTpuMaHHS KapOOKCHIIATIB Me-
taniB «HaHOTeXHONIOTisS OTpUMaHHS KapOOKCHIIATIB
metanisy / M. B. Kocinos, B. I'. Kamnynenko. —
3asBi. 08.09.08 ; ony6:1. 12.01.09, 6rom. Ne 1.

2. OrypioB A. H. Hanobuorexuonorus. OcHO-
BBl MOJIEKYJISIpHOM OuorexHomoruu / A. H. Oryp-
11oB — XaprkoB : XIIH, 2010. — 384 c.

3. Kanmynenko B. T'. PeanbHi nepcnektuBy Bu-
KOpUCTaHHS 3/I00YTKIiB HAHOTEXHOJOTiIH y BeTepu-
HapHiii npaktuni / B. T'. Kamnynenko, 1. K. ABno-
c’eBa, A. I'. [Tamenko / HaykoBo-TexHIuHul OroJie-
TeHb [HcTHTYTY Oionorii TBapuH i epaBHOro Hay-
KOBO-JIOCITIIHOTO KOHTPOJILHOTO 1HCTHTYTY BET-
npenapatiB Ta KopMoBHX mgobaBok. — 2014. —
Bum. 15, Noe 4. — C. 252-260.

4. Mar. 1621433 CCCP, MIIK C 05 F 11/08,
C 12 N 1/20. lItamm Gaktepuit Agrobacterium ra-
diobacter 204 nnst mpou3BOACTBA OAaKTEPHATHLHOTO
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ynobpenus non puc u mimennity / H. K. Iepcro-
6oes, A. B. Xorsnosuu, B. ®. Ilateika. — 3asBIL.
28.09.88 ; omy6u. 15.09.90.

5. Influence of nanocarboxylates of microele-
ments on Rhizobium radiobacter 204 growth-
regulating activity / S. F. Kozar, E. P. Symonenko,
V. O. Lynnyk, V. H. Kaplunenko // Cinscpkorocrio-
Japchka MIKpoOiomoris MDKBiJ. TeMmaT. Hayk.
30ipu. — Yepniris, ICMAB HAAH, 2015. —
Bum. 22. — C. 3-8.

6. HaykoBi OCHOBM arpornpoMHCIOBOTO BUPOO-
HuirrBa B 30H1 [Tomices 1 3axigHOrO periony Ykpai-
Hu / [M. B. 3y6ens, B. I1. Cutnuk, B. O. Kpyts Ta
in.]. — K. : Ypoxkaii, 2004. — 560 c.

7. YmapoB M. M. AneTmieHoBBIi MeTOJ HU3Y-
YCHUS a30T(PHUKCAIMM B IMOYBEHHO-MHKPOOHOIOIH-
yeckux uccienosanusax / M. M. Ymapos // Ilouso-
BeaeHue. — 1976. — Ne 11, — C. 119-123.

8. The acetylene-ethylene assay for N, fixation:
laboratory and field evaluation / Hardy R. W. F.,
Hotsren R. D., Jackson E. K., BurnsR. C. // Plant
Physiol. — 1968. — Vol. 43, Ne 8. — P. 1185—1207.

9. Termep E. 3. [Ipaktukym 1o MHKpPOOHOIIO-
run / E. 3. Tenmmep, B. K. lllunenukosa, I'. U. [epe-
Bep3eBa ; [pen. IlunpnukoBoit B. K.]. — 6-e u3n.
nepepad. u gon. — M. : JIpoda, 2005. — 256 c.

10. ExcriepuMeHTalbHa TIPYHTOBA MIKp0Oio-
moris  / [B.B.Bonkoron, O.B. Haagkepununa,
JI. M. TokmaxoBa Ta iH]; 3a Hayk. pea. B. B. Bon-
xoron. — K. : Arpap. Hayka, 2010. — 464 c.

11. Meroapl MOYBEHHON MUKPOOUOIOTHUHU U OU-
oxumuu / JI. I'. 3psrunnes, WM. B. Aceesa, U. I1. ba-
obeBa, T.I. Mupunsk ; mox pex. /. I'. 3Barunie-
Ba— M. : I3g-Bo MI'Y, 1980. — 224 c.

12. Meroauka HayKOBUX IOCTIIKEHb B arpo-
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womii / [E.P. Epmantpayr, A.C. MaJarHOBCBKHIA,
B.T. dimopa Ta iH.]. — Xuromup : XHAEY,
2010. — 124 c.

13. OcHOBHY HayKOBHX JOCIIIKEHb B arPOHOMII /
B. O. €menko, II. I'. Komutko, B. I1. Onpumiko,

MUKPOBHOIIEHO3 PU3OCHEPHON
IMOYBbI U NPOAYKTUBHOCTD
MIIEHAIIBI O3UMOM ITPU
HCIIOJIb30BAHVM BAKTEPUI
AGROBACTERIUM RADIOBACTER 204,
AKTUBUPOBAHHBIX HAHOKAP-
BOKCHUJIATAMHU METAJIJIOB

C. ®. Ko3zap, T. A. EBTy1ICHKO,
T. O. Ycmanosa, E. I1. CumoHeHko

HHCTUTYT cenbCKOX03sICTBEHHON MUKPOOHUOTIOTHH
Y arponpoMBIIIIeHHOro mpon3BoacTBa HAAH,
r. UepHuros

Hzyuena sghghexmusnocms  npeonocesmoii
UHOKVIAYUU CeMsAH NUEeHUYbl O3UMoll Oakme-
pusmu Agrobacterium radiobacter 204, npeo-
8APUMENILHO  AKMUBUPOBAHHBIMU HAHOKAPOOK-
cunamamu mMemanios, a makdxice npenapama
Aeamap (kKomniekc MUKpOd1eMeHmo8 — HAHO-
KApOOKCUNAMO8 Memaiios), NPUMEHEHHbIX CO-
emecmno u pasoenvro. Coemecmnoe npumene-
Hue Oaxmepuzayuu u KOMNIEKCA MUKpPOIJie-
MEHMO8 NOJIOHCUMENbHO 6lUsem HA MUKPOOUO-
YeHo3 puzocghepHoll no48bl pacmeHull NULeHUYbl
O3UMOU. OMMe4eHO YBenudeHue YUCIeHHOCMU
ammonugpuxkamopos (om 43,8 % oo 77,1 %),
azomghukcupyrowux o6axmeputi (om 2,7 00
3,5 pas), npu smom ymenvuiaemcs KOIU4ecmeo
mukpomuyemos. I[lpeonocesnas baxmepuszayus
U UCNONb308AHUE HAHOKAPOOKCUNAMO8 MemdJl-
7108 cnocobcmeyem 803pacmanuio NOMeHYUalb-
HOU  azomepuxcupyrowe aKmugHOCMuU pPu3o-
cghepHoll NOUBLL U NOBLIUEHUIO YPOHCAUHOCTIU
Ha 24,4 % 6 cpasHeHuu ¢ KOHMPOIbHLIM 8aPU-
AHMOM.

KiroueBsie cnoBa: Agrobacterium radio-
bacter, 6axkmepuzayus, ouazompoguvl, HAHO-
KapOOKCUIamol.  a30M@QUKCUpyowas aKmus-
HOCMb, NUUEHUYA O3UMAS.
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B. I1. Kocrorpuz. — K. : [is, 2005. — 288 c.

14. locnexoB b. A. Meroaunka 1moJjIeBOro OIbITa
(c ocHOBaMU cTaTHCTHYECKOI 00paboTKU pe3ynbTa-
ToB uccnenopanuil) / b. A. locnexoe — M. : Ko-
noc, 1985. — 351 c.

MICROBIOCENOSIS OF RHIZOSPHERIC
SOIL AND PRODUCTIVITY OF WINTER
WHEAT UNDER THE USE OF
AGROBACTERIUM RADIOBACTER 204,
ACTIVATED WITH
NANOCARBOXYLATES OF METALS

S. F. Kozar, T. A. Evtushenko,
T. O. Usmanova, Ye. P. Symonenko

Institute of Agricultural Microbiology and
Agroindustrial Manufacture, NAAS, Chernihiv

The effectiveness of pre-sowing inoculation
of winter wheat seeds with Agrobacterium
radiobacter 204, pre-activated with nanocarbo-
xylates of metals, and the preparation Avatar
(a complex of trace elements — metal nanocar-
boxylates), applied in combination and sepa-
rately, was studied. The combined application
of bacterization and a complex of trace elements
positively affects the microbiocenosis of the
rhizospheric soil of winter wheat: an increase in
the number of ammonifiers (from 43.8 % to
77.1 %), nitrogen-fixing bacteria (from 2.7 to
3.5 times) was noted, while the number of
micromycetes reduced. Pre-sowing bacterizati-
on and application of nanocarboxylates of met-
als contributes to the increase of the potential
nitrogen-fixing activity of rhizosphere soil and
increase of wheat yield by 24.4 % compared
with the control variant.

Key words: Agrobacterium radiobacter,
bacterization, diazotrophs, nanocarboxylates,
nitrogen fixation activity, winter wheat.
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