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Aim. Detection of representatives of saprophytic (Bacillus thuringiensis, Alcaligenes
faecalis, Lactobacillus plantarum) and pathogenic (Agrobacterium spp.) microbiota in
flowers and berries of grape. Materials and Methods. Flowers, non-damaged green and
ripe berries of grape were selected from a vineyard of Vitis vinifera L. cv Pinot noir located
in Odessa region in May, July and September 2018, accordingly. Flowers or berries were
homogenized and lefi for autofermentation process for 7 days. Real-Time polymerase chain
reaction to detect species B. thuringiensis, L. plantarum, A. faecalis and Agrobacterium
tumefaciens, Agrobacterium vitis was carried out with DNA isolated from the resulted
fermented homogenate. Results. B. thuringiensis was prevalent among the tested species:
these bacteria were identified in 50% of samples of grape flowers, in 90% of green berries
and 20% of samples of ripe berries. L. plantarum was not detected in flowers, but these
bacteria were identified in green and ripe berries (10% of tested samples). Results confirm
literature data about the presence of B. thuringiensis and L. plantarum on grape. For the
first time, we detected A. faecalis and Agrobacterium spp. in flowers and berries of grape.
A. faecalis was found in 20% of flower samples, 60% of green berries and 20% of ripe
berries. Agrobacterium spp. were detected in flowers and green berries (10% of samples),
and in ripe berries these microorganisms were not found. Amount of detected species
increased in green berries compared with the flowers, and decreased in ripe berries.
Conclusions. For the first time, we detected A. faecalis and Agrobacterium spp. in flowers
and berries of grape. Coexistence of phytopathogenic agrobacteria and their potential
antagonists — Bacillus thuringiensis, Alcaligenes faecalis and Lactobacillus plantarum in
one ecological niche (flowers and green grape berries) was revealed.

Keywords: Bacillus thuringiensis, Lactobacillus plantarum, Agrobacterium
tumefaciens, Agrobacterium vitis, Alcaligenes faecalis, saprophytic microbiota,
phytopathogens, Vitis vinifera.

Microbiota of plants is a source of new strains perspective for
biotechnology. Bacteria with strong antagonistic activity could be used for
development of biological preparations for plant protection [1; 2]. Bacteria
with GRAS (Generally Recognized As Safe) status and beneficial technological
characteristics could be selected as starter cultures for fermentation of food
products and beverages [3; 4].

Microbiota of grape is usually studied from the point of its possible influence
on fermentation process and quality of wine [5; 6]. But some representatives of
grape microbiota could be studied not only from the point of view of oenology,
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but also as perspective microorganisms for plant protection. According to
investigations of Mezzasalma et al. (2017), grape microbiome includes 44
orders and 73 families of microorganisms. Bacteria from order Bacillales [7;
8;9; 10; 11] and family Pseudomonadaceae [12; 13; 14; 15; 16] were found
most often. Many representatives of these groups are characterized by strong
antagonistic activity against phytopathogens and stimulation of plant growth
[17; 18; 19]. For instance, some Bacillus spp. are known for their antagonistic
effect on pathogenic agrobacteria — crown gall agents [20; 21; 22]. The
prevalent species of bacilli on grape is Bacillus thuringiensis [8; 14; 23].

Besides the mentioned bacteria, in grape berries representatives of
B-Proteobacteria Class — microorganisms of order Burkholderiales [7]
were found. One species from this order — Alcaligenes faecalis is known
for its antagonistic activity against some phytopathogens [24; 25] including
pathogenic Agrobacterium tumefaciens [26].

Lactic acid bacteria from genus Lactobacillus could be found during
fermentation of grape must, but without preliminary enrichment they were
detected just in few samples of berries in amount not exceeding 1,8% from total
bacterial population [7]. Opposite, fermentation of crushed berries resulted in
increase of quantity of lactobacilli (10>~10* CFU/ml) and allowed to identify
the species [10; 23; 27; 28]. Lactobacilli with their strong antagonistic activity
were proposed for organic agriculture as antagonists against phytopathogens
[29; 30] including crown gall agent 4. tumefaciens [31].

Representatives of genus Agrobacterium were isolated from stems, roots,
bark, rhizosphere [12; 15; 32; 33], leaves and dormant buds of grape [34]. Till
this time agrobacteria have not been detected in flowers and berries of grape,
such data were described only for tomato fruits [35].

Taking into account the wide spectrum of representatives of plant
microbiota, isolation of strains antagonistic against certain phytopathogens
should be carried out from plants — hosts of these phytopathogens. Coexistence
in one ecological niche could result in increase of antagonistic reactions due
to competition [36], and isolated strains could exhibit stronger potential for
biotechnology of plant protection. Taking into account the results of previous
investigations that showed antagonistic effect of Bacillus spp., A. faecalis and
L.plantarum on phytopathogens Agrobacterium vitis and A. tumefaciens under
laboratory conditions and on test-plants [20; 21; 26; 31], it was necessary
to study the possibility of coexistence of all these microorganisms in one
ecological niche on a plant.

The aim of this work was to detect representatives of saprophytic (Bacillus
thuringiensis, Alcaligenes faecalis, Lactobacillus plantarum) and pathogenic
(Agrobacterium spp.) microbiota in flowers and berries of grape.

Materials and Methods. Flowers, green and ripe berries of grape were
selected from a vineyard of Vitis vinifera L. cv Pinot noir located in Odessa
region in May, July and September 2018, accordingly. Chemical, biological
pesticides or fertilizers have never been applied on this plot. Non-damaged
flowers and berries, without any symptoms of diseases or insect damage were
selected from 10 plants growing on a distance of 2 m from each other.
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Flowers or berries were homogenized in sterile plastic tubes and left for
autofermentation process without addition of any solutions [9] for 7 days at
24 — 25°C. Investigations were carried out in three repeats.

After 7 days, DNA from enriched bacterial cultures was isolated by test
kit SureFast Prep Bacteria (Congen, Germany) according to manufacturer
instruction. Real-Time polymerase chain reaction (PCR) was carried out with
reaction mixture ssoFast Master Mix SYBER green (Bio-Rad, USA), which
contained all the components except the primers. Real-Time PCR assay was
used instead of classic PCR taking into account the possible little quantity of
DNA of tested microorganisms in samples of plant material [37].

L. plantarum was detected with primers planF and pREV according to
Torriani et al. (2001) [38]. Bacteria of A. faecalis species were found with primers
1F/2R according to Nakano et al. (2014) [39]. B. thuringiensis was identified
using primers gro2F and gro2R according to Park et al. (2007) [40]. Detection
of Agrobacterium spp. was carried out with primers VCF and VCR according
to Suzaki et al. (2004) [41]. Use of this primer pair allowed to detect presence
of two phytopathogenic species inhabiting grape — A. vitis and 4. tumefaciens —
simultaneously [41].

Real-Time PCR assay was carried out in a thermocycler CFX96 Real-Time
System Bio-Rad (USA) using the following parameters: initial denaturation —
95°C — 8 min, after 40 cycles (95°C — 10 s, 60°C —30's, 72°C — 1 s). DNA of
L. plantarum was detected using annealing temperature 56°C [38].

Results. Real-Time PCR data showed the presence of pathogenic
Agrobacteria spp. and commensal L. plantarum in two samples of plant
material from all tested (Fig. 1, A, D), saprophytic A. faecalis — in 10 samples
(Fig. 1, B), and ubiquitous B. thuringiensis — in 16 samples (Fig. 1, C).

700 i 200
: /7/“ 700
600 il e
600
500 : 3
: 500
400 : E
2 ; // ; 400
2 wi. TR / b € L.
6 —— B o
ok : . ot
0 10 2 0 P 0 10 20 0 Py
Cvcle: Cycles
1000 ;
500 § /
7
800 1 G P
I
600 ] 30 1

RFU

400 4

RFU
8
~i. :
. \\ 1

200

20
Cycles

20

Cycles

Fig. 1. Graphical representation of Real-Time PCR data showing relative fluorescence
units measured during amplification of total DNA from flowers and berries of grape with
primers specific to gene sequences of: A — Agrobacterium spp., B — Alcaligenes faecalis,
C — Bacillus thuringiensis, D — Lactobacillus plantarum
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According to the results of Real-Time PCR, Table 1 describing the
occurrence of microorganisms on flowers, green berries and ripe berries
was created. Presence of detected bacteria was not regular. Thus, tested
microorganisms were found on grape in different vegetation phases — on
flowers and berries (Table 1, Fig. 1).

Table 1
Results of detection of the tested bacterial species in grape samples
Type of Number of plant samples
samples 1 2 3 4 5 6 7 8 9 10
B.t. | B.t. B.t. B.t. | B.t.
Flowers Af. Af.
A.spp.
B.t. | B.t. B.t. B.t. | B.t. | B.t. | B.it. | L.p. | B.t.
Green berries | A.f. Af. Af. Af. | B.t. | Af.
A.spp. Af.
Ripe berries B.t. Af. B.t. L.p. | Af.

Note: B.t. — Bacillus thuringiensis; L.p. — Lactobacillus plantarum; A.f. — Alcaligenes faecalis; A.
spp. — Agrobacterium spp.

There was an exception: none tested microorganisms were found on flowers
and berries of plant Ne4. In plants Ne3 and Ne9 the majority of tested species
were identified. But all four bacterial species were detected in none of the
plants.

B. thuringiensis was identified most often — totally in 16 samples from
30 investigated (53,3% of samples). Species A. faecalis was found in 10 samples
from 30 (33,3%), that also point out the wide spread of these bacteria on grape.
Lactobacilli and agrobacteria were detected in 6,7% of samples (Fig. 2).

Amount of detected species increased in green berries compared with the
flowers, and decreased in ripe berries. Thus, in ripe berries of the plants Ne2,
No5, Ne7, Ne8 none tested species were found, and in the plants Nol, Ne3,
Ne6, Ne9, Nel10 amount of detected species decreased to one. In flowers tested
microorganisms were present in 50% of samples.
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Fig. 2. Amount of samples (%) with detected microorganisms
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In grape flowers B. thuringiensis was prevalent among the tested species: it
was detected in 50% of samples (Fig. 3).
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Fig. 3. Amount of samples (%) of flowers, green berries and ripe berries with detected
microorganisms

In flowers from two plants (Ne3 and Ne9) A. faecalis was detected (20%
of samples). Besides, on plant Ne3 Agrobacterium spp. were found in green
berries together with bacilli and A. faecalis, but after, in ripe berries they were
no longer detected.

In green berries, bacilli were also prevalent among the tested species —
90% of samples contained these bacteria, and A. faecalis was found also in
significant amount of samples — in 60%.

In ripe berries species B. thuringiensis and A. faecalis were detected in
equal quantity of samples (20%).

L. plantarum was not found in flowers, but this species was detected in
green, and after — in ripe berries of the plant Ne9.

Thus, green berries retained the highest amount of the tested species, and
ripe berries — the lowest.

Discussion. Our results confirm literature data about the presence of
B. thuringiensis and L. plantarum on grape [7; 8; 9; 10]. As for Alcaligenes
spp., there are just few works about isolation of these bacteria from grape, and
they are mentioned as inhabitants of plant vessels [26; 42]. For the first time,
we detected A. faecalis in flowers and berries of grape.

Presence of agrobacteria in flowers and fruits was earlier described for
tomatoes [35], and for the grape we detected Agrobacterium spp. in flowers
and berries for the first time.
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Microbiota has a lot of influence on plants. Thus, it was shown that on
vigorous plants high amount of microorganisms with phytostimulating activity
were found [43]. It could be suggested that presence of B. thuringiensis, L.
plantarum and A. faecalis — species with described phytostimulating activity
[18; 22; 44; 45], has a favorable effect on grape plants. Presence of the
phytopathogens Agrobacterium spp. in the same ecological niche indicates
the possibility of coexistence of the studied species despite the fact that under
laboratory conditions and on test-plants the mentioned saprophytic bacteria
inhibited these pathogens [20; 21; 26; 31].

Few investigations on microbiota of flowers are described [14; 35; 46; 47].
It is known that flower microbiome is more diverse than microbiome of leaves
[47]. Some bacterial taxons were specific for flowers and fruits and could not
be found in other parts of the plants as it was described for tomatoes [35].
High occurrence of representatives of Lactobacillus genus was detected in
flowers of apple on the third day after the start of blooming [47]. Compant et al.
(2011) found that amount of endophytic cultivated microbiota in flowers and
berries of grape gathered in Austria reached 2,77 + 1,08 Ig/g. High diversity
in species of bacilli was revealed, including B. thuringiensis inhabiting both
flowers and berries and seeds of grape [14]. For the first time, we found that
grape flowers and berries could be inhabited by such species as 4. faecalis and
Agrobacterium spp. Pinto et al. (2014) showed the presence of bacteria from
the family Rhizobiaceae on grape leaves, but the species in this study were not
detailed [13]. Agrobacteria — the representatives of this family — have been
previously found only in flowers and fruits of tomato by Ottesen et al. (2013).

Species diversity of grape berries microbiota is influenced by a large
number of factors such as geographical location, climate, cultivation technique,
presence of insects, microbial interactions, cultivar of grape, maturity stages of
berries and their damage [5; 48]. Amount of microorganisms on green grape
berries is usually higher (10° — 10° CFU/g) than on ripe berries (10°— 10* CFU/g)
[9]. Species B. thuringiensis was prevalent on grape berries in investigations
of previous authors, and amount of these bacteria on a phase of green berries
reached 10? - 10° CFU/g depending on a vineyard and cultivar, and decreased
till 10 — 10> CFU/g on a phase of ripe berries [9]. In our investigations bacilli
were also prevalent among the tested species, inhabiting green berries of 90%
of the plants (Fig. 3), and their occurrence significantly decreased (till 20%) in
ripe grape berries that confirmed the data of previous authors.

Lactobacilli have not been found before in green grape berries [9; 23].
Occurrence of Lactobacillus spp. on ripe berries is widely studied due to
possible effect of these microorganisms on fermentation of must [7; 10; 23;
27; 28]. Amount of lactic acid bacteria on grape berries usually does not exceed
10-10*CFU/g, and represented by such species as L. plantarum, L. hilgardii,
L. casei, L. sanfranciscansis, L. lindneri, L. kunkeei, L. mali, L. brevis, L.
parabuchneri, L. paracasei, L. acidophilus, L. bifermentans, L. nageli [5; 10;
23; 49]. We detected the presence of L. plantarum in green berries of one plant
in which these bacteria retained also on a phase of ripe berries (Table 1). In
grape flowers lactobacilli were not found. Our results confirm literature data
about the non-regular occurrence of Lactobacillus spp. in grape samples [7; 9].
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Study of succession of species in must from grape gathered in German
vineyards showed that Bacillus spp. could be isolated on nutritional media in
the fourth week of spontaneous fermentation, and lactobacilli (L. buchneri,
L. paracasei) could be isolated after two weeks of fermentation [27]. Bae et al.
(2006) revealed L. plantarum in berries from Australian vineyards on the 5
day of autofermentation when concentration of bacteria of this species reached
2,8 x 10° CFU/g and increased on the 10" day till 1,4 x 10" CFU/g [23]. We
found lactobacilli after seven days of autofermentation of samples gathered
both in July and September, which indicated that L. plantarum occured both
on green and ripe berries.

Representatives of order Burkholderiales were found in grape berries by
Mezzasalma et al. (2017), but species inside this order were not identified [7].
We found one species from the order Burkholderiales — A. faecalis, in green
and ripe berries, and these bacteria were detected in 60% of samples of green
berries that indicates their significant spread on grape plants. A. faecalis was
also found in must where the quantity of samples with this microorganism
decreased to 20% — the same as for bacilli.

Different content of bacterial species on grape plants probably depends
on different inoculation sources. It is known that insects play important role
in microbial colonization of grape berries [50]. We found the differences in
species content of the tested microorganisms for flowers and green and ripe
berries of grape cultivated in the south of Ukraine.

For the first time, we detected 4. faecalis and Agrobacterium spp. in
flowers and berries of grape. Coexistence of phytopathogenic agrobacteria
and their potential antagonists — Bacillus thuringiensis, Alcaligenes faecalis
and Lactobacillus plantarum in one ecological niche (flowers and green grape
berries) was revealed. If phytopathogens and antagonistic saprophytes are
able to coexist, it makes it necessary to monitor the effectivity of biological
preparations after inoculation of plants.

BUSABJIEHHA ®ITONMATOTEHIB AGROBACTERIUM SPP. TA IX
AHTATOHICTIB BACILLUS THURINGIENSIS, ALCALIGENES
FAECALIS TA LACTOBACILLUS PLANTARUM Y KBITAX
TA ATOAAX BUHOT PALLY

H. JIimancoka, M. I'ankin, I. Mapunosa, B. leanuys

Ooecviuil Hayionanvhuil yHisepcumem imeni 1.1. Meunuxosa,
eyn. [leopsancoka, 2, Odeca, 65082, Ykpaina

Pesome

Meta. BusiBnenns npeactaBHukiB canpoditHoi (Bacillus thuringiensis, Alcaligenes
faecalis, Lactobacillus plantarum) Ta narorenHoi (Agrobacterium spp.) MiKpoOIOTH Yy KBi-
Tax Ta sArofax BuHOrpany. Marepiaau i Metonu. KBiTH, HeyImIKomKeHI 3eJIeH] Ta CTHTIL
SITONIM BiOWpay Ha BUHOTPAIHUKY Vitis vinifera L. copty I1ino yopuuit B Onechkiii 00-
JIacTi y TpaBHi, JumHI Ta BepecHi 2018 p. BiamosiaHo. KBiTi ab0 sAroau roMOreHi3yBaiu i
3aIUIIATH TS TIPOIiecy ayTopepMeHTallii Ha 7 IHiB. 3 yTBOpeHOTO (hepMEHTOBAHOTO TO-
morenaty Bunuisuii JITHK i 3 Hero mpoBoAMIIz NOMiMEpa3Hy JIAHIFOTOBY PEaKIIilo y peajib-
HOMY Yaci Jy1s1 AeTeKiiii BUmiB B. thuringiensis, L. plantarum, A. faecalis Ta Agrobacterium
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spp. PesyabraTu. Cepes JOCTIKCHUX BUIIB IEpeBaxkaB B. thuringiensis: 11i 0aktepii Oynu
inenTr¢ikoBani y 50% 3paskiB kBiTiB BUHOTpazdy, y 90% 3paskis 3enennx arix ta'y 20%
CTUIIIUX ATiJ. L. plantarum y KBiTax HE BUSBISBCS, ajie OyB HAasBHUM Y 3€JICHUX, A MOTIM —
y gocTumux siropax BuHOrpany (10% mocnimkeHux 3paskiB). Pesynbratu minrBepky-
IOTh JIaH1 JITepaTypH, sIKi BKa3yIOTh Ha 3yCTpIdaibHICTh B. thuringiensis i L. plantarum
Ha BuHorpasi. HasBHicTb A. faecalis i Agrobacterium spp. y KBiTax Ta srojax BUHOTpay
noka3aHa HamH Briepiie. 4. faecalis Gyno BusiBieHo y 20% 3paskiB KBiTiB, y 60% 3eneHux
srin Ta'y 20% pocturux srin. Agrobacterium spp. BUSBISUIN Y KBITaxX 1 3€JICHNX ATOAAX
(10% 3paskiB), a y CTHUINIMX SAT0AaxX IIMX MIKpPOOpPraHi3MiB 3HaiineHo He Oyno. KinmbkicTh
BUJIIB, 1110 BUSBIISIIHCS, 301IbIIIyBajIacs y 3CJICHHX Sr0/1aX Y MOPIBHSAHHI 3 KBITaMH 1 3MCH-
mryBanacs y cTUDIUX sironax. BucwoBku. HasBHicts A. faecalis 1 Agrobacterium spp. y
KBiTax Ta srojax BUHOIpaJy IOKa3aHa HaMH BIeplle. BUsABICHO MOXKINBICTD CIIIBICHY-
BaHHS B OJ[HIH €KOJIOTI4HIH HilIl (KBITH 1 3€JIeHI SITOIU BUHOTPaAy) iTONaToreHHUX arpo-
OaxTepii Ta X MOTCHUIHHUX aHTATrOHICTIB — Bacillus thuringiensis, Alcaligenes faecalis
ta Lactobacillus plantarum.

Kiouosi crosa: Bacillus thuringiensis, Lactobacillus plantarum, Agrobacterium tume-
faciens, Agrobacterium vitis, Alcaligenes faecalis, canpoitHa MiKpobioTa, (hiTOaToreHy,

Vitis vinifera.

BBIABJIEHUE ®UTOMNATOI'EHOB AGROBACTERIUM SPP.
N NX AHTATOHUCTOB BACILLUS THURINGIENSIS,
ALCALIGENES FAECALIS N LACTOBACILLUS PLANTARUM
B IBETAX U ATOJAX BUHOTI'PAIA

H. Jlumanckasa, H. I'aakun, H. Mapunoea, B. Heanviys

Ooecckuil HayuoHanwbHwill yHugepcumem umenu U.U. Meunuxosa,
. [leopsanckas, 2, Odecca, 65082, Ykpauna

Peszrome

Heas. Brrnenne npencraButeneit canpodutHoit (Bacillus thuringiensis, Alcaligenes
Saecalis, Lactobacillus plantarum) n narorenHoit (Agrobacterium spp.) MUKpOOHOTHI B
[[BETaX M Arojax BUHOrpaaa. MarepuaJsbl 1 MeTO/bI. [[BEeTHI, HEMOBPEXKICHHBIE 3€JICHbIC
U CIIeITBIE ATOIBI OTOMpaN Ha BUHOTpamHuke Vitis vinifera L. copra ITiuro wepHsiii B Onec-
CKOM1 0OnacTH B Mae, utoine u ceHtsa0pe 2018 1. coorBeTcTBEHHO. LIBETHI MITH STOBI TOMO-
TeHU3UPOBAIM M TO/IBEPralii Mpoleccy ayTopepMEeHTAIlMM Ha MPOTsHKeHUH 7 nHei. U3
oOpa3oBaBirerocs pepMeHTHpOBaHHOTO ToMoreHara Boiaensui JJHK u ¢ Heit mpoBonmmm
MIOJIMMEPA3HYIO LEITHYI0 PEaKIUIO B PeaIbHOM BPEMEHH IS IETeKINU BUIOB B. thuringi-
ensis, L. plantarum, A. faecalis w Agrobacterium spp. Pe3yabrarnl. Cpenu HcCIeIyeMbIX
BUOB npeodnanan B. thuringiensis: 3tu 6axrepun 0butn naeHTH(GUIMPOBaHk B 50% 00-
pas3ioB IBETOB BUHOTrpaaa, B 90% o0pa3uoB 3eneHbIX srog U B 20% cO3peBIINX STO.
L. plantarum B uBerax He BBISBISUICS, HO IPUCYTCTBOBAJ B 3€JICHBIX, @ IOTOM — B CIIEJIBIX
siromax BuHOTpanaa (10% ncciemoBaHHBIX 00pa3moB). Pe3ymbraTel MOATBEP)KAAIOT TaHHBIE
JIMTEPATypPbl, YKa3bIBAIONINE HA BCTPEYaeMOCTh B. thuringiensis v L. plantarum na Bu-
Horpane. [lpucyrcreue 4. faecalis u Agrobacterium spp. Ha I[BETaX W SIr0ax BHUHO-
rpaja moKa3aHo HaMHM BepBble. A. faecalis 611 BeisiBICH B 20% 00pa3IoB IIBETOB, B
60% 3enenbix sarox u B 20% crensix siron. Agrobacterium spp. BBISABISUIN B [IBETaX U
3eneHbIX srogax (10% o0pasior), a B CO3PEBUINX ST0aX 3TH MHUKPOOPTaHU3MbI OOHA-
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pyxeHbl He Obutn. Konn4ecTBO BBISBICHHBIX BHJIOB YBEIWYHMBAIOCH B 3€JICHBIX SITO/Iax
10 CPaBHEHHMIO C BETAMHU M YMEHBIIAIOCH B CHEJbIX srogax. BeiBoabl. [IpucyrcrBue
A. faecalis n Agrobacterium spp. B IBETax U AToJax BUHOTPaJia NOKa3aHO HAMH BIIEPBEIE.
BrisiBiieHa BO3MOXKHOCTH COCYIIECTBOBAHUS B OJHOM DKOJIOTHYECKON HUIIE (I[BETHI U
3eJIeHbIe STO/Ibl BUHOrPaa) (GUTONATOreHHBIX arpoOaKTepUil M MX MOTEHIMAIbHBIX aHTa-
TOHHUCTOB — Bacillus thuringiensis, Alcaligenes faecalis u Lactobacillus plantarum.

Kmouesvie cnosa: Bacillus thuringiensis, Lactobacillus plantarum, Agrobacterium
tumefaciens, Agrobacterium vitis, Alcaligenes faecalis, canpodutHass MEUKpOOHOTa,
¢uronarorensl, Vitis vinifera.
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