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EFFECT OF LACTOBACILLUS PLANTARUM ONUS7Y
IN MIXTURE WITH AUTOLYSATE OF ERWINIAS
ON FORMATION OF TUMORS CAUSED
BY RHIZOBIUM RADIOBACTER C58

The aim of the research was to investigate the effect of mixture of Lacto-
bacillus plantarum ONUST and autolysate of Erwinia carotovora ZM1 cells
contfaining macromolecular bacteriocins and bacteriophages on the patho-
genesis of the crown gall. Materials and Methods. As an infectious agent,
a strain of Rhizobium radiobacter C58 characterized by its high virulence
was chosen. As test-models, carrot roots ( Daucuscarota subsp. sativus L)
and plants Kalanchoe daigremontiana Mill were used. Resulis. The effect
of mixture of L. plantarum ONUST and autolysate of E. carotovara ZM|
on survival of R, radiobacter C5H8 in vitro has been studied. Amount of vi-
able cells of plant pathogenic bacteria decreased after 4 hours of calturing.
Treatment with a mixture of lactobacilli and autolysate of erwinias results
in complete inhibition of crown gall pathogenesis on Kalanchoe plants.
Treatment of carrol roots with an experimental mixture resulls in decrease of
the amount of infected explants in 14.3% . The mentioned results enabled us
o conclude tha! depending on the sensitivity of the test-objects, treatment
with the mixture of L. plantarum ONUBT and autolysate of E. carotovora
M| resulls in complete inhibition of crown gall pathogenesis or decrease
of its symptoms.

Key words: Rhizobium radiobacter, crown gall, Lactobacillus plantarum,
autolysate of Erwinia carotovora.

Revealing active antagonists, including lactic acid bacteria, in
phyllosphere [9], provides a possibility of using them to protect plants
against pathogenic microorganisms.

Inhibition ol phytopathogens and lood spoilage bacteria by lactobacilli were
described for Aspergilius flavus [13], Colletotrichum gloeosporioides [4],
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Aspergillus ochraceus |5], Aspergillus niger and Penicillium expansum |3],
Verticillium, Thielaviopsis, Fusarium [6)], Monilinia laxa, Bolrytis cinerea
and Penicillium expansum |10], Xanthomonas campestris, Erwinia
carotovora and Pseudomonas syringae [11]. Growth of X. campestris and
E. carofovora was inhibited by representatives of Enferococcus, Leuconostoc,
Lactobacillus, Lactococcus, Weissela genera [10].

Our previous investigations showed an inhibitory eifect of enterococci
on Ralstonia solanacearum |7|.

As to Laclobacillus plantarum, the significant antagonistic effect of L.
plantarum ONUST in the mixture with Erwinia carotovora ZM1 contain-
ing bacteriophages and macromolecular bacteriocins were demonstrated
against soft rot and blackleg [1].

The aim ol the research was to investigate the ellect ol Lactobacillus
plantarum ONU&7 in the mixture with autolysate of Erwinia caroto-
vora ZMI cells on crown gall pathogenesis.

Materials and methods

In this research, the phytopathogenic strain ol Rhizobium radiobacter
C58 characterized by its high virulence, Erwinia carotovora subsp. caro-
tovora ZMI1 (Ecc ZM1) strain — producer ol bacteriophages and macro-
malecular bacteriocins (strains were kindly provided by Tovkach F.L from
Zabolotny Institute of Microbiology and Virclogy of NASU), and antagonistic
strain Lactobacillus plantarum ONUST were used. To model the infectious
process of crown gall, bacteria R. radiobacter C58 were cultivated in LB-
broth at 28 °C for 24 h and used for further investigations in concentration
of 10 CFU/ml. Lactic acid bacteria L. plantarum ONUS87 were cultivated in
MRS broth for 24 h at 37 °C and used lor further experiments in concentra-
tion of 10" CFU/ml. Autolysate of Erwinia carofovoraZM| was prepared
as previously deseribed [1]. The experimental mixture of lactobacilli and
autolysate ol erwinias was prepared by mixing in ratio of 1:1.

To study the antagonistic effect of mixture of L. plantarum ONUST and
autolysate of E. carotovora ZMI1 on growth ol bacteria R. radiobacter C58
in vitro, the experimental suspension was mixed with the culture of phy-
topathogen and LB-broth in a ratio of 1:2:2 selected empirically in previous
investigations. The control was the mixture of overnight culture of rhizobia
and LB-broth in a ratio of 2:3 that simulated the phytopathogen concentra-
tion in the variants of experiment, The number ol viable cells of rhizobia
were measured by inoculating LB agar in certain time intervals, incubating
overnight at 28 “C and counting the colonies. Three independent experi-
ments were carried out in five replications each.

The effect of mixture ol Lactobacillus plantarum ONUST and autoly-
sate of Erwinia carofovara ZMI1 on crown gall pathogenesis was studied
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in vitro on carrot roots (Daucus carola subsp. salfivus L.) and in vive on
plants Kalanchoe daigremontiana Mill,

For test-object treatments, overnight culture of rhizobia in LB-broth
and experimental mixture of lactobacilli and autolysate of erwinias were
mixed in ratio of 1:1. Mixture of rhizobial overnight culture with sterile
distillated water in ratio of 1:1 was used as positive control. The negative
controls were sterile distillated water and the mixture of lactobacilli and
autolysate of erwinias.

Carrot roots were thoroughly washed in chlorine-containing detergent,
rinsed in running water, dipped in ethanol and flamed, peeled irom the
external tissues, and then cut into discs with the thickness of 0.5 ecm [8].
The disks were placed in sterile Petri dishes with watered filter paper. On
the surface of fresh cut discs (cambial ring) 100 pl of rhizobial culture
mixed with lactobacilli and autolysate of erwinias, or the equal volume of
positive or negative controls were applied. 56 carrot discs were treated in
each control or experimental variant.

Disks were placed at 25 °C for 21 days, and after the results were
evaluated by the following scale: 4 4 + 4" — 100% cambial ring covered
with tumors, “+ + +" — 75% of cambial ring have tumors, “+ +" — 50%
cambial ring covered with tumors, "4" — less than 25% of cambial ring
covered with tumors, “-" — no tumors.

The overall amount ol infected explants was calculated as percentage
of discs with crown gall symptoms from the total quantity of all inoculated
discs.

Kalanchoe plants were inoculated by syringe injeetion of 50 pl of patho-
gen culture and mixture ol lactobacilli and autolysate of erwinias (experi-
mental variant) or culture of rhizobia and sterile water (positive control)
or sterile distillated water, or the mixture of lactobacilli and autolysate
of erwinias (negative controls) into the surface leaf layer. 30 leaves were
treated in control and experimental variants in each of the three indepen-
dent experiments. After 60 days tumaors formed on injection sites were cut
and weighed.

The experimental data were evaluated statistically using Microsoft Word
Excel. The obtained results were expressed as means and their conlidential
intervals. Probability differences of the results were assessed at significance
level of at least 95%.

Results and discussion

The investigation of L. plantarum ONUS7T and autolysate of
E. carotovora ZM1 ellect on R. radiobacter C58 in vitro in a liquid
medium has shown that the amount of viable cells of pathogenic
bacteria decreased already alter 4 hours of cultivation (fig. 1).
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Fig. 1. Growth of phylopathogen R. radiobacter C58 in
presence of L. plantarum ONUST in mixture with autolysate of
E. carofovora subsp. carofovora ZMI.

Probably, this effect was caused by antagonistic factors against phy-
topathogenic microorganisms produced by lactic acid bacteria such as
hydrogen peroxide, bacteriocins and especially, organic acids [11]. After
24 h of incubation no viable cells of phytopathogens were recovered in
contrast to positive control where R. radiobacter C58 continued to grow.

Investigations of L. plantarum ONUBS7T and autolysate of
E. carotovora subsp. carotovora ZMI effect on crown gall infection in
vivo has shown the high efficiency of using this mixture.

Thus, comparing of kalanchoe leaves in positive controls inoculated only
with crown gall agents with leaves treated with the mixture of pathogens,
lactobacilli and autolysate of erwinias has shown that all the leaves of
control plants infected with R. radiobacter C58 manifested the formation
of tumors of various sizes (fig. 2).

The average weight of tumors was 40+2 mg in three independent
experiments. On the leaves of plants inoculated simultaneously with the
mixture of lactobacilli and autolysate of erwinias and R. radiobacter C58
tumor formation was not observed. However, necroses of different levels
were ohserved (fig. 2). On the leaves of kalanchoe in negative controls in
which only lactobacilli and autolysate of erwinias were injected, necroses
of tissues induced by defense reaction of the plants to damage the leal
blade and to interfere the introduction of loreign agent were also detected
in some cases. Necrosis is a hypersensitivity reaction and an important
part of plant immunity, thus presence ol necrotic spots instead of tumors
is the evidence of plant protection against the crown gall agent. In other
case the plants may slowly die because ol galls surrounding the trunks
and interfering the normal water and nutrients supply [2].
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Fig. 2. Leaves of kalanchoe inoculated with the phytopathogen R. radiobacter C58

and the mixture of lactobacilli and autolysate of erwinias {a) or with the culiure
of R. radiobacter C58 (b).

Opposite, necroses are restricted and don't cause damage of wide areas
of the plant surfaces, and moreover, they localize the pathogen and don’t
allow it to disseminate in plant, whereas pathogenic rhizobia are able to
rapid spread in xylema vessels causing systemic infection as a result of
which tumors can be formed on any part of the plant.

Treatment of carrot discs with the mixture of lactobacilli and autolysate
of erwinias simultaneously with their inoculation with crown gall agent
resulted in 14.5% decrease in amount of infected explants. Absence of
disease inhibition in 100% of cases as it was shown in investigations with
kalanchoe, indicates the higher sensitivity ol carrots to R. radiobacter C58
and allows to obzerve the effect of the studied mixture of lactobacilli and
autolysate of erwinias on high susceptible plants (lig. 3).

Thus, in case of carrot explants, clear decrease of infection massiveness
is observed, that increases in amount of explants with smaller manifesta-
tion of disease symptoms than in positive control (fig. 4). The amount of
carrot discs with the crown gall symptom manifestation in «4+—4—4+» de-
creases from 8.9% to 1.8%9%, that is — almost in 5 times, quantity of discs
with manifestation in «++4» decreases from 19.6% to 3.6%, that is —in
5.4 times.

In positive control the percentage of explants with tumor formation
characterized as «+4++» was 14.3%, and in experimental samples —10.7%:;
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Fig. 3. Carrol discs with manifeslation of crown gall symploms: a — posilive
control — R. radiabacter Ch8; b — R. radiobacter C58 and the mixture of
lactobacilli and autolysate of erwinias.

Thus, the shiit of the levels of crown gall symptom manifestation to
smaller tumor lormation, and as a result, to smaller disease massiveness,
is observed.
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Fig. 4. Amouni of carrol discs with different intensity of lumor formation.
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the amount of dises with «4+» manilestation in positive control was 34%.,
and in experiment with treatment with lactobacilli and autolysate of erwi-
nias it increased to 46.4%. In negative controls no visible deformations in
explant tissues were detected.

The obtained data can lead to the conclusion that depending on plant
sensitivity, treatment with lactobacilli and autolysate of erwinias results in
complete inhibition of crown gall pathogenesis or in decrease of symptom
manifestations.
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BIUJIMB LACTOBACILLUS PLANTARUM OHY 87 ¥ CyMILI
3 ABTOJTI3ATOM EPBIHIH HA ¥TBOPEHHS NMYXJIHH,
CNPHYHHEHE RHIZOBIUM RADIOBACTER C58

Pedepar

MeTow nocaimkenns Oyno BuBYeHHs BOauBY Lactobacillus plantarum
ONUSBY y cymimi 3 astonizatom waitue Erwinia carofovora ZMI, mwo
MICTHTE DakTepiodard Ta MakpoMoJeKyJIsApHi OaKTepiolHHH, Ha PO3BHTOK
iHdekii GakrepiansHoro paky. Metoau. Indexuiinum arestom Gye wTam
Rhizobium radiobacter CH8, aAxkuil XapakTepH3yeThbCH BHCOKOO BipyNeHTHic-
Tio. K TecT-Moneni BUKOPHCTOBYBANHK KopeHenaonu MopkeH ( Daucus carota
subsp. sativus L.) i pocannu Kanauxoe (Kalanchoe daigremontiana Mill.).
PeayabtaTn, BrBueHo BNAKE cycneHsii sakrtobauun i apTonizaty epsilii Ha
BUMKHBAHHA Oaxrepid wramy R. radiobacter C58 in vitro. Tlokasado, 1o
KINbKICTh AKHTTE3AATHHX KJIITHH (iTonaToreHHuy OAKTEPiH 3MEHIIYETHCA BKe
uepes oTHpH roarud. O6podka cymimnuo saktTobauna | asTonizaty epeitid
NPU3BOAHTE [0 MOBHOIC MPHIHIYEHHS NaToreHesy OakTepialbHOro paxky Ha
pocauHax Kadanxoe. Ha kopenennonax Mopkes o0pofika eKCnepHMEHTATBHO
CYMILLLIIO Bele A0 3MEHINEHHS KilbKOCTi ypaMKeHux ekcrniadtis Ha 14,3%.
3podaeHo BHCHOBOK, LI0 3a/eH0 Bill CIPHAHATIHBOCTI pocauHH obpobka
CYMilLULII0 JakToOalUMl i aBToMizaTy epBiHid NpuH3soIMTh abo 10 NOBHOrO
MPUrHiYeHHs nartoreHesy OaxkTepiadbHOro paky, abo 10 3MeHIIeHHA NPosBiB
HOro CHMOTOMIB.

Knwuoei caosa: Rhizobium radiobacter, GakTepianbHuil pak poc-
auH, Lactobacillus plantarum, asronizat Erwinia carotovora.
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BJIUAHHE LACTOBACILLUS PLANTARUM OHY 87 B CMECH
C ABTOJIU3ATOM 3PBHHHH HA OBPA30BAHHUE ONMYXOJIEH,
BbI3BAHHOE RHIZOBIUM RADIOBACTER C58

Pedepar

Heaswo veeaenosasus Oui1o vayuenue sauanua Lactobacillus plantarum
OHY 87 B cMecH ¢ aBToJH3aTOM KiaeTok Erwinia carotovora ZMI, conep-
AalmuM DaKTepHOMAry 1 MaKPOMOJeKYIAPHBIe GaKTePHOUHHEL, HAa Pa3BHTHE
HHpeKUMH DaxkTepHadbHoro paka. Metoaw. HuderuwonHeiM arentosm Ob1I
wraMmM Rhizobium radiobacter C5H8, xapakTepusywiuMics BhICOKOH BH-
pyJleHTHOCTbIO. B KauecTse Tecr-Mojesedl HCMONb30BANH KOPHENIOLL MOP-
koBH (Daurus carola subsp. sativus L.) W pactenns xanauxos (Kalanchoe
daigremontiana Mill.). Peayasrate. HayueHo eiuaHHe cycreH3uu
NakToOaUKI W aBTOAH3ATA IPBHHHH Ha BbLIAHBAHHe OaKTepHH wWTaMma
R. radiobacter TH8 in vitro. IMokazado, 4To KOAHUYECTEO MHIHECOOCODHLIN
KAeTOK (HTONAaTOreHHbIX GakTepHH YMEHbILAETCH yiKe Hepes 4YeThipe Haca.
O6paborka cmeck nakTobauua ¥ ABTONHIATA SPBHHHH NPHBOAHT K NOJHOMY
MoJaBMeHHIo NAaToreHeaa DAKTepHANLHOTO PAKa Ha PACTEHHAX Kalanxos. Ha
KOPHEMJIOAAX MOPKOEH 00pafoTKa 3KCNEPHMEHTATBHON CMECBK) NPHBOIHT K
YMEHBLIEHHIO KOJTHYeCTRA [0paKeHHbIX sKkernianTor Ha 14,3% . Chenau ssigoa
0 TOM, YTO B 32BHCHMOCTH OT BOCTIPHHMUMBOCTH PACTEHHA, 06paboTKA CMEChID
AAKTODALKS H ABTOJH3ATA IPBHHHH BeleT K MOJHOMY MOJABJEHHHD naTore-
He3a GAKTEePHANLHOTD PAKA HIH K YMEHBIIEHHIO MPOSBJAEHHA €70 CHMINTOMOR,

Kawuesne cnosa: Rhizobium radiobacter, bakrepuansHeli pak
pactenni, Lactobacillus plantarum, asronusat Erwinia carofovora.
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