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ABILITY OF LACTOBACILLUS PLANTARUM
ONU 12 AND BACILLUS MEGATERIUM ONU 484
TO STIMULATE GROWTH OF WHEAT SEEDLINGS
AND TO FORM BIOFILMS

Development of biological preparations for organic agriculture should include
the study of interactions of microorganisms — the components of biopreparations,
with representatives of natural microbiota of agrocoenoses. As a microorganism —
typical representative of epiphytic and soil microbiota, species Bacillus megaterium
has been selected. Aim. The study of effect of Lactobacillus plantarum ONU 12
and Bacillus megaterium ONU 484 on germination and growth of wheat seedlings.
Materials and Methods. Seeds of wheat Triticum aestivum L. were inoculated with
suspensions of bacteria B. megaterium OHY 484, L. plantarum OHY 12 and their
mixture was germinated in hydroponics and soil under green house conditions.
Germination of seeds, mean length of roots and height of seedlings were compared.
Capability of these microorganisms to form biofilms was studied: inoculated
seedlings were dyed with 0.1% acridin orange and observed with a magnification
x600. Results. Simultaneous inoculation with bacteria L. plantarum ONU 12
and with the representatives of soil microbiota B. megaterium ONU 484 didn't
decrease the stimulation effect of lactobacilli. Opposite, the highest stimulation
effect on plants both in hydroponics and in soil caused the treatments with the
mixture L. plantarum ONU 12 + B. megaterium ONU 484 and with the strain
B. megaterium ONU 484 alone. In hydroponics mean length of roots increased
in 8.0 — 16.9%, mean height of seedlings — in 8.8 — 24.3%. In soil germination of
seeds increased in 7.0%, mean height of seedlings — in 7.6%, mean root length —
in 13.1%. Lactobacilli and bacilli in the mixture were able to form biofilms with
a developed matrix. Conclusions. In presence of representative of soil microbiota
B. megaterium ONU 484 phytostimulation the activity of lactobacilli increased.
Strain B. megaterium ONU484 also showed stimulation activity when applied
separately.

Key words: stimulation of plant growth, Lactobacillus plantarum, Bacillus
megaterium.

The development of biological preparations for organic agriculture should
include the study of interactions of microorganisms from biological preparations
with representatives of natural microbiota of agrocenoses. Lactobacilli isolated
from plants are known for their stimulatory activity on plant growth [9; 10], which
is explained by the synthesis of auxin hormones or their precursors described in
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the literature [6]. It remains unclear whether the stimulatory effect of lactobacilli
decreases when bacteria penetrate into the natural environment and interact with
representatives of plant and soil microbiota. As a microorganism — a typical
representative of the epiphytic and soil microbiota there were selected the species
Bacillus megaterium in our study. The representatives of the genus Bacillus inhabit
the surface and vessels of plants, as well as soil, and are known for their ability
to stimulate plant growth [6; 8; 10; 13]. The phytostimulative activity of bacilli
is explained by the possible synthesis of auxins, cytokinins, gibberellins and their
precursors [8; 12; 13]. Gruneberg et al. (2006) indicate the successful application
of the consortium of Bacillus subtilis and Lactobacillus spp. to improve the growth
of ornamental plants. The previous studies described strains — representatives of
the genera Bacillus and Lactobacillus with stimulatory activity for each strain
separately [3; 9].

The aim of this work was to study the effect of Lactobacillus plantarum and
Bacillus megaterium on germination and growth of wheat seedlings.

Materials and methods

Strains from the Collection of the Department of Microbiology, Virology
and Biotechnology of Odesa National I. I. Mechnikov University L. plantarum
ONU 12 i B. megaterium ONU 484 were used. Lactobacilli were grown in a
liquid MRS medium [5] at 37 °C overnight and used in the experiments with a
culture concentration of 10® cells/ml. Bacilli were grown overnight in LB medium
[4] at 28 °C. To prepare the mixture, bacteria of both strains were grown to the
concentration of 10® CFU/ml, and mixed in a ratio of 1:1.

For simulating the conditions of hydroponics, we used the Aquasave S gel,
prepared according to the instructions. As a test plant, Triticum aestivum L. (wheat
variety — Kuialnik) was used. Seed surfaces were sterilized by 25% hydrogen
peroxide for one minute. Then seeds were washed three times in sterile distilled
water.

Overnight cultures of lactobacilli and bacilli at concentration of 10® cells/
ml were used to prepare dilutions 1% (107 cells/ml), 0.1% (10° cells/ml), 0.01%
(105 cells/ml), 0.001% (10* cells/ml), 0.0001% (10° cells/ml), 0.00001%
(10% cells/ ml) for each strain and for mixtures of strains. Seeds were soaked for
one hour in each of the prepared dilutions. Subsequently, seeds were transferred
in Aquasave S gel in glassware for germination. The control was seeds soaked for
one hour in sterile distilled water. Germination was carried out in a greenhouse in
Aquasave S gel for seven days.

With the concentrations of bacteria that exhibited the higher stimulatory
activity we conducted the same experiment in soil conditions (Fig. 1). We used the
soil "Poliskiy Universalniy" with a high content of peat, which was not sterilized
before sowing.

In total in three independent experiments there were tested 300 seeds of each
variants. After seven days, the growth characteristics of plants were measured:
average lengths of the roots of seedlings and average height of the plant [2].

Statistical processing was performed using Excel package. The lengths of the
roots and shoots as quantitative values were expressed as a mean and confidential
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interval at 95%, the germination as a qualitative value was expressed as a percentage
and a standard error. Significant differences between control measurements and
inoculated seedlings were detected in Student's t-test (P <0.05).

To study the ability of bacteria to form biofilms obtained wheat seedlings
were washed from gel in distilled water. Biofilms were fixed in 96% ethanol for 15
min and stained with 0.1% solution of acridine orange for 10 minutes. The colored
seedlings were dried on a slide and examined under a microscope. For observation,
the microscope PrimoStar PC, Carl Zeiss with a total magnification x600 was used.
The level of formation of biofilm was evaluated by the scale given in Table 1 [1].

Table 1
The evaluation criteria of the formation of biofilms [1]

Criteria Description

— Does not form biofilms

+ Individual attached cells without the formation of biofilms
+ + Individual well-formed microcolonies
+++ Well-formed biofilms with gaps in the structure
++++ Well-formed biofilm with matrix

We investigated 10 samples of each variant and evaluated the level of biofilm
formation in 10 fields of vision. The biofilms were photographed using the camera
Canon EOS 500D.

Results and Discussion

Inoculation of wheat seeds with bacteria of the strains L. plantarum ONU
12 and B. megaterium ONU 484 influenced germination and growth of seedlings
in hydroponics conditions. Thus, treatment with bacilli at concentrations from
0.1% (10° cells/ml) to 0.001% (10* cells/ml) of the overnight cultures significantly
increased the germination (Table 2).

Table 2
Germination of wheat in gel (%) after the treatments with L. plantarum ONU 12 and
B. megaterium ONU 484 in different concentrations, cells/ml

Concentration, cells/ml
107 10¢ 10° 10* 103
L. plantarum ONU 12 65.0+12 | 84.241.0% | 72,4+1,3 67.1+£2,8 | 66.5+£1.2
B. megaterium ONU 484 | 40.0+£3.6 | 63.3£3.6% | 90,042,2°%* | 73 3+3 3%** | 55 (0+2.6

Variant of treatment

L. plantarum 12 +
B. megaterium 484 53.3£3.7 | 60.0+£3.6 | 57.0+£3.6 57.0+£3.6 55.0+£2.6
Water (control) 55.0+2.6%

Note: the difference between the values is reliable at P = 0.05; * — compared with the
corresponding indicator at concentration of 107 cells/ml; ** — at concentration of 10° cells/ ml;
**% _ at concentration of 10° cells/ml; all values are significantly different from control.
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In the control — seeds, soaked in water instead of the suspension of bacteria,
the germination was 55.0 + 2.6%. We can see that low concentrations of bacteria
(10° cells/ml) did not influence the germination. A high concentration (107 cells/ml)
did not influence or even suppress germination, as in the case with B. megaterium
ONU 484. Application of the individual strains was more effective than treatment
with the mixture of strains L. plantarum ONU 12 and B. megaterium ONU 484
(Table 1). Treatment with lactobacilli improved the germination in 5.0-25.0%,
bacilli —in 8.3-35.0% (except for the concentration of 107 cells/ml), and the mixture
—1in 1.7-5.0% (almost did not influence).

Measuring of the average length of the roots of seedlings showed that
treatment of wheat seeds by suspensions of B. megaterium 484 increased root
length in 8.0-14.8% (Fig. 1, A). In this case, the best concentrations were 0.1%
(10° cells/ml) and 0.0001% (10° cells/ml) of B. megaterium 484 overnight cultures.
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Fig. 1. Average length of the roots of wheat seedlings treated with bacterial
suspensions and germinated in gel:
A — B. megaterium ONU 484; B — L. plantarum ONU 12;
C — L. plantarum ONU 12 + B. megaterium ONU 484,
* values are significantly different from the control (P <0.05)
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Treatment with lactobacilli increased the length of roots in 8.0% (Fig. 3,
B). The average length of roots of seedlings after treatment with the mixture of
lactobacilli and bacilli in gel increased in 8.0—17.0% (concentration of applied
bacterial suspensions 10*-10° cells/ml) (Fig. 5). This means, that interaction with
representatives of soil and plant microbiota —bacilli, did not decrease the stimulatory
activity of lactobacilli. Opposite — their activity increased due to stimulatory effect
of bacilli.

Figure 2 shows the wheat seedlings in gels after the treatment by the mixture
of lactobacilli and bacilli.

Fig. 2. Growth of root systems of wheat seedlings after the treatment with the mixture
L. plantarum ONU 12 and B. megaterium ONU 484

Bacterial suspensions caused more significant effect on the height of seedlings.
Thus, treatment with strain B. megaterium 484 increased the average height of
seedlings in 8.8-21.4% (for concentrations of applied bacterial suspensions 10°—
10° cells/ml) (Fig. 3, A).

Treatment with lactobacilli increased the height of wheat seedlings in 10.4—
12.7% (10°-10* cells/ml) (Fig. 3, B). Treatments with the mixture also proved to be
effective, increasing the height of seedlings in 8.8-24.3%, (10°~107 cells/ml). When
seeds were germinated in gel, treatment with the mixture of lactobacilli and bacilli
was more effective than treatment with a separate strain of lactobacilli. Treatment
by the strain B. megaterium ONU 484 also led to significant stimulation of plant
growth. All concentrations caused positive effect, but application of the mixture
was more effective at higher concentrations of bacteria (10’—10° cells/ml), and use
of bacteria of the strain B. megaterium ONU 484 individually could occur both at
high concentrations (107 cells/ml) and at less concentrations — from 0.01% — to
0.0001% concentrations of daily culture (from 10* to 10* cells/ml).

The phenomenon of enhancement of the properties of lactobacilli under the
influence of another strain is known for the synthesis of bacteriocins, when the
so-called strain-inducer intensified the synthesis of antagonistic compounds, and
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the strain-inducer did not necessarily belong to the species L. plantarum, and not
necessarily — to the genus Lactobacillus. This could be Escherichia coli, Bacillus
spp. and others [11]. Perhaps this phenomenon is also known for the synthesis of
plant growth hormones by lactobacilli. The enhancement of the stimulating activity
of lactobacilli in the mixture is still not described in the literature, and therefore its
mechanisms require further study.
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Fig. 3. Average height of wheat seedlings treated with bacterial suspensions
and germinated in gel:
A — B. megaterium 484, B — L. plantarum ONU 12;
C - L. plantarum 12 + B. megaterium 484,
* values are significantly different from the control (P <0.05)

We have carried out the experiments on germination of inoculated seeds in the
soil with the concentrations of bacterial suspensions that had the best stimulating
effect in gel. As it is shown in Table 3, the effect of inoculation with bacteria was
not so significant as in gel.

Only bacteria B. megaterium 484 at concentration of 0.01% (10° cells/ml)
increased germination in 7% (in the control group germination reached 83.0%).
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Table 3

Germination of wheat seeds in soil after the treatments with strains
L. plantarum ONU 12 and B. megaterium ONU 484 at different concentrations, %

Strain Concentration, cells/ml Germination
107 70.0+£3.7
B. megaterium ONU 484 10° 90.0+2.4*
10° 88.0+£2.6%*
L. plantarum 12 + 10° 83.0+3.1
B. megaterium 484 105 85.0+2.9

Note: * Differences in comparison with the corresponding indicators,
obtained at: * — concentration of 1%; ** — concentration 0.001% (P =
0.05); all values are significantly different from the control.

Growth indices at some concentrations in soil were even less than in the
control, that indicates that these concentrations were too high for application in soil
(Fig. 4), in contrast to the growth conditions in gel.

Thus, the average length of roots of wheat seedlings increased in soil after the
treatment with 1% (107 cells/ml) B. megaterium 484 and a mixture of L. plantarum
12 + B. megaterium 484 at concentration of 0.01% (10° cells/ml) — an increase in
6.3 — 13.1% occured (Fig. 4).
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Fig. 4. Average length of roots of wheat seedlings, inoculated by bacteria and germinated
in soil:
* values are significantly different from the control (P <0.05)

The most positive effect on average height of seedlings was caused by the
suspension of 0.0001% (10° cells/ml) of the overnight culture of B. megaterium
484 — an increase of 7.6% occured (Fig. 5).

So, for germination in soil more careful selection of bacterial concentrations
for seed treatment was required. The length of roots and the height of the plants
were better influenced by treatment with an individual strain B. megaterium 484,
moreover, different concentrations caused a different effect on the growth of the
roots and the aboveground parts. For increasing the length of the root higher
concentrations of bacteria (10° cells/ml) are required, for increasing the height
lower concentrations — 0.0001% (10° cells/ml) could be proposed.
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Fig. 5. Average height of wheat seedlings inoculated by bacteria and germinated in soil:
* values significantly differ from the control (P <0,05)

This coincides with the literature data: plant growth hormones, for example,
auxin produced by bacilli [8] could stimulate or inhibit growth of various plant
organs at different concentrations [7]. In our study, we have shown an increase in
morphological characteristics of plants, which indicate the stimulation potential of
the strains. The results indicate that germination of plants both in gel and in soil
was most improved by bacteria of B. megaterium ONU 484 strain (an increase in
germination of seedlings in 7.0-35.0%).

The height of seedlings and the length of roots, both in gel and in soil, were
best influenced by the mixture of strains L. plantarum ONU 12 + B. megaterium
ONU 484 and with bacteria B. megaterium ONU 484.

We gave studied the ability of bacteria to form biofilms on roots of seedlings
germinated in gel with some concentrations that caused the best effect on growth
characteristics.

Both individual strains and strains in the mixture were able to form biofilms
on roots of wheat seedlings. Some of them were represented by individual
microcolonies, another were well-formed biofilms without gaps in the structure
(Table 4).

Table 4
Level of biofilm formation on roots of wheat seedlings in hydroponics
Inoculum bacteria Concentration, Level of b.ioﬁlm
cells/ml formation

L. plantarum ONU 12 10* +++

L. plantarum ONU 12 10° ++

B. megaterium ONU 484 106 +H++

B. megaterium ONU 484 10° +++

B. megaterium ONU 484 104 ++

B. megaterium ONU 484 10° ++

L. plantarum ONU 12 + B. megaterium ONU 484 10* ++++

L. plantarum ONU 12 + B. megaterium ONU 484 10° -

L. plantarum ONU 12 + B. megaterium ONU 484 10° -+

L. plantarum ONU 12 + B. megaterium ONU 484 107 4+
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Well-formed biofilms were found on roots of the seedlings, which probably
occurred due to lack of competition with other microbiota representatives and the
compact gel structure that contributes to adhesion of bacteria (Figure 6).

B. megaterium ONU 484 0.1% L. plantarum ONU 12 +

"+ B. megaterium ONU 484 0.1% ("++++")
A formed biofilm with a well-developed A formed biofilm with a well-developed
matrix matrix

B. megaterium ONU 484 0.0001% L. plantarum ONU 12 +
("++") B. megaterium ONU 484 0.01% ("++++")
Biofilm is represented by individual entirely A formed biofilm with a well-developed
formed microcolonies matrix

Fig. 6. Biofilms of B. megaterium 484 and the mixture of L. plantarum ONU 12 and
B. megaterium ONU 484 on roots of wheat seedlings (600x)

L. plantarum ONU 12 and B. megaterium 484 in the mixture formed a biofilm
with a well-developed matrix regardless of the primary concentration of bacteria in
inoculum. Instead, in case of the treatment with the strain B. megaterium 484, the
level of biofilm formation depended on the concentration of bacteria and increased
when higher concentrations of bacteria were applied.

The obtained results indicate that the investigated microorganisms are able to
attach to roots of the seedlings, survive and form biofilms.

Conclusion

In presence of a representative of soil microbiota B. megaterium ONU 484
stimulation activity of lactobacilli from biological preparation increased. Strain
B. megaterium ONU484 also showed stimulation activity when applied separately.
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BILIUB BAKTEPII LACTOBACILLUS PLANTARUM
OHY 121 BACILLUS MEGATERIUM OHY 484 HA
ITPOPOCTAHHS TA PICT CISHIUB ITIHNEHUITT

Pedepar

Cmeopenns bionociunux npenapamis 0jis Op2anivHO20 3eM1EePOOCMEA MAE BKIIO-
yamu 00CHiONCeHHs 63aEMOOIU MIKPOOP2anizmMie — cKaadosux bionpenapamis, 3
npeocmasHuKamu npuUpoOHbOL Mikpobiomu azpoyenosie. ¥ akocmi Mikpoopeamis-
My — MUN0BO2O NPeOCMABHUKA enipimuoi i 1pynmoeoi mikpobiomu namu 0o
obpano eud Bacillus megaterium. Mema. Buguenns eniugy daxmepitl wmamie
Lactobacillus plantarum OHY 12 i Bacillus megaterium OHY 484 na npopocman-
Hs i picm cisnyie nuwenuyi. Mamepianu i memoou oocnioxncens. byno nposedeno
00CTIOdHCEHNS, CIMUMYIIOIOUUX eracmusocmeit bayun wmamy B. megaterium OHY
484, nakmobayun wmamy L. plantarum OHY 12 ma ix cymiwi, ma 30amuicme
OaHux Mikpoopeanizmie 00 gopmyeannsn bOionnieox. Pesynemamu 0ocnioncen-
na. [lokaszano,wo 3a cymicnoi inokynayii baxmepismu 0i0n02iuHO20 npenapamy
L. plantarum OHY 12 ma npedcmasnurom ipynmogoi mikpobiomu B. megaterium
OHY 484 3menwienna cmumyasyitinozo enausy e 6iooyeanocsa. Hasenaku, naii-
OLIbW CIMUMYIIOIOUUTI 6NAUS HA PICM POCTUN AK 8 YMOB8AX 2i0OpONOHIKU, MaK i y
Ipyumi yunuau 0opooxu cymivuwio L. plantarum OHY 12 + B. megaterium OHY
484 ma oxpemum wmamom B. megaterium OHY 484. V zeni cepedns dosdicuna
KopeHsi cianyis 30ivutysanacs Ha 8,0—16,9%, a cepedns eucoma cisnyie — Ha 8,8—
24,3%. B ymoesax tpynmy cxoocicms Hacinus niosuwyeanacs na 7,0%, cepeous
sucoma cisnyie — Ha 7,6%, a cepedrs 0osicuna koperns — Ha 13,1%. Ha kopinysx
nwenuyi rakmoodayuny i 1 6ayunu y cymiuii 6yau 30amuumu ymeoposamu cop-
MOBAHY OIONNIBKY 3 000pe pO3GUHYMUM MamMpUuKkcom. Bucnoseku. 3a npucymnocmi
npedcmagnuxa mikpodiomu rpynmy B. megaterium OHY 484 cmumynayiiini éna-
cmusocmi nrakmobayun ionpenapamy niosuwjyeanucs. [lImaw B. megaterium
OHY 484 cam no cobi usuecsi akmueHum CMumMyIsinopom pochiy poCiuH.

Knrwuoei cnoea: cmumynayia pocmy pociun, MiKpOOP2aHizMu 3i CIUMYIIO-
BAILHOIO0 AKMUBHICTNIO.
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BJIUSTHUE BAKTEPUAN LACTOBACILLUS PLANTARUM
OHY12 U BACILLUS MEGATERIUM OHY484
HA ITPOPACTAHHUE U POCT CESTHLEB ITINEHUIIBI

Pedepar

Co3z0anue 6uoI02UYECKUX NPENAPAMO8 OJisl OP2AHUYECKO20 3eMAe0eN sl OOMINCHO
BKII0UAMNb UCCIEO08ANUE B3AUMOOCUCMBUL MUKPOOP2AHUSMOE —COCMABHBIX OUO-
npenapamos, ¢ npeocmasumensimMu MUKpoouomol azpoyenosos. B kauecmee mu-
KPOOp2aHu3Ma — MUNUYHO20 NPeOCmasumens SNUGUmMHoU U nOY8eHHOU MUKPO-
ouombl Hamu OvLI0 U36pano eud Bacillus megaterium. Henv. Uzyyenue enusanus
baxmepuii wumammos Lactobacillus plantarum OHY 12 u Bacillus megaterium
OHY 484 na npopacmanue u pocm ceanyes nuenuyvl. Mamepuanvt u memoonvl
uccnedosanusn. bviio nposedeno ucciedosanue Cmumyiupyioumux ceoucme oa-
yunn wmamma B. megaterium OHY 484, nakmobayuin wmamma L. plantarum
OHY 12 u ux cmecu, u cnocobHOCMb OAHHBIX MUKPOOP2AHUSMOS K (POpMUpOsa-
Huto buonnenok. Pesynomamol uccnedosanus. [lokazano, umo npu cogmecmuou
uHoKyIAYUU Odaxmepuamu buonocuueckozo npenapama L. plantarum OHY 12 u
npedcmasumenem noygeHHou mukpoouomser B. megaterium OHY 484 ymenvuie-
HUSL CIMUMYIUPYIOUe2o 6nusHus He npoucxoouno. Haobopom, naubonvwee cmu-
Myaupyloujee enusHue Ha pocm pacmeHuil KaK 6 YClo8Uusx cUOPONOHUKU, MaK U
6 nouge @vizvleaIU 0Opabomku cmecwvlo L. plantarum OHY 12 + B. megaterium
OHY 484 u omoenvnvim wmammom B. megaterium OHY 484. B eene cpedusis
onuna Kopus cesanyeg yseauuusanacs na 8,0-16,9%, a cpeouss gvicoma cesinyes
—Ha 8,8-24,3%. B ycnosusx nougul ecxodicecms cemsn ysenuuusanacs Ha 7,0%,
cpeousisi ebicoma cesinyes — Ha 7,6%, a cpedwss onuna KopHs — Ha 13,1%. Ha
KOPHAX RULeHUYbL IAKMOOAYULIbL U 6AYULIbl 8 CMecu DbLIU CHOCOOHBIMU 00PA30-
8b16aMb CHOPMUPOBAHHYIO OUONTIEHKY C XOPOWO PA3EUMbIM MAMPUKCOM. Boigo-
ovl. B npucymcmeue npedcmasumens muxpobuomsl nougvl B. megaterium OHY
484 cmumynsyuonnsie ceolicmea aakmodOayuil OUoOnpenapama nOGLIUAIUCD.
HImamm B. megaterium OHY 484 cam no cebe 6via6uncsi akmusHolM CIUMYA-
MOpOM pOCma pacmeHul.

Knmwuesvie cnosa: cmumynayus pocma pacmenuil, MUKPOOP2AHUZMbL CO CIU-
Myaupyroueil akmueHoCmbio.
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