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EFFECT OF BACILLUS MEGATERIUM ONU 500
ON THE GERMINATION AND GROWTH
OF SUNFLOWER SEEDLINGS

The aim of the study was to evaluate the effect of Bacillus megaterium ONU 500
on the germination and growth of sunflower seedlings. Materials and methods.
Sunflower seeds were sown in containers with soil inoculated with a suspension of
bacteria B. megaterium ONU 500 in concentration of 10° CFU/ml. After 21 days
growth characteristics of seedlings were compared: germination, average height,
root length, leaf area, dry weight. Effect of these microorganisms on biofilm for-
mation on roots was investigated with light microscopy. Results. Inoculation of
soil with B. megaterium ONU 500 resulted in the positive effect on roots length
(increase by 21%), leaf area (increase by 22%) and dry weight of seedlings (in-
crease by 17.8%). No significant effect on germination and plant height was ob-
served. On the roots of plants grown in soil treated with B. megaterium ONU 500
more developed biofilms with well formed matrix were observed, which indicates
the stimulation of ability of plant and soil microbiota to form biofilms in presence
of bacilli from the studied strain. Conclusion. The investigations demonstrated
that bacteria of B. megaterium ONU 500 strain caused a positive effect on devel-
opment of sunflower seedlings and formation of biofilms on their roots.

Key words: B. megaterium, sunflower, growth characteristics of seedlings, bio-

film.

Bacillus megaterium de Bary — representatives of plant and soil microbiota.
Antagonistic and phytostimulative properties of these microorganisms make them
useful for application in agriculture [11; 12]. Use of B. megaterium as a biofertilizer
helps to stimulate plant growth, promotes better decomposition of organic phos-
phorus and increases resistance to various stresses and a wide range of pathogens
[10; 13].

Nowadays, protection of the environment against contamination with chem-
ical fertilizers and pesticides becomes increasingly important. Use of different
chemicals leads to depletion of soil fertility and reduced quality of agricultural
products. Biological products based on beneficial soil- and plant-associated bacte-
ria can be used as alternative methods to stimulate plant growth, protect them from
pathogens and increase chances of survival under stressful conditions [14; 17].

Microorganisms B. megaterium are able to synthesize phytohormones that
promote plant growth and increase yield of horticultural crops. They also cause
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visible improvement of morphological characteristics of plants and reduce seed
germination time. B. megaterium produce cytokinins, indole-3-acetic and abscisic
acids, which play an important role in plant growth regulation, cytokinesis and in
the regulation of environmental stress [16; 19].

Modern crop production is based on the ideas of using biological prepara-
tions containing microbial phytohormones due to the simplicity and cheapness of
their production [14]. In addition, an important factor in yielding a high-quality
crop is the control of diseases. Some strains of B. megaterium are described as
agents of biological control — they can colonize the rhizosphere of plants and pro-
vide protection against pathogenic microorganisms [7; 10; 13; 16].

B. megaterium are phosphate-mobilizing bacteria that are able to absorb
phosphorus from compounds inaccessible to plants and transport them to roots.
They also regulate water and minerals metabolism of plants. As a result, increased
resistance of plants to drought, heat and salt stress is observed, which makes B. me-
gaterium extremely attractive for use in arid regions [19].

Due to phytostimulating properties useful for agriculture, the aim of the work
was to evaluate the effect of Bacillus megaterium ONU 500 on the germination and
growth of sunflower seedlings.

Materials and methods

The culture of B. megaterium ONU 500 was cultivated overnight at 28 °C in
liquid LB medium (trypton — 10 g/l, yeast extract — 5 g/l, NaCl —10 g/I) [9]. The
concentration of overnight culture was measured using a SmartSpec spectropho-
tometer (BioRad). The culture was diluted with tap water to 10° CFU/ml according
to Tverdokhlib et al. [18].

Sunflower seeds [4] were sown in plastic containers with peat soil (4 seeds in
each container) to a depth of 0.5-1.0 cm (fig. 1).

Fig. 1. Sunflower seedlings on the first (A) and third (B) day after sowing
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The soil was inoculated with a suspension (50 ml) of B. megaterium ONU
500 in concentration of 10° CFU/ml on the first day of the experiment. The soil in a
control variant was poured with the equivalent volume of water. Three independent
experiments of 200 seeds in each variant were conducted.

Sunflower plants growth was observed for three weeks under the next con-
ditions: open air, partial shade, 12-hour daylight, temperature 28 + 2 °C, moderate
humidification. Biometric indexes were measured on 22™ day of the experiment
— on the phase of 5-6 leaves. Seed germination, average seedling height, seedling
root length and seedling leaf area were evaluated [8]. Average dry weight of seed-
lings was measured. Average values and confidence intervals were calculated using
the Excel application package.

To study the effect of B. megaterium ONU 500 on biofilm formation, micros-
copy of biofilms was performed. Roots of sunflower seedlings were dyed with 1%
solution of acridine orange for 10 minutes. The stained roots were dried on a glass
slide and examined under a light microscope with a total magnification of 100x.
The level of biofilm formation was assessed on a scale according to Galkin et al.
[1]:

Table
The evaluation criteria of the formation of biofilms

Criteria Description

- Biofilms are not formed

+ Individual attached cells without formation of biofilms
++ Individual developed microcolonies

+++ Developed biofilms with gaps in the structure

+4+++ Developed biofilms with matrix and without gaps

Biofilm studies were performed in each independent experiment.

Results and discussion

Germination of plants grown in the soil inoculated with B. megaterium ONU
500 (87.3 +2.9%) did not significantly differ from the control (85.0 £ 2.5%).

Similarly, inoculation of soil with bacilli of this strain did not significantly
affect the height of sunflower seedlings (fig. 2, a).

At the same time, a significant positive effect of inoculation with B. megate-
rium ONU 500 on the root length was observed. The average root length increased
by 21.08% (fig. 2, b).

The results of Dahmani et al. confirmed that strains of B. megaterium had
positive effect on the growth and development of plant roots [10]. These micro-
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organisms also contribute to the formation of lateral roots and increase the length
of root hair, which is necessary for collection and transfer of water and minerals
present in soil to roots [10; 13; 15].
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Fig. 2. Biometric indexes of the sunflower seedlings:
a— average height (cm); b — average length of roots (cm); ¢ — average leaf area (cm?);
d — average dry weight (g).

Treatment with a suspension of bacilli increased leaf area by 21,93% (fig.
2, ¢). Phytostimulation effect of inoculation with bacilli was also observed in case
of dry weight of seedlings: it increased by 17.8% as compared with the control (fig.
2,d).

The results of our study coincide with the literature data. Previous studies
of Tverdokhlib et al. [18], Teslyuk et al. [10] and Dahmani et al. [5] indicate the
significant phytostimulatory effect of B. megaterium strains on plant growth, devel-
opment of roots and vital functions [5; 10; 18]. Literature data indicated that cul-
tural medium LB by itself did not cause the stimulation effect [16] but in majority
of cases inhibited plant growth [6]. The results of our previous studies also have
shown the inhibitory effect of LB and LB mixed with MRS medium on germination
and plants growth [2; 3]. According to this, we could suggest that increasing of
some biometric indexes of sunflower seedlings could be explained by the influence
of bacteria B. megaterium ONU 500 but not the cultural medium.

It could be hypothesized that improvement of biometric indexes of the plants
occurred due to ability of B. megaterium to synthesize phytohormones [7; 10; 15;
16; 19], but this suggestion needs further investigations.

The influence of B. megaterium ONU 500 on formation of biofilms on roots
of sunflower seedlings was studied. In the control variant, slightly developed bio-
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films on roots were formed. In presence of bacteria B. megaterium ONU 500 more
developed, mature biofilms with well-formed matrix (++++) were observed in
all experimental variants. The level of biofilm formation became higher in plants
grown in the soil treated with bacilli of this strain (fig. 3).

Control B. megaterium ONU 500 (++++)

Fig. 3. Biofilms on the sunflower seedlings roots in the control (without inoculation)
and experimental (after inoculation of soil with B. megaterium ONU 500) variants (100x)

Microorganisms, in particular bacilli, are able to form biofilms on plant roots
and integrate into natural biofilms of other microorganisms, enhancing their pro-
tective properties [20].

The obtained results allow us to suggest that bacteria B. megaterium ONU
500 are able to enhance the formation of biofilms by other representatives of plant
and soil microbiota. As a result, developed integrated biofilms on the roots of sun-
flower plants grown in the soil inoculated with B. megaterium ONU 500 were
formed as compared with the plants from the non inoculated soil.

Thus, the study of B. megaterium ONU 500 has shown that these bacteria
could be used for stimulation of plant growth. The further investigation of the
mechanisms of biofilm formation in presence of B. megaterium ONU 500 could
elucidate another positive aspect of using bacilli — as stimulators of plant and soil
microbiota.

Conclusions

The investigations demonstrated that bacteria of B. megaterium ONU 500
strain caused a positive effect on development of sunflower seedlings and forma-
tion of biofilms on their roots.
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BIIVIUB BACILLUS MEGATERIUM OHY 500
HA ITPOPOCTAHHS TA PICT CISIHIIB COHAIIHUKA

Pedepar

Mema. Jocnioumu ennue B. megaterium OHY 500 na npopocmarnms Haciw-
Hs ma picm cianyie conswnuka. Mamepianu i memoou. Haciuns conswnuxa
BUCIBANU Y KOHMEUHEPU 13 2DYHMOM, 8 KU HOCUIU CYCNEeN3il0 bakmepii wma-
my B. megaterium OHY 500 y xonyenmpayii 10° KYO/mn. Yepes 21 denv nicas
BUCIBY BU3HAUANU POCMOBI XAPAKMEPUCTIUKU NAPOCMKIB: CXOXHCICIMb, CePeoHio 8U-
comy napocmkis, 008HCUHY KOPEHsl, NAOWY TUCMOBOL NAACMUHKU, CYXY MACy Na-
pocmxis. Memodom c8imno60i MiKpoCKonii oyiHeHo 6Nau6 OaHUX MIKpOOP2anizmie
Ha gopmysanns Oionnieku Ha kopensx. Pesynomamu. 3a inmpodykyii baxmepiui
B. megaterium OHY 500 y epynm cnocmepicanu 30inbuients 008ICUHU KOPEHI8
cianyie consuunura na 2 1%, niowi nucmxie — na 22%, cyxoi macu napocmkie — na
17,8%. Ha cxoxcicms ma ucomy pociun cymmego2o eniugy He gusagieno. Ha ko-
PEHSX POCTUH, SIKL pocau y epyHmi 3 inmpooykoseanumu B. megaterium OHY 500,
cnocmepieanu Oinbul Ppo36UHEeHi OIONIIEKU 3 NOGHICMIO CHOPMOBAHUM MAMPUK-
coM, W0 C8IOUUMb NPO NIOCUTEHHSL 30AMHOCIME MIKDOOIOMU POCIUH | 2DYHMY Y-
soprosamu bionaieku nio eniueom bayuin oanozo wmamy. Bucnosok. Ilposedeni
docnioxcenns nokazanu, wjo bakmepii wmamy B. megaterium OHY 500 yunsme
NO3UMUBHUL BNIUE HA PO3GUMOK CISIHYIE COHAWMNUKA Ma GopmysanHs Oioniieok
HA IX KOPIHHI.

Knwuoesi cnosa: B. megaterium, COHAWHUK, OiOMeMPUYHI NOKAZHUKU NAPOCH-
Kig, bionniexa.
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BJIMAHUE BACILLUS MEGATERIUM OHY 500
HA ITPOPOCTAHME U POCT CESAHLEB
HOACOJIHEYHUKA

Pedepar

Ilens. Oyenumov enuanue B. megaterium OHY 500 na npopacmanue ceman u
pocm ceanyes nooconneunuxa. Mamepuanvt u memoowvt. Cemena noOCONHeYHUKA
8bICEBANU 6 KOHMEUHePbl ¢ NOYBOl, 8 KOMOPYIO GHOCUNU CYCREH3Ul0 bakmepuil
wmamma B. megaterium OHY 500 ¢ konyenmpayuu 10° KOE/mn. Yepes 21 denv
nocie nocesa CPASHUSANU POCMOBbIe XAPAKMEPUCTIUKU POCTIKOG: BCXOHCECHb,
CPEOHION BbICOMY POCTKO8, OJUHY KOPHA, NAOWA0b AUCTIOBOU NIACMUHKY, CYXVIO
maccy npopocmios. Memooom ceemosoii MUKPOCKORUY NPOBEOeHd OYeHKA U~

50 —— ISSN 2076-0558. Mixpobionoeis i 6iomexnonoeisn. 2021. Ne 1. C 45-54



BIIJINB BACILLUS MEGATERIUM OHY 500 HA TIPOPOCTAHHA TA PICT ...

SIHUSL DMUX MUKPOOP2AHUIMO8 HA (hopmuposanue buonienku na kopHsx. Pesyns-
mamul. Bnecenue 6 nougy B. megaterium OHY 500 npugeno x ysenuuenuro 0nunsl
KopHell ceanyes Ha 21%, niowaou aucmeed — na 22%, cyxoii Maccvl pocmkos
—Ha 17,8%. Ha ecxoxcecmbv u 8bicomy pacmenuti CyujecmeenHo2o GIUAHUs 6bl-
s611eH0 He ObL10. Ha kopHsx pacmenutl, Komopble pociu 6 nouée ¢ UHMpoOYYUupo-
sannvimu B. megaterium OHY 500, nabniodanucsy 6onee pazgumsvie OUONIEHKU C
NONHOCMBIO CHOPMUPOBAHHBIM MAMPUKCOM, YMO CEUOEMENbCMEYem O NoGbluie-
HUU CnOCOOHOCMU MUKPOOUOMbL pACTEHUU 1 NO48bl 00PA306bI8ANb DUONTEHKU
noo eusHuem dayuin 0anno2o umavma. Boteoo. Ilposedennvie ucciedosanust
noxazanu, umo oaxmepuu wmamma B. megaterium OHY 500 oxazvieaiom no-
JIOJICUMENbHOE GIUAHUE HA PA3GUMUE CeSHYEe8 NOOCOTHEUHUKA U (hopmuposanue
OUONIEHOK HA UX KOPHSIX.

Kniouesvie cnoea: B. megaterium, I’lOdCOJlHe'-lHMK, 6uomempultecmte nokasa-
meiu npopocmekos, buonienka.
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