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EFFECT OF LACTOBACILLUS PLANTARUM
ON GROWTH CHARACTERISTICS OF WHEAT
IN HYDROPONICS AND SOIL

The aim was to study the effect of Lactobacillus plantarum on germination and
some growth characteristics of wheat Triticum aestivum L. in hydroponics and
soil under greenhouse and field conditions. Materials and Methods. Strains of L.
plantarum, their mixtures in a ratio 1:1 had been prepared immediately before the
experiment, as well as mixed cultures of these strains which had been cultivated
together for at least one week and re-inoculated every two days were used. Before
grounding, seeds were inoculated with lactobacilli (in concentrations 1%, 0.1%,
0.01%, 0.001%, 0.0001%, 0.00001%) for an hour. Seed germination, length of
the roots and height of the seedlings were calculated as means with standard
errors or confidential intervals. Results. Treatment of wheat seeds with individual
L. plantarum ONU 12, L. plantarum ONU 311, L. plantarum ONU 355 strains,
their mixed cultures grown together and mixtures has increased seed germination
in 6.0-40.0% depending on the conditions of germination and inoculum
concentration. Under conditions of hydroponics and soil in the greenhouse the
best results were shown by inoculums in concentration 103—106 CFU/ml, and
under field conditions — in concentration 10°—10* CFU/ml. Mixtures and mixed
cultures of L. plantarum ONU 12 + L. plantarum ONU 311 and L. plantarum
ONU 12 + L. plantarum ONU 355 formed developed biofilms on roots of wheat
seedlings. Mean height of seedlings increased in 8.0-41.0%, and the length of the
roots increased by 2.4 times in hydroponics and in 6.8 —64.5% in soil. Conclusion.
The mixtures and mixed cultures of bacteria L. plantarum ONU 12 + L. plantarum
ONU 311 and L. plantarum ONU 12 + L. plantarum ONU 355 could stimulate
wheat germination and growth and can be used for development of plant growth
promoting bacterial preparations.

Key words: Lactobacillus plantarum, biofilm, inoculum, wheat, growth
characteristics, hydroponics.

Modern agriculture experiences the increasing need for environmentally
friendly biological preparations. Lactic acid bacteria, in particular lactobacilli, are
famous for a wide range of antagonistic properties [1; 5; 9; 11; 16], as well as their
ability to stimulate plant growth [3; 4; 8; 13; 15] due to the synthesis of hormones
or precursors of growth-promoting hormones [7].

In particular, wheat growth stimulation with the help of biological preparations
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might be possible not only in field conditions, but also in hydroponics, including
the future possibility of cultivating wheat in artificial conditions, including space
stations [12; 14].

Previous studies conducted on wheat seedlings in moist chambers,
demonstrated high stimulatory effect of L. plantarum strains on germination
and growth characteristics of seedlings [3], however further investigations under
conditions more close to natural were needed.

The aim of this work was to study the effect of bacteria L. plantarum on
germination and some growth characteristics of wheat Triticum aestivum L. in
hydroponics and soil under greenhouse and field conditions.

Materials and Methods

In this investigation, stimulatory activity of the next bacterial strains from
the collection of the Department of Microbiology, Virology and Biotechnology
of Odesa National I. I. Mechnykov University (ONU) was studied: L. plantarum
ONU 12, L. plantarum ONU 311, L. plantarum ONU 355; a mixture of strains
L. plantarum ONU 12, L. plantarum ONU 311, L. plantarum ONU 12, L. plantarum
ONU 355 and mixed cultures of L. plantarum ONU 12, L. plantarum ONU 355
and L. plantarum ONU 12, L. plantarum ONU 311. All L. plantarum strains were
originally isolated from grapes and stored at — 80 °C in 20% glycerol.

Lactobacilli were grown for 24 hours in a liquid MRS medium [6] at
37 °C. Daily cultures of lactobacilli at the concentration of 10® CFU/ml were used
to prepare the dilutions: 1%, 0.1%, 0.01%, 0.001%, 0.0001%, 0.00001%.

A mixture of strains was created by mixing the overnight cultures of different
strains of lactobacilli in a ratio 1:1 and immediately used in the experiment (for
dilutions and treatment).

A mixed culture of lactobacilli was created by mixing the overnight cultures
of different strains of lactobacilli in a ratio 1:1 and cultivating them together for a
week with re-inoculation every two days. For the experiment, a mixed culture was
grown overnight to reach the concentration of 10® CFU/ml.

The conditions of hydroponics were modeled using Aquasave S. gel. The
test plant used in the research was wheat Triticum aestivum L., variety Odeska
ozyma. Prior to the experiments, the seed surface was sterilized with 25% hydrogen
peroxide during one minute, and washed thrice in sterile distilled water (SDW).

In all the experiments, the seeds were soaked in prepared bacterial suspensions
or SDW for 60 minutes.

In the experiments with hydroponics, seeds were later transferred to germinate
on Aquasave S gel in glassware. The control group were seeds soaked for 60 min
in SDW. Germination was carried out in a greenhouse in Aquasave S gel for the
period of seven days.

In the experiments with soil in a greenhouse, commercial soil "Poliskyi
Universalnyi" with high content of peat was used; the soil was not sterilized before
sowing. Wheat seeds were similarly soaked in bacterial suspensions for one hour
and then sowed in plastic cups with soil.

The experiments in the open field were conducted in the south-Ukrainian
heavy-bodied low-humus chornozem soil during 2017 and 2018.
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In total, three independent experiments of each variant using 240-300 seeds
were conducted. After seven days, the growth characteristics of seedlings were
measured, namely - mean root length of seedlings and mean seedlings height [2].
Statistical analysis was carried out using the Excel package. The lengths of roots
and seedlings were, as quantitative characteristics, expressed as a mean with 95%
confidence interval; seed germination was, as a qualitative characteristic, expressed
in percentage with the standard error. Significant differences between measurements
of control and inoculated seedlings were identified in Student's t-test (P < 0.05).

In order to study the ability of bacteria to form biofilms on plant root surface,
the seven-day seedlings were washed from gel and soil in distilled water. The
biofilm was fixed in 96% ethanol for 15 minutes and stained with 0.1% Acridine
Orange solution for 10 minutes. Dyed seedlings were dried on a microscope slide
and observed using PrimoStar PC microscope, Carl Zeiss, with x 600 magnification.
Microscopy was performed on 10 samples of each variant, with 10 visual fields of
each. The biofilms were photographed using Canon EOS 500D camera.

Results and Discussion

The observations of wheat seed germination showed that individual strains of
lactobacilli and their mixtures in most cases caused positive effect on germination,
increasing the percent of germinated seeds in 6.0-40.0% (Table).

Under greenhouse conditions (both in hydroponics and soil), the effect of seed
treatment with lactobacilli was higher due to absence of any additional nutrients in
gels and peat soils used for germination of seeds. Metabolites of lactobacilli, dead
cells, and residues of the culture medium in which bacteria were cultivated played
the role of organic component of the germination substrate.

Stable increasing in germination following treatment with bacteria at all
concentrations was observed using the mixtures and mixed cultures of lactobacilli.
Consequently, the best combinations were selected and used for the open field
experiments — the mixtures of strains L. plantarum ONU 12 + L. plantarum ONU
311 and L. plantarum ONU 12 + L. plantarum ONU 355.

In the open field, seed germination in control was higher (22%) than in gel
and in peat soil under greenhouse conditions. This is due to the rich composition of
organic and inorganic components of the south-Ukrainian heavy-bodied low-humus
chornozem of the Odesa region. However, the treatment of seeds with lactobacilli
also increased germination in 6-8%. The best concentrations were 0.1-0.01% for
L. plantarum ONU 12 + L. plantarum ONU 311 and 1.0-0.01% for L. plantarum
ONU 12 + L. plantarum ONU 355.

Inoculation with mixtures and mixed cultures of lactobacilli also improved
some morphometric characteristics of seedlings in gel. There was a significant
increase in mean height of seedlings — following treatment with a mixed culture
and a mixture of strains L. plantarum ONU 12 + 311 in 37.0-38.1%, and by
combinations L. plantarum ONU 12 + 355 — in 36.2-—41.0% (Fig. 1).

The length of roots of wheat seedlings was the highest as a result of treatment
with mixed culture ONU 12 + 311, which yielded 34.1% increase compared to the
control, and mixed culture L. plantarum ONU 12 + 355 — 2,4-fold increase (Fig. 2).

38 —— ISSN 2076-0558. Mixpo6ionozis i 6iomexnonozis. 2018. Ne 3. C 36-49 _—



BIUIUB LACTOBACILLUS PLANTARUM HA PICT ITIIEHMWIIL ...

Table

Germination of wheat seeds following treatment with individual strains of L. plantarum
and their combinations (data estimated as %)

Conditions Strain Final concentration of overnight cultures of lactobacilli
of planting
1% 0.1% 0.01% 0.001% | 0.0001%
ONU 12 | 60.042.5 | 80.042.1% | 70.042.4% | 60.042.5 | 60.0+2.5
ONU 311 | 78.0£2.1% | 90.0+1.5% | 90.0+1.5% | 90.0£1.5% | 60.042.5
ONU 355 | 87.0£1.5% | 60.042.5 | 70.042.4% | 60.042.5 | 80.0+£2.1*
1203111 70 040.4% | 100% | 90.0£1.5% | 80.0£2.1% | 75.0+2.4*
» mixture
=
S 12835 1 900x1.5% | 70.042.4% | 80.0+2.1% | 80.0+2.1% | 90.0+1.5%
S mixture
4 124311
= mixed 80.0£2.1 | 80.0£2.1% | 70.042.4% | 80.0+2.1%* | 78.0+2.1%
culture
124355
mixed 80.042.1% | 80.044.4% | 80.044.4% | 70.042.4% | 78.042.1%
culture
control 60.0£2.5
ONU 12 | 75.0£3.0% | 70.043.2% | 72.042.3% | 85.0+3.4% | 75.0£1.2%
2 ONU 311 | 80.0£2.4% | 85.041.1% | 81.0+1.8% | 82.0+3.1% | 80.0+4.1%
2 ONU 355 | 65.0422 | 68.0+1.6 | 62.042.4 | 75.0+£3.0% | 78.0£1.2%
o
o
g 1203111 75 041 5% | 78.0+5.1% | 76.0+2.2% | 80.0+2.8* | 86.0+4.3*
° mixture
3
E 124355 1 670422 | 77.0£1.7% | 86.042.4% | 74.0+3.1% | 88.0+1.5%
g mixture
[}
° 124311
> mixed 68.043.1 | 80.042.1% | 72.043.8% | 69.044.3 | 75.0+1.4*
—qé culture
= 124355
2 mixed 70.042.7% | 66.042.3 | 71.042.4% | 82.0+1.3% | 88.0+2.6*
culture
control 60.0+3.4
- 1203111 04 0432 | 92.041.2% | 88.0+1.4% | 84.041.6 | 82.0+2.8
= mixture
[dm]
5 124355 190 041.1% | 90.042.6* | 92.043.1% | 86.042.2 | 84.0+1.9
8 mixture
control 82.0+1.2

Note: * values are significantly different from the control ones (P < 0.05).
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Fig. 1. Mean height of wheat seedlings following treatment with mixtures
and mixed cultures of lactobacilli in gel: * values are significantly different
from the control ones (P < 0.05)
1,8 3 *
£ 16 £
5] W water @25 W water
- 1,4 -
S 12 m1% 3 2 m1%
5 1 m0,10% s m0,10%
= 2154
w 0,8 W0,01% ) W0,01%
206 H0,001% 2 14 m0,001%
c <
T 0,4 @
[ ¥0,0001% 905 | 0,0001%
202 =
0 0
Mixture of L. plantarum ONU 12 + Mixed culture of L. plantarum ONU 12 +
L. plantarum ONU 311 L. plantarum ONU 355

Fig. 2. Mean root length of wheat seedlings following treatment with mixtures
and mixed cultures of lactobacilli in gel: * values are significantly different
from the control ones (P < 0.05)
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Overall, different strains of lactobacilli and their combinations positively
influenced the growth of wheat seedlings in gel, causing increase in seedlings height
in 36.2—41.0%, and the mean length of the roots increased in 2.4 times. As a rule,
the best effect was observed at the concentration of 1.0-0.001%, that is, bacterial
suspensions with 10°~10° CFU/ml.

In peat soil under greenhouse conditions, the mean length of seedlings after
the treatment with the mixture of strains L. plantarum ONU 12 + 311 increased in
8.4-20.4%, with mixed culture of L. plantarum ONU 12 + 311 —in 6.8—15.9%, with
mixed culture of L. plantarum ONU 12 + 355 —in 4.6—17.6% (Fig. 3). For the mixed
culture of L. plantarum ONU 12 + 355 dilutions in the range of 0.001-0.0001%
(10° —10% CFU/ml) yielded better results, and mixed culture of L. plantarum ONU
12 + 311 at all concentrations increased the mean root length. In case of mixtures,
the results varied depending on both the combination of lactobacilli and their
concentration (Fig. 3).
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Fig. 3. Mean root length of wheat seedlings following treatment with the mixtures
and mixed cultures of lactobacilli in soil under greenhouse conditions:
* values are significantly different from the control ones (P < 0.05)
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Treatment with bacterial suspensions also had a significant effect on average
seedlings height (Fig. 4).
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Fig. 4. Mean height of wheat seedlings following treatment with mixtures
and mixed cultures of lactobacilli in soil under greenhouse conditions:
* values are significantly different from the control ones (P < 0.05)

Treatment with the mixture and mixed culture of L. plantarum ONU 12 + 311
increased the mean seedlings height in 6.6 — 21.5%, and inoculation of seeds with
the mixture of strains L. plantarum ONU 12 + 355 yielded a 12.0-22.8% increase
(Fig. 4). The highest values were observed at concentrations 1.0-0.01% (from 106
to 10* CFU/ml).

In the open field, the influence of lactobacilli was slightly different, namely -
while all concentrations of both mixtures positively influenced the mean root length
(Fig. 5), mixture of L. plantarum ONU 12 + 311 at the concentration of 1% had an
inhibitory effect on the seedlings height (Fig. 6).

This fact probably could be explained by overproduction of phytohormones by
the mixture of lactobacilli strains in soil and direct interaction with soil microbiota.
Other concentrations of inoculums increased the average height of seedlings in
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Fig. 5. Mean root length of wheat seedlings following treatment with the mixtures
and mixed cultures of lactobacilli in the open field: * values are significantly
different from the control ones (P < 0.05).
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Fig. 6. Mean height of wheat seedlings following treatment with the mixtures
and mixed cultures of lactobacilli in the open field: * values are significantly
different from the control ones (P < 0.05)

8.0—17.9%, and the length of the roots —in 15.7-64.5% with the best concentrations
ranging from 0.1-0.001% (10*-10?> CFU/ml) (Fig. 6).

In general, the obtained data indicate that, in order to improve growth
characteristics of wheat seedlings in the open field, lower concentrations of
lactobacilli suspensions are sufficient than for greenhouse conditions and
hydroponics.

The bacteria of both mixed cultures of L. plantarum ONU 12 + L. plantarum
ONU 355 and L. plantarum ONU 12 + L. plantarum ONU 311 were able to form
biofilms on roots of wheat seedlings. The biofilms consisted of well-developed
microcolonies and matrix, lacked gaps and occasionally had slight ruptures (Fig. 7).

The results obtained from using mixed cultures of L. plantarum strains ONU
12 + L. plantarum ONU 355 and L. plantarum ONU 12 + L. plantarum ONU 311
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A B C

Fig. 7. Colonization of roots of the seedlings by mixed cultures
of L. plantarum ONU 12+311 (A) and L. plantarum ONU 12+355 (B, C) (x600)

for treatment of wheat seeds indicate that one hour is sufficient time for lactobacilli
to attach to seeds and consequently colonize the seed surface.

High increase in morphological characteristics of plants indicates the
stimulatory potential of the studied strains of lactobacilli, which could be explained by
the synthesis of auxin hormones or their precursors, as described in the literature [7].

Treatment with lactobacilli improved germination of wheat seeds in 10.0—
40.0% in hydroponics and in soil under greenhouse conditions, and in 6.0-8.0%
in the open field. Under the influence of the mixtures of L. plantarum ONU
12 + L. plantarum ONU 311 and L. plantarum ONU 12 + L. plantarum ONU
355, mean height of seedlings increased in 34.2-41.0% in hydroponics, in 6.6—
22.8% in soil under greenhouse conditions, and in 8.0-17.9% in the open field.
Following treatment with lactobacilli, the increase in mean root length of wheat
seedlings ranged from 34.1% to 2.4 times in hydroponics, from 6.8 to 20.4% in soil
under greenhouse conditions, and from 15.7 to 64.5% in the open field. The best
concentrations of bacterial mixtures for seed treatment with subsequent germination
in hydroponics and soil were 10°-10° CFU/ml, and for open field conditions —
10>-10* CFU/ml. Bacteria of L. plantarum mixture of ONU 12 + L. plantarum
of ONU 311 and L. plantarum of ONU 12 + L. plantarum of ONU 355 formed
developed biofilm on roots of wheat seedlings. Thus, for stimulation of wheat
growth mixtures L. plantarum ONU 12 + L. plantarum ONU 311 and L. plantarum
ONU 12 + L. plantarum ONU 355 should be used with the best concentrations of
bacterial mixtures for seed treatment with subsequent germination in hydroponics
and soil 10°~10° CFU/ml, and for open field conditions — 10>~10* CFU/ml.

44 ——  ISSN 2076-0558. Mixpobionozia i Giomexnonozis. 2018. Ne 3. C 36-49 _



BIUIUB LACTOBACILLUS PLANTARUM HA PICT ITIIEHMWIIL ...

H. B. Jlimancska, H. B. CokoJioBa, A. A. Cynak,
M. B. I'aakin, B. O. IBanuns

Onecbkuil HanioHaNbHUH yHiBepcuteT imeHi I. I. Meunnkosa,
ByIl. JIBopsiHCBKa, 2, Oneca 65082, Ykpaina,
e-mail: limanska@gmail.com

BIIVIMB LACTOBACILLUS PLANTARUM HA PICT
IIIEHUIII HA T'IJIPOIIOHILI TA Y IPYHTI

Pedepar

Mema. Busuumu enaus L. plantarum na npopocmanns i 0eski pocmosi xapax-
mepucmuku nuwenuyi Triticum aestivum L. 8 ymosax 2ioponoHixu, IpyHmy y me-
nauyi ma iokpumoeo rpyHmy. Memoou. Buxopucmosysanu okpemi wmamu L.
plantarum, ix cymiwi y cniggionowenni 1:1, npucomosneni be3nocepednsbo nepeo
eKCNEePUMEHNIOM, d MAKONHC 3MIWAHT KYTbmypu Oaxmepii yux wmamis, AKi K)ib-
MUBY6ANU PA30M WOHALIMEHUIE NPOMA2OM MUIICHS 3 NePecieamu KOJHCHI 06a OHi.
Hacinus nepeo sucigom iHOKY108aAU PI3HUMU PO38E0CHHAMU 00008UX KVIbIMYD
aaxkmobayun (1%, 0,1%, 0,01%, 0,001%, 0,0001%, 0,00001%,) énpodosxc coou-
Hu. Pospaxogysanu cepeoHi 3HauenHs, cmanoapmui noxubxku abo 008ipui inmep-
6aU MAKUX NOKA3HUKIB, SIK CXOJICICIMb HACIHHA, 008XHCUHA KOPEHI8 Ma 6UCOMA Na-
pocmkis. Pesynomamu. 3a 00podoxu dbaxmepiamu okpemux wmamis L. plantarum
OHY 12, L. plantarum OHY 311, L. plantarum OHY 355, ix smiwanumu Kyio-
mypamu ma cymiwiamu cnocmepieanocs nokpawjenns cxoxcocmi na 6,0-40,0%
8 3ANIEHCHOCMI 8i0 YMO8 NPOPOULYBAHHA MA KOHYeHmpayii inokyaomy. /lna ymos
2I0PONOHIKU MA 3aKPpUmMo20 IPYHMY HAUKPAWUMU KOHYEHMPAayismu iHOKYIIOMI6
oyau 10°—10° KYO/mn, a ons ymos iokpumozo tpynmy — 10°—10¢ KYO/mn. baxk-
mepii cymiweti i smiwwanux kynomyp L. plantarum OHY 12 i L. plantarum OHY
311 ma L. plantarum OHY 12 i L. plantarum OHY 355 ymeoproseanu poseute-
Hy Oionnieky Ha Kopeuax cianyie nuenuyi. Cepeons sucoma napocmkie 30i1b-
wyeanacs na 8,0—41,0%, a dosocuna kopenie —y 2,4 pasu y eunaoky pocmy Ha
eiopononiyi ma na 6,8—64,5% 6 ymosax tpynmy. Bucnosok. baxmepii cymiwietl
oakmepii L. plantarum OHY 12 i L. plantarum OHY 311 ma L. plantarum OHY
12 i L. plantarum OHY 355 30amui cmumynroeamu npopowsy8anHs HACIHHA i picm
POCIUH RULeHUY] Ma MOJACYMb OYMU 3aCmMoco8ani 0Jis po3poOKU PICIMCmuUMYio-
BANLHUX MIKDOOHUX Npenapamis.

Kuwuosi cnosa: Lactobacillus plantarum, 6ionniexa, inokyniom, nuieruys, po-
CMo8i Xapakxmepucmuxu, 2ioponoHixa.
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BJIMAHUE LACTOBACILLUS PLANTARUM HA POCT
INIITEHUIbI HA TMIPOIIOHUKE U B IIOYBE

Pedepar

Lens. M3yuume eruanue L. plantarum na npopocmanue u HeKomopwvle pocmo-
svle xapaxmepucmuxu nuenuysl Triticum aestivum L. 8 yciosusx euoponouuxu,
nougel 6 menauye u 6 omkpvimom epynme. Memoowl. Hcnonvzosaiu omoenvhoie
wmammol L. plantarum, ux cmecu ¢ coomnowenuu 1:1, npueomognennvle neno-
CpeoCcmeeHHO neped IKCREPUMEHIMOM, d MAKIICe CMeUuanHble KYIbmypbl baxmepuil
IMUX WUMAMMOB, KOMOpble KYIbMUBUPOSALU 6MeCHie, N0 MeHbUlell Mepe Hedeno
¢ nepecesamu Kadxcovle 06a ons. Cemena nepeo 6blce60M UHOKYIUPOBATU PA3HbI-
MU pazeederusmu cymounvlx Kynemyp naxkmoodayunn (1%, 0,1%, 0,01%, 0,001%,
0,0001%, 0,00001%) 6 meuenue ooHoeo yaca. Paccuumvieanu cpednue 3nauenus,
cmanoapmusle OWUOKY UIU 008epumenbHble UHMEPBAIbl MAKux noxasamenetl,
KaK 6CX00icecmy CemsH, ONUHA KopHel u evlcoma npopocmios. Pezynsmamot.
Ilpu obpabomxe baxmepusimu omoenvuvix wmammos L. plantarum OHY 12, L.
plantarum OHY 311, L. plantarum OHY 355, ux cmewannvivu Kynomypamu u
cmecamuU, HaboOanocs yryuuieHue ecxodxcecmu Ha 6,0—40,0% 6 3asucumocmu om
VCI08UL NPOPAUUBANUS U KOHYEHMPAYUU UHOKYIIOMA. /s yeaouil 2UOpOnOHUKY
U 3aKPLIMO20 2PYHMA HAUTYHUUMY KOHYEHMPAYUAMU UHOKYIIoMO8 Ovlau 10°P—10°
KOE/mn, a ona ycnosuii omxpvimoeo epyuma — 10°—10* KOE/mna. Bakmepuu cme-
ceti u cmewannvlx Kyaomyp L. plantarum OHY 12 u L. plantarum OHY 311, L.
plantarum OHY 12 u L. plantarum OHY 355 popmuposanu pazeumyio 6uoniéuxy
Ha Kopusx ceanyes nuteHuysl. Cpeousiss 6blcOMa NPOPOCMKO8 YEEIUUAIdcs Ha
8,0-41,0%, a onuna xopueii — 6 2,4 pasa 6 ciyuae pocma Ha 2uOpONoOHUKe U Ha
6,8—64,5% 6 ycnosusix epynma. Beteod. Bakmepuu cmeceil L. plantarum OHY 12
u L. plantarum OHY 311, L. plantarum OHY 12 u L. plantarum OHY 355 cnocoo-
Hbl CIMUMYIUPOBAMb NPOPACMAHUEe CeMAH U POCH pACMEeHUll NueHuybl, U Oblims
npumMenensl 05l paspadomru pOCMCMUMYIUPYIOUUX MUKDOOHBIX NPENnapamos.

Knwuegvie cnosa: Lactobacillus plantarum, Ouonnénka, uHoKymom, nuieHuya,
POCMOBblE XAPAKMEPUCUKU, 2UOPONOHUKA.
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