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Abstract
An important characteristic of a microorganism in order to be suitable as a biocontrol agent is to be an efficient
rhizosphere colonizer. Plant root colonization is the major step which initiates different and complex interactions
between plants and surrounding soil microorganisms. In this study, we tested the capacity of different bacterial strains
(Bacillus licheniformis B40, Bacillus amyloliquefaciens Bw, Bacillus sp. Bw1and Pseudomonas aeruginosa P14) to
colonize plant root and seed coat. Scanning electron microscopy was employed to analyze cucumber Cucumis sativus L.
seed tegument and roots colonized by these strains. The results showed an abundant colonization of seed coat by three
of the bacterial strains used, but only Pseudomonas aeruginosa P14 strain managed to colonize more efficiently the
cucumber roots.
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INTRODUCTION

capacity to develop on multiple substrates, to
produce antibiotics, lytic enzymes (Sicuia et
al., 2015) and to develop as the root grows
(Kremer 2006). In the same time, abiotic
parameters like water availability, soil texture
and soil structure influences the root
colonization by bacteria (Afzal et al., 2011). A
study, on corn soil, revealed that the soil
texture has an important effect on the diversity
of bacterial strains in the rhizosphere (Fang et
al., 2005).
Nevertheless, the capacity to employ efficient
methods of biocontrol based on microbial
inoculants is many times inconsistent, as newly
introduced bacteria do not colonize the root
very efficient
(Gamalero et al., 2003).
Developing more efficient strategies to
promote the microbial persistence requires a
better mapping of the interaction of biotic and
abiotic factors and how this interaction
influences the dynamics of various microbial
populations in field conditions (Lareen et al.,
2016).
In this study we tested the colonization
capacity of different bacterial strains, isolated
from soil, at seed and root level, all the
bacterial strains employed for this study being

The rhizosphere, defined as the soil zone
around plant roots characterized by intense
bacterial activity (Lugtenberg and Bloemberg,
2004), which is influenced by the root system
(Barret et al., 2011) represents a very complex
ecological niche, due to the exudates secreted
by plant roots. Both beneficial and
phytopathogenic organisms are attracted by
root exudates, the surrounding root areas being
highly competitive environments, where the
pressure for survival is more intense. Thus, a
microorganism’s capacity to efficiently
colonize the rhizosphere is an essential
characteristic for its survival and persistence at
the soil-root interface and represents a
definitory step of its capacity to protect plants
from pathogens and to stimulate plant growth.
In the process of competitive root colonization,
a series of biotic characteristics are involved,
including bacterial motility, chemotaxis of
bacteria towards root and germinating seed
exudates and microbial adhesion to the root
(Lugtenberg and Bloemberg, 2004; Barret et
al., 2011). The successful competition of a
bacterial strain is further defined by the
concurrence of some other factors, like its
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successfully used to trigger the plant
antioxidant system (Helepciuc et al., 2014).

as abbundant as in seed coat. Treatment with
these bacterial strains resulted in the presence
of small bacterial colonies (Bw1 variant Figure 3b) or a reduced number of spatially
isolated bacterial cells (B40 variant - Figure 2b
and Bw variant - Figure 1b). However, in case
of P14 strain, numerous bacterial cells were
observed at the root surface (Figure 4b). The
results show that the Pseudomonas aeruginosa
P14 cells were not observed at the seed coat
level, and were present on roots, this
suggesting that they migrate from the
inoculation site towards the roots and colonized
the cucumber root tips. Pseudomonads show
extensive metabolic versatility and are able to
adapt in fluctuating environmental conditions
(Silby et al., 2011), feature that allows it to be
more efficient in rhizosphere colonization in
comparison with other soil bacteria. Among the
most rhizosphere competent bacteria are
several Pseudomonas ssp. (Lugtenberg and
Bloemberg, 2004), this group of bacteria being
particularly adapted to colonize the rhizosphere
due to their capacity to utilize various carbon
sources from root exudates (Kremer, 2006).
Overall, in our study, two different patterns of
colonization were observed among the four
bacterial strains used: the strains belonging to
Bacillus genus (Bw, Bw1, B40) tend to remain
at the initial inoculation site, while
Pseudomonas aeruginosa P14 colonized in a
higher degree the roots. Except for P14 strain,
the observations regarding plant roots
colonization revealed the presence of a small
number of microorganisms at the surface of the
root 45 days after treatment with bacterial
suspensions. During the process of seedling
development, bacteria are not uniformly
distributed on the root surface their disposal
being influenced by various factors, like
emerging of lateral roots (Lugtenberg and
Bloemberg, 2004), the quantity of available
organic material, soil texture, and the
movement of water within the soil through and
over the roots (Kremer, 2006).
In our experiments, the substrate used for plant
growth was perlite, which has a coarse texture
characterized by a high permeability to water
and air but low water retention capacity. It is
possible that the limited humidity at the
substrate level had resulted in the insufficient
colonization of the radicular system by

MATERIALS AND METHODS
Biological material
The bacterial strains used in this study were
Bacillus
licheniformis
B40,
Bacillus
amyloliquefaciens Bw, Bacillus sp. Bw1 and
Pseudomonas aeruginosa P14 and were
provided by the Faculty of Biotechnology,
USAMV Bucharest, Romania. Cucumber
plants were obtained by germination of
cucumber seeds (Wisconsin SMR58 cultivar).
Plant treatment with antagonistic bacteria
Cucumber seeds were sterilized for 15 min in
5% sodium hypochlorite solution and then
washed with sterile distilled water. The
bacterial strains were grown for 24 h on LB
medium at 28°C. Cucumber seeds were
immersed for 30 min in bacterial cultures and
then were sown in sterile perlite. The plants
were grown in controlled conditions at 25°C,
with a photoperiod of 16 h illumination and 8 h
dark.
Sample preparation for scanning electron
microscopy
Cucumber roots were collected at 45 days after
seed treatment, washed with distilled water and
immersed in 4% glutaraldehide solution. The
samples were washed with 0.1M phosphate
buffer and then dehidrated in 50%, 75%, 100%
ethylic alcohol, 1: 1 ethylic alcohol-acetone
and acetone.
RESULTS AND DISCUSSIONS
The highest capacity to colonize the seed coat
was noticed in Bw strain, were it can be
observed the abundance and relative uniform
distribution of bacterial cells (Figure 1a). In the
case of B40 strain, the bacterial colonies were
spatially isolated (Figure 2a) while Bw1 strain
uniformly colonized the seed coat (Figure 3a),
however, in a lower degree than Bw strain. In
contrast with the variants mentioned above, the
tegument of seeds treated with P14 bacterial
strain were not colonized (Figure 4a).
In case of root colonization, in all variants the
presence of bacterial cells was observed but not
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bacteria. Different studies mentioned the
importance of agrophysical soil properties such
as soil texture and porosity for efficient root
colonization, a soil with a fine texture favoring
a better microorganism colonization of plant
roots than a medium to coarse texture soil
(Zheng and Sinclair, 2000; Fang et al., 2005).
Also, Afzal et al. (2011) showed that Italian
ryegrass root colonization with Pantoea sp.
strain BTRH79 was higher in loamy soils than
sandy soils. A coarse soil texture can prevent
even more an effective colonization in
conditions of insufficient water content of the
substrate, for the movement of bacteria a
critical and continuous volume of water being
needed. Davies and Withbread (1989) found
that high water tension which generates
discontinuity of the water in the soil pores
inhibits
the
progress
of
Rhizobium,
Pseudomonas spp. and other bacteria along the
roots. Thus, besides nutrient availability, soil
type and soil physics, water availability is
among important factors for microbial root
colonization and persistence (Lareen et al.,
2016). However, only the presence of the water
in the soil is not enough to support root
colonization (Davies and Withbread, 1989), the
water movement in the soil and along roots
positively influencing colonization of roots by
bacteria (Kremer, 2006).

Thus, an important role in the movement of
bacteria through the root substrate is attributed
to the irrigation technique employed in the
experiments. In the case of our experiment,
plant watering was done from the bottom of the
pot. Nevertheless, using a different method,
like lightly spraying the water on the substrate
surface, would probably have a positive effect
on colonization capacity. Water regimes proved
to significantly influence root colonization,
plants watered daily from above had better
colonized roots than plants watered each day
from the bottom and plants watered alternate
days from the top (Davies and Withbread,
1989).
Another important aspect influencing the
colonization capacity is linked to variation in
bacterial density and distribution along root,
which is expecting to fluctuate in space and
time (Salman et al., 2013). It is possible that in
our experiments, the samples were taken too
long from the time of treatment, which resulted
in a small number of bacterial cells at root
level.
Although some of the factors mentioned above
may appear to have a little or no influence on
the process of root colonization, this study
emphasizes the importance of all factors, since
minor variations are able to intensify or to
diminish the ability of microorganisms to
colonize the roots.

a

b

Figure 1. Colonization of seed coat (a) and root (b) in Cucumis sativus L. with Bw strain: (a) uniform and
abundant colonization; (b) the presence of a small number of spatially isolated bacterial cells
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Figure 2. Aspects of bacterial suspension treatments on tegument (a) and on root (b) colonization
of Cucumis sativus L. with B40 strain: (a) the presence of abundant but spatially isolated bacterial colonies;
(b) the presence of a small number of bacterial cells
a

b

Figure 3. Aspects of seed coat (a) and root (b) colonization in Cucumis sativus L. with bacterial strain Bw1:
(a) the relatively uniform distribution of bacterial cells; (b) the presence of bacterial colonies
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Figure 4. Aspects of seed coat (a) and root (b) colonization in Cucumis sativus L. with bacterial strain P14:
(a) uncolonized seed coat; (b) the presence of bacterial cells at the root surface

CONCLUSIONS
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