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Abstract: Gram-positive bacteria Bacillus subtilis B0O68150 has been used as a biocontrol agent against
the pathogen Fusarium oxysporum cucumerinum. Cucumber was grown in three soils with strain
B068150 inoculated in a greenhouse for 90 days, and the colonization ability of strain B068150 in
cucumber rhizosphere and non-rhizosphere soils was determined. Changes in total bacteria and fungi
community composition and structures using denaturing gradient gel electrophoresis (DGGE) and
sequencing were determined. Colony counts showed that B068150 colonization in the rhizosphere
was significantly higher (p < 0.001) than in non-rhizosphere soils. Based on our data, the introduction
of B. bacillus B068150 did not change the diversity of microbial communities significantly in the
rhizosphere of three soils. Our data showed that population density of B068150 in clay soil had a
significant negative correlation on bacterial diversity in cucumber rhizosphere in comparison to loam
and sandy soils, suggesting that the impact of B068150 might be soil specific.
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1. Introduction

Biological control may be a potential alternative approach to controlling soil-borne plant diseases,
since chemical methods may have some adverse effects on the environment and food safety, and at the
same time, destroy both pathogenic and beneficial organisms in soils [1,2]. At present, the acceptability
of biocontrol agents [3], and the predicted rate of growth on this method is about 10% yearly [4].
However, an introduced biocontrol agent will interact not only with the pathogen to be controlled but
also with all the biotic components of the soil. For example, the biocontrol agent Fusariumoxy sporum
Fo47 introduced to soils affected the structures of the bacterial and fungal communities in silt loamy
soil and sandy soil [5]. Similar effects of biocontrol agents on soil microbial communities have also been
reported in the rhizosphere and non-rhizosphere of plants [6,7]. Additionally, it was reported that the
introduction of Trichoderma harzianum ThzID1-M3 in natural soils resulted in an increase in microbial
populations during the experimental period, while potentially reducing its biocontrol efficacy due
to competition [8]. These studies provided a basic environmental assessment for the application of
biocontrol agents.
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Soil is a medium for growth and survival of microorganisms. Different soils with distinct properties
also affect bacterial populations and their growth differently [9]. Soil microbial community is thought
to be necessary in maintaining a healthy soil and suppressing plant diseases [10-13]. It has been
reported that a decrease in soil microbial diversity was responsible for the development of soil-borne
plant diseases [14,15]. Some management practices like fertilizer, tillage and pesticide application, etc.
have been reported as major factors affecting the bacterial composition of rhizosphere soil [16-18].
A potentially good biocontrol agent should be able to be established in different soil environments
without affecting the investigated microbial structures, except inhibiting the growth of the pathogen.
The soil microbial community played a major role in the retention and cycling of nutrients, in disease
suppression, and in the maintenance of plant health [12,19,20]. Therefore, assessing the structure of
soil microbial community is important for determining the biological processes that occur in soil after
the application of bio-control agent. The use of molecular biological methods currently offers the
opportunity to monitor the changes of microbial diversity in soil and rhizosphere samples without
cultivation [21,22].

The ability of members of the Gram-positive genus Bacillus to form spores is advantageous
for controlling a variety of soil-borne phytopathogenic fungi [23-27], and some are commercially
marketed as biopesticides, biofertilizers and soil amendments because of their easy colonization,
good competition and broad antimicrobial spectrum [28-32]. For example, these bacteria: B. subtilis
B579 [33], B. subtilis N7 [34], B. amyloliquefaciens SQR-9 [35], Pseudomonas fluorescens [15,36] are effective
biocontrol agents. According to these researchers, biocontrol agents have always shown variable results,
because they must compete for nutrients with other native soil microbes to survive [37]. Rhizosphere
competence, including colonization, is still considered a prerequisite of effective biological control for
a biological agent.

In our previous study, we isolated B. subtilis strain B068150 from surface sterilized roots of cucumber
plants that effectively control cucumber Fusarium wilt disease in a greenhouse experiment [38].
However, strain B068150 has not been studied in many soils. In this study, we assess the ecological
fitness of B. subtilis strain B068150 by using DGGE to explore the influence of soil types on the
rhizosphere competence and biocontrol activity of strain B068150 and its effects on the indigenous
soil bacteria and fungi. We hypothesized that B068150 would establish in different soil environments
without affecting the native microbial communities. Therefore, understanding how B068150 influences
soil microbial communities in the greenhouse may be helpful in the development of practices to
suppress Fusarium oxysporum f. sp. Cucumerinum associated with cucumber Fusarium wilt.

2. Materials and Methods

2.1. Strain

B. subtilis strain B068150 used in this study was originally isolated from surface sterilized roots
of cucumber plants grown in greenhouse in Beijing, China. The strain was effective in controlling
Fusarium wilt of cucumber during our previous laboratory study [38]. The strain was maintained in
Luria-Bertani (LB) broth containing 15% glycerol and was stored at —80 °C before use.

2.2. Preparation of Antibiotic Resistant Mutant from Wild-Type Isolate

B. subtilis B068150 was tagged with nalidixic acid (50 pg- mL~!) and rifampicin (150 pg- mL~1),
in LB plates as previously described [39]. Antibiotic resistance status and stability in strain B068150 was
confirmed by growing on LB plates containing 50 j1g- mL~! nalidixic acid and 150 pg- mL~! rifampicin.
Strain B068150 extracted from soil samples was cultured in LB plates containing 25 pg- mL~! nalidixic
acid and 50 pg- mL~! rifampicin.

Tests showed that the growth and survival of the rifampicin/nalidixic acid-resistant isolates were
the same as the wild-type on LB plates. All strains of B068150 were separately stored on cryoprotect
beads in MicroBank microbial storage tubes (Pro-Lab Diagnostics, Richmond Hill, ON, Canada) under
—80°C.
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2.3. B. subtilis B068150 Inoculum Preparation

A single bead was removed from storage at —80 °C under aseptic conditions and plated onto LB
broth containing rifampicin (150 pg- mL~1) and nalidixic acid (50 ug: mL™1). After24h at37°C,a loop
of bacterial growth was streaked across a second LB plate with rifampicin/nalidixic acid-amended,
and subsequent single colonies were used for inoculum production in a sterile LB broth (100 mL)
in a 250 mL flask to obtain a batch culture. The flask was incubated overnight at 37 °C in a shaker
at 180 rpm min~!. An aliquot (1 mL) of the overnight culture was used to inoculate one fresh LB
plate (rifampicin/nalidixic acid) the next day. A total of 80 LB plates (rifampicin/nalidixic acid) were
incubated for approximately 2 days at 37 °C, washed by sterilized water, and filtered with sterile layer
gauze to collect the suspension of spore of B. subtilis B068150.

The suspension was centrifuged at 4000 rev min~—! for 10 min at 4 °C, and the spores were
suspended in sterilized water again, which contained approximately 2 x 10® colony forming units
(CFU) per milliliters of sterilized water. This suspension was added into the soil with a target level of
1 x 10° CFU per gram of dry soil.

2.4. Soils Source

Three soils used for this study were Dello loamy sand (sand), Arlington sandy loam (loam) and
Willow silty clay (clay), with organic carbon (OC) contents of 0.58, 5.4 and 20.4 g- kg ~!, respectively
(Table 1). Soils were collected from the Santa Ana River bed (sand), fallow field at the University of
California-Riverside (loam), and Mystic Lake dry bed (clay). Soil texture and chemistry were the same
as previously described [39].

2.5. Soils Preparation

Before use, soils were sieved to pass through a 2-mm sieve and placed in plastic barrels (diameter,
16.5 cm; height, 25 cm). Moisture content of the soil sample was maintained constantly (50% of WHC)
during the experiment by differences in soil weight after every 3 days. Based on water loss from each
soil, the amount of irrigation water to be added automatically to each soil was determined.

2.6. Strain B068150 Introduction into Soils

The B. subtilis B068150 spore suspension was mixed into soils to a final concentration of 1.00 x 10° CFU
per gram of dry soil. The CFU was counted according to the methods described previously [39]. Soil
without strain B068150 was used as control for three soils. All plastic barrels were maintained in the
greenhouse after introducing B068150 into soils and planting cucumber (Hybrid cucumber, Seminis
vegetable seeds, Oxnard, CA, USA).

Cucumber seeds were surface-sterilized by soaking in 3% NaOC]I and incubated at 30 °C for 24 h
for germination [38]. Triplicate plastic barrels containing the soils inoculated with B. subtilis B068150
was set up for each soil type.

2.7. Pot Experimental Design

Three soils that had never been planted with cucumber were used in the seedling growth.
The method and the amount of soils loaded per barrel were as previously described [38]. Germinating
cucumber seeds were planted in the control soils and soils inoculated with B068150 in barrels (16.5 cm
in diameter, 25 cm in height), under the simulated natural conditions with the average daytime
temperature at 30 °C, and 24 °C in the night. Moisture content of the soil sample was maintained
constantly (50% of WHC) during the experiment by dripping water automatically to make up for
evaporation based on differences in soil weight. Based on evaporation, the amount of irrigation water
applied to each soil was 27.33 mL, 38.67 mL and 18 mL for clay, loam, and sandy soil per day and per
barrel, respectively.
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Table 1. Soils texture and chemistry.

Soil Type Sand Silt Clay Bulk Density WHC pH T-N ocC WSOC MBC AOC
(%) (%) (%) (g/cm) (%) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
Dwllo loamy sand 99.1 0.2 0.7 1.67 17 7.1 0.07 0.58 10 11 0.2
Arlington sandy loam 70.9 20.8 8.3 1.54 21 7.2 0.061 54 44 56 0.9
Willow silty clay 3.7 49.1 47.2 151 63 7.2 1.61 20.4 242 278 4.94

WHC, water holding capacity; T-N, Total nitrogen; OC, Total organic carbon; WSOC, Water soluble organic carbon; MBC, Microbial biomass organic carbon; AOC, Assimilable organic
carbon. From Ma ef al. [39].
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Non-rhizosphere soil samples from the pot experiments were collected at days 0, 3, 5, 10, 15, 20,
25, 28 and 32, and continue for days 39, 53, 74 and 91, for the rhizosphere soils. The experimental
design consist of 15 seeds per barrel, 12 barrels per treatment, and three barrels per sampled time.
After 32 days, the barrels were filled with cucumber roots, and hence the collection of non-rhizosphere
soils was stopped. The rhizosphere samples were collected after shaking loosely held soil on the roots
by taking out whole root systems and non-rhizosphere samples were collected using a cylindrical
soil corer with diameter of 1.5 cm at least 10 cm away from plants. All soil samples were collected
in depth of 5-10 cm below the surface soil. Cells were extracted from cucumber rhizosphere and
non-rhizosphere soil samples inoculated with B068150 and cultured on the LB plates (25 pg- mL~!
nalidixic acid, 50 pg- mL~! rifampicin) for the assessment of the colonization patterns of strain B068150.

2.8. DNA Extraction, PCR Amplification, and DGGE Analysis

Total microbial community DNA was extracted from soil samples (0.5 g; at 0, 10, 32 days for all
rhizosphere soils) with the Power Soil DNA Kit (MoBio Laboratories, Solana Beach, CA, USA) and
stored at —20 °C.

A 236 bp DNA fragment in the V3 region of 165r RNA genes of bacteria were amplified. The
primers used were 338F [40] and 518R [41]. The 200 bp DNA fragment in the ITS genes region of
fungi were amplified with primers EF4F and EF3R for the first PCR step [42], and NS3F and Fungal5R
for the second nested PCR [42,43]. The reverse primers used for PCR of bacteria and nested PCR of
fungi included a GC clamp [41]. Ready-To-Go PCR beads (GE Healthcare Biotech, Piscataway, NJ,
USA) and 5 pmol of primers in a total volume of 25 pL. were used in the PCR reaction as previously
described [16].

The PCR amplification conditions of fungi were 95 °C for 5 min; 35 cycles of 94 °C for 1 min, 48 °C
for 1 min, 72 °C for 1 min and a final incubation at 72 °C for 10 min. Nest PCR was performed with
95 °C for 5 min; 35 cycles of 94 °C for 1 min, 54 °C for 1 min, 72 °C for 1 min and a final incubation at
72 °C for 10 min.

DGGE was performed with 8% (wt/vol) acrylamide gels containing a linear chemical gradient
ranging from 30%-70% denaturant with 100% defined as 7 M urea and 40% formamide. Gels were
run for 3.5 h at 200 V with the Dcode™ Universal Mutation System (Bio-Rad Laboratories, Hercules,
CA, USA). The gel was then stained with ethidium bromide, visualized and photographed using
a gel imaging system (Bio-Rad Lab., Hercules, CA, USA). Cluster analysis was constructed using
PCORD 5.0 [44]. Distance measure was based on Jaccard index, and group linkage method was Ward’s
method. Major bands were excised for identification of microbial species as previously described [45].
All bands were sent to Sunbiotech Co. (Beijing, China) for sequencing. The sequences recovered were
aligned with bacterial and fungal gene fragments available from the National Center for Biotechnology
Information (NCBI) databases.

2.9. Statistical Analysis

The data for colonization of strain B068150 in rhizosphere and non-rhizosphere soil were analyzed
by analysis of variance (ANOVA) and the means were separated by Duncan’s tests at p < 0.05. General
linear model ANOVA (repeated measures) procedure in randomized complete block design was used
with soil type and inoculation as the main plot and sampling time as the subplot. Both ANOVA and
general linear model ANOVA were using SPSS (SPSS statistics 17.0, 2008, SPSS Inc., Chicago, IL, USA).
The rhizosphere and non-rhizosphere colonization data were converted to log10 values before the
statistical analysis. The richness, evenness, diversity indexes and colonization were compared by
Repeated Measures ANOVA and Pearson Correlation analysis using SPSS (SPSS statistics 17.0, 2008),
and the means were separated by Duncan’s tests at p < 0.05. The richness, evenness, Shannon index of
diversity and Simpson’s diversity index were calculated by PCORD 5.0 [44]. Richness (S) refers to the
number of bands detected in a given soil sample. The DGGE evenness (E), a measure of how evenly
DGGE bands were distributed in a given soil sample, was calculated as E = H'/In(S). Diversity was
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calculated by using the Shannon index of diversity (H') to compare changes in diversity of microbial
communities within all treatments at each time [46] by using the following function:

H = —XP;logP;

where P; =n;/N, n; is the height of peak, and N is the sum of all peak heights in the curve.
Simpson’s diversity index (D) for infinite population was calculated by the following equation:

D = 1—sum (Pi x Pi)
where Pi = importance probability in element i (element i relativized by row total).

3. Results

3.1. Abundance of B. subtilis B068150 in Cucumber Rhizosphere and Non-Rhizosphere

The abundance of B. subtilis B068150 with the two antibiotics was detected in the clay, loam and
sand rhizosphere and non-rhizosphere soils (Figure 1). A significant decrease was seen after 10 days
in rhizosphere soil samples and after three days in the non-rhizosphere soil. Thereafter, the numbers
stabilized and remained between 4.68 and 5.21 log CFU g~ ! soil (0.68 x 10* and 0.21 x 10° CFU g~!
soil). The abundances of strain B068150 did not differ significantly in day three from any of the three
soils from non-rhizosphere samples (p = 0.068). However, there was significant interaction between soil
type and sampling time in days (p < 0.001). The abundance of strain B068150 was significantly different
in three soils after day 10 of the study in both rhizosphere and non-rhizosphere soils (p < 0.0001). The
order of colonization of strain B068150 in rhizosphere and non-rhizosphere in different soils was clay >
loam > sand. Furthermore, B068150 colonization in the rhizosphere was significantly different from
the non-rhizosphere soils (p < 0.0001). The abundance of strain B068150 in sand decreased significantly
faster than the other two soils from day 25 (Figure 1).
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Figure 1. Abundance of B. subtilis B068150 in (a) rhizosphere; (b) non-rhizosphere clay, loam, and
sandy soils.
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3.2. Changes in Bacterial Community Structure in Cucumber Rhizosphere with B. subtilis B068150

Rhizosphere and non-rhizopshere soils inoculated with B. subtilis B068150 were analyzed over
time to determine the changes in microbial community structure (Figure 2). To compare DGGE patterns,
Pearson’s indices were determined for comparisons of all profiles, and unweighted pair group method
with mathematical averages (UPGMA) was used to create a dendrogram describing pattern similarities
in the rhizosphere (Figure 3). The analysis clearly distinguished among bacterial communities in the
three soils studied. Analysis of DGGE profiles (Figure 3) from 18 soil samples grouped them into
three main clusters. The UPGMA result revealed that the cucumber rhizosphere bacterial community
of both treated and control were similar in day 0, and thereafter some differences were observed in
individual soil types. For example, the main cluster of clay divided into two branches, one branch
contained two samples of treatment and control in day 0, and the other branch contained treatment
samples in day 10 and 32. The same trend was also observed in the other two soils.

Willowsiltyclay  Arlingtonsandyloam Delloloamy sand

SOD S10D S32D SBOD SB10D SB32D SOD S10D $32D SBOD SB10D SB32D

SOD S10D 32D SBOD SB10D SB}iI?

Figure 2. DGGE banding patterns of 165 rDNA fragments. Numbers indicate the excised and
sequenced 165 rDNA bands. Lane labels denote samples from the treatments in this study (50D, S10D,
532D: soils untreated and sampled in 0, 10 and 32 day. SBOD, SB10D, SB32D: B subtilis B068150-NR was
introduced in to soils and sampled in 0, 10 and 32 day.)

Distance (Objective Function)

5.6E-03 1.2E-01 2.4E-01 3.6E-01 4 7E-01
Information Remaining (%)

100 75 . Sp . 25 . 0
S1.0D 4
s1B.0D Al }7
§1.10D A
§132D A
§1B.10D A:,

R

S1B.32D &

Soil
4 Willow silty clay 4 Arlington sandy loam " Dello loamy sand

Figure 3. Cluster dendrogram of bacterial community in cucumber rhizosphere by PCORD. Figures
next to the branches are cophenetic correlations value that is a parameter to express the consistence of
a cluster. (S0D, S10D and S32D indicate soils untreated and sampled in 0, 10 and 32 day. SBOD, SB10D
and SB32D indicate B subtilis B068150-NR was introduced in to soils and sampled in 0, 10 and 32 day).
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The diversity of bacterial communities were examined in detail using analysis of variance with
repeated measures to determine differences in species richness, evenness, Shannon, and the Simpson
diversity indices among the treatments with strain B068150 and non-inoculated controls at day 0, 10
and 32 (Table 2). Pearson correlation coefficients showed that there were no significant correlation
between bacteria diversity and colonization of B subtilis B068150 in cucumber rhizosphere in loam
and sand. However, in clay, the introduction of B068150 had a significant negative correlation on
bacterial diversity in cucumber rhizosphere (Table 2), suggesting that the impact of B068150 might be
soil specific.

Table 2. Pearson correlation coefficients and significance levels between B068150 colonization and
bacteria diversity indices in cucumber rhizosphere samples.

Colonization in Clay =~ Colonization in Loam  Colonization in Sand

Richness —1.000 * (0.017) —0.286 (0.815) —0.109 (0.930)

Evenness +0.685 (0.520) +0.584 (0.603) +0. 611 (0.582)
Shannon diversity —1.000 ** (0.007) —0.253 (0.837) +0. 018 (0.988)
Simpson diversity —0.999 * (0.034) +0.411 (0.730) —0.057 (0.964)
“**” indicate significant correlation at p < 0.01; “*” indicate significant correlation at p < 0.05; “—" indicates a

negative correlation; “+” indicates a positive correlation.

Bands indicated by numbers were excised and sequenced (Table 3) to gain insight into the
identities of major bacterial populations. Bands excised were correctly identified with 97%-100%
identity to closely related database sequences. Most of the sequences were uncultured bacteria, Firmicutes,
Proteobacteria, Actinobacteria, and Bacteroides. B. subtilis BO68150 belongs to Firmicutes phylum.

Table 3. Sequence similarity of the main bacterial in different cucumber rhizosphere soil samples

in DGGE.

Band The Most Similar Species Similarity (%) Phylum Accesion #
2 Bacillus asahii 98 Firmicutes KF387676.1
8 Bacillus sp. 100 Firmicutes AB748970.1
10 Bacillus sp. 100 Firmicutes KJ935909.2
11 Bacillus megaterium 99 Firmicutes KC485314.1
13 Bacillus sp. 99 Firmicutes KF747082.1
14 Bacillus licheniformis 100 Firmicutes HQ009796.1
15 Bacillus sp. 100 Firmicutes GQ487543.1
16 Bacillus jeotgali 99 Firmicutes HM854268.1
17 Bacillus jeotgali 100 Firmicutes HM854268.1
18 Bacillus sp. 100 Firmicutes HQ141380.1
3 Pedobacter sp. 99 Bacteroidetes KF817798.1
4 Chryseobacterium sp. 99 Bacteroidetes GU451187.1
12 Chryseobacterium sp. 100 Bacteroidetes AB581570.1
7 Herbaspirillum sp. 97 Proteobacteria EU549851.1
20 Uncultured Sphingomonas sp. 100 Proteobacteria LN568861.1
25 Polyangium sp. 100 Proteobacteria KJ611227.1
26 Arthrobacter nicotianae 100 Actinobacteria HM209738.1
1 Uncultured bacterium 100 unclassified LN571102.1
5 Uncultured bacterium 99 unclassified KJ956651.1
6 Uncultured bacterium 100 unclassified GQB866159.1
9 Uncultured bacterium 99 unclassified HM273912.1
19 Uncultured bacterium 100 unclassified KM207257.1
21 Uncultured bacterium 99 unclassified AM935657.1
22 Uncultured bacterium 99 unclassified KC605411.1
23 Uncultured bacterium 99 unclassified FN567976.1
24 Uncultured bacterium 99 unclassified FN567976.1
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3.3. Fungal Community in Cucumber Rhizosphere

The fungal communities in cucumber rhizosphere were analyzed after inoculating B. subtilis
B068150 into clay, loam and sand (Figure 4). The bands indicated by numbers were excised and
sequenced (Table 4). Ascomycota was the largest phylum in cucumber rhizosphere among the three
types of soil (Table 4). The pathogen of cucumber wilt disease F. oxysporum belongs to the Ascomycota
phylum. PCR-DGGE gels (Figure 4) revealed that the rhizosphere fungal communities were different
among the treatments with strain B068150 and non-inoculated controls at each time point examined
(0, 10 and 32 day).

Willowsiltyclay  Arlingtonsandyloam Delloloamy sand
S0D S10D 532D SBOD SB10D SB32D SOD $10D $32D SBOD SB10D SB32D SOD S10D $32D SBOD SB10D SB32D

ME Y'4'!M!I2IH1.Q

¢
2 1
1171ty
..§11'+ 132
16 150 o4 ‘ :
13‘ ‘l:’:
5T Ta

Figure 4. DGGE banding patterns of ITS fragments. Numbers indicate the excised and sequenced ITS
bands. Lane labels denote samples from the treatments in this study (S0D, S10D, S32D: soils untreated
and sampled in 0, 10 and 32 day. SBOD, SB10D, SB32D: B subtilis B068150-NR was introduced in to soils
and sampled in 0, 10 and 32 day).

Table 4. Sequence similarity of bands of the main fungi in different cucumber rhizosphere soil samples

in DGGE.

Band The Most Similar Species Similarity (%) Phylum Accesion #
3 Rhizophydium sp. 95 Chytridiomycota AY635821.1
12 Uncultured Ceratobasidium 99 Basidiomycotina EF154347.1
5 Uncultured ascomycete 100 Ascomycota FN390517.1
8 Stilbella fimetaria 99 Ascomycota FJ939395.1
10 Uncultured ascomycete 100 Ascomycota FN390419.1
11 Microascus cirrosus 100 Ascomycota KM222204.1
13 Chaetomium sp. 99 Ascomycota AB521039.1
14 Stilbella fimetaria 98 Ascomycota FJ939395.1
15 Uncultured ascomycete 99 Ascomycota FN390729.1
17 Aspergillus ustus 99 Ascomycota GQ856237.1
18 Stilbella fimetaria 98 Ascomycota FJ939395.1
19 Aspergillus sp. 100 Ascomycota EU795695.1
1 Uncultured fungus 100 unclassified KF192297.1
2 Uncultured fungus 99 unclassified AJ635526.1
4 Uncultured fungus 99 unclassified AJ635526.1
6 Uncultured fungus 99 unclassified EU657332.1 1
7 Uncultured fungus 100 unclassified AB534361.1
9 Uncultured fungus 100 unclassified EU657047.1
16 Uncultured fungus 100 unclassified AB534361.1
20 Uncultured fungus 100 unclassified EU795695.1

When fungal diversity indices were compared in different cucumber rhizosphere soils, the
Shannon diversity and Simpson diversity indices showed significant difference in different cucumber
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rhizosphere soils (data not shown). The order of both Shannon diversity and Simpson diversity indices
of rhizosphere fungi was sand > clay > loam (p < 0.05).

Cluster and NMDS analysis of DGGE bands of the 18 soil samples grouped the soils into three
main clusters based on soil types (Figures 5 and 6). The analysis did not distinguish between fungal
communities in the three types of soil, and between the controls compared to the samples inoculated
with strain B068150 as observed with bacterial community structures above.

Distance (Objective Function)

GSE.»OQ . 14E.+00 . 2,7E‘+00 ) 4,1E‘+00 . 54E.+00
Information Remaining (%)
1(_)0 . 7_5 ) 59 . 2§
S1.0D a

S1B.10D &
$1320 A
S1B.0D A

$1.10D A
1
—

Soil
4 Willow silty clay 4 Arlington sandy loam Dello loamy sand

Figure 5. A comparison of the fungal community structure of cluster dendrogram by using PCORD.
Figures next to the branches are the cophenetic correlations value that is a parameter to express the
consistency of a cluster. (SOD, S10D and S32D indicate soils untreated and sampled in 0, 10 and 32 day.

SBOD, SB10D and SB32D indicate B subtilis B068150 was introduced in to soils and sampled in 0, 10 and
32 days).

79

% % Soil
- Axis 1 = Willow silty clay
19 xis = Arlington sandy loam
Dello loamy sand

Figure 6. Analysis the similarity of fungi communities in different cucumber rhizosphere soils based
on NMDS analysis of DGGE bands of the 18 soil samples.

4. Discussion

Colonization of roots and soils through adding bio-control agent is considered a prerequisite
for successful biological control [47,48]. B. subtilis B068150 strain, originally isolated from surface
sterilized roots of cucumber plants, inhibited the cucumber Fusarium wilt [38]. In the first part of
this study, the ability of strain B068150 to colonize cucumber rhizosphere and non-rhizosphere under
controlled conditions in greenhouse was assessed. To determine B068150 colonization, three soils
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with contrasting properties were used (Table 1). The population of B. subtilis B068150 significantly
decreased in non-rhizosphere and rhizosphere soil samples, and then stabilized after three and 10 days,
respectively. This pattern was observed in other studies [49,50]. The stabilization in the number of
viable cells likely corresponded to spore formation, which is the ability of the Gram-positive genus
Bacillus to adapt to the soil environment [51,52]. The abundance of B. subtilis B068150 in rhizosphere
was significantly higher than in non-rhizosphere in the three soils (clay, p = 0.021; loam, p = 0.04;
sand, p = 0.002). The colonization in the cucumber rhizosphere in the three soils may be related to
root exudates as previously reported [53,54]. Our data suggest that the survival of strain B068150 in
cucumber rhizosphere and non-rhizosphere was successful, indicating positive impacts on biocontrol
of Fusarium wilt as previously reported [55].

The use of microorganisms to control plant diseases has been a common practice during the last
few decades. Application of biocontrol agent directly into soils to control plant diseases was shown
to have no negative impact on other organisms or on biogeochemical cycles [7,48,56]. One of the
objectives described in this study was to elucidate the influence of B. bacillus B068150 on the native
microbial communities in the cucumber rhizosphere. Based on our data, the introduction of B. bacillus
B068150 did not change the diversity of microbial communities significantly in the rhizosphere of
three soils, although the abundance of B. subtilis B068150 in the rhizosphere was significantly higher
than in the non-rhizosphere. Pearson indices also indicated that there were no significant correlation
between microbial diversity and abundance of B subtilis B068150 in the rhizosphere except in the
clay rhizosphere soil (Table 3). The significant negative correlation in clay soil may be related to the
higher natural microbiota or competition for nutrients as previously reported [7]. However, there
were no significant differences in microbial diversity between the control and cucumber rhizosphere
inoculated with B subtilis B068150. Therefore, the effects of B068150 on native microbial communities
were temporary as previously reported [57]. For example, application of a commercially available
B. amyloliquefaciens FZB42 had a temporary negative impact on the indigenous lettuce rhizosphere
microbial community [58]. However, the majority of the reported non-target studies of BCAs pointed
to no substantial effects on bacterial abundance [7].

Although exogenous microbes like biocontrol agents are often correlated with the observed
indigenous microbial community structure and diversity changes, the structure and diversity of soil
bacterial communities have been found to be closely related to soil environmental characteristics [59,60].
The abundance of strain B068150 was significantly different in three soils after day 10 of the study
(p < 0.01) in both rhizosphere and non-rhizosphere soils, and the observed order in our study was
clay > loam > sand. It is known that the soil physico-chemical properties may influence the biological
balance considerably. Therefore, B068150 survival at low population densities in sand may be related
to a lower level of organic matter and lower water potential (Table 1) [61,62].

B. bacillus B068150 is known for its ability to suppress cucumber Fusarium wilt, which showed
no obvious antagonistic activity to F. oxysporum f. sp. cucumerinum on potato dextrose agar
plate. The mechanisms of action of reported biocontrol agents had been shown to include biofilm
formation, competition for root niches and nutrients, antibiosis and induced systemic resistance in host
plants [55,63-65]. Studies have shown that biofilm formation by B. subtilis may likely act as a biobarrier
on the roots to protect plants from pathogens being infected [63]. Ascomycota was the largest community
in our study, and the pathogen of cucumber wilt disease F. oxysporum belongs to the Ascomycota phylum.
During our study, there were no symptoms of cucumber Fusarium Wilt in cucumber. The disease
generally manifests itself in young and mature plants throughout cucumber-growing stages [66].
Our study showed that Ascomycota was the dominant fungal community in the plant rhizosphere,
which is contrary to previous reports [67,68]. One possible explanation for lack of disease symptoms
by cucumber may be the ability of B. bacillus B068150 to out-compete the pathogen on the rhizosphere
for nutrients, and establish itself as one of the dominant bacteria in the soil.
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5. Conclusions

B. bacillus B068150 is known for its ability to suppress cucumber Fusarium wilt, which showed
no obvious antagonistic activity to F. oxysporum f. sp. cucumerinum on potato dextrose agar plate.
During our study, no significant differences were found between native microbial communities with
strain B068150 except in bacterial community in clay. There were also no significant differences in
microbial diversity between the control and cucumber rhizosphere inoculated with B subtilis B068150.
Therefore, the ability of B. bacillus B068150 to easily colonize different types of soils could make it an
environmentally compatible plant protective agent in soils.
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