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An endophytic bacterium, H-6, was isolated from leaves of Huperzia serrata grown in the Lushan 
Mountain, China. The strain was identified as Burkholderia sp. H-6 based on morphological, 
physiological and biochemical methods as well as on 16S rDNA analysis. This strain inhibited mycelium 
growth in vitro of 6 plant pathogenic fungi, especially of Phytophthora capsici, Fusarium graminearumt 
and Sclerotinia libertiana. In greenhouse pot experiments, soil drenches with cell densities of 106, 108 
and 1010 CFU ml-1 H-6 reduced significantly P. capsici, in pepper seedling by 51.7, 58.7 and 60.2%, 
respectively, compared to the inoculated control, 3 weeks after sowing. Growth parameters such as 
lengths and fresh weights of roots and shoots of P. capsici-inoculated control plants were significantly 
lower compared to P. capsici-inoculated and H-6-treated plants, which is an added advantage of the 
strain used as potential biocontrol agent in future. 
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INTRODUCTION 
 
Soil-borne diseases are a serious concern in the world 
agriculture. So far, many phytopathogenic fungi, such as 
Phytophthora capsici and Sclerotinia scleroliorum have 
been reported as the causal agents of soil-borne diseases 
and cause significant loss to growers (Lee et al., 2008; 
Rocha et al., 2009). Even though chemical inputs such as 
pesticides showed promising results in controlling the 
disease, phytotoxicity and chemical residues may pose a 
serious threat to the environment and human health 
(Rajkumar et al., 2005).  

Biological control has been described as a non- 
hazardous strategy to reduce crop damage caused by 
plant pathogens when compared to the exclusive use of 
the chemical control of plant diseases (Bagnasco et al., 
1998). The mechanisms of biocontrol agents can 
antagonize soil-borne pathogens are generally included 
predation, competition for ecological niches and nutrients, 
antibiosis and induction of a plant defence response 
(Thomashow and Weller, 1995; Sturz et al., 2000; Kong 
and Ding, 2001; He et al., 2009). In this context, biological 
control appears to be a rational alternative for agriculture.  
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Recently, there has been considerable interest in 
developing biological strategies using endophytic bacteria 
with antimicrobial activities for controlling pathogens 
(Hallman et al., 1997; Kavino et al., 2007). Endophytic 
bacteria living in the healthy tissues of plants are relatively 
unstudied and potential sources of novel natural products 
for exploitation in agriculture, medicine, and other indus- 
tries (Strobel and Daisy, 2003). In fact, some strains 
belonging to the genus Alcaligenes, Kluyvera, Burk- 
holderia and Bacillus are effective biological control 
agents (Assis et al., 1998; Bevivino et al., 2000; 
Kudryashava et al., 2005). Therefore, searching for new 
endophytic bacteria is a way of controlling plant diseases 
by biological control methods. 

In this paper, an isolate of endophytic bacterium from 
Huperzia serrata was screened for its antimicrobial acti- 
vity in vitro. The dual culture tests revealed that this 
endophytic bacterium strain displayed a wide-spectrum 
antimicrobial activity against 6 phytopathogens fungi. It 
especially strongly inhibited the growth of P. capsici, 
Fusarium graminearumt and Sclerotinia libertiana. Also in 
the greenhouse pot experiments the strain was proved to 
be very efficient in biological control of P. capsici. Finally, 
the endophytic bacterium strain H-6 was identified through 
morphology, physiological and chemical characteristics and 
homology of 16S rDNA gene sequence by NCBI program 



  

 
 
 
 
BLAST and phylogenetic tree analysis. 
 
 
MATERIALS AND METHODS 
 
Test phytopathogens and media 
 
Six strains of fungal for antimicrobial activities assays were used in 
this study. The tested isolates: S. scleroliorum, F. graminearumt, S. 
libertiana, P. capsici, Sesame fusarium wilt and Rhizoctonia solani 
were all stored in our laboratory. Potato dextrose agar (diced potatoes, 
200 g/l; dextrose, 20 g/l; agar, 18 g/l) was used for antagonistic tests 
and fungal phytopathogens maintaining. Nutrient agar (NA) was 
used for bacteria culture. Oat kernels were used to prepare an 
inoculum of the highly pathogenic isolate P. capsici (Huang et al., 
2001).  
 
 
Isolation of the endophytic bacterium strain 
 
The healthy plant materials of H. serrata (Thunb.ex Murray) Trevis 
were collected from Lushan Mountain, Jiangxi province, China. 
Then the plant samples were placed in a plastic bag within an ice 
box and transported to the laboratory as soon as possible. The 
samples were thoroughly washed using distilled water and followed 
by 70% ethanol (v/v) for 2 min and 0.1% mercuric chloride (v/v) for 
10 min to accomplish surface sterilization. Plant samples were 
subsequently rinsed three times in sterile demineralized water. 
Small pieces of inner tissues were placed on potato dextrose agar 
and the plates were incubated at 28°C for 2 - 7 days. Samples 
without surface sterilization were cultured in the same condition as 
negative controls to check the presence of contaminated microbes 
on the surface. 

After incubation, the endophytic bacterial colony appeared and 
showed antimicrobial activity against other isolates of endophytic 
fungi which had been isolated at the same time. The bacterial colony 
was picked out, streaked on NA and incubated at 28°C for 2 days to 
get the pure culture. After purification, the bacterial isolate (named 
as H-6) was cultivated in 5 ml of NA liquid medium with constant 
shaking at 28°C for 2 days. The culture was suspended in 20% 
glycerol solution and stored at -80°C. 
 
 
Antifungal action of strain H-6 in vitro 
 
The inoculum of H-6 was prepared from cultures incubated in NA 
liquid medium at 28°C for 3 - 5 days with constant shaking. 20ml of 
the fresh liquid culture was centrifuged at 3000 rpm for 15 min at 
4°C. The supernatant was removed to a new centrifuge tube and 
filter sterilized. Both the bacterial inoculum and supernatant were 
used for the dual culture tests. 

For the antifungal assay, a plug of mycelium of each fungus (5 
mm diameter) was plated at the centre of the Petri dish containing 
25 ml PDA and 50 �l liquid endophytic bacterial cultures or 
supernatant aliquots were put into the holes (5 mm diameter) 3 cm 
away from the centre. All the tested plates were incubated at 28°C 
for 5– 7 days and the inhibition effects were evaluated by mea- 
suring the diameters of the inhibition zones. 
 
 
Characterization and identification of the endophytic bacterium 
strain H-6 
 
According to the experimental design described by Bergey’s Manual 
of determinative bacteriology (Buchanan and Gibbons, 1984), the 
endophytic bacterium strain H-6 was studied  on  the  morphology, 
cultural characteristics, physiological  and  biochemical properties 
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and Gram stain. 

Total bacterial genomic DNA was isolated followed the method 
described by Frederick et al. (1995). The 16S rDNA was amplified 
using polymerase chain reaction (PCR) with the universal primers 
27f and 1492r (Devereux et al., 1996). The PCR was done in a 
thermocycler (MJ Research) using a thermal cyclic condition at 94°C 
(5 min) followed by 35 cycles at 94°C (30 s), 55°C (40 s) and 72°C 
(90 s) with a final extension temperature at 72°C for 10 min. The 
PCR products were cleaned using the PCR Cleanup Kit (Tiangen, 
Biotech Ltd, Beijing, China) and sequenced with ABI 3730 DNA 
Analyzer (Shanghai Generay Biotechnology Co., Shanghai, China). 
The sequences were compared using the BLAST program 
(http://www. ncbi.nlm.nih.gov/BLAST/). Alignments between the 
sequences were performed by using CLUSTAL W software 
(Thompson et al., 1997) and a phylogenetic tree was made using 
PAUP version 3.1.1 (Swofford, 1993). 
 
 
Pot experiments for biocontrol activity against P. capsici of 
pepper 
 
Pot experiments were performed to test the biological control activity 
of strain H-6 against P. capsici in the greenhouse at 22°C under a 12 
h photoperiod. Each pot (15 high, 20 cm diameter) was filled with 
soil mix (Soil : Peat : Perlite = 1:1:1), containing 4 g P. capsici-grown 
oat kernels. Pepper seeds were surface-sterilized in 70% ethanol for 
1 min and 1.2% sodium hypochlorite for 5 min, and rinsed 10 times 
in sterile tap water. Ten surface sterilized pepper seeds (GB16715) 
were sown and the seeds were covered with a 1 cm layer of soil. 
Suspensions of three cell densities of H-6 (approximately 106, 108 
and 1010 CFU ml-1) were applied on the soil surface of the pots (30 
ml pot-1) by soil drenching immediately after sowing. Pots were 
randomly distributed in the glasshouse, and the position changed 
weekly to avoid any positional effects of the experiment. 

In the experiments, two controls were included: (a) Inoculated 
control with P. capsici; and (b) non-inoculated control with P. capsici; 
pots contained 4 g sterilized oat-kennel seeds. Each treatment 
consisted of three replicates. Pots were watered once a week. Plant 
growth was monitored by recording the lengths and the fresh 
weights of roots and shoots after 3 weeks. Also the plants were 
monitored the development of disease symptoms. Disease severity 
was assessed using a 0–5 scale: 0, no visible disease symptoms; 1, 
leaves slightly wilted with brownish lesions beginning to appear on 
stems; 2, 30–50% of the entire plant diseased; 3, 51–70% of the 
entire plant diseased; 4, 71–90% of the plant diseased; and 5, plant 
dead. The disease index (DI) and the control effect (CE) were 
calculated using the formula described by Lee et al. (2008). 
 
 
RESULTS 
 
Isolation of endophytic bacteria and in vitro 
antagonistic activity 
 
In this study, nearly 200 endophytic bacteria were isolated 
based on their cultural characteristics from different part of 
H. serrata. Of the 200 isolates, over 60 isolates with clear 
antifungal activity were selected from those cultures. 
Among them, strain H-6 exhibited the highest antifungal 
activity which was strongly inhibits the growth of many 
plant pathogenic fungi such as S. scleroliorum, F. 
graminearumt, S. libertiana, P. capsici, S. fusarium wilt 
and R. solani (Figure 1). 

We also found that the  bioactivities of ferment aliquots 
were  weaker than that of the liquid endophytic bacterial 
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Figure 1. Inhibition effect of H-6 against Phytophthora capsici (A), Rhizoctonia solani (B), Sclerotinia scleroliorum (C), Sesame 
fusarium wilt (D), Sclerotinia libertiana (E), and Fusarium graminearumt (F). 

 
 
 
cultures. After analysis of antagonistic activity, P. capsici 
which was intensively inhibited by H-6 was picked out as 
the model of studying the mechanism of its antimicrobial 
activity. In the culture dual test plate, the inhibition zones 
were obvious and the diameters were 23 mm (Figure 1A). 
 
 
Identification of the endophytic bacterium H-6 
 
The colony of H-6 on LB was yellowish, smooth and 
opaque. The thallus was rod-shaped and motiled by means 
of a polar flagellum. In physiological and biochemical 
studies strain H-6 exhibited for example the following 
traits: gram negative reaction, catalase positive reaction, 
the V-P test and nitrate deoxidizing test were also 
negative, but the M.R. test positive. Strain H-6 was 
capable of growing on nutrient broth or at temperatures 
ranging from 10 to 45 °C and fermenting a variety of 
carbohydrate compounds including glucose, fructose, 
galactose, mannitol, glycerin, but not maltose and sucrose. 
Strain H-6 was strictly aerobic, liquefying gelatin, 
hydrolyzing starch and fiber but not producing H2S. These 
properties are typical for Burkholderia.  

For further identification of H-6, we amplified the 16S 
rDNA gene sequence and compared the sequence with 

sequences from GenBank using BLAST program 
(Altschul et al., 1990). The 16S rDNA gene sequence of the 
bacterium strain showed 98.28% identity to that of 
Burkholderia sp. (AJ971348). The resulting phylogenetic 
tree (Figure 2) showed that H-6 and Burkholderia sp. 
clustered together within one subclade with a bootstrap 
support of 99%. It was indicated that this strain was 
phylogenetically related to members of the genus 
Burkholderia.  
 
 
Control of P. capsici by H-6 in greenhouse pot 
experiments 
 
Soil drenches with the cell densities of H-6 106, 108 and 
1010 CFU ml-1, applied immediately after sowing of pepper 
seeds, controlled P. capsici by 51.7, 58.7 and 60.2%, 
respectively, compared to the inoculated control treatment. 
Application of the higher densities of the antagonistic 
strain proved to be significantly more effective in 
controlling P. capsici compared to the treatment with the 
lower cell concentration (Table 1). Growth parameters 
such as lengths and fresh weights of roots and shoots of 
the P. capsici- inoculated control plants were significantly 
reduced compared to inoculated and treated variants and 
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Figure 2. Phylogenetic relationships of the 16S rDNA gene from H-6 (GenBank No. EF188276) and representative 
related strains from GenBank. Burkholderia cepacia (AY946010) was used as outgroup. Percentages above the 
branches were the frequencies which had been given in 1000 bootstrap replications. 

 
 
 
and the latter treatments differed significantly from non 
inoculated and non-treated control plants (Table 1; Figure 
3). 
 
 
DISCUSSION 
 
Strain H-6, isolated as endophyte from H. serrata leaves, 
has been identified as Burkholderia sp. H-6, using 
morphological, physiological and biochemical methods as 
well as 16S rDNA analysis. The 16S rDNA gene sequence 
of the bacterium strain H-6 showed only 91% identity to 
Burkholderia cepacia (AY946010), which might represent 
a new species and should be more extensively investi- 
gated. 

Previous studies have shown that strains belonging to 
the genus Burkholderia are effective biological control 
agents. Such as B. cepacia, which is able to antagonize 
and repress many major soilborne fungal pathogens of 
crop plants (Hebbar et al., 1992, 1998; Bevivino et al., 
1998) and enhance the yield of several crop plants (De 
Freitas and Germida, 1992; Tabacchioni et al., 1993; 
Hebbar et al., 1994; Chiarini et al., 1998). Besides, 
studies also demonstrated that Burkholderia spp. 

antagonized soil-borne fungal pathogens of crop plants by 
secreting siderophore (Bevivino et al., 2000; Mendes et 
al., 2007). Our study revealed that Burkholderia sp. H-6 
inhibited in vitro mycelium growth of numerous plant 
pathogenic fungi, all the diameter of inhibition zones of the 
tested pathogens were larger than 15 mm and the 
inhibition zones of P. capsici, F. graminearumt and S. 
libertiana were up to 23, 22 and 21 mm, respectively. In 
greenhouse experiments, soil drench treatments with H-6 
suspensions (106, 108 and 1010 CFU ml-1) significantly 
suppressed P. capsici symptoms in pepper between 51.7 
and 60.2% compared to the inoculated control. The root 
growth of soil drench treatments with H-6 suspensions 
was much better than P. capsici inoculated only. Our study 
preliminary showed that the strain H-6 also can 
synthesize and secrete sidero- phore by chromeazurol 
agar assay method (Schwyn and Neilands, 1987), which 
was consistent with the former research. Anyway, further 
work is still required to determine the antagonistic 
mechanisms of this bacterial strain.  

In conclusion, our results obtained from repeated 
greenhouse pot experiments suggest that strain H-6 could 
be a candidate biological control agent for the fungal 
pathogens or may control different plant diseases.  How- 
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Table 1. Effect of soil drench treatments immediately after sowing with the endophytic strain H-6 on seedling growth and P. capsici disease of pepper in 
greenhouse at 22°C. 
 

Root Shoot Treatments CFU 
ml-1 Lt ± SE (mm) Fw ± SE (g) Ht ± SE (mm) Fw ± SE (g) 

DI ± SE CE (%) 

P. apsici inoculated / 45.5 ± 1.5 A 9.2 ± 0.4 A 64.5 ± 1.2 A 12.4 ± 0.3 A 62.5 ± 1.9 C 0 
Non inoculated / 95.4 ± 1.6 C 23.1 ± 0.6 C 86.3 ± 1.5 D 25.4 ± 0.5 C 0.0 100 
P. capsici. inoc. + H-6 soil drench 106 62.9 ± 1.7 B 13.3 ± 0.5 AB 68.6 ± 1.1 B 19.2 ± 0.2 B 30.2 ± 1.3 B 51.7 
P. capsici. inoc. + H-6 soil drench 108 65.4 ± 1.6 B 16.4 ± 0.8 B 71.4 ± 1.6 BC 23.3 ± 0.4 C 25.8 ± 1.3 A 58.7 
P. capsici. inoc. + H-6 soil drench 1010 67.7 ± 1.9 B 19.8 ± 0.6 BC 74.1 ± 1.8 C 24.1 ± 0.3 C 24.9 ± 1.5 A 60.2 

 

SE, Standard error of means; CFU, colony forming unit; Lt, length; FW, fresh weight; Ht, height; DI, disease index; CE, control effect (%) compared to inoculated 
control which was calculated using the formula, CE (%) = 100 x (DI-P. capsici–DI-test)/DI-P. capsici. Means within a column followed by different letters are 
significantly different at P = 0.05 according to Fisher’s protected least significant difference test. 

 
 
 

 
 
Figure 3. Comparison of growth of pepper seedlings (sampled 21 days after germination) in 
greenhouse at 22°C inoculated with P. capsici and H-6 (108 CFU ml-1) (A). Inoculated with P. capsici 
alone (B); Non-inoculated with P. capsici and H-6 (C). 



  

 
 
 
 
ever, tests based on greenhouse pot experiments do not 
always correlate with the biological control efficacy under 
natural conditions. For effective use of strain H-6 inoculant, 
we need to obtain more knowledge on several funda- 
mental problems ranging from the influence of soil type 
and other methods of applying inoculum to the under- 
standing of the mechanisms affecting colonization and 
antagonism in the rhizosphere. 
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