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Abstract 

Fungal diseases of plants continue to contribute to heavy crop losses in spite of the best control efforts of plant pathologists. Breeding for disease-resistant 

varieties and the application of synthetic chemical fungicides are the most widely accepted approaches in plant disease management. CMN1308 strain of Bacillus 

amyloliquefaciens was isolated from healthy Chinese chestnut fruit, which has antibiosis and induced resistance to the prevention mechanism of pathogenic 

bacterium after picking. In order to evaluate the antibiosis mechanism, CMN1308 was fostered with the method of confront culture. The antimicrobial 

components were also isolated from the culture of CMN1308, and their stability and antimicrobial activity was tested under different treatments such as 

temperature, pH and UV. The results showed that CMN1308 displays advantages in regard to spatial competition against the major pathogens of chestnut, 

Rhizopus stolonifer, Fusarium solani, Stachybotrys chartarum, Cryphonectria parasitica, Lasiodiplodia theobromae, Penicillium expansum and Aspergillus niger. Among this, 

CMN1308 had the best antimicrobial activity against P. expansum, with the inhibition zone diameter of 27.1 mm. The antimicrobial material isolated from 

CMN1308 culture showed a strong inhibition to the growth of P. expansum hyphal and also had a good stability to high temperature, alkali media and UV, but 

was sensitive to acidic conditions. Furthermore, CMN1308 increased the peroxidase, polyphenol oxidase activity and reduced the MDA content in chestnuts after 

infecting by pathogenic fungi. Thus, producing antibiotic compounds and inducible resistance are the main factors that may explain the antibacterial mechanism 

of CMN1308 on chestnut pathogenic. The results of this study might help to optimize the practical use of CMN1308 in the biological control of chestnut rot or 

other fruit rot infected by pathogenic fungi. 
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fungicides and hence, there is a strong public desire to seek safer and 
eco-friendly alternatives for reducing the decay loss in the harvested 
commodities (Mari et al., 2007).  

Different Bacillus amyloliquefaciens strains are producers of 
antimicrobial substances with potential applications as biological 
control agents in order to suppress plant pathogens and pathogenic 
microorganisms in postharvest diseases of fruits (Caldeira et al., 2008; 
Benitez et al., 2012). B. amyloliquefaciens produces antimicrobial 
peptides that show a broad antimicrobial spectrum and the 
antagonistic effect of this strain against phytopathogenic fungi was 
also demonstrated recently (Benitez et al., 2010).  

Based on the previous work (Hua, 2014), one strain of B.
amyloliquefaciens (named CMN1308) was identified and 
characterized from the Chinese species of chestnut ‘Meighong’. 

Introduction 

The Chinese chestnut (Castanea mollissima Blume) belongs to 
the Fagaceae family, being a traditional nut and one of the most 
popular foods across the world. The chestnut has a cultivation 
history of over 2,000 years in China with an important role in the 
economy. The chestnut fruit is considered of high nutritional value 
and it also has a long history of usage as a tonic food in traditional 
Chinese medicine (Borges et al., 2007; Zhang et al., 2011). However, 
browning and postharvest diseases are serious technical trouble in 
chestnut processing (Zhou et al., 2015). This problem cause 
enormous economic loss in Asia. Recently, synthetic fungicides are 
primarily used to control postharvest diseases of chestnut. However, 
the global trend appears to be shifting towards reducing the use of 
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CMN1308 showed a strong inhibition to the growth of pathogenic 
bacterium after picking.  

The aim of this work was to investigate the antibacterial 
spectrum, antibacterial mechanism of CMN1308 and the factors 
that might influence its antibacterial activity.  

 

Materials and Methods  

Biological material 
Chestnut cultivar ‘Meighong’ was used in the experiment. The 

fruit were selected free of pests, diseases and wounds, and were 
collected from Luotian (east longitude 115°26′, northern latitude 
30°37′) Hubei province, China. 

 
Bacterium strain 
The CMN1308 (a type of Bacillus amyloliquefaciens) was 

isolated from the inside of chestnut fruit using the method of Hua 
(2014) and identified by morphological, physiological experiments 
and ITS (Internal transcribed spacer) gene analysis. 

Cryphonectria parasitica, Rhizopus stolonifer, Stachybotrys 
chartarum, Lasiodiplodia theobromae, Fusarium solani, Penicillium 
expansum, Aspergillus niger, which were kept on the PDA (Potato 
dextrose agar) culture at 25 °C, were isolated from the natural 
infected chestnut fruit collected (Hua, 2014). Spore suspensions 
were prepared by 7 days PDA cultures with sterile distilled water. 
Spore concentrations were determined with a hemacytometer and 
adjusted to the required concentrations. The culture media were 
put in the autoclave at 121 °C for 20 min. 

 
Determination of CMN1308 antibacterial spectrum  
The antagonistic bacteria CMN1308 was activated in LB 

culture for 36 h at 37 °C. The confrontation culture method (Liu 
et al., 2008) was used to screen the antibacterial spectrum. The 
bacterial cake (d = 6 mm) was connected to four points 25 mm 
away from the central PDA culture medium, and the pathogenic 
fungus cell cake (d = 6 mm), which grew vigorously for 3-7 days on 
the PDA medium, was connected to the central of the culture 
plates. Afterwards, only the pathogenic fungus PDA plate was 
taken as the control (CK) and was cultured at 28 °C for 3-5 days. 
The inhibition zone diameter (growth diameter for antagonistic 
bacteria) of each treatment was measured and the test was repeated 
three times. 

Mycelia at the edge of the bacterial colony under the above 
treatment were chosen for microscopy, to observe the effect of 
antagonistic bacteria on mycelial growth, with mycelia cultured 
normally in PDA medium as a control group (Chen et al., 2009). 

 
Determination of inhibitory effect of CMN1308 under different 

conditioning fluid 
The filtering paper method (Zhang et al., 2009) was adopted 

to measure the antibacterial activity of different components in 
antagonistic bacteria CMN1308. Several sheets of round filter
paper (d = 6 mm) were sterilized and dried for standby 
applications. A pipette was employed to take 200 μL P. expansum
suspension which was added to the PDA plate, spreading it evenly 
using a coating bar. Then, sheets of filter paper were taken by sterile
tweezers and soaked into the prepared CMN1308 broth, bacterial 
suspension and sterile filtrate, for a few minutes. Afterwards, sheets 
of filter paper were taken by tweezers and put on to the inoculated 
plates. Using sterile water as a control, the test was repeated three 

times and the culture was placed at 37 °C in the incubator, for 2-3 
days. Further, the size of the inhibition zone was observed and 
measured. 

 
Growth curve and inhibition time-history curve of CMN1308 

in LB media 
CMN1308 strains were inoculated into LB media (100 mL) 

contained in a 250 mL flask at 37 °C, on a rotary shaker at 160 
rpm. 10 mL culture samples were collected from each bacterium 
solution bottle at the time points from 6, 12, 24, 36, 48, 60, 72, 
and 84 h. The operation was repeated three times (Li, 2011). 

The absorbance of bacterium solution at 600 nm was 
measured using the 722 S visible spectrophotometer. Taking the 
uninoculated LB broth as the control, with incubation time as 
the abscissa and concentration of bacteria as the vertical axis, a 
growth curve was drawn. 

After fermenting for 6, 12, 24, 36, 48, 60, 72, and 84 h 
respectively, 5 mL of fermentation broth was centrifuged and the 
antibacterial activity of the supernatant was measured by using 
the filter paper method (Zhang et al., 2009), in order to 
determine the peak of generating inhibitory substances. 

 
Preparation of CMN1308 fermentation broth, bacterial 

suspension and sterile filtrate 
The antagonistic bacteria was streaked onto LB plates and 

incubated at 37 °C for 12 h. A single colony was picked and 
inoculated into LB liquid media in a 100 ml/250 ml flask at       
37 °C, on a rotary shaker at 160 rpm, for 48-60 h. Then 
fermentation broth of antagonistic bacteria was made. The broth 
solution was thus centrifuged at 10,000 rpm for 10 min. The 
bacterial cells were collected and washed twice with sterile saline, 
and finally made into the bacterial suspension. A hemocytometer 
was used to determine the concentration of cells in the 
suspension, and the desired concentration was adjusted by sterile 
saline for standby application. After centrifugation, the 
supernatant was sterilized by filtration through 0.22 μm pore-
sized filters and the sterile filtrate was obtained (Xi, 2006). 

 
Stability testing of CMN1308 antagonistic substances 
Temperature treatment: each of 5 mL sterile filtrates were 

taken by sterile tubes and treated at 20, 40, 60, 80, and 100 °C for 
60 min. After the filtrates have cooled to room temperature, the 
inhibitory effect on P. expansum was tested by the filter paper 
method (Zhang et al., 2009). Taking the untreated sterile filtrates 
stored at 4 °C as the control, each treatment was repeated 3 times 
(Li, 2013). 

Acid and alkali treatment: each of 5 mL sterile filtrate was 
taken and added into sterile centrifuge tubes. 1M NaOH or 
HCl was used to adjust the pH values to 2, 3, 4, 5, 6, 8, 9, 10, 11, 
and 12, respectively. After standing for 30 min, the inhibitory 
effect on P. expansum was tested. Taking untreated sterile 
filtrates (pH 7.0) as the control, each treatment was repeated 
three times (Tang et al., 2011). 

UV irradiation treatment: each of the 5 mL sterile filtrate 
was taken and put into 4 sterile glass fishes for treatment at a 
distance of 15 cm from the UV light (30 μW/cm2), for 10 min, 
20 min, 30 min, 40 min, respectively. Taking sterile filtrates not 
treated with UV as the control, the inhibitory effect on P. 
expansum was tested and each treatment was repeated three 
times (Bu, 2012). 
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Statistical analysis 
The data were calculated by the analysis of the variance 

(ANOVA) in SPSS software. Mean were compared with 
Duncan’s multiple range test at P ≤ 0.05 

 

Results 

The inhibition effect of CMN 1308 to pathogenic bacterium after 
picking 

The antibacterial analysis of CMN1308 was carried out after 
picking the chestnuts, using P. expansum, A. niger, C. parasitica and
F. solani as the pathogenic bacterium (Fig. 1). The chestnut treated 
with fermentation broth, resuspension, and sterile filtrates of 
CMN1308 respectively, had a lower infection rate than the 
control. Wherein, the fermentation broth showed the best 
biological control to the four fungi, the infection rate was 28.3% to 
P. expansum, 35% to F. solani, 31.7% to C. parasitica and 50% to 
A. niger respectively, the sterile filtrates had a higher infection to the 
four fungi than the resuspension treatment. After CMN1308 
treatment, the P. expansum showed the lowest infection inner 
chestnuts compared with the other three pathogen fungi, whatever 
it was fermentation, resuspension or sterile filtrates of CMN1308. 

 
Antibacterial spectrum analysis of CMN1308 
The antibacterial activity of CMN1308 on R. stolonifer, F. 

solani, S. chartarum, C. parasitica, L. theobromae, P. expansum and
A. niger was tested using the method of plate confrontation culture 
(Liu et al., 2008). The results showed that CMN1308 exhibited 
different degrees of inhibition on the seven pathogenic fungi, the 
inhibition zone ranging from 10 to 30 mm (Fig. 2). Wherein, 
CMN1308 had the best inhibition effect on P. expansum for 
which the average inhibition zones reached 27.1 mm (Table 1). 

The mycelium growth of pathogenic fungi was significantly 
inhibited by forming the apparent inhibition zones by 
CMN1308. In addition, a significant hyphal breakage happened 
when observing the mycelia of L. theobromae under the 
microscope (Fig. 3), indicating that CMN1308 strains showed 
some inhibitory effects on bacteria mycelium. 

Impact of CMN1308 on POD, PPO Activity and MDA 
Content in chestnut 

POD (Peroxidase) activity in chestnut had a dynamic change 
after different treatments (Fig. 4). For the control group treated 
with water, the activity of POD was relatively stable and had a 
lower level. After 2 days of treatment, the infection with pathogens, 
CMN1308 or the combine of them caused improvement of 
POD activity in chestnuts. After 3 days of infection, the POD 
activity reached the highest level, which was 1.4 times, 1.5 times, 1.9 
times of the control group, respectively. With longer time of 

 

Fig. 1. The inhibition effects of Bacillus amyloliquefaciens strain on 

main chestnut pathogens with different treatments (A, B, C). Values 
are the mean of 30 samples and bars represent standard errors. Means 
with different letters are significantly different at P≤0.05 by Duncan’s 
multiple rang test. CK: the water control; A: treatment with 108 
CFU/mL fermentation broth of CMN1308; B: 108CFU/mL the 
resuspension of CMN1308; C: The sterile filtrates of CMN1308 
 

Fig. 2. Antagonistic bacteria CMN1308 inhibition of pathogenic fungi. 
The CMN1308 disk (d = 6 mm) was inoculated to four points 25 mm 
away from the central PDA culture plate, and the pathogenic fungus cell 
disk (d = 6 mm) was infected on the centre of the PDA plate, which 
grew vigorously at 28 °C for 3-7 days. Only the pathogenic fungus PDA 
plate was taken as the control (CK) and was cultured at 28 °C for 3-5 
days. The inhibition zone diameter (growth diameter for antagonistic 
bacteria) of each treatment was measured and the test was repeated three 

times; A: Aspergillus niger; B: Lasiodiplodia theobromae; C:

Cryphonectria parasitica; D: Rhizopus stolonifer; E: Penicillium 

expansum; F: Fusarium solani; G: Stachybotrys chartarum 

 

Table 1. Antagonistic bacteria CMN1308 inhibition zones of 

pathogenic fungi 

Pathogenic fungi tested Diameter of inhibition zone (mm) 

Cryphonectria parasitica 17.0 

Lasiodiplodia theobromae 18.6 

Rhizopus stolonifer 10.9 

Penicillium expansum 27.1 

Aspergillus niger 14.4 

Fusarium solani 20.4 

Stachybotrys chartarum 20.9 
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treatment (at 5 days), the enzyme activity gradually decreased and 
returned to the original level. To conclude, CMN1308 showed an 
effective inducer of POD activity under the presence of pathogens, 
but with a short lasting period.  

PPO (Polyphenol oxidase) activity of chestnuts also had a 
dynamic change after different inoculations (Fig. 5). Compared to 
the control, chestnut PPO activity rose, fell and rose again within 5 
days when inoculated with CMN1308, showing no pattern to 
follow. It reached peaks at 1 and 3 days of treatment, 1.27 and 1.51 
times of the control, respectively, and down to the same as control 
after 5 days. Pathogen inoculation treatment alone could induce 
increases in chestnut PPO activity to a certain extent, reaching a 
peak at 3 days, which was 1.75 times the enzyme activity of the 
control group, and then gradually declining, showing a tendency to 
return to normal after 5 days. For treatments of CMN1308 and 
pathogens, PPO activity gradually enhanced steadily in the first 
two days and reached a peak in the third day after a sharp increase, 
which was 2.78 the enzyme activity of the control. It showed that 
under the presence of pathogens, CMN1308 could be an effective 
inducer of PPO activity, and had a certain long persistence. 

Five days post-inoculation with pathogenic fungi, CMN1308, 
or both, the MDA (Malondialdehyde) content had a significant
change in chestnuts (Fig. 6). In the control group MDA content 
was relatively stable. After combined inoculation of CMN1308 
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and pathogens, MDA concentration declined rapidly in the first 
two days by 29% and 13%, respectively. Later, MDA content rose 
weakly, and reached the control level after 5 days. After single 
treatment of inoculated pathogens, chestnut MDA content began 
to rapidly rise at 2 days, reaching the highest value at 3 days, an 
increase of 58% compared to CK; then it began to decline and 
tended to control levels after 5 days. After CMN1308 treatment, 
the MDA content of chestnut was lower than that of control level 
within 3 days and slowly increased later, but it has remained at a 
low level, indicating that CMN1308 caused almost no damage or 
unobvious damage to chestnut within the measured time. These 
results showed that single and simultaneous induction of 
CMN1308 and pathogens can make chestnut MDA content 
reduce significantly, and therefore, CMN1308 strains can 
effectively reduce the increase in MDA content caused by 
pathogen infection and lessen the damaging effects of bacteria on 
the host cell membrane, thereby reducing or inhibiting the 
occurrence of diseases. 

 

Fig. 3. Inhibition of CMN1308 on the mycelium growth of 

Lasiodiplodia theobromae; A: Normal growth of mycelium, B: 

Confront culture edge mycelium 
 

Fig. 4. The POD activity analysis with different antagonistic 
microbes inoculation in chestnut; CK: the control, A: 
pathogenic fungi, B: CMN1308, C: pathogenic fungi and 
CMN1308 together  
 

Fig. 5. The PPO activity analysis with different antagonistic 
microbes inoculation in chestnut; CK: the control, A: 
pathogenic fungi, B: CMN1308, C: pathogenic fungi and 
CMN1308 together  

Fig. 6. The MDA contents with different antagonistic 
microbes inoculation in chestnut; CK: the control, A: 
pathogenic fungi, B: CMN1308, C: pathogenic fungi and 
CMN1308 together 
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The antagonistic substances of CMN1308 exhibited the strongest 
antibacterial activity at 40 °C, even though there were no 
significant differences at the 0.05 level compared to the control. As 
the temperature increased, the antibacterial activity showed a 
slowly downward trend. On the whole, the antimicrobial 
substances still presented strong antimicrobial activity within the 
range of 4-100 °C and the relative inhibition rate was above 85%. 
This section indicated that antibacterial substances of CMN1308 
had strong thermal stability within 4-100 °C. 

 
pH stability of antimicrobial substances 
After different pH treatments, CMN1308 sterile filtrates 

showed variant inhibitory effects (Table 4). The antagonistic 
filtrates presented the best antibacterial effects in neutral 
conditions (pH 6-8); good antibacterial effects and stability were 
also noted under alkali condition (pH 9-12). The filtrates 
produced precipitation and showed poor antibacterial effects 
under acidic conditions at pH 2-5, indicating that antibacterial 
substances of CMN1308 were unstable under acidic conditions. 

 
UV stability of antimicrobial substances 
The sterile filtrates showed antimicrobial activity after treated 

with ultraviolet irradiation for different time periods (Table 5). 

Antibacterial effects of different treatment solutions of 
CMN1308 

Different solutions of CMN1308 had inhibitory effects on P. 
expansum; the inhibition zone diameters were ranked as 
fermentation broth> sterile filtrates> bacterial suspension, which 
indicated that CMN1308 and its metabolites had strong 
antagonist effect to P. expansum (Table 2). 

 
Growth curve of CMN1308 in LB broth 
The culture of CMN1308 enter logarithmic phase when it 

was incubated for 24 h and the biological yield reached maximum 
at 48 h (Fig. 7); OD600 absorption value fetched the highest peak 
at 1.7307. The culture had the strongest inhibition effect on P. 
expansum when it was incubated for 60 h, the inhibition zone 
diameter being 23.5 mm. Later, the activity of antibacterial 
substances began to decline after 60 h, indicating that the 
antibacterial substances lagged behind the increased logarithmic 
phase of bacteria. After 48 h culture, CMN1308 growth slowly, 
but the antibacterial substances were still in the process of 
accumulation. Therefore, it would be recommended to use more 
antibacterial substances when CMN1308 cultured for 48-60 h. 

 
Stability testing of CMN1308 antagonistic substances  
According to Growth curve results, sterile filtrates prepared by 

CMN1308 fermentation broth showed inhibitory effects to 
pathogens, and there were various metabolites produced by 
antagonistic bacteria in sterile filtrates. Thus, CMN1308 and the 
antimicrobial substances all influenced antagonistic mechanisms. 
The results of stability testing of CMN1308 antagonistic 
substances are as follows. 

 
Thermal stability of antimicrobial substances 
CMN1308 sterile filtrates still had strong inhibitory effects on 

P. expansum after five different temperature treatments (Table 3). 

Table 2. CMN1308 different treatment solutions’ inhibitory effect on 

Penicillium expansum 

Treatment 
Water 

(control) 

Fermen-
tation 
broth 

Bacterial 
resuspension 

Sterile 
filtrate

s 

Diameter of 
antibacterial (mm) 

0 17.7 11.5 11 

 

Fig. 7. Antibacterial activity curve and OD600 absorption 
curve of CMN1308 

Table 4. The stability of CMN1308 sterile filtrate effect on 

Penicillium expansum, in different pH condition 

pH 
Diameter of antibacterial zone 

(mm) 
Relative bacteriostatic rate 

(%) 

2 6 33.0 
3 6 33.0 
4 6.3 35.0 
5 6.7 37.0 
6 18.6 103.3 

CK (7) 18 100.0 
8 18.7 103.9 
9 17.8 98.9 

10 17.4 96.7 
11 16.3 90.6 
12 14.9 82.8 

 

Table 3. Inhibitory effect of CMN1308 sterile filtrate treated at 

different temperatures on Penicillium expansum 

Temperature (°C) 
Diameter of 

antibacterialzone (mm) 
Relative bacteriostatic 

rate (%) 

CK (4 °C) 14.8 100.0 
20 °C  14.7 99.3 
40 °C  15 101.4 
60 °C  13.7 92.6 
80 °C  13.5 91.2 

100 °C  12.6 85.1 

Table 5. The stability of CMN1308 sterile filtrate effect on Penicillium 

expansum, after different UV radiation time 

Treatment time by 
UV 

Diameter of 
antibacterial zone (mm) 

Relative bacteriostatic rate 
(%) 

CK 18.5 100.0 
10 min 17.8 96.2  
20 min 17.3 93.5 
30 min 17.0 91.9 
40 min 17.2 93.0 
60 min 16.8 90.8 
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enzymes for plants to resist reactive oxygen damage (Meloni et 
al., 2003). In addition, POD is also involved in the synthesis of 
lignin and promotes lignifications of the invaded tissues, thus 
forming a physical barrier to defense against the invading 
pathogen (Jang et al., 2004). PPO forms quinines toxic to 
pathogens, thus directly having an antiviral action (Li and 
Steffens, 2002). Further, reactive oxygen metabolism loses 
balances when plants are subjected to damage, and MDA 
content can reflect the degree of plant damage (Soleimanzadeh et 
al., 2010).  

 

Conclusion 

The experimental results showed that stimulated by major 
postharvest pathogens, CMN1308 can significantly enhance the 
activity of defense enzymes of Peroxidase and Polyphenol oxidase 
in chestnuts, enhance their resistance to pathogens, and can also 
effectively reduce the increasing Malondialdehyde level caused by 
major pathogens, so as to maintain a relatively stable 
physiological state. Therefore, producing antibiotic compounds 
and inducible resistance are the main factors that may explain the 
antibacterial mechanism of CMN1308 on chestnut pathogenic. 
In conclusion, this research has indicated that CMN1308 would 
be a good biological control agent for chestnut postharvest 
diseases biocontrol and other fruits in commercial field. 
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acidic condition (pH 2-5). Seeing from the microlevel, 
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fungi by competition the nutrition and space.  

It has not been reported that B. amylolyticus showed 
character of induce resistance to pathogens. The level of defense 
enzyme activity is an important indicator of disease resistance of 
plants. In the defense enzymes, POD is one of the protective 
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