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The use of the supernatant from a Bacillus subtilis 
culture mixed with sodium bicarbonate was explored 
as a means of controlling stem brown spot disease in 
dragon fruit plants. In in vitro experiments, the B. 
subtilis supernatant used with sodium bicarbonate 
showed a strong inhibition effect on the growth of the 
fungus, Neoscytalidium dimidiatum, the agent causing 
stem brown spot disease and was notably effective in 
preventing fungal invasion of dragon fruit plant. This 
combination not only directly suppressed the growth of 
N. dimidiatum, but also indirectly affected the develop-
ment of the disease by eliciting the dragon-fruit plant’s 
defense response. Substantial levels of the pathogenesis-
related proteins, chitinase and glucanase, and the 
phenylpropanoid biosynthetic pathway enzymes, per-
oxidase and phenyl alanine ammonia-lyase, were trig-
gered. Significant lignin deposition was also detected 
in treated cladodes of injured dragon fruit plants in in 

vivo experiments. In summary, B. subtilis supernatant 
combined with sodium bicarbonate protected dragon 
fruit plant loss through stem brown spot disease dur-
ing plant development in the field through pathogenic 
fungal inhibition and the induction of defense response 
mechanisms.

Keywords : Bacillus subtilis, dragon fruit plant, plant de-
fense response, sodium bicarbonate, stem brown spot

Stem brown spot disease is an important disease of dragon 
fruit plants caused by Neoscytalidium dimidiatum. It is the 
most serious disease affecting the dragon fruit industry and 
has become an acute problem in many countries world-
wide, including the USA, Israel, China, Indonesia, Malay-
sia, and Thailand (Xu et al., 2018). This disease emerged in 
2010 and has recently become a difficult problem to solve. 
Many dragon fruit orchards have encountered N. dimid-
iatum infection and farmers have been forced to abandon 
those orchards because eradicating or reducing the disease 
is of labor- and capital-intensive. Moreover, even though 
all infected parts of dragon fruit plants are pruned out, new 
cladodes are rapidly infected by N. dimidiatum. Nowadays, 
stem brown spot disease is controlled by the intensive use 
of synthetic chemical fungicides. However, the continuous 
use of the synthetic chemical fungicides which are effective 
in controlling fungicide-resistant pathogen strains poses a 
hazard to environmental and human health because of their 
high toxicity.

Recently, consumer demand for safe residue-free chemi-
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cal fungicides has made their development an important 
research topic aimed at allowing safe sustainable dragon 
fruit production using eco-friendly strategies which protect 
dragon fruit plants from pathogenic infection. Zahid et al. 
(2014) developed a biofungicide capable of submicron dis-
persion at a concentration of 1% based on low molecular 
weight chitosan with a 600 nm droplet size. The fungicide 
was shown to be effective in the inhibition of diseases in 
dragon fruit caused by Colletotrichum gloeosporioides. In 
another study, a mixture of oligochitosan and nanosilica 
was found to be an effective elicitor of dragon fruit plant 
resistance to N. dimidiatum (Tuan et al., 2019). Meanwhile, 
Luong et al. (2016) screened and identified microorgan-
isms capable of inhibiting N. dimidiatum growth and found 
that two microorganism strains, Streptomyces fradiae and 
Bacillus polyfermenticus possessed the desired property. 
Moreover, Bacillus spp. have become antagonistic bacteria 
of interest, which are capable of inhibiting the agents that 
cause of dragon fruit disease. The main mode of action of 
Bacillus spp. is to produce and secrete antimicrobial sub-
stances that suppress other microorganisms. Interestingly, 
the antimicrobial substances from Bacillus spp. are heat 
resistant so that autoclaving can be used in preparing them 
for use. Moreover, all Bacillus spp. can survive under ex-
treme environmental conditions, such as radiation, extreme 
pH, salinity, and drought as well as being resistant to sol-
vents. These properties make Bacillus spp. appropriate for 
development as biological control agents. However, many 
previous studies have revealed that the use of antagonistic 
microorganisms alone to control plant diseases have of-
ten not resulted in a satisfactory outcome, and the use of 
microorganisms combined with other substances with the 
potential to increase disease control by antagonistic micro-
organisms has therefore been attempted. Bicarbonates have 
been suggested as an alternative system of plant disease 
control and among those, sodium bicarbonate (NaHCO3) 
is particularly interesting since it has been classified as a 
Generally Regarded as Safe (GRAS) compound and can be 
used in producing foodstuffs. There have been a number of 
reports which have shown that NaHCO3 alone or in combi-
nation with other substances can affect the growth of plant 
pathogens, including Penicillium digitatum, P. italicum, 
and Botrytis cinerea (Ippolito et al., 2005; Youssef et al., 
2014). 

The aim of the research described in this paper was, 
therefore, to evaluate a cell-free culture of Bacillus subtilis 
(supernatant) in preventing and controlling dragon fruit 
plant disease caused by N. dimidiatum in combination 
with sodium bicarbonate. The two objectives of this study 
were, firstly to examine the inhibition effect of the super-

natant combined with sodium bicarbonate on the growth of 
pathogenic fungal mycelium both in vitro and in vivo; and 
secondly, to investigate their effect on the elicited defense 
mechanisms in dragon fruit plant responses to artificially 
inoculated cladodes of the combined treatment, including 
exploring the defense-related enzyme activity and the de-
position of lignin around artificial wounds on dragon fruit 
plants.

Materials and Methods

Dragon fruit plants. The stem brown spot disease infected 
samples of dragon fruit plants from infected orchard in Hat 
Yai district, Thailand, were used for the experiment related 
to disease control. The infected parts of dragon fruit plant 
were pruned and kept the orchard clean prior to the experi-
ment which involved in vivo assay.

In addition, cladodes of dragon fruit plants (Hylocereus 
undatus) were cut from an uninfected orchard and trans-
ferred to the greenhouse nursery in the Natural Resources 
Faculty, Prince of Songkla University, Hat Yai, Thailand. 
The pieces of dragon-fruit-plant cladode were cleaned with 
tap water and immersed in 1% sodium hypochlorite for 
5 min followed by 70% ethanol for disinfection prior to 
planting in pots under greenhouse conditions prior to the 
investigation of their induced-resistance mechanism.

B. subtilis’ supernatant. B. subtilis ABS-S14 was cultured 
in Luria-Bertani (LB) medium at 37°C with continuous 
shaking at 200 rpm for 72 h. Then the vegetative cells and 
endospores were removed by centrifugation at 8,000 ×g for 
20 min. The resulting supernatant was autoclaved at 121°C 
for 20 min.

Pathogenic fungus. The fungal pathogen, N. dimidiatum, 
was isolated from infected cladodes cut from dragon fruit 
plants. The cladode lesions were sterilized by swabbing 
with 70% ethanol and then the cladodes were cut into 
small blocks (0.5 × 0.5 × 0.2 cm), which were immersed 
in 1% sodium hypochlorite for 3 min and washed twice 
with sterile distilled water. All the sterilized sample blocks 
were placed onto the center of potato dextrose agar (PDA) 
plates. The hyphae growing from the sample blocks were 
plugged and placed onto the center of new PDA plates. The 
nucleic acid from the growing mycelium was extracted and 
the internal transcribed spacer (ITS), translation elongation 
factor 1-alpha (TFE) and β-tubulin (TUB) genes amplified 
using the polymerase chain reaction (PCR). The PCR prod-
ucts were used for identification of the fungus.
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In vitro assay
Antagonist assay of B. subtilis on N. dimidiatum. The 
antagonistic effect of B. subtilis ABS-S14 on the growth 
of N. dimidiatum was investigated by a dual-culture assay. 
The actively growing mycelial plug of a 2-day-old colony 
of N. dimidiatum grown on PDA medium was placed in 
the center of a new PDA plate (9.0 cm in diameter). The B. 
subtilis cells were harvested from a bacterial culture shaken 
overnight in LB broth by centrifugation at 8,000 ×g for 20 
min. The supernatant was discarded, and the bacterial pel-
let was streaked away from the growing mycelium agar 
plug on a PDA plates for approximately 1 cm. The dual-in-
oculated plates were incubated at 25ºC, with a fungus only 
(N. dimidiatum) plates serving as a control. Four replicates 
of each treatment were prepared, and the experiment was 
repeated twice. The inhibitory zone was recorded after the 
control had grown with the mycelial edge reaching the rim 
of the PDA medium. The radial prolongation of the my-
celial growth was measured using a Vernier Caliper along 
two diameters positioned at right angles to one another, 
and the average values were calculated for each plate. The 
percentage of mycelial growth inhibition was calculated as 
follows (Gamliel et al., 1989): 

Percentage of inhibition = 100 ‒ [(R2/r2) × 100]

, where R = Radial growth of fungal colony on treatment 
plate, r = Radial growth of fungal colony on control plate.

Antagonist assay of B. subtilis’ supernatant on N. dimid-
iatum. The antifungal activity of the supernatant obtained 
from a B. subtilis ABS-S14 culture on the growth of N. 
dimidiatum was tested. PDA plates were prepared supple-
mented with 50.0%, 25.0%, 12.5%, 6.2%, and 3.1% (v/v) 
of the sterilized cell-free supernatant. B. subtilis was cul-
tured in LB medium at 37°C with continuous shaking for 
72 h and the vegetative cells and endospores were removed 
by centrifugation at 8,000 ×g for 20 min. The resulting 
supernatant was sterilized by autoclaving at 121°C for 20 
min. The sterilized supernatant was diluted with sterile 
distilled water to various concentrations. The diluted super-
natant was mixed well with melted PDA (2-fold concentra-
tion) at a ratio of 1:1, then poured into a 4.5 cm diameter 
plate. An active mycelial plug from a 2-day-old colony of N. 
dimidiatum (0.1 cm) was placed on the center of each plate 
and further incubated at 25°C for 3 days or until a fungus-
only control had grown so that the mycelial edge reached 
the rim of the PDA medium. The radial growth of the N. 
dimidiatum mycelium was measured and the percentage of 
mycelial growth inhibition was calculated as shown above 
(Gamliel et al., 1989). The trial was repeated twice with 4 

replications.

Effect of sodium bicarbonate on N. dimidiatum. The ef-
fect of sodium bicarbonate on the growth of N. dimidiatum 
was tested. PDA plates were prepared supplemented with 
2.0%, 1.0%, 0.5%, 0.25%, and 0.125 % (v/v) of sodium 
bicarbonate. The PDA powder was dissolved with each so-
dium bicarbonate concentration then autoclaved at 121°C 
for 20 min prior to pouring onto the plates (4.5 cm diam-
eter). An active mycelial plug from a 2-day-old colony of N. 
dimidiatum (0.1 cm) was placed on the center of each PDA 
plate supplemented with sodium bicarbonate and incubated 
at 25°C for 3 days or until a fungus-only control had grown 
so that the mycelial edge reached the rim of the PDA medi-
um. The radial growth of the N. dimidiatum mycelium was 
measured and the percentage of mycelial growth inhibition 
was calculated as shown above (Gamliel et al., 1989). The 
trial was repeated twice with 4 replications. Moreover, the 
selected concentration (100% inhibition on N. dimidiatum 
growth) of B. subtilis’ supernatant and sodium bicarbonate 
was also mixed for antagonistic assay on the growth of N. 
dimidiatum.

Assay of stem brown spot disease control. The in vivo 
assay was carried out at infected orchards in Hat Yai dis-
trict. Thailand. Parts of dragon fruit plants infected by stem 
brown spot disease were pruned and four preventive treat-
ments each with three replications of 21 poles were applied 
in a randomized block design. The four treatments applied 
to the pruned plants were as follows: (1) sterile distilled 
water (control), (2) 1% sodium bicarbonate, (3) 50% super-
natant, and (4) a combination of supernatant and sodium 
bicarbonate, which final concentration were 50% and 1%, 
respectively. Each treatment was sprayed onto the pruned 
plants once a week for 4 months. The incidence of stem 
brown spot disease was measured based on visible signs of 
initial disease invasion, in the form of minute chlorotic de-
pressed spots. To confirm the causing agent, the initial dis-
ease symptom was also isolated for causing agent as 2.3. In 
the investigation of curative treatment, the infected dragon 
fruit plants were pruned except for a single branch which 
had at least 20 disease spots. These were divided into two 
curative treatment groups. In the first, the infected branch 
was sprayed with a combination of supernatant and sodium 
bicarbonate twice a week while in the second the disease 
spot was removed with a sterile scalpel prior to the applica-
tion of the combination of supernatant and sodium bicar-
bonate. The development of the disease was investigated 
after treatment for a month. This experiment was repeated 
in consecutive seasons within the same orchard.
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Induced resistance of coated fruit
Plant tissue preparation. Dragon fruit plants were grown 
for 2 months or until the second branch generated was 20 
cm long, under the greenhouse conditions. An artificial 
wound (3 mm deep) was made on this second branch using 
a sterile needle. The wounded cladodes were divided into 
four groups and treated on the artificial wound with 20 µl 
each of four treatments: (1) sterile distilled water (control), 
(2) 1% sodium bicarbonate, (3) 50% supernatant, and (4) a 
combination of supernatant and sodium bicarbonate, which 
final concentration were 50% and 1%, respectively. The 
green part of the treated cladode in a 0.5 cm area around 
each of the wound sites was removed at 12, 24, 48, and 72 
h post treatment and immediately frozen in liquid nitrogen 
then stored at ‒80°C until the time of the enzyme activity 
assay.

Enzyme activity. Tissue samples (200 mg) were ground 
into a fine powder with a mortar and pestle under liquid 
nitrogen. Total proteins were extracted with 100 mM 
phosphate buffer (pH 7.0) and precipitated using ammo-
nium sulfate (Wingfield, 2016). The resulting protein was 
estimated according to Bradford (1976). The activities 
of β-1,3-glucanas (GLU), chitinase (CHI), phenylalanine 
ammonia-lyase (PAL), and peroxidase (POD) were deter-
mined from three replicate samples using the colorimetric 
method and repeated twice.

GLU activity was assayed by the reducing-sugar method 
according to Abeles and Forrence (1970) using laminarin 
as a substrate in the reaction. For the enzyme activity assay, 
100 µl of the extracted protein was thoroughly mixed with 
100 µl of 2% (w/v) laminarin, and the final volume of the 
reaction was adjusted to be 1 ml with 0.1 M sodium acetate 
buffer (pH 5.0). The reaction was incubated at 50°C for 30 
min. At the end of incubation, the reaction was stopped by 
adding 1 ml of dinitrosalicylic acid solution and placing 
the mixture in boiling water for 5 min. The enzyme activity 
was determined by measuring the absorbance against 540 
nm. Various concentrations of glucose were used for the 
standard curve assay and the activity was expressed in µg 
of glucose per h per mg of total protein (µg/h/mgP).

CHI activity was detected from the reducing-sugar, N-
acetyl glucosamine degraded from chitin, following the 
method of Miller (1959) with minor modification. The en-
zyme activity was assayed by incubating a reaction mixture 
consisting of 100 µl of the extracted protein, 100 µl of 1% 
(w/v) colloidal chitin and 800 µl of 0.1 M sodium acetate 
buffer (pH 5.0). The reaction was allowed to proceed for 
15 min at 37°C, then stopped by adding 1 ml of dinitrosali-
cylic acid solution then placing the mixture in boiling water 

for 5 min. The enzyme activity was determined by measur-
ing the absorbance against 540 nm. Various concentrations 
of N-acetyl glucosamine were used for the standard curve 
assay and the activity was expressed in µg of glucose per h 
per mg of total protein (µg/h/mgP).

PAL activity was determined through the conversation 
rate of L-phenylalanine to trans-cinnamic acid, according 
to the method of Waewthongrak et al. (2015) with minor 
modification. The reaction contained 100 µl of the extract-
ed protein, 1,400 µl of 100 mM Tri-HCl buffer (pH 8.5), 
and 500 µl of 0.1 M L-phenylalanine. The mixture was 
incubated for 1 h at 40°C. The absorbance of the product, 
cinnamic acid, was measured at 290 nm. The activity of 
PAL was expressed in µmol of trans-cinnamic acid per h 
per mg of total protein (µmol/h/mgP).

POD activity was assayed according to Waewthongrak 
et al. (2014) with minor modification. The reaction con-
tained 100 µl of the extracted protein, 220 µl of 0.3% (v/v) 
guaiacol, and 20 µl of H2O2 in a total volume of 1 ml, ad-
justed by 10 mM sodium phosphate buffer (pH 6.0), which 
was then well mixed and the absorbance against 470 nm 
immediately recorded every 3 s for 1.5 min. The reaction 
without H2O2 served as a blank. The maximum slope was 
calculated for the enzyme activity that oxidized 1 µmole of 
guaiacol in 1 min (unit) which was expressed in units per 
mg of total protein (unit/mgP).

Lignin deposition. The wounded fruit were sectioned in 
the area of the flavedo tissue at the wounding sites follow-
ing 7 days of treatment. Lignin was stained with Wiesner 
reagents according to Vallet et al. (1996), and observed us-
ing a compound light microscope.

Statistical analysis. The experimental data were subjected 
to analysis of variance (ANOVA) and the differences were 
established using Tukey’s range test. Differences at P ≤ 0.05 
were considered to be significant.

Results

Effect of B. subtilis on the growth of pathogenic fungus. 
The inhibitory effect of B. subtilis cell and its supernatant 
was evaluated on the growth of N. dimidiatum. The dual-
culture test between the cells of B. subtilis and the active 
mycelium of N. dimidiatum revealed strong suppression of 
99.8% on the growth of N. dimidiatum by as shown in Fig. 
1. Interestingly, complete inhibition of N. dimidiatum my-
celial growth by the 2-fold dilution of cell-free supernatant 
of B. subtilis was observed when the N. dimidiatum colony 
was cultured on the PDA medium supplemented with the 
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supernatant of B. subtilis (Table 1). It was noticed that B. 
subtilis was able to produce and secrete the metabolite 
which acted as an antifungal substance in both solid and 
liquid media. 

Effect of sodium bicarbonate on the growth of patho-
genic fungus. The percentage inhibition on the growth of 
N. dimidiatum by sodium bicarbonate was evaluated using 
PDA medium supplemented with various concentrations of 
sodium bicarbonate. Complete suppression of the mycelial 
growth of N. dimidiatum was observed when the fungus 
was grown on the medium supplemented with 2% and 1% 
(w/v) sodium bicarbonate. And, the combination of sodium 
bicarbonate 1% (w/v) and a 2-fold dilution of cell-free 
supernatant of B. subtilis also produced complete inhibi- tion on the mycelial growth of N. dimidiatum. However, 

sodium bicarbonate at concentrations of 0.5%, 0.25%, and 
0.125% (v/w) were only able to retard the colony develop-
ment by approximately 79%, 50%, and 34%, respectively 
(Table 2).

Effect of B. subtilis’ supernatant and sodium bicarbon-
ate on stem brown spot disease. In the testing of preven-
tive and curative methods against N. dimidiatum infection 
of dragon fruit plants the preventive treatment comprising 
a combination between the 2-fold dilution of cell-free su-
pernatant of B. subtilis and 1% (w/v) sodium bicarbonate 
was very effective in preventing infection with stem brown 
spot disease and there was no incidence of disease on the 
plants thus treated during the entire period of 4 months. 
However, the treatments of cell-free supernatant of B. sub-

Fig. 1. The effect of Bacillus subtilis on Neoscytalidium dimidiatum growth. N. dimidiatum on potato dextrose agar (PDA) medium 
alone (control) (A) and N. dimidiatum on PDA medium with B. subtilis (dual-culture test) (B).

Table 1. Effect of Bacillus subtilis cell-free supernatant on the 
fungal agent of stem brown spot disease, Neoscytalidium dimid-
iatum

Supernatant concentration (%) Mycelial growth inhibition (%)
100    100 ± 0.00 e
  50    100 ± 0.00 e  
  25 95.66 ± 2.71 d
  12.5 79.85 ± 39.13 c
    6.25 39.96 ± 21.27 b
    0        0 ± 0.00 a

Values are presented as mean ± SE. The variables were analyzed by 
Tukey’s range test to assess mean separation significance. The same 
letter following disease incident values show no significant differ-
ence to each other at P ≤ 0.05.

Table 2. Effect of sodium bicarbonate solution on the fungal 
agent of stem brown spot disease, Neoscytalidium dimidiatum

Sodium bicarbonate (%) Mycelial growth inhibition (%)
2 100 ± 0.00 e
1 100 ± 0.00 e
0.5 79.45 ± 5.66 d
0.25 50.06 ± 3.23 c
0.125 33.85 ± 3.79 b
0 0 ± 0.00 a

Values are presented as mean ± SE. The variables were analyzed by 
Tukey’s range test to assess mean separation significance. The same 
letter following disease incident values show no significant differ-
ence to each other at P ≤ 0.05.
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tilis and sodium bicarbonate alone were only able to reduce 
the incidence of disease development to 93.7% and 88.9%, 
respectively. Meanwhile, in the control group the incidence 
of disease was 77.8% (Table 3).

In the curative investigation, which involved the treat-
ment of 5-20 spots of brown spot disease per branch the 
treatment using the supernatant of B. subtilis and the com-
bination of supernatant with sodium bicarbonate showed 
the same result both restricted the enlargement of the 
development of brown spot disease as compared to the 
treatment with sodium bicarbonate alone and the control 
group treated with distilled water, in both of which disease 

development was still observed. However, even though the 
disease spot was restricted, it was still possible to generate 
conidia at the spot’s center and this was able to be germi-
nated on a PDA plate, indicating that N. dimidiatum was 
able to propagate even though it was exposed to the inhibi-
tion treatments. Surprisingly, when the disease spots were 
removed prior to application of the combination of super-
natant and sodium bicarbonate this exhibited a strong cura-
tive effective effect which protected the treated cladodes 
from further invasion, as shown in Fig. 2. 

Effect of the supernatant and sodium bicarbonate on 
defense-related enzymes in dragon fruit plants. The pat-
terns of induction activities of GLU, CHI, PAL, and POD 
in the cladodes of dragon fruit plants were investigated fol-
lowing treatment for 12, 24, 48, and 72 h as shown in Fig. 3. 
There was hardly any effect on any of these defense-related 
enzyme activities in the cladodes of dragon fruit plants 
treated with sodium bicarbonate alone when compared to 
that of the control group. Interestingly, the activities of all 
the four enzymes were markedly elevated in the dragon 
fruit plants treated with the supernatant of B. subtilis alone, 
and the combination of supernatant with sodium bicar-
bonate. The GLU activity reached a maximum level 24 
h post treatment while the CHI activity was at its highest 
level 48 h post treatment with both being reduced 72 h 
post treatment. Surprisingly, GLU and CHI activities were 

Table 3. Effect of Bacillus subtilis’ supernatant and sodium bi-
carbonate on the development of stem brown spot disease

Treatment Disease incidence (%)
Control 77.8 ± 11.7 d
NaHCO3 11.1 ± 1.6 c
S   6.3 ± 0.8 b
NaHCO3 + S   0.0 ± 0.0 a

Values are presented as mean ± SE; sterile water (control); sodium 
bicarbonate (NaHCO3); B. subtilis cell-free supernatant (S); a com-
bination of B. subtilis cell-free supernatant and sodium bicarbonate 
(NaHCO3 + S). The variables were analyzed by Tukey’s range test to 
assess mean separation significance. The same letter following dis-
ease incident values show no significant difference to each other at P 
≤ 0.05.

Fig. 2. The curative method using a combination of Bacillus subtilis cell-free supernatant and sodium bicarbonate against stem brown 
spot disease. The initial symptoms of infected dragon fruit cladode (A), after removing the visible stem brown spot disease (B), and after 
a month of the treatment with a combination of B. subtilis cell-free supernatant and sodium bicarbonate (C).
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not detected in the disease control group. Meanwhile, a 
similar pattern of activity for PAL and POD was observed 
in which they both gradually increased and reached their 
highest levels 72 h post treatment.

Effect of the supernatant and sodium bicarbonate on 
lignin deposition in dragon fruit cladodes. Lignin depo-

sition in the artificial wounds on dragon fruit cladodes was 
microscopically detected on day 7 following treatment with 
the supernatant and sodium bicarbonate and the results are 
shown in Table 4 and Fig. 4. The dragon fruit cladodes 
with artificial wounds treated with sodium bicarbonate 
alone showed a similar result with control group, with were 
only a slight deposition of lignin represented by red-pink 
areas around the wounds. Meanwhile, the cladodes treated 
with the supernatant alone and the combination of superna-
tant and sodium bicarbonate were able to synthesize sub-
stantial amounts of lignin to cure the damaged tissue, with 
lignin deposition extending approximately 50 µm into the 
cells around the artificial wounds.

Discussion

There has been some confusion in respect of the agent 
causing stem brown spot disease in all species of dragon 
fruit plants. Nigrospora sphaerica was firstly reported to 
be the causal pathogen of stem brown spot disease (Ellis, 
1971) while Valencia-Botín et al. (2003), who named this 
disease, fish-eye because of the appearance of the chlorotic 

Fig. 3. The activity abundance for defense-related enzymes. β-1,3-Glucanas (GLU) (A), chitinase (CHI) (B), phenylalanine ammonia-
lyase (PAL) (C), and peroxidase (POD) (D) in the dragon fruit cladodes after from various treatments; sterile water (healthy control); 
initial infected cladodes (disease control); sodium bicarbonate (NaHCO3); Bacillus subtilis cell-free supernatant (S); a combination of B. 
subtilis cell-free supernatant and sodium bicarbonate (NaHCO3 + S). Vertical bars represent standard errors of the mean value of three 
trials; columns with the same letter above them show no significant difference to each other at P ≤ 0.05 according to the Tukey’s range 
test.

Table 4. lignin deposition in treated cladodes of injured dragon 
fruit plants 

Treatment Lignin area (µm2)
Control   5,400.3 ± 849.3 a
NaHCO3   5,748.7 ± 1,793.7 a
S 37,044.0 ± 2,033.1 b
NaHCO3 + S 39,800.5 ± 2,333.9 b

Values are presented as mean ± SE; sterile water (control); sodium 
bicarbonate (NaHCO3); Bacillus subtilis cell-free supernatant (S); a 
combination of B. subtilis cell-free supernatant and sodium bicarbon-
ate (NaHCO3 + S). The variables were analyzed by Tukey’s range 
test to assess mean separation significance. The same letter following 
lignin area values show no significant difference to each other at P ≤ 
0.05.
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points in the cladodes as an early symptom of the disease, 
reported that it was caused by Botryosphaeria dothidea. 
However, many recent studies findings have reported 
that N. dimidiatum is a causal agent with some describ-
ing the disease as black rot or stem canker (Chuang et al., 
2012; Ezra et al., 2013; Lu et al., 2015; Masratul Hawa et 
al., 2013; Sanahuja et al., 2016; Xu et al., 2018; Yi et al., 
2015). The present study also separated and identified the 
causal agent of stem brown spot disease based on DNA 
sequencing using the ITS region and confirmed it to be N. 
dimidiatum. This work investigated means of controlling 
stem brown spot disease in dragon fruit plants using the 
supernatant from B. subtilis in combination with sodium 
bicarbonate by exploring changes in protein accumulation 
behavior and lignin deposition in damaged cladodes of 
dragon fruit plants. Previous studies have revealed that B. 
subtilis has an inhibition effect against taxonomically di-
verse fungal pathogens including the genera Saccharicola, 
Cochliobolus, Alternaria, and Fusarium (Hazarika et al., 
2019) and This study also demonstrated that B. subtilis was 
able to strongly inhibit the growth of N. dimidiatum by the 
secretion of antibiotic metabolites into the growing medi-
um, which was a main mode of action of B. subtilis against 
various pathogenic fungi reported by Zhang et al. (2019). 

However, previous studies have revealed that the use of an 
antagonistic microorganism alone might not produce a sat-
isfactory outcome in an in vitro test conducted in the field 
(Jiwanit et al., 2018). Sodium bicarbonate has been widely 
reported to be an antimicrobial agent (reviewed in Marín et 
al., 2017) and this work also found that a solution of 1% (w/
v) sodium bicarbonate completely suppressed N. dimidia-
tum growth. Moreover, a mixture of the supernatant from 
B. subtilis and sodium bicarbonate also showed a strong 
inhibition effect against the growth of N. dimidiatum. 

The effective antimicrobial agents secreted by B. subtilis 
especially cycliclipopeptide groups including the iturin, 
surfactin and fengycin (or plipastatin) families (Ullrich et 
al., 1991), are able to be precipitated in acid conditions at 
a pH of around 2. Therefore, the alkali conditions created 
by sodium bicarbonate allowed the supernatant from B. 
subtilis to remain active. This finding suggests that the su-
pernatant from B. subtilis has a high potential for prevent-
ing stem brown spot fungal attack in dragon fruit plants 
when combined with treatment by sodium bicarbonate and 
the study found that not only did this combination strongly 
suppress N. dimidiatum growth on a PDA plate but was 
also effective in preventing infection by stem brown spot 
disease in dragon fruit plants. Moreover, the investigation 
of curative treatment, the direct application of the combina-
tion of supernatant with sodium bicarbonate on infected 
cladodes of dragon fruit plants restricted stem brown spot 
enlargement, even though the fungus was still able to de-
velop and generate spores in the center of the spot. How-
ever, this means that stem brown spot disease was still able 
to proliferate and begin a new disease cycle in the orchard 
despite the curative treatment applied. Nevertheless, if the 
disease spot was removed prior to the treatment the dam-
aged cladodes were able to repair themselves by cell wall 
deposition and no further disease infection was observed. 
This was a surprising result and indicated that the combina-
tion of supernatant from B. subtilis and sodium bicarbonate 
might contribute to the repairing of damaged dragon fruit 
cladodes. This is consistent with many previous reports 
that B. subtilis has the potential to influence the induction 
of plant defense against certain diseases including pistachio 
nut (Farzaneh et al., 2016), citrus huanglongbing (Munir 
et al., 2020), bacterial spot disease (Chandrasekaran et al., 
2019), and postharvest fungal disease (Zhang et al., 2019).

In this study, whether defense mechanisms were induced 
in dragon fruit plants to protect themselves from disease 
invasion was investigated by determining the accumula-
tion of proteins implicated in induced systemic resistance, 
including pathogenesis-related proteins and enzymes 
involved in the phenylpropanoid biosynthetic pathway, 

Fig. 4. Lignin deposition in epidermal tissues of dragon fruit 
cladodes under 40× magnification using a compound light mi-
croscope obtained on day 7 after treatments: sterile water (A); 
sodium bicarbonate (B); Bacillus subtilis cell-free supernatant (C); 
and a combination of B. subtilis cell-free supernatant and sodium 
bicarbonate (D). Red-pink areas represent lignin deposition.
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which have been found to be highly expressed after dragon 
fruit plants were exposed to elicitors (Ali et al., 2014; Tuan 
et al., 2019). The pathogenesis-related proteins CHI and 
GLU play an important role in fungal cell-wall degradation 
and consequently act as antifungal agents toward several 
pathogenic fungi which cause plant diseases (Sandhu et 
al., 2017). Nevertheless, the CHI and GLU in susceptible 
plant could be suppressed by certain pathogenic fungi (Fio-
rin et al., 2018). Meanwhile, PAL and POD participate in 
the phenylpropanoid biosynthetic pathway and are crucial 
factors in plant cell-wall reinforcement. The findings I the 
present study revealed that the supernatant from B. subti-
lis alone and the combination of supernatant and sodium 
bicarbonate were able to elicit CHI, GLU, PAL, and POD 
activities in dragon fruit plants over the period explored. 
Moreover, the deposition of lignin, a major factor in plant 
cell-wall reinforcement, was observed in dragon fruit 
plants after they had been treated with the supernatant from 
B. subtilis alone and the combination of supernatant and 
sodium bicarbonate. Spadaro and Droby (2016) suggested 
that plant disease decay could be reduced when the defense 
response systems of host plants were triggered. 

Therefore, the present study produced strong evidence 
that the mechanism of action of B. subtilis used as a bio-
control agent was able to protect dragon fruit plant from in-
vasion by N. dimidiatum and thus control stem brown spot 
disease.

This study combined the supernatant from B. subtilis 
culture as a biocontrol agent, and sodium bicarbonate, as 
a potential means of controlling stem brown spot disease 
in dragon fruit plants and found that this biocontrol agent 
contributes to the elicitation of the natural plant defense 
mechanisms. However, plant may respond better to this 
biocontrol agent through cladode injuries and the superna-
tant mixed with sodium bicarbonate improves plant absorp-
tion., Finally, absorption may rely on very tiny particles 
acting as the carriers and the use of nanoparticles, or nano-
emulsions, to optimize absorption by dragon fruit cladodes 
may be effective in increasing the action of this biocontrol 
agent in controlling plant disease. 
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