
SUMMARY

Melon (Cucumis melo L.) is a widely used fruit which
suffers from postharvest decay resulting in large eco-
nomic losses. In this work we investigated the biological
control of melon postharvest diseases using Bacillus sub-
tilis EXWB1, which we had previously isolated and
identified from melon in lab experiments. We found
that this bacterium excretes a bio-surfactant in Luria-
Bertani broth (pH 5-8) that helps it to stick to the hy-
drophobic melon skin, and spreads at a speed of 125
µm per h over the surface at room temperature and high
humidity. During storage time we found that the peak
of respiration of melon fruits increased on day 6, and
was reduced by 26.1% and 71.9%, respectively in the
presence of B. subtilis EXWB1 in inoculated and
uninoculated treatments. The ethylene production peak
was delayed by about 2 days and reduced by 72.3% and
61.6% on day 4. Growth of one of the main fungal
pathogens of melon, Alternaria alternata, was limited
around inoculated sites on the fruit surface, and necrot-
ic lesions induced by this pathogen were significantly
reduced by 77.2% after coinoculation with B. subtilis
EXWB1. Treated fruits retained high levels of sugar and
vitamin C, and low levels of organic acids, and main-
tained water content and turgidity at room temperature.
Our findings provide an alternative and promising bio-
logical control agent, B. subtilis EXWB1, which can
suppress postharvest diseases caused by A. alternata,
and may effectively control postharvest physiological
changes caused by fungal pathogens.

Key words: melon, Bacillus subtilis, postharvest bio-
control mechanism, respiration, ethylene production.

INTRODUCTION

Postharvest decay is a serious problem in the storage
of many fresh fruits and vegetables, especially acidic,
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succulent and nutritious fruits and vegetables that suffer
from rotting diseases (Philips, 1984; Moss, 2008). On
average, 40% of fresh fruit and vegetables are lost to
postharvest disease (Irtwange, 2006), and such losses in
China have been estimated as 4.5 billion US$ per year
(Hu and Zhang, 2007).

Melon (Cucumis melo L.) is an annual fruit popular
because of its flavour and high nutrient content. Its pro-
duction and sale holds an important position in world
horticulture. However, losses are high in the absence of
effective postharvest treatment (Bi and Zhang, 1991).
During storage and transportation, postharvest diseases
occur, primarily caused by A. alternata, Fusarium semi-
tectum, Rhizopus stolonifer, and Trichothecium roseum
(Yang et al., 2006; Bi et al., 2007). Currently, application
of synthetic fungicides is the primary means of control-
ling these postharvest diseases (Ma et al., 2004). Howev-
er, use of these fungicides has been progressively re-
stricted, due to increasing concerns on the protection of
the environment and human health, together with in-
creased pathogen resistance to fungicides (Dianz et al.,
2002; Marín et al., 2003; Rial-Otero et al., 2005). As a
result, there is a continuing need to find alternatives to
synthetic fungicides. 

Biological control of postharvest disease (BCPD) has
emerged as an effective non-chemical alternative. Bacil-
lus species, including B. subtilis, produce spores that are
resistant to various physical and chemical treatments,
such as desiccation, heat, UV irradiation, and organic
solvents (Leelasuphakul et al., 2008), and serve as excel-
lent biological control agents against a wide range of
plant pathogens by their production of antibiotics
(iturin, surfactin, and fengycin), cell wall-degrading en-
zymes (chitinase and b-1,3 glucanase), and antifungal
volatiles (Fiddaman and Rossall, 1993; Knox et al.,
2000; Shoda, 2000; Jiang et al., 2001; Pinchuk et al.,
2002; Kim and Chung, 2004; Leelasuphakul et al.,
2006). At the same time, B. subtilis can occupy the same
niche as many pathogens and play an antagonistic role
(Bacon et al., 2001). Thus, B. subtilis has been recom-
mended as a generally safe (‘GRAS’) microorganism by
the United States Food and Drug Administration (Den-
ner and Gillanders, 1996), which promotes its use in the
food industry.
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In our previous work, one B. subtilis strain, EXWB1,
was isolated and identified as the most effective antago-
nist to eight different species of fungal pathogens caus-
ing postharvest diseases on melon fruits (Wang et al.,
2008). In this report, we further demonstrate the physi-
ological mechanisms that B. subtilis EXWB1 uses to
control postharvest diseases of melon and the mode of
action as a bacterial antagonist by assaying respiratory
metabolism of postharvest fruits and the influence on
fruit quality during storage. Finally, an alternative strate-
gy was developed to analyze the effectiveness of biologi-
cal control of postharvest diseases on melon fruits.

MATERIALS AND METHODS

Plant material. Fruits of melon (Cucumis melo L., cv.
Qingmi) were used. Qingmi is a variety of muskmelon
grown in the Nanhui district of Shanghai, China.
Healthy and mature fruits with no mechanical damage
were selected for the experiments.

Fungal pathogen. A. alternata was isolated from in-
fected Hami melon and cultured on potato dextrose
agar (PDA) for 2 weeks at 25±1°C. A spore suspension
was prepared by pouring a small volume of sterile dis-
tilled water containing 0.05% (v/v) Tween-80 onto the
agar medium plate in a Petri dish, and then gently
scraping the agar surface with a glass rod. The spore
suspension obtained was passed through four layers of
sterile cheesecloth to remove mycelial fragments. The
number of spores in the suspension was counted with a
hemocytometer, and diluted with sterile water to obtain
the desired spore densities. 

Antagonist. Bacillus subtilis strain EXWB1 was iso-
lated from the surface of healthy melon fruits as de-
scribed by Wang et al. (2008). Its antifungal activity had
already been tested by co-culturing with fungal
pathogens on PDA .

Analysis of adhesive ability of B. subtilis EXWB1
on melon skin. EXWB1 was inoculated in LB broths of
differing pH (pH 4 to 10), inoculated and incubated at
37°C overnight on a rotary shaker (120 rpm). The bac-
terial cultures were centrifuged (10,000 g, 10 min), and
then 20 µl of supernatant were dropped onto a hy-
drophobic membrane (Parafilm) or on melon skin. The
diameter and height of the drops were measured over 5
min, according to a method described previously (Otsu
et al., 2004). The same volume of LB broth and sterile
water were used as controls. The spreading velocity of
EXWB1 on melon skin was also evaluated by adding 20
µl liquid culture of EXWB1 to melon skin discs (0.7-1.1
cm) in glass desiccators at room temperature and satu-
rated humidity. The velocity of spread was calculated

when the liquid culture of EXWB1 had spread over the
whole disc surface.

Analysis of biocontrol ability of B. subtilis EXWB1
on melon. Melon fruits were surface-sterilized at 15
spots (~1 cm in diameter) using absorbent cotton balls
soaked in 70% ethanol. Wounds (3 mm deep and 5 mm
in diameter) were made on each spot with a sterile
punch, and one agar disc (5 mm in diameter) carrying
A. alternata was placed on each wounded spot. After 2
h of inoculation at 24±1°C, the EXWB1 suspension was
diluted and sprayed onto the entire surface of the
pathogen-inoculated fruits. As controls, chlorine diox-
ide (ClO2) solution (200 ppm) and a natural preserva-
tive (the main component is sugar ester provided by
Xinjiang Medical University) were similarly sprayed on-
to the fruits. After drying for 2 h in air, all melons were
put into glass desiccators at 24±1°C. Decay severity was
determined after 10 days. Three melons were used in
each treatment and three replicate trials were per-
formed with complete randomization, and each test was
repeated three times.

Assay of carbon dioxide and ethylene production by
melon fruits inoculated with B. subtilis EXWB1. Mel-
on fruits were inoculated with A. alternata as described
above. These fruits were each treated with sterile water
(control), 109 cell ml-1 EXWB1 culture, 200 ppm chlo-
rine dioxide solution, or preservative for 30 min, with
controls of non-inoculated fruits. After drying in air,
these melons were put into glass desiccators, covered
with three layers of plastic wrap and Parafilm to retain
saturated humidity at 24±1°C for 10 days. During stor-
age, production of carbon dioxide and ethylene were
monitored with a gas chromatograph GC9800
(KeChuang, China). A 1 ml gas sample was withdrawn
from the headspace of each desiccator with a gas-tight
syringe and injected into the gas chromatograph with
hydrogen flame ionization detector (FID) and thermal
conductivity detector (TCD) to detect ethylene and car-
bon dioxide, respectively. To detect ethylene, the tem-
peratures of column, injection, and detector were 80,
100, and 120°C, respectively; for carbon dioxide, the
detector temperature was changed to 100°C; the flow
rate of the carrier gas (N2) was 40 ml min-1.

Assay of melon fruit quality after treatment with B.
subtilis EXWB1. Change in fruit quality was examined
10 days after treatment with EXWB1, and on sampling
spots on the skin 2 cm from the inoculation site. Weight
loss was expressed as percentage of the initial weight.
Fruit firmness was measured by penetrating a 10-mm
plunger tip of a sclerometer GY-1 into the flesh. Total
sugar content was determined with the anthrone-sulfu-
ric acid method (Sajjaanantakul et al., 2006). Ascorbic
acid content was determined using the 2, 6-dichloroin-
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dophenol titration method (AOAC, 1990). Acidity was
determined by acid-base titration with 0.1N NaOH
(Reilley, 1960).

Statistical analysis. Each treatment consisted of three
fruits and three replicate trials were performed. All the
tests were repeated three times. The T test (p<0.05) was
applied to analyze the data.

RESULTS 

B. subtilis EXWB1 excretes biosurfactants that ad-
here and extend across melon skin. Our previous work
indicated that EXWB1 could form special and compact
colonies on LB medium (Wang et al., 2008), and some
EXWB1 metabolites in the mixture could contribute to
colonization. Thus, the mixture produced by incubating
EXWB1 in LB broth for 12 h and controls with only LB
broth or sterilized water were dropped onto melon skin
to check for adhesive ability. The EXWB1 droplet
spread as a thin film on the hydrophobic fruit surface,
while LB liquid medium and sterile water remained as
spherical drops (Fig. 1). This indicated that the bacteri-
um established effective attachment to the fruit surface. 

The rate of EXWB1 colony extension on the melon
skin was 125 µm per h (Fig. 2). This suggests that B.
subtills EXWB1 can rapidly occupy the same niche as
pathogenic fungi. Production of biosurfactants is useful
for attachment of this bacterium (Otsu et al., 2004) and
was assayed at several pH values by deposition of drops

of EXWB1 culture onto covers of clean sterile plastic
dishes, because the expansion speed of these drops is
considered an indication of biosurfactants present in
bacterial suspensions. Our data indicated that the ratio
of diameter to height of droplets increased between pH
5 and 8, suggesting that EXWB1 produced much more
biosurfactant at pH 5 to 8, consistent with the optimum
pH for the active proliferation of EXWB1 cells.

Fig. 1. Adhesion of EXWB1 culture in LB broth to the melon fruit surface. 

Fig. 2. Rate of colony expansion of EXWB1 on the melon fruit surface. 

Fig. 3. Secretion of biosurfactants by EXWB1 into LB broth
under different pH conditions. The cell-free culture solution
(-�-) of EXWB1 was prepared by centrifugation after incuba-
tion for 48 h, and a small aliquot was dropped onto a hy-
drophobic membrane. LB liquid medium (-�-) was used as a
control.
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B. subtilis EXWB1 suppresses melon postharvest
disease caused by A. alternata. To determine the inhi-
bition effect of EXWB1 in vivo, we inoculated this bac-
terium and A. alternata onto melon fruit skin. The le-
sion diameter on fruits treated with EXWB1 cell sus-
pension was 0.76 cm, about 77.2% lower than that in
controls (Fig. 4). Further observation showed that in

control treatments, A. alternata was able to germinate
quickly on the melon surface and internally at wound
sites. Extensive pathogen hyphae strongly adhered to
the surface and extended around wound sites, causing
the skin and flesh to become black and rot, but also
with disintegration of cells within the flesh. However, A.
alternata hyphae were unable to grow on melon skin or
wounds inoculated with EXWB1 cell suspension, and
there was no obvious rot in the flesh. Thus, B. subtilis
EXWB1 was able to effectively control postharvest dis-
ease of melon fruits caused by A. alternata in these con-
ditions.

Treatment with EXWB1 suppresses ethylene pro-
duction and respiration of melon fruits. During the
shelf life of melons, ethylene production increases
(Moreno et al., 2008) and accelerates fruit senescence.
Using gas chromatography, we found that melon fruits
inoculated with A. alternata released 58.1% more ethyl-
ene than that uninoculated controls on day 3, and
peaked at day 5 and 8 (Fig. 5A). Ethylene production
was delayed by about 2 days, and compared to water
treatments, about 72.3% and 61.6% ethylene reduction
on day 4 was detected respectively from inoculated and
uninoculated fruits co-treated with EXWB1 (Fig. 5B).
Although ethylene production was also suppressed by
chlorine dioxide solution or preservative (Fig. 5C, D),
their effect was different from that of B. subtilis

Fig. 4. Inhibition of melon fruit rot by various treatments.
Each value is the mean from three experiments.

Fig. 5. Changes in ethylene production of melon fruits during storage at 24±1°C. The melon fruits were treated with sterile dis-
tilled water (-�-), A. alternata (-�-), EXWB1 (-�-), EXWB1 co-inoculation with A. alternata (-�-), ClO2 solution (-×-), ClO2 solu-
tion co-inoculation with A. alternata (-�-), preservative (-*-), preservative co-inoculation with A. alternata (-�-). Measurements are
from three replicates, and results presented are means ± SE.
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EXWB1. These results suggest that B. subtilis EXWB1
suppresses ethylene production and can delay senes-
cence and rot in melon fruits caused by fungi such as A.
alternata. 

Between days 5 and 7, there was a peak in respiration
in melon treated with A. alternata (Fig. 6A). However,
this respiration increase did not occur in melons treated
with EXWB1, preservative, or chlorine dioxide (Fig.
6B, C, D). These data indicate that EXWB1 effectively
suppresses both ethylene production and respiration of
postharvest melon fruits, even after infection with A. al-
ternata.

Physiological indices of postharvest melon fruits
treated with B. subtilis EXWB1. The physiological in-
dex of melon fruits was measured and calculated (Table
1). This index, in fruits inoculated with A. alternata was
only 1.58 Kpa compared with 6.56 Kpa for fresh fruits
and 3.16 Kpa for EXWB1-treated fruits after storage,
while fruits treated with EXWB1 were also firmer than
those treated with chlorine dioxide or preservative for
10 days at 25°C. Thus, EXWB1 inoculation is more
beneficial in maintaining fruit firmness. Also, fruits in-
oculated with EXWB1 increased total sugar content to
36.7%, and maintained titratable acidity, which was

Journal of Plant Pathology (2010), 92 (3), 645-652 Wang et al. 649

Fig. 6. Respiration of melon fruits treated with A. alternata, B. subtilis EXWB1, ClO2, or preservative. The fruits were treated
with sterile distilled water (-�-), A. alternata (-�-), EXWB1 (-�-), EXWB1 co-inoculation with A. alternata (-�-), ClO2 solution (-
×-), ClO2 solution co-inoculation with A. alternata (-�-), preservative (-*-), preservative co-inoculation with A. alternata (-�-).
Measurements are from three replicates, and results presented are means ± SE.

Table 1. Physiological indexes of melon fruits treated with different agents.

10d storage at 25°C after inoculation of A. alternata
Physiological indexes Original

Water EXWB1 ClO2 Preservative

Firmness (Kpa) 6.56±0.5 a 1.58±0.24 cd 3.16±0.7 b 1.78±0.18 c 1.13±0.18 e
Total sugars content (%) 12.12±0.41 b 10.93±1.63 b 16.57±0.058 a 14.43±2.52 a 14.1±1.27 ab
Ascorbic acid content
(mg·100g-1FM)

2.88±0.08 a 0.044±0.06 d 0.25±0.01 c 0.29±0.14 bc 0.34±0.2 b

Titratable acidity content (%) 0.057±0.0035 c 0.081±0.0065 b 0.061±0.0024 c 0.119±0.017 a 0.077±0.008 b
Weight loss (%) —— 4.04±0.002 a 3.09±0.01 a 10.93±0.1 a 5.33±0.01 a
The same letter in one line indicates no significant difference (P<0.05 T test)
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close to the fresh fruit value, although ascorbic acid
content was 0.25 mg 100 g-1 FM which was lower than
in fruit treated with chlorine dioxide or preservative
(Table 1). Melon fruits treated with EXWB1 showed
the least weight loss (3.09%), compared with those
treated with chlorine dioxide or preservative (Table 1).
These results indicate that melon fruits inoculated with
EXWB1 are able to maintain turgor, increase total sugar
content, and reduce weight loss during storage.

DISCUSSION

Use of B. subtilis as a biological antagonist has been
reported for many fruits, such as apricot, avocado, cher-
ry, citrus, litchi, nectarine, peach, plum, strawberry, and
apple-pear (Pusey and Wilson, 1984; Demoz and Ko-
rsten, 2006; Utkhede and Sholberg, 1986; Singh and
Deverall, 1984; Jiang et al., 2001; Zhao et al., 2007; Qi
et al., 2005). Biological control agents containing B. sub-
tilis (e.g., Serenade and Rhio-plus) have already been
commercially applied to control powdery mildew, late
blight, brown rot, fire blight, and root rots on fruit and
vegetables (Walton, 2002; Sharma, 2009).

Yang et al. (2006) examined the mode of action of B.
subtilis in suppressing fungal pathogens that cause
postharvest diseases of muskmelon in China (2006).
They considered that an antifungal substance was pro-
duced, because a culture filtrate of B. subtilis B1
showed good control of pathogens inoculated on mel-
on. In this study, we propose a different explanation for
the action of B subtilis in controlling postharvest dis-
eases of melon. We suggest that strain EXWB1 secretes
a biosurfactant that promotes rapid colonization on
melon skin. This has also been reported for B. subtilis
by Wu and Yao (1999), and Kinsinger et al. (2003) sug-
gested that this bacterium forms a firm membrane
structure on the surface, while Harsh et al. (2004) found
acceleration of its speed of spread on a plant surface
(Harsh et al., 2004). Davey et al. (2003) examined sur-
face adhesion of the bacterium. The results of these
studies are consistent with our data and our explana-
tion. Unlike other B. subtilis strains, EXWB1 was isolat-
ed from the surface of healthy melon fruits and is able
to stably colonize melon skin, so that fungal pathogens
which cannot compete or occupy the same niche do not
cause postharvest disease.

During storage of melons, high respiration reflects,.
accelerated metabolism (Pech et al., 2008). Most fruits
including harvested melons (Moreno et al., 2008) re-
lease a large amount of ethylene, which accelerates
senescence and makes the fruits more susceptible to in-
fection by pathogens (Ezura and Owino, 2008). Thus,
inhibition of ethylene production will lead to prolonged
shelf life. Our results showed that melons inoculated
with A. alternata released 79% more ethylene than the

uninoculated treatments on day 4, due to plant defence
response (Fig. 5A), and the respiration of melon fruits
also increased (Fig. 6A). We show that B. subtilis
EXWB1 effectively suppressed ethylene production and
respiration of melon fruits. During storage the peak of
respiration of melon fruits reached a maximum on day
6, and the respiration rate was reduced by 26.1% and
71.9% respectively in the presence of B. subtilis
EXWB1 in inoculated and uninoculated treatments,
while the ethylene production peak was delayed by
about 2 days and reduced by 72.3% and 61.6% on day
4 (Fig. 5B, 6B). This bacterium is therefore more bene-
ficial than regular preservative agents applied during
fruit storage. This is also the first report that inoculation
with a microorganism affects special physiological
processes (ethylene production and respiration) of
postharvest fruits, although other approaches, like heat
treatment, have been developed to control postharvest
infection (Conway, 2004).

Fruits lose weight during storage, and cell break-
down may accelerate senescence (Woods, 1990). More-
over, pathogen infections may cause further serious in-
jury that can lead to collapse of the fruit structure, and
further weight loss. 

The nutrient composition of melon fruits is related to
sugar content and titratable acidity, and is important for
the consumer. Our results show that EXWB1 could
help to maintain a reasonable amount of sugar and
titratable acid, improving suitability for consumption. 

In conclusion, B. subtilis strain EXWB1 may be de-
veloped as a biological control agent to inhibit posthar-
vest decay of melon, because it spreads rapidly on fruit
surfaces and effectively inhibits postharvest fungal
pathogens, but also and contributes to suppressing eth-
ylene production and respiration, thus maintaining
freshness. As this bacterium exists widely on healthy
fruit surfaces it may be safe to humans and environ-
ment-friendly. Thus developing this bacterium as a com-
mercial agent for biological control is a strong prospect.

ACKNOWLEDGEMENTS

This work was supported by The Projects of Shang-
hai Science and Technology Commission, China
(No.07DZ12043), the National Natural Science Foun-
dation of China (30771505) and the Excellent Ph.D.
Graduate Education Fund of East China Normal Uni-
versity (2009039).

REFERENCES

AOAC (Association of Official Analytical Chemists), 1990.
Official Methods of Analysis of the Association of Official
Analytical Chemists, 15th Ed., pp. 1058-1059. Association
of Official Analytical Chemists, Arlington, VA, USA.

650 Biocontrol of melon pathogens Journal of Plant Pathology (2010), 92 (3), 645-652

008_JPP102RP(Xu)_645  16-11-2010  15:12  Pagina 650



Bacon W.C., Yates E.I., Hinton M.D., Meredith F., 2001. Bio-
logical Control of Fusarium moniliforme in Maize. Envi-
ronmental Health Perspectives 109: 325-332.

Bi Y., Zhang W.Y., 1991. Control decay of Hami melon with
fungicides and hot water. Acta Phytophylica Sinica 32: 367-
369.

Bi Y., Ge Y. H., Wang C.L., Li X.W., 2007. Melon production
in China. Acta Horticulturae 731: 493-500.

Conway W.S., Leverentz B., Janisiewicz W.J., Blodgett A.B.,
Saftner R.A., Camp M.J., 2004. Integrating heat treatment,
biocontrol and sodium bicarbonate to reduce postharvest
decay of apple caused by Colletotrichum acutatum and
Penicillium expansum. Postharvest Biology and Technology
34: 11-20.

Davey M.E., Caiazza N.C., O’Toole G.A., 2003. Rhamnolipid
surfactant production affects biofilm architecture in
Pseudomonas aeruginosa PAO1. Bacteriology 185: 1027-
1036.

Demoz B.T., Korsten L., 2006. Bacillus subtilis attachment,
colonization, and survival on avocado flowers and its mode
of action on stem-end rot pathogens. Biological Control 37:
68-74. 

Denner W.H.B., Gillanders T.G.E., 1996. The legislative as-
pects of user of industrial enzymes in the manufacture of
food ingredients. In: Godfrey T., West S. (eds). Industrial
Enzymology, 2nd Ed., pp. 397-411. The Macmilan Press.,
Basingstoke, UK.

Dianz F., Santos M., Blanco R., Tello J.C., 2002. Fungicide re-
sistance in Botrytis cinerea isolate from strawberry crops in
Huelva (southwestern Spain). Phytoparasitica 30: 529-534. 

Ezura H., Owino W.O., 2008. Melon, an alternative model
plant for elucidating fruit ripening. Plant Science 175: 121-
129. 

Fiddaman P.J., Rossall S., 1993. The production of antifungal
volatiles by Bacillus subtilis. Journal of Applied Bacteriology
74: 119-126.

Harsh P.B., Ray F., Jorge M.V., 2004. Biocontrol of Bacillus
subtilis against infection of Arabidopsis roots by Pseudo-
monas syringae is facilitated by biofilm formation and sur-
factin production. Plant Physiology 134: 307-319. 

Hu M.J., Zhang L.H., 2007. Tropical fruit preservation status
quo and development trend in China. http://www.
hiagri.gov.cn:8888/newsView.jsp?ID=1518.

Irtwange S.V., 2006. Hot water treatment: A non-chemical al-
ternative in keeping quality during postharvest handling of
citrus fruits. Agricultural Engineering International 5: 1-10. 

Jiang Y.M., Zhu X.R., Li Y.B., 2001. Postharvest control of
litchi fruit rot by Bacillus subtilis. Food Science and Tech-
nology 34: 430-436.

Kim P., Chung K.C., 2004. Production of an antifungal pro-
tein for control of Colletotrichum lagenarium by Bacillus
amyloliquefaciens MET0908. FEMS Microbiology Letters
234: 177-183.

Kinsinger R.F., Shirk M.C., Fall R., 2003. Rapid surface motil-
ity and biofilm formation in Bacillus subtilis is dependent
on extracellular surfactin and potassium ion. Bacteriology
185: 5627-5631.

Knox O.G.G., Killham K., Leifert C., 2000. Effects of in-

creased nitrate availability on the control of plant patho-
genic fungi by the soil bacterium Bacillus subtilis. Applied
Soil Ecology 15: 227-231. 

Leelasuphakul W., Sivanunsakul P., Phongpaichit S., 2006.
Purification, characterization and synergistic activity of b-
1,3-glucanase and antibiotic extract from an antagonistic
Bacillus subtilis NSRS 89-24 against rice blast and sheath
blight pathogens. Enzyme and Microbial Technology 38:
990-997. 

Leelasuphakul W., Hemmanee P., Chuenchitt S., 2008.
Growth inhibitory properties of Bacillus subtilis strains and
their metabolites against the green mold pathogen (Penicil-
lium digitatum Sacc.) of citrus fruit. Postharvest Biology
and Technology 48: 113-121.

Ma L.Y., Bi Y., Zhang Z.K., Zhao L., An L., Ma K.Q., 2004.
Control of pre- and postharvest main diseases on melon
variety Yindi with preharvest azoxystrobin spraying. Jour-
nal of Gansu Agricultural University 39: 14-17.

Marín A., Oliva J., García C., Navarro S., Barba A., 2003.
Dissipation rates of cyprodinil and fludioxinil in lettuce
and table grape in the filed and under cold storage condi-
tions. Journal of Agricultural and Food Chemistry 51: 4708-
4711.

Moreno E., Obando J., Dos-Santos N., Fernández-Trujillo
J.P., Monforte A.J., García-Mas J., 2008. Candidate genes
and QTLs for fruit ripening and softening in melon. Theo-
retical and Applied Genetics 116: 589-602.

Moss M.O., 2008. Fungi, quality and safety issues in fresh
fruits and vegetables. Journal of Applied Microbiology 104:
1239-1243.

Otsu Y., Matsuda Y., Mori H., Ueki H., Nakajima T., Fuji-
wara K., Matsumoto M., Azuma N., Kakutani K., Nono-
mura T., Sakuratani Y., Shinogi T., Tosa Y., Mayama S.,
Toyoda H., 2004. Stable phylloplane colonization by ento-
mopathogenic bacterium Pseudomonas fluorescence KPM-
018P and biological control of phytophagous ladybird bee-
tles Epilachna vigintioctopunctata (Coleoptera: Coccinelli-
dae). Biocontrol Science and Technology 14: 427-439.

Pech J.C., Bouzayen A., Latché A., 2008. Climacteric fruit
ripening: Ethylene-dependent and independent regulation
of ripening pathways in melon fruit. Plant Science 175:
114-120. 

Philips D.J., 1984. Mycotoxins as a postharvest problem. In:
Moline H.E.(ed). Postharvest Pathology of Fruits and Veg-
etables: Postharvest Losses in Perishable Crops, pp. 50-54.
Agricultural Experimental Station, University of Califor-
nia, Berkeley, CA, USA.

Pinchuk I.V., Bressollier P., Sorokulova I.B., Verneuil B., Ur-
daci M.C., 2002. Amicoumacin antibiotic production and
genetic diversity of Bacillus subtilis strains isolated from
different habitats. Research in Microbiology 153: 269-276. 

Pusey P.L., Wilson C.L., 1984. Postharvest biological control
of stone fruit brown rot by Bacillus subtilis. Plant Disease
68: 753-756.

Qi D.M., Hui M., Liang Q.M., Niu T.G., 2005. Postharvest
biological control of blue mold and black spot of apple-
pear (Pyrus bretschneideri Rehd.) fruit by Bacillus subtilis
H110. Chinese Journal of Applied and Environmental Biol-
ogy 11: 171-174.

Journal of Plant Pathology (2010), 92 (3), 645-652 Wang et al. 651

008_JPP102RP(Xu)_645  16-11-2010  15:12  Pagina 651



Reilley C.N., 1960. Potentiometric titrations. Analytical
Chemistry 32: 185-193.

Rial-Otero R., Arias-Estévez M., López-Periago E., Cancho-
Grande B., Simal-Gándar J., 2005. Variation in concentra-
tions of the fungicides tebuconazole and dichlofluanid fol-
lowing successive applications to greenhouse-grown let-
tuces. Journal of Agriculture and Food Chemistry 53: 4471-
4475.

Sajjaanantakul T., Vanburen J.P., Downing D.L., 2006. Effect
of methyl ester content on heat degradation of chelator-
soluble carrot pectin. Journal of Food Science 54: 1272-
1277. 

Sharma R.R., Singh D., Singh R., 2009. Biological control of
postharvest diseases of fruits and vegetables by microbial
antagonists: A review. Biological Control 50: 205-221

Shoda M., 2000. Bacterial control of plant diseases. Journal of
Bioscience and Bioengineering 89: 515-521.

Singh V., Deverall B.J., 1984. Bacillus subtilis as a control
agent against fungal pathogens of citrus fruit. Transactions
of the British Mycological Society 83: 487-490.

Utkhede R.S., Sholberg P.L., 1986. In vitro inhibition of plant
pathogens by Bacillus subtilis and Enterobacter aerogenes
and in vivo control of two postharvest cherry diseases.
Canadian Journal of Microbiology 32: 963-967.

Walton D., 2002. New Zealand Agrichemical Manual.
WHAM Media, Wellington, New Zealand.

Wang Y.W., Hu W.B., Xu L., 2008. Identification of the an-
tagonistic Bacillus strain on melon fruit surface. Acta Phy-
topathologica Sinica. 38: 317-324. 

Woods J.L., 1990. Moisture loss from fruits and vegetables.
Postharvest News and Information 1: 195-199. 

Wu Q.P., Yao R.H., 1999. The production, application and
fermentation of surfactant. Microbiology 26: 14-16.

Yang D.M., Bi Y., Chen X.R., Ge Y.H., Zhao J., 2006. Biologi-
cal control of postharvest diseases with Bacillus subtilis (B1
strain) on muskmelon (Cucumis melo L. cv. Yindi). Acta
Horticulturae 712: 735-740.

Zhao Y., Shao X.F., Tu K., Chen J.K., 2007. Inhibitory effect
of Bacillus subtilis B10 on the diseases of postharvest
strawberry. Journal of Fruit Science 24: 339-343.

652 Biocontrol of melon pathogens Journal of Plant Pathology (2010), 92 (3), 645-652

Received January 29, 2010
Accepted April 2, 2010

008_JPP102RP(Xu)_645  16-11-2010  15:12  Pagina 652


