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Apple ring rot disease, caused by Botryosphaeria dothidea
(Moug. ex. Fr) Ces. et de Not., is one of the most
important diseases on apple fruits. In this study, strain
9001 isolated from healthy apple fruits from an infested
orchard was evaluated for its biocontrol activity against
apple ring rot in vitro and in vivo. Strain 9001 showed
obvious antagonistic activity to B. dothidea YL-1 when
plated on potato dextrose agar. Soaking healthy apples
in the bacterial suspensions of strain 9001 prior to
artificial inoculation of fungal pathogen resulted in a
dramatic decrease in disease incidence when compared
to the control. Moreover, either field application in the
growth season or postharvest treatment of apples from
infected orchards with bacterial suspensions of strain
9001 resulted in significantly reduced disease incidence
within the storage period for 4 months at room temper-
ature. Based on the phylogenetic analysis of 16S rRNA
and the gyrA gene, strain 9001 was identified as Bacillus
amyloliquefaciens. These results indicated that B. am-
yloliquefaciens 9001 could be a promising agent in
biocontrol of apple ring rot on fruit, which might help to
minimize the yield loss of apple fruit during the long
postharvest period.

Keywords : apple, Bacillus amyloliquefaciens, biological
control, Botryosphaeria dothidea

Apple ring rot disease, caused by Botryosphaeria dothidea,
is one of the most important diseases on the apple fruit in
China (Tang et al., 2012). It is widely distributed and is
endemic in most apple planting areas, especially in Northern
China. The disease is characterized by slightly sunken
lesions with alternating concentric tan and brown rings on
infected fruits (Kang et al., 2009). In the last seventy years,
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a high incidence of apple fruit rot is gradually becoming a
major problem in the fruit production industry, due to an
increase in planting of varieties with good quality, such as
‘Fuji’ cultivar which is the most widespread planted culti-
var in China. This cultivar, however, is very sensitive to the
disease. It is difficult to control apple ring rot as the patho-
gen can infect the host apple fruit latently at the growth
stage, and induce rot during storage. Botryosphaeria
dothidea infection causes losses of up to 50% before harvest
and another 79% is lost in storage on susceptible apple
cultivars (Kexiang et al., 2002; Tang et al., 2012).
Currently, the most popular and effective management
strategy for controlling ring rot disease in China is the
application of synthetic fungicides. In concert with this
technique, each fruit is bagged individually on the tree right
after fruit setting to protect them from diseases. Fungicides
are currently sprayed 10 or more times during each season.
However, wide application of chemical fungicides inevitab-
ly leads to serious environmental problems, such as the so-
called “3R-problem” (resistance, resurgence and residue).
Some beneficial microbes have also been killed, thus dis-
turbing the ecological balance and ultimately accelerating
the development of the disease. Therefore, alternative strate-
gies for controlling ring rot disease of apple are needed.
Biological control with microbial antagonists has emerged
as a promising alternative that can reduce synthetic fungi-
cide usage with a low environmental impact (Sharma et al.,
2009; Wisniewski and Wilson, 1992). Several genera of
bacteria and fungi have been exploited and widely investi-
gated against different fungal pathogens. The Bacillus species
is one of the most studied and commercialized biological
control agents (Nicholson, 2002). The multilayered cell
wall structure, various modes of action, and formation of
stress-resistant spores enhance the viability of Bacillus spp.
in different environmental conditions as well as in different
bio-formulations (Errington, 2003; Hamdache et al., 2011;
Lee et al., 2012; Santoyo et al., 2012). Several commercial
products originated from Bacillus spp. are available in the
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U.S. and other countries, such as RhizoPlus (B. subtilis
FZB24), Yield Shield (B. pumilus GB34), Kodiak (B.
subtilis strain GB03), and Serenade (B. subtilis QST716)
(Fravel, 2005; Berg, 2009). Yield Increasing Bacteria (YIB),
comprised of Bacillus spp., was developed by our lab and
has been wildly used to control diseases on crops, vegetables
and fruit trees in China for the past 40 years. However, only
limited attempts have been made to control apple ring rot
disease using Bacillus.

Strain 9001 was isolated from healthy apple fruits from
an infested orchard and showed significant antagonistic
activity to several fungal pathogens in vifro, such as Alter-
naria alternate f. sp. mali, Monilinia fructiena, Rhizoctonia
cerealis (unpublished data). However, its effect on apple
ring rot disease is uncertain. The objective of the present
study was to evaluate the biological control activity in vitro
and in vivo and to phylogenetically identify it based on 16S
rRNA and gyr4 gene sequence analysis. The results of our
study may provide an alternative to the present methods of
prevention to control the apple ring rot during the storage
period.

Materials and Methods

Bacterial/fungal strains and growth conditions. A virulent
strain B. dothidea YL1, provided by Dr. Liyun Guo (China
Agricultural University), was used in an antagonistic test in
vivo and in vitro. B. dothidea YLL1 was cultured on potato
dextrose agar (PDA) at 25 °C in the dark, followed by grow-
ing on 2% malt extract agar (MEA) with 12 h photoperiod
of near-UV light to induce sporulation (Tang et al., 2012).
Mature pycnidia were collected from MEA and crushed in
sterile distilled water in a micro-centrifuge tube. The coni-
dial suspension was then filtered through three layers of
lens paper to remove mycelia and pycnidial debris. The coni-
dial concentration was determined with a hemacytometer.

Strain 9001 was cultured on nutrient agar at 30°C for 1 —
2 day(s) and transferred to nutrient broth on a rotary shaker
at 160 rpm at 30°C for 2 days. The bacterial cells were
collected by centrifugation at 6000 x g for 5 min and ad-
justed to desired concentratin with sterilized distilled water.
The cell concentration was determined with a hemacytmeter.

In vitro antagonism test. The in vitro antagonism effect of
strain 9001 on mycelial growth of B. dothidea YL1 was
carried out with the dual culture assay method on PDA
plate. Briefly, 5-day-old mycelia disks (5 mm diameter) of
the pathogen were placed in the center of PDA plates (90
mm). Four drops of bacterial suspension were equidistantly
spotted around the fungal inoculums at a distance of 3 cm
after 24 h of pathogen inoculation. PDA inoculated with the
pathogen alone was used as the control. Plates were incu-

bated at 30°C for 4 days, and the antagonistic effect was
assessed by measuring the inhibition zones (mm) and the
colony diameters. Percentage growth inhibition was calcu-
lated using the formula y = (a — b)/a x 100, where y is the
percentage growth inhibition; « is the colony area of un-
inhibited B. dothidea YLI1, and b is the colony area of
treated B. dothidea YL1 (Mikani et al., 2008). The experi-
ments were repeated twice and results recorded as the mean
of three replicates.

In vivo biological control experiment. Apples (Malus
domestica, Fuji) were procured from a commercial market.
The fruits were selected free of wounds and homogeneous
as much as possible in physiological maturity stage and
size. Selected fruits were washed with sterile water and dried
in a transfer hood. The bacterial inoculum was prepared and
adjusted to the concentration of 10°, 10°, 10" and 10® cfu/
mL with water, respectively. Apple fruits were soaked in
the prepared bacterial suspensions for 1 h and then taken
out and placed in plastic trays at 30°C. After 24 h, the
bacterial-treated apples were divided into two groups. The
first group, soaked by bacterial suspension at the concen-
trartion of 10° cfu/mL, was inoculated with 5-day-old
mycelia disk (5 mm diameter) of the pathogen (10 pieces
per apple). The second group, soaked in bacterial suspension
at the concentrartion of 10°, 10°, and 107 cfu/mL, was
inoculated with 10 ul of B. dothidea YL1 spores (10°
spores/mL) which were added to a circular, sterilized filter
paper (5-mm-diameter, 10 pieces per apple). Apples soaked
in sterile distilled water prior to exposure to the fungal
pathogen were used as the control. Later, the treated apples
were placed in plastic trays at 30°C. The inside of the trays
were sprayed with sterile distilled water to maintain high
relative humidity. The number of infected spots were record-
ed and the disease incidence (DI) was calculated using the
following formula: DI (%) = the number of the infected
spots/total number of the spots inoculated x 100. The experi-
ments were repeated twice and results recorded as the mean
of three replicates.

Biological control trials in the storage period. Two sets
of apples were used to evaluate the biocontrol activity of
stain 9001 on apple ring rot in the storage period. One set of
apples was sampling from an orchard, containing 10-year-
old apple trees (Fuji) severely infected by B. dothidea, and
situated at Beiliu village, Changping District, Beijing, China.
In the orchard, eight trees were chosen for the biocontrol
trial. Bacterial suspensions of strain 9001 at the concentration
of 10® cfu/mL were sprayed on four trees on May 11, June
5, June 30 and Sept. 20 during the growing season. The
other four trees sprayed with tap water were used as the
control. Routine chemical control was applied around the
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experimental field. After fruit maturation, 50 apples from
each tree were harvested and stored at room temperature.
The number of rot fruits was recorded at 15-day intervals
and the disease incidence was calculated.

The second treatment group of apples was sampled from
the same orchard, but at a different site from our original
experimental site, where only routine chemical control was
applied. After fruit maturation, the apples were harvested
and soaked in bacterial suspensions of strain 9001 at the
concentration of 10* cfu/mL for 1 —2 min and dried in a
transfer hood. Apples soaked in sterile distilled water were
used as the control. The treated apples were placed in
plastic trays at room temperature. The number of rot fruits
was recorded at 15 day intervals and the disease incidence
was calculated. Ten fruits were used for each replicate and
results recorded as the mean of four replicates for each
treatment.

Phylogenetic identification of strain 9001 based on 16S
rRNA and gyrA4 gene sequence analysis. The 16S rRNA
gene was amplified with the primers 63F (5-CAGGCCT
AACACATGCAAGTC-3') and 1387R (5'-GGGCGGWGT
GTACAAGGC-3"), which is specific for bacteria 16S rDNA
(Marchesi et al., 1998). A part of the gyr4 gene was ampli-
fied with the primers p-gyrA-f (5'-CAGTCAGGAAATGC
GTACGTCCTT-3") and p-gyrA-r (5-CAAGGTAATGCTC
CAGGCATTG CT-3") (Chun and Bae, 2000). The PCR
amplification was performed by using a Taq DNA poly-
merase kit (Beijing TransGen Biotech Co., Ltd) with a
modified thermocycler protocol which included an initial
denaturation at 95°C for 5 min followed by 35 cycles of
denaturation at 95°C for 1 min, annealing at 56°C for 40 s,
and extension at 72°C for 1 min; and a final extension at
72°C for 10 min (Li et al.,, 2012). PCR products were
ligated into the pMD19-T vector (Takara Co. Ltd.) and the
recombinant plasmid was harvested from an overnight LB
culture using the StarPrep Plasmid Miniprep Kit (GenStar
Biosolutions Co. Ltd) and sent to Sanboyuanzhi Biotechno-
logies Co. Ltd. for sequencing. The phylogenetic tree of
strain 9001 based on gyr4 gene was constructed using the
neighbor-joining method of Mega 4.0 software (Tamura et
al., 2007). A bootstrap analysis of 1,000 replications was
carried out. The sequence of B. cereus ATCC14579 was
used as the outgroup for rooting the phylogenetic trees.

Results

In vitro antagonism test. To investigate the antagonistic
activity of strain 9001 to B. dothidea YL1, the dual culture
assay was conducted. Four days after inoculation, inhibitory
halos were observed in the dual culture dishes (Fig. 1). The
inhibition zone was 3.5 — 4.7 mm and the average percent-

Fig. 1. Bacterial strain 9001 (B) showing significant antagonistic
activity in dual culture study against fungal pathogen Bacillus
dothidea YL1 (F) on PDA.

age growth inhibition was 42.57%, suggesting that strain
9001 could significantly inhibit the growth rate of fungal
pathogen B. dothidea YLI1.

In vivo biological control experiment. To investigate the
potential biological control activity of strain 9001 against B.
dothidea YL1 in vivo, apples were treated with a bacterial
suspension prior to fungal exposure. The symptoms started
to appear 12 days post inoculation when apples were
soaked in a bacterial suspension at a concentration of 10°
cfu/mL prior to exposure to the mycelium plugs (Table 1).
Symptoms appeared 7 days post inoculation for untreated
apples (data not shown). The disease index of untreated
apples was about 38 and 10 times higher than that of the
bacterial-suspension treated apples 12 and 14 days post
inoculation, respectively (Table 1).

In the field, re-infection of apple ring rot disease was
mainly caused by the fungal spores. Therefore, after being
immersed in different concentrations of Bacillus strain 9001,
apples were inoculated with fungal spores at the concen-
tration of 10° spores/mL. The data showed that apples
treated with strain 9001 at the concentration of either 10° or
10’ cfu/mL showed no symptoms until 37 days after
inoculation (Table 2). In contrast, apples treated with sterile

Table 1. The disease incidence of spots inoculated with mycelial
disks of the pathogen

Avg DI + SD* at:
Treatment
8 day 10 day 12 day 14 day
9001-10* 0.0+0.0 0.0+0.0° 22+3.8 11.1+£102"
Control 244+19.2 57.8+30.1 844+269 100.0+0.0

*The disease incidence (DI) was determined 8 — 14 days after inocula-
tion of the pathogen after being soaked in the bacterial suspensions
of strain 9001 at the concentration of 10® cfu/mL (9001-10°) or water
(control). Values are representative of two experiments, and three
replicates were used for each experiment. Asterisks indicate statisti-
cally significant differences in DI between the control and treatment
with bacterial suspensions of strain 9001 (P < 0.05, Student’s t test).
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Table 2. The disease incidence of spots inoculated with fungal spores of the pathogen

Avg DI + SD" at:
Treatment
20 day 24 day 27 day 33 day 37 day 39 day
9001-10° 0.0=0.0" 10.0+0.0° 20.0+£0.0° 33.3+£5.8 50.0+10.0 50.0+10.0
9001-10° 0.0=0.0" 0.0£0.0" 0.0+0.0" 0.0 +0.0" 0.0+0.0" 33+5.8
9001-10’ 0.0=0.0" 0.0£0.0" 0.0+0.0" 0.0 +0.0" 0.0+0.0" 0.0+0.0"
Control 20.0£0.0 26.7+5.8 33.3+58 40.0£0.0 46.7+5.8 56.7+5.8

*The DI was determined 12 — 39 days post inoculation of the pathogen after being soaked in the water (control) or the bacterial suspensions of
strain 9001 at the concentration of 10° (9001-10%), 10° (9001-10°) or 107 (9001-107) cfu/mL. Values are representative of two experiments, and
three replicates were used for each experiment. Asterisks indicate statistically significant differences in DI between the control and treatment

with bacterial suspensions of strain 9001 (P < 0.05, Student’s t test).

distilled water showed rot symptoms 20 days post inocu-
lation (Table 2). Apples treated with strain 9001 at the
concentration of either 10° cfu/mL showed rot symptoms
24 days after inoculation. However, its disease incidence
was significantly lower than that of control until 27 days
post inoculation (Table 2). These results suggested that strain
9001 has potential biocontrol activity of against B. dothidea
YL1 in vivo and its activity was positively correlated to the
concentration used.

Biological control trials in the postharvest period. Dur-
ing the growth season, a group of apple trees were sprayed
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Fig. 2. The disease incidence of apple ring rot on apples treated
with bacterial suspensions of strain 9001 (9001) and water
(control) in the postharvest period. (A) the apples were treated in
the growth season; (B) the apples were treated after harvest.

with the Bacillus strain 9001 suspension. During this
treatment, the disease incidence was 0.25 — 0.40 -fold of
that of the group treated with sterile distilled water at all the
time points investigated in the storage period at room
temperature (Fig. 2A). Similar results were obtained when
the apples, untreated in the growth season, were only treat-
ed with bacterial suspension of strain 9001 after harvest
(Fig. 2B). This result suggested that no matter when the
apples were treated with the bacteria, either during the growth
season or after harvest, bacterial strain 9001 was effective
in controlling apple ring rot in the long postharvest period.

Phylogenetic identification of strain 9001 based on 16S
rRNA and gyrA gene sequence analysis. Based on 16S
rRNA gene sequence analysis, an NCBI BLAST search
yielded a close similarity to B. amyloliquefaciens strain
DMO09 and B. subtilis strain M16K 16S rRNA, indicating
that strain 9001 belongs to the species B. amyloliquefaciens
or B. subtilis. This was clarified by the sequence of the

77| B. amyloliquefaciens DSM7

99 f B. amyloliquefaciens ATCC15841

B. amyloliquefaciens KTCC1660"

B. amyloliquefaciens CAU B946

9001

82 B. amyloliquefaciens FZB42
B. atrophaeus 3701"

92 —Iw'_?nolavens:s DSMZ 9205

98 ' B. mojavensis 14698"

B. subtilis subsp. spizizenii NRRL B-23049"
4m|_7|: B. vallismortis NRRL B-14890"
o B. subtilis subsp. subtilis 168
100 ' B. subtilis subsp. subtilis 3135"
[— B. licheniformis MY75
B. licheniformis 10085
10 \—{ B. licheniformis DSM 13
1 g licheniformis 1918"
B. cereus ATCC 14579
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Fig. 3. Rooted neighbor-joining tree based on partial gyr4 nucleo-
tide sequences. The percentage numbers at the nodes indicate the
levels of bootstrap support based on neighbor-joining analyses of
1000 resampled data sets. The scale bar indicates 0.05 nucleotide
substitutions per nucleotide position. Letter T marks type strains.
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gyrase gene gyrA, which has previously been shown to be
effective for resolving these closely related taxa of the B.
subtilis group (Chun and Bae, 2000). Partial sequence of
gyr4 was amplified, aligned, and a neighbor-joining tree
was built. Strain 9001 was recovered close to B. amylo-
liquefaciens strain FZB42 and CAU946, and clustered in
the same group with other B. amyloliquefaciens strains,
including the type strain B. amyloliquefaciens KTCC1660
(Fig. 3). Therefore, strain 9001 was identified as B. amylo-
liquefaciens.

Discussion

Biological control using microorganisms associated with
plants is an efficient and effective approach to control di-
seases and is considered environmentally-friendly. The first
step is to screen potential biological control agents (BCA),
and the main screening strategy used by many scientists is
based on antagonistic activity in vitro. Spores are the major
inoculants both in the field and in the postharvest period for
many plant diseases, such as apple ring rot disease. Hence,
an assay involving spores of pathogens and isolates were
expected to give more realistic picture than dual culture
assay. In our results, the supernatant of B. amyloliquefaciens
9001 cell culture showed a strong inhibition of spore
germination of the pathogen B. dothidea YL1 in vitro
(Table 2). This result is consistent with previous studies
reporting that B. subtilis has effectively inhibited the spore
germination of several pathogens (Li et al., 2009; Lee et al.,
2012; Zhang et al., 2009).

Multiple modes of action of Bacillus spp. were assumed
to contribute to their successful biocontrol, such as nutrient
and space competition, induced resistance and production
of diffusible antibiotics, volatile organic compounds, toxins,
biosurfactants, and extracellular cell wall-degrading enzymes
such as chitinases and 1,3-glucanase (Berg, 2009; Droby
et al., 2009; Nunes, 2012). Numerous studies have reported
a range of antifungal compounds produced by Bacillus spp.
and the importance of the antifungal compounds in bio-
control activity (Arras and Arru, 1997; Cao et al., 2012;
Kong et al., 2012; Lee et al., 2009; Liu et al., 2011; Ongena
and Jacques, 2008; Santoyo et al., 2012; Vitullo et al., 2012;
Yanez-Mendizabal et al., 2012; Ye et al., 2012; Yu et al.,
2002). Among them, lipopeptides from the fengycin, iturin,
and surfactin families was thought to be key factors for the
biological control activity (Ongena and Jacques, 2008;
Santoyo et al., 2012; Stein, 2005). B. amyloliquefaciens
9001 strongly inhibited the growth of the pathogen in dual
culture, probably due to its production of iturin, sufactin
and fengycins. To further validate the biosynthsis of lipo-
peptides and their function in biological control, isolation
and purification of the antifungal compounds from the cell-

free supernatant of B. amyloliquefaciens 9001 and matrix-
assisted laser desorption ionization-time of flight analysis
will be done in the future. Lytic enzymes produced by
Bacillus spp. is also considered to play a key factor in the
biological control activity (Janisiewicz and Korsten, 2002).
Further research is required to explore this mechanism of
biocontrol.

A successful biocontrol agent is generally equipped with
several mechanisms which often work in concert, and may
be crucial for controlling disease development. It involves a
complex interaction between host, pathogen, antagonists
and environment (Droby et al., 2009; Nunes, 2012). In this
study, field application of B. amyloliquefaciens 9001 in the
growth season resulted in dramatic reduction of disease
incidence on fruit during the storage period (Fig. 2A). It is
in agreement with a previous report that pre-harvest appli-
cation of Epicoccum nigrum was effective for controlling
postharvest brown rot in peaches (Larena et al., 2005). It is
probably because pre-harvest application of the BCA
allowed the antagonist to have longer interaction with the
pathogen and to colonize tissues before the arrival of the
pathogen and enhanced the biocontrol system.

In conclusion, B. amyloliquefaciens 9001 was found to
have effective biocontrol activity against apple ring rot in
vitro and in vivo. Moreover, either field application in the
growth season or postharvest treatment of apples from
infected orchard with bacterial suspensions of B. amylolique-
Jaciens 9001 resulted in significantly reduced disease
incidence in the storage period. These results indicated that
B. amyloliquefaciens 9001 could be a promising agent in
biocontrol of apple ring rot on fruit. Further research is
required to explore its mechanism of biocontrol.
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