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ABSTRACT
A serious leaf disease caused by Colletotrichum dematium was found during the cultivation
of Sarcandra glabra in Jingxi, Rong’an, and Donglan Counties in Guangxi Province, which
inflicted huge losses to plant productivity. Biological control gradually became an effective
control method for plant pathogens. Many studies showed that the application of actinomy-
cetes in biological control has been effective. Therefore, it may be of great significance to
study the application of actinomycetes on controlling the diseases caused by S. glabra.
Strains of antifungal actinomycetes capable of inhibiting C. dematium were identified, iso-
lated and screened from healthy plants tissues and the rhizospheres in soils containing S.
glabra. In this study, 15 actinomycetes strains were isolated and among these, strains JT-2F,
DT-3F, and JJ-3F, appeared to show antagonistic effects against anthracnose of S. glabra.
The strains JT-2F and DT-3F were isolated from soil, while JJ-3F was isolated from plant
stems. The antagonism rate of strain JT-2F was 86.75%, which was the highest value among
the three strains. Additionally, the JT-2F strain also had the strongest antagonistic activity
when the antagonistic activities were tested against seven plant pathogens. Strain JT-2F is
able to produce proteases and cellulase to degrade the protein and cellulose components
of cell walls of C. dematium, respectively. This results in mycelia damage which leads to
inhibition of the growth of C. dematium. Strain JT-2F was identified as Streptomyces tsukiyo-
nensis based on morphological traits and 16S rDNA sequence analysis.
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1. Introduction

Sarcandra glabra (Thunb.) Nakai is a perennial herb
of Chloranthaceae, mainly distributed in the provin-
ces of South, East, and Southwest China, as well as
in North Korea, Japan, Southeast Asia and India [1].
Sarcandra glabra is enrolled in the Chinese
Pharmacopeia [2], and it is also an important mem-
ber of the traditional “72 wind medicines” of the
Yao ethnic minority in Guangxi Province [3]. It has
heat-clearing and blood-cooling effects, promoting
blood circulation, the dissolution of clots, expelling
of wind and removal of gallbladder meridian
obstructions, and is thus used for the treatment of
blood-heat type purpura, rheumatoid arthralgia and
traumatic injuries. Modern pharmacological and
toxicological studies have shown that S. glabra has
multiple functions, including antibacterial, anti-
inflammatory and anti-tumor activities, inhibition of
the influenza virus, promotion of fracture healing
and analgesia. Acute toxicity tests reveal no major
toxic effects of S. glabra, indicating its safety [4].
Preparations using S. glabra as the main active com-
ponent include S. glabra lozenges, S. glabra tablets

and injections, and Xuekang oral liquids [5]. A ser-
ious leaf disease caused by Colletotrichum dematium
was found during the planting of S. glabra in Jingxi,
Rong’an and Donglan Counties in Guangxi
Province, and the average disease incidence was
greater than 50% [6]. In particular, in the forest
inter-planting pattern used in Rong’an County, the
incidence of the disease reached 65% [6].

There are two main control methods for plant
pathogens. However, the control of C. dematium of
S. glabra by chemical agents may lead to various
problems, such as pathogen resistance to drugs [7],
rapid disease recurrence and pesticide residues.
Application of bio-control bacteria is an important
method for plant disease prevention and control
owing to their environmental safety. Such methods
are not only a research hotspot, but also represent a
future trend in the development of “green” Chinese
medicinal materials. Endophytic actinomycetes are
actinomycetes that reside within healthy plant tis-
sues and do not (at least in the short term) produce
obvious symptoms of infection. Owing to their roles
in promoting the growth of host plants, increasing
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plant disease resistance and enabling plants to estab-
lish stress as well as insect and weed resistance lev-
els, endophytic actinomycetes have become a new
and favorable type of biological resource [8–9].
However, the application of antagonistic microor-
ganisms to control C. dematium of S. glabra has not
been reported previously. In this study, different tis-
sues and the rhizosphere soil of healthy S. glabra
plants were screened, to isolate efficient bio-control
actinomycetes that could control the C. dematium
of S. glabra and thus provide a basis and reference
for the biological control of C. dematium.

2. Materials and methods

2.1. Materials

The test pathogens included, Colletotrichum of S. gla-
bra, C. dematium Z1, which were isolated and pre-
served by our laboratory. The antagonistic
fungi spectrum of the endophytic fungi with high
antagonistic activity against C. dematium was
tested against 7 fungal phyto-pathogens. The phyto-
pathogenic species selected were as follows: (i) Botrytis
cinerea of Nicotiana tabacum, (ii) Fusarium oxysporum
of Musa nana, (iii) F. oxysporum of Citrullus lanatus,
(iv) Stagonosporopsis cucurbitacearum of Siraitia gros-
venorii, and (v) Alternaria panax, C. gloeosporioides,
and F. solani of Panax notoginseng (Table 2).

Test samples consisted of five healthy plants (includ-
ing roots, stems, and leaves) and the rhizosphere soils
of S. glabra that were collected from Jingxi and
Donglan Counties, respectively. The samples were num-
bered and to maintain freshness, were stored in bags,
which were then delivered to the laboratory. The sam-
ples were used for actinomycetes isolation within 24h.

The culture medium used for growing plant
pathogenic fungi was potato dextrose agar (HKM,
Guangdong Huankai Microbial Sci. & Tech. Co.,
LTD., Guangzhou, China) which consisted of
200.0 g potato dextrose, 20.0 g glucose, 15.0–20.0 g
agar and 1 L distilled water. This medium was also
used to test their antagonistic activities. Gauze’s
Medium No.1 (HKM, Guangdong Huankai
Microbial Sci. & Tech. Co., LTD., Guangzhou,
China) was used for growing actinomycetes.

2.2. Isolation of endophytic actinomycetes

The endophytic actinomycetes were isolated using the
dilution method according to a previous study. 10 g of
sieved soil sample was placed in a crucible dish and
heated in an oven at 45 �C for 24h until dried. The
samples were suspended in 100mL distilled water in
200mL triangular bottles, oscillated on the shaking
table for 30min and left to stand for 30min, and sub-
sequently serially diluted ranging from 10�1 up to

10�7. From each dilution, 0.1mL of suspension was
spread evenly onto the surface of Gauze’s Medium
No.1 agar media and the plates were incubated at
30 �C for 2weeks. The colonies produced from each
serially diluted plate were purified using potato dex-
trose agar and incubated at 30 �C for 2weeks. Purified
isolates presumed to be Streptomyces spp. were
selected based on their morphologies [10–12].

2.3. Screening of antagonistic actinomycetes

Antagonistic actinomycetes were screened using the
confrontation method according to previous publica-
tions [13–15]. The same procedure was used for the
second round of screening. Briefly, one colony plug
(6mm in diameter) of 2weeks actinomycetes growth
was divided into two and placed equidistant on both
sides of the center of a dish containing approximately
15mL of PDA and a depth of 2mm. Two colony
plugs (6mm in diameter) from the actinomycetes
were symmetrically placed 3 cm from one 5-day-old
fungal phyto-pathogen inoculant in order to establish
a the co-culture treatment. Without the actinomy-
cetes, one colony plug of the fungal phyto-pathogen
was placed on another PDA plate using the same
method, and this was used as the growth control. All
treatments and controls were ran in duplicate and
incubated at 30 �C. When the fungal phyto-pathogen
colony had completely reached the center of the petri
dishes in the growth control, the radius of the rela-
tive fungal phyto-pathogen colony in the treatment
dishes was measured. The average radius of each fun-
gal phyto-pathogen in the treatment was recorded as
R1, and that in the growth control was recorded as
R2. The growth inhibition percentage of the fungal
phyto-pathogen in the actinomycetes, i.e., the phyto-
pathogen antagonism was calculated with the follow-
ing formula:

Inhibition percentage ð%Þ ¼ R2–R1

R2
�100:

2.4. Antibacterial spectra of antagonistic
actinomycetes

This was described previously [13–15] and in detail in
Section 2.3. With the co-culture treatment, the antag-
onistic spectrum of the actinomycetes with high antag-
onistic activity against C. dematium was tested against
the other seven fungal phyto-pathogens.

2.5. Identification of antagonistic strains

Actinomycetes strains were streaked on agar Gauze’s
Medium No.1. Plates were then cultured at 30 �C
for 10 days and then colony morphology was
observed under a light microscope (Phenix Optical
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Technology Co., Ltd, Shangrao, China), to observe
their morphological characteristics [16–18].

The antagonistic actinomycetes that had been cul-
tured for 5 days were inoculated into a 100-mL flask
filled with 40mL of liquid Gauze’s Medium No.1.
The suspension was cultured at 30 �C and 180 r/min
for 48 h, and the actinomycetes were collected by
centrifugation. An improved SDS method was used
to extract genomic DNA from actinomycetes using
a DNA extraction kit (Sangon Biotech Co.,
Shanghai, China). The extracted DNA was amplified
by PCR using the universal primer pair 27 F
(50-AGAGTTTCCTGCTCAG-30) and 1492 R (50-
GGTTACCTTTACGACTT-30), which was synthe-
sized by Sangon Biotech Co. The PCR amplification
was carried out in a 25-mL system, which contained
0.5 mL template DNA (20–50 ng/mL), 2.5 mL 10�
Buffer (including Mg2þ), 1 mL dNTPs (2.5mmol/L),
0.2 mL enzyme, 0.5 mL each primer and double-dis-
tilled H2O to the final volume. The thermal cycling
reaction was as follows: pre-denaturation at 94 �C for
4min; 30 cycles of denaturation at 94 �C for 45 s,
annealing at 55 �C for 45 s and elongation at 72 �C
for 60 s, followed by a final repair and extension at
72 �C for 10min. Water was used as the
blank control.

The PCR results were detected by gel electrophor-
esis. Briefly, 4mL PCR products were loaded onto 1%
(w/v) agarose gels that were placed in 1� TBE buffer
(0.9mol/L Tris-Borate and 0.01mol/L EDTA, pH ¼
8.3). The electrophoresis was performed at 110V for
40min. The amplified DNA products were purified
and sequenced by Sangon Biotech Co., and the
sequencing results were queried using a BLAST algo-
rithm-based search against GenBank databases. A
phylogenetic tree was constructed by using the
Neighbor-Joining method of MEGA 4.0 (http://www.
megasoftware.net/mega4/mega.html) based on the
similarity levels of the 16 s rDNA sequences.

The classification status of fungal species and
genera was determined. After the target sequence
and reference sequence BLAST, the homology was
�95%, and the genus was identified. The similarity
�99%, a species was identified [19].

For the microscopic observation of fungal myce-
lia, a colony was placed directly on the object table
of an inverted microscope. The morphological
changes in mycelia under-treated and control condi-
tions were observed, recorded, and photographed.

2.6. Determination of enzyme production and
the indole acetic acid (IAA) content of
antagonistic strains

A single colony of antagonistic actinomycetes was
inoculated into 50mL of potato dextrose broth

medium and cultured at 30 �C and 180 r/min for
3 days. Then, the fermentation broth was filtered
using an aseptic gauze and filter paper, and centri-
fuged at 10,000 r/min for 15min. The final broth
was acquired after passing through a 0.22-mm fil-
ter membrane.

The protease, cellulase and chitinase activities in
the fermentation broth (prepared above) were deter-
mined using ELISA enzyme activity kits (Andy
Gene Biotechnology Company, Beijing, China)
according to the manufacturer’s instructions.

2.7. Statistical analysis

The results of the statistical analysis are expressed as
means ± standard deviations. Data from different
groups were compared using a one-way ANOVA
with SPSS 19.0 software (http://www.spss.com), and
the LSD test was used for multiple comparison anal-
yses and testing for variance homogeneity between
the groups, respectively. Differences were considered
significant at p< 0.05. The 16S rRNA gene sequen-
ces were deposited in the Genbank and an accession
number was allocated (MK368447).

3. Results

3.1. Isolation and screening of antagonistic
actinomycetes

A total of 15 actinomycetes strains were isolated
from healthy tissues (root, stem, and leaf) and
rhizosphere soils of S. glabra. Among them, 2
strains had antagonism rates of less than 60%, 10
strains had antagonism rates of 60%–80%, and 3
strains had antagonism rates of more than 80%
(Table 1). Strains JT-2F and DT-3F were isolated
from rhizosphere soils of S. glabra, while strain JJ-
3F was isolated from the stems. The antagonism
rates of JT-2F, DT-3F, and JJ-3F on C. dematium
were 86.75%, 85.54%, and 80.72%, respectively, with
JT-2F having the greatest antagonism rate and JJ-3F
having the lowest rate (Table 1).

3.2. Inhibitory effects of antagonistic
actinomycetes on C. dematium of S. glabra

In confrontation culture plates containing the C.
dematium pathogen and endophytic actinomycetes,
the two colonies were not in direct contact but
showed antagonistic effects. As shown in
Figure 1(A–D), the growth of pathogen colonies
near the endophytic actinomycetes was significantly
inhibited. The mycelia of the C. dematium of S. gla-
bra growing on potato dextrose agar-containing
plates with or without antagonistic actinomycetes
were isolated after 7 days of culture and observed
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under a microscope. The mycelia of the treatment
group (Figure 1(D)) were distorted and twisted, and
some mycelia were darker in color and larger in
size, with distorted conidiophores and decreased
numbers of spores (Figure 1). Figure 1(C) is normal
mycelia, which is smooth with no change in color.

3.3. Antibacterial spectra of antagonistic
actinomycetes

The antibacterial activities of the antagonistic acti-
nomycetes JT-2F, DT-3F, and JJ-3F against seven
pathogens of crops and medicinal plants were deter-
mined. The order of the average antagonism rates
among them was as follows: JT-2F>DT-3F> JJ-3F
(Table 2), but their effects were not significant. The
antagonistic actinomycetes JT-2F, DT-3F, and JJ-3F
provided a broad-spectrum antibacterial resistance
to seven plant pathogens, while the strongest antag-
onistic effects of JT-2F, DT-3F, and JJ-3F were
against A. panax of P. notoginseng, F. oxysporum of
M. nana and S. cucurbitacearum of S. grosvenorii,
respectively. This would suggest that all three strains
can be used for future biological control
(Supplementary Figure).

3.4. Identification of antagonistic strains

3.4.1. Morphological identification
The colony of the JT-2F strain on agar Gauze’s
Medium No.1 was round and gray, with a milky
white edge and wrinkled surface, the spores were

ovoid, the air hyphae were not obvious, the colony
grew slowly and had a strong earthy smell. For
other specific physiological and biochemical charac-
teristics as well as culture features and reference
strains of related species, Bergey’s Manual of
Determinative Bacteriology was consulted [18].

3.4.2. Molecular identification
A 1,404-bp fragment was obtained by PCR amplifica-
tion from the genomic DNA of strain JT-2F using
universal primers for 16 s rDNA. Sequences were sub-
jected to BLASTn analysis against the NCBI nucleo-
tide database (http://blast.st-va.ncbi.nlm.nih.gov/
Blast.cgi). The sequence from the JT-2F strain had a
high homology with the16s rDNA of Streptomyces sp.
(Table 3), sharing 100% identity. The 16 s rDNA
sequences of strains sharing 100% identity were used
to construct a phylogenetic tree with MEGA 4.0 soft-
ware. The JT-2F strain was on the same branch of the
phylogenetic tree as Streptomyces tsukiyonensis
AB184594 (Figure 2). Therefore, based on the mor-
phological characteristics and the 16 s rDNA
sequence, the JT-2F strain was preliminarily identi-
fied as S. tsukiyonensis. The sequence data produced
in this study were deposited with NCBI (accession
number MK368447).

3.5. Determination of cell wall hydrolase levels
and IAA content of antagonistic strains

The fermentation broths of JT-2F, DT-3F, and JJ-3F
were used to detect protease, cellulase and chitinase
levels, as well as the IAA content of the organisms.
As shown in Table 4 the JT-2F strain had the
greatest protease and chitinase levels at 22.90 pg/mL
and 77.95 pg/mL, respectively, as well as the
greatest IAA content at 5.21 pmol/L. However, the
cellulase level of the JT-2F strain was the lowest
(35.56 pg/mL), while the cellulase level of the DT-3F
strain was the greatest (73.51 pg/mL), followed by

Figure 1. Antagonistic effects of the actinomycetes strain JT-2F against Colletotrichum dematium of Sarcandra glabra. (A) Control;
(B) Inhibition of antagonistic strain JT-2F; (C) Normal mycelia; (D) The mycelia of C. dematium of S. glabra after confrontation.

Table 1. Actinomycetes strains with antifungal activities
against Colletotrichum dematium of Sarcandra glabra.
Strain Inhibitory rate1

JT-2F (86.75 ± 1.20)a

DT-3F (85.54 ± 1.54)a

JJ-3F (80.72 ± 2.72)b

1The values are shown as mean ± SD. Different letters indicate signifi-
cant differences at the 0.05 level.
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that of the JJ-3F strain (58.21 pg/mL). Protease,
cellulose, and chitinase are the main hydrolases of
fungal cell walls. Thus, strain JT-2F produces an
antagonistic effect on the pathogen by secreting cell
wall hydrolases. IAA is an effective hormone that
promotes plant growth. After analyzing the results
of the confrontation testing and the hydrolase activ-
ities, the antagonistic actinomycetes strain JT-2F
was used for further studies.

4. Discussion

A general disease survey of S. glabra in the main
production area (Jingxi) in Guangxi Province
showed that the major disease was anthracnose,
which had a long onset time and was widespread,
resulting in the decreased production and quality of
traditional Chinese medicinal materials. At present,
chemical agents are mainly used to control anthrac-
nose, which involves alternate applications of agents,

Table 2. Antifungal spectra of actinomycetes.

Type Host plant Pathogen/strain numbers

Strength of inhibition/%

JT-2F DT-3F JJ-3F

Crops Nicotiana tabacum Botrytis cinerea/YC-1 83.33 76.19 78.57
Citrullus lanatus Fusarium oxysporum/XG-1 81.18 82.35 74.12
Musa nana F. oxysporum/ XJ-3 82.35 88.24 78.82

Medicinal plants Panax notoginseng Alternaria panax/SQ-1 87.06 83.53 81.18
P. notoginseng Colletotrichum gloeosporioides/ SQ-3 81.18 82.35 81.18
P. notoginseng F. solani/ SQ-4 76.47 82.35 75.29
Siraitia grosvenorii Stagonosporopsis cucurbitacearum/LHG-1 81.18 70.59 82.35

Average inhibition rate1 （81.82 ± 1.20)a (80.80 ± 1.60)a (78.79 ± 2.00)a

1The different lowercase letters indicate significant differences at the 0.05 level.

Table 3. Sequences of the actinomycetes strains used in the phylogeny analysis.

Species Strain no.
GenBank accession numbers

16S rDNA region

Nocardiopsis synnemataformans DSM44143 Y13593
Streptomyces aureofaciens NBRC12843 AB184189
S. avellaneus NBRC13451 AB184413
S. candidus NRRLISP-5141 DQ026663
S. cinereorectus JCM6916 AY999764
S. herbaricolor NBRC12876 AB184212
S. indigoferus NBRC12878 AB184214
S. mauvecolor LMG 20100 AJ781358
S. netropsis NBRC3723 AB184792
S. olivoverticillatus NBRC15273 AB184636
S. pratensis AS 4.1868 AY999894
S. purpeofuscus NBRC12905 AB184234
S. sannanensis NBRC 14239 AB184579
S. scopuliridis RB72 EF657884
S. stramineus NBRC16131 AB184720
S. termitum NBRC13087 AB184302
S. tsukiyonensis NBRC14353 AB184594
S. turgidiscabies ATCC700248 AB026221

Figure 2. Phylogenetic tree of actinomycetes based on the homology of the 16S rDNA region of the JT-2F strain.
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such as carbendazol and thiophonate-methyl, when-
ever S. glabra plants suffer from anthracnose [19].
However, long-term applications of chemical pesti-
cides not only result in negative environmental
effects but can also easily lead to drug-resistant
pathogens, resulting in disease recurrence.

Streptomyces is the largest genus of
Actinobacteria. Streptomyces spp. have disease pre-
ventive activities, and acts as a broad-spectrum anti-
bacterial agent that can be used to produce a variety
of antibiotics [20]. These organisms have potential
application values in the development of biological
pesticides and several different preparations. In this
study, the antagonistic effects of S. tsukiyonensis
against C. dematium of S. glabra, as well as seven
tested pathogens, including pathogenic fungi of
three kinds of crops and also including M. nana, N.
tabacum and C. lanatus and two kinds of medicinal
plants, as well as including P. notoginseng and S.
grosvenorii, were identified for the first time. Owing
to the prevalence and serious effects of anthracnose
disease of S. glabra, the identification of efficient
bio-control strains is of great significance to the
development of the S. glabra industry.

Yang et al. [21] isolated two antagonistic actino-
mycetes, S. celluloflavus and S. yatensis, from
Calendula officinalis, which had inhibition rates
against F. oxysporum of 70.12% and 54.46%, respect-
ively. Ma et al. [22] isolated an antagonistic actino-
mycete, Lj20, from the roots of pepper plants. It had
a strong inhibitory effect on tomato cinerea and was
identified as S. rochei. Jiao et al. [23] isolated an
actinomycetes strain from the rhizosphere soil of
tropical medicinal plants, and it was identified as S.
vioiaceoniger. This organism was found to have a
large antagonistic effect against anthracnose of
Chinese yam. From the soil of Wudang mountain,
Zou et al. [24] isolated a Streptomyces sp. with a
broad-spectrum antibacterial activity and a strong
antibacterial activity against Candida albicaus
CMCC 98001 and Mycobacterium smegmatis MC2.
This was identified as S. xanthocidicus. From more
than 2,200 marine actinomycetes strains, Pu et al.
[25] isolated a strain with a strong antagonistic
effect against Ralstonia solanacearum of peanut, and
it was identified as S. zhapoensis, a new species
related to S. aureus. Wang et al. [26] isolated and
screened the actinomycetes strain S. griseinus, which
had a good inhibitory effect on white-rot fungus of

grape obtained from soil. From rhizospheres in
strawberry growing soil, Shen et al. [27], using a
combination of morphology and molecular biology
techniques, isolated an actinomycetes strain which
was identified as S. xanthophaeus. Shi et al. [28] iso-
lated actinomycetes strain Ac16, which had strong
inhibitory activities against most common plant
pathogens, including those causing cucumber wilt,
capsicum wilt, watermelon wilt, wheat scab, maize
swarms, apple spot defoliation, tomato early blight
and cotton verticillium wilt, and was subsequently
identified as S. coeruleofuscus var.

In this study, S. tsukiyonensis produced a variety
of active antibacterial substances, such as chitinase,
cellulase, and proteases, which are antibacterial pep-
tides and therefore can inhibit pathogen growth
either by themselves or synergistically with other
cell wall-degrading enzymes [29–30]. Cell wall lyso-
zyme is a complex hydrolase that can hydrolyze the
cell walls of fungi and, therefore, inhibit the growth
of pathogens, resulting in antibacterial and disease
preventive functions. S. tsukiyonensis can also pro-
duce IAA, which is an effective hormone that pro-
motes plant growth. However, the activity of IAA
produced by S. tsukiyonensis needs to be confirmed
in further studies. Here, the antagonistic effects of
the isolated S. tsukiyonensis strain against pathogens
were determined in the laboratory, while the effects
of S. tsukiyonensis in the field are still unknown.
In addition, whether S. tsukiyonensis can promote S.
glabra growth, and how to apply it as a biological
pesticide, require further study.

5. Conclusions

Based on the morphological characteristics and 16S
rDNA sequence analysis, strain JT-2F was identified
as S. tsukiyonensis. The antibiosis mechanism indi-
cated that strain JT-2F could produce proteases and
cellulase to degrade the protein and cellulose com-
ponents of cell walls, respectively, and thus damage
C. dematium’s mycelia leading to growth inhibition
of C. dematium.

Acknowledgements

The authors thank Dr. Dev Sooranna, Imperial College
London, for editing the manuscript.

Table 4. The cell wall hydrolase and indole acetic acid contents in the antagonistic actinomycetes strains
(means ± standard deviations).1

Strain Protease (pg/mL) Cellulase (pg/mL) Chitinase (pg/mL) Indole acetic acid (pmol/L)

JT-2F (22.90 ± 2.90)a (35.56 ± 2.49)c (77.95 ± 1.21)f (5.21 ± 1.10)h

DT-3F (21.15 ± 1.19)a,b (73.51 ± 3.22)d (70.70 ± 0.19)d (3.02 ± 0.08)h

JJ-3F (19.34 ± 1.30)b (58.21 ± 1.90)e (50.70 ± 1.28)g (2.44 ± 0.26)h

1The different letters indicate significant differences at the 0.05 level.

42 L. SONG ET AL.



Disclosure statement

The authors have no conflict of interest.

Funding

The authors thank the Youth Foundation of Guangxi
Botanical Garden of Medicinal Plants [grant number
Guiyaoji 201801] and Guangxi Science and Technology
Bases and Talents Program [grant number Guike
AD16380013] for funding this project.

ORCID

Lisha Song http://orcid.org/0000-0002-4502-0879

References

[1] Li CR, Wang YY, Li XY, et al. Study on different
parts and optimal harvest season of Herba
Sarcandrae. Lishizhen Med Mater Med Res. 2009;
20:586–588.

[2] Chinese Pharmacopoeia Commission. Chinese
pharmacopoeia, I. Beijing: Chemical Industry
Press; 2005.

[3] Pang SH. Applied Yao medicine. Nanning:
Guangxi technology press; 2008.

[4] Xu ZJ. A review of study on Sarcandra glabra. J
Jiangxi Coll Traditional Chin Med. 1994;6:36–37.

[5] Yu JS, Li YL. Research progress in Sarcandra gla-
bra. J Anhui Agric Sci. 2005;33:2390–2392.

[6] Jiang N, Tang MQ, Lan ZZ, et al. Influences of
anthracnose on the quality of Sarcandra glabra
and pathogen identification. Plant Protection.
2012;38:83–88.

[7] Chen JL. Isolation and identification of yam
anthraenose pathogen and fungieide selection. Hai
Kou: Hainan University; 2011.

[8] Herre EA, Mejia LC, Kyllo DA, et al. Ecological
implications of anti-pathogeneffects of tropical
fungal endophytes and mycorrhizae. Ecology.
2007;88:550–558.

[9] Huang XH, Li S, Tan ZJ, et al. Progress of study
on endophytic actinomycetes in plant. Biotechnol
Bull. 2008;1:42–46.

[10] Wei YZ, Zhang YQ, Zhao LL, Li QP, et al.
Isolation, screening and preliminary identification
of endophytic actinobacteria from mangroves at
Shankou of Guangxi Province. Microbiology. 2010;
37:823–828.

[11] Shirling ET, Gottlieb D. Methods for characteriza-
tion of Streptomyces species. Int J Syst Evol
Microbiol. 1966; 16:313–340.

[12] Fang ZD. Plant disease research methods. Beijing:
China Agricultural Press; 1998.

[13] Shen P, Fan XR, Li GW, et al. Laboratory manual
of microbiology. Beijing: Higher Education Press;
1999.

[14] Zhu HJ, Ouyang XY, Zhou Q, et al. Isolation, iden-
tification and optimizing fermentation conditions of

an antagonistic strain against Colletotrichum acu-
tata. Acta Phytopathol Sin. 2012;4:418–424.

[15] Zhang J, Zhang SW, Xu BL, et al. Determining
antifungal spectrum and mechanism of
Trichoderma longibrachiatum in vitro. Chin J Eco-
Agric. 2014;22:661–667.

[16] Ding PX, Zeng QH, Luo S, et al. Separation of
four kinds of medicinal plant endophytic actino-
mycetes. China Med Pharm. 2016;6:63–66.

[17] Yan XC. Classification and identification of actino-
mycetes. Beijing: Science Press; 1992.

[18] Buchanan RE. Bergey’s manual of determinative
bacteriology. Beijing: Science Press; 1984.

[19] Suarez JP, Wei M, Abele A, et al. Members of
Sebacinales subgroup B form mycorrhizae with
epiphytic orchids in a neotropical mountain rain
forest. Mycol Progress. 2008;7:75–85.

[20] Wantve MG, Tickoo R, Jog MM, et al. How many
antibiotics are produced by the genus
Streptomyces. Arch Microbiol. 2001;176:386–396.

[21] Yang LL, Chen YF, Zhou DB, et al. Isolation and
identification of endophytic actinomycetes from
stem of Lobelia clavata E. Wimm. and their con-
trol effect on Fusarium oxysporum of Musa nana.
Jiangsu Agric Sci. 2016;44:199–203.

[22] Ma L, Chen H, Han J, et al. Identification of endo-
phytic actinomycete Lj20 from plant and its anti-
fungal substances. Wei Sheng Wu Xue Bao. 2008;
48:900–904.

[23] Jiao JH, Huang DY, Wu WQ, et al. Identification
and optimization of fermentation medium of antag-
onistic actinomycete 30702 against yam anthrac-
nose. Chin J Tropical Crops. 2016;37:775–783.

[24] Zou Y, Liu L, Hu CH. The isolation and identifi-
cation of strain Streptomyces xanthocidicus IMB-
14. Microbiology. 2009;36:217–222.

[25] Pu XM, Lin BR, Zheng YX, et al. Studies on taxo-
nomic identification of a marine actinomycete
against Pseudomonas solanacearum and its active
product. Guangdong Agric Sci. 2011;16:62–65.

[26] Wang CF, Wang Y, Chen Y, et al. Screening, puri-
fication and identification of actinomyces resistant
to grape white rot. Jiangsu Agric Sci. 2015;43:
166–168.

[27] Shen GH, Zhang ZQ, Qin W, et al. Identification
of antagonistic actinomyces strain against Botrytis
cinerea and effect of its fermentation filtrate on
preservation quality of strawberry. Food Sci. 2015;
36:166–168.

[28] Shi XJ, Su J, Bl H, et al. Isolation and screening
antifungal activity of endophytic actinomycetes
from Artemisia argyi. J Yunnan Agric Univ. 2014;
29:504–507.

[29] Liu AR, Chen SC, Jin WJ, et al. Effects of
Trichoderma harzianum on secondary metabolites
in cucumber roots infected with Fusarium oxyspo-
rum. Chin J Biol Control. 2012;28:545–551.

[30] Sun H, Yang L, Quan X, et al. Research advances
on mechanism of biological control and applica-
tion about Trichoderma spp. Chin Agric Sci Bull.
2011;27:242–246.

MYCOBIOLOGY 43


	Abstract
	Introduction
	Materials and methods
	Materials
	Isolation of endophytic actinomycetes
	Screening of antagonistic actinomycetes
	Antibacterial spectra of antagonistic actinomycetes
	Identification of antagonistic strains
	Determination of enzyme production and the indole acetic acid (IAA) content of antagonistic strains
	Statistical analysis

	Results
	Isolation and screening of antagonistic actinomycetes
	Inhibitory effects of antagonistic actinomycetes on C. dematium of S. glabra
	Antibacterial spectra of antagonistic actinomycetes
	Identification of antagonistic strains
	Morphological identification
	Molecular identification

	Determination of cell wall hydrolase levels and IAA content of antagonistic strains

	Discussion
	Conclusions
	Acknowledgements
	Disclosure statement
	References


