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ABSTRACT
Introduction: Longan is a crop plant of very high economic value, and both its fruit and flower
are beneficial for human health. Longan has been increasingly cultivated in Vietnam due to the in-
creasing demand for domestic consumption as well as export of its fruit. However, the widespread
emergence and spread of anthracnose, a group of fungal disease affecting a wide range of plant
species, in longan has seriously affected both the longan fruit yield and quality in Vietnam. Cur-
rent methods for the prevention of anthracnose in longan dependmainly on the use of fungicides
which are very harmful to human health as well as disruptive to microbial community structures
in different ecosystems. In order to obtain an environmentally friendly method of control for this
disease, the agent causing anthracnose in longanmust first be identified. Therefore, the aim of this
study was to isolate and identify the causal anthracnose agent in longan in Vietnam. Methods:
Experiments were first carried out with pieces of anthracnose longan leaves pressed onto the sur-
face of potato-dextrose agar (PDA) and incubated for days at 30◦C. Colonies, varying in appearance,
were repeatedly isolated and purified on PDA agar, and the anthracnose-causing agent was initially
recognized on the basis of colony characteristics and cell morphology. The suspected isolate was
then tested for its ability to decompose healthy longan leaf in vitro, and its rDNA region was cloned
and sequenced to determine its taxonomy. Antifungal activity testing was performed using the
co-culture method. Results: We obtained a fungal isolate with septate hyphae, ovoid appressoria,
and conidia (which were cylindrical in shape with rounded ends). This isolate showed a clear ability
to decompose healthy longan leaves. At the molecular level, the isolate was determined to be a
fungal species belonging to genus Colletotrichum, and therefore named Colletotrichum sp. strain
BKHCM. We also found that its growth was inhibited when co-cultured with Streptomyces flaveus,
an actinomycete originating from soil. Conclusion: For the first time, we isolated a fungal species
belonging to genus Colletotrichum from anthracnose-infected longan leaves in Vietnam. We also
showed that the growth of this fungus could potentially be biocontrolled.
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INTRODUCTION
The edible fruit produced by Dimocarpus longan,
commonly known as longan, has a sweet taste and
is healthy due to its high nutritional and medicinal
values1. The longan flower is also a good source of
polyphenols and alkaloids, and is therefore a promis-
ing source for the production of beneficial health-care
products 2,3. Longan has been increasingly cultivated
in Vietnam to meet the increasing demand for both
domestic consumption of the fruit and for fruit ex-
ports to other countries. However, anthracnose, i.e.
fungal disease affecting a wide range of plant species,
in longan has affected both fruit yield and quality.
The disease can spread rapidly, and thrives when con-
ditions are wet and cloudy, and when humidity is
high. Its symptoms are clearly seen on both the longan
flower and young fruit since the lesions are slightly
concave with black dots, causing the flower and young

fruit to turn black and fall off. On longan leaf, the
symptoms are also clearly recognizable, as shown in
Figure 1.
Worldwide, anthracnose disease has been reported in
chili, papaya, coffee, mango, pink apple, and straw-
berry, and is believed to be caused by a variety of fun-
gal species belonging to the genus Colletotrichum4–7,
including C. musae, C. capsici, C. asianum, C. boni-
nense, C. kahawae, C. siamense, C. fragariae, C. igno-
tum, and C. tropicale. Different species have been re-
ported to colonize different fruits, but a single species
can also colonize more than one fruit5,7. For longan,
only one case has been reported (inThailand), and in
that study anthracnose was caused by C. fructicola7.
In Vietnam, the fungal species causing anthracnose in
mango, chili, and coffee have also been studied 8–10,
but the fungal species causing anthracnose in longan
has not yet been reported.
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Figure 1: The anthracnose longan leaf in Tay Ninh province.

The current prevention strategy in Vietnam for an-
thracnose in longan involves the use of fungicides
(e.g., Bavistin 50SL, Carbezim 50EC, and Benlate
50WG). The active substance in both Bavistin 50SL
and Carbezim 50EC is carbendazim, and benomyl
is the antifungal component of Benlate 50WG. After
decomposition, benomyl forms carbendazim which
is known to cause embryotoxicity, cell death, terato-
genicity, infertility, liver-cell dysfunction, endocrine
dysfunction, as well as disruption of microbial com-
munities in different ecosystems11. The identifica-
tion of the fungal strain causing anthracnose in Viet-
namese longan is a necessary first step for determin-
ing a biocontrol agent and for establishing an envi-
ronmentally friendly method to control the disease.
We therefore isolated and identified the anthracnose-
causing fungal agent from diseased longan leaves col-
lected from Tay Ninh Province, Vietnam.

MATERIALS ANDMETHODS
Materials
Both healthy and anthracnose-diseased longan leaves
were collected from Long HoaWard, HoaThanh Dis-
trict, Tay Ninh Province, Vietnam.
Potato-dextrose agar (PDA) was used to isolate and
preserve the fungi from anthracnose-diseased leaves.
To prepare PDA, 200 g of peeled and water-rinsed
potatoes were sliced and placed in a pot. One liter of
distilled water was then added, and the potatoes were
boiled for 30minutes. After boiling, the potatoes were
filtered through a cheesecloth, and the effluent was
collected. To the effluent, glucose (20 g/L), agar (20
g/L), and distilled water were added to reach 1 liter,
and the pH was adjusted to 5.6 ± 0.2. This medium
was then sterilized at 121◦C for 15 minutes, allowed
to cool to 50◦C, and then distributed to sterile Petri
dishes (20 mL each). When the medium in the dish
had solidified, it was ready for use.
The medium used for the fungal activity test was
starch-casein agar (SCA), which contained the follow-
ing ingredients (g/L): soluble starch (10), casein (0.3),

KNO3 (2), NaCl (2), K2HPO4 (2), MgSO4.7H2O
(0.05), CaCO3 (0.02), FeSO4.7H2O (0.01), agar (20),
and the pH was adjusted to 6.8± 0.2.

Methods

Isolation of the anthracnose-causing agent
from diseased longan leaves

Both healthy and anthracnose-diseased leaves were
washed with tap water to remove soil and dirt. The
diseased tissue was cut into small pieces at the junc-
tion of diseased tissue and healthy tissue, with a ster-
ile scalpel. Using sterile forceps, small leaf pieces were
dipped in 1% sodiumhypochlorite solution for 3min-
utes, rinsed with sterile distilled water for 1 minute,
and then pressed onto the PDA surface in the dish.
The dish was then inverted and incubated at 30◦C un-
til fungal growth was seen. Resultant mycelia vary-
ing in appearance were aseptically inoculated sepa-
rately onto new PDA plates, and incubated again. The
appearance of fungal colonies was visually checked,
and cell morphology was observed using a light mi-
croscope at magnifications of 400× and 1000× (with
an oil-immersion lens). For the observation of hy-
phae, mycelia from PDA dishes were picked using
sterile toothpicks and placed in a drop of sterile dis-
tilled water on a clean glass slide. For the observa-
tion of spores, a sterile pre-moistened cotton swabwas
used to wipe spores from the agar surface and to dis-
tribute the spores into a drop of sterile distilled water
on a glass slide. A coverglass was placed on top of the
suspension in preparation for observation under the
microscope.

In vitro fungal infections

In vitro infection experiments were carried out on
freshly cut leaves from the longan tree. The leaf was
washed with sterile distilled water, and both its ends
were cut off. The retained middle part was then ster-
ilized by exposure to 70% ethanol for 30 seconds, and
then 0.4% sodium hypochlorite for 10 minutes. The
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leaf was then rinsed with sterile distilled water con-
tinuously for 10 minutes. A sterile needle was used
to puncture the leaf surface at different sites. The
wounded leaf was then placed onto the surface of a
Petri dish, and spores and fungal hyphae (7 days old)
were then used to inoculate the puncture surface. The
infected leaf was incubated at 30◦C for 6 days. An-
other leaf treated as above but without fungal infec-
tion was used as a control.

Fungal identification and phylogenetic anal-
ysis
Fungal species identification at the molecular level
was carried out at the Molecular Diagnostics Depart-
ment, Nam Khoa-Biotek Laboratory, Ho Chi Minh
City (License number 05505/SYT-GPHĐ). Fungal
genomic DNA was extracted and used as template for
polymerase chain reaction (PCR), using primers spe-
cific to the ribosomal DNA (rDNA) region. The re-
sulting PCR product was then sequenced.
The sequence of the PCR product, and other rDNA
sequences obtained from the National Center for
Biotechnology Information (NCBI) (https://blast.ncb
i.nlm.nih.gov) were used to construct a phylogenetic
tree, using an online program (http://www.phyloge
ny.fr). This program integrated Muscle software12

for multiple sequence alignment, the Gblocks pro-
gram13 for elimination of poorly aligned positions, a
maximum-likelihood principle based approach 14 for
selection of the best tree topology, and the TreeDyn
tool15 for tree annotation and visualization. The tree
was bootstrapped 1,000 times.

Antifungal activity testing
Fungal spores were inoculated onto the centers of
SCA containing Petri dishes. At the same time, acti-
nomycete spores were inoculated at three surround-
ing positions within a dish, 3 cm from the center.
Dishes were inverted and incubated at 30◦C for 10
days. If the actinomycete grew successfully and its an-
tifungal substances diffused into the agarmedium, the
fungus would not be able to grow, and antifungal ar-
eas around the actinomycete colonies would therefore
appear transparent. The ability of actinomycete to in-
hibit fungal growth was evaluated at day 10 after inoc-
ulation bymeasuring the colony radius from the point
of inoculation, using the formula [(R – r)/R ]× 100,
where r was the distance of fungal growth from the
point of inoculation to the colony margin, and R was
the distance between the fungal inoculation point and
the actinomycete inoculation point16. Actinomycete
antifungal activity was defined in terms of the size of
the inhibition zone16, which was determined as 2 ×
[(R – r)].

RESULTS
Isolation of the anthracnose-causing agent
In total, 52 PDA dishes were inoculated with anthrac-
nose leaf pieces. From these dishes, six mycelial fun-
gal strains that differed in colony appearance and cell
morphology were obtained. These strains were num-
bered 1 to 6. Repeatedly, strain numbers 1, 2, 3, 4,
5 and 6 were isolated 15, 21, 34, 5, 25 and 12 times,
respectively. Colony appearances and cell morpholo-
gies were repeatedly examined. Based on these ex-
aminations, strain number 6 (Figure 2) was suspected
to be the cause of longan anthracnose. Under the
light microscope, it had septate hyphae, its appres-
soria were ovoid, and its conidia were cylindrical in
shape with rounded ends (Figure 3). This strain was
purified again onPDA, and then assessed for its ability
to decompose healthy longan leaf.

In vitro fungal infections
After the fresh leaf was wounded and infected with
the fungus, it was incubated. After 2 days of incu-
bation, white mycelia were observed, and the fungus
grew quickly. The leaf began to show clear signs of de-
cay from day 4, demonstrating that longan leaf was a
good substrate for fungal growth (Figure 4). In con-
trast, the control leaf only showed bruises at the punc-
ture sites. Next, the suspected anthracnose-causing
fungus was subjected to species identification at the
molecular level.

Fungal identification and phylogenetic
analysis
Thesize of the PCRproduct was 911 base pairs. When
searched for sequencematches on the NCBI database,
it aligned with Colletotrichum rDNA sequences with
100% coverage and an E-value of zero. The aligned re-
gion contained information for encoding a part of 18S
ribosomal RNA (rRNA), 5.8S rRNA, and a part of 28S
rRNA. In this region, it had 2 base pairs different from
those of Colletotrichum sp. strain LFIT02, and 7 base
pairs different from those of Colletotrichum gloeospo-
rioides (Figure 5). Thus, the isolated fungus belonged
to the Colletotrichum genus, and we named this fun-
gus Colletotrichum sp. strain BKHCM. Figure 6
shows that the Colletotrichum sp. strain BKHCM
species is on the same branch with Colletotrichum
gloeosporioides and Colletotrichum sp. strain LFIT02.

Antifungal activity
The Colletotrichum sp. strain BKHCM was
co-cultured with different individual actinomycete
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Figure 2: A seven day-old colony of strain number 6 on PDA. (a) Top view (b) Bottom view.

Figure 3: Cell morphology of the strain number 6 at high magnification (1000×). Hyphae with appressoria (a,
black arrow) and conidia (b, black arrow) formed on a PDA plate.

strains isolated from a variety of soil samples. The
result showed transparent zones around the Strepto-
myces flaveus 18 colonies where the fungus could not
grow (Figure 7). The appearance of these transparent
zones revealed that S. flaveus had produced antifun-
gal substances which diffused into the agar medium.
After 10 days of incubation, the distance of fungal
growth from the point of inoculation to the colony
margin was 1.8± 0.1 cm. The ability of streptomyces
to inhibit fungal growth was therefore 40± 3.3%, and

the streptomyces inhibition zone was 2.4± 0.2 cm.

DISCUSSION
Members of the genus Colletotrichum have been
known to cause anthracnose in many different tropi-
cal fruits4–10. For the first time, we have isolated Col-
letotrichum sp. strain BKHCM from anthracnose-
diseased longan leaf collected in Vietnam. The only
previous report for an anthracnose-causative agent
in longan fruit identified C. fructicola, a species that
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Figure 4: In vitro infectionof fungus on longan leaf. Control leaf (left) and infected leaf (right) on (a) inoculation
day, (b) day 2, (c) day 4, and (d) day 6 of incubation.
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Figure 5: Difference in rDNA sequences of the related species. The sequence of the PCR product was aligned
with two rDNA sequences obtained from the NCBI database, using an online program 17 . The NCBI accession
numbers are shown before the species names. Numbers on top of the figure show the nucleotide positions in the
aligned sequences.

Figure 6: Phylogenetic relationships among theColletotrichum species. Numbers in red are the bootstrapped
values. NCBI accession numbers are annotated as in Figure 5.

could also infect papaya, rose apple, chili, and mango
fruits, but not orange7. Compared to the strain of
C. fructicola which caused anthracnose in Mexi-
can avocados 19, Colletotrichum sp. strain BKHCM
colonies had a different appearance on PDA, although
the shapes of their appressoria and conidia looked
similar. The shapes of appressoria and conidia of
Colletotrichum sp. strain BKHCM were also simi-
lar to those of many other species of the genus Col-
letotrichum4–6. In our in vitro fungal infection exper-
iments, healthy leaf was decomposed quickly, but the
in vitro symptoms did not look exactly the same as
those observed in nature (Figure 1), probably because
the leaf was already isolated from its tree and heavily
punctured. If the leaf was still attached to the tree, the
tree’s immune system responses would have resisted
the infection.
Our co-culture experiments revealed that the growth
of Colletotrichum sp. strain BKHCM was sensitive to
the actinomycete S. flaveus. We also observed that the

fungus grewmore actively aftermany rounds of trans-
fer to new SCA dishes, probably because the strain
had become more familiar with the agar medium af-
ter transfer. According to a previous study16, the
antifungal activity of this actinomycete is considered
to be moderate. In order to use S. flaveus as a bio-
control agent against anthracnose in longan caused
by Colletotrichum sp. strain BKHCM, further re-
search is necessary to understand how this actino-
mycete inhibits fungal growth so that an environmen-
tally friendly method can be developed for using this
actinomycete to control anthracnose in longan.

CONCLUSIONS
We isolated the fungus Colletotrichum sp. strain
BKHCM as a causative agent from anthracnose lon-
gan leaves. This is the first report of this fungal species
causing anthracnose in longan in Vietnam. We also
found that the growth of this fungus was moderately
inhibited when co-cultured with S. flaveus, indicat-
ing the possibility that longan anthracnose may po-
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Figure 7: Antifungal activity of S. flaveus against Colletotrichum sp. strain BKHCM. Colletotrichum sp. strain
BKHCMwas co-cultured with S. flaveus (right) after (a) 3 days, (b) 5 days and (c) 10 days of incubation. The fungus
without co-culturing with streptomyces (left) was used as a control.
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tentially be biocontrolled.
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