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Abstract

Background and Objective: Anthracnose disease on chili pepper caused by Colletotrichum spp. is known as one of the devastated
disease world-wide including Indonesia. This study was carried out to identify Colletotrichum species recovered from chili pepper
fruits with anthracnose symptoms collected from some areas in Indonesia through morphological and molecular approaches.
Materials and Methods: Infected fruit samples showed anthracnose symptom from several areas were isolated and purified using single
spore methods. All of the isolates were then characterized based on conidial shape and colony color. The effect of temperature on the
radial growth of six of the isolates represented three conidial morphotypes was determined. Results: Ninety seven single-spore isolates
of Colletotrichum from chili pepper fruits were identified as C. acutatum, C. gloeosporioides and C capsici based on morphological
characters and/or polymerase chain reaction using species-specific primer. All isolates identified as C. acutatum produced tapering
conidia and developed orange colony color. Meanwhile, conidia of isolates identified as C. gloeosporioides showed cylindrical shape
with rounded on both ends and developed grey or olive gray colony colors. Among Colletotrichum species collected in this study,
C capsici was easily differentiated from two other species by its typical falcate conidial shape. Of the 6 tested isolates representing three
species, C. acutatum showed the slowest growth rate in plate culture on potato dextrose agar. Conclusion: Out of 97 isolates collected
in this study, C acutatum was the most common species recovered from several chili pepper areas in Indonesia, then followed by
C capsici and C. gloeosporioides, respectively.
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INTRODUCTION

The genus of Colletotrichum is one of the common plant
pathogenic fungal causing variety of plant diseases and
serious problem for crop production in the tropics and
subtropics world-wide’. Many kind of crops?8, either annual
or perennial, have been reported as the target host of this
fungus, including chili pepper®. Anthracnose of chili pepper
caused by Colletotrichum spp. is considered as one of the
major threats of the chili production in Indonesia and causing
losses varied from approximately 10-80% and 2-35% in wet
and dry season, respectively®. Up to now, the causal agents of
chilianthracnose in Indonesia was identified as Colletotrichum
capsiciand C gloeosporioides'®. However, Wang et a/!" found
other species, i.e., C acutatum from chili anthracnose in
Indonesia based on Polymerase Chain Reaction (PCR)
detection using species specific primers.

Differentiation between Colletotrichum species was
commonly performed based on differences in morphological
features such as size and shape of conidia, presence or
absence of setae, colony color, optimal temperature, growth
rate and existence of the teleomorph, Glomerella. This
approach will be appropriate when the distinct traits were
existed'>">, Due to the influences of environmental factors on
the stability of morphological traits, sometimes these criteria
were not adequate and reliable as differentiation characters
among species of Colletotrichum and other fungi's. Among
the most common Colletotrichum species reported on chili
pepper, C. capsici is very easy to identify based on its falcate
conidial shape which is very distinct with two other species,
i.e., C. gloeosporioides and C. acutatum. However, conidial
based identification for C acutatum and C gloeosporioides
sometime is very difficult to differentiate between those two
species.

In Indonesia, there is little information concerning the
population structure of Colletothrichum involved in
anthracnose disease in some growing areas of chili pepper.
This information is necessary for designing the control
measures strategies, e.g., breeding program and the strategy
in application of fungicides. The research described here, was
undertaken to identify and to find out the population
structure of Colletotrichum species associated with
anthracnose disease of chili pepper from some production
areas in Indonesia based on some morphological characters
and Polymerase Chain Reaction (PCR) using the species
specific primers.

MATERIALS AND METHODS

Isolation and culture collection: Isolates of Colletotrichum
collected from 23 districts in 8 provinces in Indonesia were
examined during this study. Isolation was carried out by three
methods, depending on the materials to beisolated, including
diseased fruit with or without visible sporulation and seeds
collected from diseased fruits. Isolates were obtained from
fruits without visible sporulation and seeds from infected fruit
using the procedure described by Photita et a/'” with slight
modification to the media used. Minor modification over
Photita et a/'” include: Addition of lactic acid 20% to the
media and surface disinfection of diseased fruits by wiping
with 70% alcohol wetted cotton before slicing into small
pieces. Meanwhile, surface disinfection of infected seeds were
performed by dipping in 5% sodium hypochlorite for 5 min
and washing in 2 series of sterile water. All the disinfected
materials were then placed on the surface of Potato Dextrose
Agar (PDA) (Oxoid Ltd.) mixed with two drops of 20% lactic
acid per Petri dish. Plates were incubated at room temperature
(28-30°C) under continuous fluorescent light. The fungi were
identified following sporulation and single-spore isolation on
Water Agar (WA) (Oxoid Ltd.) was performed using the
procedure described by Choi et al'®. Meanwhile, direct
observation and single-spore isolation from sporulating
diseased fruits was carried by touching a sterilized wire loop
on the spore masses and streaking onto the surface of WA
plates and were then incubated overnight (=16 h). All
cultures were kept on PDA slant as stock culture for further
experiments.

Conidial shape: Conidial shape characteristics were examined
from the isolates grown on PDA for 8-9 days at room
temperature under continuous fluorescent light. A conidial
suspension was prepared from the culture by scrapping the
colony surface and suspended in sterile distilled water. The
shape of conidia of each isolate was then determined by
examining 100 randomly chosen conidia and placing each in
one of the following shape categories: (1) Fusiform, sides
tapered to a point on both ends, (2) Cylindrical, sides straight
with conidia pointed on one end and rounded on the other,
(3) Cylindrical, sides straight with conidia rounded on both
ends and (4) Conidia falcate, pointed on both ends.

Cultural characteristics and temperature response: Initial
test of the characteristics of the culture and its response to
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temperature was performed on six representative isolates
suspected of belonging to the three species commonly found
in chili pepper based on conidial shape. Single colonies of
each isolates were initiated by inverting a4 mm mycelial plug
onto PDA in disposable plastic petri dishes at room
temperature under continuous fluorescent light. Colony color
was determined by examining the cultures after 7 days
growth.

The effect of temperature on radial growth of the first six
selected isolates was determined using the modified method
of Smith and Black™. Four plates of six selected isolates were
grown on PDA in the dark at 16, 18, 28,32 and 36°C. A4 mm
mycelial plug from 7 days old culture of each selected isolates
were initiated on PDA and incubated in room temperature for
one day before being placed inincubators. The resultant radial
growth of each isolate was measured 5 days after incubation.

Molecular identification using specific primer

Extraction of total DNA: Total DNA was extracted from
Colletotrichum isolates following a procedure described by
Doyle and Doyle' with minor modification, i.e., isopropanol
and ammonium acetate was added in the same time during
DNA extraction, overnight incubation for DNA precipitation
and resuspension of DNA pellet on TE buffer without RNAse.
Fresh 0.1 g mycelial tissue harvested from 7 days old culture
on Potato Dextrose Broth (PDB) was ground in liquid Nitrogen
to powder, 500 uL of CTAB buffer (10% Cetyl-trimethyl-
ammonium bromide, 0.1 M Tris-HCl pH 8, 0.05 M EDTA,
0.5 M NaCl, 1% B-mercapto-ethanol) was added and the
extract was transferred to 1.5 mL clean tube. The extract was
incubated in water bath at 65°C for 1 h, then shaked every
10 min to separate lipid and protein. About 500 uL of
chloroform/iso-amyl alcohol (24:1, v/v) was added to the
liquid, then tube was vortexed for 5 min and centrifuged at
14000 rpm for 15 min. The supernatant was pipetted to 1.5 mL
clean tube, 3 M ammonium acetate and isopropanol of 1/10
and 2/3 volume supernatant, was added, respectively. The
liquid was mixed gently then incubated overnight at -20°C or
4 h at room temperature. After incubation, the liquid was
centrifuged at 12000 rpm for 10 min to precipitate DNA and
then discarded flow-through. The pellets were washed with
500 pL of 70% ethanol, centrifuged at 8000 rpm for 5 min and
dried under room temperature after discarding the flow

through. Dried pellets containing total DNA were dissolved in
50-100 pL of nuclease free water or TE buffer (pH 8) and the
DNA was ready for amplification.

Amplification: Amplification of total DNA using specific
primer pairs was conducted following method described
by AVRDC? to confirm Colletotrichum species. The three
specific primer pairs, i.e, Calnt2/ITS4, CcInt2/ITS4 and
CqInt/ITS4, for C. acutatum, C. capsiciand C gloeosporioides,
respectively (Table 1). The PCR reaction contains 10 XPCR
Buffer, 25 mMMgCl, 2.5 mMdNTPS, 10 uM each of primer, 7ag
polymerase (5 U pyL="), 1 pL of DNA and the reaction was
adjusted to 25 pL with nuclease free water. Amplifications
was performed in GeneAmp PCR System 9700 machine with
5 min at 94.0°C for pre-heating, followed by 30 cycles of
denaturation (1 min at 94.0°C), annealing (1 min at 46.0°C)
and extension (2 min at 72.0°C). The last cycle was ended at
72.0°C for 10 min and cooled down to 4.0°C. Electrophoresis
was done using 1% Agarose gel in 0.5XTBE (Tris-Boric acid-
EDTA) buffer, runat 50 Vfor 50 min. Following electrophoresis,
agarose gel then was soaked on to 0.1% EtBr for 5 min,
washed with H,0 and visualized under UV transilluminator.

RESULTS

Colletotrichum isolates and morphological characteristics
In this study, 97 isolates of Colletotrichum were recovered
from chili pepper growing areas of 23 districts in 8 provinces
(Table 2). Based on the conidial morphology, the isolates in
this study were separated into three morphotypes.
Morphotype 1 recovered the isolates that produced setae on
PDA (Fig. Ta) and falcate-conidia (Fig. 1b); morphotype 2
represented by isolates produced cylindrical-conidia with
rounded on both ends (Fig. 1¢c, d) and morphotype 3 isolates
produced cylindrical-conidia with pointed end (Fig. 1e, f).
The falcate conidial morphology is distinct characteristic of
C capsici which commonly occurred on chili pepper (Fig. 1b)
and easily produced setae on media (Fig. 1a). All the isolates
grouped into morphotype 2 and 3 failed to produce setae in
culture. Most of the isolates forming falcate conidia
(morphotype 1) formed grey cottony mycelium with olive grey
to dark grey bottom color (Fig. 2a, b left). Colony color of
morphotype 2 isolates showed olive gray cottony mycelium,

Table 1: Specific primers for amplification of Colletotrichum sp. using polymerase chain reaction'”

Primer Sequence Target
Colletotrichum-F 5'-TCCTCCGCTTATTGATATGC-3'

Calnt2 (R) 5'-GGCGCCGGCCCCGTCACGGGGG-3! C acutatum
CcInt2(R) 5'-TCTCCCCGTCCGCGGGTGG-3' C capsici

Cgint (R) 5'-GGCCTCCCGCCTCCGGGLGG-3 C gloeosporioides
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Fig. 1(a-f): Conidial characteristics of selected Colletotrichum isolates from chili pepper, (a) Setae formation of morphotype 1,
(b) Morphotype 1 produced falcate conidia, (c, d) Morphotype 2 produced cylindrical with rounded on both ends
conidia and (e, f) Morphotype 3 produced cylindrical with pointed end conidia

Fig. 2(a-b): Colony characteristics of 7 days old culture Colletotrichum isolates from chili pepper under continuous fluorescent
light, (@) Upper colony surface and (b) Lower colony surface of C. capsiciisolate BGR 1303 and BGR 11132 represented
morphotype 1 (left), C. gloeosporioides isolate TGM 1105 and BGR 11133 represented morphotype 2 (middle), C
acutatum isolate BL 1303 and SMG 135 represented morphotype 3 (right)
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Table 2: Molecular identification of Colletotrichum species collected from some chili pepper areas in Indonesia using species-specific primer and conidial shape

Species

Province Number of isolates C acutatum C capsici* C. gloeosporioides
West Java 28 12 15 1
Central Java 31 27 3 1
Jogjakarta 4 3 0 1
East Java 9 5 1 3
West Sumatera 15 6 7 2
Lampung 6 2 0 4
Bangka- Belitung 2 0 2 0

Bali 2 2 0 0
Total 97 57 (58.76)** 28 (28.87) 12(12.37)

*Some isolates identified based on its distinct falcate conidial shape, **Number in parentheses showed the percentage
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Fig. 3: Average colony diameter of 5 days old petri plate

cultures of two C capsici isolates (BGR 1303, BGR
11132), two C gloeosporioides isolates (BGR 11133,
TGM 1105) and two C acutatum isolates (SMG 135,
BL 1303) identified based on conidial shap

sometimes showing luxuriant orange conial masses with
beige or gray to dark gray when cultures were viewed from
the bottom (Fig. 2a, b middle). The colony color of
morphotype 3 isolates showed flattened mycelium, colony
color were orange or orange with grayish tinge when
plate cultures viewed both from above or the reverse side
(Fig. 2a, b right).

Temperature response: Two representative isolates of
each morphotype were tested in the study of temperature
effect on radial growth. As shown in Fig. 3, the mean growth
of two isolates (TGM 1105 and BGR11133) represented
morphotype 2 (C. gloeosporioides) were significantly fastest
atthe temperature range between 16 and 36°C; whereas two
isolates (BL1303 and SMG135) of morphotype 3 (C. acutatum)
showed the slowest radial growth on PDA in plate culture in
all temperature ranges (Fig. 3). Two isolates represent

1

morphotype 1 (C capsici) showed the radial growth rate
between the other two morphotypes at temperature range of
16.and 32°C.

Identification using specific primers: Molecular detection
using species-specific primers was performed to confirm
morphological- and  temperature  response-based
identification of above six isolates. The species-specific
primers CcInt2/ITS4 amplified a 460 bp fragment from two
Colletotrichum isolates, i.e., BGR 1303 and BGR 11132, which
was identified as C capsici based on specific falcate conidial
shape. There was no DNA amplification from four other tested
isolates (Fig. 4a). The species-specific primers Cgint/ITS4 was
successfully amplified 450 bp DNA fragments from two
isolates, i.e.,, BGR 11133 and TGM 1105 (Fig. 4b); whereas a
490 bp DNA fragment were amplified from the remaining two
selected isolates, i.e,, SMG 135 and BL 1303, with species-
specific primer Calnt2/ITS4 (Fig. 4c). Identification of isolates
by PCR in present study was in agreement with identification
of six isolates based on morphological characteristics,
especially conidial shape and the response of isolates to
temperature. These results showed that molecular tools
such as PCR using species-specific primers are valuable in
distinguishing species of Colletotrichum that can not be easily
differentiated based on morphological characters.

Colletotrichum species of chili pepper in Indonesia based
on molecular identification using species-specific
primer and/or morphological characteristics: Isolates of
Colletotrichum collected from several placesin Indonesia was
identified using combination of morphological characteristics
and molecular technique. Distinct falcate conidial character
and formation of setae in fungal culture was used to
differentiate C. capsici from the other two species; whereas
identification of C acutatum and C. Gloeosporioides was
performed using of species-specific primers, i.e., Calnt2/ITS4
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Fig. 4(a-c): Initial test using species-specific primers (a) CcInt2/ITS4, (b) CgInt/ITS4 and (c) Calnt2/ITS4 for identification of
Colletotrichum isolates suspected as C. capsic/ (BGR 1303 and BGR 11132), C gloeosporioides (BGR 11133 and
TGM 1105) and C acutatum (BL 1303 and SMG 135) based on morphological characters

M: 1 kb marker (Thermo Scientific, US)

and CgInt/ITS4, respectively. Out of 97 isolates of
Colletotrichum species collected from 8 provinces and
23 districts in Indonesia, the majority isolates (58.7%) were
identified as C. acutatum and the others as C. capsici (28.9%)
and C gloeosporioides (12.4%) (Table 2).

DISCUSSION

Identification of Colletotrichum isolates from chili pepper
in this study was performed by combining morphological
traits, including conidial morphology, colony color and
presence or absence of setae; temperature response to
radial growth rate and PCR methods using species-specific

12

primer. On the basis of conidial morphology, we separated
97 Colletotrichum isolates into three species: C. capsic;
C. gloeosporioides and C. acutatum. Among of three
species, C. capsici was easily differentiated with two other
species by its falcate conidia and the presence of setae. Two
otherisolates groups characterized by cylindrical conidia with
rounded or pointed ends were fit well within the range
of descriptor used for C gloeospororioides* and C
acutatum'?', Conidial based identification sometimes is
not consistent enough for discerning species with similar
conidial shape, e.g., C gloeosporioides and C. acutatum.In
general conidia of C acutatum are cylindrical and
tapering with pointed in one or both ends; whereas
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conidia of C gloeosporioides are cylindrical with obtuse
ends?. During this study, the presence of setae within
acervuli of C gloeosporioides and C. acutatum did not
observe. However, this character might not be significantly
important in distinguishing the species since the setae
formation was varied on the strain and the media used as
reported by previous authors'>?*24 Based on colony color,
C acutatum was easily differentiate with two other species by
the domination of orange color on both upper and underside
view of colony and rarely olive as previously reported by Smith
and Black™ on other host. However, other authors?' divided
C acutatum into three subpopulation based on colony color,
including pink, orange and gray.

Numerous papers reported that isolates of C. acutatum
grew at a significantly slower than C. gloeosporioides*** and
other species, i.e., C fragariae*. Than et a/? also found that
among Colletotrichum species associated with chili pepper
anthracnose in Thailand, C gloeosporiodes showed the
fastest growth followed by C capsici while C acutatum was
the slowest. In this study, similar results was also obtained and
suggested the response of temperature might be worthy for
differentiating the three species of Colletotrichum of chili
pepper. However, according to Freeman et a/?, differences in
growth rate and optimal growth temperature is not always a
reliable criterion for species identification. The authors stated
that the use of species-specific primers for PCR amplification
of unique rDNA fragments seems the most promising
method?.,

Results in this study showed the most predominant
species of Colletotrichum causing chili pepper anthracnose
in several areas in Indonesia was C acutatum. Based on
morphological descriptions, chili anthracnose in Indonesia
reported before 2007 was caused by C gloeosporioides
could have been caused by C cutatum. According to
Suryaningsih et al'°, C acutatum was not stated as the
species causing anthracnose on chili pepper in Indonesia.
Results of this study is not the first report on the existence of
C acutatum in Indonesia since it has been determined earlier
by Wang et a/!" with limited sample. However, there are no
specific reports in Indonesia explaining the distribution and
composition of the species in wider chili pepper areas. In
current study here indicated that C acutatum isan emerging
species that may threaten the production of chili pepper and
other crops where this species become established. Additional
studies concerning the etiology and epidemiology of this
species in Indonesia should be performed to describe
management strategies of chili anthracnose in the future.
Based on this study, plant breeders should aware of the
potential of C acutatum as a major plant pathogen causing

13

chili anthracnose when developing the new cultivars. Since
this species was first identified by Wang et a/'"in Indonesia in
2007, some breeding researches to develop new chili pepper
cultivars resistant to anthracnose have been performed?-%,
However, the pathogenicity variation of C acutatunm?® should
be considered in the development of resistant cultivars to this
pathogen.

The data from this study provide a basic understanding
about the population structure of Colletotrichum species
associated with chili pepper anthracnose of different areas in
Indonesia. This information hopefully will help us to develop
effective control measures, including the use of resistant
cultivars and the application of fungicides. Species
differentiation is important for control purposes using
fungicides, since sensitivity of one species to a certain
fungicides (e.g., benomyl) in mixed population of C acutatum
and C gloeosporioides as opposed to the other. [t might
cause incomplete control and shift their population
structure??, Recent study®' by same authors showed that
9 isolates of three species (C capsici C. acutatum and
C. gloeosporioides) from different areas indicated the
presence of varying resistance to recommended
concentration of chlorothalonil, mancozeb and propineb but
not to benomyl which rarely used by farmers.

CONCLUSION

The study discovered the different isolates by
analyzing their conidial formation by PCRrelated to C. capsic;,
C acutatum and C gloeosporioides and found that the
C acutatum is most prevalent species in majority of isolates.

SIGNIFICANCE STATEMENTS

Two species of Colletotrichum, ie., C. capsici and
C gloeosporioides has been known as the main causal agent
of anthracnose disease on chili pepper in Indonesia for a
long time. Based on samples collected from 8 provinces in
Indonesia, it was confirmed that another species of
Colletotrichum, ie., C acutatum now became the most
prevalent species causing the disease. Furthermore, this
study shown that the response of each species of
Colletotrichum to different temperature will affect their
morphological characters, i.e., radial growth of the culture
colony. The different response of radial growth of three
Colletotrichum species to varied temperature is expected to
be helpful in identification process. This new information is
very important for development of disease management
strategy.



Asian J. Plant Pathol, 12 (1): 7-15, 2018

ACKNOWLEDGMENT

This study, especially in isolates collection, was partly

supported by AVRDC International Agricultural Research
Project No.03.7860.4-001.00 funded by Deutsche Gesellschaft
fur Technische Zusammenarbeit (GTZ) GmbH. We gratefully
acknowledge Ms Sari Nurulita for technical assistance in PCR
works.

10.

REFERENCES

Bailey, J.A. and M.J. Jeger, 1992. Colletotrichum: Biology,
Pathology and Control. CAB International, Wallingford, UK.
Gautam, A.K., 2014. The genera Colletotrichum:. An incitant
of numerous new plant diseases inIndia. J. New Biol. Rep.,
3:9-21.

Keuete, KEE., N.G.R. Tsopembeng and J.R. Kuiate, 2016.
Culturaland morphological variations of Colletotrichum spp.
associated with anthracnose of various fruits in Cameroon.
Int. J. Environ. Agric. Biotechnol., 1: 968-974.

Kim, W.G, SK. Hong, HW. Choi and Y.K. Lee, 2009.
Occurrence of anthracnose on highbush blueberry caused by
Colletotrichum species in Korea. Mycobiology, 37:310-312.
Rangkuti, E.E., S. Wiyono and Widodo, 2017. Identification
of Colletotrichum spp. originated from papaya plant.
J. Fitopatol. Indones., 13: 175-183.

Afanador-Kafuri, L., D. Minz, M. Mayamon and S. Freeman,
2003. Characterization of Colletotrichum isolates from
tamarillo, passiflora and mango in Colombia and
identification of a unique species from the genus.
Phytopathology, 93: 579-587.

Glais, I. and D. Andrivon, 2004. Deep sunken lesions-an
atypical symptom on potato tubers caused by Colletotrichum
coccodesduring storage. Plant Pathol., 53: 254-254.
Theodoro, G.F.,N.A.R.Peresand L.A.F.Verona, 2004. Outbreak
of postbloom fruit drop of citrus, caused by Colletotrichum
acutatum, in Santa Catarina state, Southern Brazil. Plant
Pathol., 53: 253-253.

Widodo, W.D., 2007. Status of chili anthracnose in
Indonesia. Proceedings of the 1st International Symposium
on Chili Anthracnose, Seoul National University, Korea,
September 17-19, 2007, National Horticultural Research
Intitute, pp: 27.

Suryaningsih, E., R. Sutarya and A.S. Duriat, 1996. Red Chilli
Diseases and Their Control. In: Production Technology for Red
Chilli, Duriat, A.S., W. Wijaya, A. Hadisoeganda, T.A. Soetiarso
and L. Prabaningum (Eds.), Center for Research and
Development of Horticulture, Research Institute and
Agricultural Development, Lembang, Bandung, pp: 64-84.

14

1.

20.

21.

22.

23.

Wang, T.C,, Z.M. Sheu, S.K. Green, D.Y. Zhang and Y. Liu et a/,
2007. Characterization of Colletotrichum Species associated
with pepper anthracnose in China, India, Indonesia, Taiwan
and Thailand. Proceedings of the 1st International
Symposium on Chili Anthracnose, September, 17-19, 2007,
Seoul National University, South Korea, pp: 31-33.

Gunnell, PS. and W.D. Gubler, 1992. Taxonomy and
morphology of Colletotrichum species pathogenic to
strawberry. Mycologia, 84: 157-165.

Lubbe, CM., S. Denman, P.F. Cannon, J.Z. Groenewald,
S.C. Lamprecht and P.W. Crous, 2004. Characterization of
Colletotrichum species associated with diseases of
Proteaceae. Mycologia, 96: 1268-1279.

Smith, BJ. and L.L. Black, 1990. Morphological, cultural and
pathogenicvariation among Colletotrichum speciesisolated
from strawberry. Plant Dis., 74: 69-76.

Sutton, B.C,, 1992. The Genus Glomerella and its Anamorph
Colletotrichum. In: Colletotrichum. Biology, Pathology and
Control, Bailey, J.A. and M.J. Jeger (Eds.). CAB International,
UK., pp: 1-25.

Nirenberg, H.l, U. Feiler and G. Hagedorn, 2002. Description
of Colletotrichum Ilupini comb. nov. in modern terms.
Mycologia, 94: 307-320.

Photita, W., P.W.J. Taylor, R. Ford, K.D. Hyde and S. Lumyong,
2005. Morphological and molecular characterization of
Colletotrichum species from herbaceous plants in Thailand.
Fungal Diversity, 10: 117-133.

Choi, Y.W., KD. Hyde and W.W.H. Ho, 1999. Single spore
isolation of fungi. Fungal Divers., 3: 29-38.

Doyle, JJ. and J.L. Doyle, 1987. A rapid DNA isolation
procedure for small quantities of fresh leaf tissue. Phytochem.
Bull., 19: 11-15.

AVRDC., 2002. Protocol for assessing anthracnose
(Colletotrichum acutatum, C. capsici, C. gloeosporioides)
reaction of peppers. Proceedings of the Planning and
Coordinating Meeting GTZ-Chili Project: Development of
Locally-Adapted, Multiple Disease Resistant, High Yielding
Chili Cultivars Targeted Countries in Asia, May, 20-25, 2002,
Asian Vegetable Research and Development Centre, Bangkok.
McKay, S.F., S. Freeman, D. Minz, M. Maymon, M. Sedgley,
G.C. Collins and E.S. Scott, 2009. Morphological, genetic and
pathogenic characterization of Colletotrichum acutatum,the
cause of anthracnose of Almond in Australia. Ecol.
Phytopathol., 99: 985-995.

Freeman, S., T. Katan and E. Shabi, 1998. Characterization of
Colletotrichumspecies responsible for anthracnose diseases
of various fruits. Plant Dis., 82: 596-605.

Agostini, J.P, LW. Timmer and D.J. Mitchell, 1992.
Morphological and pathological characteristics of strains of
Colletotrichum gloeosporioides from citrus. Phytopathology,
82:1377-1382.



24.

25.

26.

27.

Asian J. Plant Pathol, 12 (1): 7-15, 2018

Zakaria, M. and J.A. Bailey, 2000. Morphology and cultural
variation among Colletotrichum isolates obtained from
tropical forest nurseries. J. Trop. Forest Sci., 12: 1-20.
Bernstein, B., El, Zehr, RA. Dean and E. Shabi, 1995.
Characteristics of Colletotrichum from peach, apple, pecan
and other hosts. Plant Dis., 79: 478-482.

Than, PP, R. Jeewon, KD. Hyde, S. Pongsupasamit,
0O.Mongkolpornand P.W.J. Taylor,2008. Characterization and
pathogenicity of Colletotrichum species associated with
anthracnose on chilli (Capsicum spp.) in Thailand. Plant
Pathol., 57: 562-572.

Syukur, M., S. Sujiprihati, J. Koswara and Widodo, 2007.
Inheritance of resistance to anthracnose caused by
Colltotrichum acutatum in pepper (Capsicum annuum L.).
Buletin Agronomi, 35: 112-117.

15

28.

29.

30.

31.

Syukur, M., S. Sujiprihati, J. Koswara and Widodo, 2013.
Genetic analysis for resistance to anthracnose caused by
Colletotrichum acutatumin chili pepper (Capsicum annuum
L.) using diallel crossing. Sabrao J. Breed. Gen., 45: 400-408.

Hasyim, A., W. Setiawati and R. Sutarya, 2014. Screening for
resistance to Anthracnose caused by Colletotrichum
acutatum in chili pepper (Capsicum annuum L.) in Kediri,
East Java. Adv. Agric. Bot., 6: 104-118.

Ibrahim, R., S.H. Hidayat and Widodo, 2017. Morphology,
genetic and pathogenicity variability of Coletotrichum
acutatum the causal agent of anthracnose on chilli in Java
and Sumatera. J. Fitopatol. Indones., 13:9-16, (In Indonesian).
Andriani, D., S. Wiyono and Widodo, 2017. Sensitivity of
Colletotrichum spp. on chili to benomyl, chlorothalonil,
mancozeb and propineb. J. Fitopatol. Indones., 13: 119-126.



	ajppaj.pdf
	Page 1




