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Abstract. Muljowati JS, Soesanto L, Nugroho LH. 2021. Short Communication: Histopathology of red chilli fruit (Capsicum annuum)
infected with Colletotrichum acutatum of Java, Indonesia isolates. Biodiversitas 22: 874-880. Colletotrichum acutatum isolates from
Malang, Temanggung, Kulonprogo, Brebes, Garut, and Pandeglang in Indonesia varied in their ability to produce pigments. In the
present study, the histopathological status of red chilli was investigated during the early phase of infection by C. acutatum Java isolate.
The results included a description of the histopathological features of red chillies (Capsicum annuum) in the early phase of infection by
C. acutatum isolates and the relationship between the origin of the isolates and the time of onset of infection. The red chilli fruits were
inoculated with fungal conidia suspension and then the histopathology of chilli fruits was observed at 0 hours (uninfected control), 8
hours, 16 hours, 24 hours, and 32 hours after inoculation. The results showed that C. acutatum isolates from Kulonprogo caused host
damage within 8 hours, while the other isolates (from Malang, Brebes, Garut and Pandeglang) began to produce similar symptoms at 16
hours or 24 hours. This study revealed for the first time that pathogenic activity begins at the onset of infection, and the resulting
anatomical damage to red chillies begins at different times.
Keywords: Anatomical structure, Colletotrichum acutatum, Java, pigment, red chilli

INTRODUCTION
Colletotrichum is a widespread genus of pathogenic
fungi that causes anthracnose in host plants (Gautam
2014a,b). In Indonesia, the main causes of anthracnose are
C. capsici, C. gloeosporioides, C. nymphaea, and C.
acutatum (Saxena et al. 2016). Hakim et al. (2014) found
that C. acutatum commonly causes anthracnose, causing
crop losses in the pre-to post-harvest period. Several
environmental factors such as air temperature, humidity,
and light penetration also play important role in the
development of anthracnose disease. Anthracnose on chilli
fruits (Capsicum annuum L.) is more severe in humid areas
than on dry land (Than et al. 2008).
In Indonesia, red chilli production is concentrated on
Java Island, although red chilli cultivation has also begun
outside of Java. Red chilli production centers in Java
(Malang, Temanggung, Kulonprogo, Brebes, Garut and
Pandeglang) have different environmental characteristics.
Differences in environmental characteristics as well as the
methods of cultivation and pest control, may affect the
histopathological effects and virulence of C. acutatum
isolates (Sharma and Kulshrestha, 2015; Ansari et al.
2018).
Plant cell walls are dynamic structures that allow
interactions between plants and pathogens (Underwood
2012; Miedes et al. 2014). For instance, fungal necrotrophs
continuously destroy the cell wall of host plant by

excreting many degradation enzymes. Host plants have
developed defense systems to prevent the development of
pathogenic diseases. However, pathogens may still be able
to use metabolic products to support their growth and
infection (Bellincampi et al. 2014).
In the early phase of infection, Colletotrichum species
excretes cutinase to weaken host plant’s defenses (Pandey
et al. 2012), as well as polygalacturonase and pectate lyase,
which function to degrade the pectin polymer and
hydrolyze the cuticle. Anand et al. (2008) found that
virulent Colletotrichum strains excrete more pectinase than
avirulent strains. In addition to producing enzymes, C.
acutatum also produces and secretes pigments. Based on
this pigment production, C. acutatum classified into
chromogenic (i.e. pigment-producing) C. acutatum and
non-chromogenic C. acutatum (González et al. 2006)
24 hours after exposure to C. acutatum, infected red
chilli fruits may not show any symptoms of plant diseases.
During this asymptomatic phase of infection, the pathogen
invades the plant cell without causing lethal damage and is
considered hemibiotrophic. In the next phase, the pathogen
penetrates the cell wall and continues to grow; in this phase
it is classified as a sub-cuticular intracellular fungus,
indicating its ability to grow in the cell wall before entering
the lumen (Wharton and Schilder 2008).
The C. acutatum isolates used in this study were taken
from Malang, Temanggung, Kulonprogo, Brebes, Garut,
and Pandeglang, which are centers for the production of red
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chilli in Indonesia. In this study, we investigated the ability
of C. acutatum isolates to produce anthracnose symptoms
in the initial phase of infection. Since histopathological
status is related to anatomical changes due to C. acutatum
infection, we explored the histopathological status of red
chilli during the early phase of infection by C. acutatum.
Moreover, we assessed which isolate most rapidly caused
lesions on red chilli fruits. The results of this study shed
light on the histopathological status of red chilli fruits in
early phase of infection by C. acutatum isolates, as well as
the pathogenic activities of the fungi.

MATERIALS AND METHODS
Fungus and plant material
Colletotrichum acutatum isolates were obtained from
several regions: Malang, Temanggung, Kulonprogo,
Brebes, Garut, and Pandeglang (Figure 1). Each isolate was
grown in Potato Dextrose Agar medium and incubated at
room temperature for 7 days. A 5 mm diameter piece of C.
acutatum colony was taken from each isolate, and a conidia
suspension was prepared in sterile distilled water at a
concentration of 1 × 105 conidia/mL (Pandey et al. 2012).
The TM 999 red chilli cultivar was used as the test plant
material, as it is the most common cultivar grown by red
chilli farmers in Java. Cultivation of red chillies in the
production center of Brebes was carried out in a nonshading monoculture. Application of initial fertilizer uses a
dose of 100Kg/Ha Za, 135Kg/Ha TSP, and 100Kg/Ha KCl;
the second was carried out after the plants are 1 month old
at a dose of 100Kg/Ha Za, 65Kg/Ha TSP, and 135Kg/Ha
KCl; and the third was done after the plants are 5 months
old with a dose of 100Kg/Ha Za and 135Kg/Ha KCl. Red
chilli fruits from 60-day-old plants were taken from
cultivation area in Brebes production center, then carried to
the laboratory for the following treatments.
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Pathogenicity tests
Using a sterile needle, a 0.5 mm-hole was made 2 cm
below the red chilli fruits’ stalks (Silva et al. 2014). Each
hole was inoculated with 10 µL Java isolates of C.
acutatum conidia suspension using a micropipette, except
for control one. The inoculated red chillies were placed in
an open container, and the inoculated area was covered
using a wet cotton mat. Cotton moisture was maintained by
spraying sterile distilled water on the cotton when it starts
to dry. The chillies were, then, incubated at room
temperature around 27°C and room humidity around 80%
for 0 hour (non-inoculated control), 8 hours, 16 hours, 24
hours, and 32 hours after inoculation (h.a.i), respectively
with 5 replications. Symptoms were recorded at various
times of intervals. The treated chillies, especially the parts
of the pathogen inoculated area were then used for the
preparation of embedded specimens.
Preparation of embedded specimens to examine the
effects of pathogen inoculation
Specimens were prepared for histopathological analysis
as previously described by Ajmal et al. (2016). The red
chilli fruit tissue specimens used to observe the effect of
pathogen inoculation on histological damage were obtained
from the above-mentioned experiments, using the
embedded specimens that were prepared as follows:
Fixation. Red chilli fruits were cut into 1.5-cm pieces,
including the inoculation site. Specimens were then fixed
in formaldehyde–alcohol–acetic acid for 24 hours.
Staining, dehydrating, infiltrating, and embedding. The
specimen was cleaned in 70% alcohol for 24 hours,
incubated with safranin (1% safranin in 70% alcohol) for 7
hours, and dehydrated in increasing concentrations of
alcohol (70%, 80%, 96%) for 10 minutes at each
concentration. Alcoholization was carried out using
ethanol: xylol (3: 1, 1: 1, 1: 3) solutions, followed by
incubation in pure xylol for 30 seconds. Infiltration was
carried out in xylol: paraffin solution (1: 9 ratio by volume)
for 10 hours, and pure paraffin for 1 hour in an oven.
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Figure 1. Location of Java island indicating the sampling sites of Colletotrichum acutatum Simmonds, i.e, 1. Malang (7o44′,55,11″8o26′,35,45″S, 112o17′,10,90″-112o57′,00,00″E), 2. Temanggung (7o14′-7o32′35″S, 110o23′-110o46′30″ E), 3. Kulonprogo (7o38′42″-7o
59′3″S, 110o1′37″-110o16′26″ E), 4. Brebes (6o44′-7o21′ S, 108o41′-109o11′ E), 5. Garut (6º57′34″S-7º44′57″S, 107º24′3″-108º24′34″
E),6. Pandeglang (6o21′-7O10′ S, 104o48′-106o11′ E)
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Specimens were then left to solidify for 24 hours.
Mounting. Sectioning (thickness: 10 µm) was performed by
slicing the paraffin block containing the plant organ using a
microtome apparatus. The paraffin slices were then placed
on microscope slides smeared with glycerin: albumin (1:
1), dropped by distilled water, and left in a thermostat for
24 hours. The specimens were mounted using Entellan
(Merck). Furthermore, the resulting specimens were
observed under light microscopy to observe the effect of
pathogenic activity on the histology of red chillies.
Observations. Observations of the histopathological status
of anthracnose symptoms were performed according to the
treatment time. The objects were microtome sliced with a
thickness of 10 µm and observed using a light microscope
at magnifications of 40× and 100×.

inoculated area on red chilies. In the early phase of
infection, the fruit did not show brown color. The timing of
the appearance of anthracnose symptoms differs among C.
acutatum isolates from different locations, which may be
related to differences in their ability to produce pigments.
C. acutatum isolates from Malang, Kulonprogo, Brebes,
Garut and Pandeglang were able to produce pigments, which
may be related to inducing anthracnose symptoms. In
addition, the amount of pigment produced was considered
to be related to the severity of the disease. C. acutatum
Java isolates from Temanggung did not produce pigments,
while C. acutatum Java isolates from Kulonprogo produced
more pigment than other regions (Table 1).

Detection on formation and analysis of pigment
compound groups
Colletotrichum acutatum isolates from Malang,
Temanggung, Kulonprogo, Brebes, Garut, and Pandeglang
were cultured and incubated for seven days on Potato
Dextrose Broth. The culture filtrate was harvested through
Whatman filter paper no. 41. Afterward, the filtrate was
analyzed for compound groups according to (Geetha et al.
2016). The data obtained were whether C. acutatum
isolates from red pigments or not, and the group of
compounds formed.

Collection sites of Colletotrichum
Pigment
acutatum isolates
production
Malang
+
Temanggung
Kulonprogo
+
Brebes
+
Garut
+
Pandeglang
+
Note: -: does not produce pigment; +: produce pigment

Data analysis
The observational data were analyzed descriptively.

RESULTS AND DISCUSSION
Histology of uninfected (control) red chilli fruit
The observation using light microscope of control red
chillies showed a compact structure (Figure 2).
Histologically, the epicarpium layer which consists of a
single layer of epidermal cells appeared compact. The
cuticle layer protects/covers the outer cell wall of the
epidermis. The mesocarpium tissue, which consists of two
layers of collenchyma tissue, was found to be compact. In
the deeper layer, there is a vein bundle containing xylem
and phloem. The intercellular space cell appears to have
clear boundaries. Giant cell was found in the mesocarpium
layer with a compact cell wall. Furthermore, the endocarpium
layer also looks compact, composed of single-layer cells.
Symptoms produced by Colletotrichum acutatum
isolates on red chilli fruit
The anthracnose symptoms due to C. acutatum isolate
of Kulonprogo appeared at 8 h.a.i. (Figures 3.A, 4.A, 5.A,
and 6.A), while the isolates of Malang, Brebes, Garut, and
Pandeglang showed symptoms at 16 h.a.i., and the isolate
from Temanggung exhibited symptoms at 24 h.a.i. The
biotrophic phase occurs over a period of between 12 ̶ 24
hours. Furthermore, at 24 hours after inoculation, it begins
and marked by the appearance of symptoms. The initial
symptom was brown spots which gradually turned dark
color. Morphologically, anthracnose symptoms begin in the

Table 1. Production and color of the Colletotrichum acutatum
Java, Indonesia isolates in Potato Dextrose Broth
Pigment
color
Red
Dark red
Red
Red
Red

Table 2. Detection of compound groups in pigments produced by
Colletotrichum acutatum isolates
The origin of Colletotrichum acutatum
1
2
3
4
5
6
Alkaloids
Coumarin
Flavonoids
Phenol
Quinone
Saponins
Steroids
+
Tannins
+
++
+
+
+
Terpenoids
Benzoin
+
Note: 1. Malang; 2. Temanggung; 3. Kulonprogo; 4. Brebes; 5.
Garut; 6. Pandeglang;-: none; +: produce; ++: highly produce
Test

Figure 2. Anatomical structure of uninfected (control) red chilli
fruit in cross-section. c: cuticles, ep: epicarpium, cl: collenchyma,
v: phloem/xylem, is: intercellular space cell, ec: endocarpium
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B
A
B
Figure 3. Inoculated red chilli fruit (A) and (B) anatomical structures 8 hours after inoculation by Colletotrichum acutatum isolates. The
Colletotrichum acutatum isolates were from 1. Malang, 2. Temanggung, 3. Kulonprogo, 4. Brebes, 5. Garut and 6. Pandeglang. The
arrows point to the anthracnose symptoms. c: cuticles, ep: epicarpium, cl: collenchyma, v: phloem/xylem, is: intercellular space cell, ec:
endocarpium

A
B
A
B
Figure 4. Inoculated red chilli fruit (A) and (B) anatomical structures 16 hours after inoculation by Colletotrichum acutatum isolates.
The Colletotrichum acutatum isolates were from 1. Malang, 2. Temanggung, 3. Kulonprogo, 4. Brebes, 5. Garut and 6. Pandeglang. The
arrows point to the anthracnose symptoms. c: cuticles, ep: epicarpium, cl: collenchyma, v: phloem/xylem, is: intercellular space cell, ec:
endocarpium
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A
B
A
B
Figure 5. Inoculated red chilli fruit (A) and (B) anatomical structures 24 hours after inoculation by Colletotrichum acutatum isolates.
The Colletotrichum acutatum isolates were from 1. Malang, 2. Temanggung, 3. Kulonprogo, 4. Brebes, 5. Garut and 6. Pandeglang. The
arrows point to the anthracnose symptoms. c: cuticles, ep: epicarpium, cl: collenchyma, v: phloem/xylem, is: intercellular space cell, ec:
endocarpium.

A
B
A
B
Figure 6. Inoculated red chilli fruit (A) and (B) anatomical structures 32 hours after inoculation by Colletotrichum acutatum isolates.
The Colletotrichum acutatum isolates were from 1. Malang, 2. Temanggung, 3. Kulonprogo, 4. Brebes, 5. Garut and 6. Pandeglang. The
arrows point to the anthracnose symptoms. c: cuticles, ep: epicarpium, cl: collenchyma, v: phloem/xylem, is: intercellular space cell, ec:
endocarpium
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Histopathology of red chilli fruit infected with
Colletotrichum acutatum isolates
Based on observations using light microscope, the
anatomical structure of red chillies at the incubation period
of 8 h.a.i. (Figure 3.B), found relatively same when
compared to control fruits (Figure 2). But the fruits
inoculated with C. acutatum from Kulonprogo showed
more tenuous than other treatments. At the incubation
period of 16 h.a.i. (Figure 4.B), the cells that make up the
red chilli fruit tissue inoculated with C. acutatum from
Malang, Brebes, Garut, and Pandeglang showed more
tenuous than the control. In the incubation period of 24
h.a.i. (Figure 5.B red chilli fruit tissue also appeared more
tenuous than the control. Meanwhile, inoculation of C.
acutatum from Malang, Brebes, Garut, and Pandeglang
resulted in more tenuous tissue than those inoculated by C.
acutatum from Temanggung. At the incubation period of
32 h.a.i (Figure 6.B), the anatomical structure of the red
chilli fruits looks more tenuous and even appears that the
tissue structure has separated.
Histopathological observations (Figures 3.B, 4..B, 5.B
and 6.B) revealed tissue damage in red chilli fruits
inoculated with C. acutatum Java isolate from Kulonprogo
at 8 h.a.i. This showed that pathogenic activity had begun
in the initial phase of infection, even though melanization
associated with anthracnose symptoms was not observed.
Red chilli tissue damage caused by C. acutatum isolates
from Malang, Brebes, Garut, and Pandeglang began to
appear at 16 h.a.i., while damage by C. acutatum isolates of
Temanggung began at 24 h.a.i.
The compound groups in pigments produced by
Colletotrichum acutatum isolates
Detection of pigments compound groups produced by
C. acutatum Java isolates indicated that the isolates from
Malang, Kulonprogo, Brebes, Garut, and Pandeglang
produced tannins, while the other isolates did not produce
(Table 2). Tannins produced by Kulonprogo isolates had a
stronger pigment color (dark red) than those produced by
the isolates from other regions (Table 1).
Discussion
Histology of uninfected red chilli fruit showed a
compact structure. The epicarpium, mesocarpium, and
endocarpium consist of layer of cells appeared compact.
This result is very similar to that previously reported by
Weryszko-Chmielewska and Zenia (2012).
In the early phase of infection, plant pathogens produce
the pectinase enzyme which plays a role in pathogenesis
(Yakoby et al. 2000). Pectinase degrades the pectin
compounds that make up the middle lamella, resulting in
the separation of cells making up the parenchymal tissue
and increasing the space between cells. C. acutatum Java
isolates can produce pectinase enzyme (Muljowati et al.
2020), which degrades plant cell walls.
The anthracnose symptoms due to C. acutatum Java
isolates showed at different times. C. acutatum isolates
from Kulonprogo caused host damage within 8 hours,
while the other isolates (from Malang, Brebes, Garut and
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Pandeglang) began to produce similar symptoms at 16
hours or 24 hours. This result is not in line with the
observation uncovered by Arroyo et al. (2009), that C.
acutatum conidia germination occurred starting at 4 hours
after inoculation. Furthermore, at 24 hours after
inoculation, it begins, which is marked by the appearance
of symptoms. The initial symptoms are brown spots, and
over time the spot darkens. The timing of the appearance of
brown color at the anthracnose symptoms different among
C. acutatum isolates from different locations. According to
Elsenman and Casadevall (2012), melanin is a pigment
with a granular structure, and is a product of the
polymerization of phenol compounds. The function of
melanin is to protect fungi from environmental influences.
It also plays a role in pathogenesis and the invasion of host
tissue.
Besides producing the pectinase enzyme, C. acutatum
isolates from Malang, Kulonprogo, Brebes, Garut and
Pandeglang were able to produce red pigment in culture
medium, while isolates from Temanggung did not produce
pigments. Pigments produced by C. acutatum isolates are
tannins compound group (Geetha et al. 2016). Higher
tannin concentrations result in stronger pigment color (dark
red). Tannin acyl-hydrolase commonly referred to as
tannase, hydrolyses the ester bonds of hydrolyzable
tannins, gallotannins, ellagitannins to produce gallic acid,
glucose and galloil ester (Govindarajan et al. 2016).
Belmares et al. (2004) stated that plants and microbes can
produce tannases. Tannase plays a role in the ability of
pathogens to cause symptoms of plant diseases (Sharma,
2019). Therefore, the pectinase and tannase enzymes in the
red pigment produced by the Java isolate C. acutatum also
play a role in causing symptoms of anthracnose disease in
red chilies. In all incubation periods, anthracnose
symptoms and tissue damage occurred more rapidly in red
chillies inoculated with C. acutatum isolate from
Kulonprogo, while inoculations of C. acutatum isolate
from Temanggung resulted in the slowest anthracnose
symptoms and tissue damage
Anthracnose symptoms and tissue damage in red
chillies inoculated with C. acutatum have been seen in the
early stages of infection. This indicates that pathogenic
activity has started at initial phases.
It remains unclear why the pigment concentration
produced by C. acutatum Java isolates was not the same.
Therefore, it has been suggested that the factors affect the
ability of C. acutatum isolates to produc pigments should
be investigated.
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