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Abstract: Colletotrichum truncatum (syn. C. capsici), like many other members of the genus Colletotrichum, displays a highly developed 
infection mechanism against a number of agriculturally important crops. Among many survival strategies, C. truncatum is well known 
for its wide host range and high pathogenicity on several major crop species. Meticulous understanding of a pathogen’s infection 
mechanisms is the best way to achieve successful management of a disease. This study was carried out to evaluate the pathogenic-
ity of C. truncatum on selected crop plants and weed species and to detect the possibility of non-host species to facilitate survival of 
the pathogen. Inoculation of an isolate of C. truncatum to four crops: curry chilli – Capsicum annuum (var. CA8), eggplant – Solanum 
melongena (var. Lena Iri), tomato – Solanum lycopersicum (var. Thilina) and green chilli – C. annuum (var. KA2) and three weed species: 
little ironweed (Vernonia cinerea), billygoat-weed (Ageratum conyzoides) and Bengal dayflower (Commelina benghalensis) resulted in ap-
proximately 3.5 disease severity (DS) (100% disease incidence-DI) on S. lycopersicum and C. annuum (var. KA2), followed by 2.8 and 
1.8 DS (100%, 75% DI) on C. annuum (var. CA8) and S. melongena (var. Lena Iri), respectively. The three weed species were completely 
symptomless up to 8 weeks after the inoculation (WAI). However, microscopic studies and serial culturing of the inoculated tissues 
revealed the presence of the fungus in all the tested plants. Appressoria were present in all treated leaves and eventually broke their 
dormancy upon leaf senescence nearly 6 WAI. This study reveals the potential of C. truncatum infecting all tested crops and the capa-
bility of the three weed species in harboring the pathogen asymptomatically for several weeks. Thus, early management of inoculum 
in the field is suggested for C. truncatum diseases.
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Introduction
Colletotrichum truncatum (previously known as C. capsi-
ci) (Damm et al. 2009) is a notorious pathogen of many 
agriculturally important crops such as chillies, cowpea, 
cotton, tomato, soybean, lentil and Piper spp. (Emechebe 
1981; Roberts and Snow 1984; Pring et al. 1995; Than et al. 
2008; Gossen et al. 2009). It is known to be a subcuticular 
intramural necrotrophic pathogen, giving least opportu-
nity for induced host responses (Roberts and Snow 1990; 
Zakaria 1990). This feature has given C. truncatum the ad-
vantage of infecting a wide range of hosts, thus C. trun-
catum has the potential to infect a wide variety of crop 
plants as well as weed species (Pring et al. 1995). 

Proper understanding of the infection mechanism and 
the disease cycle of a pathogen can help to achieve suc-
cessful disease management in the field. One of the key 
events in a pathogen’s life cycle is its survival during the off 
seasons and non-fruit bearing periods of a crop. The occur-
rence of alternative host species has been reported in many 
other Colletotrichum species (Freeman et al. 2001) includin-
ga few reports of C. truncatum survival on other field crops 
as well as on weed species (Boyette 1991). While the degree 
of virulence among different strains of the pathogen can 
vary among different hosts (Gossen et al. 2009; Montri et al. 

2009), in some situations, C. truncatum is known to exist 
as an asymptomatic endophyte through non-pathogenic 
relationships developed with non-host plants (Perfect et al. 
1999). This adaptation is obviously a survival strategy of 
the fungus, which might lead to successful spore produc-
tion on the particular plant. Understanding potential inoc-
ulum sources is highly important in employing agronomic 
and cultural management practices such as proper weed 
control and prudent crop rotation.

One of the striking features of the genus Colletotrichum 
is that, some of its members have the ability to spend a qui-
escent life stage on a living tissue. Colletotrichum trunca-
tum particularly displays the ability to colonize and sub-
sequently to spend a dormant phase on its well-known 
hosts (e.g. Pring et al. 1995; Ranathunge et al. 2012), and on 
unknown weed hosts (McLean and Roy 1991). Therefore, 
the crops that are usually intercropped/rotated with the 
known susceptible hosts have to be studied for their poten-
tial for harboring the pathogen in an asymptomatic state 
even though they have never been reported to express an-
thracnose disease symptoms. Furthermore, due to rapid 
pathogen evolution, new strains with higher virulence lev-
els can possibly arise, which can lead to unexpected epi-
demics leading to severe infections destroying crops. 
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In addition, there are many weed species that can 
serve as possible hosts of the pathogen. Based on the 
speculations of Mordue (1971) and the work of McLean 
and Roy (1991), certain weeds act as potential reservoirs 
of inoculum of C. truncatum. Inoculation experiments 
conducted under greenhouse conditions with nine differ-
ent subtropical weed species showed that all the isolates 
obtained from these weed species were pathogenic on to-
mato fruits. Further study revealed that none of the weed 
isolates caused any symptoms on the weed host spe-
cies, however, each was re-isolated onto culture media. 
Interestingly, each isolate produced fertile acervuli on 
seedlings that had been killed by the herbicide, paraquat 
(1,1’-dimethyl-4-4’-bipyridinium dichloride) (McLean 
and Roy 1991). 

Therefore, the possibility of the existence of alterna-
tive hosts of C. truncatum under local conditions should 
also be taken into consideration. The aims of this study 
were to evaluate the pathogenicity of C. truncatum on se-
lected crop plants and weed species and to determine the 
possibility of these unidentified host species to facilitate 
asymptomatic survival of the pathogen.

Materials and Methods

The pathogen

Colletotrichum truncatum (isolate CCKM1) was isolated 
from an infected chilli fruit collected from the Kambu-
rupitiya area of the Sothern Province of Sri Lanka and 
was cultured on Potato Dextrose Agar (PDA). The isolate 
was identified by spore morphology (Shenoy et al. 2007; 
Damm et al. 2009) and a single-spore culture was main-
tained on PDA at 4°C.

For the preparation of the spore suspension, two week 
old sporulating C. truncatum colonies on PDA plates were 
covered with approximately 10 ml of sterilized distilled 
water and gently scraped with a sterile needle. The col-
lected spore suspension was filtered into a conical flask 
through two layers of sterile cheese cloth. The suspension 
was then slightly shaken to separate spore clusters and 
the spore concentration was adjusted to 106 spores · ml–1 
with sterile distilled water after counting the spores using 
a heamocytometer.  

Plant material

Four vegetable species: curry chilli – Capsicum annuum L.  
(var. CA8), eggplant – Solanum melongena L. (var. Lena 
Iri), tomato – Solanum lycopersicum L. (var. Thilina), and 
green chilli – C. annuum (var. KA2) and three weed spe-
cies: little ironweed  (Vernonia cinerea L.), billygoat-weed 
(Ageratum conyzoides L.) and Bengal dayflower (Comme-
lina benghalensis L.) were grown in pots under greenhouse 
conditions at 27°C and 12 day/night cycles.  

Inoculation and incubation of treated plants

Four week old plants were sprayed with a freshly pre-
pared spore suspension (106 spores · ml–1) of the C. trun-
catum isolate (CCKM1) up to the point of runoff. The ex-

periment was conducted with four replicates under com-
pletely randomized design. All the fully opened leaves 
present at the time of spraying were tagged for future 
observations. A controlled experiment was carried out for 
each plant species where plants were sprayed with sterile 
distilled water in the same manner. The inoculated plants 
were covered with polythene to provide 100% humidity 
for 72 h and then transferred to a greenhouse. 

Observations and measurements

Plants were regularly observed for the appearance of 
symptoms for 8 weeks. Disease incidence (DI) and dis-
ease severity (DS) was measured on infected plants. Dis-
ease incidence was calculated as the percent of plants 
that expressed visible symptoms over the total number 
of plants used for each treatment. For severity determina-
tion, the following formula by Hartman et al. (1986) was 
used: 1 = no symptoms; 2 = slight veinal or leaf necrosis; 
3 = veinal and petiole necrosis; 4 = veinal necrosis, petiole 
and stem cankering; and 5 = death of plant.

To observe the endophytic colonization, samples of 
asymptomatic tissues (four inoculated leaves from each 
replicate) were surface sterilized with 2% sodium hypo-
chlorite (chlorox) for 5 min, followed by washing in ster-
ile distilled water three times and the tissues were asepti-
cally excised into approx. 5 mm2 squares and cultured on 
PDA at two-week intervals. The plates were incubated at 
27°C and 12 day/night cycles. The number of surface ster-
ilized leaf tissues from which the pathogen could be re-
covered on PDA was counted three days after culturing. 
Identities of the resulting cultures were confirmed with 
the original isolate for colony and spore morphology.

Microscopic observations

The samples containing eight samples of treated leaf tis-
sues from each plant species were collected weekly from 
one to 6 weeks after inoculation (WAI). Approximately 
1 cm2 pieces were excised and placed in a clearing so-
lution of 1 : 2 (absolute ethanol : acetic acid) for 24 h to 
remove chlorophyll (Curry et al. 2002), followed by a re-
placement with a fresh clearing solution of the same com-
position for another 24 h. The cleared tissues were then 
washed with distilled water, blot dried, stained with an 
aniline blue solution and mounted on a microscopic slide 
in a drop of water. Tissues were observed under the light 
microscope (Carl Zeiss, Axi Lab. A1, Germany).

Data analysis

All the data were subjected tothe ANOVA procedure fol-
lowed by mean separation (Duncan’s) using IBM SPSS 
22.0.0.0 software (IBM Corporation, Armonk, NY). 

Results
Out of all the treated plants, tomato (var. Thilina) (100% 
DI, 3.5 DS) and green chilli (var. CA8) (100% DI, 3.6 
DS) produced characteristic anthracnose lesions on 
their leaves, petioles and stems (Table 1; Figs. 1A–B).  
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Table 1.	 Disease incidence (DI) and disease severity (DS) ratings on plants 2 weeks after inoculation with Colletotrichum truncatum 

Plant spp. DI [%] DS

Capsicum annuum (var. CA8) 100 b 3.6 c

Solanum melongena 75 b 1.8 ab

Solanum lycopersicum 100 b 3.5 c

Capsicum annuum  (var. KA2) 100 b 2.8 b

Vernonia cinerea 0 a 1.0 a

Ageratum conyzoides 0 a 1.0 a

Commelina benghalensis 0 a 1.0 a

Control 0 a 1.0 a

Values within each column followed by the same letter are not significantly different according to Duncan’s Multiple Range test  
at p < 0.001

Fig. 1.	 Appearance of anthracnose symptoms (arrow heads) on plants inoculated with Colletotrichum truncatum: A – on tomato stems; 
B – on tomato leaves; C – on eggplant leaves at 10 days after inoculation (DAI). The leaves were totally symptomless at the 
green phase except for one or two scattered, unexpanded blotches that appeared few days after inoculation
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Colletotrichum truncatum was recovered from the symp-
tomatic plant parts (leaves and petioles) on PDA media. 
All the other plants were symptomless except 1–2 small 
anthracnose lesions on eggplant (var. Lena Iri) (Fig. 1C) 
(75% DI, 1.8 DS) and curry chilli (var. KA2) (100% DI, 2.8 
DS). All the treated plants continued their normal growth 
and development similar to the untreated controls for 
the tested period. Green chilli plants produced typical 
anthracnose symptoms on ripened fruits approximately 
8 WAI. None of the other plants produced anthracnose 
symptoms on their fruits during the period the research 
was conducted (up to 8 WAI). 

Culturing of asymptomatic leaves on PDA at biweek-
ly intervals revealed the presence of the pathogens in all 
seven plant species up to 8 WAI (Table 2; Fig. 2). Based 
on colony and spore morphology they all were identified 
as C. truncatum isolate when compared with a culture of 

the original isolate. Overall results revealed that, 50–100% 
leaf tissues of six of the tested plant species showed 
pathogen recovery. However, with respect to V. cinerea, 
only a 35% recovery rate was observed.

Microscopic observation of samples at 1–6 WAI re-
vealed that, appressoria formation occurred in all plant 
species within the first week of inoculation. However, 
further colonization events were not observed in the 
subsequent weeks. Some of the appressoria remained at-
tached to the germ tube and spore throughout the time, 
while in some cases the spore was physically detached. 
Approximately during 5–6 WAI, some of the treated 
leaves reached senescence and samples taken from those 
revealed the dormancy breakage (Fig. 3). Formation of in-
fection hyphae (image not shown) and secondary appres-
soria (Fig. 3) were clearly observed on chilli (var. CA8) 
from the samples taken at 6 WAI.

Discussion
There are many reports of pathogenic Colletotrichum spe-
cies that show non-pathogenic relationships with plants 
(Bayman et al. 1997; Photita et al. 2005; Santamaria and Bay-
man 2005). Some species of Colletotrichum such as C. gloeo-
sporioides, C. acutatum, and C. magna, are described as 
pathogens of a single host and asymptomatic endophytes 
of other species (Perfect et al. 1999). Thus it is clear that 
members of Colletotrichum species are capable of adapting 
to different strategies depending on the host availability. 
Furthermore, it has been emphasized that, the ability to 
cause disease and the ability to colonize host tissue seem 
to be separate traits in such fungi (Jansen et al. 2005). 
This study suggests that C. truncatum presents a similar 
behavior in non-host plants. According to Ranathunge et 
al. (2012), a quiescent stage of C. truncatum has been ob-
served in chilli foliage, which shows that the pathogen 
can remain symptomless even on the susceptible host for 
some time. However when the opportunity presents itself, 
it continues to grow and invade the host tissues express-
ing the disease. This dormant nature of C. truncatum was 
confirmed in the present study with respect to all exam-
ined species. However, periodical culturing of inoculated 
tissues revealed the presence of the pathogen for several 

Table 2.	 Mean number of symptomless plants (4 replicates; 4 leaves from each replicate) from which, the pathogen (Colletotrichum 
truncatum) could be recovered on PDA media on biweekly basis

Name of the plant
Mean number of plants*

2 WAI 4 WAI 6 WAI 8 WAI

Capsicum annuum (var. CA8) 3.75±0.25 ab 3.50±0.29 ab 2.75±0.63 ab 3.00±0.41 ab

Solanum melongena 4.00±0.00 a 2.75±0.25 ab 3.25±0.48 ab 2.00±0.41 bc

Solanum lycopersicum 3.50±0.29 ab 3.50±0.29 ab 2.50±0.29 ab 2.00±0.71 bc

Capsicum annuum  (var. KA2) 4.00±0.00 a 3.75±0.25 a 3.00±0.41 a 3.50±0.29 a

Vernonia cinerea 1.00±0.41 d 1.25±0.48 c 1.00±0.00 c 1.50±0.50 c

Ageratum conyzoides 2.50±0.29 c 2.50±0.65 b 2.50±0.50 b 2.50±0.50 abc

Commelina benghalensis 3.00±0.41 bc 3.00±0.4 ab 2.25±0.25 ab 2.00±0.41 bc

*means ±standard errors within a column followed by the same letter do not differ significantly between plant types according to    
  Fisher’s least significant difference test at p < 0.05. No infection was detected on the control plants 
  WAI – weeks after inoculation; PDA – Potato Dextrose Agar

Fig. 2.	 Emergence of endophytic Colletotrichum truncatum myce-
lium from inoculated, symptomless leaves of Capsicum 
annuum [4 weeks after inoculation (WAI)] on Potato Dextro-
se Agar (PDA) medium 3 days after culturing



	 Deceptive behaviour of Colletotrichum truncatum: strategic survival as an asymptomatic endophyte on non-host species 	 161

weeks, which indicates that all the tested plant species 
have the ability to harbor the pathogen and might serve as 
sources of inocula for C. truncatum.

In conclusion, we propose that C. truncatum inocula 
have the ability to survive on symptomless leaves, and 
that the production of conidia at senescence may increase 
inoculum for the next round of infection. A greater aware-
ness of the unrevealed fungal dynamics on symptomless 
plants may also justify changes in currently recommend-
ed control strategies. Early fungicide applications, for ex-
ample, might effectively reduce initial inoculum produc-
tion on developing plants, thereby reducing subsequent 
epidemic development on susceptible crops.
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