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Abstract

This paper reviews the current knowledge of pepper anthracnose in the Philippines. We present
research outputs on pepper anthracnose from the last three years. Then, we present evidence of the
widespread occurrence of C. acutatum sensu lato in the Philippines. Finally, we highlight some research
prospects that would contribute towards developing an integrated anthracnose management program.
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I. Knowledge review of pepper anthracnose in the Philippines
Pepper in the Philippines

Pepper (Capsicum sp.) is an important vegetable crop in the family Solanaceae. It is mainly added as a
spice or condiment in various dishes. In the Philippines, there is a demand for pepper in both the fresh and
processing markets. However, it is a relatively small industry compared to other vegetable crops, e.g.,
tomato. The Cordillera and Northern Mindanao regions produce the most but, other areas, e.g., in the
CALABARZON and Central Luzon, also steadily produce pepper. The price of pepper can reach to as high
as Php1,000 per Kg (USD 20), making pepper cultivation attractive to small-scale growers as a source of
income. Within three months, depending on the pepper variety, growers can start harvesting the fruits, that
could last to several priming’s (harvests). Local growers supply fresh pepper fruits. The change in the
grower’s preference may affect the supply of pepper. Issues brought by biotic and abiotic factors, which
can significantly reduce the yield of marketable fruits, usually contribute to this preference. The Department
of Agriculture (Philippines) has identified the high incidence of diseases as among the significant
production barriers in vegetable production.

Pepper Anthracnose

Anthracnose is among the most well-known pepper diseases worldwide. It is characterized by fruits
having dark, sunken, lesion which grows or coalesce with other lesions. In some cases, fruits in the field
with severe infection mummifies. Not only it reduces yield in the field, but anthracnose can also diminish
the quality of fruits during the post-harvest operations. While fruits may show a lack of anthracnose
symptoms, the disease could develop later. This phenomenon is due to the ability of the pathogen to enter
a quiescent or latent stage (Cannon et al. 2012). When storage and post-harvest conditions favor the growth
of the pathogen, symptoms may slowly develop. The ability to reduce yield and decrease the number of
marketable fruits make anthracnose as one of the most destructive diseases of fruits and vegetables
(Freeman et al., 1998).
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Anthracnose is common in tropical regions, particularly in Asia (Than et al. 2008b), where warm, wet,
and humid conditions persist. However, many temperate crops can also be infected (Cannon et al., 2012).
The disease has been reported in Indonesia (Voorrips et al. 2004), Korea (Park and Kim 1992), Taiwan
(Manandhar et al. 1995), Thailand (Than et al. 2008a), and Vietnam (Don et al. 2007). Pepper anthracnose
was first scientifically reported in the Philippines by Ocfemia (1924). In 1977, Quimio reported a different
species causing pepper anthracnose in the country. Almost two decades later, Opina (1993) investigated
several outbreaks of pepper anthracnose in the provinces of Batangas, Quezon, and Laguna. Severe
infections were reported, but little was known of the scale of the damage brought by anthracnose.

Anthracnose can cause 50 to 100% vyield loss globally (e.g., Silva et al. 2005; Poonpolgul and Kumphai
2007). That anthracnose results in a reduction in potential harvests, and marketable fruit yield of pepper in
the Philippines, was reported recently by Dela Cueva and Balendres (2017). Moderate to severe anthracnose
in both the “sinigang” and “labuyo” type of pepper cultivars were observed in surveyed farms planted with
pepper in Batangas. A total yield reduction was recorded in one of the small farms. Some farmers abandon
fields planted with crops infected with anthracnose before fruits were harvested. Some of the apparently
healthy harvested fruits later developed anthracnose and, subsequently, were rejected during marketing.
Even in areas were fruits were still setting, about 3% of the plants were already showing anthracnose
lesions.

The problems associated with anthracnose may affect the supply (reduced) of pepper fruits and, with
high demand, may subsequently cause a surge in price. For example, in 2015, according to the Agribusiness
and Marketing Assistance Service (AMAYS), the price of siling labuyo rose to Php 700 per Kg (USD 14) in
some Metro Manila markets in December, due to the low level of supply (Padin 2015). Such a price increase
may also be indirectly reflected in meals and foods with pepper as a vital vegetable ingredient. From a
consumer perspective, this would be an additional household expense. Not to mention the losses also
incurred when healthy fruits brought from the supermarket later developed anthracnose after several days
in the fridge.

Etiology of Pepper Anthracnose

The fungus Colletotrichum spp. causes anthracnose. (sexual stage Glomerella). Colletotrichum species
are filamentous fungi that grow well in tropical conditions (frequent rain, warm, and humid). However, it
can also thrive in subtropical and some temperate regions (Freeman et al. 1998). Splashes of water
(overhead irrigation) or rain quickly disperse fungal spores or conidia. Thus, anthracnose can be severe
during the wet season. The fungus can infect on leaves, stems, flowers, and more commonly on fruits.

Several Colletotrichum species cause pepper anthracnose (Mongkolporn and Taylor, 2018), and these
species belong to several clades or complexes (Cannon et al. 2012). The commonly reported species are
found in the C. gloeosporioides sensu lato (the “gloeosporioides group™), and C. acutatum sensu lato (the
“acutatum group”). Some other species belong to the C. truncatum sensu lato (the “truncatum group”), C.
boninense sensu lato (“boninense group”), and C. dematium sensu lato (“dematium group”). The
“acutatum” (Damm et al., 2012) and “gloeosporioides” (Weir et al., 2012) groups/clades contain many
species that are now identified as unique species, as supported by multiple gene analyses (Cannon et al.
2012).

Colletotrichum species associated with pepper anthracnose are C. acutatum sensu stricto, C. boninense,
C. brevisporum, C. capsici (syn. C. truncatum sensu stricto), C. coccodes, C. dematium, C. fructicola, C.
gloeosporioides sensu stricto, C. karstii, C. siamense, and C. truncatum (Park and Kim 1992; Johnston and
Jones 1997; Sharma et al. 2005; Than et al. 2008a; Kim et al. 2008; Diao et al. 2012; Sharma and Shenoy
2014; Diao et al. 2015; Han et al. 2016; Saini et al. 2016; Liu et al. 2016; De Silva et al. 2017). Recently,
Liu et al. (2016) reported a new species, C. sichuanensis, causing anthracnose of pepper in Sichuan
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Province, China. The most frequently reported species complexes are C. acutatum, C. truncatum, and C.
gloeosporioides (Than et al. 2008b; Weir et al. 2012; Damm et al. 2012). Damm et al. (2012) also
reclassified two isolates of C. acutatum to now new species, C. scovillei and C. nymphaeae.

Ocfemia (1924), in the Philippines, reported the cause of pepper anthracnose as C. nigrum (Tangonan,
1999). Quimio (1977) also reported C. capsici. Opina (1993) identified the causal pathogens of pepper
anthracnose in the Southern Luzon provinces as C. gloeosporioides and C. capsici. Dela Cueva and
Balendres (2017) isolated C. gloeosporioides sensu lato (Figure 1a), C. truncatum sensu lato (Figure 1b),
and, for the first time, C. acutatum sensu lato (Figure 1c) from anthracnose-infected pepper fruits.
Interestingly, C. acutatum sensu lato is a common pathogen of pepper in other countries (Than et al. 2008b)
but was only detected in the Philippines just recently (Dela Cueva and Balendres 2017). It was not known
if C. acutatum sensu lato is present in other regions. Most recently, the C. acutatum sensu lato Ca5 isolate
was later identified as C. scovillei based on combined morpho-cultural, pathogenicity, and molecular
characterizations (Balendres et al., 2018). That the pathogen was already present in the country but
remained undetected or was introduced into the country remains debatable and would be a subject of future
investigations.

Identification of Colletotrichum species associated with anthracnose

Traditionally, Colletotrichum spp. are identified based on spore morphology, cultural growth, and host
range. Species complex can be distinguished by growth in culture media (e.g., potato dextrose agar) and
the appearance of the spores (and other morphological features). Some species can also infect a specific
host crop. Nevertheless, these features were found inadequate when identifying the species due to
morphological similarities of the pathogens under specific conditions or overlapping host range (Wharton
and Dieguez-Uribeondo 2004). A polyphasic approach (Cai et al. 2009) has been proposed when identifying
species within a species complex. The approach combines morpho-cultural and pathogenicity
characteristics with molecular data (Cannon et al., 2012). These molecular data are the DNA sequences of
(target) gene regions of the fungus. Mills et al. (1992) and Sreenivasaprasad et al. (1996) were the first to
use DNA sequence data, using the internal transcribed spacer (ITS) gene region, in distinguishing
Colletotrichum species. Since then, several works have used additional gene regions, e.g., the
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), the B-tubulin (BTUB), and the actin (ACT) gene
regions (see Cannon et al. 2012). The ITS, GAPDH, and BTUB gene regions have been successfully used
in discriminating Colletotrichum species within the “acutatum” (Damm et al. 2012) and “gloeosporioides”
group (Weir et al. 2012).

The knowledge of the causal agent of anthracnose is essential when developing and implementing
successful disease management. Each species could differ in sensitivity and response to various chemicals
(Peres et al., 2004; Peres et al., 2005). Species also differ in pathogenicity to pepper genotypes/cultivar.
These were the case of the representative isolates collected from the Philippines (de Castro et al. 2018;
Mendoza et al. 2018). Thus, accurate identification of Colletotrichum species causing anthracnose in the
field contributes to the success of the chemical application and cultivar deployment.

Current anthracnose management strategies

There is no single practical disease control approach available for pepper anthracnose. The combination
of two or more control strategies has been recommended (Than et al. 2008b). Seeds can be sources of
inoculum, and hence, planting certified seeds is highly recommended. Soil health is also as important as
planting healthy seeds. Fields planted previously with pepper, which has been infected severely by
anthracnose, may be left idle at least for a year. Rotating with non-Solanaceous and non-host crops is
advisable in fields with a long history of anthracnose. Weeds can also serve as a reservoir or source of
inoculum for the next cropping season. One particular weed is Lantana camara (De Castro AM, Dela Cueva
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FM, and Balendres MA, unpublished observation). Hence, the removal of weeds that could serve as
alternative hosts of the fungi could also potentially help in reducing the inoculum pressure.

"gloeosporioides” “truncatum” "acutatum”

Figure 1. Spore morphology (upper photos) and pathogenicity (lower photos) of C.
gloeosporioides sensu lato (a, d), C. truncatum sensu lato (b, €) and C. acutatum sensu lato (c, f).

Chemicals have been used in anthracnose management. For pepper anthracnose, in other countries,
although it does not consistently control, Manganese ethylenebisdithiocarbanae (Maneb) has been
recommended (Smith 2000). In the Philippines, several chemicals have been approved for use in pepper
anthracnose (by the Fertilizer and Pesticide Authority). Some other chemicals have also shown promising
results in vitro trials (Balendres et al. 2018). Nevertheless, the use of some fungicides has been discouraged
due to the potential adverse effects of the chemicals on human health and the environment (\Voorrips et al.
2004; Than et al. 2008b). One alternative to fungicides (pesticides) are bio-fungicides. A bio fungicide that
contains Bacillus subtilis, a popularly known biological control agent, has shown some promising results.
In vitro pathogen growth was completely inhibited, and lesion development in fruits was delayed or reduced
as compared to fruits that were not treated with any chemicals (Dela Cueva and Balendres 2018; Balendres
et al. 2018). Citronella (Cymbopogon spp.) essential oil (CEO) has also been shown to completely inhibit
C. acutatum sensu lato growth in PDA amended with CEO. CEO also delayed the development of
anthracnose in fruits. The effect of the CEO on disease development was comparable to that of the bio
fungicide and other chemical treatments (Dela Cueva and Balendres 2018).
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Perhaps the cheapest, safest, and most sustainable approach to anthracnose management is the use of
resistant cultivar or genotype. However, little is known of pepper genotypes in the country with resistance
to anthracnose. Pepper cultivars have some degree of susceptibility to anthracnose. Than et al. (2008b)
outlined some works done elsewhere that investigated some promising dominant gene responsible for
resistance to pepper anthracnose. Opina (1993), in the Philippines, found three pepper lines with resistance
to anthracnose under natural field conditions, and these lines could serve as sources of resistance for further
breeding work. Most recently, Mendoza et al. (2018) also found, in a preliminary screening, some
promising pepper accessions from the National Plant Genetic Resources Laboratory (NPGRL) at IPB,
UPLB. Anthracnose did not develop in these relatively resistant pepper accessions in both wounded and
unwounded detached fruit assay.

I1. Molecular detection of C. acutatum sensu lato in the Philippines

Colletotrichum species cause anthracnose of a wide range of plant species, including fruits and
vegetables. In the Philippines, there are 57 reported hosts of 21 reported Colletotrichum species (Tangonan
and Quebral, 1992; Balendres 2019). The identity of these species was based mainly on morphological and
cultural characteristics of the isolated fungi and based on the host species (for example, C. melongena was
isolated from Solanum melongena). However, the list includes several unrecognized species. For example,
C. coffeanum, C. melongena, C. euchroum, C. ficus, C. papayae are not recognized in the current
Colletotrichum systematics (Cannon et al. 2012). Because no specimens were kept, reidentification would
be very challenging.

Anthracnose is one of the most destructive plant diseases globally. It can significantly reduce yield up
to 100% (Dela Cueva and Balendres 2017) and can negatively affect the marketability of the produce. In
2017, Dela Cueva and Balendres reported an occurrence of anthracnose in pepper that is caused by C.
acutatum sensu lato, which was a first report in the country. Noteworthy, this pathogen is common in other
Southeast Asian countries, yet rarely and only reported that time in the country. The C. acutatum sensu lato
was isolated from an anthracnose-infected pepper fruit from Batangas, Philippines. The presence of C.
acutatum sensu lato in other provinces in the Philippines is yet to be determined.

This section aims at detecting C. acutatum sensu lato in anthracnose-infected pepper from the Visayas,
Mindanao, and some provinces in Luzon, Philippines, using a rapid DNA extraction-PCR tandem method
(Balendres and Dela Cueva 2018). Anthracnose-infected pepper fruits were collected from select areas in
Luzon (llocos, Tarlac, Cavite, Batangas, Laguna, Quezon, and Bicol), Visayas (Cebu and Bacolod), and
Mindanao (Bukidnon and Cagayan de Oro) between 2017-2018. All pepper fruit samples from Visayas and
Mindanao were brought to the Plant Pathology Laboratory, Institute of Plant Breeding, College of
Agriculture and Food Science, University of the Philippines Los Bafios, under the license of the Bureau of
Plant Industry-National Plant Quarantine Services Division (BPI-NPQSD).

The anthracnose-infected tissues were cut into 3x3 mm block size, and these were surface-sterilized in
10% sodium hypochlorite solution (v/v, Zonrox). Tissues were washed three times in sterile distilled water,
air-dried in sterile tissue paper, and then placed onto potato dextrose agar (PDA) medium. Plates were
incubated at 28 °C for five days. The actively growing hyphae of the fungus were transferred, and single
spore isolated, to a new PDA medium for subsequent DNA extraction and PCR analysis (Balendres and
Dela Cueva 2018). The pathogenicity assay was performed in pepper cultivar Django fruits following the
procedure of Dela Cueva and Balendres (2017). The fungal genomic DNA used as a template in the PCR
assay was extracted using the method described by Balendres and Dela Cueva (2018) that was modified
from the procedure used by Talbot’s Laboratory (University of Exeter, UK). PCR amplification of the target
gene regions was performed in a Speedcycler thermal cycler using the conditions optimized by Balendres
and Dela Cueva (2018).
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Of the 66 Colletotrichum Philippine isolates, 37, 9, and 20 were C. acutatum sensu lato, C.
gloeosporioides sensu lato, and C. truncatum sensu lato, respectively (Table 1). The C. acutatum sensu lato
was detected in all three main islands. The results indicate the wide distribution of C. acutatum in the
Philippines, and it is also the most commonly isolated Colletotrichum species complex. This study is the
first report of C. acutatum sensu lato in the island of Mindanao and other provinces (except Batangas and
Quezon) in Luzon. Identification of C. acutatum sensu lato and their distribution in the country could assist
plant breeders in developing durable disease-resistant plants and in providing the relevant agencies the
baseline information of C. acutatum sensu lato distribution in the country.

Table 1. The number of isolates collected from the three island groups and their identity.

Island C. gloeosporioides  C. truncatum C. acutatum
Group A sensu lato sensu lato sensu lato
Luzon Batangas 4 0 18
Bicol 0 2 9
Tarlac 1 1 6
Sub-total 5 3 33
Visayas Bacolod 3 6 0
Sub-total 3 6 0
Mindanao  Bukidnon 0 10 2
Davao 0 0 1
Cagayan de Oro 1 1 1
Sub-total 1 11 4
Total 9 20 37

I11. Research Prospects

Colletotrichum species are known to infect various plant species. Several Colletotrichum species causes
anthracnose in fruits and vegetables in the Philippines (Tangonan 1999). However, little is known of the
cross-infection potential of the current species to other crops. There is also a dearth of information on host
range and the epidemiology of Colletotrichum species currently infecting pepper in the country, particularly
C. scovillei. Such knowledge would be useful in developing an effective crop rotation program for
anthracnose management. While evidence has been presented that C. acutatum sensu lato is a common
pepper anthracnose pathogen, additional isolates are still needed particularly during a different growing
season.

The search for alternatives to fungicides can be further explored. Plant-derived substances or metabolites
can be assayed (Chitwood, 2002; Balendres et al., 2016) for antifungal activity against the anthracnose
pathogens. However, one factor to consider is the phytotoxicity of the chemical. Dela Cueva and Balendres
(2018) found that the CEO at 2.5 uL/mL water was toxic to and damaged the pepper fruits. The remedy
was to lower the concentration of CEO, at 1.25 ul CEO/mL water, at a level that is not toxic to the fruits
while still controlling the disease. There are currently no known commercial BCA for anthracnose
management in the country. Hence, aside from safe chemical alternatives, biological control agents (BCA)
are to be considered. Identifying active compounds from these potential BCAs would also be worthwhile.
Glasshouse and field trials would be needed to establish further the effectiveness of certain bio fungicides
and botanical extracts as alternatives to fungicides (pesticides) in pepper anthracnose management.
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Cultivar resistance is the most sustainable and relatively, the cheapest approach to combat anthracnose.
However, no pepper cultivar currently grown in the field is resistant to anthracnose. If there is, there may
be some variable response of these cultivars to different Colletotrichum species. Germplasm collections
could be used for disease screening studies. There are currently more than 1,000 pepper accessions at the
NPGRL-IPB-UPLB, and some other accessions may be sourced elsewhere. Pepper breeding lines and other
pepper genotypes produced during pre-breeding activities can also be tapped in for anthracnose resistance
screening. These accessions and breeding lines are also potential sources of resistance to anthracnose that
can be used in subsequent pepper breeding program and resistant-gene marker mining.

Conclusion

Anthracnose is a destructive disease of pepper that reduces yield and results in monetary losses. The last
three years have provided new insights into the Colletotrichum-pepper pathosystem in the country.
Currently, C. gloeosporioides sensu lato, C. truncatum sensu lato, C. acutatum sensu lato, and C. scovillei
are associated with pepper anthracnose. Polyphasic identification has made detection and identification
more rapid and robust. While no single disease control approach is in place, research towards the
development and identification of potential disease mitigating approaches is steadily gaining momentum.
Bio fungicides are being assessed, and promising results have been observed. Potential sources of resistance
to anthracnose in pepper germplasm are now being selected. Nevertheless, until farmers are provided with
useful tools, methods, and cultivars that would contribute to controlling pepper anthracnose, the research is
far from complete. Cultural methods that include mulching, removal of weeds, and immediately eradicating
infected plant parts, with proactive disease monitoring, remains vital in mitigating disease impact.
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