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Abstract 

 The genus Colletotrichum has received considerable attention in the past decade 

because of its role as an important plant pathogen. The importance of Colletotrichum with 

regard to industrial application has however, received little attention from scientists over 

many years. The aim of the present paper is to explore the importance of Colletotrichum 

species as bio-control agents and as a bio-catalyst as well as secondary metabolites and toxin 

producers. Often the names assigned to the above four industrial applications have lacked an 

accurate taxonomic basis and this needs consideration. The current paper provides detailed 

background of the above topics. 

 

Key words – biotransformation – colletotrichin – mycoherbicide – mycoparasites – 
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Introduction 

Colletotrichum was introduced by Corda (1831), and is a coelomycete belonging to 

the family Glomerellaceae (Maharachchikumbura et al. 2015, 2016).  Species of this genus 

are widely known as pathogens of economical crops worldwide (Cannon et al. 2012). 

However, these species also occur as endophytes and saprobes in nature (Manamgoda et al. 

2013, Jayawardena et al. 2016). In the past decade this genus has received a tremendous 

amount of attention due to its complexity in phylogeny, as well as host pathogen interactions 

(Damm et al. 2012a, b, 2013, 2014, Hyde et al. 2014, Liu et al. 2015). However, the 

importance of this genus in industrial applications has been overlooked over many years. 

Species of Colletotrichum have been identified as significant bio-control agents (Askew et al. 

2011). They can also be utilized in biotechnological applications (García-Pajón & Collado 

2003). The aim of the present paper on Colletotrichum is to review its importance as 

biological control agents, bio-catalysts, and its secondary metabolite and toxin production.  
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Colletotrichum as a bio-control agent 

Some of the species of Colletotrichum have shown great potentials as bio-control 

agents.  Most of the Colletotrichum species are hemibiotrophic (Cannon et al. 2012). They 

have an initial biotrophic phase followed by a virulent necrotrophic phase leading to quick 

death of the host. This makes them qualified as biological control agents, especially if they 

are highly host-specific (Goodwin 2001). The natural spread and persistence of inoculums in 

species is also restricted, making them more suitable as bio-control agents. 

Mycoherbicides 

Mycoherbicides are fungal pathogens that are applied for the sole purpose to control a 

population of weeds (Templeton 1991).  

Templeton (1991) mentioned during that time there were five strains of 

Colletotrichum species which had a good prospect for developing into myco-herbicides. The 

author also mentioned that according to a literature survey, 19 strains of Colletotrichum have 

been considered as possible myco-herbicides. Two myco-herbicides known as Collego and 

Lubao have been used more than nine years (Templeton 1991). Collego is used to control 

Northern Jointvetch (Aeschynomene virginica) which is a native, annual weed in rice and 

soybean fields in Arkansas, USA (Bowers 1986). A water soluble dried conidial preparation 

of Colletotrichum aeschynomenes is used in this myco-herbicide (Templeton 1991). A strain 

identified as Colletotrichum gloeosporioides “f. sp. cuscutae” was developed as a 

mycoherbicide “Lu Bao 1” against Cuscuta australis and Cuscuta chinensis (Dodder) in 

China (Zhang 1985). This strain was included in the study of Guerber et al. (2003) and was 

identified to belong to the acutatum species complex. However, its current species status is 

unclear (Damm et al. 2012b). 

Colletotrichum gloeosporioides had been suggested as a possible bio-control agent for 

Clidemia hirta which is an introduced weed in Hawaiian forests (Trujillo et al. 1986). Isolates 

of C. clidemiae (earlier referred to as C. gloeosporioides “f. sp. clidemiae”) were highly 

pathogenic to Clidemia, but not to the other species of Melastomataceae (Trujillo et al. 1986, 

Weir et al. 2012).  Colletotrichum gloeosporioides f. sp. salsolae (which is now known as C. 

salsolae) was evaluated as a bio-control agent for Russian thistle or tumbleweed which is an 

introduced invasive weed in North America (Berner et al. 2009). Most introduced and weedy 

species of the genus Salsola were very susceptible and damaged by C. salsolae. Killgore et 

al. (1999) reported that the isolates recognized as C. gloeosporioides “f. sp. miconiae” were 

highly specific pathogens of Miconia clavescens, but this species was unable to infect 

Clidemia hirta which is a close relative. However, the species name of this pathogen is 

unresolved (Weir et al. 2012).  

Boyette et al. (2007) discussed C. truncatum is a potential mycoherbicide for 

Sesbania herbacea, which is an introduced plant species in Canada. Daigle & Cotty (1994) 

also elaborated that this species can be used as a mycoherbicide against Sesbania herbacea. 

Cartwright & Templeton (1989) did a preliminary assessment of C. truncatum (syn. C. 

capsici) as a potential mycoherbicide for the control of Ipomoea lacunosa which is a weed in 

cotton, peanut and soybean fields. The results showed that all the seedlings of I. lacunosa 

were killed within 5–7 days after inoculation, supporting the potential of C. truncatum as a 

commercial mycoherbicide. 

Colletotrichum coccodes has been examined as a selective bio-control agent for 

Abutilon theophrasti (Velvet leaf) which is an annual weed in the corn and soybean fields of 

eastern Mediterranean countries, Canada and the USA (Wymore et al. 1988). Mass 

production of spores is an essential step when commercializing a prospective mycoherbicide. 

Xu et al. (1997) introduced a modified Richards‟ solution as a low-cost and effective medium 

for spore production in this species. 
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Colletotrichum graminicola strain KA001 was identified as a potential mycoherbicide 

to control Echinochloa sp., which is a destructive weed in rice fields (Yang et al. 2000). 

Colletotrichum graminicola isolated from Sorghum halepense (Johnson grass), an introduced 

perennial grass, was also evaluated as a potential mycoherbicide against this host (Chiang et 

al. 1989).  

An isolate of C. gloeosporioides f. sp. malvae, which is now identified as C. tebeestii 

belonging to the orbiculare species complex (Bailey et al. 1996, Damm et al. 2013) has been 

developed as a mycoherbicide against the annual weeds Malva pusilla (Round-leaved 

mallow) and Abutilon theophrasti (Velvetleaf) in strawberry fields in Canada and the USA. It 

has been registered under the name BioMal by Philom Bios, Canada (Templeton 1992). 

However, Damm et al. (2013) mentioned that this product is not commercially available at 

present.  

A strain of Colletotrichum orbiculare (today identified to be C. spinosum) has been 

developed as an herbicide against anthracnose of Xanthium spinosum (Spiny cockleburr) 

which is a weed in sheep grazing areas and irrigated crops in Australia (Auld et al. 1988, 

1990, Templeton 1991, Auld & Say 1999). Colletotrichum malvarum which belongs in the 

orbiculare species complex has been tested as a mycoherbicide for bio-control of prickly sida 

(Sida spinosa) (Templeton 1974, Kirkpatrick et al. 1982). Strains tested by Kirkpatrick et al. 

(1982) were pathogenic to hollyhock (Althaea rosea) and prickly sida qualifying this species 

as a bio-control agent. 

Colletotrichum linicola (today known as C. lini) belonging to the destructivum 

species complex strain from field bindweed (Convolvulus arvensis) in Turkey (Tunali et al. 

2008), was tested to be effective as a potential bio-control agent against the host plant (Tunali 

et al. 2009). However, the identification was solely based on the ITS sequence, thus the 

identity of this strain needs to be confirmed with analyses of additional loci (Damm et al. 

2014). 

 

Mycofungicides 

Several studies have shown that endophytic Colletotrichum strains (belonging to the 

gloeosporioides species complex) provide protection to Theobroma cacao against 

Phytophthora pathogens, by inducing the plants‟ intrinsic defence pathways (Arnold et al. 

2003, Mejía et al. 2008, Rojas et al. 2010). However, the strains were not identified to the 

species level. 

 

Mycoparasites 

Association of Colletotrichum species with insects as entomopathogens might be 

considered surprising. A series of strains were isolated from an epizootic infection of the 

exotic scale insect Fiorinia externa in the New England region. The species was named as C. 

acutatum var. fioriniae (today known as C. fioriniae) (Marcelino et al. 2008, Damm et al. 

2012b). This insect is a sap-sucker and C. fioriniae was found to occur widely as an 

endophyte both in the host plant of the scale insect, Tsuga canadensis and in a 

phylogenetically diverse set of associated plants (Marcelino et al. 2009). This species can be 

used to control populations of F. externa. 

Two Colletotrichum strains (ARSEF4360 and EMA26) isolated from the 

economically important citrus scale insect, Orthezia praelonga in Brazil (Cesnik et al. 1996), 

have shown entomopathogenic activity against this insect (Marcelino et al. 2008). These two 

strains were initially reported as C. gloeosporioides “f. sp. ortheziidae”, but Marcelino et al. 

(2008) showed that this species belongs to the acutatum species complex. Damm et al. 

(2012b) mentioned that these two strains have only 2 bp differences with C. nymphaeae and 

probably belong to C. nymphaeae. However, these strains are apparently being used 
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effectively as a biological control agent against Orthezia praelonga in Brazil (Cesnik et al. 

1996, Cesnik & Ferraz 2000).  

In order to identify other Colletotrichum species that can be used as bio-control 

agents, further studies are needed. 

 

Colletotrichum as a bio-catalyst 

Microorganisms have potential application in biotransformation processes for the 

organic synthesis of small molecules, which nourish the chemical, pharmaceutics and 

agricultural industries. Bio-catalytic process may offer cheaper alternatives and several 

examples of Colletotrichum as a bio-catalyst are given in this section. 

Colletotrichum gloeosporioides (syn Glomerella cingulata) has been used in the bio-

transformation of saturated and unsaturated acyclic terpenoids. The saturated, acyclic 

monoterpenes tetrahydogeraniol and tetrahydrolavandulol were oxidized selectively at the 

isopropyl group. With the use of C. gloeosporioides as a bio-catalyst on racemic 

monoterpene lavandulol, 100% pure enantioselective cyclization was obtained (García-Pajón 

et al. 2003). Bio-tranformation of racemic 4-methylcyclohexanone and 4-ethylcyclohexanone 

can be carried out with the use of C. dematium, C. fragarie (today known as C. 

theobromicola), C. gloeosporioides, C. graminicola, C. lindemuthianum, C. orbiculare and 

C. trifoli (Miyazawa et al. 2000). Colletotrichum gloeosporioides and C. musae have been 

examined for their potential in the biotransformation of steroids (Wilson et al. 1999). The 

authors noted that the products isolated were those of oxidation and reduction. However, α, β-

unsaturated carbonyl functionalities were left untouched and minute quantities of 

hydroxylated steroids were formed during this bio-trnasformation (García-Pajón et al. 2003).  

  The microbial transformation of 2-phenilethanol and acetophenone was investigated 

using C. acutatum, which showed a strong tendency to produce hydroxylations on the 

substituents‟ attached to the aromatic ring (Aristizabal et al. 2008). Additionally, this species 

was able to reduce the carbonyl group effectively and produce esterification reactions in the 

hydroxyl groups from primary alcohols.  Velasco et al. (2010) demonstrated that C. acutatum 

can be used to transform cinnamyl alcohol into 2-phenulethanol, a colourless liquid 

possessing a faint but lasting rose petal odor. Transformation of propenylbenzenes using 

microbes can provide a cleaner and cheaper alternative in natural production of flavours and 

fragrances. In order to confirm this, Velasco-Bucheli et al. (2015) proposed a pathway of the 

bio-transformation of trans-anethole using C. acutatum.   

A strain of C. lini (ST-1) has been shown to selectively hydroxylate steroid substances 

(with exception of estradiol, estrone and progesterone) with 70–85% conversion rate and 60–

76 % total product yield (Wu et al. 2015). 

 

Secondary metabolites (SM) of Colletotrichum 

Fungi produce an enormous array of secondary metabolites, which may serve as 

signalling molecules and toxins against microorganisms (antimicrobials), plants (phytotoxins) 

or animals and humans (mycotoxins). Endophytic fungi are capable of producing a multitude 

of low-molecular-mass compounds known as secondary metabolites, which have roles in a 

range of cellular processes such as transcription, development and intercellular 

communication (Brakhage 2013). In addition, many of these compounds have important 

applications in pathogen control and in medicine. Species of Colletotrichum have been 

identified to produce secondary metabolites and a brief review of them is given in this 

section. 

 

Secondary metabolites towards pathogenesis 
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Colletotrichum species are fungal pathogens that devastate crop plants worldwide and 

their host infection involves specialized cell types that are associated with penetration, 

biotrophy and necrotrophy (O‟Connell et al. 2012). Colletotrichum species have been 

identified to produce a variety of SM genes, including flavones, peptides and terpenes 

(Crouch et al. 2014). They have also been identified to produce polyketide derived 1,8-

dihydroxynapthene (DHN) melanin, which is essential in appressorium mediated host 

penetration (Kubo & Furusawa 1991, Singh et al. 2010). 

Asakura et al. (2012) and Lin et al. (2012) showed that the primary and secondary 

metabolism regulates lipolysis and melanization in appressoria as well as conidial 

pigmentation of Colletotrichum orbiculare. Genome study of Crouch et al. (2014) has 

revealed that Colletotrichum species have large and complex storage of enzymes for ligno-

cellulose degradation. O‟Connell et al. (2012) compared genome and transcriptome sequence 

of C. higginsianum (belonging to the destructivum species complex) with those of C. 

graminicola (belonging to the graminicola species complex). This study revealed that both 

species possessed an unusually large set of pathogenicity-related genes, combining features 

of both biotrophic and necrotrophic pathogens. Similar to necrotrophs, genes encoding plant 

cell wall degrading enzymes, proteases and secondary metabolism enzymes in the tested 

species were expanded. However, these two species also encode large numbers of effector 

proteins for host manipulation, more similar to biotrophs. Transcriptome analyses by 

O‟Connell et al. (2012) showed that most effectors and SM genes are stage-specific and 

expressed early during appressorium penetration and biotrophy. O‟ Connell et al. (2012) 

identified 42 SM gene clusters in C. graminicola and 39 in C. higginsianum. Each SM gene 

cluster is probably involved in the biosynthesis of specific metabolite (Collemare et al. 2008). 

Therefore, each Colletotrichum species studied in O‟Connell et al. (2012) can be expected to 

produce unusually, large and diverse spectrum of SM. 

Limitation of nitrogen has been shown to be an essential stimulus for the production 

of SMs (Pusztahelyi et al. 2015). Kroll et al. (2014) showed the significance of global 

nitrogen regulators for the development of pathogenicity for C. acutatum and C. 

lindemuthianum. Hiruma et al. (2016) showed that tryptophan (Trp)-derived secondary 

metabolites are required for beneficial interactions between Arabidopsis thailandica and its 

endophytic C. tofieldiae. Weber et al. (2013) studied the influence of C. simmondsii infection 

on selected primary and secondary metabolites in strawberry runners and fruits. In this study, 

12 forms of ellagic acid, nine flavanols and eight flavonols were identified from strawberry 

runners, while in fruits nine forms of ellagic acid, six flavonols, seven flavonols and four 

anthocyanins were identified.  

Baroncelli et al. (2016) studied the genomes of C. fioriniae, C. fructicola, C. 

gloeosporioides, C. graminicola, C. higginsianum, C. nymphaeae, C. orbiculare, C. salicis, 

C. simmondsii and C. sublineola. According to their study, the more common hybrid gene 

cluster t1PKS-terpene (meroterpenoids) was found in seven out of ten genomes. These 

terpenoid clusters are potential candidates for synthesizing antimicrobial triterpenoids 

(ergosterol and its derivatives) by different species of Colletotrichum (Lu et al. 2000). 

Colletotrichum orbiculare possess a number of secondary metabolites including 24 

polyketide synthases (PKS), 1 PKS-like, 11 nonribosomal peptide synthases (NRPS), 9 

NPRS-like, 3 PKS-NPRS hybrid backbone synthases and 11 demethylallyl tryptophan 

synthases (DMAT) (Gan et al. 2013). However, C. gloeosporioides appears to have a greater 

capacity for secondary metabolite production than C. orbiculare. This species produces 34 

PKS, 10 PKS-like, 14 NRPS, 10 NRPS-like, 6 PKS-NRPS hybrids and 8 DMAT (Gan et al. 

2013). 

A tetrahydroxylated compound with antioxidant properties was isolated from C. 

gloeosporioides (Femeníaríos et al. 2007). Mycosporine-alanine, a spore germination 
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inhibitor has been recorded from C. graminicola (Leite & Nicholson 1992). The study of 

Somashekhara Achar & Shivanna (2013) indicated that certain secondary metabolites like 

alkaloids, flavonoids, phenols and sterols in Clitorea ternate plants were significantly 

influenced due to disease caused by C. dematium. 

 

Secondary metabolites against pathogens 

A potential opportunity to control crop pathogens is the use of endophytes and their 

derived secondary metabolites. 

Ester compounds namely Monorden and monicillins I, II and III have been isolated 

from C. graminicola (Wicklow et al. 2009). These compounds have shown antifungal 

activities against the foliar pathogens Alternaria alternata, Bipolaris zeicola, and Curvularia 

lunata. A new macrolide compound named colletotriolide was isolated from an endophyte 

Colletotrichum sp. isolated from Pandanum amaryllifolius in the Philipines (Bungihan et al. 

2013). Biological evaluation of this macrolide showed that it has a low activity against 

Escherichia coli. 

Colletotric acid, a tridepside, was identified from the liquid culture of an endophytic 

C. gloeosporioides which colonizes the stems of Artemisia mongolica, an asian plant that 

shows resistance to insect and pathogens (Mousa & Raizada 2013). Zou et al. (2000) showed 

that this compound has anti-microbial activity against Bacillus subtilis, Micrococcus luteus, 

Staphylococcus aureus and the fungus Helminthosporium sativum. 

Colletotrichum has been successfully used in the biotransformation of steroids giving 

more highly oxidized metabolites (Wilson et al. 1999). Lu et al. (2000) isolated five steroids 

from an endophytic Colletotrichum sp. inhabiting the stems of Artemisia annua, a Chinese 

medicinal herb. Those steroids proved to have antifungal activities against several crop 

pathogens Gaeumannomyces graminis, Helminthosporium sativum, Phytophthora capisici 

and Rhizoctonia cerealis. These steroids also showed antibacterial activity against 

Aspergillus niger, Bacillus subtilis, Micrococcus luteus (a human skin pathogen), 

Pseudomonas sp., Sarcina lutea, and Staphylococcus aureus (Lu et al. 2000, Mousa & 

Raizada 2013).  

 

Secondary metabolites as medicine 

Taxol is a powerful and complex anti-cancer compound that was first isolated from 

the bark of Taxus brevifolia. Senthikumar et al. (2013) screened an endophytic strain of C. 

gloeosporioides which was isolated from leaves of Tectonia grandis, for the production of 

taxol.  This study proved that the strain screened was able to produce taxol that was identical 

to the authentic taxol. A strain of C. gloeosporioides (TA67) has showed capable of 

producing taxol (163.4 μg/l) (Xiong et al. 2013).  

Ren et al. (2008) showed that C. dematum isolated from Pteromischum sp. growing in 

tropical forest of Costa Rica produced an antimycotic peptide collutelin A. It exhibited strong 

immunosuppressive activity by inhibiting CD4 (+) Tcell activation of Interleukin 2 

production.  

Betutilinic acid and betulonic acid are triterpenoids that have anti-cancer, anti-HIV 

and anti-malaria properties (Yogeeswari & Sriram 2005). In the study carried out by Bastos et 

al. (2007), Colletotrichum strain DPB136, isolated from corn leaves were identified to be 

useful for mild, selective oxidations of lupine substrates at positions C-3, C-7, C-15, C-25 

and C-30. 

Huperzine A is a pyridine-type alkaloid which was initially isolated from Huperzia 

serrata. It is an effective and safe treatment of Alzheimer‟s disease. A C. gloeosporioides 

strain ES026 was identified to produce huperzine A (Zhang et al. 2015).    
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Toxins produced by Colletotrichum 

Phytotoxins are natural compounds which have a deleterious effect on plants 

(Kenfield et al. 1989). Secondary metabolite production by C. tabacum (earlier known as C. 

nicotianae - ATCC 11995) was extensively studied during the 1970s, leading to the 

identification and structural characterisation of two novel terpenoid phytotoxins, 

colletotrichin and colletopyrone (Gohbara et al. 1976, 1978). Colletotrichin is one of three 

non-host-specific, norditerpene-γ-pyrone phytotoxins produced by Colletotrichum sp. 

(Gohbara et al. 1977, 1978). In earlier literature this phytotoxin was referred to as 

acetylcolletotrichin (Grove et al. 1966). The two other phytotoxins in this group are 

colletotrichin B and colletotrichin C. These phytotoxins were able to produce symptoms 

resembling tobacco anthracnose when tested on tobacco leaves (García-Pajón & Collado 

2003).  

Foucher et al. (1974) found that colletotrichin can inhibit respiratory electron 

transport in isolated rat liver and rat and pig kidney mitochondria. As this study provides 

evidence for colletotrichin being toxic to mammals, it creates an interesting research field to 

study. Duke et al. (1992) determined the rapid loss of membrane integrity in leaves of 

tobacco, cucumber and four Solanum species, due to the effect of colletotrichin. The data in 

this study indicated that colletotrichin caused oxidative plasmalemma destruction by an 

unknown mechanism. Sidereophore ferricrocin is another toxin, isolated from a strain of C. 

gloeosporioides which has phytotoxic activity in grass cotyledons (Ohra et al. 1995).  

 Colletotrichum dematium strain FGCC#20 has been identified to produce phytotoxin 

against Parthenium hyspterophorus (Singh et al. 2010).  

 

Future perspectives 

Use of molecular data together with morphology has allowed us to identify the 

species of Colletotrichum more precisely (Hyde et al. 2014). However, there is still a need to 

clarify names that can be used in biotechnology. Then biotechnology can confidently apply 

names to the fungi that are important in bio-prospecting and bio-control strategies can be 

implemented with confidence in agriculture.  
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