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The form-genus Colletotrichum Corda comprises fungal species which exist as 

Glomerella Spauld. & H Schrenk in their teleomorphic state. These fungal pathogens occur 

worldwide and the genus is synonymous with anthracnose, the black, sunken symptom they 

cause on the infected organs of their hosts. The species concept of Colletotrichum is 

complicated and a certain degree of confusion still exists. However, among mycologists 

there is a general acceptance of broad species boundaries consisting of several group 

species or species complexes, including species such as Colletotrichum acutatum JH 

Simmonds, Colletotrichum dematium (Pers.) Grove, Colletotrichum gloeosporioides (Penz.) 

Penz. & Sacc. in Penz., and Colletotrichum lindemuthianum (Sacc. & Magnus) Briosi & Cavara, 

which are considered cumulative species, composed of diverse subpopulations. 

Traditionally, Colletotrichum species have been discriminated by methods depending 

on colony colour, size and shape of conidia, optimal growth temperature, growth rate, 

presence or absence of setae, sensitivity to selected fungicides, pathogenicity and existence 

of the teleomorph Glomerella. However, detection and differentiation of Colletotrichum spp. 

based on traditional morphological characteristics may be unreliable and non-predictive, 

because individual isolates are highly variable and phenotypically plastic. To solve the doubts 

of classical species identification, various molecular approaches in conjunction with 

phenotypic analysis have been applied to characterise and analyse the taxonomic complexity 

of Colletotrichum species, to correctly diagnose the pathogens involved in various diseases 

and understand their epidemiology in order to develop accurate control. Presently, the 

molecular characterisation of Colletotrichum spp. isolates is based on several PCR techniques 

using several molecular markers (e.g. ISSR, RAPD, RFLP) as well as on the sequencing of 

different genes (e.g. rDNA-ITS region, β-tubulin 2 and histone 4). 

Citrus spp. can be affected by C. acutatum, causing postbloom fruit drop (PFD) and Key 

lime anthracnose (KLA), and by C. gloeosporioides leading to anthracnose and postharvest 

decay of fruit. PFD produces serious yield losses of sweet oranges and other citrus, affecting 

petals and inducing abscission of fruitlets and production of calyces. Colletotrichum 

acutatum isolates responsible for PFD are weakly pathogenic on the leaves and fruit of Key 
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lime and are considered hemibiotrophic pathogens on citrus other than Key lime. In 

contrast, KLA isolates are mostly necrotrophic, cause all symptoms of PFD on sweet orange 

flowers and also cause anthracnose on twigs, shoots, leaves and flowers of Mexican Lime. 

According to recent studies, PFD and KLA isolates are phylogenetically distinct lineages that 

might have evolved separately in the American continent, each associated with their own 

hosts. Colletotrichum gloeosporioides is typically a postharvest pathogen that produces 

necrotic lesions on the rind of citrus varieties, causing fruit rotting, but also occurs in 

orchards, both as a causal agent of anthracnose on branches, leaves and fruits and of latent 

infections as well as a saprophyte. 

The first report of citrus anthracnose in Portugal dates back to 1936 and at that time 

the causal agent was described as Gloeosporium intermedium Sacc. More extensive works 

concerning the characterisation of Colletotrichum species in Portugal began in the 1970’s 

and, in the last 20 years, the aetiology and the epidemiology of several anthracnose diseases 

have been studied: cashew anthracnose, coffee berry disease, anthracnose of lupins and 

olive anthracnose. Nevertheless, the possible contribution of C. acutatum to the citrus 

anthracnose and the behaviour and relative importance of C. gloeosporioides in citrus 

orchards in Portugal were never investigated. 

During the last few years, a significant percentage of the Portuguese citrus production 

has been rejected due to superficial blemishes, appearing as minute chlorotic or necrotic 

spots, which apparently do not decrease yield or juice quality but affect market appeal, 

resulting in important economic losses. Moreover, lesions on leaves, shoot dieback and 

blossom blight leading to significant loss of flowers and young fruits have been registered. 

The research carried out up to now has led to the conclusion that many of these symptoms 

may be attributed to infections caused by Colletotrichum spp., among other biotic and 

abiotic disorders. Moreover, after an initial survey of several lemon orchards, a subset of 

isolates showing characteristics that did not fit those commonly described for C. acutatum 

and C. gloeosporioides were found associated with anthracnose symptoms, raising the 

hypothesis of a third species of Colletotrichum being involved in citrus anthracnose. 

Thus, the present study aims at determining which species of Colletotrichum are 

involved in citrus anthracnose in Portugal and elucidating whether other Colletotrichum 

species besides C. acutatum and C. gloeosporioides are involved in citrus diseases. To 

elucidate this hypothesis, a collection of fungal isolates obtained in several citrus orchards 



1.  Extended  abstract 

vii 

 

was established and the identity and diversity of the isolates were assessed using a 

combination of pathogenicity, cultural, morphological and molecular tools. Isolates of 

C. acutatum and C. gloeosporioides obtained from both citrus and other hosts and previously 

characterised, were included in the study as reference isolates. 

Citrus orchards in the main production areas in the country were surveyed for the 

occurrence of anthracnose symptoms on flowers, fruits, leaves and branches, and a 

collection containing 155 isolates was established. An extra 23 isolates from ornamental 

hosts were also included in the collection. Isolates were characterised based on 

morphological and cultural characteristics (conidial shape and size, colony characteristics). 

Taxon-specific primers CgInt (C. gloeosporioides) and CaInt2 (C. acutatum) for the rDNA-ITS 

region and TBCG (C. gloeosporioides) and TBCA (C. acutatum) for the β-tubulin 2 were used 

in conjunction with the conserved primers ITS4 and TB5, respectively, for species 

identification. A subset of isolates was further characterised and colony growth, optimum 

growth temperature and sensitivity to benomyl were assessed. Diversity among isolates was 

analysed studying banding patterns obtained with eight ISSR primers and a subset of isolates 

was further characterised by sequencing of rDNA-ITS region and region 1 of the β-tubulin 2 

gene. The pathogenicity of a subset of isolates was tested on detached organs and on potted 

trees of several citrus species. Finally, the potential of cross-infection of a set of isolates was 

evaluated on detached strawberries and oleander leaves. 

The combination of morphological characters, molecular diagnostic tools and 

pathogenicity allowed the identification of two species of Colletotrichum, C. boninense and 

C. gloeosporioides, as causal agents of anthracnose of citrus in Portugal. This seems to be the 

first report of C. boninense infecting citrus in Portugal and other parts of the world. Under 

the present study, C. acutatum was never detected on citrus. 

The fungal collection established under the present work included a further 23 isolates 

(obtained from ornamental hosts) that were identified as C. boninense, C. gloeosporioides 

and C. dematium. 

Pathogenicity tests indicated that the isolates of C. boninense and C. gloeosporioides 

tested were pathogenic on leaves, fruits and branches after co-inoculation onto sweet 

orange, mandarin and lemon. Postbloom fruit drop was never induced, neither under in vitro 

conditions nor on potted citrus trees, after inoculation of any of the C. gloeosporioides or 

C. boninense isolates. The symptoms caused by the two species were not distinguished from 
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each other, and were consistent with those commonly described as associated to the citrus 

anthracnose.  

The survey carried out on three lemon orchards in the Mafra region, showed that the 

incidence of C. gloeosporioides on leaves and fruits is low. Moreover, local parameters such 

as agricultural practices and seasonal effects influenced the incidence of the disease, 

especially on leaves. 

In general the optimal growth temperatures of isolates of C. acutatum, C. boninense, 

C. dematium and C. gloeosporioides were 28, 25, 25 and 28 °C, respectively. For the whole of 

the temperatures tested (5 to 35 °C), the isolates of C. acutatum registered the slowest 

growth. Analysis of the ITS and β-tubulin 2 sequences supported a close relationship of 

isolates with the same optimum growth temperature. Cultural characteristics separated the 

isolates into four main groups corresponding to the four Colletotrichum species identified. 

Isolates belonging to C. acutatum were divided into two sub-groups separating PFD isolates 

from KLA isolates. Isolates of C. boninense from ornamentals were separated from those 

obtained from citrus. Finally, isolates of C. gloeosporioides were separated into five sub-

groups. Overall, the isolates identified as C. acutatum were less sensitive to benomyl than 

the majority of C. gloeosporioides isolates. However, in the case of isolates obtained from 

citrus, C. gloeosporioides could not be separated from C. acutatum isolates based on 

mycelial growth on PDA containing 2µg. mL-1 benomyl. Under the tested conditions 

C. boninense was more sensitive to benomyl than C. acutatum, C. dematium and 

C. gloeosporioides. 

Molecular markers (ISSR-PCR) generated high levels of polymorphism and allowed us 

to separate the four Colletotrichum species, C. acutatum, C. boninense, C. dematium and 

C. gloeosporioides, showing the existence of intra-specific variability within the C. boninense 

isolates. 

Sequence analysis from the ITS region and β-tubulin 2 gene regions differed from the 

results of ISSR-PCR in that polymorphisms were revealed among C. gloeosporioides isolates, 

indicating the presence of some genetic variation among the population studied, although 

no correlations with host or geographical origin were found. The polymorphism that turned 

up among the C. boninense isolates based on colony characters and conidial size and ISSR-

banding patterns was consistent with that found regarding the ITS and β-tubulin 2 

sequences. Furthermore, the morphological groups identified among the reference isolates 
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of C. acutatum were supported by the analysis of the ITS and β-tubulin 2 sequences, showing 

that citrus isolates from this species are genetically related to the A1 and A2 groups of 

C. acutatum. 

The pathogenicity tests carried out on detached organs and on potted plants of four 

citrus species revealed differences in the pathogenicity and virulence of the isolates tested. 

Among the C. gloeosporioides isolates, isolate 411 was able to infect all the tissues, and 

proved to be more virulent than the remaining isolates tested. In the same way, the citrus 

C. boninense isolate was pathogenic to all the tissues inoculated, and was particularly 

virulent on leaves. On the contrary, the isolate of C. boninense obtained from Aucuba 

japonica was not pathogenic to citrus leaves and flowers. Cross-infection potential was 

shown by C. acutatum originating from strawberry, which produced anthracnose lesions on 

leaves and flowers of citrus, and by C. gloeosporioides and C. boninense isolates from citrus 

that were able to infect detached strawberries and oleander leaves. 

 

  


