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Abstract 

Endophytic fungi from Cassia fistula or golden shower, a well known medicinal plant 
in Thailand and Asia, were isolated from trees growing in three geographical 

separate sites. These locations were Kanchanaburi, Nakhon Ratchasima and 
Bangkok and were selected to allow comparisons between their endophytic 
assemblages and to evaluate these data in relation to differences in plant diversity 

and density and local environment. Kanchanaburi which was the site closest to a 

natural forest situation provided the highest number of isolates with Bangkok, where 
the trees were isolated individuals, having the least. 

Members of the Xylariaceae proved to be common and frequent isolates especially 
species of Xylaria and Daldinia but Nemania and Hypoxylon were also obtained. 
Phomopsis was also well represented and clearly was dominant at the 
Kanchanaburi site. Species of Fusarium, Colletotrichum, Penicillium, Nigrospora, 

Coprinus and Psathyrella were also identified but were occasional isolates. 

Differences in endophytic assemblages between samples obtained early in the rainy 

season (July, 2001) with those sampled towards the end of the rainy season 
(December, 2001) were found to occur in the Nakhon Ratchasima samples with 

over twice as many isolates obtained from the December samples. This is likely to 

be a reflection on the longer exposure period to the potential inoculum of these 

leaves. A total of 956 endophytic isolates were obtained from the three sites with 

samples from Kanchanaburi (December 2000) and Bangkok and Nakhon 

Ratchasima in July 2001 with a further samples from Nakhon Ratchasima in 

December, 2001. Isolations were also made from different anatomical regions of the 

leaf, leaf lamina, midrib and veins. There were no appreciable differences in either 
the number of isolates obtained or an association between leaf area and specific 
fungal species. 

Identification of many xylariaceous endophytic isolates is well known to be 

problematic since Xylaria species rarely produce their anamorphic form in culture 

and virtually no members of the Xylariaceae develop their teleomorph in culture. 
Therefore molecular techniques were used to compare DNA sequences of the ITS 

region from a selection of endophyes with sequences obtained from teleomorphic 

material, or cultures derived from teleomorphs of identified and authenticated 
Xylariaceae. Comparisons were also made with data held in GenBank. This enabled 



the identity of a number of taxa to be made although more sequences from Xylaria 

species are required for future investigations. A number of non-xylariaceous taxa 

were also named as a result of DNA sequence comparisons. 

Secondary metabolites from the xylariaceae were also investigated and their 

metabolite profiles used to support identifications. The metabolite profiles proved to 
be a useful tool to confirm doubtful endophytic isolates when their DNA sequences 

could not place them with certainty in a right group. Together with extracts from 

other endophytic species, their inhibitory effects on bacteria and fungi were tested. 
Cassia endophytes were found to show low antimicrobial activity. However, they 

may later be shown to have other activities when when tested e. g. anti-malarial, 
anti-cancer and anti-HIV. 
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CHAPTER 1 

Introduction 

1.1 Endophvtes 

On leaf surfaces there are usually a range of organisms that colonize the plant surface 
known as 'epiphytes'. It has also been known for many years that all normal plant 
tissues are colonized by, or harbour internally, fungi, which are called `endophytes' 
('endo' is derived from the Greek word 'endon' which means 'within' and 'phyte' is also 
derived from the Greek word 'phyton' which means plant). Endophytes are contained 
entirely within the plant substrate whereas epiphytes are strictly confined to the outer 
surface of plant tissues. 

The term endophyte was first coined by De Bary in 1866. He described them as any 
fungus whose hyphae invade tissues or cells of living autotropic organisms. Many 

authors have since tried to produce a more accurate and precise definition. Carroll 
(1986) recognized endophytes as organisms that cause asymptomatic infections within 

plant issues, excluding pathogenic fungi and mutualistic fungi such as mycorrhizal 

fungi. Later Carroll summarized the term `endophytes' as fungi that form inapparent 

infections within leaves and stems of healthy plants and are closely related to 

pathogens but are not harmful to host plants (Carroll, 1988). However, the most widely 

used definition is the one given by Petrini (1991) who defined endophytes as "all 

organisms that live inside plant tissues for at least part of their life cycle without causing 

any disease symptoms in the host". Wilson (1995) more recently proposed the definition 

of endophytes as fungi or bacteria which invade the tissue of living plants and cause 

asymptomatic infection entirely within plant tissues. 

The transmission of endophyte has been recently reviewed by Saikkonen et aL (2004). 

They reported that there are two important ways of transmission from endophyte-plant 
host-endophyte; horizontal and vertical transmission (Figure 1.1). Horizontal 

transmission is via asexual or sexual spores of the fungus. This type of transmission 

forms local latent infections in plant tissues and represents the most common type of 
infection and occurs in all types of plants. By contrast, systemic and vertical 
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transmission, which is from plant to offspring by host seeds, are only rarely described 
from woody plants (Bloomberg, 1966; Petrini, 1991). The important factors which affect 
the vertical transmission are size, morphological complexity and the longer time taken 
to maturity of woody plants. Fungal endophytes which infect one part of the crown of a 
tree are unlikely to grow systematically through highly differentiated and woody plant 
tissues to reach another branch or crown of a tree. In other small trees and herbaceous 

plants their morphology and branch pattern allows fungi to grow throughout the host. 
The earlier time taken to their reproduction in perennial grasses, compared with woody 
perennials, increases the opportunities for vertical transmission of the fungus 
(Saikkonen et al., 2004). 

The relationship of endophytes and plants is another unanswered question. According 
to all definitions, endophytic infection in plants can not be considered as a disease 

causing factor since the plant disease is an interaction between host, parasite, vector 
and environment over time (Figure 1.2) which will result in production of disease 

signs/symptoms (Sinclair & Carkauskas, 1996). Latent infection is the stage where the 
host is infected with a pathogen but does not show disease symptom and remains 
healthy until the signs or symptoms are induced by environmental factors or the state of 
maturity of pathogens or their hosts (Agrios, 1988). Some researchers believe that they 
are pathogens which live their life in the form of a latent infection which will be 
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presented when the host is stressed (Miller, 1980; Andrews et al., 1985). Minter and 
Ingham (1984) found leaf spotting on Chrysenthemum was associated with ejected 

ascospores of Podospora which is non-pathogenic being a saprobic fungus instead. 

The distinction between an endophyte and a pathogen is not clear. Freeman and 
Rodriguez (1993) found that only a single mutation in a single genetic locus can entirely 

change the status of a fungus from pathogenic to non-pathogenic without having any 

effect on host specificity. Many pathogens live in plant tissues as an asymptomatic 

stage through latent infection before the symptom appears. Both endophytic and latent 

infecting fungi can infect host plants and remain in the tissue after their penetration. 
However the infection does not necessarily result in the development of visible 
symptoms. There is some taxonomic evidence which supports a very dose relationship 
between endophytes and pathogens (Funk, 1985; Sherwood-Pike st al., 1986). From 

either a dose, or the same host, the endophyte is frequently a sister species to the 

virulent pathogen. For instance, an endophyte of Douglas fir, Rhabdocline parken 
Sherw., is morphologically similar to two needle pathogens, R weidi A. K. Parker & J. 
Reid and R pseudotsugºae Syd. (Funk 1985; Sherwood-Pike et al. 1986). In some 
cases, one or more physiological alterations during the fungal lifetime will cause a 
switch from one type of lifestyle to another. Also, changes in host susceptibility caused 
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by the presence or absence of stress factors, such as, drought or poor nutrient supply 
will induce the transition from one stage to another, such as, mutualism to neutral or 

antagonism to mutualism, etc. This factor will also determine the duration of the period 
during which an individual will remain in the same state (Petrini, 1991). 

On the other hand, Carroll (1988,1995) stated that endophytes have a relationship with 

the host as 'protective mutualists' and that endophytes act against herbivorous insects 

and pathogenic microorganisms. There is some evidence or reports that support his 

suggestion. Webber (1981), for example, showed that the elm bark beetle avoids trees 
in which its bark has been colonized by Phomopsis oblonga (Desmaz. ) Traverso. When 
the beetles were induced to breed in an infected log in the laboratory only a few 

progeny emerged from the logs. Yang et al. (1994) showed that the Nepalese yew, 
Taxus wallachiana Zucc., and an endophyte, Phoma sp., have a mutualistic 

relationship. They found that the endophyte lived in the intracellular host tissues 

acquiring support and food from the phloem of T. wallachiana but at the same time they 

produced one or more antibiotics which protected the host from bacterial infection. 
Carroll (1988) also categorized the mutualism relationship into 2 groups; Constitutive 

Mutualism and Inducible Mutualism: 

1. Constitutive Mutuallsm is usually associated with grass endophytes. The 

endophyte is transmitted via the seed and develops a systemic infection 

throughout the host parts. The fungus produces toxins which affects 
herbivores and provides benefits to the host plant. 

2. Inducible mutuallem involves in much looser association with the host such 

as that of P. oblonga in elm or R. pakeri in Douglas-fir. The fungi normally 

colonized inactive tissue such as bark but will develop and become apparent 

when the host is stressed by herbivores or pathogens. When infected wound 
host tissues are consumed by herbivores the fungi affect the insects and the 

number of herbivores decreases. In this term, the endophyte is not directly 
deterring herbivores but protects the host once the herbivore attacks the 
host tissue. 

The mutualism characteristics among endophytes were also considered by Carroll 
(1988). He suggested that, firstly, the endophyte is prevalent in its host over a wide 
geographical range and causes minimal disease symptoms in the host. Secondly, the 

vertical transmission of fungus occurs via host seeds or vegetative propagules. If seed 

4 



transmission does not occur, the horizontal transmission will be efficient. Thirdly, the 

fungus grows entirely through host tissues. If the infection is dispersed, they should be 

numerous, if limited to a particular organ, a high proportion of the organs should be 

infected. Fourthly, the endophyte should produce secondary metabolites which are 

likely to be antibiotic or toxic in nature. Finally the fungal endophyte is taxonomically 

related to known herbivore or pathogen antagonists such as Acremonium or Phomopsis 

(Carroll, 1988). 

The mode of fungal infection in the plant during early stages has been studied by many 
groups. The infection process in any host symbiont interaction involves the germination 
of spores on the leaf surface, with attachment occurring before or after the germination 
process. Finally penetration of host cuticle by infection hyphae takes place (Petrini, 

1991). There is, however, a question about host specificity and recognition 

mechanisms of endophytes to specific host plants. Sieber (1985) first demonstrated 

organ specificity in relation to infection by endophytes of wheat. Later Sieber (1988, 

1989) studied the same specificity but this time on Norway Spruce, Picea abies (L. ) 

Karst.. Petrini (unpublished data) also confirmed organ specificity of endophytes when 
he studied beech leaves, twigs and roots and found that there were differences in the 

fungal community structure in these different plant organs. 

Carroll et aL (1977) was the first to report tissue specificity by endophytes. He found 

that the fungi isolated from petiole segments of European coniferous were restricted to 

that part and were rarely detected again in the other parts of needles. Stone (1986) 
investigated R. parked and a Phyllosticta species which coexist in needles of 
Pseudotsuga menziesii (Mirbel. ) Franco.. He found that R. parken was restricted to 

epidermal and hypodermal cells while Phyllosticta was found intercellularly in the 

mesophyll. These findings confirm that endophytic fungi show a degree of tissue 

specificity. Tissue and also organ specificity along with development of specialized food 

preferences (Carroll & Petrini, 1983; Sieber, 1989) are probably a mechanism to 

prevent competition among endophytes which occupy the same host. However, this 

specificity maybe a fungal response to surrounding environment (Petrini, 1991). 

Surface sterilization is used to eliminate epiphyte spores or mycelium which are 
attached to the surface of plant host prior to isolation of the endophytes (Luginbühl & 
Muller, 1980; Petrini & Dreyfuss, 1981; Clark et aL, 1983; Petrini, 1986; Kreisel & 
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Schauer 1987). Schulz et al. (1993) evaluated many surface sterilization methods to 
find the most effective way to eliminate epiphytes and to isolate endophytes from 
different types of herbaceous plants and shrubs growing near Brunswick, Germany. 
Only one method proved to be ineffective, using 50% ethanol for 5 minutes (Schulz et 
al., 1993). However, there is no certainty that any surface sterilization method will kill all 
fungi on plant surfaces (Petrini, 1986). Furthermore, it is not possible to find a suitable 
method for sterilization of all types of plant surface. The sturdy leaves of Vaccinum 

myrtillus L., and the delicate leaves of Anemone nemorosa L., and stems of plants will 
react differently to the solutions used in surface sterilization (Schulz et al, 1993). 

There are also a number of taxa which are known to be epiphytes that can live 
internally within plant tissue as endophytes as well. O'Donnell and Dickinson (1980) 
found that under appropriate conditions some epiphytes e. g. Alternaria alternata (Fr. ) 

Keissl., Cladosporium cladosporioides (Fresen. ) de Vries and C. herbarum Link ex Fr. 

may penetrate into the tissue of their host plant (Phaseolus). The switch from epiphyte 
to endophyte enable epiphytes to protect themselves from negative ecological 

conditions such as irradiation or desiccation and also to avoid antagonistic activities by 

other competitive surface organisms (Petrini, 1991). Verhoeff (1974) noted that some 

epiphytic fungi are capable of forming subcuticular appressoria or hyphae that can 

survive surface sterilization. This maybe the explanation of why we occasionally find 

some common epiphytes in the inner plant tissues. Canavesi (1987), Legault et al. 
(1989) and Cabral (1985) also supported the hypothesis that certain phylloplane fungi 

will colonize the interior of plant tissues only when the number of true endophytes 
decreased. Facultative endophytes are probably fungal species which are mainly 
involved in litter degradation and are likely to be found in older plant tissues. The 

epiphytic colonization of leaves occurs rapidly via fungal spores. Kinkel (1987,1989) 

considered air spora to be the major determinant of the composition and quantity of 
fungal community on apple leaves. 

Colonization of plant tissues by endophytes may occur by : 
1. Infection of aerial plant tissues by air spora 
2. Bose (1947) and Bloomberg (1966) showed that some endophytes of 

Casuarina equisetifolia L. and Pseudotsuga menziesil (Mirbel)Franco. are 
seed-borne. Some grass endophytes colonize their host in the same way 
(Clay 1986). 
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3. The endophyte inoculum is carried by insects (Carroll, 1986, Petrini et al., 
1989) which demonstrates the close relationship existing between the 

fungus and the insect. 

Members of the Ascomycotina, Basidiomycotina, Deuteromycotina and some 
Oomycetes have been isolated as endophytes (Petrini, 1986; Clay, 1991). Endophytic 

fungi have been isolated from a wide range of plant groups such as mosses, ferns, 

orchids, lichens, grasses, and woody plants with a broad geographical range from the 

temperate zone to the tropical zone (Rodrigues & Petrini, 1997). The symptomless 

endophytes have been categorized into two distinct groups based on host type. 

1. Clavicipitaceous endophytes or grass endophytes 
2. Non-clavicipitaceous endophytes or non-grass endophytes or woody plant 

endophytes. 

1.1.1 Grass endophytes 

Members of the grass endophyte group comprise the family Clavicipitaceae, which 
belongs to the Ascomycotina, tribe Balansiae (Diehl, 1950). There are approximately 30 

species including five genera Atkinsonella, Balansia, Balansiopsis, Epichloe and 
Myriogenospora. The largest genus is Balansia with 15-20 species. When compared to 
Claviceps, Balansia fungi are systemic and perennial whereas Claviceps, well-known 
grass parasites, are transient. Most species are endophytes and their hyphae occur 
intracellularly in stem and leaf tissues. Only a few species are epiphytes. Their hyphae 

surround the meristems of young leaves in a dense mat form. Neither endophyte nor 
epiphyte produce haustoria which are a very common characteristic among parasitic 
fungi. Fruiting bodies of the genus Balansia are formed on leaves or aborted 
inflorescences of host species (Clay, 1988) 

For their transmission and reproduction, grass endophytes tend to transmit vertically 
and maternally by growing hyphae into seeds when they are in their anamorphic form or 
asexual form. In Epichloe, which can produce both sexual and asexual stages, they can 
be transmitted either vertically (by growing into seeds) or horizontally (by spores) 
(Carroll, 1988; Carroll et al., 1997) 
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The growth of grass endophytes, Epichloe and Neotyphodium, are regulated by 
hormonal activity and production of chitinase by host plant. Also seasonal change may 
regulate their growth rate (Saikkonen et al., 2004). Pan and Clay (2002) showed that 
Epich/oe infection can alter reproduction functions such as vegetative growth that 

promote the spread of fungus. 

Clavicipitaceous endophytes have proved to be mutualistic. Their symbiosis is 

interpreted as a defence mutualism to the herbivores and other enemies of hosts. It 

protects the host by production of fungal alkaloids. This association has been shown to 

improve nitrogen utilization and drought resistance by enhancing osmotic adjustment 

and lower stomatal conductance (Selosse & Le Tacon, 1998). It is well-established that 

clavicipitaceous endophytes in grasses can have broad and dramatic biological effects 

on growth and reproduction of host grasses, pathogens and herbivory and natural 

enemies of herbivores (Saikkonen et al., 1998). Lethal effects of grass endophytes on 
herbivores have been reported by many scientists. Toxicity of Claviceps-infected 

grasses has been known for a long time and the role of Bafansia and Myriogenospora 

infected grasses in cattle poisoning has been studied in depth (Luttrell & Bacon, 1977). 

Not only insects but also livestock such as cattle, horses and sheep have been affected 

from eating infected grasses and exhibit alkaloid poisoning. In the 1970s livestock in 

USA and New Zealand were affected by alkaloids which were produced by endophytes 
belonging to Balansiae family. The alkaloid which is produced by these endophytes is 

insect resistance and toxic to mammals. C/aviceps and Balansia are responsible for the 

production of this substance because there is no record of ergot alkaloid in non-infected 

grasses, the alkaloids are only found in infected grasses and in pure culture of the 

fungi. Clay and Schardl (2002) noted that systemic endophytes which are host-specific 

are now thought to affect virtually every type of plant-plant, plant-pathogen and plant- 

herbivore interaction in grassland communities. 

In mammals the action of ergot alkaloids is vasoconstrictive. It causes contraction of 

small blood vessels to the brain and other organs and can cause dementia and 

convulsion and gangrene of the extremities (Clay, 1988). However, some ergot 

alkaloids have medicinal usefulness. Ergotamine can be used in treatment of migraine 

and some other similar compounds can cause hallucinatory effects (Clay, 1988). These 

compounds could be lethal if they are used in high concentration (Bacon et at, 1986). 

Normally ergot alkaloid is known only from the seed of morning glory (Convolvulaceae) 
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but it is interesting that this substance can be isolated from endophytes as well. Other 

types of alkaloids are produced by the Acremonium endophytes of fescue and rye 

grass. In infected tall fescue, there are pyrrolizidine alkaloids which if the alkaloid dose 

in cattle diet is high, the cattle will be affected by the fescue toxicity, whereas low doses 

have no effect on them (Jones et al., 1983). Peramines, one type of alkaloids, have 

been detected in endophyte-infected perennial ryegrass and it is shown to be the major 
insect feeding deterrent (Rowan et al., 1986). This suggests that mammalian toxicity 

and insect resistance have different chemical bases. 

However, some grasses are able to produce alkaloids independently of fungal 

endophytes. Canary grass, Phalaris, produces high level of tryptamine indole alkaloids 
(Wood & Clark, 1971; Ball & Hoveland, 1978). These alkaloids are toxic to livestock. 
Some grasses, such as barley, produce alkaloids during the seedling stage when 
herbivory might have the greatest effect on plant fitness (Culvenor, 1973; Waller & 
Dermer, 1981). 

Endophytes also greatly affect plant fitness. There is some evidence that suggests that 

endophytic infection increases plant fitness in some species. The Balansiae fungi which 

sterilize their host are certainly parasites but eventhough the infected plant is sterile, it 

can be vegetatively healthy and expand clonally even in mixed populations (Bradshaw, 

1959; Harberd, 1961; Clay, 1984; Kelly & Clay, 1987). On the other hand, some 
endophytes do not sterilize their host cells and are seedborne. An experiment 
conducted by Clay (unpublished) found that the infected clones of tall fescue which 
were planted in natural grassland exhibited significantly higher survival, growth and 

reproductive rates over a 3-5 year period. Mortimer and di Menna (1983) and Read and 
Camp (1986) also showed that plants infected with seed-borne endophytes had 
increased productivity rates. 

In the absence of herbivores endophytes also enhance the growth of host plants. Latch 

et aL (1985) found that under controlled environment conditions pyrennial ryegrass 
grew significantly faster when they were infected with endophytes. Clay (1987) also 
demonstrated similar results for ryegrass and tall fescue which were infected with 
endophytes in the greenhouse. Belesky and Fedders (1996) studied tall fescue infected 

with endophytes and found that endophyte infection influenced leaf mass and also 
relative growth rates. The endophytes provided a growth and size advantage for the 

9 



host but not for uninfected plants. Ahmed et a/. (2001) experimentally grew east Indian 

lemongrass (Cymbopogon flexuosus (Stued. ) Wats. ) which was infected by Balansia 

sclerotica (Pat. ) Hohn. under glasshouse conditions. They found that endophyte- 

infected lemongrass produced 195% more shoot biomass and 185% more essential oil 

when compared to the endophyte-free lemongrass. Furthermore the quality of essential 

oil produced from endophyte-infected lemongrass was equal to the one from 

endophyte-free lemongrass. Generally when considering the situation between 

endophyte and plant it has been assumed that the plant will be the one to lose energy 

and therefore its growth would be reduced. Contrastingly the host plant substantially 
benefits from the endophytes and its growth rate increases. 

The rate of endophytic infection increases with age in dominant pasture and forage 

grasses which frequently have endophytes. Latch et al. (1987) reported that, in central 
Europe, the frequency of endophyte infection is much higher in wild populations and old 
pastures than in commercial cultivars and younger pastures for forage grasses. Lewis 

and Clement (1986) studied the perennial ryegrass in Britain and obtained a similar 
result noting that the frequency of endophyte-infected ryegrass is higher in old pastures 

and lower in young pastures. 

1.1.2 Non-prass endophytes 

Non-grass or non-clavicipitaceous endophytes are endophytes which are harboured 

within the tissue of woody plants or shrubs. The woody endophytes include fungi 
belonging to Ascomycotina, Basidiomycotina, Deuteromycotina and the Oomycetes 

(Petrini, 1991). Non-grass endophytes exhibit more diversity than grass endophytes 
and they infect a much broader taxonomic range of host plants (Saikkonen, 1998). 
However, Petrini (1991) noted that many wood endophytes are likely to be highly 

specific regarding host species and among host populations and in this respect are very 
much like systemic endophytes of grasses. Furthermore the infection of woody 
endophytes is highly localized within leaves, petioles, barks and stems (Petrini, 1991). 

One factor which greatly affects endophyte population is the mode of arrival. Carroll 
(1995) stated that "the endophytic infection in trees must be initiated through fungal 

propagules and also the conditions that favor dispersal and germination of spores 
should also favor high infection frequencies". The arrival is not only from dispersed 
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propagules, which can be either identical or dissimilar genetically as stated before, but 

also from vegetative mycelium (Rayner & Boddy, 1986). 

1. Arrival by mycelium is important for root-infection fungi such as 

Heterobasidion annosum (Fr. ) Bref. and Armillaria species. This form of colonization 
bestows several advantages on the fungus including the possibility for synergism 

between individual hyphae within the mycelium, the possibility of multiple infection foci 

for the same genotype and subsequent coalescence between these, and also the 

opportunity for importation of nutrients and water from exogenous sources. 

Mycelium colonization provides an opportunity for the same genotype to 

spread from tree to tree. Therefore it is no coincidence that the population of adjacent 
trees often have the same genotype. 

2. Arrival by propagules in the form of spores has a limitation for importing 

resources for colonization. This colonization will therefore be localized and the variation 

of propagule depends on whether they are genetically identical or different. 

- genetically identical propagules are often asexual conidiospores. 
Conidia are generally produced by Ascomycotina, including wood- 
decaying fungi of the family Xylariaceae and also some 
Basidiomycotina. 

- genetically different propagules are ascospores and basidiospores 

which developed meiotically from heterokaryotic hyphae. 

Fröhlich et al. (2000) studied endophytes associated with palms and found that most 
endophytes entered the petiole via leaf and that the transmission of palm endophytes is 

likely to be horizontal (via air spora) rather than vertical (via seeds). 

Endophytes may avoid substrate competition or antagonism by occupying tight 

compartmentalization within the same plant tissue with the host not reacting to the 

endophytes in the same way as to pathogens. Host-fungal recognition mechanism is 

very complex. It allows only symbiont partners to penetrate into host tissues without 
triggering defense barriers of the host plant (Petrini, 1991). Collmer and Keen (1986) 

examined the production of endophytic extracellular enzymes involved in infection and 
penetration processes of endophytes. The potential of endophytes to produce 
extracellular enzymes needed for cell wall degradation supports the hypothesis by 
Carroll (1988) that fungal endophytes of aerial plant tissues represent a highly 

specialized group of microorganisms. 
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Carroll and Petrini (1983) found that the tolerance of endophytes to gallic acid 

presumably results from their ability to cope with phenolic compounds which are 

normally present in host plant tissues. The production of extracellular enzymes which 

are responsible for plant invasion and colonization as well as of an auxin-like growth 
factor by endophytes indicates that these fungi are likely to have closely evolved with 

the host plant and have adapted to their environment (Petrini, 1991). 

Surprisingly there are fewer reports on endophytes from woody plants than reports on 
grass endophytes. Most of the grass endophytes reported are concerned with 
ecological aspects of herbivory or toxicity. Studies on woody endophytes tend to be on 
the number and diversity of endophytes from different kinds of hosts and environments. 
The relationship of endophytes and herbaceous hosts is different from those of grass 
endophytes. The endophytes in trees appear to be more tissue specific within the host, 

transmission is mostly horizontally via asexual spores from plant to plant, and highly 

diverse among hosts and the diversity is especially high in tropical plants. Non-grass 

endophytes have also been found in seeds and acorns, thus they may also be able to 

transmit vertically and maternally via seeds. 

Endophytes are thought to have evolved from parasitic or pathogenic fungi. Most woody 

endophytes are closely related to pathogenic fungi and presumably evolved from them 
by an extension of latency periods and reduction of their virulence. The relationship of 
woody endophytes and plants are considered to be mutualistic. Carroll (1988) found 

that endophytes from non-grass hosts provide protection for the host through the 

production of a wide range of mycotoxins and enzymes that can inhibit growth of 

microbes and invertebrate herbivores. However in some situations there is not clear 
difference between latent pathogens and endophytes. Significantly Petrini (1991) noted 
that the host-endophyte symbiosis cannot be presented as a static relationship. 
Dreyfuss and Petrini (1984) isolated Colletotrichum gloeosporioides (Penz. )Sacc., 
Colletotrichum sp., Fusarium solani (Mar. ) Sacc., another Fuserium sp., and 
Lasiodiplodia theobromae (Pat. ) Griffon & Maubl., all well known as pathogens, as 

endophytic fungi from tropical plants. 

Carroll and Carroll (1978) in their studies on endophytes of coniferous needles in over 
200 sites throughout western Oregon and southern Washington found endophytes such 
as Chloroscypha sp., Cryptocline sp., Leptostroma sp., Naemacyclus sp., Phomopsis 

12 



sp., Phyllosticta sp., and some unidentified Coelomycetes as the dominant fungi. They 

also found that there were many endophytes which were restricted to the host and were 
host-specific. Petrini (1986), however, noted that some endophytes maybe specific 

only at family level of host plants. Leuchtmann and Clay (1989) investigated variation of 
Atkinsonelia hypoxylon (Perk) Diehl. isolated from different hosts using isozyme 

electrophoresis. They found that the variation may correlate with the ability of each 

strain to infect a particular host. Sieber et al. (1991) isolated wood-inhabiting 
Melanconium sp. from different species of Alders (Alnus spp. ) in Europe and Canada. 

Sieber-Canavasi et at (1991) also studied the Leptostroma sp. from conifer needles. 

Some endopytes exhibit a degree of tissue-specificity. Dreyfuss and Petrini (1984) 

found that species of Acremonium and Fusarium were restricted to roots whilst others, 

such as Pestalotia sp., or Colletotrichum sp., can be found only from aerial plant 

organs. Bettucci and Alonso (1997) studied the fungal population in healthy and 

symptomatic twigs of Eucalyptus grandis in Uruguay. They isolated Fusicoccum 

eucalypti Sousa da Camara and Cytospora chrysosperma (Pers.: Fr. ) Fr. commonly 

from bark and xylem of symptomatic twigs. Therefore, they concluded that certain fungi 

are more common in certain tissues. Sieber et al. (1999) investigated the needles of 

Pinus mugo sp. uncinata from 2 sites in the montane zone and isolated endophytes 

which seemed to be tissue specific. Thus Lophodermium pinastri (Schrad. Ex. Hook. ) 

Chev. was isolated mainly from the needle tip but Cyclaneusma minus (Butin) Di 

Cosmo, Peredo & Minter was frequently isolated from the middle segment of needles, 

whereas endophytes were rarely isolated from the base of the needles. Cannon and 
Simmons (2002) also demonstrated a very interesting result for tissue-specific 

endophytes isolated from leaf samples from the lwokrama Forest Reserve, Guyana. 

They found that colonization of endophytes was greater in samples from midribs than 

from those from laminar tissue. The number isolated was also greater at the tip of the 

lamina than the base. They explained this phenomenon by suggesting that the leaf tip is 

more prone to get infected as rainwater draining of the apex washes un-established 
fungal spores or mycelium on the leaf surface towards their tips. 

Carroll and Petrini (1983) investigated substrate utilization of endophytes isolated from 

coniferous foliage in Europe and Oregon, USA. They tested the capability of the 
endophytes in substrate utilization and found that most of the isolates utilized xylan and 
pectin and also showed lipolytic activity. Endophytes from the same hosts exhibited 
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similar variety in their substrate utilization capacity. They suggested that endophytes 
from a single host may co-exist within a single leaf by biochemical partitioning 

resources (Carroll & Petrini, 1983). 

The degree of fungal colonization of alpine plants by endophytes is very much 
dependent on ecological conditions (Petrini, 1987). High endophytic colonization 

occurred when there was long-lasting snow and the host plant was poorly supplied with 

nutrients. Whereas low colonization occurred when there was increasing wind 

exposure. The number of endophyte species as expected was low in extreme 

conditions (Petrini, 1987). 

Bettucci and Alonso (1997) and Bettucci et al. (1999) found that conditions such as 
drought influence the fungal population. Drought may cause wound lesions on the host 

surface and this encourages the fungal invasion of twigs and bark. In their studies on 
endophytic communities Espinosa-Garcia and Langenheim (1990) found that the 

endophytic communities of same tree species growing at the same location are 
generally similar but differences in species richness and distribution of selected fungal 

species cannot be detected between young and old individuals of same host. 

Petrini and Carroll (1981) studied foliage endophytes of some Cupressaceae in Oregon 

and found that in a given tree infection rates tended to increase with increasing foliage 

age. Fisher et al. (1986) noticed a similar result for fungal endophytes in Ulex 

europeaus L. and U. gallii Planchon. They reported that the incidence of colonization 
with different endophytes significantly increased with advancing age of host tissue. 
Arnold et al. (2000) in their investigation of tropical fungal endophytes also reported that 

endophyte infection increases with leaf age. Similar results for the endophyte 
assemblages in leaves of Rhizophora apiculata Blume were found by Kumaresan and 
Suryanarayanan (2002) which they suggested was due to repeated re-infection of 
leaves over time by the air spora. 

The plant canopy also has an influence on endophytic populations. Thus samples 
obtained from homogenous stands with a closed canopy had higher colonization rates 
(Petrini & Carroll 1981; Petrini et al. 1982; Legult et aL 1989). Arnold and Herre (2003) 

also studied the endophytes of Theobroma cacao Linn. and found that endophytes 
colonized leaves of T. cacao more rapidly beneath the forest canopy then in cleared 
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sites which they stated reflected an increased abundance of aerial and epiphytic 

propagules. 

Endophytic infections maybe also correlate with elevation above sea level and/or 

humidity and moisture. Sieber (1988) investigated Norway Spruce (P. abies) and its 

endophytes. It was found that for Tiarosporella parka (Bert. et. Broome) Whitney the 

infection was greater at low elevation and at a humid site but at the higher elevations 

and drier site, Lophodermium piceae (Fuckel) Höhn. was more frequent. Carroll and 
Carroll (1978) compared endophytic incidence with host distribution of P. menziesii and 

found that infection rate decreased at high elevation and drier sites. Sieber et al. (1999) 

studied the endophytes in needles of Pinus mugo sp uncinata which was sampled from 

two different sites in the montane zone; one on a mountain ridge and the other in a peat 

bog. At these two sites there were slightly different endophytic populations. At the 

mountain ridge Cenangium ferruginosum Fr. and Cyclaneusma minus (Butin) Di 

Cosmo, Peredo & Minter were dominant, whereas at the peat bog the dominant species 

were C. ferruginosum and Lophodermium pinastri (Schrad. )Chevall.. 

Seasonal changes also have an influence on endophytic populations and community. 
Widler and Miller (1984) demonstrated that season influenced the occurrence of some 

endophytes of Arctostaphylos uva-ursi (L) Sprangel but species with seasonal variation 
were never host-specific or the frequently observed taxa. Rodrigues (1994) studied the 
foliar endophytes of Amazonian palm (Euterpe oleracea Mart. ). She found that 

environmental factors such as rainfall and atmospheric humidity might influence the 

occurrence of endophytes. It could be speculated that a particular nutrient within the 
host tissue could be more available during a certain season of the year thus affecting 
fungal activity. 

Elamo et at (1999) in their studies on the endophytic fungi in birch leaves over 3 years 
(1994-1996) found that environmental factors such as weather greatly affected the 

endophytic population. The number of endophytes was high in 1995 which was rainy 
and warm, when compared to the years 1994 and 1996 which were drier and cooler. 
However it was assumed that foliar endophytes of birch remained in fallen leaves 
during the winter and that their spores were spread through wind or rain splash onto 
new leaves the following season. They also concluded that rain is important because it 

15 



helps in promoting spore dispersal and in germination and subsequent development 
(Elamo et al., 1999). 

Mswaka and Megan (1999) investigated Trametes and other wood-decay fungi from a 

Zimbabwe forest and found that there was no significant difference between growth of 

the same species isolates in relation to temperature and that the geographic distribution 

correlated very well with the temperature relationship of endophytes. Therefore a broad 

optimum temperature range allows these fungi to rapidly decay the wood in tropical 

climates. 

However, in a study of beech leaves, no distinctive seasonal patterns in the endophytic 

community was observed but there was marked seasonal variation in colonization rate 

on the trees (Sieber & Hugentobler, 1987). 

Rodrigues and Samuels (1990) demonstrated the importance of the morphology of 

palm leaves in relation to their endophytic population. They discovered that endophytes 
in unopened leaves only occurred in the veins because unopened leaves are very 
tightly rolled and it is therefore unlikely that infection is via airborne spores. They 

believed that endophytes found in the unopened leaves maybe 'true' endophytes 

possibly transmitted through seeds. Whereas the opened leaf contained fungi living 

endophytically and that these endophytes are air-borne and infect the leaf once it has 

opened (Rodrigues & Samuels, 1990). In experiments on fast-expanding leaves such 
as Ouratea lucens (H. B. K. )Engl. it was found that there was a higher mean rate of 
damage caused by herbivores than in slow-expanding leaves such as Heisteria 

concinna Standl. (Arnold et al., 2001). Isolation from fast-expanding leaves produced 

greater diversity of fungi. However the rates of species accumulation from both leaf 

types proved to be similar. Thus other factors such as leaf chemistry would appear to 
be involved (Arnold et a!., 2001). 

Clear-cutting and plantations tend to reduce the transmission of endophytic fungi 

(Sieber-Canevesi & Sieber 1988). Johnston (1998) found differences between natural 
stands and planted stands when he worked on endophytes of manuka (Leptosperrnum 

scoparium Forst. ). In natural stands a Phyllosticta sp. was the single dominant 

endophyte whilst in the planted stands this species was absent or presented at low 
frequency. Even though the planted stands were close to natural stands and had been 
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established for several years there was still a clear difference between them. The 

common endophytes in planted stands were Botryosphaeria and an Alternaria sp. 

which exhibited a low level of presence in natural stands. Differences in endophytic 

populations between natural and planted stands was said to be related to some 

unrecognizable environment factors. 

Air pollution can also affect species composition of, and frequency of colonization by a 

given species, in endophytic communities (Petrini, 1991). Forest and fungal community 

are equally affected by pollutants. Riesen and Close (1987) studied endophytic 

colonization in barley leaves. They found that it was reduced significantly after 

propiconazole treatment of barley fields. Lappalainen et al. (1999) over a two year 
period examined density of endophytes on birch growing close to a large copper-nickel 

smelter in Finland. They found that total endophyte numbers were low near to the 

factory in both years. The leaves near to the factory contained heavy metals and S02- 

This may be important in the decline of endophytic fungi near to the smelter since both 

heavy metals SO2 are known to be toxic to many fungi. 

Rodrigues (1994) found that leaves of a tropical palm were more highly infected when 
collected during the wet season than during the dry season. This finding is not 
surprising because most endophytic infection in tree hosts must be initiated through 
fungal propagules. Leaf samples that were collected during the dry season were more 
likely to be uninfected than those of mature trees of the same species sampled during 
the rainy season. This is probably a result of higher relative humidity and the higher 
incidence of propagules from fungi within, or beneath, the canopy i. e the available 
inoculum. 

Petrini (1991) stated that the endophytes from the same host species, and the same 
location were similar but that there are differences in species richness and distribution 
of fungal species between young and old leaf samples from the same host. 

There have been many studies on the distribution of endophytic fungi with subjects very 
varied in terms of host or location. The temperate plant Ulex sp was found to contain up 
to 369 endophyte isolates (Fisher et aL, 1986). In coniferous needles Carroll and Pertini 
(1978) isolated as the dominant fungi Chioroscypha sp., Cryptocline sp, Leptostroma 
sp., Naemacyclus sp., Phomopsis sp., Phyllosticta sp., several unidentified 
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Coelomycetes and also an undescribed taxon in the Hemiphacediaceae from 19 hosts 

sampled in over 200 sites throughout western Oregon and southern Washington. 

Foliage endophytes were studied by Petrini and Carroll (1981) from four species of 
Cupressaceae sampled from 19 sites in Oregon. Chamaecyparis lawsoniana (A. Murr. ) 

Parl. and Thuja plicata Donn. ex D. Don showed high overall infection rates (-30-50%) 

while Calocedrus decurrens (Torr. ) Florin. and Juniperus occidentalis Hook. had lower 

infection rates (-10-35%). Elamo et al. (1999) studied the commonest endophyte, a 
Fusicladium species, of birch leaves and found out that this endophyte was affected by 

the environment. However Sieber et. aL (1999) in an examination of Pinus mugo sp. 
uncinata needles from 2 sites in the montane zone in Switzerland found that about 35- 

40% of needles were colonized by species common to both sites. Pirttila et al. (2003) 
investigated the endophytic fungi in different tissues of Pinus sylvestris L. (Scot Pine 
Buds) and found Hormonema dematoides and Rhodotorula minuta (Saito) Harrison 

occurred in different tissues at different frequencies. Ganley et al. (2004) however found 

that the majority of endophytes (90% of 2019 cultures) in western white pine (Pinus 

monticola Douglas ex D. Don) belonged to the family Rhytismataceae. 

Moreover endophytes can even be isolated from plants growing in extreme conditions 
like gypsum sand or clay with high salinity and a basic pH (Pelaez et aL, 1998). 

There have, however, been fewer studies on tropical endophytes. In their investigations 

of a tropical palm, Manilkara bidentata (A. DC. ) Chev., or members of the Orchidaceae 

group, Lepanthes, from Puerto Rico (Lodge et al., 1996), Bayman et al. (1997) found 

that Xylaria and Rhizoctonia-like fungi were the dominant groups. Leaves from Tectona 

grandis L. (Teak) from the Northern part of Thailand were examined by Mekkamol 

(1997) and she isolated a high number of endophytes including many members of the 
Xylariaceae. She also found differences between isolations made during the early part 

of the rainy season compared with those made towards the end. Dreyfuss and Petrini 

(1984) investigated 36 tropical plants belonging to the families Pteridophyta, Araceae, 

Bromeliaceae, Orchidaceae, Piperaceae and Crassulaceae in Columbia. Some 

noteworthy endophytes included Botryodiplodia piperina Syd., Dicyma cf. olivacea, 
Hadromena sp. and Zygosporium cf. echinosporum. Rodrigues and Samuels (1990) 

studied the tropical palm tree, Licuala ramsayi (Mueler. ) Domin. in Brazil. There were 
11 fungi isolated from the samples and most of them were Xylariaceous anamorphs. 
Rodrigues (1994) investigated Amazonian palm, E. oleracea, and recovered 57 species 
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and 6 taxa which were mainly in the Ascomycotina and Deuteromycotina. Xylaria 

cubensis (Mont. ) Fr. and Letendraeopsis palmarum K. F. Rodrigues&Samuels were the 

most common species. Manuka leaves (Leptospermum scoparium Forst. ) were found 

to be different in their endophyte populations from natural and planted stands 
(Johnston, 1998). Fröhlich et al. (2000) also isolated endophytes from palms, which 
included 3 unidentified palms Licuala spp from Brunei Darussalam and 3 L. ramsayi 
from Australia. Colonization rates in both species were up to 81-89% and the 

communities were composed of dominant xylariaceous species. Cannon and Simmons 

(2002) studied the leaves sampled from Iwokrama Forest Reserve, Guyana. There 

were 64 fungal mycotaxa from an overall 2492 cultures. The common species belonged 

to the genera Colletotrichum, Nodulisporium, Pestaliopsis and Phomopsis. 

Fröhlich and Hyde (1999) studied the biodiversity of tropical palm fungi and reported a 
total of 189 species isolated from 6 palm species. In addition 53 sterile mycelia were 
isolated to give a total of 242 taxa from 2672 isolates. They challenged the estimation of 

1.5 million fungal species and the 5.7 species to 1 host ratio proposed by Hawksworth 

(1991) suggesting that from their data for tropical palms the ratio should be 33 species 

to 1. 

Arnold et al. (2000) in their examination of two plant species, Heisteria concinna Standl. 

and Ouratea lucens (Kunth) Engl. isolated 418 endophyte morphospecies (estimated 

347 genetically distinct taxa) from 83 leaves. They suggested that tropical endophytes 

comprise an important and quantifiable component of fungal biodiversity and the high 

richness they found led them to postulate that tropical endophytes are hyperdiverse. 

They also noted that with continuing exploration of tropical endophytes the 1.5 million 

species of fungi proposed by Hawksworth (1991) will underestimate fungal biodiversity. 

In a later study of dicotyledonous neotropical trees in Panama the abundance and 
diversity of tropical endophytes was again recognized (Arnold, Maynard, & Gilbert, 

2001). They concluded that tropical endophytes are a vital component of diversity 

estimates and contribute substantially to fungal biodiversity. 

Arnold and Herre (2003) studied the foliar endophytes of the tropical tree (Theobroma 

cacao L., Malvaceae). They found that canopy cover is related to density of endophyte 
infection over the short term and that the leaves remained receptive to endophytic 
infection after initial infection had occurred. Moreover, age-specific leaf toughness and 
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chemistry were not associated with colonization and growth. Young and mature leaves 

proved to be equally susceptible to infection by foliar endophytes. When they tested the 

effects of extracts from forest and clearing grown leaves, and young and mature leaves 

to endophytes isolated from T. cacao, they were found to have no effect. These results 

suggest that neither phenolics nor other chemical factors which vary with leaf age have 

a direct influence on endophytic hyphal growth in vitro. They concluded that high 

inoculum, beneficial conditions for survival of epiphytic propagules and multiple 

applications throughout the lifetime of the leaf and plant should increase colonization of 
healthy tissues by foliar endophytes (Arnold & Herre, 2003). 

Arnold et aL (2003) found that the endophytic population of T. cacao can limit damage 

from pathogens. They demonstrated that when cacao leaves were infected with 

endophytes prior to infection with a pathogenic Phytophthora species the leaves 

exhibited less necrosis and mortality when compared with endophyte-free leaves. They 

found that the protection was primarily localized to endophytic-infected tissues. 

Furthermore, endophytic-mediated protection was greater in mature leaves which have 

fewer defenses against fungal pathogen than young leaves. In vitro studies suggested 
that the protection maybe mediated by direct interactions of endophytes with the 

pathogen (Arnold at aL, 2003). 

1.2 Xvlarlaceae 

The family Xylariaceae is very well represented throughout the world occurring mainly 
as wood inhabitants and exhibits its greatest diversity in the tropics (Ju & Rogers, 1996; 
Whalley, 1996; Rogers, 2000). Petrini and Petrini (1985) demonstrated the regular 
occurrence of Xylariaceae as endophytes of temperate hosts but later emphasized that 
they exhibited their greatest diversity and abundance in tropical plants where they 
appear to be universally present (Petrini et al. 1995). Most Xylariaceae are 
saprotrophic and are important in the decay of litter and woody substrata but there are 
also a number of species, mainly belonging to the genera Biscogniauxia and Rosellinfa 

which cause diseases (Whalley, 1996; Edwards at al., 2003). To what extent species of 
Biscogniauxia which cause various canker diseases in their tree hosts can be 

considered to be endophytes or whether they should be considered latent pathogens 
has been discussed in detail by Rogers (2000). Regardless of definition these and other 
Xylariaceae are frequently isolated from healthy tissues and their presence in their host 
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is often only apparent in the field once the host is stressed or a branch has become 

detached. The fungus then readily produces its stromata on the dead or dying wood. 

The Xylariaceae is a family of fungi belonging to the Ascomycota. Most of its members 

develop asci in perithecia beneath the surface of a stroma. Most asci have an iodine- 

positive ascus apical ring. The ascospores of the Xylariaceae are usually depicted as a 

more or less phaseoliform single cell with a smooth, brown wall which possesses a 

conspicuous full-length germ slit. In most Xylariaceae their stomal surface is hard, 

black, rough and carbonaceous, especially when it is maturing and most species 

produce a conidial state (Ju & Rogers, 1996). Conidia are produced blastically from 

conidiogeneous area of conidiophores. Each conidium is cut off from the conidiogenous 

cell by a septum. Conidia have a flattened area at the former site of their attachment to 

the conidiogeneous cell (Rogers, 1978). 

The Xylariaceae can colonize a wide range of substrates but in some species they tend 

to be host-specific. Thus Hypoxylon fragiforme (Bull. ex Fr. ) Kick and Biscogniauxia 

nummularia (Bull: Fr. ) Kuntze are associated with Fagus, H. multiforme (Fr. ) Fr. with 
Betula and Daldinia concentrica (Bolton) Ces. & De Not. with Fraxinus (Whalley, 1996). 

The Xylariaceae occupy a wide range of habitats but in general they can be grouped 
into wood-habitats, dung-habitats, litter-habitats and a few are associated with insects 

(Rogers, 1979; Whalley, 1996). Wood-inhabiting Xylariaceae are the most common as 
they are associated with bark (eg: H. fragiforme), and decorticated wood (eg: Nemania 

confluens (Tode) Lessee & Spooner. ) which is also well-decomposed and those which 

show no preference (Rogers, 1979; Whalley, 1996). The dung inhabiting Xylariaceae 

are Poronia, Podosordaria and Hypocopra. Poronia punctata (L.: Fr. ) Fr. always 

produces a number of antibiotic compounds, the punctatins, but P. oedipus (Mont. ) 
Mont. which is closely related to P. punctata does not (Whalley & Edwards, 1995). 
Normally xylariaceous fungi are not considered to be litter fungi but some of them are 
found growing in the leaf litter layer or fruit litter such as Xylaria carpophila (Pers. ) Fr., 

which grows on beech cupules or X. magnoliae J. D. Rogers on magnolia fruit (Whalley, 
1985). 

Xylariaceae in the ecosystem can be categorized by the position of their host or the 

substrate invaded and by the timing of the invasion (Rogers, 2000) 
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1. Species that invade living leaves and stems. They often fruit on living host 

materials. An example of this kind of lifestyle is Anthostomella. 

2. Species that invade living stems, remaining dormant until host gets stressed 

and then rapidly colonizing host and fruiting on it. Daldinia, Biscogniauxia, 
Camillea and Hypoxylon are all in this group. 

3. Species that decay living roots and wood, moving from the dead material to 

the living one. Kretzschmaria calvus, Rosellinia necatrix Prill. and various 
Xylaria species are saprophytes which can become plant pathogens when 
they are allowed to build up in the litter. 

4. Species that often fruit on decayed material, but are isolated as endophytes 
from living hosts. Most species of Xylaria and Nemania are in this category. 

5. Species that fruit on seeds and fruits. Mostly in this category are Xylaria 

which have a specific relationship with host. 

6. Species that invade dung. Hypocopra, Podosordaria and Poronia also have 

special relationships with animals. Many taxa have dormant ascospores 

which will pass through the mammalian digestive tracts. 
7. Species that are associated with ant and termite nests such as X melanaxis 

Ces. and X. nigripes (KI. ) Sacc.. These fungi are associated with dead or 
dying insect nests. It is assumed that these fungi are accumulated by insect 

and start to fruit after the nests are abandoned. 
8. Species that inhibit litter and organic soils. Generally, xylariaceous fungi are 

isolated as anamorphs such as Nodulisporium and Geniculosporium from 

soil litter. Most of these fungi do not produce a teleomorph in culture. 
9. Species that are damaging pathogens such as Camillea tinctor (Berk. ) 

Lessee, Rogers & Whalley., Biscogniauxia capnodes (Berk. ) Ju & Rogers. 

and B. mediterranea (De Not. ) Kuntze.. These species appear to be latent 

pathogens which invade plant tissues and remain quiescent until host stress 
allows the pathogens to rapidly colonize. 

1.2.1 M pr hologIcal characteristics of Xviariaceae 
Morphological characteristics of Xylariaceae are described as followed (Ju & Rogers, 
1996; Whalley, 1996). 

" Stromata and ascomata 
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Stromata may be bipartite. In this case the upper layer that hides the stromatal surface 
disappears at maturity. This character can be deduced by the presence of remnants at 
the margins, even at maturity. It is encountered in Biscogniauxia and Obolarina. 

Stromata may be more or less immersed in their substrate (some Anthostomella, 

Euepixylon), erumpent (Entoleuca), superficial broadly attached (most cases), 

superficial loosely attached (Kretzschmaria), constricted at base (Daldinia) or stipitate 
(Xylaria). In most genera, the stromatal tissue is homogenous. It is hollow and filled with 
liquid in Entonaema and presents concentric zones in Daldinia. 

Stromata are most often multiperitheciate and perithecia arranged in one layer. in 
Lopadostoma subgenus Lopadostoma, perithecia are in valsoid configuration. 
Uniperitheciate stromata occur in Anthostomella, Creosphaeria, Hypocopra, 

Lopadostoma subgenus Anthostomopsis, Nemania and Rosellinia, frequently with a 

tendency to become coalescent. 

" Asci and ascospores 
At the generic level, the most distinctive feature of asci lies in the apical apparatus. It 

may be broader than high (ring-like or discoid) or higher than broad (inverted hat- 

shaped to urn-shaped), easily seen when bluing in Melzer's reagent (amyloid). 
Amyloidity is not constant within a genus and is helpful at the specific level. 

Ascospores are typically one-celled, ellipsoid, provided with a germination site and 
pigmented. Biscogniauxia anceps (Sacc. ) Rogers, Ju & Cand. is noteworthy in having 
two-celled ascospores that frequently remains hyaline, even when mature. In most 
Anthostomella taxa, young ascospores are conspicuously two-celled and keep a dwarf 
hyaline cell when mature. This also occurs in Nemania, Rosellinia and Xylaria, but 

much less conspicuously. 

The germination site is slit-like (sigmoid or bilateral at times), except in Eueplxylon 

where it is pore-like. The shape, the relative length of the germ slit and its position on 

the ascospore's wall is often diagnostic at the specific level. 
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In Daldinia and Hypoxylon the perispore may be dehiscent in 10% KOH. Unfortunately 
this character is not constant in all taxa and does not allow a reliable distinction of these 
two genera. 

Under the microscope most members of the family can be recognized by having: 1) 

dark unicellular spores with more or less evident germination sites, mostly in the form of 

a slit (pale line). In some cases the immature spores are bicellular and may leave a 

cellular appendage on the mature spore. Some have gel-coats or appendages; and 2) a 

mostly blue reaction to the apical apparatus of the asci in iodine reagents (The Funga, 

Laessoe, Web resource) 

1.2.2 Conidial states of the Xylariaceae 

Most xylariaceous fungi have conidial states. In nature Xylaria conidia may have been 

produced on the surface of immature perithecial stromata, on anamorphic appendages 
borne on developing perithecial stromata, or on separate structures distinct from 

teleomorphic stromata. Anamorphic and teleomorphic structures are different in 

appearance and are also separated physically and temporally (Callan & Rogers 1993). 

Xylariaceous fungi produce conidia blastically from conidiogenous cells of 

conidiophores. The conidial wall is originally holoblastic. Each conidium is separated 
from the conidiogenous cells by a septum and there is also additional wall material 
deposited on each side of the septum. The conidium is eventually separated from the 

conidiogenous cells by the rupture in the plane of the septum. Conidia still have a 
flattened area which corresponds to where they were formerly attached to the 

conidiogenous cells. 

After the conidium has separated, the conidiogenous area reveals scars or denticles as 
an evidence of conidial production (Greenhalgh 1967; Greenhalgh & Chesters 1968; 
Jong & Rogers 1972). The morphology of the secession scar is characteristic for some 
species. 

The morphology and arrangement of conidiogenous cells and conidiophores is an 
important characteristic for species, groups of species and, probably, entire genera. For 
Hypoxylon and Daldinia, their conidial states are usually referred to the form-genus 
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Nodulisporium Preuss but in Nemania and Rosellinia, their conidial states are generally 

referred to the form-genus Geniculosporium Chesters & Greenhaigh (Ju & Rogers, 

1996). 

Nodulisporium is subdivided into four types based on the branching patterns of 

conidiogenous structures. Listing in ascending order of complexity, the four types are 
Sporothrix-like, Virgariella-like, Nodulisporium-like and Periconiella-like (Ju & Rogers, 

1996) (Figure 1.3). 

1. Sporothrix-like: Conidiophores are simple and often aseptate. They also 

terminate in a condiogenous region, or are sparingly branched from the 

conidiogenous region and form an overlying conidiogenous region on the 

additional branches. There is one conidiogenous cell on each terminus. 

2. Virgariella-like: Conidiophores do not have a dominant main axis. They are 

unbranched or dichotomously branched one or two, or sometimes more, 

when they form a level of conidiogenous regions; additional branches arising 
from the first level of conidiogenous cells and terminating in a second level 

of conidiogenous regions. This process of producing additional branches 

usually continuing several times to result in several levels of conidiogenous 

regions. There are one or two conidiogenous cells on each terminus. 

3. Nodulisporium-like: It is very much like a Virgariella-like type. However, the 

differences are the original conidiophores and additional branches. They are 

more complex and have a bushy structure. Several levels of conidiogenous 

regions are often produced. On each terminus, there are usually two or 

three, or sometimes more, conidiogenous cells. 
4. Periconiella-like: Conidiophores are composed of a main axis and 

sometimes there are one or more major branches. These terminate with 

three or four conidiogenous cells arising in whorls from the main axis and/or 
from major branches or from additional subordinate branches. Additional 

branches are normally lacking or rarely produced. 
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Ju and Rogers (1996) also noted that the hallmark of the Periconiella-like type is the 

property of 'apical dominance' of the main axis, which differentiates it from the other 

three types. The Periconiella-like type is similar to the Nodulisporium-type in having the 
tendency to produce more than two conidiogenous cells at each branch terminal. Both 
Nodulisporium-like and Virgariella-like are also alike in frequently producing additional 
branches but they differ in the simplicity of branching. The Virgariella-like type is simpler 

since they are unbranched or dichotomously branched. While the Sporothrix-like type is 

so reduced that the conidiogenous cells are the entire conidiogenous structures. The 

additional branches are found in all four types but they are very much less found in 

Sporothrix-like and Periconiella-type. 

To summarize the conidial state of xylariaceae, their conidiophore morphology is 
distinctive for each form genus. All xylariaceous anamorphs usually have hyaline to light 

brown conidiophores but there are different in branching, the position of conidiogenous 

cells, and the arrangement of conidiogenous loci within the conidiogenous cells. These 

can be good differential characters and for many xylariaceous endophytes are the only 
features available for identification purposes (Petrini & Petrini, 1985). 

1.2.3 Cultural characteristics 

Most xylariaceous fungi can be cultured on many media such as 2% malt agar, potato 
dextrose agar and oatmeal agar. Their characteristics on these agar media such as 

growth rate, texture of the colony surface, mycelial colour and also conidiomata are 
stable within a species. Conidia are produced on conidiophores which develop freely on 

mycelium or on special structures such as small pustular areas or well-developed 
stromata. 

Even though Martin (1967) stated that there are six types of xylariaceous growth form, 
Van der Gucht's observations indicated only 4 growth forms as follows (Van der Gucht, 
1994) (Figure 1.4) : 

1. Colony surface is powdery, coloured (brown-olive green-grey), and there 

usually is a small amount of white aerial mycelium. Carbonization is absent. 
Conidia are formed on freely developed conidiophores on mycelium. There 

are numerous conidia covering the whole colony surface. Growth rate is 
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rapid (covering 9 cm diameter Petri dish within 2 weeks). Daldinia and 
Hypoxylon are characteristic for this group. 

2. Colony surface is coarse, powdery. It is characterized by ropy, straggling 
hyphae and also the aggregation of mycelium. The colony is coloured ochre- 
yellow, olive-green to brown. There is no carbonization. Conidia are formed 

on conidiophores which develop freely on mycelium. The conidia are 

abundant. Growth rate is rapid. Biscogniauxia belongs in this group. 
3. Colony is felty to fleecy. It is uniform to zonate, white and also smooth. The 

carbonization is often presented. Conidia are formed on conidiophores which 
develop freely on mycelium. The number of conidia is not abundant. Growth 

rate is moderate (covering 9 cm Petri dish within 3-4 weeks). Nemania is 

representative of this group. 

4. Colony is felty to fleecy or floccose. It is uniform or zonate, smooth or rough 

and also white. Carbonization is very marked. Conidia are produce on 

conidiophores which is packed tightly in a palisade, on conidiomata. Growth 

rate is moderate to slow. Kretzchmaria and Xylaria represent this group. 
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Figure 1.4 Anamorphic forms of selected Xylariaceae growing on Malt Extract Agar 
(MEA); A= Daldinia concentrica, B= Hypoxylon fragiforme, C= Hypoxylon multiforme, 

D= Rosellinia necatrix, E= Xylaria polymorpha, F= Xylaria sample 1 

There is a possibility that anamorphic form in culture can be linked with the definite 

morphological types of teleomorph. For example species of Nemania and Rosellinia 

constantly exhibit anamorphs belonging to Geniculosporium and the species 
Penconiella has been reported to link with Biscogniauxia (Petrini & Petrini, 1985). 
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Important known anamorph-teleomorph connections of the Xylariaceae are summarized 
in Table 1.1. 

Table 1.1 Anamorph-Teleomorph connections 
Teleomorph Anamorph 

Anthostomella Geniculosporium Chester & Greenh. (Martin 1969a, _ 
Nodulisporium type 2a), Nodulisporium Preuss and 
Virgariella S. Hughes (Francis, Minter & Caine, 1980) 

? Ascotricha Dicyma Boulanger (Hawksworth, 1971) 

? Ascotrichella ? Humicola-like (Valdoserra & Guarro, 1988) 

Astrocystis Acanthodochium Samuels, JD Rogers&Nagas (Samuels, 

Rogers & Nagasawa, 1987; Ju & Rogers, 1990) 

Biscogniauxia Nodulisporium (Greenhalgh&Chester, 1968; Callan&Rogers, 

1986; San Martin&Rogers, 1993), Geniculosporium 

(Eckblad&Granmo, 1978; Whalley&Edwards, 1985), 

Periconiella (Petrini&Muller, 1986) 

Calceomyces Nodulisporium (Udagawa&Ueda, 1988) 

Camillea Xylocladium Syd. (Crane&Dumont, 1975; Lmssoe, 

Rogers&Whalley, 1989; Ju, Gonzalez & Rogers, 1993) 

? Chaeocarpus Unknown 

Collodiscula Acanthodochium (Samuels, Rogers&Nagasawa, 1987) 

Daldinia Nodulisporium (Chester&Greenhalgh, 1964; Petrini&Muller, 

1986) 

Engleromyces Unknown 

Entoleuca Geniculosporium, Dematophora (Rogers&Ju, 1996) 

Entonaema Nodulisporium (Rogers, 1982) 

Euepixylon Geniculosporium (Whalley, 1976) 

Helicogermslita Unknown 

Holttumia Unknown 

Hypocopra Unknown 

Hypoxylon Nodulisporium, Virgariella, Hadrotrichum Fuckel, 

Rhinocladiella Nannf. (Martin, 1967a; Greenhalgh&Chesters, 

1968; Jong&Rogers, 1972; Petrini&Muller, 1986) 
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Table 1.1 (Continue II) Anamorph-Teleomorph connections 
Teleomorph Anamorph 

lnduratia Nodulisporium (Samuels, Muller & Petrini, 1987) 

Jumillera Libertella-like, Geniculosporium (Rogers, Ju & San Martin, 

1997) 

Kretzschmaria Hadrotrichum (Petrini & Muller, 1986) 
Kretzschmariella Mirandinia Matsushima (Ju & Rogers, 1994) 

Leprieuria Geniculosporium (Samuels & Muller, 1980) 

Lopadostroma Scolecosporous anamorph, Libertella-Like (Ju, Gonzalez & 
Rogers, 1993) 

Nemania Geniculosporium (Chester & Greenhalgh, 1964; Petrini & 
Muller, 1986) 

Obolarina Rhinocladiella-like (Candoussau & Rogers, 1990) 

? Penzigia Unknown 

Phaeosporis Sporothrix Hektoen & CF Perkins (Jong & Davis, 1974) 

Phylacia Geniculosporium (Rodrigues & Samuels, 1989) 

Podosordaria Lindquistia Subram & Chandrash. (Subramanian & 

Chandrashekara, 1977; Rogers & Lmssee, 1992) 

Poronia Lindquistia (Subramanian & Chandrashekara, 1977; Stiers, 
Rogers & Russell, 1973) 

Pulveria Unknown 

Rhopalostroma Nodulisporium (Hawksworth & Whalley, 1985) 

Rosellinia Geniculosporium, Dematophora R. Hartig, Nodulisporium 

(Petrini, 1992) 

Sarcoxylon Unknown 

Seynesia Acanthodochium (Hyde, 1995) 

Stilbohypoxylon Unknown 

Stromatoneurospora Unknown 

Thamnomyces Nodulisporium (Samuels & Muller, 1980) 

Theissenia Unknown 

Theumenella Nodulisporium (Samuels, 1989; Samuels & Rossman, 1992) 
Versiomyces Unknown 
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Table 1.1 (Continue III) Anamorph-Teleomorph connections 
Teleomorph Anamorph 

Vivantia Nodulisporium (Rogers, Ju & Candoussau, 1996) 

Wawelia Anamorph described by Minter & Webster (1983) as being 

geniculate but not assigned to a form genus. 
Whalleya Geniculosporium -like but with dry scolecosporous conidia 

(Rogers, Ju & San Martin, 1997) 

Xylaria Typically produced on developing stromata but no form 

genus yet assigned. Xylocoremium flabelliforme is associated 
with X. cubensis (Rogers, 1984,1985b) 

1.2.4 Distribution of Xylariaceae 

The current data shows that most of the Xylariaceae are distributed in the tropics, but 

some species are cosmopolitan and are widespread throughout the world. They are, as 

stated earlier, common as endophytes especially in tropical plants (Whalley, 1997). In 

Puerto Rico a Xylaria sp. was isolated from more than half of the shoots of C. 

equisetifolia and from nearly all of the mature Manikara bidentata (A. DC. ) Chev. leaves 

sampled (Bayman et aL, 1998). 

Tropical palms have been studied by several groups. Rodrigues and Samuels (1990) 

studied the Australian fan palm (L. ramsayi) in lowland rainforest of Australia. They 
isolated mostly xylariaceous anamorphs. Again in the Amazonian palm (E oleracea), 
Rodrigues (1994) isolated Xylaria cubensis (Mont. ) Fr. as one of the most common 
species but other Xylariaceae taxa were also found. Fröhlich et al. (2000) isolated 

endophytes from palms in Brunei Darussalam (Licuala sp. ) and palms in Australia (L. 

ramsay, ). They found an overall colonization rate of 81-89% with the most common 
fungi being taxa of the Xylariaceae. Thus Tropical palms harbour a significant number 
of xylariaceous endophytes. 

The percentage recovery of Xylaria species from leaves of Manilkara bidentata in 
Puerto Rico was very high occurring in 73-74% of leaves (Lodge et al., 1996). Xylaria cf 
multiplex, X. cf. adscendens, X. mellisfi (Berk. ) Cooke and members of the X. arbuscula 
Sacc. complex were identified. These Xylaria species were rarely found in the petiole 
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and the authors suggested that these endophytic fungi may appear to have originated 
from airborne or waterborne propagules (Lodge et al., 1996). 

Lepanthes, a genus of the Orchidaceae was studied by Bayman et al. (1997). Roots 

and leaves were investigated and the most frequently isolated endophytes were Xylaria 

species and Rhizoctonia-like fungi. They also noted that the Xylaria from Lepanthes 

fitted at least three of the criteria of Carroll for assuming that endophytes are mutualist 
Carroll (1988). Firstly, they are widespread and cause no obvious damage; secondly, 
they grow throughout host tissues; thirdly, there are many reports that these species 

can produce toxic secondary metabolites. Xylariaceous fungi have also been isolated 

from other tropical plants such as manuka leaves (Leptospermum scoparium 
Forst. &G. Forst. ) (Johnston 1998), from healthy twigs of Eucalyptus globules Labil. and 
E. grandis Hill ex. Maiden in Uruguay (Bettucci et at, 1999) and from symptomless 

leaves of tropical plants in the Iwokrama Forest Reserve in Guyana (Cannon & 

Simmons, 2002). 

In Thailand there have been a few studies on the Xylariaceae. However an earlier study 
by Mekkamol found that Xylariaceous fungi are one of the most common endophytes. 
Mekkamol (1997) studied endophytes from teak (T. grandis) leaves from a natural stand 

and from a teak plantation. Members of the Xylariaceae were recovered as 20-60% of 

all isolates from each site depending on the year sampled. Thienhirun (1997) also 
demonstrated the great number and diversity of Thai Xylariaceae and noted that there 

are a considerable number of new species waiting to be described. Continuing studies 

on Thai Xylariaceae strongly support this earlier view and the dominant taxa are Xylaria 

and Hypoxylon species (Thienhirun & Whalley, 2004) which is in agreement with other 

studies of tropical Xylariaceae. Phottita at aL (2001) studied endophytes from wild 
banana (Musa acuminate Colla. ) at Doi Suthep Pui National Park, northern Thailand. 

They found Xylariaceous fungi to be the most frequently isolated endophytes from the 

leaves. Chareprasert (2001) investigated the endophytic fungi from leaves of teak (T. 

grandis) and rain tree (Samanea saman Merr. ) growing in the campus of Chulalongkom 

University, Bangkok. Surprisingly members of xylariaceae were found only in the 

mature leaves of teak and were not at all present in rain tree leaves. This may be 

because the rain tree produces some toxins which inhibit conidia or ascospores of 

xylariaceous fungi. It might also be relevant that the leaves are thin and delicate unlike 

the much more robust teak leaves and this might account for these differences. 
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