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Occurences of Endophytic Fungi in Musa acuminata 

Elmy Fazriena binti Md Yusof 

Plant Resource Science and Management 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

 

ABSTRACT 

Endophytic fungi are microorganisms that live within a plant tissue and have been found 

almost in all plant species without causing any symptoms in their hosts. Endophytic fungi 

were isolated from fruits, leaves, pseudostems and petioles of cultivar Kapas and cultivar 

Tanduk. A total of 16 species of endophytic fungi were found during this study. They were 

Aspergillus flavus, A.niger, Botryodiplodia theobromae, Colletotrichum musae, Cordana 

musae, Fusarium sp., Geotrichum sp., Guignardia sp., Nigrospora sp. and Penicillium sp. 

The most common endophytic fungi found was A.niger. Morphological and physiological 

characteristics of the endophytic fungi were also studied. The effects of various 

temperature, light and pH on selected fungi were examined. ANOVA analysis showed that 

each test had significant different to the fungi growth. The optimum temperature ranges 

for growth of selected endophytic fungi were between 20°C to 30°C. The light conditions 

had significant effect on selected endophytic fungi growth. The optimum pH for each 

selected endophytic fungi species differ from each other. 

Key words: Endophytic fungi, fungi growth, Aspergillus niger 

ABSTRAK 

Kulat endofit adalah mikroorganisma yang hidup di dalam tisu tumbuhan dan telah 

dijumpai hampir keseluruhan spesies tumbuhan tanpa menunjukkan simptom penyakit 

didalam hos. Kulat endofit telah dipencilkan daripada buah, daun, batang dan petiol  

kultivar Kapas dan kultivar Tanduk. Sejumlah 16 spesies kulat endofit telah dijumpai 

dalam kajian ini. Kulat-kulat tersebut ialah Aspergillus flavus, A.niger, Botryodiplodia 

theobromae, Colletotrichum musae, Cordana musae, Fusarium sp., Geotrichum sp., 

Guignardia sp., Nigrospora sp., dan Penicillium sp. A.niger adalah kulat endofit yang 

paling banyak dijumpai. Ciri-ciri morfologi dan fisiologi  kulat endofit telah dikaji. Kesan 

pelbagai suhu, cahaya dan pH pada kulat terpilih telah dikaji. ANOVA analisis 

menunjukkan setiap ujikaji memberi kesan kepada pertumbuhan kulat. Pertumbuhan kulat 

yang terpilih adalah tinggi pada suhu antara 20°C hingga 30°C. Kehadiran cahaya telah 

memberi kesan terhadap pertumbuhan kulat endofit yang terpilih. pH optima untuk setiap 

kulat endofit yang terpilih berbeza antara satu sama lain.  

Kata kunci: Kulat endofit, pertumbuhan kulat, Aspergillus niger 
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1.0 Introduction 

As in other plants, banana also associated with various microorganisms. The 

microorganisms might be pathogen, saprophytes or fungi. Plants associated fungi are 

usually divided into five main functional groups: mycorrhizal, pathogenic, epiphytic, 

endophytic and saprotrophic fungi (Alfaro & Bayman, 2011). Fungi may occur as 

saprophyte such as Arthrobotrys foliicola and Gilmaniella or pathogenic from the genus 

Penicillium, Aspergillus or Curvularia and also as endophytes such as Trichoderma 

(Photita et al., 2004). According Gamboa et al. (2012), endophytic fungi are 

microorganisms that living in a plant tissues without causing disease symptoms. It is 

contrast with the plant pathogen and parasites because of its not obvious disease symptoms 

in their hosts. It is known as ubiquitous which can be found in everywhere and occur 

within all known plants (Zabalgogeazcoa, 2008). It has more than 1 million species 

(Petrini as cited in Zhao et al., 2010, p. 567).  

Endophytic microorganisms such as fungi and bacteria play important roles in their 

plant hosts (Azevedo, 2014). It helps in promote host growth and help plant to counter 

towards changes in the environment such as biotic stress. Either actively or passively, 

endophytic fungi promote the growth of the plant through a various mechanisms to 

enhanced plant resistance to biotic or abiotic stresses (Selim et al., 2012). Azevedo (2014) 

stated that endophytes might raise the struggle of plants to against biotic and abiotic 

stresses and produce plant growth hormones, antibiotics, enzymes and many useful 

compounds of biotechnological attraction. Endophytic fungi were known to harbour in all 

known plant species including banana.  
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Banana (Musa acuminata, Musaceae) is widely cultivated fruit and grows abundantly 

in Malaysia. Musa is the most diverse genus in the family of Musaceae. They are the 

fourth most important food crop in the world after rice, wheat and maize (Nelson et al., 

2006) and the second most important fruit crop in Malaysia after durian (Nik Hassan, 

2003). A banana plant is often referred as a „tree‟ but it is actually a giant herbaceous plant 

which reach their full height of between 20 to 25 feet (6-7.5m) after only a year. Banana 

plants are approximately compose of 93 per cent of water. It has an underground stem 

with adventitious root which provide a food for the plant. Alongside of the main stem, 

there‟s another stems called suckers. After producing fruit, the plant stems will die and 

replaced by the new one. Fungi seem to play an important role in the maintenance of 

healthy plants together with other microorganisms that also occurring in banana trees 

(Pereira et al., 1999).  

1.1 Research Objectives 

The objectives of this research are: 

 To determine the occurences of endophytic fungi in different parts of banana 

 To identify the type of species of endophytic fungi in different parts of banana 

 To obtain the identification of endophytic fungi based on morphological structure 

 To determine the optimum growth condition for selected endophytic fungi in  

temperature, light conditions and pH 
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2.0 Literature Review 

2.1 Endophytic Fungi 

Romero et al. (2001) defined that endophytes are microorganisms that live within a 

plant tissue and have been found almost in all plant species without causing any symptoms 

(Saikkonen et al., 1998). Hundreds of plants have been investigated for their endophytic 

fungi and most of them have been proved to be rich with endophytic fungi (Zhao et al., 

2010). Endophytic fungi are known of its ability to produce useful bioactive natural 

products (Dar et al., 2015). According to Cao et al. (2004), endophytic fungi have ability 

to penetrate plant cells, stimulating plant defence response and to produce antifungal 

metabolites in situ. The production of bioactive compounds by endophytes that important 

towards host plants is not only important from an ecological perspective but also from 

biochemical and molecular stand-point (Kusari et al., 2012).  

One hundred isolations of endophytic fungi were done from medicinal plants that 

consist of 19 species collected at MARDI Sessang, Sarawak (Jeffrey, Son, & Tosiah, 

2008). They found that 55% of the endophytic fungi were isolated from the leaves 

meanwhile another 45% from the branches. Their results claim that endophytic fungi 

isolated from medicinal plants at MARDI Sessang, Sarawak having a potential to be 

carried out for further studies for their bioactivities. Medicinal plant provides a special 

environment for endophytic fungi (Gurupavithra & Jayachitra, 2013). Many previous 

researches reported endophytic fungi isolate from medicinal plant such as total of 14 

fungal species isolated from endemic medicinal plants of Tirumala Hills (Anitha et al., 

2013) and Jeffrey et al. (2008) have isolated 100 endophytic fungi from 19 samples of 

medicinal plants.  
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In some cases, plants that associated with endophytes have shown an increased 

resistance to plant pathogens. Endophytes have potential to decreasing or preventing the 

deleterious effect towards pathogens (Azevedo, 2014). Fungal endophytes can affect plant 

growth and plant responses to pathogens, herbivores and environmental changes and 

produce useful or interesting secondary metabolites (Alfaro & Bayman, 2011). Zhang et 

al. (2006) found that the protection of endophytic fungi against fungal pathogens was 

greater in mature leaves to defence compared to the young leaves. Old leaves contain more 

endophytes than the younger one (Toofanee & Dulymamode, 2002). 

Endophytes are known to affect the interactions of plants with their environment and 

able to alter the progress of their interactions with plant pathogens (Zabalgogeazcoa, 

2008). Endophytes are able to absorb nutrients from freely available materials found in the 

intercellular spaces (Clay, 1990). Example of the experiment that had been done was 

association of fungal endophytes with grasses. Clay (1990) found that within the aerial 

plant body, endophyte hyphae are most dense in the leaf bases surrounding the intercalary 

meristems of grasses.  

Rakotoniriana et al. (2007) found that the leaves of Centella asiatica contain a high 

diversity of fungal sp. with 45 different morphological taxa which xylariaceous non-

sporulating sp. NSS1 and Colletotrichum higginsianum were the most frequently found 

isolated sp. of fungi. 

2.2 Interaction of the Endophytic Fungi with Their Host 

Approximately 300, 000 amount of plant species on earth and each individual plant is 

host one or more endophytes and many of them colonize certain hosts (Selim et al., 2012). 

Almost all vascular plant species examined were found to hosts endophytes (Selim et al., 

2012). Some endophytes are able to infect a wide range of hosts while some of them are 
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limited to one or a few hosts (Zabalgogeazcoa, 2008). A host will harbour one to several 

species that are unique to that particular host (Jeffrey et al., n.d.). According to Zhang et 

al. (2006), endophytes are able to colonise multiple host species belonging to different 

families within a given geographic site. 

Endophytes have potential affected plants in various ways and their functions are still 

not clearly defined but their present in host plants bringing out good things (Selim et al., 

2012). Azevedo (2014) reported that endophytic microorganism can affect plant growth in 

two ways either directly or indirectly and it provide compounds for the host that produced 

by the fungi in order to facilitating the uptake of nutrient from the environment. 

Colonisation of the host tissues by endophytic fungi is also dependent on successful 

penetration of the protective external plant layers which can be achieved only by either 

mechanical fracture of the protective tissues or by enzymatic digestion of cuticular and 

epidermal layers (Toofanee & Dulymamode, 2002). One of the functions of endophytic 

fungi is facilitation of plant nutrient uptake that leads to stimulation of plant growth (Selim 

et al., 2012).  

According to Selim et al. (2012), there is a complex relationship between endophytes 

and their host plants. Endophytes having a multiple roles in different aspects of life 

varying from its impact on host plants compared to environmental and human life (Selim 

et al., 2012). Depending on the endophytic fungi species, the outcome of a plant-

endophyte interaction can range from antagonism to mutualism (Zabalgogeazcoa, 2008). 

Saikkonen et al. (1998) mentioned that endophytic fungi are mutualists. For example, the 

plant provides carbon for fungus development which in return they obtained protection 

against insect herbivores by production of alkaloids and other toxic compounds of 

endophytic fungi (Pinto et al., 2000). It is because they receive nutrition and protection 

from the plant while it benefits host plant by enhanced competitive abilities (Saikkonen et 
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al., 1998). Mutual relationship between endophytic fungi and host plants benefit both by 

provide supply of energy, nutrients, shelter and protection from environmental stress 

(Selim et al., 2012).  

Zabalgogeazcoa (2008) claimed that the endophytes are gaining attention as a subject 

for research and applications in Plant Pathology. This is because in some cases plants 

associated to endophytes have shown an increased resistance to plant pathogens, 

particularly fungi and nematodes (Zabalgogeazcoa, 2008). Commensalism between 

endophytes and host plants provide benefit to the endophyte by enabling an undisturbed 

existence and nutrient supply without affecting the host (Selim et al., 2012).  

According to Selim et al. (2012), host-endophyte interaction that imbalances can 

result a disease in host plant defence machinery kills the pathogenic endophytic fungi. The 

balanced and imbalanced of the interaction depend on several factors which are virulence 

of fungus and defences of the hosts that being influenced by environmental factors such as 

nutritional factors and developmental stage of the partners (Selim et al., 2012).  

2.3 Biological Roles of Endophytic Fungi 

According to Selim et al. (2012), endophytic fungi play an important role in various 

aspects of life. Endophytes are effective biological control agents against a variety of 

fungal pathogens (Alfaro & Bayman, 2011). It varies from its effect on host plants to its 

effects toward human life and environment, (Selim et al., 2012). Endophytes have the 

potential to protect their host plants from natural enemies by producing mycotoxins and 

antibiotics (Carroll, 1995). Bioactive agents that synthesize by endophytic fungi are used 

by the plants for defence mechanisms in order to against pathogens, novel drug discovery 

process and stimulating plant growth (Selim et al., 2012). Nigrospora sp. may be 

mutualistic and have a potential for biological control strategies as it is to be well adapted 
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to an endophytic fungi existence (Brown et al., 1998). A. niger is used for commercial 

production of amylase (Jain et al., 2012).  

2.4 Endophytic Fungi of Banana 

Every plant on earth is known to harbour at least one endophytic microbe (Anitha et 

al., 2013). Given that plant diversity is highest in the tropics, endophyte diversity might 

also be the highest in the tropics (Alfaro & Bayman, 2011). Zabalgogeazcoa (2008) stated 

that there is a large biological diversity among endophytes and some plant species might 

be hosts of more than one hundred different endophytic species. Perennial plant species 

expected to host greater diversity of endophytic fungi than usual annual plant species 

Jeffrey et al. (n.d.) 

According to Selim et al. (2012), plants growing in areas of great biodiversity also 

have the potential for housing endophytes with great diversity. Pereira et al. (1999) used 

2400 leaf fragments of Musa acuminata collected from three different localities in Sao 

Paulo State, Brazil to isolate endophytes. They have found sixteen fungal taxa. Their study 

showed that Xylaria sp., Colleotrichum musae and Cordana musae were frequently found 

fungi in banana. 

Zakaria and Abdul Rahman (2011) have carried out a research of endophytic 

Fusarium sp. that isolated from roots of wild banana (Musa acuminata) that have been 

collected randomly in several locations in Penang Island, Malaysia. They have identified 

three Fusarium spp. from this research, which are F. oxysporum, F. Solani and F. 

Semitectum.  
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3.0 Materials and Methods 

3.1 Plant Materials 

Small parts of fruits, leaves, petioles and pseudostems of banana were obtained from 

Kota Samarahan and private farm in Sadong Jaya. There were two cultivars were used, 

namely, Cultivar Kapas and Cultivar Tanduk (Figure 1). The samples were selected from 

healthy banana tissues. The samples were placed in a plastic bag and transported to the 

Plant Pathology Lab at Faculty of Resource Science and Technology, UNIMAS. All the 

samples were processed within 24 hours after sampling. 

 

Figure 1. Cultivar Tanduk 
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3.2 Isolation of Endophytic Fungi  

The plant samples were washed thoroughly under running water. After washed, the 

samples were dried using sterilized filter paper. The samples were cut using scalpel into 

segments of about 1 cm X 1 cm. A total of 50 segments of each banana parts were 

prepared. Then, the samples were undergone surface disinfection by soaking in 75% of 

ethanol for one minute (min) followed by in 65% sodium hypochlorite for 10 min. After 

that, the samples were washed with 75% ethanol for 30 seconds and rinsed using distilled 

water for three times in order to remove the ethanol that might attach to the surface of 

plant samples. Sterilized filter paper was used to dry the samples. The media that were 

used for this isolation of endophytic fungi was water agar (WA). Five plant segments were 

plated on each agar plate. All the plates were incubated at room temperature and regularly 

checked for fungal growth until there were no new fungi seen. Pure cultures of fungi were 

prepared for further test. The percentages of occurrence of each species of endophytic 

fungi were calculated by using this formula: 

Percentage occurrence (%) = Number of occurences of a particular fungus   X 100                                       

                       Total number of samples examined                    

3.3 Microscopic Observation 

A small portion of mycelia was lifted from a section of the colony and transferred on 

to a slide by using inoculation needle. Acid fuchin in lactophenol was used as the stain. 

Cover slip was put on the fungal specimen on the slide before observed under a 

microscope. If any residual air bubbles present, it will be removed gently. The translucent 

nail polish was applied to seal the slide for a long-term storage. Photos were taken using 

digital camera. The identification the type of species of endophytic fungi was carried out. 
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The fungus was identified based on morphological structure. For colony, the identification 

was observed from the structure, margin shape and colour of the colony upper and reverse 

face. For identification of the spores, it was observed from their structure, colour and 

shape. 

3.4 Physiological Study of the Fungi 

3.4.1 Growth of Endophytic Fungi at Different Temperature 

Effect of temperature of the selected fungi was investigated by using potato dextrose 

agar (PDA) as a growth media. The medium was autoclaved at 121
o
C for 15 min. This 

medium was poured into Petri dishes. On solidification, small portion of the tested fungus 

was inoculated at the center point of the Petri dish and were incubated at 15
o
C, 20

o
C, 

25
o
C, 30

o
C, 35

o
C and 40

o
C. Three replicates were prepared for each temperature. The 

average diameter of the colony was measured and recorded every day for seven days or 

until the colony filled the medium surface. Average growth rates of fungi were calculated 

by using this formula: 

Average colony diameter, (D) = d1 + d2 

                 2 

Average growth rate = (D2-D1) + (D3-D2) + (D4-D3) + (D5-D4) + (D6-D5) + (D7-D6) 

      N-1 

d: Diameter of colony 

D: Average colony diameter 

N: Days after incubation 
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3.4.2 Growth of Endophytic Fungi under Different Light Conditions 

The growth of endophytic fungi at different light condition was investigated by using 

PDA as a growth medium. The tested fungi were inoculated onto agar in Petri dishes and 

incubated at two light conditions which were in a box which covered with aluminium foil 

to exclude all light and the others were kept under fluorescence light at room temperature. 

Three replicates were prepared for each species at each light condition. The average 

colony diameter was measured and recorded every day for seven days as until the colony 

cover the surface of petri dish. The average growth rate of the endophytic fungus was 

calculated as described above. 

3.4.3 Growth of Endophytic Fungi at Different pH 

Effect of pH on growth of the fungi was determined by measured mycelia dry weight. 

The potato dextrose broth (PDB) media was used. The tested pH values are 3.0, 4.0, 5.0, 

6.0, 7.0, 8.0 and 9.0. The pH value was adjusted by adding NaOH to increase the pH and 

HCL to lower the pH. 30ml of the media was transferred into 100 ml conical flask then 

autoclaved at 15 psi and 120
o
C for 15 min. The medium was allowed to cool before 

inoculated with one block of agar containing mycelium from four to seven days old 

culture. Three replicates for each isolate and for each pH were prepared. After seven days, 

the mycelium of the fungi which was formed in the media was filtered by using known 

weight of dried filter paper. The mycelium was dried in oven for two days and the dry 

weight of the mycelia was determined.  

Dried weight of mycelium = X – Y 

X: Dried weight of the mycelia + filter paper 

Y: Dried weight of the filter paper 
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4.0 Result 

4.1 Comparison of percentage endophytic fungi occurrence in cultivar Kapas and 

cultivar Tanduk 

All parts of the banana were colonized by endophytic fungi. A total of 16 species of 

endophytic fungi were observed in cultivar Tanduk and cultivar Kapas (Table 1). More 

species of endophytic fungi were found associated with the cultivar Kapas compared to 

cultivar Tanduk. Ten out of sixteen species of endophytic fungi were found associated with 

cultivar Kapas while in cultivar Tanduk only nine species were found. Only three species, 

namely, A. niger, Cordana musae and Nigrospora sp. were found in both cultivar Kapas 

and cultivar Tanduk.  

It was found that the number of occurrence of the endophytic fungi varied in different 

parts of the banana (Table 2 to 3, Appendix 1 and 2) and the different parts of banana were 

colonized by different species of endophytic fungi. A. niger were found in all of the 

different banana parts. The percentage occurrence of Aspergillus niger was 33 % on 

cultivar Tanduk amd 53 % in cultivar Kapas (Table 1). This species was occurred in fruits, 

leaves and pseudostems of cultivar Kapas and in fruits, pseudostems and petioles parts of 

cultivar Tanduk (Table 2 and Table 3). in the petiole of cultivar Kapas and leaves of 

cultivar Tanduk, A. niger was not found.  

In Table 1, the highest percentage occurences of endophytic fungi in cultivar Kapas 

and cultivar Tanduk was A. niger. Botryodiplodia theobromae, Guignardia sp. and 

unknown sp 5 were the species that very rare with 1.37 % occurence and not frequently 

isolated in cultivar Kapas. In cultivar Tanduk, A. flavus was the second highest with 20.83 

% occurrence after A.niger. Geotrichum sp., unknown sp.3 and unknown sp.6 were the 

species with 2.08 % occurences in cultivar Tanduk. 
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Only five species of endophytic fungi of cultivar Kapas occurred in less than 10% of 

the 14 isolates found in 50 segments of the fruit samples (Table 2, Appendix 1). The 

highest percentage was of 8.22 % of the total fungi present in the fruit samples. In leaves, 

only one species occurred with 42.47 % occurrence from 31 segments. Similar pattern with 

fruit samples, there were only five species occurred with less than 10 % of 10 isolates out 

of 50 pseudostems segments. For petioles, four species of endophytes occurred in less than 

15 % of the 18 isolates from 50 petioles segments. 

Botryodiplodia sp. and Penicillium sp. were only found in 1.37 % of each fruit and 

pseudostems. Guignardia sp. only present in pseudostems with 1.37 %. In cultivar Kapas, 

Guignardia sp. only occurred in pseudostems, Cordana musae and Nigrospora sp. were 

occurred in petiole and Botryodiplodia theobromae in fruit with 1.37 %.  

In cultivar Tanduk (Table 3), only three species fungi occurred in less than 15 % out 

of 15 isolates found in 50 segments of the fruit samples (Appendix 2). The highest 

percentage was 14.58 % of the total fungi present in the fruit sample. Similar patterns 

observed in leaves part which having 10.42 % as the highest percentage of 9 isolation. For 

pseudostems, only four species occurred in less than 15 % with 13 out 50 segments. The 

highest percentage was at 10.42 % of the total fungi present in the pseudostems samples. 

Only five species occurred in less than 15 % of 11 isolates from 50 petioles segments. The 

highest percentage was 12.5 % of the total fungi present in the petioles samples. 

Some endophytic fungi are host specific. For an instance, Aspergillus flavus were 

found occurred only in cultivar Tanduk (Table 3). Both leaves and pseudostems parts 

record the same percentage of occurrence which are 10.2 % of this fungus species. Similar 

patterns of occurrence of Geotrichum sp. that only occurred in cultivar Tanduk. There was 


