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ABSTRACT 
A group of Fusarium spp., in the Fusarium oxysporum species complex is known 
as pathogens on bananas, i.e., Fusarium wilt or Panama Disease. However, 
many Fusarium spp. are also known to be endophytes inside healthy banana 
plants and have been less explored and investigated. Fusarium endophytes 
have been demonstrated to be effective against the Fusarium pathogen that 
causes wilting in some crops such as tomatoes and watermelon. Thus, we ex-
plored endophytes Fusarium from local bananas in Pandenglang Banten for 
further use as biocontrol of Fusarium wilt. Four wild banana accessions were 
identified, from which 9 Fusarium isolates recovered from its pseudostems 
asymptomatic plants. All isolates were characterized based on their morpho-
logical characters and sequence of the Internal Transcribed Spacer (ITS) gene. 
These isolates belong to four complexes of Fusarium i.e. Fusarium equiseti spe-
cies complex, Fusarium oxysporum species complex, Fusarium sambucinum spe-
cies complex, and Fusarium solani species complex (currently described as Neo-
cosmospora). Further study on molecular characterization of these isolates using 
specific genes and their potential antagonists of pathogens still needs to be 
discovered for other use as a biocontrol against Fusarium wilt.  
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Banana is one of the fruit commodities that plant pathologies have given 
many intentions for the past two decades because of the emerging de-
structive disease called Fusarium wilt, known as Panama Disease (Ploetz 
2006; Ordonez et al. 2015; Westerhoven et al. 2022). However, in a coun-
try where banana is native such as Indonesia, the awareness of the dis-
ease lacks of attention. Moreover, the abundant diversity and luxury of 
choosing many different bananas to the table make the condition unheard 
for most people. The unawareness of farmers to isolate their banana 
plants that are infected with Fusarium wilt perhaps cause the pathogen, 
Fusarium spp., evolve with the host with different varieties of banana 
(Ploetz et al. 1999; O’donneal et al. 2008; Maryani 2018). 

Fusarium wilt on a banana can be recognized by symptoms such as 
wilting and yellowing of the leaves, longitudinal splitting of the pseu-
dostem, internal pseudostem showing reddish and brownish vascular 
lines (Maryani 2018). Once banana plants are infected with Fusarium 
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wilt, the soil becomes contaminated with the pathogen that can be sur-
vived for decades. This is because the chlamydospores of Fusarium spp. 
can survive more than 30 years in soil (Ploetz 2006). To date, there is no 
effective strategy to control the Fusarium wilt of bananas except to ex-
clude the pathogen from non-infested areas, prevention by using patho-
gen-free tissue culture plants, and quarantine strategies (Kema et al. 
2021). Applying disinfectant against soil pathogens could harm the mi-
crobial community in the soil, anaerobic soil disinfestation might be too 
costly, and the development of resistant cultivars is not foreseen in the 
short-term (Dale et al. 2017; Salacinas 2019; Ahmad et al. 2020). There-
fore, biological control is considered a promising alternative to manage 
the disease and is environmentally friendly.  

Endophytes are microbes that colonize plant tissue without causing 
disease. Many endophytes microorganism is known to decrease the dis-
ease susceptibility of their host upon infection. Thus, it is an attractive 
agent for organic farming. In the case of fungal Fusarium spp., despite its 
abundant species as a pathogen of many important crops, many of these 
species are endophytes (Leslie & Summerell 2006). 
Some Fusarium endophytes can protect the plants against Fusarium wilt 
caused by pathogenic Fusarium (Aimé et al. 2013). Fusarium ox-
ysporum endophyte isolates Fo47 is well studied and known for reducing 
Fusarium wilt in many crops, including tomato, asparagus, cotton, and 
chickpea (Zhang et al. 2018; Constantine et al. 2020). However, the po-
tential of fungal endophytes against Fusarium wilt on a banana is un-
known. Therefore, studying Fusarium endophytes to fight the Fusarium 
wilt of bananas is crucial and will give insights into the possibility of 
managing this disease in a friendly-environmentally way. As a first step 
towards that goal, this study aimed to identify endophytic fungi from 
wild banana (Musa spp.) in Kabupaten Pandeglang Banten Province, In-
donesia, for later use as a biocontrol against Fusarium wilt on banana. 

Sampling collection was undertaken through exploration in six dis-
tricts of Pandeglang Banten; Cadasari, Banjar, Menes, Cisata, Saketi, and 
Pandeglang. Wild banana was able to be identified based on the presence 
of abundant seed in their fruit (Figure 1). Pseudostem from symptomless 
plants was sampled and placed on filter paper to dry and packed in a pa-
per envelope. Global Positioning System (GPS) coordinates were record-
ed and ecological parameters including soil pH, light intensity and vege-
tation around the sampling area, were noted at each site. Wild banana 
identification was based on morphological characters (Valmayor et al. 
1999) and in-situ comparison with Musa collection at Kebun Plasma 
Nutfah, Pusat Biologi, Cibinong, Bogor, Indonesia (Poerba et al. 2018). 

Samples were isolated using the direct plating method with surface 
sterilization (Maryani 2018). Dried pseudostem was cut into pieces, ap-
proximately 2 x 3 cm, and plated into potato dextrose agar (PDA) plates. 
After 2-3 days, colonies resembling fungi were transferred to new PDA 
plates. Monosporic culture was derived by streaking small amount of co-
nidia, collected with the tip of inoculation needle on water agar (WA) 
plates, which allowed conidia to separate. After 24h incubation, plates 
were observed under stereo microscope and germinating conidia were 
collected and transferred to new PDA. Monosporic isolates were main-
tained on PDA for working culture and 20% (v/v) glycerol at -200C for 
long preservation. All isolates were deposited at the laboratory of Biolo-
gy Education Culture Collection, Universitas Sultan Ageng Tirtayasa 
(UNTIRTA) Banten. 

Fungal isolates were grown on carnation leaves agar (CLA) for 
sporodochium formation, synthetic nutrient agar (SNA) for chlamydo-
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spore formation, and PDA for conidia formation. All cultures on each me-
dium were incubated under continuous light at room temperature.  
Growth rates of isolates were determined on PDA plates, after 7-day in-
cubation at room temperature in the dark. All isolates were identified 
based on their morphological characters (Seifert et al. 2011; Maryani 
2018) as well as comparison with well-identified living culture from the 
collection of Biology Education Laboratory, UNTIRTA and Typed iso-
lates from Indonesian Culture Collection (InaCC) BRIN, Cibinong. Mo-
lecular identification of the isolates was using pair of primers ITS4 (5`-
TCC TCC GCT TAT TGA TAT GC- 3`) and ITS5 (5`-GGA AGT 
AAA AGT CGT AAC AAG G-3`) which amplified the ITS (Internal 
Transcribed Spacer) regions (White et al. 1990). Fungal DNA extraction 
following the protocol of Hidayat & Ramadhani (2019).  

Both ancestors of cultivated bananas, Musa acuminata Colla dan 
Musa balbisiana Colla were found in this exploration (Nasution 1990). M. 
acuminata and M. balbisiana can be distinguished by their male flower, leaf 
petiole, and fruit (Ahmad 2021). The flower of M. acumianata has no pig-
mentation, usually white or creamy. In contrast, the flower of M. balbisi-
ana has red or red-to-purple pigmentation. Opened brachtea of the male 
bud of M. acuminata is rolled up, but not for M. balbisiana. M. acuminata 
has opened petiole canal leaf, but the petiole canal leaf of M. balbisiana is 
closed or inward. The transverse of the fruit of M. acuminata is rounded, 
while that of M. balbisiana is pronounced ridges. 

None of the wild bananas showed any symptoms of diseases. Leaves 
diseases commonly identified on cultivated bananas were absent, and 
pseudostem was clean from any internal symptoms of wilt disease of ba-
nanas. All identified wild bananas are seeded, less pulpous, and found in 
abandoned areas or near rivers (Figure 1). Three wild banana species 
were found in four locations at Kabupaten Pandenglang, of which only one 
of Musa species could be identified in variety levels, Musa acuminata var. 
breviformis (Table 1). 

In total, 9 Fusarium isolates were recovered from the asymptomatic 
pseudostem of M. acuminata and M. balbisiana (Table 2). Musa acuminata 
identified beside a river at Desa Cisata Pandegang bared the highest 
number and diversity of Fusarium. M. balbisiana species from Saketi ob-
tained only one isolate of Fusarium sp. The rest of the wild Musa discov-
ered in this study were not contained Fusarium isolates in their pseu-
dostem. Combining morphology and molecular identification using Inter-
nal Transcribed spacer (ITS) gene (Supplementing Table 1.), we can 
identify four complex members of Fusarium i.e., Fusarium equiseti species 
complex (Figure 2), F. oxysporum species complex (Figure 3), F. sambucinum 
species complex (Figure 4), and F. solani species complex (Figure 5).  

 

Figure 1. Wild bananas collected in Pandeglang. A-B. Musa acuminata, C. M. balbisiana.  
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It is well-known, reported and studied that the primary pathogen of 
bananas is Fusarium. More in this research, Fusarium is categorized as 
endophytic fungi. Symptomless infections by Fusarium species have been 
reported in many plants, such as medicinal plants (Jia et al. 2016) and ag-
ricultural plants (Zakaria & Ning 2013; Nuraini et al. 2017). In bana-
nas, Fusarium is reported to recover from symptomatic and asymptomatic 
plants with Fusarium wilt diseased (Maryani 2018; Maryani et al. 2019). 
Fusarium oxysporum was reported to recover from the roots of wild Musa 
acuminata from Malaysia but not in their pseudostem (Zakaria et al. 
2011). Interestingly, the most devastated pathogen of bananas, Tropical 
Race 4, is also a member of the Fusarium oxysporum species complex 
(Ordonez et al. 2015; Maryani 2018). Comparative studies between these 
members of the complex will be beneficial in revealing why wild bananas 
are rarely found to be infected with fusarium wilt.  

Fusarium equiseti is the most reported species isolated from each 
part of the banana plants, including leaves, fruit, roots, and pseudostem 
(Zheng et al. 2012; Zakaria & Wan Aziz 2018; Maryani et al. 2019). 
Fusarium longipes is never reported from the pseudostem of asymptomatic 
bananas since its first description by Reinking & Wollenweber (1927), 
who isolated from leaves Musa sapientum.  Fusarium solani, currently rec-
ognized as a member of the genus Neocosmospora, is known to be an op-
portunistic pathogen on plants and animals (Sandoval et al. 2019). Thus, 
it is interesting that most of the isolates we discover in this study are 
members of this complex. 

Table 1. Details Location, GPS, and Wild Musa Species Found in Pandeglang as a Source of Isolation Endophytic 
Fungi.  

Location GPS Wild Musa Genome 

District Village Long. Lat. Alt. (m) 

Menes Tegalwangi/ Kam-
pung Cipancur 

105.93 -6.39 34,5 Musa acuminata AA 

Cisata Cisata 106.09 -6.32 59.4 Musa acuminata AA 

Pandeglang Cikondang 105.93 -6.39 231 M. acuminata var. 
breviformis 

AA 

Saketi Kadu Dampir 105.96 -6.39 129 Musa. balbisiana BB 

 

Table 2. List of the diversity of Fusarium isolates recovered from pseudostem of wild banana, based on morphology 
and molecular identification on ITS gene sequence. 

Isolate code Species name Fusarium complexes Host Location 

NMC273 Fusarium sp. NA 

M. acuminata Cisata 

NMC274 Fusarium solani Fusarium solani species 
complex 

NMC276 Fusarium oxysporum Fusarium oxysporum 
species complex 

NMC277 Fusarium solani Fusarium solani species 
complex 

NMC278 Fusarium equiseti Fusarium incarnatum-
equiseti complex 

NMC279 Fusarium longipes 

  

Fusarium sambucinum 
species complex 

NMC280 Fusarium solani Fusarium solani species 
complex 

NMC281 Fusarium sp. NA 

NMC293 Fusarium sp. NA M. balbisiana Saketi 
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Figure 2. Fusarium equiseti NMC278. A-B. Culture grown on PDA after 7d in-
cubation, C. Macroconidia, D-G. Aerial phialides, H. Polyphialid, I. Conidioge-
nous cell, J. Hyphae septate. Scale bars C-J = 10 µm.  

 
The role of the Fusarium endophyte inside the banana plants is still 

to be discovered. However, some studies demonstrated 
that Fusarium could decrease disease incidence in some crops with wilt 
disease (Aimé et al. 2013; Zhang et al. 2018; Constantine et al. 2020). Fu-
ture studies on the potential of Fusarium endophyte to control primary 
disease on bananas, i.e., Fusarium wilt, will be critical as both types of 
Fusarium colonies have the same host. Moreover, endophyte Fusarium 
isolated from the wild banana will be interesting as many wild bananas 
are resistant to Fusarium wilt (Ahmad et al. 2020). In this study, we ex-
pand the knowledge of the diversity of endophytic fungi from wild bana-
nas. Further characterization of the isolates based on molecular data us-
ing specific genes in each genus is needed. The role of each of these fungi 
inside healthy bananas and their potential to be antagonists of pathogens 
are also to be discovered for further use as a biocontrol against Fusarium 
wilt.  
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Figure 3. Fusarium oxysporum NMC276, A-B. Culture grown on PDA after 7d 
incubation, C. Sporodochia on CLA, D-E. Macroconidia, F-G. False head, H. 
Monophialide, J. Microconidia, K-L. Chlamydosphore. Scale Bares C-L = 10 
µm. 

 

 
Figure 4. Fusarium longipes NMC 279 member of Fusarium sambucinum species 
complex. A-B. Culture grown on PDA after 7d incubation, C. Sporodochia on 
CLA, D-G. Macroconidia, H. Hyphae septate. Scale bars C-H= 10µm.  
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Figure 5. Fusarium solani NMC277. A-B. Culture grown on PDA after 7d incu-
bation, C. Sporodochia on CLA, D-E Macroconidia, F. Microconidia, G. False 
head, H. Monophialid, I. Chlamydosphore. Scale bars C-I = 10 µm. 
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