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ABSTRACT   Fusarium wilt of banana is one of the most serious diseases affecting 

banana plantations worldwide. In this study, the inhibitory activities of four essential oils 

(clove, cinnamon, lesser alpinia and eucalyptus) and five hydrosols (kaffir lime, eucalyptus, 

bitter ginger, fig and tea tree) on the in vitro growth of the causal agent of the disease, Fusarium 

oxysporum f. sp. cubense Tropical Race 4 (TR4), were investigated. Results showed that some 

of these plant extracts inhibited the in vitro mycelial growth of TR4 in a dose-dependent 

manner. Clove oil and tea tree hydrosol were the most effective in suppressing mycelial growth 

in this study, the with percentage inhibition radial growth (PIRG) recorded at 46% and 69%, 

respectively, while lesser alpinia oil and kaffir lime hydrosol showed moderate inhibition of 

mycelial growth with the PIRG of 33% and 64%, respectively. These results suggest that these 

compounds have the potential to be used in future greenhouse studies as a single treatment or 

in combination with previously established biological control agents against Fusarium wilt of 

banana. 
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1. INTRODUCTION 
 

 Bananas constitute a significant 

source of economic growth, food security, 

income and nutrition for many countries in 

the world. In Malaysia, bananas are the most 

planted fruit in 2019, occupying more than 

30 thousand hectares of land, and are ranked 

second in terms of production after 

pineapple at 345.9 thousand metric tonnes 

(DOA, 2019). However, for many 

centuries, the banana crop and industry has 

been facing dramatic losses due to a disease 

known as Fusarium wilt or Panama disease. 

The disease is caused by the soil-borne 

fungus Fusarium oxysporum f. sp. cubense 

(Foc). The most aggressive strain of the 

disease, the Tropical Race 4 (TR4), poses 

increased risks to banana supplies as it 

attacks all the commercial banana 

varieties on the market and has spread 
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globally, affecting food security and income 

generation (Dita et al., 2018). TR4 is 

extremely difficult to manage because of its 

ability to survive in the soil for a long 

period. On finding a compatible host, it 

infects the xylem vessels, induces wilt and 

kills them (Ploetz, 2015).  

 

 So far, most of the strategies to 

manage TR4 have been established from 

limited research conducted on previous 

disease-causing strains. Considering the 

epidemiological aspects of TR4 (Bubici et 

al., 2019) and the monocultural nature of 

banana plantations, managing Fusarium 

wilt is difficult unless a resistant cultivar is 

available. Unfortunately, resistance trait is 

not present in any commercial banana 

cultivar (Pegg et al., 2019). Biological 

control in managing Fusarium wilt has 

gained interest recently, mainly because of 

economic, environmental and safety 

concerns of pesticide usage. A 

comprehensive review by Bubici et al. 

(2019) highlighted the potential of the 

biological control of Fusarium wilt and 

suggests that biocontrol can contribute 

greatly to limit its damage. The application 

of beneficial microbes together with their 

metabolites and/or active compounds from 

plant extracts in a bioformulation is one of 

the key factors affecting the efficacy of 

biocontrol.  

 

 The search for natural products with 

novel uses is pursued actively nowadays, 

particularly plant extracts or essential oils 

with antimicrobial properties attributable to 

their spectrum of secondary metabolites, 

such as alkaloids, terpenoids, tannins and 

many others. Herbs and medicinal plants, 

such as clove, neem, tulsi, rosemary, 

thyme, cinnamon and betel leaves, have 

been tested against Foc in several studies 

(Akila et al., 2011; Huang et al., 2013; 

Isianto and Emilda, 2011; 

Megane and Kamble, 2014; Gnanasekaran 

et al., 2015; Monteiro et al., 2013). 

However, none of the studies specified the 

Foc strains used except for Huang et al. 

(2012) and Akila et al. (2011) who 

mentioned the usage of Race 4 and Race 1, 

respectively. Most of the tests were 

conducted using plant extracts and only two 

studies used essential oils. Different plant 

compounds carry different profiles of 

secondary metabolites with different levels 

of activities. The amount and inhibitory 

potential of active compounds from plants 

are also influenced significantly by the 

geographical origin and environmental 

factors such as annual sunshine duration 

(Liu et al., 2016; Kumar et al., 2017).  

 

 Malaysia has a rich collection of 

unique medicinal plants, most of which are 

endemic species. The plants are known to 

contain diverse bioactive compounds with 

strong anti-inflammatory and anti-

microbial activities (Abu Bakar et al., 

2018). Local plant species, namely, kaffir 

lime, eucalyptus, bitter ginger, fig, tea tree, 

clove, cinnamon and lesser alpinia, are 

known to possess such bioactive 

compounds. However, their potential in 

inhibiting TR4 is not yet known. 

 

 The objective of this study was to 

evaluate the inhibitory activities of four 

essential oils (clove, cinnamon, lesser 

alpinia and eucalyptus) and five hydrosols 

(kaffir lime, eucalyptus, bitter ginger, fig 

and tea tree) isolated from different parts of 

the plant on the in vitro growth of TR4 

using disc diffusion assays. 

 

 

2. MATERIALS AND METHOD 

 

2.1  Fungal Material 

  

 Fusarium oxysporum f. sp. cubense 

Tropical Race 4 (TR4) strain 9889 used in 

this study was obtained from the 
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University of Malaya. The fungus was 

maintained on potato dextrose agar (PDA) 

in the dark at room temperature. For the 

antifungal assay, the fungus was allowed to 

grow for 5 days before the mycelium was 

harvested.  

 

2.2  Plant Materials and Essential Oil 

Isolation 

 

 The fresh leaves of Melaleuca 

alternifolia (tea tree), Ficus carica (fig), 

Cinnamomum verum (cinnamon) and 

Eucalyptus globulus (eucalyptus),  fresh 

rhizomes of Zingiber zerumbet (bitter 

ginger/lempoyang) and Alpinia conchigera 

(lesser alpinia/lengkuas padi), and dried 

flower buds of Syzygium aromaticum 

(clove/cengkih) were harvested from the 

Conservatory Park, Universiti Putra 

Malaysia, in the period of October to 

December 2019, separately. The samples 

were identified at the Biodiversity Unit, 

Institute of Biosciences,   Universiti Putra 

Malaysia.  

 

 The leaves, rhizomes and flowers 

buds (500 g) were chopped into small pieces 

ranging from 1 to 1.5 cm then subjected to 

hydrodistillation process in 3000 mL 

distilled water using a modified Clevenger 

type apparatus for 4 hours to produce the 

essential oil. The top oily layer (essential 

oil) was separated and dried over anhydrous 

sodium sulphate. The essential oil obtained 

was kept in sealed vials at  

4 oC. The aqueous layer known as the 

hydrosol was collected and kept in separate 

vials at 4 oC. 

 

2.3  Agar Well Diffusion Assay  

 

 The antifungal assay was conducted 

according to the experimental design by 

Abd-Elsalam and Khokhlov (2015), with a 

modification. The In vitro antifungal 

activity of selected essential oils and 

hydrosols was determined by measuring the 

growth inhibition of TR4 using agar well 

diffusion assays. Wells of 9.5 mm diameter 

were punched in the Petri dishes (PDA 

medium) using a sterile cork-borer. The 

treatments consisted of 3, 9 and 15 µL of 

selected essential oils following the method 

of Istianto and Emilda (2011) and 100 µL of 

100% w/v, 70% w/v and 50% w/v of 

hydrosol diluted with ddH2O. Each 

treatment was added to the wells. PDA 

without essential oil served as the negative 

control for the treatment with essential oil 

while 100 µL of ddH2O was added to the 

negative control plates for hydrosol 

treatment. PDA with 100 µL of 1 mg/mL of 

commercial sulphur-based fungicide served 

as the positive control for both treatments. 

All plates were inoculated with 5 day old 

TR4 mycelial discs (5 mm) and incubated in 

the dark at room temperature. The diameter 

of the mycelial growth of the pathogen was 

recorded daily until the leading edge of the 

fastest growing colony in the control plate 

had reached the edge of the plate. The 

results were expressed as percentage 

inhibition radial growth (PIRG) and was 

calculated as follows: 

 

PIRG% = [(R1- R2) / R1]  100% 

 

where R1 = radial growth of TR4 in the 

negative control plate and R2 = radial 

growth of TR4 in the treatment plate.  

 

 

3. RESULTS AND DISCUSSION 

 

 Essential oils from different local 

herbs and medicinal plants and the 

accompanying hydrosols were isolated 

using hydrodistillation. Their in vitro 

antifungal activities were tested against the 

banana pathogen, TR4 by the inhibition of 

mycelial growth, which is expressed as the 
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PIGR. The average daily growth of the 

mycelium was recorded in Tables 1 and 2. 

According to the tables, not all treatments 

had negative effects on the mycelial growth. 

The diameter of the mycelium was higher 

than those of the controls with certain 

treatments, for example, cinnamon oil, fig 

hydrosol and bitter ginger hydrosol. Some 

compounds could be beneficial for the 

growth of the fungus, as shown previously 

for Aspergillus sp., where the ethanolic

  

extract of the medicinal plant Eugenia 

dysenterica DC stimulates its sporulation 

(Malheiros et al., 2019). It is widely known 

that many factors influence the 

accumulation of secondary metabolites in 

plants, including species differences. 

Comparatively, the inhibitory activity of 

cinnamon oil from Cinnamomum 

zeylanicum (Monteiro et al., 2013) was 

reported to inhibit Foc, but our study using 

Cinnamomum verum showed the opposite.

 

Table 1. Daily growth of TR4 on PDA in the presence of different essential oil

Treatment  
Volume ( 

uL) 
      Average (cm)     

    
Day 

1 

Day 

2 

Day 

3 

Day 

4 

Day 

5 

Day 

6 

Day 

7 

Negative control  - 1.80 2.50 3.10 4.20 5.47 6.53 7.47 

Clove oil 3  1.60 2.27 2.67 3.57 4.80 5.43 6.17 

  9  1.50 1.93 2.13 2.63 3.73 3.90 4.50 

  15  1.40 1.77 1.97 1.97 2.40 2.53 2.73 

Cinnamon oil 3  1.73 2.50 3.27 4.83 6.30 7.57 8.50 

  9  1.63 2.43 3.23 4.77 6.17 7.53 8.50 

  15  1.67 2.53 3.37 4.80 6.27 7.63 8.50 

Lesser alpinia 

oil 
3  1.47 2.10 2.77 3.90 4.90 5.93 6.77 

  9  1.43 1.93 2.40 3.53 4.67 5.70 6.77 

  15 1.10 1.60 2.00 2.90 3.73 4.60 5.33 

Eucalyptus oil 3  1.37 2.30 2.87 4.10 5.33 6.77 7.60 

  9  1.47 2.27 3.00 4.13 5.33 6.93 7.53 

  15  1.10 1.90 2.60 3.90 5.13 6.40 7.43 

Positive control  1 mg/mL 1.27 2.87 3.43 4.00 4.47 4.83 5.40 
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Table 2.   Daily growth of TR4 on PDA in the presence of different hydrosols 

Treatment 
Concentration  

(% v/v) 
Average (cm) 

  
Day 

1 

Day 

2 

Day 

3 

Day 

4 

Day 

5 

Day 

6 

Day 

7 

Negative 

control   

100 µL 

ddH20 
1.40 3.07 3.67 4.20 4.60 4.87 5.40 

Kaffir lime  100 0.00 1.23 1.53 1.77 1.87 2.00 2.27 

  70 0.80 1.03 1.30 1.40 1.53 1.57 1.70 

  50 0.90 1.20 1.43 1.63 2.00 2.10 2.30 

Eucalyptus  100 1.37 3.00 3.63 4.17 4.67 5.13 5.63 

  70 1.40 3.07 3.70 4.20 4.53 4.83 5.20 

  50 1.53 3.07 3.77 4.33 4.70 5.03 5.40 

Bitter ginger 100  1.40 3.10 3.73 4.43 4.93 5.47 6.20 

  70 1.47 3.17 3.80 4.47 5.00 5.50 6.17 

  50 1.43 3.00 3.73 4.40 4.90 5.37 6.00 

Fig 100  1.40 3.10 3.67 4.33 4.83 5.27 5.77 

  70 1.30 3.07 3.67 4.33 4.77 5.20 5.80 

  50 1.40 3.13 3.77 4.40 4.87 5.50 6.13 

Tea tree 100 0.23 1.00 1.17 1.33 1.47 1.70 1.87 

  70  0.83 1.23 1.60 2.00 2.23 2.47 2.83 

  50 0.93 1.53 1.83 2.23 2.60 2.83 3.30 

Positive control 1 mg/mL 1.27 2.87 3.43 4.00 4.47 4.83 5.40 

 The results of the agar-well 

diffusion method revealed that the 

maximum PIGR was obtained with clove 

oil (Figure 1a) and tea tree hydrosol (Figure 

1b). Only treatments with inhibitory 

activity are shown in the graph.  

In both cases, the fungitoxic effect persisted 

at all concentrations since day 1. In this 

study, both tea tree and kaffir lime 

hydrosols exhibited significant inhibition at 

all concentrations. However, increasing the 

concentration of the kaffir lime hydrosol up 
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to 70% did not increase its inhibitory 

activity compared to tea tree hydrosol, 

which showed an upward trend (Figure 2b).  

Lesser alpinia oil had moderate activity 

against TR4, followed by eucalyptus oil, 

but the effect of each concentration of the 

former was significant (Figure 1). 

Representative images of the fungus 

growing on PDA at day 6 after treatment are 

shown in Figure 2. The growth of mycelium 

was significantly suppressed in the treated 

plates compared to that in the untreated 

plates for the compounds with positive 

antifungal activity.  Previously, Istianto and 

Emilda (2011), Monteiro et al. (2013) and 

Juniawan et al. (2016) showed that clove oil 

strongly suppressed Foc Race 4 mycelial 

growth and our results further confirmed 

their findings. Eugenol, the main active 

compound of clove is thought to be 

responsible for the fungitoxic effect 

(Juniawan et al., 2016). This compound has 

been receiving much attention owing to its 

different biological activities including 

antimicrobial, antifungal, antioxidant and 

many others. Recently, eugenol extract and 

a series of eugenol derivatives were tested 

against Botrytis cinerea in two independent 

studies where the activity of the compounds 

was shown to be higher than that of a 

commercial fungicide (Olea et al., 2019). In 

addition, the original compound also 

exhibited high potential to be used in 

biofungicide formulations (Šernaitė et al., 

2020). On the other hand, based on a 

literature search, this is the first report of the 

inhibitory activity of tea tree against Foc. 

Tea tree has been shown to have wide 

spectrum antifungal activity against 

Fusarium species and several other plant 

pathogens (Terzi et al., 2007; de Andrade 

Santiago et al., 2018; Krzyśko-Łupick et 

al., 2020). 

 

 

 
Figure 1. Antifungal efficacies of different essential oils and hydrosols against the in vitro 

mycelial growth of TR4. Significant inhibition (p<0.05) is shown by the lower case letters. 
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Figure 2. Colonies of TR4 observed at day 6 after treatment with different  

essential oils (a) and hydrosols (b) 

 

 

 The most active agent of tea tree is 

terpinen-4-ol and together with its other 

major components, tea tree inhibits 

microbial growth by inhibiting of cellular 

respiration leading to loss of the 

homeostatic balance (Oliva et al., 2003). In 

another study, tea tree extract was shown to 

inhibit fungitoxin biosynthesis (de Andrade 

Santiago et al., 2018). As a plant extract is 

composed of many elements with complex 

chemical composition, the identification of 

specific bioactive compounds responsible 

for the inhibitory activity of plant extracts 

through various chromatography 

techniques will pave the way for a more 

targeted approach in antifungal research 

(Altemimi et al., 2017).  

 

 

4. CONCLUSION 

 

 This study highlighted the in vitro 

antifungal activities of the essential oils of 

clove, cinnamon, lesser alpinia and 

eucalyptus, as well as the hydrosols of 

kaffir lime, eucalyptus, bitter ginger, fig 

and tea tree. The results indicated that 

clove oil and tea tree hydrosol have strong 

antifungal activities against TR4, which 

could be used in future greenhouse studies 

on Fusarium wilt of banana. The 

identification of bioactive compounds is 

also worth being performed in the future to 

characterise their specific inhibitory 

potential. Although, the antifungal 

activities of lesser alpinia oil and kaffir lime 

hydrosol are moderately effective, their 

activities are promising. However, 

cinnamon oil, both eucalyptus oil and 

hydrosol, fig hydrosol failed to show any 

antifungal activities.  
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