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Summary 
Essential oils derived from Citrus auran-
tifolia Swingle, Citrus limon (L.) Burm.f., 
Cymbopogon citratus (DC.) Stapf, Ces-
trum nocturnum L., and Michelia cham-
paca Linn. were incorporated into po-
tato dextrose agar and evaluated in vitro 
for fungistatic and fungicidal activity 
against Fusarium oxysporum (Fo), Fusar-
ium oxysporum (Fo2) and Glomerella 
cingulata (Gc) isolated from the snake 
fruit, papaya and wax apple, respective-
ly. Cymbopogon citratus oil exhibited 
the most activity against the fungi tested 
with minimum inhibitory concentra-
tions (MIC) of 1.2, 0.8 and 1.0 μL mL−1 
against Fo, Fo2 and Gc respectively. Es-
sential oils from M. champaca and C. 
nocturnum were moderately effective 
with fungistatic and fungicidal concen-
trations ranging from 0.8 to 6.4 μL mL−1. 
Both citrus oils were found to be the least 
effective with the MIC ranging from 6.4 
to 38.4 μL mL−1. This preliminary study 
has revealed the potential use of the es-
sential oil from Cymbopogon citratus 
against post-harvest fungal pathogens F. 
oxysporum and G. cingulata.

Introduction 
Post-harvest fruit losses worldwide are as 
high as 30 to 40% and often much higher 
in some developing countries (Farzana 
2006). In tropical countries, the warm and 
humid climate provides a suitable envi-
ronment for the development and spread 
of numerous fungal pathogens. Harvested 
fruit, with their high moisture content and 
rich nutrients, are easily attacked by fungi 
which can cause considerable economic 

losses. Post-harvest diseases are primarily 
controlled by the extensive use of fungi-
cides such as benomyl, thiabendazole, and 
imazali as they are effective and economic. 
However, in recent times the development 
of fungicide-resistant strains and the in-
creasing demand for fresh products not 
treated with agrochemicals have warrant-
ed the need for alternative control meas-
ures. Alternatives to synthetic chemicals 
include antagonistic microorganisms such 
as yeasts and bacteria, natural plant- and 
animal-derived products with fungicid-
al properties, and induced resistance of 
plants. 

The use of biologically based com-
pounds, such as essential oils obtained 
from edible plants is suggested as a fea-
sible approach to reduce post-harvest 
diseases in fruits and vegetables (Isman 
2000). Essential oils are complex volatile 
compounds and have various functions in 
the plants’ metabolism (Goubran and Hol-
mes 1993) as well as having antimicrobial, 
antifungal and/or insecticidal properties. 
Previous studies have demonstrated the 
potential use of essential oils from citrus 
(Sokovic and Griensven 2006), lemongrass 
(Pandey et al. 1996) and champaka (Baby 
2007) against fungal and bacterial patho-
gens through in vitro evaluations. The use 
of essential oils may prove to be one of 
the best ways to manage food or reduce 
losses to pests in the future (Baby 2007). 
Thus, this study was conducted in order to 
determine the concentration necessary for 
in vitro inhibition of selected post-harvest 
fungal pathogens of tropical fruits by fi ve 
essential oils.

Materials and methods 
Essential oils
A total of fi ve essential oils, from Citrus 
aurantifolia Swingle (lime), Citrus limon 
(L.) Burm.f. (lemon), Cymbopogon citratus 
(DC.) Stapf. (lemongrass), Cestrum noctur-
num L. (nightqueen) and Michelia champaca 
Linn. (champaka) were tested. The essen-
tial oils were 100% pure, and purchased 
from Buana Amertha Sari, Indonesia and 
Louis Dreyfus Citrus, Brazil. The essential 
oils were kept at 4°C in air-tight sealed 
glass vials covered with aluminium foil, 
prior to use.

Fungal pathogens
The test fungi Fusarium oxysporum (Fo), 
Fusarium oxysporum (Fo2), and Glomerella 
cingulata (Gc) were isolated from decay-
ing snake fruit, papaya and wax apple, 
respectively. Each isolated strain was 
maintained on potato dextrose agar (PDA) 
and stored at 4°C before use. To maintain 
the pathogenicity of each fungus, periodic 
inoculations and reisolations from the in-
fected fruits were carried out. 

Antifungal assay
For each essential oil, at least fi ve con-
centrations were tested using the direct 
contact method. The concentrations used 
ranged from 0–38.4 μL mL−1 for both C. 
aurantifolia and C. limon; 0–1.2 μL mL−1 for 
C. citratus; 0–6.4 μL mL−1 for Cestrum noc-
turnum and 0–2.4 μL mL−1 for M. champaca. 
The essential oils (at each prepared con-
centration) were mixed with 0.01% Tween 
20 surfactant and dissolved in molten PDA 
medium. The medium was supplemented 
with the same amount of distilled water 
containing 0.01% of Tween 20 instead of 
the essential oil for the control.

Fungal discs (5 mm) were cut from 
the periphery of 4-day-old stock cultures 
using a sterile cork borer. Each disc was 
inoculated onto the centre of a sterilized 
Petri dish containing PDA. Each Petri dish 
was sealed with Para fi lm and incubated 
at 25 ± 2°C for seven days. The cultures 
were checked daily and the diameter of 
the colonies were measured before hyphae 
in the control treatment reached the edge 
of the plate. 

The lowest concentration without any 
visible growth under the binocular micro-
scope is defi ned as minimum inhibition 
concentration (MIC). Fungal discs, which 
did not show any visible growth after sev-
en days, were transferred onto fresh PDA 
plates with no essential oils incorporated 
and incubated for another seven days to 
observe the revival of growth. When there 
was visible growth of the fungus, it meant 
that the concentration of the essential oil 
used was fungistatic. However, when 
there was no visible growth of the fungus, 
it meant that the concentration of essential 
oil used was fungicidal.
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Statistical analysis
All the experiments were laid out in a 
completely randomized design. Each 
treatment was replicated three times and 
the experiment was repeated twice. The 
results from two experiments were com-
bined for statistical analysis. The Tukey’s 
Honestly Significant Difference (HSD) 
Test was used to detect differences in an-
tifungal activity among the oils at the 5% 
level of signifi cance. 

Results and discussion 
Table 1 shows the minimum inhibitory 
concentration (MIC) of the fi ve types of 
essential oils tested by measurement of the 
mycelial growth of Fusarium oxysporum 
(Fo), Fusarium oxysporum (Fo2), and Glom-
erella cingulata (Gc) isolated from the snake 
fruit, papaya and wax apple, respective-
ly. The results of this study have clearly 
demonstrated that the essential oil from 
C. citratus was overall the most active 
in vitro in reducing the rate of mycelial 
growth of the three fungi tested, although 
a similar level of performance was ob-
served on Fo2 with oil from C. nocturnum 
and M. champaca. Cymbopogon citratus oil 
was fungicidal in this study at very low 
concentrations of 1.2, 0.8 and 1.0 μL mL−1 
for Fo, Fo2 and Gc, respectively (Table 
1). 

Similar results have been reported of 
the anti-Fusarium oxysporum f. sp cicer and 
the anti-Alternaria porri effects of 75 dif-
ferent essential oils where the most ac-
tive essential oils found were those from 
lemongrass (Pawar and Thaker 2007). The 
minimum bioactive concentration with 
fungicidal action for Cymbopogon fl exuosus 
oil was found to be 0.4 μL mL−1 on F. oxy-
porum Schlecht (Shahi et al. 2003). Another 
study showed that among 49 essential 
oils tested, palmarosa (Cymbopogon mar-
tini) oil demonstrated the most antifungal 
activity against Botrytis cinerea (Wilson et 
al. 1997). The fi nding that lemongrass oil 
has a broad spectrum of antifungal activ-
ity is in line with the fi ndings of previous 
studies. Shahi et al. (2003) reported that C. 
fl exuosus oil exhibited a broad antifungal 
spectrum against 25 types of fungi, and all 
were inhibited (fungicidal). 

Although many plants belonging to dif-
ferent families of angiosperms have been 
screened for their antifungal properties, 
this is probably the fi rst time that M. cham-
paca oil has shown moderate antifungal 
activity. The minimum inhibitory con-
centrations with fungistatic action were 
recorded as 0.8 μL mL−1 for Fo2 and 2.4 
μL mL−1 for Fo and Gc. The minimum in-
hibitory concentration with fungicidal ac-
tion was found to be 1.2 μL mL−1 for Fo2 
(Table 1). The antifungal property of M. 
champaca oil shows great potential for use 
in future studies. Leaf extracts of M. cham-
paca were toxic to the rice fungus, Pyricu-
laria oryzae (Baby 2007). A related study, 

where Michelia champaca oil was one of 75 
different essential oils tested revealed that 
its inhibition of hyphal growth and spore 
formation in Aspergillus niger was low (Pa-
war and Thaker 2006). 

Prior to this work there was no evi-
dence to show that the essential oil of 
C. nocturnum has antifungal properties 
against post-harvest fungal pathogens. 
This study has revealed that C. nocturnum 
oil exhibited a moderate inhibitory effect 
against the three fungi tested. The oil was 
able to exert fungistatic and fungicidal ac-
tivity against Fo2 at 0.8 and 1.6 μL mL−1, 
respectively. The concentration of 6.4 μL 
mL−1 was fungistatic to Fo and Gc (Table 
1). 

The least effective of the essential 
oils observed, were the C. aurantifolia 
and the C. limon oils. Both the citrus oils 
were fungistatic against Fo and Gc at a 
high concentration of 38.4 μL mL−1. Citrus 
aurantifolia oil at 12.8 μL mL−1 and C. limon 
oil at 38.4 μL mL−1 were only able to exhib-
it fungicidal action against Fo2 (Table 1). 

This result is in agreement with previ-
ous fi ndings on fungitoxicity of citrus oil 
against pathogens of button mushroom 
where the lowest activity was observed 
for the essential oils from citrus and Mat-
ricaria chamommilla with the active concen-
trations ranging from 7.0 to 40.0 μL mL−1 
(Sokovic and Griensven 2006). It has been 

demonstrated that Citrus sinensis which 
has 84.2% limonene, showed fungicidal 
activity against post-harvest pathogens 
such as Aspergillus niger, Botryodiplodia 
theobromae, Botrytis cinerea and Penicillium 
expansum at concentrations of 700 to 1000 
ppm (Sharma and Tripathi 2006). How-
ever, the fungi tested in the current study 
were not sensitive to the C. aurantifolia and 
C. limon oils. The low activity of both the 
citrus oils could be due to some specifi c 
reasons as seen in other studies. The occur-
rence of phytochemicals that do not show 
antifungal activity, could suggest prob-
able resistance and invasion capability of 
the fungal strains used as test microorgan-
isms and could be cited as important inter-
fering factors to the antifungal effi ciency 
of the essential oils and phytochemicals 
included in the antifungal assays (Souza 
et al. 2005). 

Conclusion
The fi ve essential oils tested were shown 
to possess antifungal properties. Cym-
bopogon citratus oil had the most potential 
as it demonstrated strong effi cacy with 
fungicidal action at 1.2, 0.8 and 1.0 μL mL−1 
against Fusarium oxysporum (Fo), Fusarium 
oxysporum (Fo2) and Glomerella cingulata 
isolated from the snake fruit, papaya 
and wax apple, respectively. Cymbopo-
gon citratus shows great potential as an 

Table 1. Minimum inhibitory concentration (MIC) of fi ve essential oils 
measured with mycelial growth of fungi tested.

Essential oils from: Type of fungiA

MIC (μL mL−1)

Fungistatic Fungicidal

Citrus aurantifolia Fo 38.4 aB –C

Fo2 6.4 b 38.4 a

Gc 38.4 a –

Citrus limon Fo 38.4 a –

Fo2 6.4 b 12.8 b

Gc 38.4 a –

Cymbopogon citratus Fo 0.8 d 1.2 d

Fo2 0.6 e 0.8 f

Gc 0.8 d 1.0 e

Cestrum nocturnum Fo 6.4 b –

Fo2 0.8 d 1.6 c

Gc 6.4 b –

Michelia champaca Fo 2.4 c –

Fo2 0.8 d 1.2 d

Gc 2.4 c –

A Fo: Fusarium oxysporum (isolated from snake fruit), Fo2: Fusarium oxysporum (isolated 
from papaya), Gc: Glomerella cingulata.
B Means followed by different letter are signifi cantly different within the same column 
after determined by Tukey’s Honestly Test (HSD) at 5% of signifi cant level.
C Cannot be determined.
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antifungal agent, and may be used as a bo-
tanic fungicide against post-harvest fun-
gal pathogens in the future. Further stud-
ies are required to examine the effi cacy of 
this oil in vivo.
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Rainforests are major reserves of 
biological diversity and their exist-
ence is dependent on their regenera-
tion. While many processes includ-
ing habitat loss and fragmentation, 
invasion by weeds and pest animals, 
and climate change threaten regen-
eration, it is still dependent on pol-
lination processes.

The purpose of this book is to 
make some of the specialist knowl-
edge available on pollination proc-
esses accessible to the general read-
er. The authors have summarized 
what is known of the pollination of 
rainforest plants, both in Australia 
and overseas, and the evolutionary pathways that have brought them into 
being. The agents and mechanisms that facilitate pollination have been 
reviewed and, though there are relatively few studies on the pollination of 
Australian rainforest species, overseas studies are included. 

The Flowering of Australia’s Rainforests progresses through introductory 
sections that cover pollination in lore and legend; plant and fl ower evolution 
and development; and the role and function of colour, fragrance and form. 
Later chapters deal with breeding systems; mimicry; spatial, temporal and 
structural infl uences on plant-pollinator interactions; and a discussion and 
overview of fl oral syndromes. The book concludes with a section on con-
servation and fragmentation, and individual plant pollination case studies.

Geoff Williams is a pollination ecologist and conservation biologist, with 
an additional background in entomology and invertebrate biogeography. 
He received a PhD from the University of New South Wales, is a Research 
Associate with the Australian Museum (Sydney), and has particular inter-
ests in the pollination of rainforest plants, ecosystem management and forest 
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PhD from Cambridge University. He holds a senior academic position with 
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ship in the general division of the Order of Australia in recognition of his 
contributions to science, biodiversity conservation and science education. 

This reference work is aimed at fi eld naturalists, ecologists, conservation 
biologists, botanists, ecosystem managers, environmentalists, community 
groups and individuals involved in habitat restoration, students, and those 
with a broad interest in natural history. It is an excellent text for anyone 
wanting to know the whys and wherefores of the relationship between 
plants and pollinators that has given us such diverse ecosystems.
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