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ABSTRACT: Plant pathogenic fungi cause diseases in plants and have a devastating impact on the global food security within 
our ever-growing population. The damage to crops not only results in low crop yields but also leaves millions of people starving 
due to food shortages. Various essential oils have been tested for antifungal activity in vitro and in vivo, and some demonstrate 
considerable promise as antifungal agents. Therefore, to prevent the further loss of crops and resistance buildup, we propose to test 
the bio-fungicidal properties of lemongrass oil as an alternative to chemical fungicides in controlling plant pathogenic fungi. We 
tested the antifungal efficacy of lemongrass oil against Alternaria solani, Botrytis cinerea, Fusarium oxysporum, Pythium ultimum and 
Rhizoctonia solani, using a mycelial radial growth inhibition assay. The results of the study reveal that lemongrass oil has potent in 
vitro action against all these fungal species. 
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�   Introduction
Plant pathogens cause severe diseases and ultimately reduce 

the productivity and quality of crop and sometimes even 
destroy the entire crop.¹ Plant pathogens can have terrible 
consequences if they are not prevented or suppressed.

Botrytis cinerea, commonly known as gray mold, affects over 
200 crops such as grapes and strawberries  resulting in monetary 
losses ranging from $10 billion to over $100 billion throughout 
the world.² Alternaria solani is an air borne fungal sporulating 
ascomycetes known as early blight fungi. It causes a wide range 
of diseases mainly in tomatoes and potatoes that can result in 
up to 79% crop loss.³ Rhizoctonia solani, considered a soil borne 
pathogen, causes various plant diseases like root rot, damping 
off, wire stem, stem lesions, etc.⁴ Pythium ultimum is soil borne 
fungal plant pathogen which is the cause of damping off and 
root rot on many plants. Most plants are killed by Fusarium 
oxysporum, and by the time a plant shows any visible signs of 
infection, it is too late to combat, and the plant will die.⁵

The threat of antimicrobial resistance to chemicals and anti-
biotics has increased tremendously due to the excessive reliance 
on chemicals to control the plant pathogens either through 
growth inhibition or by killing plant pathogens.⁶ This threat 
has displayed the importance of using natural substances for 
controlling pathogens. Cymbopogon citratus, lemongrass, is an 
essential oil with a growing reputation due to its antimicrobial 
properties.⁷ Cymbopogon, commonly known as lemongrass or 
citronella, is a grassy plant found in tropical regions like South 
Asia, where people have utilized it for practices ranging from 
traditional medicine to food preservation.⁸ These plants are 
perennials that grow during the summer in moist and rich soils 
and can grow up to ten feet tall. They are well known for their 
aroma which has a similar smell to lemons. Cymbopogon is 
a genus of around 55 species with Cymbopogon citratus being 
primarily used for an essential oil which can be extracted from 
the leaf of the plant by steam distillation process.⁹,¹⁰  

Lemongrass oil has been used for a variety of medicinal pur-
poses such as pain relief, fevers, and gastrointestinal disorders 
for centuries. The effects of lemongrass on various pathogens 
have been investigated in several studies, and it is shown that 
it has antimicrobial, antibacterial, and antifungal properties. 
Studies have shown that lemongrass has demonstrated the 
ability to inhibit both plant and human pathogens.¹¹

Citral is a key component when discussing the antimicrobial 
properties of lemongrass. Major compounds and its percentag-
es present in lemongrass oil are Citral α-40.8%, Citral β-32%, 
Nerol- 4.18%, Geraniol-3.104%, Citronellal-2.10%, Terpino-
lene-1.23% and Geranyl Acetate-0.83%.¹²

The mode of action of lemongrass oil against foliar and 
post-harvest pathogens is not fully understood. Some stud-
ies have indicated that mycelium exposed to lemongrass oil 
go through morphological injury such as vesiculation, and 
cytoplasmic commotion besides folding of hyphae.¹³ The oil 
contains a high content of Citral composed of general and 
geranial isomers which may be the reason for their effective 
antifungal activity. Some of these active components present 
in essential oils can act on the pathogen directly or activate 
defense responses in host plants leading to a reduction in dis-
ease progress or can act directly through antagonism, which 
still requires further research.¹⁴
�   Results and Discussion
For a long time, medicinal plants and crude herbal prod-

ucts have been used in conventional medicines and household 
remedies. Not all herbal preparations have undergone scien-
tific scrutiny. The antifungal activity of lemongrass oil against 
pathogenic fungi was investigated in this study, and the results 
indicate that lemongrass oil has substantial antifungal activity. 
These fungal species are associated with some common infec-
tions of plant species. The data shown in Figure 1 and Table 1 
clearly indicates that all fungal strains tested were completely 
suppressed by lemongrass oil at 1.0% concentration.
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The inhibitory effect of lemongrass oil was proportional 
with concentrations used. Decreased effect of radial growth 
was observed when concentration was lowered to 0.5%, 0.25% 
and 0.1% respectively in all pathogens. At a concentration of 
0.25%, lemongrass oil was effective only against Alternaria 
solani and Fusarium oxysporum.

Several essential oils have been tested for antimycotic 
activity in vivo and in vitro, with some showing promise as 
antifungal agents. Their mechanism of action focuses on the 
fungal cell membrane, destroying its structure and inducing 
cell death; spore germination, fungal proliferation, and 
cellular respiration are all inhibited; and membrane synthesis 
is prevented.¹⁵ Due to their high volatility and lipophilicity, 
essential oils bind easily to the cell membrane and exert their 
biological impact.¹⁶ Antifungal susceptibility varies among 
fungal organisms, and numerous resistance mechanisms have 

antifungal sequestration in organelles like vacuoles, or chro-
mosomal alterations, resulting in differential susceptibility of 
various fungal species to antimicrobial agents in this study.

The effect of lemongrass oil against Alternaria solani was 
studied using 1.0% concentration to determine the mycelial 
growth inhibition. Dose response studies were also conducted 
against Alternaria solani using various concentrations of 
lemongrass oil and results are shown in Figure 2. The 
results showed that lemongrass oil is highly effective against 
Alternaria solani, with a 100% reduction of growth observed 
at 1.0% and 0.5% followed 65% and 60% in 0.25% and 0.1% 
concentrations.  These results clearly indicate that Alternaria 
solani is sensitive to lemongrass oil. The Minimum Inhibitory 
Concentration (MIC) value for Alternaria solani in this study 
was found to be 100 μL per mL. Similar results have been 
reported in the previous studies of antimicrobial activities 
essential oils against Alternaria solani.¹⁷,¹⁸

The antifungal activity of lemongrass oil was evaluated 
against Botrytis cinerea by measuring the radial growth on 
potato dextrose agar medium. Dose response studies were 
also conducted, and those results are shown in Figure 3. The 
lemongrass oil was found to be very effective and showed a 
100% reduction of mycelial growth at 1.0% concentration. 
More than 70% reduction of growth was observed at 0.5% 
concentration and no effect observed at 0.25% and 0.1% 
concentrations respectively. These results indicate that 
lemongrass oil affect mycelial growth of Botrytis cinerea in a 
concentration dependent manner.

The effect of lemongrass oil against Fusarium oxysporum was 
studied using 0.1% to 1.0% concentrations to see the mycelial 
growth inhibition and the results are reported in Figure 4. 
The dose response study showed that lemongrass oil is highly 
effective against Fusarium oxysporum similar to Alternaria 
solani. 100% reduction of growth observed at 1.0% and 
0.5%, followed by around 62% and 57% in 0.25% and 0.1% 
concentrations. These results clearly indicate that Fusarium 
oxysporum is very sensitive to lemongrass oil. According to the 
results reported in Figure 5, the complete inhibition/reduction 
of mycelial growth of Pythium ultimum was observed at 1.0% 
concentration and a more than 50% reduction at 0.5% 

Table 1: Diameter of mean radial growth of various plant pathogens on agar 
plates after 5-7 days of incubation.

Figure 1: Mean radial growth of various fungal species at varying 
concentration of lemongrass oil. The graph shows a clear dose response 
among the concentrations tested.

Figure 2: In vitro activity of lemongrass oil against Alternaria solani by 
radial growth inhibition. (A) Alternaria solani control (B) Alternaria solani 
with 1.0% soybean oil (C) Alternaria solani with 0.1% lemongrass oil (D) 
Alternaria solani with 0.25% lemongrass oil (E) Alternaria solani with 0.5% 
lemongrass oil (F) Alternaria solani with 1.0% lemongrass oil. Lemongrass 
oil is highly effective against Alternaria solani, 100% reduction of growth 
observed at 1.0% and 0.5% concentrations.

DOI: 10.36838/v4i1.7

 ijhighschoolresearch.org



 36 

Similarly, the effect of lemongrass oil on mycelial growth of 
Rhizoctonia solani was studied and results shown in Figure 6. 
Rhizoctonia solani did not respond to lemongrass oil the same 
way as other pathogens. The complete inhibition of growth 
was observed at a 1.0% concentration of lemongrass oil, but 
not at lower doses. At a 0.5% concentration, there was only 
15% mycelial growth reduction, while lemongrass oil displayed 
no effect at 0.25% and 0.1% concentrations.  

We hypothesized that if lemongrass oil is used to control 
plant pathogenic fungi as an alternative to chemicals, then it will 
inhibit or minimize the mycelial or spore germination of the 
plant pathogens stated. The data showed that a 1.0% lemongrass 
oil concentration was able to inhibit all the pathogens tested 
completely. Dose-response studies were conducted to optimize 
the optimal concentration of lemongrass required to control 
and inhibit the growth of pathogens. These studies determined 
that a lower concentration of lemongrass oil increased the radial 
growth of all pathogens means decreased the effectiveness of 
pathogenicity. Thus, the findings of this study showed that 
lemongrass oil is an effective deterrent for plant pathogens 
alternative to chemical fungicides. However, lemongrass oil 
had greater radial growth inhibition in Alternaria solani and 
Fusarium oxysporum rather than Botrytis cinerea. 

Citral and lemongrass oil had similar antifungal activity, 
which is consistent with previous research that related the 
effect to the occurrence of citral in lemongrass.¹⁹ Citral in 
lemongrass is a fungicidal agent, according to the literature, 
since it can form a charge transfer complex with a fungal 
electron donor, causing fungal death.
�   Conclusion
The results of this investigation showed lemongrass oil has 

significant antimicrobial activity against plant pathogens. The 
fungi tested were Botrytis cinerea, Alternaria solani, Rhizoctonia 
solani, Fusarium oxysporum, and Pythium ultimum. The aim of 
this investigation was to find whether lemongrass is effective 
against plant pathogens and could be used as a viable alternative 
candidate to chemical fungicides. Lemongrass oil was proven to 
have antimicrobial properties, and several researchers reported 

concentrations. Full radial growth means no effect on radial 
growth was observed at 0.25% concentration of lemongrass oil 
on Pythium ultimum.

Figure 3: In vitro activity of lemongrass oil against Botrytis cinerea by radial 
growth inhibition. (A) Botrytis cinerea control (B) Botrytis cinerea with 1.0% 
soybean oil (C) Botrytis cinerea with 0.25% lemongrass oil (D) Botrytis cinerea 
with 0.5% lemongrass oil (E) Botrytis cinerea with 1.0% lemongrass oil. The 
lemongrass oil was found to be very effective showed 100% reduction of 
mycelial growth at 1.0% concentration.

Figure 4: In vitro activity of Lemongrass oil against Fusarium oxysporum 
by radial growth inhibition. (A) Fusarium oxysporum control (B) Fusarium 
oxysporum with 1.0% soybean oil (C) Fusarium oxysporum with 0.1% 
lemongrass oil (D) Fusarium oxysporum with 0.25% lemongrass oil (E) 
Fusarium oxysporum with 0.5% lemongrass oil (F) Fusarium oxysporum with 
1.0% lemongrass oil. The picture clearly shows a dose response with different 
concentrations of lemongrass oil. 

Figure 5: In vitro activity of Lemongrass oil against Pythium ultimum by 
radial growth inhibition. (A) Pythium ultimum control (B) Pythium ultimum  
with 1.0% soybean oil (C) Pythium ultimum  with 0.25% lemongrass oil 
(D) Pythium ultimum  with 0.5% lemongrass oil (E) Pythium ultimum  with 
0.1% lemongrass oil. The picture clearly shows Pythium ultimum growth was 
completely inhibited at 1.0% concentration of lemongrass oil. 

Figure 6: In vitro activity of lemongrass oil against Rhizoctonia solani by 
radial growth inhibition. (A) Rhizoctonia solani control (B) Rhizoctonia solani 
with 1.0% soybean oil (C) Rhizoctonia solani with 0.25% lemongrass oil (D) 
Rhizoctonia solani with 0.5% lemongrass oil (E) Rhizoctonia solani with 1.0% 
lemongrass oil. The picture shows Rhizoctonia solani growth was completed 
inhibited at 1% concentration of lemongrass oil.
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the use of medicinal purposes mainly for treating human 
diseases. Limited research was done against plant pathogens 
mainly against Pythium ultimum and Fusarium oxysporum. 

Because of its antifungal efficacy, low cost, and low toxicity, 
these findings suggest that lemongrass oil could be used in 
pharmaceutical preparations for the control and treatment of 
fungal plant pathogens. Further research is required to test 
the unique antifungal properties of lemongrass oil and broad-
spectrum activity against other fungal and bacterial pathogens.
�   Methods
Pure natural steam-distilled lemongrass (Cymbopogon 

citratus) oil was obtained from SVA Organics. Plant Pathogen 
namely Botrytis cinerea Alternaria, solani, Rhizoctonia solani, 
Pythium ultimum and Fusarium oxysporum were obtained from 
American Type Culture Collection (ATCC). Potato Dextrose 
Agar (PDA) was prepared using premix agar medium obtained 
from Carolina Biosciences. PDA plates with lemongrass oil 
(1%, 0.5, 0.25%, 0.1%) concentrations were made following 
the standard protocol, autoclaving the medium, cool down 
to 50°C and make plates by transferring 20 ml to each plate 
manually.²⁰ Plates of various concentration for experimental 
and control groups were labeled.

Making of PDA plates with various lemongrass oil (1%, 0.5, 
0.25%, 0.1%) concentrations:

We added 500 ml of tap water to 20 grams of free mixed, 
commercially available potato dextrose agar powder into a 1.0 
Liter flask and mixed and stirred with a magnetic bar. Then 
5.0mL of lemongrass oil was added into the medium before 
autoclaving to create 1.0% lemongrass oil concentration. The 
media was then autoclaved at 121°C (15psi) for 15 minutes 
and transferred to water bath at 50°C so the media did not so-
lidify. The flask from the water bath was taken out and moved 
to a biosafety cabinet. 20 ml of the medium was dispensed into 
each petri plate and plates were allowed to solidify overnight 
completely. The same procedure was used to make 0.5%, 0.25% 
and 0.1% concentration plates. For controls, the same media 
preparation procedure was used as mentioned above with/
without adding soybean oil to the medium.

Antifungal Assay (Radial Growth inhibition):
The antagonistic activity of lemongrass oil on radial growth 

of the test organisms was measured by placing a mycelial 
agar plug on the center of the PDA plates with various 
concentrations of lemongrass oil. The plate containing only 
PDA medium without lemongrass/soybean oil used as 
pathogen control and a plate containing 1.0% soybean oil was 
used as a negative control. Three plates of each concentration 
for each pathogen were used. Each experiment was performed 
in triplicates.

To transfer the mycelial plugs from plate to plate, a cork 
borer and forceps were used to extract an agar plug from the 
middle of each potato dextrose agar plate. The same step was 
repeated to extract agar plugs for all the plates. Then, a slightly 
larger cork borer was used to cut the mycelial plug from the 
pathogenic plate. All plates were sealed with parafilm and 
incubated in a biological incubator at 28°C. After 5-7 days, 
the radial growth of each of the pathogens was measured by 
calculating the colony diameter on each replicate. Photographs 

were taken using camera and the radial growth inhibition was 
assessed by computing the width of the soybean oil and no 
oil controls on a regular ruler. All plates were disposed of in 
a biohazard autoclave bag and autoclaved at 121°C for 30-60 
minutes prior to disposal. 
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