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Abstract

The Bakane disease caused by Fusarium moniliforme Sheld. is the major disease at seedling stage of 
rice.The disease is widespread in many rice growing areas in world-wide. Antifungal activity of essential 
oils of Eucalyptus citriodora Hook. and Cymbopogon citratus (DC) Stapf. against Fusarium moniliforme 
Sheld. was studied in terms of inhibition percentage using various concentrations of these essential 
oils. Pure culture of Fusarium moniliforme was isolated through blotter test method from infected rice 
plant, collected from NARC. Sterilized rice seeds were artificially inoculated in conidial suspension of 
Fusarium moniliforme and cultured for 7 days and inhibition percentage was accessed. Each essential 
oils were extracted through hydro-distillation process using Clevenger oil extracting apparatus and were 
diluted using 95% ethanol and 1 ml sterile distilled water separately to make the final concentrations  
0.04, 0.08, 0.12, 0.16, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 and 1.4 ml g-1 of rice seed. Both essential oils at their 
various concentration levels were found inhibitory, however, complete inhibition was not observed.The 
maximum inhibition was achieved at concentration 1.4 ml g-1 of Cymbopogon as well as Eucalyptus oil 
reaching to the value 90% and 75% respectively. Thus from comparative analysis of both the oils it was 
concluded that the oil of Cymbopogon citratus is more effective than the oil of Eucalyptus citriodora.
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Introduction

The Bakane disease (also called foolish seedling 
disease) caused by Fusarium moniliforme Sheld. 
is the major disease of rice at seedling stage. 
The disease is widespread in many rice growing 
areas in worldwide but mostly occurring in Asia 
(Rood, 2004). The disease is reported to affect the 
host mainly in seedling stage and the associated 
symptoms are clearly seen in the nursery (Pandey, 
2003). Rice plants after transplanting may also be 
infected, resulting in weak tillering and poor grain 
filling capacity (Ou, 1985).

Fusarium monoliforme fungi may grow readily on 
the number of media, producing luxuriant mycelium. 
The hyphae of F. moniliforme is slender, 3-5 µ 
broad, closely septate and much branched. Each 
micro-conidium is 1-2 celled, elliptic to ovate or 
oval in shape and measures 5-12 x 2-4 µ. The macro-
conidium is falcate, narrow at both ends 2-5 celled 
and measure 30-50 x 3 µ. They are formed singly 
or more often in clusters. The chlamydospores are 

produced rarely. The perfect stage is reported as 
Gibberella fujikuroi whose perithecia are superficial, 
globose, dark brown and measuring 270-350 x 240-
300 µ. The clavate asci are formed in the perithecia. 
The asci measure 75-130 x 9-16 µ. The ascospores 
are long ellipsoid, one-septa and measure 10-20 
x 4-9 µ. Each ascus contains 4 or 6 ascospores 
(Pandey, 2003). The toxins produced by the fungi 
are fusaric acid, fusarins, gibberellins, moniliformin 
and fumonisins (Nelson, 1992).

The incidence of F. moniliforme infection was 
reported in different rice varieties of Nepal such 
as Khumal-9, Khumal-4, Fan-10 etc. with 16.19-
72.31%, transmission of disease from seed to 
seedling (Airee, 2020). Similarly, cultivars like 
IR50, IR43, and IR841 were also tested against the 
infection of F. moniliformae and found susceptible 
at varying degrees (Manandhar, 1999). The 
predominant Fusarium species in surface-disinfested 
seeds with husks were species of the Gibberella 
fujikuroi complex, including G. fujikuroi mating 
population A (anamorph, Fusarium verticillioides), 
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G. fujikuroi mating population C (anamorph, 
Fusarium fujikuroi), and G. fujikuroi mating 
population D (anamorph, Fusarium proliferatum) 
(Desjardins et al., 2000). The finding of different 
studied indicate that Nepalese rice varieties are 
vulnerable to the bakanea disease caused by 
Fusarium moniliformae and studies in this line is 
highly relevant. 

Two easily available aromatic plants, Eucalyptus 
citriodora and Cymbopogon citratus were taken in 
experiments. These aromatic plants are very good 
source of essential oils which may be extracted 
by steam or hydro distillation method. Major 
Chemical constituents of Cymbopogon citratus 
are Citral, Cymbopogone and Cymbopogonal 
and others  are Linalool, Citronellol,  Linalyl 
acetate, Geranyl acetate, Elemol, Neral, Geranial,  
Myrcene, Borneol, Camphor etc. Indian Council 
of Medical Research (ICMR, 2012). Similarly 
major components from Eucalyptus citriodora are 
Citronnellal-66%, Citronnellol-12%, Citronnellyl 
acetate-4%, Isopulegol-3% from 86% oxygenated 
compound (Fandohan et al, 2004). In this experiment, 
the natural essential oils are used as an alternative 
of chemical fungicides to analyze their antifungal 
activity against the growth of Fusarium moniliforme 
from rice. 

Materials and Methods

Extraction of essential oils

The essential oils of Eucalyptus citriodora and 
Cymbopogon citratus were extracted from their 
leaves by hydrodistillation method using Clevenger’s 
oil extracting apparatus. The collected oil was then 
dehydrated over anhydrous sodium sulphate and 
stored at 10°C. 

Media preparation

Potato Agar Dextrose (PDA) medium was prepared 
for culture of  fungal pathogen. 

Obtaining pure culture of test pathogen 

The strain of fungus Fusarium moniliforme was 

isolated from infected leaves of rice through Blotter 
Test Method. The pathogen was then identified 
by seeing and comparing their morphological and 
microscopic characters using the standard literature 
(Booth, 1971). The pathogen from sample was then 
taken and inoculated into Petridishes containing 
PDA medium and was incubated at 25°C with 12 
hours of photoperiod. The pure culture of pathogen 
was thus obtained after 7 days.

Experiment

In the experiment two hundred and sixty rice 
grains were autoclaved (at temp1210C, duration-10 
minute and  pressure- 15psi) and were artificially 
inoculated with 2 ml of conidial suspension of 
Fusarium moniliforme. The conidial suspension was 
prepared by adding 5 ml of sterile distilled water 
with seventh day old culture of test pathogen. The 
culture was superficially scraped to free the conidia 
from conidiophores and conidial suspension was 
filtered through muslin cloth. The inoculated rice 
grains were then treated with oils from Cymbopogon 
citratus and Eucalyptus citriodora at their different 
concentrations obtained by diluting 20, 40, 60, 80, 
100, 200, 300, 400, 500, 600 and 700 µl of each oil 
with 100 µl of 95% ethanol and 1 ml sterile distilled 
water separately. Twenty rice seeds (0.5g) were 
allowed to soak in each concentration of each oil 
for 20 minutes and then dried for 10 minutes and 
plated into Petridishes containing PDA medium. The 
concentration range of each oil per rice seed was 
therefore 0.04, 0.08, 0.12, 0.16, 0.2, 0.4, 0.6, 0.8, 1.0, 
1.2 and 1.4 ml g-1. Ten grains were plotted in each 
Petridish making two replica for each concentration. 
The Petridishes were incubated at 25° C. Antifungal 
activity of oil was assessed after 7 days by counting 
the number of infected and non-infected rice 
seeds in each Petridish and calculating the healthy 
grain percentage (i.e. of noninfected grain per oil 
concentration). There were two controls: one –rice 
grain inoculated with Fusarium moniliforme and 
treated with a solution of 100 µl of 95% ethanol 
plus 1ml of sterile distilled water and second-rice 
grain inoculated with Fusarium moniliforme with 
no further treatment.
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Results and Discussion

Infected and non infected rice seeds were calculated 
after the treatment of essential oils from E. citriodora 
and C. citratus at their different concentrations 
ranging from 0.00, 0.04, 0.08, 0.12, 0.16, 0.2, 
0.4, 0.6, 0.8, 1.0, 1.2, and 1.4 ml g-1. Different 
concentrations of both oils could not completely 
inhibit the fungal contamination on the rice seeds. 
However, the maximum inhibition was achieved at 
concentration 1.4 ml g-1 of Cymbopogon as well as 
Eucalyptus oil reaching to the value 90% (Table-2 
and Photoplate-V) and 75% (Table-1 and Photoplate-
III) respectively. The table-1 and 2 and corresponding 
graph (Figure 1) show the effects of both essential 
oils on inhibition % of fungal contamination on 
the oil treated rice seeds. Essential oils from E. 
citriodora and C. citratus have antifungal properties. 
The Eucalyptus oil at 1 ml g-1 and Lemon grass 
oil at 0.6 ml g-1

 concentration showed inhibition 
effect and gradually increased inhibition percentage 
with increased in oil concentration in rice seeds at 
laboratory conditions.

Khanal et.al. (2017) analysed the effectiveness of E. 
citriodora and C. citratus oils against F. moniliforme 
by calculating minimum inhibitory concentration. 
Minimum inhibitory concentration for E. citriodora 
is 6.2 µl ml-1 and for C. citratus is 4.9 µl ml-1 

. These 
essential oils were significant to inhibit the mycelial 
growth of the fungus irrespective of their sources 
with p value < 0.05 (Figure 2). The concentration 
response found as 12.4 µlml-1 = 6.2 µlml-1> 4.9 

µlml-1> 3.7 µlml-1> 2.5 µlml-1> 1.2 µlml-1> 0 µlml-1 
with LSD value 5.42 which indicates that increase 
in concentrations of essential oils, there is gradual 
decrease in average colony size of  F. moniliforme 
under laboratory conditions. Comparing with this 
result it was found that the low concentrations of 
these essential oils are highly effective to inhibit the 
mycelial growth completely from pure culture disc 
of Fusarium moniliforme. However, F. moniliforme 
inoculated rice seeds require high concentrations to 
arrest the mycelial growth of the same pathogen in 
laboratory conditions. 

Fandohan et al. (2004) also found that the 
Cymbopogon citratus oil was effective  in in vitro 
which completely inhibit the growth of fungi over 
21 days of incubation and reduced the incidence of 
pathogen in corn and totally inhibited fungal growth 
at concentration of 8.0 µl ml-1 

.
 Nguefack et al. 

(2004) reported that the essential oils from Ocimum 
gratissimum, Thymus vulgaris, Cymbopogon citrates 
had effectively prevented conidial germination and 
the growth of Fusarium moniliforme, Aspergillus 
flavus and Aspergillus fumigatus  on corn meal agar 
at 800, 1000 and 1200ppm respectively. Baruah et 
al. (1996) studied effect of essential oils against 
Fusarium verticilliodes. They also observed that 
oil from Eucalyptus citriodora was less effective 
in its antifungal activity than that of the oil from 
Cymbopogon spp.

Table1: Infection of test fungus to oil (E. citriodora) treated rice seeds on 7th.day of incubation.
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Table1: Infection of test fungus to oil (E. citriodora) treated rice seeds on 7th.day of incubation. 

S.N. Concentration of oil 
(ml g-1)

Total no. of 
seeds 

Infected   
seeds 

Non nfected 
seeds 

Inhibition 
(In %) 

1 0 20 20 0 0 
2 0.04 20 20 0 0 
3 0.08 20 20 0 0 
4 0.12 20 20 0 0 
5 0.16 20 20 0 0 
6 0.2 20 20 0 0 
7 0.4 20 20 0 0 
8 0.6 20 20 0 0 
9 0.8 20 20 0 0 

10 1 20 14 6 30 
11 1.2 20 10 10 50 
12 1.4 20 5 15 75 

Table2: Infection of test fungus to oil ((C. citratus) treated  rice seeds on 7th day of incubation. 

S. N. Concentration of oil 
(mlg-1)

Total no. of 
seeds 

Infected 
seeds 

Non nfected 
seeds Inhibition (In %) 

1 0 20 20 0 0 
2 0.04 20 20 0 0 
3 0.08 20 20 0 0 
4 0.12 20 20 0 0 
5 0.16 20 20 0 0 
6 0.2 20 20 0 0 
7 0.4 20 20 0 0 
8 0.6 20 13 7 35 
9 0.8 20 12 8 40 

10 1 20 7 13 65 
11 1.2 20 5 15 75 
12 1.4 20 2 18 90 
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Figure 1: Effect of essential oils on Fusarium moniliforme 
contamination of rice seeds.

P <0.05, LSD = 5.42

Conclusion

The overall study can be concluded as that the 
essential oils extracted from Eucalyptus citriodora 
and Cymbopogon citratus shows antifungal activity 
against Fusarium moniliforme. The maximum 
inhibition (90%) for Cymbopogon citratus and 
maximum inhibition (75%) for Eucalyptus citriodora 
was achieved at concentration 1.4 ml g-1. 

From comparative analysis of both the oils, it can be 
concluded that the Cymbopogon citratus oil is more 
effective than that of Eucalyptus citriodora oil for 
inhibiting the growth of Fusarium moniliforme in 
laboratory condition. These essential oils might be 
used as bio fungicides but this  research work has 
strictly done in invitro conditions. So their field trial 
is recommended to carry out.
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Plate I: Contamination of Fusarium moniliforme in rice seeds at Normal and control groups at 7th.day of incubation.                                                                                                                                

                                                                                                   Time: at 7th.day of incubation

Plate II: Effect of Eucalyptus oil at varying concentrations (0.04 - 0.4 ml /g) on rice seed contamination by Fusarium moniliforme.

Plate III: Effect of Eucalyptus oil at varying concentrations (0.6 - 1.4 ml /g) on seed contamination by Fusarium moniliforme.
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                                                                                                  Time: at 7th.day of incubation

Plate IV: Effect of Lemon grass oil at varying concentrations (0.04 - 0.4ml /g) on rice seed contamination by Fusarium moniliforme.

Plate V: Effect of Lemon grass oil at varying concentrations (0.6 - 1.4ml /g) on rice seed contamination by Fusarium moniliforme.


