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Abstract 
The current research aimed to study the efficacy of plant extracts and essential oils from Rosmarinus officinalis, 
Thymus vulgaris, Cinnamomum zeylanicum and Syzigium aromaticum on mycelial growth and conidial 
germination of Fusarium oxysporum f. sp. cubense in vitro, as well as evaluation in vivo. Essential oils and extracts 
were applied in the culture medium (PDA) at melting point to estimate the direct effect on mycelial growth. Also, 
the estimation of volatile substances against mycelial growth was done. The obtained results indicated that plant 
extracts and essential oils of Cinnamomum zeylanicum and Syzigium aromaticum were effective at 500 ppm with 
direct effect against mycelial growth. The volatile plant extracts had no effect on mycelial growth, however, the 
volatile essential oils of Cinnamomum zeylanicum and Syzigium aromaticum showed good effects in controlling 
the disease in both 1000 and 2000 ppm. Meanwhile, extracts and essential oils of Cinnamomum zeylanicum and 
Syzigium aromaticum showed efficacy on the conidial germination. In vivo, both essential oils and extracts from 
Cinnamomum zeylanicum and Syzigium aromaticum, in addition to fungicide (Trifloxystrobin + Tebuconazole) 
which was effective in avoiding the spread of disease.  
Keywords: Rosmarinus officinalis, Thymus vulgaris, Cinnamomum zeylanicum, Syzigium aromaticum 
1. Introduction 
The banana is an important fruit for Brazilian economy and likewise is highlighted as a second largest exporter of 
bananas. The production in 2011 was about 7.023 million tons of fruit and the harvest planned for 2012 is about 
6.980 million tons. The Banana cultivation in 2011 earned revenues about of U$ 40 million in exports of fresh fruit 
with an export volume about of 110.053 tons. The planted area was 510.654 ha with an average yield of 14.385 
kg/ha. The major producing fields are those located in the Northeast, Southeast and, to a lesser extent the South. 
The Brazilian cities that had the produce highlighted were São Paulo and Bahia. (BRAZILIAN FRUIT 
YEARBOOK, 2012). Considering the world context, Brazil is located in fourth position as the largest banana 
producer, behind India, China and Philippines (Braga Filho et al., 2011). Among the most destructive diseases of 
banana, the Panama disease is considered the most important, reducing the production to values near to zero in 
some cases, where cultivars are susceptible. 
The wilt disease of banana was first reported in Australia in 1876 by Bancroft, also being described by Higgins in 
1904 in Honolulu, Hawaii, both descriptions were taken as the first reports. During the decades of 1950 and 1960 
the Panama disease decimated banana plantations in Central America and the Caribbean (Daly & Walduck, 2006; 
Ploetz & Pegg, 1997). According to Gasparoto and Pereira (2006), Panama disease is a vascular disease whose 
etiological agent is Fusarium oxysporum f. sp. cubense. According to these authors the banana wilt disease was 
described in Brazil at 1930 on Piracicaba (São Paulo state) and today can be found in all banana-producing regions. 
Considering the species of Fusarium oxysporum there are over 100 formae speciales, which causes the wilt in 
plants (Domsch et al., 1980; Nelson et al., 1983). According Ploetz et al. (2000) among these variations of species 
there are pathogenic and non-pathogenic isolates that cannot be distinguished morphologically. For the specific 
case of Fusarium oxysporum f. sp. cubense there are reports for four different races, but only three of them are 
pathogenic to banana especially for a kind of variety known as apple and silver sub group, the another race only 
attack the heliconia plant species (Stover, 1962; Ploetz & Pegg, 1997). The pathogen can be dispersed through the 
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soil, running water or agricultural machinery and implements, but mainly by contaminated rhizomes, used as 
seedlings in banana cultivation (Stover, 1962). 
The disease induces premature death in adult plants near or during the flowering. Considering a susceptible 
banana variety and an extreme scenario, the losses can reach at 100% of the production (Pereira et al., 2005). 
Early symptoms are seen inside of the feeder roots, the place where occurs the initial infections (Beckman, 1990). 
According to Ploetz (2000) the symptoms can progress to the rhizome and cortex. The pseudo-stems are also 
colonized and faint brown streaks are evident, as well as inside the sheath of older leaves. Large portions of the 
xylem become brown with the disease progress. The external symptoms begin with yellowing of older leaves, 
followed by wilt of leaves and deformations starting on the petiole base.  
Attempts to find new methods for efficient control have been held every day. Barbieri et al. (2006) tested new 
substances in the control of F. oxysporum f. sp. cubense mycelia as stannous chloride dihydrate, triphenyltin 
acetate, mandelic acid, among others, which had different effects on disease control. The use of plant extracts 
and essential oils as an alternative treatment has also been discussed as a promising practice in controlling 
diseases. As the work of Cakir et al. (2005), who reported the fungicidal effect of the essential oil from 
Hypericum linarioides Bosse in six species of the genus Fusarium, among them, F. oxysporum. Bajpai et al. 
(2007) found the antifungal effect of the essential oil from Metasequoia glyptostroboides Miki ex Hu, at 1000 
μL-1 showing inhibition on mycelial growth of Fusarium oxysporum at 63%. Guimarães et al. (2011) showed 
inhibition of F. oxysporum f. sp. cubense when working with essential oil from Cymbopogon citratus and citral. 
Oliveira et al. (2008) found that L. sidoides was effective in inhibiting the mycelial growth of F. oxysporum f. sp. 
cubense with similar results imposed by carbendazin, which demonstrates the possibility for using these 
compounds without losses in efficiency compared to current products. Cruz et al. (2011) observed that although 
the oil Azadirachta indica had no effect on mycelial growth of F. oxysporum f. sp. lycoperseci, this decreased 
the disease severity in tomato, through the resistance induction. Based on these papers we can see the potential 
of essential oils and plant extracts in controlling of the diseases, incited by Fusarium species. 
The objective of this study was to investigate the potential of essential oils and plant extracts of Cinnamomum 
zeylanicum Blume, Cymbopogon nardus (L.), Rosmarinus officinalis L. and Syzygium aromaticum (L.) Merr. 
and Perry in different concentrations, studying the effects on mycelial growth, spore germination and Panama 
disease severity on banana seedlings. 
2. Material and Methods 
2. 1 Extraction of Essential Oils and Plant Extracts 
Plant species were selected for the experiments according to the botanical family to which they belong: family 
Lamiaceae-Rosemary (Rosmarinus officinalis L.), Family Myrtaceae - Cinnamon (Cinnamomum zeilanicum 
Breym.), Clove (Syzigium aromaticum (L.) Merr & Perry) and Family Poaceae - Citronella (Cymbopogon nardus 
(L.) Rendle). 
The work was conducted in the laboratory and greenhouse in Federal University of Lavras. The plant extracts 
were obtained from vegetative or reproductive parts of the selected plants for the experiments that were collected 
in the Garden of Medicinal Plants at university. After collection the plants, these was washed with tap water and 
disinfected with sodium hypochlorite at 0.5% for 30 minutes to remove microorganisms present on the surface. 
Posteriorly, we performed triple rinsing under sterile distilled water to remove the remaining sodium 
hypochlorite. The material was dried on paper towels to remove excess moisture. Then, the material was packed 
in paper bags and placed in oven with air circulation at 45°C for 96 hours. 
Subsequently, with the aid of slicer proceeded to grinding of those materials. Thus prepared, the powder was 
employed to obtain the aqueous extract by adding 10 g of the material in 100 mL of sterile boiling distilled water, 
yielding a crude extract in 10% which remained in the infusion at room temperature and no light for 24 h. After 
this period it was filtered in the sterile gauze and Whatman filter paper nº.1 to obtain crude aqueous extract. 
The Syzigium aromaticum extract was obtained collecting 10 g of the plant material, crushed into blender with 
100 mL of sterile distilled water and it was prepared according to the methodology described above for the other 
extracts. 
2.2 Obtaining and Inoculum Production of Fusarium oxysporum f. sp. cubense 
The fungus was isolated from a rhizome of banana that was infected showing the disease symptoms. The 
rhizome was cut into small pieces and treated with ethanol 70% for one minute and sodium hypochlorite at 2% 
for three minutes. The laminar flow was used to place the rhizome fragments in equidistantly way in the culture 
medium Potato-Dextrose-Agar (PDA). 
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The inoculum production was performed inserting little disks of culture medium with fungus in the center of 
Petri dishes with PDA. It was packed in suitable conditions (20ºC and 12 h of light) until the fungus fill all the 
plate. After sporulation, conidia were collected adding 10 mL of sterile distilled water, rubbing a brush lightly 
over the colonies and subjecting the suspension to constant agitation for the spores liberation. It was determined 
the concentration of conidial suspension in Neubauer chamber, adjusting it to be used for inoculation (1.3 x 107 
conidia. mL-1 of macroconidia and microconidia). 
2.3 Effect of Essential Oils and Plant Extracts on the Mycelia Growth 
The assay of mycelial growth was performed using inverted discs measuring 8 mm in diameter with mycelia and 
spores of the fungus deposited in the center of the Petri dish measuring 90 mm in diameter, containing PDA 
medium. The treatments were the plant extracts at concentrations of 1%, 5%, 10%, and 20% and essential oils in 
concentrations of 250, 500, 1000 and 2000 ppm. 
The negative control was Petri dishes with only PDA. The positive control was the chemical fungicide 
Trifloxystrobin + Tebuconazole. The plates were carefully sealed, identified and incubated in a growth chamber 
under a photoperiod of 12 h light and 12 h dark at 25°C. The evaluations were performed by daily measurements 
of the colonies diameter (average of two measurements diametrically opposite), 24 h after starting the 
experiment and continued until the fungus fill the entire surface of the culture medium in one of treatments. 
The experimental design was completely randomized. The data were subjected to analysis of variance performed 
by Sisvar program (FERREIRA, 2000) and means were compared by the Scott-Knott test at 5% probability. 
Regression analysis was presented only for effective treatments. 
2.4 Effect of Volatile from Essential Oils and Plant Extracts on the Mycelial Growth 
The assay with essential oils and plant extracts volatile were performed with disk diffusion test which consisted 
in the application of 30 µL of antimicrobial agent suspension at different concentrations in filter paper fixed in 
one surface the Petri dish. On the opposite surface was deposited in the center of the plate, inverted discs with 
mycelia and spores, measuring 8 mm in diameter. The treatments consisted in herbal extracts at concentrations 
of 1, 5, 10 and 20% and essential oils at concentrations of 250, 500, 1000, and 2000 ppm, the negative control 
was the fungicide and the positive control was sterile distilled water. The plates were carefully sealed, identified 
and incubated in a growth chamber under a photoperiod of 12 h light and 12 h dark at 25°C. The evaluations 
were performed by daily measurements of the colonies diameter (average of two measurements diametrically 
opposite), starting at 24 h after the experiment and continued until the time when the fungus fill the entire 
surface of the culture medium in one of treatments. 
The experimental design was completely randomized. Data were subjected to analysis of variance with Sisvar 
program (FERREIRA, 2000) and means were compared by the Scott-Knott test at 5% probability. Regression 
analysis was presented only for effective treatments. 
2.5 Effect of Essential Oils and Plant Extracts on the Conidial Germination 
A trial to evaluate the germination of the pathogen was installed. We used Petri dishes measuring 6 cm diameter 
containing water-agar (WA) at 2%. Inside these plates was added 1 mL of treatments at predetermined 
concentrations and also 1 mL of conidial suspension with a concentration adjusted to 1.5 x 105 conidia/mL using 
hemacytometer. Then, the plates were placed in a growth chamber at 25ºC and 12 h of light for 24 h. The 
experiment was conducted in a completely randomized design with two plates for each treatment, each one divided 
into four quadrants. It were evaluated 50 conidia per quadrant for a total of 8 repetitions. After incubation, the 
germination was stopped by the addition of two lactoglycerol drops. It was considered germinated, those conidia 
which showed germ tube. The positive control was sterile water and negative control was the fungicide (1 mL) in 
the same previous dose.  
The experimental design was completely randomized. Data were subjected to variance analysis with Sisvar 
program (FERREIRA, 2000) and means were compared by the Scott-Knott test at 5% probability. Regression 
analysis was presented only for effective treatments. 
2.6 Effects of Essential Oils and Plant Extracts in the Control of the Panama Disease in Banana Seedlings 
The inoculation in plant was done with 1 mL of a spore suspension, which was injected at 5 cm above the plants 
rhizomes with the aid of a hypodermic syringe. After inoculation, the plants received 100 mL of essential oils at a 
concentration of 1 ppm and plant extracts at 10%. For this procedure, the plants were irrigated with the treatments 
by adding 70 mL on the base of the plants and 30 mL was sprayed until the runoff point. The negative control was 
sterile water and as a positive control we used the Trifloxystrobin + Tebuconazole. 
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After 23 days, we performed the evaluating the effect of alternative treatments to control the Panama disease. We 
respect the incubation period of the disease and onset of symptoms (23 days). The plants were evaluated 
considering the disease severity based on discoloration of rhizomes comparing the symptoms with the scale 
proposed by Mahomed et al. (1990). 
The statistical design was a randomized complete block with 10 treatments (four essential oils, four plant extracts, 
one positive control with fungicide and one negative control with sterile distilled water), having three replications 
and three plants per plot. 
The disease severity data were subjected to analysis of variance by F test, and when significant, the treatment 
means were compared by Scott-Knot at 5% of probability in the statistical program SISVAR (Ferreira, 2000). 
3. Results and Discussion 
3.1 Mycelial Growth under Influence of Essential Oils Incorporated into the Culture Medium 
The results for each treatment on mycelial growth showed significant differences within each concentration 
(Figure 1). The C. zeylanicum and S. aromaticum essential oils showed antagonistic effect for mycelial growth 
already at concentration of 250 ppm with a reduction of 78.70% and 63.52%, respectively. Lorenzetti et al. (2011) 
working with the same plants (C. zeylanicum and S. aromaticum) showed effects already observed at 125 ppm 
with reduction on the mycelial growth of Botrytis cinerea in 41% and 31%, respectively. 
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Figure 1. Mycelial growth under influence of the essential oils diluted in the culture medium 
* P = 0.05; Coeficient of Variation (CV) = 5.89. 
 
The rosemary essential oil does not lend itself to efficient control of fungus under in vitro conditions when 
compared to other essential oils. However, a weak growth inhibition can be achieved with increasing dose, as 
shown in the work of Pereira et al. (2006) which report the mycelial growth inhibition of Fusarium sp. in 
31.89% at the concentration of 2000 μg/mL. The essential oil of C. nardus obtained intermediate result and also 
was efficient at high concentrations. Alves et al. (2002) also reported the efficiency of C. nardus essential oil in 
controlling mycelial growth in vitro. The best results considering all concentrations were obtained by the 
essential oils from S. aromaticum and C. zeylanicum (Figure 2). 
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Figure 2. Regression analysis for the best essential oils in controlling of mycelial growth 
* Significant differences in F test at 5% probability. 
 
3.2 Mycelial Growth under Influence of Plant Extracts Incorporated in the Culture Medium 
The result for the treatments with plant extracts on the mycelial growth showed significant differences within each 
concentration (Figure 3). The extracts of C. zeylanicum and S. aromaticum at 5% concentration reduced mycelial 
growth to 40.37% and 54.44%, respectively. Rozwalka et al. (2008) when working with extracts of S. aromaticum 
and R. officinalis reported the control of Glomerella cingulata and Colletotrichum gloeosporioides, being 
observed a decrease about 64.71% and 100%; 100% and 49.43%, respectively. 
 

 

Figure 3. mycelial growth under the influence of plant extracts incorporated in the culture medium 
* P = 0.05; CV = 5.57. 
 
The R. officinalis extract does not lend itself to efficient control of fungus in vitro conditions, when it compared to 
other oils, obtaining values statistically equal to the control. Kashima et al. (2009) achieved a reduction at 49.06% 
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on the mycelial growth of Cladosporium fulvum only at high concentrations (40%). The extract of C. nardus also 
had no effect on mycelial growth. Moreira et al. (2008) working with ethanol and methanol extracts from C. 
nardus observed that these had no direct fungitoxicity against C. lagenarium. The best results considering all 
concentrations were obtained by plant extracts from S. aromaticum and C. zeylanicum (Figure 4). 
 

 

Figure 4. Regression analysis for the best plant extracts to prevent mycelial growth 
* Significant differences in F test at 5% probability. 
 
3.3 Mycelial Growth under the Influence of Volatile Essential Oils 
The result for the volatile effect of essential oils on the mycelial growth showed significant differences only at 
concentrations higher than 1000 ppm (Figure 5). 
 

 

Figure 5. Mycelial growth under influence of volatile essential oils incorporated in the culture medium 
* P = 0.05; CV = 4.75. 
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The best results considering the concentrations of 1000 ppm and 2000 ppm were obtained by plant extracts from 
S. aromaticum and C. zeylanicum (Figure 6). These volatile essential oils at concentration of 1000 ppm reduced 
the mycelial growth in 88.89%. The volatile essential oils from R. officinalis and C. nardus showed no difference 
compared to control. 

 

 

Figure 6. Regression analysis for the best essential oils to prevent mycelial growth 
* Significant differences at F test at 5% probability. 
 
3.4 Mycelial Growth under the Influence of Volatile Plant Extracts 
The volatiles from plant extracts did not inhibit mycelial growth in any concentrations compared with the control 
(Figure 7). Although some plants have antagonistic compounds as shown by the results of its essential oils in 
previous experiment, maybe the extracts do not have sufficient volatile components or the active form to inhibit 
mycelial growth may be the answer for this results. 
 

 

Figure 7. Mycelial growth under influence of volatile plant extracts incorporated in the culture medium 
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3.5 Essential Oils Effect on the Conidial Germination 
The essential oils showed significant difference on the conidial germination at various concentrations (Figure 8), 
demonstrating the superiority of treatment with S. aromaticum and C. zeylanicum (Figure 9). These essential oils 
from S. aromaticum and C. zeylanicum inhibited germination of conidia in 81.64 and 74.22%, respectively. 
Lorenzetti et al. (2011) also observed the positive effect of essential oil from C. zeylanicum and S. aromaticum 
inhibited 100% on the spore production and germination of B. cinerea. 

 

 
Figure 8. Conidial germination under the effect of essential oils 

* P = 0.05; CV = 8.45. 
 
The essential oil from R. officinalis was not effective in inhibiting the conidial germination. The essential oil from 
C. nardus was intermediate showing better efficiency at a concentration of 1000 ppm. Wilson et al. (1997) also 
reported the antifungal effect of the essential oil from C. nardus at a concentration of 6.25% on the spores of B. 
cinerea. 

 

Figure 9. Regression analysis for the best essential oils in controlling of mycelial growth 
* Significant differences at F test on 5% probability. 
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3.6 Plant Extracts Effect under Conidial Germination 
The plant extracts from S. aromaticum and C. zeylanicum also had higher levels of control at concentration tested 
(Figure 10, Figure 11). The best control was imposed by the extracts of S. aromaticum and C. zeylanicum having 
reduced the mycelial growth by 94.93 and 79.69%, respectively. 
 

 
Figure 10. Conidial germination under the effect of plant extracts 

* P = 0.05; CV = 6.54. 
 
Kashima et al. (2008) working with the extract of R. officinalis observed that just 59.5% of the spores from 
Alternaria solani were germinated. In this study, the extract of R. officinalis obtained the lowest results. The 
extract of C. nardus showed control values intermediaries. Franzener et al. (2007) working with the C. nardus 
hidrolact and Alternaria brassicae noticed the promotion on the conidial germination instead of your control. 
 

 

Figure 11. Regression analysis for the best plant extracts on the control of mycelial growth 
* Significant differences at F test on 5% probability. 
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4. Conclusion 
The plant extracts and essential oils from S. aromaticum and C. zeylanicum controlled the F. oxysporum f. sp. 
cubense in all tests performed in these study, showing good control on the mycelial growth using volatiles and also 
when it was diluted in culture medium, as well as on the conidial germination. 
The plant extracts and essential oils of S. aromaticum and C. zeylanicum controlled the disease progress of Panama 
disease. 
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