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Abstract: In this study, antifungal activity of Menthapiperita L., CinnamomumzeylanicumBlume,
AlliumhirtifoliumBoiss.andAllium sativumL. were investigated against Fusarium oxysporum schlecht.
Inhibition of the growth rate and spore germination was evaluated after 8 and 10 days in PDA and PDB media.
The results showed the plant extracts and their main components had inhibitory activities on the growth rate
and spore germination of this fungus. The results exhibited Cinnamomumzeylanicum, Menthapiperita, Allium
hirtifolium and Allium sativum at 1000, 500, 500 and 500 ppm respectively gave the largest inhibition on the
growth rate of F. oxysporumin PDA media. Extract of Cinnamomumzeylanicum, Menthapiperita, Allium
hirtifolium and Allium sativum showed maximum inhibition of the spore germination at 1000, 1000, 1000 and
500 ppm after 8 days, while the least spore germination was occurred at 1000, 100, 100 and 25 ppm after 10 days
in PDB media. 
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INTRODUCTION products including oil, gums, resin, saponin, organic acid

Fusarium oxysporum schlecht is one of the most Khalil and Dababneh [18] investigated the inhibitory
important soil pathogen that presents in the rhizosphere effect of four medicinal plant extracts against Rhizoctonia
of plants. Most F. oxysporum strains live saprophytically solani, F. oxysporum, Verticillium sp. and Penicillium
on organic substrates in soil. Some of soil-born strains are sp.. Vartemia iphionodes  showed  maximum  inhibitory
plant pathogens and causing plant disease. Some of them for Verticillium sp. (44.8%), followed by R. solani
are biocontrol agent. The species is very complex group (42.9%), F. oxysporum (42.7%) and Penicillium sp.
and based on the pathogenicity toward particular plant (18.2%) at 1000 ppm.
species take place into physiological races and form The effect of Zatariamultiflora and Satureja
specialis [1]. hortensis essential oil were evaluated on the growth rate

There are several ways for controlling of cucumber and ability of mycotoxin production by F. graminearum
damping-off  includingbiological  control  [2-3],  chemical in PDA and PDB. The results indicated the essential oils
control [4] and plant extracts [5-7]. Chemical fungicide had inhibitory activity on this fungus and mycotoxin
traditionally been used against fungal plant pathogen. production [19]. Asalem et al. [20] studied antifungal
Frequency use of fungicide leaded to the development of activity five plant species against three important
resistant population of the pathogen against various pathogens including Altrenaria solani, R. solani and
chemical fungicide groups. The other side, the toxic Macrophomina phaseolina. Adhatoda zylanica showed
properties of fungicides limited the use of these maximum inhibition against M. phaseolina whereas,
compounds [8]. Dodonaea viscosa had the most effective on A. solani

Some plant species were  assayed  for and R. solani. Dababneh and Khalili [21]  evaluated five
pharmacological and biological activity such as Jordanian  medicinal  plants  against five pathogenic
antibacterial and antifungal activity [9-11]. Fungicidal fungi. The highest growth inhibition of all fungi was
properties of plant species depended on various plant observed with Achilleasantolina at 1000 ppm. The

and alkaloids [12-17].
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growth inhibition of F. oxysporum and  R.  solani  was recommended by manufacturer. This instrument was fitted
42.2 and 42.0% respectively. with HP-5MS capillary column (30cm×0.25mm i.d., film

Morsy, et al. [22] investigated the growth rate of five thickness 0.25µm). The identity of components was
plant pathogen fungi such as F. oxysporum, F. solani,
Sclerotiumrolfsii, R.asolaniand M. phaseolina. The
results stated plant extracts of onion and garlic reduced
the growth rate of F. oxysporum, F. solaniand S. rolfsii.
The highest inhibition effect on F. oxysporum was
observed when garlic extract was applied at 1.5ml/plate. 

The inhibitory effect of Thymus vulgaris, Satureja
hortensis, Anthum grareolens and Mentha sativa were
investigated against F. graminearum. The result stated
the essential oils reduced the growth rate and mycotoxim
production [23].

Efficacy of Mancozeb and garlic extract were
evaluated against Alternaria alternate, F. oxysporum,
Aspergillus sp., Rhizopus sp. and colletoterichum
graminicola on sorghum and groundnut seed. The
results showed that garlic extraction was effective on
seed germination and mycelia weight of the fungi [24].

The objectives of this study were to determine the
effect of Mentha piperita L., Cinnamomum zeylanicum,
Allium hirtifolium and Allium sativum L. on the growth
rate and spore germination of F. oxysporum.

MATERIALS AND METHODS

This work was conducted in Department of Plant
Pathology, Damghan  Unit,  Azad  University  during
2011-2012 to determine the antifungal activity of some
medicinal plants, i.e. C. zylanicum, M. piperita, A.
sativumand A. hirtifolium, against F. oxysporum,
cucumber isolate. Pure culture of F. oxysporumwas
obtained from Plant Pathology department of Agriculture
College, Tehran University.

Preparation of Plant Extracts: The bark of C. zylanicum,
aerial parts of M. piperita and bulb of A. sativumand A.
hirtifolium were selected and dried at 40°C for 24h. These
plant materials were ground by a blender and 50 grams of
their powders were subjected to soxhlation that is
exhaustively extracted by ethanol. In the end of
soxhlation,  the  solvent  (ethanol) was evaporated at
lower temperature under reduced pressure in rotary flash
evaporator to get the crude extract [25-26]. The extracts
were stored in dark vials at 4°C for future uses.

Extracts Analysis: Analysis of extracts was carried out by
GC-MS chromatography (Agilent GC/ MS Model 5975) as

ascertained based on the spectra and compared with
library and literature data. The oven temperature program
was 60-270°C (2.5°C per min.) and the carrier gas was
helium with velocity 1ml/min.

Effect of Plant Extract on F. oxysporum Mycelia Growth:
The effect of C. zylanicum, M. piperita, A. sativumand A.
hirtifolium extracts on diameter growth of F. oxysporum
on Potato Dextrose Agar (PDA) was evaluated according
to reference documents [27]. The plant extracts were
added to PDA (at 45°C) to give a final concentration 25,
50, 100, 500 and 1000ppm for each extract and then the
resulting media were poured in petri dishes (8cm in
diameter). Ethanol was added to  medium  in control
plates. Then, inoculum discs  (5 mm  in  diameter)  from
two days growing cultures of F. oxysporumwere  placed
in the center  of  petri  plates  containing  PDA  and
extracts. Each  treatment  was  tested on 4 plates as
replications. The plates were incubated in 27°C. After
seven days (when the fungus overgrow on control
plates),  radial  growth  of  F.   oxysporumwas  recorded
for each plate. The percentage of fungal growth inhibition
was calculated as Pandey et al. [28] formula:

Growth inhibition% = [(growth in control – growth in
sample)/growth in control] × 100.

The values reported for minimum inhibitory
concentration were the lowest concentrations of extracts
on which the fungus grew a little or any after seven days.

Fungistatic or Fungicide Effect of the Extracts: The
method of Thomson [29] was used to assess the
fungistatic or fungicide nature of the extracts on F.
oxysporum. For each extract, a plug of plate medium on
which the fungus grew a little or any removed and
transferred to a new PDA medium without extract. If the
fungus grows in the new medium after 7-10 days, the
extract would be evaluated as fungistatic.

Effect of Plant Extracts on Spore Germination: The
antifungal activity on mentioned medicinal plant extracts
on spore germination of F. oxysporumwas tested using
potato dextrose broth (PDB). The plant extracts were
added  to  PDB (at 45°C) to give a final concentration 25,
50, 100, 500 and 1000ppm for each extract. Water was
added  to medium in control Erlenmeyer flask. Then, three
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inoculum  discs  (5mm  in  diameter) from two days significant inhibition of mycelia growth of the  fungi
cultures of the fungus were put in each flask. Each (Table 1). Furthermore, data analysis showed the
treatment was replicated three times  and  inoculated differences between extracts, between doses, as well as
media  were  incubated  in  27°C  on  shaker (150rpm). between their interaction are significant (p<0.01). The
Eight days after treatment  (when  produced  spores of comparison  of  means  showed   maximum   inhibition  of
the fungus were germinated in control flasks), the F. oxysporum growth was found at highest doses, 500 or
evaluation  on  spore germination was started using a 1000ppm (Table 2). It was followed by the concentration
light microscope (X= 10 × 40 in magnification). Besides, 100, 50 and 25ppm of the plant extracts as compared to
the number of germinated spores in each treatment was control which showed least inhibition on mycelia growth.
counted again 10 days after treatments. The Percentage of The extract of C. zylanicum at highest dose (1000ppm)
spore germination was calculated according to following was most effective in reducing fungus growth followed by
formula: 500ppm of M.piperita,A. hirtifolium and A. sativum,

Spore germination% = (No. of spores germinated/total no. of spores
examined) × 100.

Statistical Analysis: Data regarding two parameters
(concentration and medicinal plants) were analyzed
statistically using SAS program with completely
randomized design (CRD). Inhibition of radial mycelial
growth was examined using analysis of variance
(ANOVA) and means were compared by the test of least germination of F. oxysporum eight and ten days after
significant difference (LSD 0.05).

RESULTS

Effect of Plant Extract on Fusariumoxysporum Mycelia
Growth: Different doses (25, 50, 100, 500 and 1000ppm) of
the extracts from four medicinal plants (C. zylanicum, M.
piperita, A. sativum and A. hirtifolium) were tested
against F. oxysporum to determine their antifungal
activity in in vitro tests. The results of analysis of
variance  revealed  that all tested medicinal plants  caused

respectively. Growth inhibition varies from 23.19 to 5.71%
in different concentrations of C. zylanicum extracts. In the
lowest concentration (25ppm) of different extracts,
maximum inhibition of mycelia growth was obtained by A.
hirtifolium.

Effect of Plant Extracts on Spore Germination: In the
present work, the effect of different concentrations of
extracts from four medicinal plants was studied on spore

treatment. The results in table 3 show that all treatment
concentrations of plant extracts significantly reduced
spore germination of F. oxysporum in PDB compared with
control. In other words, analysis of variance showed the
differences  between  extracts,  doses, times of counting,
as well as their interaction are significant (p<0.01). The
comparison of means showed the extent of spore
germination usually decrease by increasing the
concentration of extracts (after 8 or 10 days) and the
maximum inhibition was usually observed at highest
doses  of   extracts,   1000   or   500ppm   (Table   4  and  5).

Table 1: ANOVA table for the effect of different concentrations of some medicinal plant extracts in inhibition of Fusariumoxysporum mycelia growth
Source of variances Degree of freedom Sum of square Means of square F test
Extract 3 59.611 19.87 26.96**
Concentration 5 4139.31 827.86 1123.18**
Extract ×Concentration 15 649.13 43.27 58.71**
Error 69 50.85 0.73
Total 92 4908.23
CV 6.64%
P value<0.01

Table 2: Inhibition percent of mycelia growth of F. oxysporum by different concentrations of C.zylanicum, M. piperita,A. sativum and A. hirtifolium extracts
on PDA

Concentrations
------------------------------------------------------------------------------------------------------------------------------------------------------------

Plant extract 25 50 100 500 1000
C. zylanicum 6.16d 5.71d 18.62b 15.77c 23.19a
M. piperita 13.62c 14.54c 18.45b 21.30a 13.74c
A. sativum 8.64d 14.91c 17.42b 20.27a 17.87b
A. hirtifolium 14.08d 13.85d 14.89c 20.38a 16.49b
Means within each column having the same letters are not significantly different (Duncan 5%).
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Table 3: ANOVA table for the effect of different concentrations of some medicinal plant extracts in inhibition of F. oxysporum spore germination

Source of variances Degree of freedom Sum of square Means of square F test

Extract 3 9229.68 3076.56 373.97**
Time 1 9040.84 9040.84 1098.95**
Concentration 5 93794 18758 2280.21**
Extract×Time 3 6856.74 2285.58 277.82**
Extract×Concentration 15 13556 903.74 109.85**
Time×Concentration 5 5532.7 1106.54 134.5**
Extract×Time×Concentration 15 10846 723.12 87.9**
Error 94 773.31 8.22
Total 141 149636
CV 4.5%

P value<0.01

Table 4: Inhibition percent of spore germination of F. oxysporum by different concentrations of C. zylanicum, M. piperita,A. sativum and A. hirtifoliumextracts
8 days after treatment in PDB

Concentrations
------------------------------------------------------------------------------------------------------------------------------------------------------------------

Plant extract 0 25 50 100 500 1000

C. zylanicum 8.33c 93a 92.33a 85b 85.33b 96.33a
M. piperita 8.66e 59.33d 68.33c 79.33b 93a 97.33a
A. sativum 10.66d 57.66c 73b 88.66a 91a 94.66a
A. hirtifolium 7.66c 74.33b 73.33b 94.33a 95a 91.33a

Means within each column having the same letters are not significantly different (Duncan 5%).

Table 5: Inhibition percent of spore germination of F. oxysporum by different concentrations of C. zylanicum, M.piperitaA. sativum and A. hirtifoliumextracts
10 days after treatment in PDB

Concentrations
-----------------------------------------------------------------------------------------------------------------------------------------------------------------

Plant extract 0 25 50 100 500 1000

C. zylanicum 5c 84.33b 89.66b 85.66b 89.33b 95.66a
M.piperita 6e 33.66d 65.33c 92.33a 87b 93.66a
A. sativum 6.66d 57.33b 70a 75.66a 40c 42.66c
A. hirtifolium 5.66e 70.33a 73.33a 32.33b 22c 15d

Means within each column having the same letters are not significantly different (Duncan 5%).

It was followed by the concentration 100, 50 and 25ppm of
the plant extracts as compared to control which showed
least inhibition on spore germination. Exceptionally in 10
days after treatment for A. sativum and A. hirtifolium
extracts, the maximum inhibition doses were 100 and
50ppm, respectively.  Eight days after treatment, the
extract of Peppermint at highest doses (1000ppm) was
most effective extract in reducing spore germination
followed by 1000ppm of C. zylanicum, 500ppmof A.
hirtifolium  and  1000ppm  A.  sativum,  respectively
(Table 4). Also, inhibition of spore germination varies
from 97.33 to 57.66% (eight days after treatment). In the
lowest concentration (25ppm) of different extracts,
maximum inhibition of spore germination was obtained by
C. zylanicum and then A. hirtifolium.

Table 6: Anlysis of C. zylanicum extract by GC/MA chromatography

Component Retention time (min.) Percentage

2-propenal,3-phenyl 26.49 16.20

Cinnamic aldehyde 27.70 57.73

Pz-prope-1-01,3-pheylnn 29.11 1.37

4-(1-Hydroxyethyl)benzaldehyde 30.00 2.12

Alpha-copaene 32.91 6.85

ZH-1-Benzopyran 36.59 6.85

Alpha-amorpen 38.96 2.07

Alpha-muurolene 40.43 1.85

Beta-cadinene 41.82 4.47

Para methoxycinnamic aldehyde 42.55 5.61
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Table 7: Anlysis of Peppermint extract by GC/MA chromatography. Table 9: Continued

Component Retention time (min.) Percentage

Sabinene 9.16 1.27
Limonene 11.74 14.14
Trans-sabinene hydrate 13.83 1.60
Cis-beta-terpineol 21.64 6.49
Menthol 24.86 47.19
Beta-bourbonene 33.23 3.36
Trans-caryophyllene 35.29 4.56
2-Hexadeceh-1-01 59.04 1.01
Hexadecanoic acid 65.48 2.13
Isomenthole 71.88 2.53
9,12,15-octadecatrien-1-01 73.47 5.13
4,6-bio(4-methoxyphenyl)-z-meth 81.23 4.21
9-methoxy-11-methyl-5-methylimin 86.28 1.69
Campesterol 91.87 1.29
Neophytadinene 97.57 1.21
Gamma-sitostrol 101.29 2.19

Table 8: Anlysis of A. hirtifolium extract by GC/MA chromatography

Component Retention time (min.) Percentage

Glycine 4.33 1.69
Heptanoic acid 10.47 1.18
Tridecanal 52.63 1.23
Hexodecanoic acid 65.78 18.69
Hexadecanoic acid, ethyl ester 66.64 1.66
9-octadecenoic acid 73.75 33.17
Ethyl linoleate 74.03 1.43
Ethyl oleat 74.32 3.69
(4s)-4-hydro 80.16 1.21
Piperidino-5-4hydroxyphenoxy 80.46 9.18
Hexadecanoicacid,z-hydroxy 88.00 5.46
Oleic acid,3-hydroxypropyl ester 94.68 6.07
2,2-bis-trideuteriomethyl 94.97 4.45
Stigmasterol,22,23-dihydro 101.30 10.99

Table 9: Anlysis of A. sativum extract by GC/MA chromatography

Component Retention time (min.) Percentage

Methanamine 43.39 3.17
2,3,4,5,6-D5-Ailine 7.41 0.97
2-Benzyl-2-methyl-1 8.38 0.89
Disulfide 14.39 1.36
Phenol 15.15 0.94
Methyl 2-propenyl 17.74 0.93
Beta-d-allopyranoside 18.19 0.74
2-3-Dihydro-Benzofuran 23.91 1.95
Pyridine 24.72 1.03
Trislfide,di-2-propenyl 27.95 1.09
2-Methoxy-4-vinylphenol 29.14 1.99
Cyclopentanol 44.39 0.64
Methyl-(2-Hydoxy-3-Ethoxy-Benzyl) 49.01 0.66
Benzylbenzoate 54.80 0.73

Hexadecanoic acid 65.68 24.45
2-12 octadecadienoic acid 73.33 24.95
Dimethylamino 79.24 0.76
Bicyclo 86.47 2.17
Cyclotetracosane 92.66 0.67
Nonadecene 94.92 1.82
Hexadecadien-1-01 acetate 96.21 0.67
Hexacosene 99.68 1.36
Ethylcholest 101.32 9.95
17-pentariacontene 101.89 2.19
Tetracosan-1-01 103.30 5.44
Alpha-amyria 104.78 4.18
Stigmastan-3,5-dien 106.90 1.41

Extract Analysis by Chromatography: Analysis of
extracts was carried out by GS/MS chromatography to
determine their constituents. The quantitative
composition of components in C. zylanicum, M. piperita,
A. hirtifolium and A. sativum extracts were shown in
tables 6, 7, 8 and 9, respectively.

DISCUSSION

The study demonstrated the plant extract such as C.
zylanicum, M. piperita, A. sativumand  A.  hirtifolium,
and their concentration had considerable effect on the
growth  rate  and  spore  germination of F. oxysporum.
The ethanolic extracts of C. zylanicum indicated
considerable antifungal activity against F. oxysporum.
This activity could be attributed to the presence of
Cinnamic aldehyde (57.73%). Similar studies have been
carried out  by  different  researcher  on  antifungal
activity of plant extract. The effect of plant extracts and
essential oils from Rosmarinusofficinalis, Thymus
vulgaris, C. zeylanicum and Syzigium aromaticum was
evaluatedon the mycelial growth and spore  germination
of F. oxysporumf. sp. cubense in vitro. The results
indicated that plant extracts and essential oils of C.
zeylanicumand S.aromaticumwere effective at 500 ppm
against the mycelialgrowth [30]. Boniface et al. [31]
investigated the antifungal activity of C.
zeylanicumessential oil. The results proved the oil had
fungicidal properties against F. oxysporum and
Penicilium digitatum. The essential oils was mainly
composed Cinnamic aldehyde (37.6%), ciannamic acetate
(23.7%), ciannamyl benzoate (14.6%) and other
compounds.

Mentha piperita extracts exhibited remarkable
antifungal activity against F. oxysporum. The species
extract included Menthol (47.19%) and Neophytadinene
(1.21%)  which   compound   had    antifungal   properties.
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