
Tomatoes are considered an important
tropical crop in the basis of its high consumption,
nutritional and economic value to farmers (Clinton,
1998 and Ejechi et al., 1999). The main diseases in
tomatoes responsible for reduction of yield and
quality are seedling damping-off caused by
Pythium aphanidermatum and Rhizoctonia solani
and Fusarium wilt caused by Fusarium oxysporum
(Schwarz & Grosch, 2003 and Song et al., 2004).
These diseases can be controlled by application
of chemical fungicides, crop rotation and the use

of pathogen-resistant varieties (Manoranjitham et
al., 2001 and Soylu et al., 2010). Despite the proven
efficiency of chemical fungicides in the prevention
and spread of fungal diseases, their repeated
application has resulted in the accumulation of
residual toxicity in tomatoes, environmental
pollution, altered the biological balance in the soil
by decimating beneficial microorganisms and
widespread development of resistance to various
types of fungicides (Georgopoulos, 1987; Staub,
1991; Pandy, 2003 and Bharathi et al., 2004).
Recently, efforts have been focused on developing
potentially effective, environmentally safer
biocontrol agents. Within this context, is the
utilization of plant extracts as biological control of
tomato bacterial and fungal pathogens. These plant
extracts considered as natural sources of
antimicrobial substances, regarded as
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environmentally safe, degraded by soil microbes
and they don’t pose any health residual or
environmental problems at any used concentration
(Isman, 2000, Hsieh et al., 2001, Satya et al., 2005,
Balestra et al., 2009 and Al-Rahmah et al., 2011).
Garlic (Allium sativum) extract has been proposed
to control plant diseases caused by bacterial and
fungal pathogens and there are many examples of
pathogens effectively controlled by the application
of such garlic extracts: Aspergillus niger and
Fusarium pallidorosum (Arya et al., 1995), three
Aspergillus species (Yin and Tsao, 1997), Pythium
ultimum, Rhizoctonia solani and Fusarium solani
( Biachi et al., 1997), Sclerotium capivorum (Ceron
et al., 1999), Phytophthora infestans (Cao and Van
Bruggn, 2001), potato bacterial late blight (Cao and
Forrer, 2001), citrus green and blue molds (Obagwu
and Korsten, 2003), A. niger, Alternaria alternata
and Botryosphaera obtuse (Bisht and Kamal, 2004),
A. niger, Penicillium cyclopium and F. oxysporum
(Benkeblia, 2004), tomato bacterial speck (Curtis et
al., 2004 and Balestra et al., 2009), Pythium
aphanidermatum (Manoranjitham et al., 2001,
Narayana Bhat and Shukla, 2001, Ramanathan et
al., 2004 and Muthukumar et al., 2010) and
Botryrtis cinera the causal agent of tomato grey
mould disease (Soylu et al., 2010). Bioactivity of
garlic extract against phytopathogenic fungi
reduced plant diseases and effectively inhibited
spore germination of the pathogenic fungi (Abou-
Jawdah, 2002). The antifungal activity of garlic
extract suppress plant diseases could be attributed
to fungitoxic sulfur compounds especially allicin
(Rabinkov et al., 1998) and ajoene resulting from
conjugation of three allicin molecules (Ankri and
Mirelman, 1999). Allicin and ajoene inhibit different
microbial enzymes essential for fungal growth
(Fujisawa et al., 2008). However, far less attention
has been paid to the application of garlic extracts
as biocontrol agents against tomato
phytopathogenic fungi (Latha et al., 2009). The
objectives of the present study are planned to
evaluate antimicrobial activity of garlic extract
against the three phytopathogenic fungi (Pythium
aphanidermatum , Rhizoctonia solani and
Fusarium oxysporum) in vitro and to compare
efficacy of garlic extract with that of reference
fungicide (Carbendazim) in controlling
phytopathogenic fungi.

MATERIALS   AND  METHODS

Preparation of garlic extract
Methanolic garlic (A. sativum) extract was

prepared by soaking 50 gm of freshly crushed garlic
bulb in methanol (10 ml of methanol /gm of garlic)
with stirring for 48 hrs then filtered through double
layers of muslin, centrifuged at 9000 rpm/min for
10 minutes and finally filtered again through
Whatman filter paper No. (41) to remove garlic
debris and obtain a clear filtrate. The filtrate was
transferred into sterile 50 ml flask, evaporated and
concentrated under reduced pressure and
temperature below 40°C. The average yield was
approximately 14.6 gm of sticky brownish extract
from 50 gm of garlic fresh weight. The sticky garlic
extract was sealed and preserved in refrigerator at
4°C till used.
Fungal cultures

Fungal cultures of Pythium
aphanidermatum, Fusarium oxysporum and
Rhizoctonia solani were isolated from tomato crop
by hyphae point and monsporic technique
(Anguiz, 1989) and preserved in slants containing
potato dextrose agar (PDA) till used. The tomato
phytopathogenic fungi were provided from the
culture collection of Botany and Microbiology
Department, King Saudi University, Riyadh, K.S.A
Antifungal activity of garlic extract

Antifungal activity was evaluated on
tomato phytopathogenic fungi using the food
poisoning technique (Kumar et al., 2008). Sticky
garlic extract was re-dissolved in (5ml) of methanol,
sterilized in disposable Millipore filter (0.22 µm
pores) and mixed with sterile potato dextrose agar
medium (PDA) to obtain the final concentration of
5 mg ml-1 of garlic extract then poured in sterile
Petri dishes (90 mm diameter). For control, five ml
of Millipore-sterilized methanol was added to
(PDA) medium and discs of 7 mm diameter of
phytopathogenic fungi were cut from the periphery
of 6 days old cultures and inoculated aseptically
to the center of poured Petri dishes of treatment
and control sets and incubated at 25°C ± 2°C for 7
days.

Fungal colony diameter of treatments and
control sets were measured and percentage of
mycelial inhibition was calculated using the
following formula.
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Percentage of mycelial inhibition = [C – T / C] x 100
(where, C and T are the growth diameter (mm) in
control and treatment respectively).
Fungicidal analysis of garlic extract compared
with reference fungicide (Carbendazim)

Garlic (A. sativum) extract was
manipulated to determine its minimal inhibitory
concentration (MIC) and minimal fungicidal
concentrations (MFC) to evaluate its efficiency in
controlling tomato phytopathogenic fungi.
Different concentrations of garlic extract (0.0, 2.0,
4.0, 8.0 and 16.0 mg/ml) were prepared separately
by dissolving their requisite amount in 5 ml of
methanol, sterilized through Millipore filter and
mixed with (PDA) medium to obtain the final
concentrations. To compare efficacy of garlic
extract with that of fungicide (Carbendazim) in
controlling the tomato phytopathogenic fungi,
different concentrations (0.0, 2.0, 4.0, 8.0 and 16.0
ppm) of Carbendazim of 98% active ingredients
were prepared by mixing weighted powder of
fungicide with a known volume of sterile (PDA).
Fungal plugs (7 mm in diameter) were obtained
and placed at the center of petri dish in potato
dextrose agar medium (PDA) with garlic extract of
various concentrations and fungicide. The cultures
were incubated at 25°C ± 2°C and radial growth of
mycelia was measured after 6 days. Fungicidal
effect of garlic extract was measured and MIC and
MFC were determined then compared with
fungicidal effect of the reference fungicide under a
totally random design with four replications.
GC/GC-MS analysis of the effective plant extracts

Garlic (A. sativum) extract was analyzed
through Gas Chromatography and Mass
Spectroscopy (GC-MS) Varian model, 450 equipped
with a flame ionization detector and quantization
was carried out by the area normalization method

neglecting response factors. The analysis was
carried out using a VF-5MS capillary column (30 m
x 0.25 mm; 0.25 µm film thickness). The operating
conditions were as follow: injection and detector
temperature, 250 and 300 °C respectively; split ratio,
1 : 50; carrier gas, Helium with flow rate (1.0 ml/
min). Oven temperature program was 50 – 300 oC at
the rate of 7 oC/min. Mass spectrometer conditions
were: ionization potential, 70 eV; mass range from
m/z, 40 – 400 amu; electron multiplier energy, 2000
V. The components of garlic extract were identified
by comparison of their relative retention times and
the mass spectra with those authentic reference
compound shown in the literature (Adams, 2007)
and by computer matching of their MS spectra
with Wiley and Nist 8 mass spectral library.
Statistical analysis

All experiments were conducted in four
replicates for each treatment and the data were
reported as mean ± SE (standard error). The data
were also analyzed statistically using One-way
analysis of variance (ANOVA) and differences
among the means were determined for significance
at P  0.05 (by SPSS, 16.1 Chicago, USA).

RESULTS

Antifungal activity of garlic methanolic
extract was studied and evaluated against tomato
phytopathogenic fungi ( F. oxysporum, P.
aphanideratum and R. solani). Garlic extract at 5
mg/ml was effective in suppressing the mycelial
growth of all concerned tomato phytopathogenic
fungi compared to non-treated control. Garlic
extract was highly effective in suppressing the
mycelial growth of P. aphanidermatum and its
mycelial growth was inhibited to 77.43% while R.
solani and F. oxysporum were less sensitive and

Table 1. Antifungal screening test of methanolic garlic (A. sativum)
extract (5mg/ml) against tomato phytopathogenic fungi

Garlic extract Mean diameter of mycelial growth (mm) Percentage of mycelial growth inhibition

conc. (mg/ml) F. o P. a R. s F. o P. a R. s

5.00 29.3* ± 0.12 18.8* ± 0.10 24.0* ± 0.08 55.94 77.43 69.35
0.00 66.5* ± 0.16 83.3* ± 0.27 78.3* ± 0.13 0.00 0.00 0.00

F. o: Fusarium oxysporum; P. a: Pythium aphanidermatum; R. s: Rhizoctonia solani
Values in the same column followed by asterisk (*) are significantly different at (P = 0.05)
Data are means (n = 4) ± standard error of four replicates
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Table 2. Effect of different concentrations of reference fungicide
(Carbendazim) on mycelial growth of tomato phytopathogenic fungi

Carbendazim Mean diameter of mycelial growth (mm) Percentage of mycelial growth inhibition

conc. (ppm) F. o P. a R. s F. o P. a R. s

0.00 86.8* ± 0.08 89.5* ± 0.05 84.8* ± 0.09 0.00 0.00 0.00
2.00 68.5* ± 0.13 52.8* ± 0.17 63.3* ± 0.10 21.08 41.01 25.35
4.00 37.3* ± 0.13 0.00 ± 0.00 28.5* ± 0.13 57.03 100.0 66.39
8.00 0.00  ±0.00 0.00 ± 0.00 0.00 ± 0.00 100.0 100.0 100.0
16.0 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 100.0 100.0 100.0

F. o: Fusarium oxysporum; P. a: Pythium aphanidermatum; R. s: Rhizoctonia solani
Values in the same column followed by asterisk (*) are significantly different at (P = 0.05)
Data are means (n = 4) ± standard error of four replicates

Table 3. Effect of different concentrations of garlic (A. sativum)
extract on mycelial growth of tomato phytopathogenic fungi.

Garlic extract Mean diameter of mycelial growth (mm) Percentage of mycelial growth inhibition

conc. (mg/ml) F. o P. a R. s F. o P. a R. s

0.00 68.5* ± 0.08 84.3* ± 0.05 76.8* ± 0.09 0.00 0.00 0.00
2.00 62.8* ± 0.05 53.8* ± 0.12 46.3* ± 0.06 8.32 36.18 39.71
4.00 34.3* ± 0.07 22.3* ± 0.00 27.3* ± 0.11 49.93 73.55 64.45
8.00 4.8*  ±0.00 0.00 ± 0.00 0.00 ± 0.00 92.99 100.0 100.0
16.0 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 100.0 100.0 100.0

F. o: Fusarium oxysporum; P. a: Pythium aphanidermatum; R. s: Rhizoctonia solani
Values in the same column followed by asterisk (*) are significantly different at (P = 0.05)
Data are means (n = 4) ± standard error of four replicates

their mycelial growth were inhibited to 69.35 and
55.94% at 5 mg/ml respectively (Table 1).

The MIC and MFC of the effective garlic
extract (Allium sativum) in comparison with
carbendazim as a reference fungicide were
employed by poisoned food technique to assess
garlic fungicidal and fungistatic properties. As

Table 4.  Phytochemical  composition and relative contents of  garlic (A. sativum) extract

Retention time Compound name Molecular formula Molecular weight Peak area

5.42 S-[2-Aminoethyl]dl-cysteine C
5
H

12
N

2
O

2
S 164 2.432

8.48 1,3 Dithiane C
4
H

8
S

2
120 7.463

10.55 Dimethyl trisulfide C
2
H

6
S

3
126 4.829

13.56 Diallyl disulfide C
6
H

10
S

2
146 22.186

13.97 ±-D- Glucopyranoside C
13

H
26

BNO
6
Si 331 1.039

14.15 Diallyl thiosulfinate C
6
H

10
OS

2
162 5.541

14.94 Ajoene C
9
H

14
OS

3
234 9.320

15.22 Allyl methyl trisulfide C
4
H

8
S

3
152 13.456

19.33 Diallyl trisulfide C
6
H

10
S

3
178 22.262

22.24 Diallyl sulfide C
6
H

10
S 114 11.472

illustrated in Table, 2 Carabendazim shows a
various capabilities to suppress tomato
phytopathogenic fungi on solid medium. P.
aphanidermatum was more sensitive to
carbendazim and its mycelial growth was
completely inhibited at 4 ppm while R. solani and
F. oxysporum were less sensitive and their mycelial
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growth were inhibited to 66.39 and 57.03%
respectively at the same concentration.

The concentration effect of carbendazim
is presented in Fig.1, where the inhibitory effect
started at 2 ppm and increased in proportion to
carbendazim concentrations reached to maximum
in final concentration of 8 ppm.

Carbendazim was strongly effective
against P. aphanidermatum with MIC of 2 ppm
and MFC of 4 ppm while it showed fungistatic
activity against F. oxysporum and R. solani with
MIC 4 ppm and MFC of 8 ppm. On the other hand,
A. sativum extract showed antifungal activities
against the tomato phytopathogenic fungi and the
inhibitory effect was increased in proportion to
garlic concentrations, reached to maximum at 8 mg/
ml except F. oxysporum which was inhibited to
92.99% at the same concentration and completely
inhibited at 16 mg/ml. These inhibitions were

reported to be significant for the effective garlic
extract at the level of 0.05 (ANOVA)

A. sativum extract was also strongly active
and showed fungicidal and fungistatic activities
against the tested P. aphanidermatum and R.
solani with MIC of 4 mg/ml and MFC of 8 mg/ml
while F. oxysporum was less sensitive and its
minimal fungicidal concentration reached to 16 mg/
ml (Table, 3). The concentration effect of the
effective garlic extract (A. sativum) on mycelial
growth is shown by plotting their logarithm
concentration against mycelial growth of the
phytopathogenic fungi (Fig.2). Growth inhibitions
of phytopathogenic fungi were observed and
increased with concentration reached to maximum
at 8 mg/ml except for F. oxysporum which was
completely inhibited at 16 mg/ml of the extract.

The methanolic garlic extract was
chemically analyzed by GC-MS to determine and

Fig. 1. Effect of different concentrations of Carbendazim on colony radial growth
of the tomato phytopahtogenic fungi

Fig. 2. Effect of different concentrations of Allium sativum on
colony radial growth of the tomato phytopahtogenic fungi
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identify the chemical constituents of the extract.
The results revealed that 10 compounds were
present in garlic extract. The compound name,
chemical formula, molecular weight, retention time
and peak area percentage of garlic constituents
were given in table (4). The main components of
garlic extract are sulfur compounds especially
diallyl disulfide (DADS), diallyl trisulfide (DATS),
allyl methyl trisulfide (AMTS), diallyl sulfide (DAS)
and Ajoene which were transformed from allicin
(DADS) responsible for growth inhibition of
tomato phytopathogenic fungi.

DISCUSSION

The management of tomato seedlings
damping-off diseases relies on the use of chemical
fungicides. As there is a strong debate about the
safety aspects of fungicides in use since they are
considered responsible for many carcinogenic and
tertogenic attributes as well as residual toxicity.
Popular trend towards environment friendly
organic production methods in agriculture is
increased and the necessity of finding acceptable
“natural” effective alternatives to “artificial”
chemical fungicides against fungal plant pathogens
is of great interest. Within this context, plant
extracts as A. sativum extract can be used to control
tomato damping-off diseases. Methanolic garlic
extract was screened in vitro at 5 mg/ml to evaluate
its efficiency in controlling tomato
phytopathogenic fungi (Pythium
aphanidermatum , Rhizoctonia solani and
Fusarium oxysporium). Assays showed that,
garlic extract provided a significant inhibition of
mycelial growth of all concerned phytopathogenic
fungi and their sensitivity was varied greatly.
Allium sativum extract was highly effective in
suppressing the mycelial growth of P.
aphanidermatum and its mycelial growth was
inhibited to 77.43% while R. solani and F.
oxysporum were less sensitive and their mycelial
growth were inhibited to 69.35 and 55.94% at 5 mg/
ml respectively

These results are in accordance with that
of Ramanathan et al., 2004 and Jung et al., 2003. A
variation on fungitoxicity of the A. sativum extract
against tomato phytopathogenic fungi may be due
to variation in fungal species itself (Manoranjithan
et al., 2001 and Narayana Bhat and Shukla, 2001).

The study of MIC and MFC of the
fungitoxicants compared with reference fungicide
are necessary to evaluate their efficacy in
suppressing mycelial growth of the
phytopathogenic fungi. A. sativum extract was
strongly active against the tomato
phytopathogenic fungi but its MIC with MFC were
comparatively higher than that of reference
fungicide. However, carbendazim 98% fungicide
was the most effective fungitoxicant suppressing
growth of phytopathogenic fungi than extracts of
A. sativum as mycelial growth of the three
phytopathgenic fungi were completely inhibited
at 8 ppm while a huge concentration reached to 8
mg/ml was required for A. sativum extract to attain
the same effect.

Antifungal compounds present in A.
sativum extract were analyzed by GC-MS and 10
compounds were identified. Rabinkov et al., (1998)
reported that allicin and ajoene identified form A.
sativum extract through GC-MS analysis were
found to possess antifungal activity and the
suppressive effect of A. sativum extract against
the tomato phytopathogenic fungi could be
attributed to fungitoxic sulfur compounds
especially allicin and ajoene resulting from
conjugation of three allicin molecules (Ankri and
Mirelman, 1999). Allicin and ajoene inhibit different
microbial enzymes essential for fungal growth
(fujisawa et al., 2008).

Some researchers have suggested that
antimicrobial sulfur components of the garlic extract
cross the cell membrane interacting with the fungal
enzymes suppressing their action (Pane et al., 2011
and Omidbeygi et al., 2007). Other researcher
attributed the inhibitory effect to hydrophobicity
characters of garlic extract and their components.
This enables lipid-soluble sulfur compounds of
garlic extract to partition in the lipids of the fungal
cell wall membrane and mitochondria disturbing
their structure and rendering them more permeable.
Leaking of ions and other cell contents can then
occur causing cell death (Burt, 2004).

Efforts should be made to evaluate
penetration property of A. sativum extract into the
plants and to identify an acceptable fragrance for
A. sativum extract capable of disguising its
unpleasant odor without affecting its antifungal
activity (Obagwu and Korsten, 2003)

Antifungal activity of A. sativum extract
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gives new opportunity to improve control against
different tomato damping-off diseases that cause
losses at seedling stage especially in organic
agriculture. Further studies should be done in
greenhouse and in open fields to evaluate any
effect of these natural substances on tomato plants
development and on qualitative and quantitative
tomato production

The present study indicated that
application of A. sativum extract as biocontrol
agents was found to be effective in controlling
tomato damping-off diseases and that garlic extract
may be an attractive alternative for the use of
natural product to control tomato phytopathogenic
fungi avoiding chemical fungicide application.
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