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Abstract: The antifungal activity of 4 plant extracts from cinnamon (Cinnamomum zeylanicum), clove (Syzygium 
aromaticum), garlic (Allium sativum) and ginger (Zingiber officinale) was in vitro evaluated against 10 Fusarium 
spp. causing cotton seedlings damping-off.  The pathogenicity of such Fusarium spp. on cotton seedlings was 
confirmed using soil infestation technique under greenhouse conditions. Experimental results were statistically 
analyzed and the least significant difference was used to compare means. Some of the tested isolates were found to 
be virulent on the two inoculated cultivars compared with the control. Other isolates were virulent on one of the 
tested cultivars only. The highest virulent degrees were recorded for F. moniliforme on the Giza-90 cultivar and F. 
oxysporum on the Giza-86 cultivar.  Most of the applied plant extracts were found to be effective in inhibiting the 
Fusarium growth. The efficacy of all tested plant extracts was increased as the concentration increase. The potency 
of such extracts were varied depending on the concentrations and Fusarium spp. Garlic extract, at 20% 
concentration exhibited more than 50% inhibition against 80% of the tested species. Meanwhile, 94% inhibitions of 
all tested isolates were achieved by 4% concentration of the clove extract. Both of the clove and garlic extracts were 
successfully effective in suppressing the Fusarium growth in vitro. They could be promising as a source of natural 
eco-friendly phyto-fungicidal compounds for in vivo applications. 
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1. Introduction 

One of the main sources of the natural fibers 
and oils all over the world is the Cotton crop 
(Gossypium hirsutum L.). It is attacked by various 
biotic stresses that threaten its growth and 
production. Seedling diseases caused by fungi are the 
most widespread and devastating biotic stresses that 
subsequently affect cotton yield (Aly et al., 2000; El-
Samawaty, 2004; Nehl et al., 2004).  

Cotton seedling diseases are worldwide 
problem caused by a complex of microorganisms. 
Fungi are the widest pathogens that affect cotton 
seedlings causing pre and/or post emergence 
damping-off and root rot diseases (Omar et al., 2007; 
Aly et al., 2008).   

Fusarium species are among the most 
common fungi associated with cotton seedlings 
damping-off and frequently isolated from diseased 
seedlings (Palmateer et al., 2004; Costa et al., 2005; 
El-Samawaty et al., 2008). 

The application of synthetic fungicides is the 
most common method to reduce yield losses caused 
by fungal diseases (Kaewchai et al., 2009). Chemical 
fungicides, have negative effects on human health 
and on the environment and may result in developing 
resistance in plant pathogenic fungi (Calhelha et al., 
2006; Kim and Hwang, 2007; Kaewchai et al., 2009). 
The use of plant extracts which are not risky to the 

human health and environment, in controlling plant 
diseases is a potentially powerful alternative method 
(Reddy et al., 2010; Yassin et al., 2013). Different 
plant parts including stem, root, bark, flower and 
leaves had been reported to possess antimicrobial 
properties (Fawzi et al., 2009; Dwivedi and Dwivedi, 
2012). Plant extracts from which represent a rich 
source of safer and ecofriendly antimicrobial agents 
had effectively been used against number of 
pathogenic fungi (Mohana et al., 2008; Tagoe et al., 
2011).  

Control of phytopathogenic fungi including 
Fusarium spp. using plant extracts had also been 
documented (Siva et al., 2008; Shrestha and Tiwari, 
2009). Therefore, the present study aimed to evaluate 
the potential of 4 plant extracts against 10 Fusarium 
spp. causing cotton seedlings damping-off. The 
pathogenicity of such Fusarium spp. on cotton 
seedlings ware also investigated. 
 
2. Materials and Methods  
Pathogenicity test. 

The pathogenicity of 10 isolates of Fusarium 
represent 10 species were tested on two cotton 
cultivars viz., Giza-86 and Giza-90. Isolates and 
cultivars were provided by Cotton and Fiber Disease 
Research Department, Plant Pathology Research 
Institute, Agricultural Research Center, Giza, Egypt. 
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Pathogenicity test was carried out under greenhouse 
conditions following the soil infestation technique. 
The inoculums were raised in glass bottles (500 g in 
capacity), containing about 50g wet sorghum grains 
per each. The bottles were autoclaved for 30 min, 
aseptically inoculated with the Fusaria and incubated 
at 30°C until sufficient growth of the Fusarium was 
obtained after about 3-4 weeks. Autoclaved clay 
loam soil was dispensed in 10 cm diameter sterilized 
pots, infested with the inoculums of each isolate 
separately at the rate of 50 g/kg and planted with 10 
non sterilized seeds per pot for each cultivar. Pots (3 
for each treatment) were randomly distributed on a 
greenhouse bench under temperature ranged from 23 
to 37±5°C. Seedlings damping-off was recorded 15-
45 days after planting.  
In vitro Antifungal assay 

The antifungal activity of 4 plant extracts from 
cinnamon (C. zeylanicum), clove (S. aromaticum), 
garlic (A. sativum) and ginger (Z. officinale) was 
evaluated against 10 species of Fusarium. One 
hundred grams of plant materials were homogenized 
in 100 ml of distilled water (1:1W/V) for 5 minutes 
using a blender (Ismaiel, 2008).  The obtained 
extracts were filtered through a sheath layer, and used 
immediately, or stored at 4°C until use. Different 
volumes of crude extracts were incorporated into 
PDA medium just before pouring in sterilized Petri 
dishes to obtain different concentrations. Petri dishes 
were centrally inoculated with 2mm fungal plugs and 
incubated at 28±2°C for 7-10 days. The radial growth 
of the colony was measured daily and % inhibition of 
mycelial growth was calculated over the control. 
Statistical analysis:  

ANOVA of the data was performed with 
SPSS-16 statistical package. Data of growth 
inhibition were transformed into root square of % 
inhibition + 0.5 before carrying out analysis of 
variance to normalize and stabilize variance. The 
Least Significant Difference (LSD) was used to 
compare means. 
 
3. Results  
Pathogenicity of Fusarium spp. 

ANOVA (Table1) showed that the Fusaria (F), 
cultivars (C) and their interactions (F x C) were all 
highly significant sources of variation in damping-off 
disease. The significant interactions (F x C) indicated 
that the virulence of the tested isolates varies 
depending on the tested cultivars. Relative 
contribution indicated that Fusarium was the most 
important source of variation, while (F x C) 
interactions was the least important topic (Figure 1). 
Some of the tested isolates were found to be virulent 
on the two tested cultivars compared with the control. 
Effects of these isolates were either significantly (F. 

solani) or insignificantly (F. oxysporum) different 
from cultivar to another. Other isolates such as F. 
avenaceum were virulent in one of the tested 
cultivars only.  Meanwhile, F. chlamydosporum 
isolate was couldn’t be virulent on any of the two 
tested cultivars (Table 2). 
 
Table 1. ANOVA of the effects of Fusarium spp., 

cultivars and their interactions on cotton 
seedlings damping-off caused by Fusarium spp.  

Source of 
variation 

Df Ms F 
value 

Sig. 

Fusarium (F) 10 1949.394 19.794 0.000 
Cultivar (C) 1 1751.515 17.785 0.000 
F x C 10 401.515 4.077 0.001 
Error 44 98.485   

 
Figure 1. Relative contribution of Fusarium spp. (F), 

concentrations (C) and their interactions (FxC) 
to variation in Fusarium growth inhibition. 

 
Table 2. Effect of Fusarium spp., cultivars and their 

interactions on cotton seedlings damping-off 
caused by Fusarium spp.  

 Damping-off  % 
Fusarium spp. G-86 G-90 
F. anthophilium 36.67 53.33 
F. avenaceum 26.67 40.00 
F. chlamydosporum 26.67 23.33 
F. fusarioids 20.00 30.00 
F. moniliforme 56.67 80.00 
F. sambucinum 36.67 50.00 
F. semitectum 23.33 56.67 
F. solani 46.67 76.67 
F. sporotrichioides 33.33 13.33 
F. oxysporum 60.00 66.67 
Control 20.00 10.00 

LSD (Fusarium x Concentration) 
interaction=16.204  
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Antifungal activity 
Analysis of variance of all tested plant extracts 

showed that Fusaria (F), concentrations (C) and their 
interactions (F x C) were all highly significant 
sources of variation in the inhibition of Fusarium 
growth (Table 3). The significant interactions (F x C) 
indicated that the effects of tested plant materials 
were varied depending on the concentration and 
Fusarium spp. for example no significant differences 
were found among F. solani and F. anthophilium at 
2%  and 4%  concentrations of clove extract. 
Meanwhile, significant differences were found 
among the same species at 0.5% and 1% 
concentrations (Table 4). In respect of the cinnamon 
extract, no significant differences were found among 
F. anthophilium and F. oxysporum at 5% or 20% 
concentrations while; significant differences were 
recorded at 10% and 15% (Table 5). Similar 
inhibitory effects were found at 20% concentration of 
the garlic extract against both of F. solani and F. 
oxysporum. Significant to highly significant 
differences were found among the same species at the 
other concentrations. However, 20% concentration of 
the garlic extract exhibited more than 50% inhibition 
against 80% of the tested species (Table 6). 
Regarding the ginger extract; none of the applied 
concentrations could inhibit the growth of F. 
sambucinum. However, ginger extract showed the 

minimal inhibitory effects on all tested isolates. Only 
31.37% inhibition of F. sporotrichioides growth 
could be obtained at 20% concentration (Table 7). 
 
Table 3. ANOVA of the effects of Fusarium spp. (F), 

concentrations (C) and their interactions (F x C) 
on the linear growth of Fusarium spp.  

Source of variation Df Ms F value Sig. 
Clove extract    
F 9 2.796 84.325 0.000 
C 4 372.648 1.124E4 0.000 
F x C 36 1.609 48.506 0.000 
Error 100 0.033   
Cinnamon extract    
F 9 10.271 126.851 0.000 
C 4 179.348 2.215E3 0.000 
F x C 36 1.252 15.469 0.000 
Error 100 0.081   
Garlic extract     
F 9 10.502 87.455 0.000 
C 4 202.996 1.690E3 0.000 
F x C 36 1.651 13.751 0.000 
Error 100 0.120   
Ginger extract     
F 9 5.209 27.631 0.000 
C 4 51.146 271.306 0.000 
F x C 36 1.271 6.743 0.000 
Error 100 0.189   

 

 
Table 4. Antifungal activity of different concentrations of clove (S. aromaticum) extract against Fusarium spp.  

 Concentrations  
 Control  0.5% 1% 2% 4% 
Fusarium spp. Inh.% Trans. Inh.% Trans. Inh.% Trans. Inh.% Trans. Inh.% Trans. 
F. anthophilium 0.00 0.71 9.41 3.13 45.88 6.81 67.45 8.24 94.12 9.73 
F. avenaceum 0.00 0.71 10.98 3.36 35.69 6.01 75.29 8.70 94.12 9.73 
F. chlamydosporum 0.00 0.71 23.92 4.94 43.92 6.66 64.71 8.07 94.12 9.73 
F. fusarioids 0.00 0.71 44.31 6.69 64.71 8.07 73.73 8.61 94.12 9.73 
F. moniliforme 0.00 0.71 44.31 6.69 67.45 8.24 74.90 8.68 94.12 9.73 
F. sambucinum 0.00 0.71 6.67 2.66 52.16 7.26 73.33 8.59 94.12 9.73 
F. semitectum 0.00 0.71 31.76 5.68 43.92 6.66 63.14 7.98 94.12 9.73 
F. solani 0.00 0.71 30.20 5.54 54.90 7.44 64.71 8.07 94.12 9.73 
F. sporotrichioides 0.00 0.71 7.84 2.88 48.24 6.98 56.08 7.52 94.12 9.73 
F. oxysporum 0.00 0.71 28.24 5.36 50.59 7.15 56.08 7.52 94.12 9.73 

Inh.% = Inhibition%  Trans. = Transformed data into root square of % Inhibition + 0.5 
LSD (Fusarium x Concentration) interaction=0.294. 
 
Discussion 

Results of this study revealed that Fusarium 
spp. which frequently isolated from diseased cotton 
plants (Aly et al., 2004; Costa et al., 2005) were 
pathogenic on the cotton seedlings of the two tested 
cultivars (Palmateer et al., 2004; Aly et al., 2008). 
The incidence of seedlings damping-off in the 
commercial cotton cultivars was varied according to 

fungal isolates and cultivated germplasm (Aly et al., 
2008; El-Samawaty et al., 2012). 

This study proves in vitro antifungal activity 
of the tested plant extracts against Fusarium spp. 
causing cotton seedlings damping-off disease. This 
finding confirmed the documented antifungal activity 
of many plant extracts against Fusarium spp. 
(Yasmin et al., 2008; Rathod et al., 2010; Boulenouar 
et al., 2012).  
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Table 5. Antifungal activity of different concentrations of cinnamon (C. zeylanicum) extract against Fusarium spp.  
 Concentrations  
 Control  5% 10% 15% 20% 
Fusarium spp. Inh.% Trans. Inh.% Trans. Inh.% Trans. Inh.% Trans. Inh.% Trans. 
F. anthophilium 0.00 0.71 8.24 2.94 25.49 5.10 38.43 6.24 57.65 7.62 
F. avenaceum 0.00 0.71 0.00 0.71 14.90 3.91 21.57 4.69 43.14 6.60 
F. chlamydosporum 0.00 0.71 7.84 2.85 18.82 4.39 40.78 6.42 46.27 6.83 
F. fusarioids 0.00 0.71 10.20 3.26 25.49 5.10 48.63 7.01 55.69 7.49 
F. moniliforme 0.00 0.71 15.29 3.97 17.25 4.20 42.75 6.57 48.63 7.00 
F. sambucinum 0.00 0.71 0.00 0.71 5.88 2.53 8.63 2.98 17.65 4.26 
F. semitectum 0.00 0.71 6.67 2.67 13.33 3.70 22.35 4.78 44.31 6.69 
F. solani 0.00 0.71 10.59 3.32 29.41 5.47 36.47 6.08 59.61 7.75 
F. sporotrichioides 0.00 0.71 20.00 4.52 34.51 5.91 42.75 6.57 53.33 7.34 
F. oxysporum 0.00 0.71 8.63 2.98 16.08 4.06 30.98 5.60 61.57 7.88 
Inh.% = Inhibition%  Trans. = Transformed data into root square of % Inhibition + 0.5 
LSD (Fusarium x Concentration) interaction=0. 46. 

 
Table 6. Antifungal activity of different concentrations of garlic (A. sativum) extract against Fusarium spp.  
 Concentrations  
 Control  5% 10% 15% 20% 
Fusarium spp. Inh.% Trans. Inh.% Trans. Inh.% Trans. Inh.% Trans. Inh.% Trans. 
F. anthophilium 0.00 0.71 20.39 4.56 38.82 6.27 49.41 7.06 55.69 7.49 
F. avenaceum 0.00 0.71 12.55 3.57 24.31 4.97 40.00 6.36 56.86 7.57 
F. chlamydosporum 0.00 0.71 12.94 3.61 23.92 4.92 39.22 6.30 59.61 7.75 
F. fusarioids 0.00 0.71 16.86 4.16 29.02 5.43 54.12 7.39 67.45 8.24 
F. moniliforme 0.00 0.71 15.29 3.96 34.90 5.95 47.84 6.95 58.04 7.64 
F. sambucinum 0.00 0.71 0.00 0.71 4.71 2.25 28.63 5.39 41.18 6.45 
F. semitectum 0.00 0.71 7.45 2.81 12.94 3.64 21.18 4.65 44.31 6.69 
F. solani 0.00 0.71 3.53 1.84 8.63 2.98 25.88 5.13 50.59 7.15 
F. sporotrichioides 0.00 0.71 20.00 4.52 38.04 6.20 46.27 6.84 61.57 7.88 
F. oxysporum 0.00 0.71 35.69 6.00 45.10 6.75 48.24 6.98 50.59 7.15 
Inh.% = Inhibition%  Trans. = Transformed data into root square of % Inhibition + 0.5 
LSD (Fusarium x Concentration) interaction=0.561. 

 
Table 7. Antifungal activity of different concentrations of ginger (Z. officinale) extract against Fusarium spp.  
 Concentrations  
 Control  5% 10% 15% 20% 
Fusarium spp. Inh.% Trans. Inh.% Trans. Inh.% Trans. Inh.% Trans. Inh.% Trans. 
F. anthophilium 0.00 0.71 0.00 0.71 3.53 1.84 9.41 3.12 9.80 3.19 
F. avenaceum 0.00 0.71 0.00 0.71 2.35 1.56 8.24 2.93 13.33 3.70 
F. chlamydosporum 0.00 0.71 0.00 0.71 0.00 0.71 4.71 2.25 10.98 3.36 
F. fusarioids 0.00 0.71 0.00 0.71 6.27 2.59 9.80 3.20 26.27 5.17 
F. moniliforme 0.00 0.71 0.00 0.71 0.00 0.71 3.53 1.84 10.20 3.22 
F. sambucinum 0.00 0.71 0.00 0.71 0.00 0.71 0.00 0.71 0.00 0.71 
F. semitectum 0.00 0.71 0.00 0.71 6.27 2.52 8.24 2.93 11.76 3.45 
F. solani 0.00 0.71 0.00 0.71 4.31 1.99 11.37 3.43 18.04 4.30 
F. sporotrichioides 0.00 0.71 0.00 0.71 6.27 2.59 20.39 4.56 31.37 5.63 
F. oxysporum 0.00 0.71 0.00 0.71 2.75 1.64 10.98 3.37 13.73 3.76 
Inh.% = Inhibition%  Trans. = Transformed data into root square of % Inhibition + 0.5 
LSD (Fusarium x Concentration) interaction=0.704. 

 
The activity of cinnamon (C. zeylanicum) 

extract against Fusarium spp.  (Gende et al, 2008; 
Fawzi et al., 2009; Yasmin et al., 2008), could be 
attributed to the presence of cinnamaldehyde, that 
inhibits amino acid decarboxylase activity. It is also 
highly electro-negative compound interferes in 
biological processes involving electron transfer and 

react with nitrogen-containing components, such as 
proteins and nucleic acids, and therefore inhibit 
fungal growth (Gupta et al., 2008). Cinnamic acid 
and eugenol in cinnamon also serve as antimicrobial 
compounds (Ranasinghe et al., 2002).  

Clove (S. aromaticum) extract also found to 
be very active against the tested Fusarium spp.  
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(Bowers and Locke, 2000). This activity could be 
attributed to the presence of eugenol and 
caryophyllene. They are phenolic compounds known 
to possess antibacterial and antifungal properties 
(Ayoola et al., 2008). 

Regarding the garlic (A. sativum) extract, it 
was also effective against Fusarium spp. (Rathod and 
Pawar, 2012; Yassin et al., 2013). Garlic antifungal 
activity could be attributed to allicin that decomposes 
into several effective compounds, such as 
diallylsulphide, diallyldisulphide, diallyltrisulphide, 
allyl methyl trisulphide, dithiins and ajoene, that 
serve as antimicrobial agents (Harris et al., 2001; 
Jabar and Al- Mossawi, 2007).  

Phenolic compounds such as gingerol, 
cedrene, zingiberene in ginger (Z. officinale) extract 
were determined as the most effective antimicrobial 
components; which play the vital role in growth 
inhibition of phytopathogenic fungi (Mostafa et al., 
2011; Al-Rahmah et al. 2013). Although, ginger has 
been reported to use successfully in controlling 
Fusarium spp. (Minz et al., 2012), effective 
inhibition couldn’t be obtained by any of the 
concentrations used in this study.  
Conclusion  

Clove and garlic extracts were successfully 
effective in suppressing the Fusarium growth in vitro. 
These extracts could be promising as a source of 
natural eco-friendly phyto-fungicidal compounds for 
in vivo applications. Confirmations of the in vivo 
efficacy of these extracts against Fusarium spp. and 
other cotton seedlings pathogenic fungi are needed.  
Acknowledgments  

The authors would like to extend their sincere 
appreciation to the Deanship of Scientific Research at 
King Saud University for its funding of this research 
through the Research Group Project No. RGP-VPP-
298. 
 
Corresponding Author: 
Dr. Mohamed Abdallah Yassin  

Botany and Microbiology Department 
Faculty of Science, King Saud University  
P.O. Box 2455, Riyadh 11451, Saudi Arabia  
E-mail:  myassin@ksu.edu.sa.  

 
Reference  
1. Al-Rahmah, A.N., Mostafa, A.A., Abdel-

Megeed, A., Yakout, S.M., and Hussein S.A. 
Fungicidal activities of certain methanolic plant 
extracts against tomato phytopathogenic fungi. 
Afric. J. Microbiol. Res. 2013; 7(6):517-524. 

2. Aly, A.A., Hussien, E.M., Allam, A.D.A., 
Amein, A.M. and El-Samawaty, A.M.A. 
Pathological studies on fungi involved in 
damping-off of cotton seedlings and root rot of 

adult plants in upper Egypt governorates. J. 
Agric. Sci. 2000; 25: 4015-4034. 

3. Aly, A.A., Mansour, M.T.M., El-Abbasi, I.H., 
El-Wakil, A.A. and Zayed, S.M.E. Cotton seed 
borne fungi and their effect on incidence of 
cotton seedling disease. J. Agric. Sci. 2004; 29: 
4781-4800. 

4. Aly, A.A., Omar, M.R., El-Abbasi, I.H., El-
Samawaty, A.M.A. and Amal, A.A. Effect of 
seed mycoflora on incidence of Fusarium wilt 
disease in cotton genotypes. J. Agric. Sci. 2008; 
33: 7243-7251. 

5. Ayoola, G.A., Lawore, F.M., Adelowotan, T., 
Aibinu, I.E., Adenipekun, E., Coker, H. A.B. and 
Odugbemi, T.O. Chemical analysis and 
antimicrobial activity of the essential oil of 
Syzigium aromaticum (clove) Afric. J. Microbiol. 
Res. 2008; 2:162-166.  

6. Boulenouar, N., Marouf, A., Cheriti, A. and 
Belboukhari, N. Medicinal Plants Extracts as 
Source of Antifungal Agents against Fusarium 
oxysporum f. sp. Albedinis. J. Agr. Sci. Tech. 
2012; 14:659-669 

7. Bowers, J.H., and Locke, J.C. Effect of botanical 
extracts on the population density of Fusarium 
oxysporum in soil and control of Fusarium wilt 
in the greenhouse. Plant Dis. 2000; 84:300-305.  

8. Calhelha, R.C., Andrade, J.V., Ferreira, I.C. and 
Estevinho, L.M. Toxicity effects of fungicide 
residues on the wine-producing process. Food 
Microbiol. 2006; 23:393-398. 

9. Costa, M.L.N, Dhingra, O.D. and Da-Silva, J.L. 
Influence of internal seed bore Fusarium 
semitectum on cotton seedlings. Fitopatologia 
Brasileira. 2005; 30:183-186. 

10. Dwivedi, S.K. and Dwivedi N. Antifungal 
activity of some plant extracts against guava wilt 
pathogen. Inter. J. Environ. Sci. 2012; 3(1):412-
420.  

11. El-Samawaty A.M.A. Pathological studies on the 
interaction between some Fusarium spp. and 
cotton plants. Ph.D. Thesis, Minia Unvi., Minia, 
Egypt, 2004; pp117. 

12. El-Samawaty A.M.A., Omar M.R., El-Naggar 
M.A., Yassin M.A., and Amer O.E. Pathological 
Assessment of Seed Borne Fungi Involved in 
Cotton Seedlings Damping-off. J. Plant Sci. 
2012; 7(3):85-95.  

13. El-Samawaty, A.M.A, Abdel-Reheem, M.A.T., 
Abd-Esalam, K.A. and Omar M.R. Use of 
random amplified polymorphic DNA (RAPD) to 
differentiate among isolates of Fusarium spp. 
Pathogenic on cotton. J Biol Chem Environ Sci, 
2008; 3(1):811-827 

14. Fawzi, E.M., Khalil, A.A. and Afifi, A.F. 
Antifungal effect of some plant extracts on 



Life Science Journal 2013;10(4)                                                          http://www.lifesciencesite.com 

 

http://www.lifesciencesite.com             lifesciencej@gmail.com  515

Alternaria alternata and Fusarium oxysporum. 
Afric. J. Biotechnol. 2009; 8(11): 2590-2597. 

15. Gende, L.B., Floris, I., Fritz, R., Eguaras, M.J. 
Antimicrobial activity of cinnamon 
(Cinnamomum zeylanicum) essential oil and its 
main components against Paenibacillus larvae 
from Argentine. Bull. Insectol. 2008; 61(1):1-4. 

16. Gupta, C., Garg, A.P., Uniyal R.C. and Kumari 
A. Comparative analysis of the antimicrobial 
activity of cinnamon oil and cinnamon extract on 
some food-borne microbes. Afric. J.  Microbiol. 
Res. 2008; 2(9):247-251. 

17. Harris, J.C., Cottrell, S.L., Plummer, S. and 
Lloyd, D. Antimicrobial properties of Allium 
sativum (garlic). Appl. Microbiol. Biotechnol. 
2001; 57: 282-286. 

18. Ismaiel, A.A. Inhibitory effect of garlic extract 
of Penicillic acid production and growth of 
Penicillium hirsutum. Third Environment Conf., 
Fac. Sci., Zagazig Univ. 2008; 45 – 58. 

19. Jabar, M.A. and Al- Mossawi, A. Susceptibility 
of some multiple resistant bacteria to garlic 
extract. Afric. J. Biotechnol. 2007; 6:771-776. 

20. Kaewchai, S., Soytong, K. and Hyde, K.D. 
Mycofungicides and fungal biofertilizers. Fungal 
Diversity 2009; 38:25 -50.  

21. Kim, B.S. and Hwang, B.K. Microbial 
fungicides in the control of plant diseases. J. 
Phytopathol. 2007; 155: 641-653. 

22. Minz S., Samuel C.O., and Tripathi S.C. The 
Effect of Plant Extracts on the Growth of Wilt 
Causing Fungi Fusarium oxysporum J. Pharmacy 
and Biolo. Sci. 2012; 4(1):13-16. 

23. Mohana, D.C., Raveesha, K.A. and Loknath, R. 
Herbal remedies for the management of seed-
borne fungal pathogens by an edible plant 
Decalephis hamiltonii. Phytopathol. Plant 
Protect. 2008; 41(1): 38-49. 

24. Mostafa, A.A., Al-Rahmah, A.N., Adel-Megeed, 
A. Evaluation of some plant extracts for their 
antifungal and antiaflatoxigenic activities. J. 
Med. Plant. Res. 2011;  517:4231–4238. 

25. Nehl, D.B., Allen, S.J., Mondal, A.H. and 
Lonergan, P.A. Black root rot: A pandemic in 
Australian cotton. Australas. Plant Pathol. 2004;  
33:87-95. 

26. Omar, M.R., El-Samawaty, A.M.A. and El-
Wakil, D.A. Suppression of Pythium ultimum 
involved in cotton seedling damping-off by 
Trichoderma spp. Egypt. J. Phytopathol. 2007; 
35:111-124. 

27. Palmateer, A.J., McLean, K.S., Morgan-Jones G. 
and Van Santen, E. Frequency and diversity of 
fungi colonizing tissues of upland cotton. 
Mycopathol. 2004; 157:303-316. 

28. Ranasinghe, L., Jayawardena B., Abeywickrama, 
K. Fungicidal activity of essential oils of 
Cinnamomum zeylanicum (L.) and Syzygium 
aromaticum (L.) Merr et L.M. Perry against 
crown rot and anthracnose pathogens isolated 
from banana Lett. Appl. Microbiol. 2002; 
35:208-211. 

29. Rathod, L.R. and Pawar P.V. Antimicrobial 
activity of medicinal plant to control seed borne 
pathogen of soybean. Current Botany. 2012; 
3(2):10-12. 

30. Rathod, L.R., Jadhav, M.D., Awate, M.K., 
Surywanshi, A.M. and Deshmukh, P.S. 
Utilization of medicinal plants to control seed 
borne pathogens of selected legumes seeds. Inter. 
J. Advan. Biotechnol. and Res. 2010; 1(2):57-59. 

31. Reddy, K.R.N., Nurdijati, S.B. and Salleh, B. An 
overview of plant-derived products on control of 
mycotoxigenic fungi and mycotoxins. Asian J. 
Plant Sci. 2010; 9(3):126-133. 

32. Shrestha, K.A. and Tiwari, R.D. Antifungal 
activity of crude extracts of some medicinal 
plants against Fusarium solani (Mart.) SACC. 
Ecoprint  2009;16:75-78. 

33. Siva, N., Ganesan, S., Banumathy, N. and 
Muthuchelian. Antifungal Effect of Leaf Extract 
of Some Medicinal Plants Against Fusarium 
oxysporum Causing Wilt Disease of Solanum 
melogena L. Ethnobotanical Leaflets 2008;12: 
156-163.  

34. Tagoe, D., Baidoo, S., Dadzie, I., Kangah, V. 
and Nyarko, H. A. comparison of the 
antimicrobial (antifungal) properties of onion 
(Allium cepa), ginger (Zingiber officinal) and 
garlic (Allium sativum) on Aspergillus flavus, 
Aspergillus niger and Cladosporium herbarum 
using organic and water base extraction methods. 
Res. J. Medic. Plant. 2011; 5(3):281-287. 

35. Yasmin, M., Hossain, K.S. and Bashar, M.A. 
Effects of some angiospermic plant extracts on in 
vitro vegetative growth of Fusarium 
moniliforme. Bangladesh J. Bot. 2008; 37(1):85-
88.  

36. Yassin, M.A., Moslem, M.A., El-Samawaty, 
A.M.A., El-Shikh, M.S. Effectiveness of Allium 
sativum in Controlling Sorghum Grain Molding 
Fungi. J. Pure Appl. Microbiol. 2013; 7(1):101-
107.  

 
10/4/2013 


