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Medicinal plant extracts of five plants; Adhatoda vasica, Eucalyptus globulus, Lantana camara, Nerium 
oleander and Ocimum basilicum collected from Cairo, Egypt were evaluated against Fusarium oxyspo
rum f. sp. lycopersici race 3 in vitro conditions using water and certain organic solvents. The results 
revealed that cold distilled water extracts of 0. basilicum and E. globulus were the most effective ones 
for inhibiting the growth of F. oxysporum f. sp. lycopersici. Butanolic and ethanolic extracts of the tested 
plants inhibited the pathogen growth to a higher extent than water extracts. Butanolic extract of 0. basili
cum completely inhibited the growth of F. oxysporum f. sp. lycopersici at concentrations 1.5 and 2.0% 
(v/v). Butanolic extracts (2.0%) of tested plants had a strong inhibitory effect on hydrolytic enzymes; 
~-glucosidase, pectin lyase and protease of F. oxysporum f. sp. lycopersici. This study has confirmed that 
the application of plant extracts, especially from 0. basilicum for controlling F. oxysporum f. sp. lycoper
sici is environmentally safe, cost effective and does not disturb ecological balance. Investigations are in 
progress to test the efficacy of 0. basilicum extract under in vivo conditions. 

Keywords: Ocimum basilicum - Fusarium oxysporum f. sp. lycopersici race 3 in vitro conditions - anti
fungal activity - hydrolytic enzymes 

INTRODUCTION 

The recurrent and indiscriminate use of agrochemicals, especially fungicides, have 
posed a serious threat to human health and to the existing human ecogeographical 
conditions as some of them have already been proved to be either mutagenic, carci
nogenic or teratogenic [18]. Recent trends favor biological means of control as an 
alternative way to avoid environmental pollution through reducing the intensive use 
of pesticides [16]. Researchers have been trying to use aqueous and some organic 
solvents extract of various plants as environmentally safe alternative methods for 
controlling plant pathogenic fungi [1, 10]. The pesticidal compounds of plant origin 
in comparison with synthetic compounds are more effective and have little or no side 
effects to humans [19]. The natural compounds provide less phytotoxic, more sys
temic and easily biodegradable antifungal compounds [30]. A range of medicinal 
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plants contain active compounds which are able to inhibit growth of microorganism 
[9,32]. The antimicrobial activity of plant oils and extracts has been recognized for 
several years. Plant extracts with antifungal properties have been tested against 
Fusarium oxysporum by a number of scientists [12, 14,28]. 

Cellulolytic enzymes often have different modes of action. They are known as the 
cellulase complex (exoglucanase E.C. 3.2.1.91, endoglucanase E.C.3.2.1.4 and glu
cosidase E.C. 3.2.1.21). ~-Glucosidase, which plays an important role in the complete 
enzymatic saccharification of cellulose, is the object of this study. Pectin lyase [poly 
(methoxygalacturonide) lyase, PMGL, PNL or PL; E.C.4.2.2.1 0] seems to be the only 
pectinolytic enzyme capable of breaking down pectin with high degree of esterifica
tion into smaller molecules [4, 31]. Proteolytic enzymes are the most important group 
of enzymes produced commercially and are used in various areas of application, such 
as in detergents, brewing, photographic, leather and dairy industries [35]. This study 
aimed to evaluate in vitro the efficiency of five medicinal plants extracted with cold 
distilled water, boiled distilled water and three organic solvents (viz. acetone, 
n-butanol and ethanol) against the causal agent of tomato wilt disease F. oxysporum 
f. sp. lycopersici race 3. Also, the effect of the five plant extracts with most potent 
solvent extracts on the production of hydrolytic enzymes; ~-glucosidase, pectin lyase 
and protease from the tested fungus were investigated. 

MATERIALS AND METHODS 

Microorganism and culture medium 

The causal agent oftomato wilt disease F. oxysporum f. sp. lycopersici (Sacc.) Snyder 
and Hansen NRRL 26037 race 3 was obtained from NRRL (Agricultural Research 
Service Culture Collection) through United State Department of Agriculture (USDA), 
New Orleans, Louisiana 70179. The cultures were grown on Czapek's agar medium 
[Sucrose 30.0; sodium nitrate 3.0; magnesium sulfate 0.5; potassium chloride 0.5; 
iron (Ill) sulfate 0.01; di-potassium hydrogen phosphate 1.0; agar-agar 13.0 (g/l)] at 
28 QC for 7 days before being used. 

Plant materials 

Five plant species in Table 1 were collected from different plant gardens in Cairo 
governorate, Egypt. The selected parts of different plants were cut into small pieces 
and washed several times with running tap water, then they were surface sterilized 
with 0.1 % mercuric chloride solution for 30 seconds and repeatedly washed with 
sterilized water. Plant materials were dried at 50 QC for 24 h, the dried plant parts 
were ground to fine powder and then sieved with 80 mesh sieve. 
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Table 1 
Medicinal plant species and their used parts used 

Botanical name Common name Family name Plant part used 

Adhatoda vasica Adatoda Acanthaceae Leaves 

Eucalyptus globulus Blue gum tree Myrtaceae Leaves 

Lantana camara Lantana Verbenaceae Leaves 

Nerium oleander Oleander Apocynaceae Leaves 

Ocimum basilicum Sweet Basil Lamiaceae Leaves and flowers 

Plant extraction 

The modified method of Somda et al. [33] and Kagale et al. [17] was applied for 
extraction. Two hundred grams of the powdered plant materials were blended sepa
rately in 1000 ml of either sterilized cold distilled water (CDW) for 48 h, boiling 
distilled water (BDW) for 1 h and some organic solvents (acetone, n-butanol and 
ethanol) for 48 h at room temperature. The macerated materials were squeezed 
through double cheese cloth sheets, and then filtered through a Whatman no. 1 filter 
paper. The organic solvent extracts were concentrated to 10 ml by a rotary vacuum 
evaporator at 50 QC and then completed to 1000 ml with sterilized distilled water. 
These extracts were set as original concentrations (20%). The extracts were stored at 
4 QC to avoid the contamination and prospective chemical alternation. 

Evaluation of antifungal activity 

Dilutions of 0.5, 1.0, 1.5 and 2.0 % ofthe tested extracts were prepared by adding 25, 
50, 75 and 100 ml ofthe original concentration to 1000 ml of warm Czapek's medi
um, respectively. Twenty ml ofthe medium was poured in each 9.0 cm sterilized Petri 
dish and allowed to solidify. The medium without extracts served as control. The 
plates were then inoculated with a 5 mm diameter disk of 7 days old culture of 
F oxysporum f. sp. /ycopersici and incubated at 28 QC for 7 days. Each treatment was 
replicated three times. The percentage of reduction (Mr) of colony diameter by each 
extract was measured by the technique used by Nduagu et al. [27]: 

Mr = (MI - M2) / MlxlOO 

where Mr = percent reduction in colony diameter, MI = colony diameter in the 
untreated medium (Control) and M2 = colony diameter in the treated medium. 
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Investigation of hydrolytic enzymes production 

The effect of plant extracts on the production of hydrolytic enzymes (~-glucosidase, 
pectin lyase and protease) of the tested fungus was determined. Czapek's medium 
was prepared by replacing sucrose with either cellobiose or citrus pectin (2% each) 
to measure the production of ~-glucosidase and pectin lyase, respectively. The 
sodium nitrate content of the original medium was replaced with casein to measure 
the protease production. 

Beta-glucosidase assay 

~-Glucosidase [(Cellobiase) E.C. 3.2.1.21] activity was assayed by using cellobiose 
as a substrate according to the method of Berghem and Petters on [11]. The assay 
mixture contained 1 ml of 1 % cellobiose in 0.05 M citrate phosphate buffer pH 5.0 
and 1 ml of enzyme solution. After incubation at 50 QC for 30 min, reducing sugars 
were determined using the 3, 5 dinitrosalicylic acid method according to Miller [24] 
using glucose as a standard. The absorbance was read at 540 nm using a spectropho
tometer. One unit of ~-glucosidase was defined as the amount of enzyme that liberates 
0.0926 mg glucose minlml [15]. 

Pectin lyase assay 

Pectin lyase activity [poly (methoxygalacturonide) lyase, PMGL, PNL or PL; 
E.C.4.2.2.1O] was evaluated by the method of Albersheim and Killias [5] as follows: 
1.1 % (w/v) solution of citrus pectin (Sigma Chemical Co., St Louis, Mo) was pre
pared in 0.05 M citrate-phosphate buffer under magnetic stirring at 30 QC, then 3.0 ml 
of this solution was added to 2.0 ml of crude enzyme that had been previously 
adjusted to pH 7.5 with concentrated NaOH. After 60 min, the reaction was stopped 
by adding 3.5 ml of 0.5 M H2S04. For the blank test, the order of the reagent was 
reversed (the acid was first added to the enzyme, followed by the pectin solution). The 
absorbance was read at 235 nm using a spectrophotometer. One unit of pectin lyase 
(1 U) was defined as the amount of the enzyme that releases 1 llM of 4,5-unsaturated 
digalacturonic acid per min. 

Protease assay 

Protease activity was determined according to Kunitz [20] using casein (1 %) as a 
substrate. The reaction mixture containing 1 ml of enzyme solution and 1 ml of 1 % 
casein in 0.05 M citrate phosphate buffer, pH 6.0 was incubated at 30 QC for 20 min. 
The reaction was stopped with 3 ml of 10% (v/v) trichloroacetic acid and the mixture 
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centrifuged at 5000 rpm for 10 min. The optical density ofthe supernatant was meas
ured at 280 nm. One unit of protease was defined as the activity that produced an 
increase in optical density of 1.0 in 20 min at 280 nm. 

Statistical analysis 

The obtained data were statistically analyzed with Scientific Package for Scientific 
Social Studies version 17, in which the equations of the hypothesis tests, including 
standard deviation, T-statistics value and probabilities (p) were used. The levels of 
significance were expressed as highly significant (p ~ 0.01), significant (p ~ 0.05) and 
non-significant (p > 0.05). 

RESULTS 

In vitro antifungal activity 

The in vitro effect of leaf extracts of some medicinal plants (Adhatoda vasica, 
Eucalyptus globulus, Lantana camara, Nerium oleander and Ocimum basilicum) was 
tested for antifungal activity in concentrations; 0.5, 1.0, 1.5 and 2.0% using different 
solvents including cold distilled water (CDW), boiled distilled water (BDW) and 
three organic solvents (acetone, n-butanol and ethanol) against F. oxysporum f. sp. 
lycopersici conditions compared with the control (Tables 2 and 3).The results showed 
that all tested plants extracted with cold distilled water and organic solvents inhibited 
the growth of F. oxysporum f. sp. lycopersici with different percentages. 

Effect of water extracts 

Results presented in Table 2 showed that the highest growth inhibition of F. oxyspo
rum f. sp. lycopersici was obtained with CDW tested at concentration ranged 0.5-
2.0%. The growth of F. oxysporum f. sp. lycopersici was highly inhibited by all the 
tested concentrations of CDW extracts of 0. basilicum (82.2-96.6%) compared with 
control, the corresponding inhibition ranged from 80-95.5% by E. globulus followed 
by A. vasica (66.6-92.2%), L. camara (48.8-76.6%). CDW extract of N oleander 
revealed minimum inhibition ranged from 36.6-60%. On the other hand, all plant 
extracts with BDW had no effect on F. oxysporum f. sp. lycopersici, except 0. basili
cum at a concentration ranged between 1.0-2.0%, followed by E. globulus and 
A. vasica at concentration of 1.5 and 2.0%, and N oleander at a concentration of 
2.0%. The highest degrees of inhibition in comparison with the control for all tested 
plants are summarized in Fig. 1. 
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Table 2 
Effect of the different water extracts on the radial growth of F. oxysporum f. sp. lycopersici 

Cold water extract Boiled water extract 
Concentration 

0.5% 1.0% 1.5% 2.0% 0.5% 1.0% 1.5% 2.0% 

Control 9.0±0.00 9.0±0.00 9.0±0.00 9.0±0.00 9.0±0.00 9.0±0.00 9.0±0.00 9.0±0.00 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

A. vasica 3.0±0.05 2.6±0.03 l.3±0.05 0.7±0.03 9.0±0.00 8.9±0.06 8.3±0.14 8.1±O.06 
(66.6%)*** (71.1%)*** (85.5%)*** (92.2%)*** (0%)* (1.1%)* (7.7%)** (10%)** 

E. globulus 1.8±0.06 1.6±0.05 0.5±0.01 0.4±0.03 9.0±0.00 8.9±0.06 7.9±0.06 7.7±O.15 
(80%)*-- (82.2%)**- (94.4%)*** (95.5) *** (0%)* (1.1%)* (12.2%)** (14.4%)** 

L. camara 4.6±0.08 3.6±0.00 2.7±0.11 2.1±0.05 8.9±0.03 8.9±0.06 8.9±0.14 8.8±O.16 
(48.8%)*** (60%)*** (70%)*** (76.6%)*** (1.1%)* (1.1%)* (1.1%)* (2.2%)* 

N oleander 5.7±0.08 5.2±0.03 4.1±0.08 3.6±0.03 8.8±0.13 8.6±0.33 8.6±0.33 8.1±O.03 
(36.6%)*-- (42.2%)**- (54.4%)*** (60%)*** (2.2%)* (4.4%)* (4.4%)* (10%)*-

0. basilicum 1.6±0.03 l.3±0.05 0.6±0.03 0.3±0.03 8.5±0.28 7.6±0.08 6.9±0.23 6.1±O.05 
(82.2%)*** (85.5%)*-* (93.3%)*-- (96.6%)*** (5.5%)* (15.5%)*- (23.3%)*- (32.2%)*-

Growth is expressed in cm. Values in parentheses indicate percentage of growth inhibition. --*Highly significant, p:S;O.Ol. --Significant, p:S;O.05. 
*Non-significant, p>O.05. Data was statistically compared using t-test (N=3). 
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Table 3 
Effect of the three investigated organic solvents extracts on the radial growth 

of F. oxysporum f. sp. lycopersici 

Concentration 
0.5% 1.0% 

Acetone 

1.5% 2.0% 

Control 9.0±0.00 9.0±0.00 9.0±0.00 9.0±0.00 
(0%) (0%) (0%) (0%) 

A. vasica 7.1±0.05 5.2±0.11 4.5±0.06 3.6±0.03 
(21.1 %)*** (42.2%)*** (50%)*** (60%)*** 

E. globulus 5.0±0.03 4.3±0.05 3.8±0.03 2.9±0.05 
(44.4%)*** (52.2%)*** (57.7%)*** (67.7%)*** 

L. camara 6.0±0.06 4.7±0.01 3.9±0.01 2.8±0.08 
(33.3%)*** (47.7%)*** (56.6%)*** (68.8%)*** 

N oleander 7.9±0.03 6.6±0.08 5.6±0.05 4.4±0.03 
(12.2%)*** (26.6%)*** (37.7%)*** (51.1%)*** 

0. basilicum 5.2±0.11 3.6±0.08 2.6±0.01 1.5±0.01 
(42.2%)*** (60%)*** (71.1 %)*** (83.3%)*** 

Concentration 
n-butanol 

0.5% 1.0% 1.5% 2.0% 

Control 9.0±0.00 9.0±0.00 9.0±0.00 9.0±0.00 
(0%) (0%) (0%) (0%) 

A. vasica 6.0±0.03 3.6±0.08 3.0±0.06 2.7±0.02 
(33.3%)*** (60%)*** (66.6%)*** (70%)*** 

E. globulus 1.6±0.06 0.4±0.06 0.2±0.03 0.1±0.03 
(82.2%)*** (95.5%)*** (97.7%)*** (98.8%)*** 

L. camara 7.1±0.05 4.2±0.06 2.0±0.03 1.9±0.03 
(21.1 %)*** (53.3%)*** (77.7%)*** (78.8%)*** 

N oleander 5.6±0.06 2.2±0.03 1.8±0.05 1.3±0.08 
(37.7%)*** (75.5%)*** (80%)*** (85.5%)*** 

0. basilicum 0.9±0.03 0.2±0.03 O.O±O.OO O.O±O.OO 
(90%)*** (97.7%)*** (100%)*** (100%)*** 

Concentration 
Ethanol 

0.5% 1.0% 1.5% 2.0% 

Control 9.0±0.00 9.0±0.00 9.0±0.00 9.0±0.00 
(0%) (0%) (0%) (0%) 

A. vasica 6.1±0.05 4.6±0.03 4.5±0.00 3.1±0.03 
(32.2%)*** (48.8%)*** (50%)*** (65.5%)*** 

E. globulus 4.6±0.08 3.0±0.03 2.4±0.06 1.8±0.00 
(48.8%)*** (66.6%)*** (73.3%)*** (80%)*** 

L. camara 4.5±0.1O 3.8±0.1O 3.5±0.05 2.4±0.03 
(50%)*** (57.7%)*** (61.1 %)*** (73.3%)*** 

N oleander 7.7±0.08 6.1±0.05 4.7±0.03 3.8±0.06 
(14.4%)*** (32.2%)*** (47.7%)*** (57.7%)*** 

0. basilicum 4.8±0.05 3.1±0.08 1.2±0.00 0.9±0.03 
(46.6%)*** (65.5%)*** (86.6%)*** (90%)*** 

113 

Growth is expressed in cm. Values in parentheses indicate percentage of growth inhibition. *** Highly 
significant, p:::: 0.01. Data was statistically compared using t-test (N = 3). 
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Fig. 1. The highest degrees of inhibition by the water extracts of the tested plants 
on F. oxysporum f. sp. lycopersici 
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Fig. 2. The highest degrees of inhibition by the three organic solvents extracts 
of the tested plants on F. oxysporum f. sp. lycopersici 
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Fig. 3. Effect of selected concentration of n-butanol extracts of the tested plants 
on the production of hydrolytic enzymes from F. oxysporum f. sp. lycopersici 
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Effect of organic solvent extracts 

Results presented in Table 3 showed that the growth of F. oxysporum £ sp. lycopersici 
was completely inhibited by 1.5 and 2.0% of 0. basilicum extracted with n-butanol 
and highly inhibited by all the tested concentrations of E. globulus (82.2-98.8%). The 
corresponding percentages of growth inhibition were 37.7-85.5% by N oleander, 
21.1-78.8% by L. camara and 33.3-70% by A. vasica. The ethanol extract of 
0. basilicum showed high inhibition of F. oxysporum f. sp. lycopersici growth at all 
tested concentrations (46.6 to 90.6%), followed by E. globulus 48.8-80%, 50-73.3% 
by L. camara, 32.2-65.5% by A. vasica and the leaf extract of N oleander showed 
minimum inhibition (14.4--57.7%). While the acetone extract of 0. basilicum recorded 
the high inhibition for F. oxysporum f. sp. lycopersici growth at the tested concentra
tions (42.2-83.3%). The rate of inhibition was nearly the same for the extracts of 
E. globulus andL. camara at the tested concentrations (44.4--67.7% and 33.3-68.8%), 
respectively. The corresponding percentages of growth inhibition were 21.1-60% by 
A. vasica and 12.2-51.1 % by N oleander. The highest degrees of inhibition in com
parison with the control for all tested plants are summarized in Fig. 2. 

Effect of selected concentration of n-butanol plant extracts 
on the production of hydrolytic enzymes 

Plant extracts that produced high percentage of inhibition and were extracted by 
butanol organic solvent at a concentration of 2.0% were tested to determine their 
effect on the hydrolytic enzymes (~-glucosidase, pectin lyase and protease) of the 
tested fungus (Fig. 3). 

Beta-glucosidase production by F. oxysporum f. sp. lycopersici was strongly inhib
ited by the extract of 0. basilicum giving 96.6% inhibition, followed by E. globulus 
(87.4%), N oleander (82.3%), L. camara (78.8%) and A. vasica (36.3%). Pectin 
lyase was completely inhibited by 0. basilicum (99.7%) and strongly inhibited by 
E. globulus (93.9%), followed by A. vasica (92.4%), N oleander (88%) and 
L. camara (85%). 0. basilicum extract had a strong inhibitory effect on protease 
production by F. oxysporum f. sp. lycopersici (92.9%), followed by E. globulus 
(80%), N oleander (77.6%), L. camara (72.9%) andA. vasica (70.6%). 

DISCUSSION 

Several studies have reported on the use of plant extracts in controlling bacterial, 
nematode and fungal diseases of plants [2,13,17]. Fusarium is one of the common 
soil inhabiting plant pathogenic fungus, which causes several diseases such as wilt 
disease. Three races of F. oxysporum f. sp. lycopersici have been reported. The stud
ies on race 3 were very limited [29]. Natural chemicals and their use for integrated 
plant protection are in the focuse of researchers all over the world [18]. Our results 
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indicated that the different methods used for extracting the plants appeared to have 
different effects on the radial growth of F. oxysporum f. sp. lycopersici. The extract 
of the five tested plants, especially those prepared with either CDW or butanol were 
significantly different compared with control. Generally, most of the organic solvent 
extracts of these plants caused higher antifungal effect than water extracts in control
ling growth of F. oxysporum except acetone. 

The 0. basilicum extract showed the highest effect in reducing radial growth of 
F. oxysporum f. sp. lycopersici compared to other extracts. The CDW extract showed 
a generally significant effect against F. oxysporum f. sp. lycopersici, where cold water 
extract showed a stronge influence compared to boiled water extract (Table 2). This 
may be due to the fact that some compounds essential for the inhibitory effect might 
have been spoiled during preparation of extracts in boiled water [22]. 

The extraction yield was significantly affected by the solvent and the part of plant 
used. As for the solvents, this is principally related to the polarity and capability to 
extract substances that can be dissolved in the used solvent [6]. n-butanol was the 
most effective regarding the extraction yield; it may be attributed to its strength in 
extracting more inhibitory substances from the tested plants (Table 3). Our results are 
in accordance with that of Abdel-Monaim et al. [1], who observed that butanolic 
extracts of the tested plants inhibited in vitro stronger the growth of F. oxysporum f. 
sp. lupini than other tested organic solvents and water extracts. 

Several higher plants have been found to possess outstanding inhibitory effect on 
mycelial growth of different phytopathogenic fungi [25]. The antifungal effect of the 
tested plant extracts on fungal growth may be due to secondary metabolites (e.g., 
phenolic compounds, alkaloids, flavonoids and terpenoids), that could adversely 
influence pathogen growth [25]. The difference in the degree of the inhibitory effect 
is proportional with the nature and/or quantity of the secondary metabolites contained 
by the tested plants. The extracts of basil herb (0. basilicum) were shown to be the 
most potent among tested plant extracts against F. oxysporum f. sp. lycopersici. 0. 
basilicum contains 0.5-1.5% essential oil of varying composition, about 5% tannins 
and p-sitosterol. Basil seeds contain planteose, mucilage, polysaccharides, and fixed 
oil that consists oflinoleic acid (50%), linolenic acid (22%), oleic acid (15%) as well 
as 8% unsaturated fatty acids. Basil leaves also contain 0.17% oleanolic acid and a 
small amount of ursolic acid [21]. 0. basilicum contains also flavonoid glycosides 
(0.6-1.1 %) and flavonoid aglycones [34]. The antifungal properties of 0. basilicum 
leaves, extracts, essential oils and their components are frequently studied, mostly in 
warm-climate countries where the need for protection of plants and stored crops 
against fungi is of great importance [26]. 

Several studies have tested the same or other different species of Ocimum in con
trolling the same pathogen or others and found similar results. The aqueous extract of 
0. basilicum leaves inhibited the growth of Trichoconiella padwickii in paddy (Oryza 
sativa) seeds [7]. Exudates of 0. basilicum decreased the population of various fungi, 
including Aspergillus spp. and Fusarium spp. in the phyllosphere of beans [3]. Also, 
the essential oil of 0. basilicum exhibited antifungal properties against aflatoxin
producing strains of Aspergillus flavus and A. parasiticus [8]. 
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Concerning the effect ofbutanolic extract of the tested plants on the production of 
certain essential hydrolytic enzymes (~-glucosidase, pectin lyase and protease) from 
F oxysporum f. sp. lycopersici (Fig. 1), several pathogenic fungi possess a definite or 
specific infection pattern in order to infect the host plant. This is usually performed 
by the synthesis of a characteristic set of polymer-degrading enzymes; cellulases, 
pectin-degrading enzymes and protease to enable successful establishment of the 
host-pathogen relationship [23]. The findings of the present study are in agreement 
with the results published by Masuduzzaman et al. [22], showing that the Allamanda 
leaf extract and separated compounds possess different inhibitory effects against 
Phomopsis vexans, Fusarium sp., Rhizoctina solani, Sclerotiurn rolfsii and 
Phytophthora capsic and their hydrolytic enzymes. Fawzi et al. [14] have demon
strated that the extracts of Halfa baIT, ginger, avocado, cinnamon and laurel had 
strong antifungal activity with significant inhibition on the growth of F oxysporum f. 
sp. lycopersici and its hydrolytic enzymes ~-glucosidase, pectin lyase and protease. 
It can be concluded that plant extracts especially 0. basilicum can be used as natural 
fungicides to control certain plant pathogens and thus reduce the use of synthetic 
fungicides, which increase the cost of producing crops in the field. 

REFERENCES 

1. Abdel-Monaim, M. E, Abo-Elyousr, K. A., Morsy, K. M. (2011) Effectiveness of plant extracts on 
suppression of damping-off and wilt diseases of lupine (Lupinus termis Forsik). Crop Prot. 30, 185-
191. 

2. Abo-Elyousr, K. A., Asran, M. R. (2009) Antibacterial activity of certain plant extracts against bacte
rial wilt of tomato. Arch. Phytopathol. Plant Prot. 42, 573-578. 

3. Afifi, A. E (1975) Effect of volatile substances from species oflabiatae on rhizospheric and phyllo
spheric fungi of Phaseolus vulgaris. Phytopath. Z. 83, 296-302. 

4. Alalia, A., Alkorta, 1., Dominguez, J. B., Llama, M. J., Serra, J. L. (1990) Pectin lyase activity in a 
Penicillium italicum strain. Appl. Environ. Microbiol. 56, 3755-3759. 

5. Albersheim, P., Killias, U. (1962) Studies relating to the purification and properties of pectin transe
liminase. Arch. Biochem. Biophys. 97, 107-115. 

6. Andri, C. K., Masitah, H., Harcharan, S. (2009) Effects of solvent properties on the soxhlet extraction 
of diterpenoid lactones from Andrographis paniculata leaves. Sci. Asia 35, 306-309. 

7. Asthana, A., Chandra, H., Dikshit, A., Dixit, S. N. (1982) Volatile fungitoxicants from leaves of some 
higher plants against Helminthosporium oryzae. Z. PJlanzenkr. PJlanzenschutz. 89, 475-479. 

8. Asthana, A., Dixit, K., Tripathi, N. N., Dixit, S. N. (1989) Efficacy of Ocimum oil against fungi attack
ing chilli seed during storage. Trop. Sci. 29, 15-20. 

9. Bansod, S., Rai, M. (2008) Antifungal activity of essential oils from Indian medicinal plants against 
human pathogenic Aspergillusfumigatus andA. niger. World J. Med. Sci. 3, 81-88. 

10. Baraka, M. A., Omar, S. A., El-Barougy, E., Zian, A. H. (2006) Controlling seedling damping-off, root 
rot and wilt diseases oflupine (Lupinus albus L.). Agric. Res. J. Suez Canal Univ. 6, 57-68. 

11. Berghem, L. E. R., Petterson, G. (1974) The mechanism of enzymatic cellulase degradation. Isolation 
and properties of a ~-glucosidase from Trichoderma viride. Eur. J. Biochem. 46, 295-305. 

12. Dissanayake, M. L. M. C., Kumari, W. K. M. T. (2012) Efficacy of various plant extracts to control 
Fusarium wilt of variety Marginata Fusarium Polyscias Baifouriana. Asian J. Exp. Bioi. Sci. 3, 
129-135. 

Acta Biologica Hungarica 65, 2014 



118 G. S. ISAAc and M. A. ABu-TAHON 

13. Elbadri, G. A, Lee, D. w., Park, J. C., Yu, H. B., Choo, H. Y. (2008) Evaluation of various plant 
extracts for their nematicidal efficacies against juveniles of Meloidogyne incognita. J. Asia-Pac. 
Entomol.11, 99-102. 

14. Fawzi, E. M., Khalil, A A, Afifi, A. F. (2009) Antifimgal effect of some plant extracts on Alternaria 
alternata and Fusarium oxysporum. Afr. J. Biotechnol. 8, 2590-2597. 

15. Ghose, T. K (1987) Measurement of cellulase activities. Pure Appl. Chem. 59, 257-268. 
16. Ibrahim, G. H. (1997) Studies on some wheat disease with reference to crown root-rot disease caused 

by Fusarium culmorum. PhD Thesis, Faculty of Agriculture, Alexandria University, Egypt. 
17. Kagale, S., Marimuthu, T., Thayumanavan, B., Nandakumar, R., Samiyappan, R. (2004) Antimicrobial 

activity and induction of systemic resistance in rice by leaf extract of Datura metel against Rhizoctonia 
solani andXanthomonas oryzae pv. oryzae. Physiol. Mol. Plant Pathol. 65,91-100. 

18. Kiran, K., Linguraju, S., Adiver, S. (2006) Effect of plant extract on Sclerotium rolftii, the incitant of 
stem rot of ground nut. J. Mycol. Plant Pathol. 36, 77-79. 

19. Kumar, A., Roy, S. K, Saxena, D. C., Saxena, A. R. (1995) In vitro control of Escherichia coli by 
herbal treatment. Neo Botanica 3, 1-2. 

20. Kunitz, M. (1947) Crystalline soybean trypsin inhibitor. n. General properties. J. Gen. Physiol. 30, 
291-310. 

21. List, P. H., Hiirhammer, L. (1977) Hagers Handbuch der Pharmazeutischen Praxis. 4. Aufi., Band VI 
A, Springer-Verlag, Berlin-Heidelberg, Germany. 

22. Masuduzzaman, S., Meah, M. B., Rashid, M. M. (2008) Determination of inhibitory action of 
Allamanda leaf extracts against some important plant pathogens. J. Agric. Rural Dev. 6, 107-112. 

23. Mendgen, K, Deising, H. (1993) Infection structures of fimgal plant pathogens - a cytological and 
physiological evaluation. New Phytol. 124, 193-213. 

24. Miller, G. L. (1959) Use of dinitrosalicylic acid reagent for the determination of reducing sugar. Anal. 
Chem. 3, 426-428. 

25. Mohamed, N. H., Ei-Hadidy, A. M. (2008) Studies of biologically active constituents of Verbascum 
eremobium Murb. and its inducing resistance against some diseases of cucumber. Egypt. J. 
Phytopathol. 36, 133-150. 

26. Nahak, G., Mishra, R. C., Sahu, R. K (2011) Taxonomic distribution, medicinal properties and drug 
development potentiality of Ocimum (Tulsi). Drug Inven. Today 3, 95-113. 

27. Nduagu, C., Ekefan, E. J., Nwankiti, A O. (2008) Effect of some crude plant extracts on growth of 
Colletotrichum capsici (Synd) Butler & Bisby, causal agent of pepper anthracnose. J. Appl. Biosci. 6, 
184-190. 

28. Pizalia, C. G., Necha, L. L. B., Gomez, Y. R. (2010) Evaluation of the fimgicidal activity ofleaves 
powders and extracts of fifteen Mexican plants against Fusarium oxysporum f. sp. Gladioli (Massey) 
Snyder and Hansen. Plant Path. J. 9, 79-87. 

29. Reis, A., Bioteux, L. S. (2007) Outbreak of Fusarium oxysporum f. sp. Lycopersici race 3 in com
mercial fresh-market tomato fields in Rio de Janeiro state, Brazil. Hortic Bras. 25, 451-454. 

30. Saxena, A. R., Sahni, R. K., Yadav, H. L., Upadhyay, S. K., Saxena, M. (2005) Antifimgal activity of 
some higher plants against Fusarium oxysporum f. sp. pisi. J. Liv. World 12, 32-39. 

31. Serra, J. L., Alkorta, I., Llama, M. J., Alalia, A (1992) Aplication industrial de los enzimas pecticos. 
Produccion, purificacion, inmovilizacion yalgunas propiedades de la pectina liasa de Penicillium 
italicum. Alimentacion, Equipos y Technologia 8, 127-133. 

32. Shrivastava, A., Rizvi, G., Paijwar, M. S. (2011) Antifimgal activity of some wild medicinal plants 
against growth of Fusarium oxysporum f. sp. Zingiber fficinales Rosc. J. Pharm. Herb. Form. 1, 
24-27. 

33. Somda, 1., Leth, V., Seeme, P. (2007) Evaluation of lemongrass, eucalyptus and neem aqueous 
extracts for controlling seed-borne fimgi of sorghum grown in Burkina Faso. World J. Agric. Sci. 3, 
218-223. 

34. Viorica, H. (1987) Polyphenols of Ocimum basilicum L. Clujul Med. 60, 340-344. 
35. Yang, J., Shih, 1., Tzeng, Y., Wang, S. (2000) Production and purification of protease from a Bacillus 

subtilis that can deproteinize crustacean Wastes. Enzyme Microb. Technol. 26, 406-413. 

Acta Biologica Hungarica 65, 2014 




