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ABSTRACT 
 

The inhibitory effect of the chemical plant resistance inducers, some essential oils and plant extracts against 
the linear growth of the root pathogenic fungi as well as fungal bacterial and yeast bio-agents was evaluated in 
vitro. The chemical inducers were Sodium bicarbonate, Potassium bicarbonate, Potassium mono hydrogen 
phosphate, Calcium chloride and a mixture of Humic & Folic acids. Meanwhile, the tested essential oils were 
Cinnamon, Clove and Thyme. As for plant extracts, Halfa bar(Cymbopogon Proximus); Ginger (Zingiber 
officinale) and Bay laurel (Laurus nobilis) were also evaluated. The recorded results indicate that all evaluated 
materials significantly reduced the linear growth of tested fungi. Pathogenic fungi, i.e. A. solani, F. solani, F. 
oxysporum and Pythium sp. as well as antagonistic fungi, Trichoderma harzianum, T. viride and T. hamatum had 
sensitive response against concentrations of calcium chloride. Also, complete inhibition of linear growth of all 
tested fungi was observed when potassium mono hydrogen phosphate or sodium bicarbonate was added to the 
growth medium at concentration of 4%. Cinnamon, clove and thyme essential oils have been found to have 
inhibitory effects against the mycelia growth of tested fungi in vitro. Fungal mycelia growth decreased 
significantly as the concentrations of essential oils were increased, to reach the fungal growth’s minimum at the 
highest concentration used. Ginger extract had superior effect on pathogenic fungal growth followed by Halfa 
Bar and Bay laurel extracts at the highest concentration (4%) used. As for the viability of tested bio-agents, 
Bacillus subtilis, Pseudomonas fluorescens and Saccharomyces cerevisiae. The reported results revealed that P. 
fluorescens was highly affected with different tested concentrations of plant resistance inducers followed by B. 
subtilis and S. serevisiae, respectively. Regarding the inhibitor effect of tested plant extracts, B. subtilis showed 
the highest sensitivity against tested concentrations of Ginger extract followed by P. fluorescens and S. 
cerevisiae, respectively. Moreover, another feature was observed with S. cerevisiae that it showed more 
sensitivity than the other two bacterial isolates against Bay laurel and Ginger extracts concentrations. In vitro 
tests revealed that the used essential oils had an inhibitory effect against viability of tested bacterial and yeast. 
The reduction in colony formation of either bacteria or yeast was increased as concentration of tested essential 
oils was increased to reach its maximum at the highest tested concentration. The recorded results in the present 
review lead to suggest that the applied dose of such fungicides alternatives should be reviewed when combined 
with bio-control agents in integrated control programs. The present review summarizes studies aimed to evaluate 
different control measures of fungicides alternatives approaches, e.g. some plant resistance inducers, essential 
oils and plant extracts on the antagonistic ability of some fungal, bacterial and yeast bio-agents in vitro. This 
work was carried out during a project supported by the Science and Technology Development Fund (STDF), 
Egypt, grant No. 1059.  
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INTRODUCTION 
 

Plant diseases caused by soil-borne plant pathogens considered the major problems in agricultural 
production throughout the world, reducing yield and quality of crops. Cultivated vegetables are subjected to 
attack by several plant pathogenic fungi during different stages of plant growth starts from seed sowing up to 
seedling to flowering stages, and may to cause pre-emergence infection, thus forcing the farmer to replant the 
missed hills or dead plants.  

Damping-off, Root rot and Wilt of vegetables is considered Fusarium solani, Fusariumm oxysporum, 
Sclerotium rolfsii, Rhizoctonia solani, Alternaria solani, Macrophomina phaseolina and Pythium spp. to be the 
most deleterious diseases (Abdel-Rehim et al., 1987; Celar, 2000; Ramamoorthy et al., 2002; Hibar et al., 2006 
and Steinkellner et al., 2008).  

These harmful parasites cause considerable losses in plant stand as well as quality and quantity of produced 
yield throughout root diseases incidence of various cultivated crops. Application of biological control using 
fungal and bacterial antagonistic microorganisms has proved to be successful for controlling various plant 
diseases (Sivan, 1987; Punja and Utkhede, 2004). The concern of pesticides use with respect to human health 
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and environment has brought increasing interest in alternatives use by avoiding negative effect on the 
environment. Cost effective and eco-friendly approach must be implemented and adopted farmers. In order to 
overcome such hazardous control strategies, scientists, researchers from all over the world paid more attention 
towards the development of alternative methods which are, by definition, safe in the environment, non-toxic to 
humans and animals and are rapidly biodegradable.  

The present review focuses on finding compounds that are safe to humans and the environment, e.g. 
chemical resistance inducers, essential oils and plant extracts. In this regards, plant products are characterized as 
having a wide range of volatile compounds could be used as alternative anti-bacterial and anti-fungal treatments 
(Jenny 2000). It is evident from reviews by Karapinar (1985) and Nanir and Kadu (1987) that some plant 
extracts and essential oils exhibited antifungal properties. In this regards, several workers studied the effect of 
various plants extracts against pathogenic microorganisms. Kumer and Tripathi (1991) mentioned that extracts 
of Eupartrium cannabinum completely inhibited the mycelia growth of Pythium de-baryanum, R. solani and S. 
rolfsii. Also, Nirmala et al. (1988) showed that essential oil of Juniperus communis may be applicable against a 
range of damping-off diseases. 

On the other hand, many investigations reported the use of potassium salts (K2HPO4 or KNO3) as a 
chemical agent for induction of plant resistance (Stromberge and Brishammar, 1991; Yurina et al., 1993). 
Furthermore, there has been considerable interest in the use of sodium bicarbonate, potassium bicarbonate and 
potassium phosphate for controlling various fungal diseases in plants (Karabulut et al., 2003 and Smilanick et 
al., 2006). Also, calcium chloride had been recorded to have antifungal effect. Saftner et al. (1997) reported that 
postharvest calcium treatment of apples provided broad-spectrum protection against the postharvest pathogens 
of P. expansum and B. cinerea. Also, Humic and Fulvic acids have been early recorded to have appositive effect 
against plant pathogens and their cells biological activities (Vaughan et al., 1985; Hoitank and Fahy 1986; 
Zhang et al., 1996).  

The objective of the present review was to report literatures concerning evaluation the inhibitor activity of 
some fungicides alternatives and growth promoters on the growth of some soil-borne pathogenic fungi in vitro 
as well as some fungal, bacterial and yeast bio-agents. The recorded evaluated chemicals were plant inducers, 
i.e. Sodium bicarbonate, Potassium bicarbonate, Potassium mono hydrogen phosphate, Calcium chloride and a 
mixture of Humic & Folic acids. Meanwhile, the tested essential oils were Cinnamon, Clove and Thyme. As for 
plant extracts, Halfa bar, Ginger and Bay laurel extracts were also evaluated. 

 
Effect of some chemical plant resistance inducers on fungal, bacterial and yeast growth: 

 
 Pathogenic fungi and antagonistic fungal bio-agents: 

 
Many investigations concerned with the use of abiotic factors for induction of plant resistance against 

several diseases. Potassium salts (K2HPO4 or KNO3) as a chemical agent for induction of plant resistance had 
great attention in many of these reports (Stromberge and Brishammar, 1991; Yurina et al., 1993). In this 
concern, spraying cucumber plants with K2HPO4 induced resistance against downy and powdery mildews and 
increased fruit yield per plant under commercial greenhouse conditions (Reuveni et al. 1998; Mosa 1997). 
Furthermore, there has been considerable interest in the use of sodium bicarbonate, potassium bicarbonate and 
potassium phosphate for controlling various fungal diseases in plants (Mucharromah and Kuc 1991; Reuveni et 
al., 1995 a&b; Karabulut et al., 2003 and Smilanick et al., 2006). Spraying plants with either sodium 
bicarbonate or potassium bicarbonate solution provided good control of several plant diseases (Janisiewicz et 
al., 2005; Smilanick et al., 2006 and Abd-El-Kareem, 2007). Similar results were also recorded by Abdel-Kader 
et al., (2012 a). They evaluated the inhibitory effect of chemical plant resistance inducers [three concentrations 
of each K2HPO4 and Calcium chloride, i.e. 1; 2 and 4% (w:v) or 0.2, 0.4, and 0.6 % for Humic & Folic acids 
mixture] on the growth of either pathogenic or antagonistic microorganisms using the culture technique 
described by El-Mougy et. al., (2004). The tested soil-borne pathogenic fungi were Alternaria solani Fusarium 
solani, F. oxysporum, Rhizoctonia solani, Sclerotium rolfsii, Macrophomina phaseolina and Pythium sp. These 
fungi were isolated from various vegetables, i.e. Cucumber, Cantaloupe, Tomato and Pepper grown in plastic 
houses under protected cultivation system and showing root rot and or damping-off disease symptoms (El-
Mougy et al., 2011). The isolated fungi proved their aggressive ability to induce root rot disease of those 
vegetables.  

Under laboratory conditions, different concentrations of Sodium bicarbonate, Potassium bicarbonate, 
Calcium chloride and potassium mono-hydrogen phosphate (at concentrations of 1.0, 2.0 and 4.0%, v/v), humic 
and folic acids (mixture,1:1) at concentrations of 0.2, 0.4 and 0.6%, (v/v). The results obtained by Abdel-Kader 
et al., (2012a) indicate that all evaluated concentrations significantly reduced the linear growth of tested fungi. 
They added that Potassium mono hydrogen phosphate at 1% drastically reduced the linear fungal growth ranged 
between 47.7-64.4% of all tested fungi. The tested fungal growth affected negatively with the increasing 
concentrations of the evaluated chemicals. Complete inhibition of linear growth of all tested fungi was observed 
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when potassium mono hydrogen phosphate or Sodium bicarbonate was added to the growth medium at 
concentration of 2%. It is interested to note that the antagonistic fungi, T. harzianum, T. viride and T. hamatum 
showed high sensitivity to all tested materials resulted in complete reduction in their growth at concentration of 
2%. In this concern T. hamatum was more sensitive to Potassium bicarbonate and Sodium bicarbonate that 100% 
in its growth was observed at the lower concentration of 1%.  Abdel-Kader et al., (2012a) also reported that that 
potassium bicarbonate had inhibitor effect on the tested fungi which increased as its concentrations are increased. 
The fungal mycelia decreased between 51.1-88.8% at all tested concentrations. Moreover, potassium mono 
hydrogen phosphate at 1% drastically reduced the linear fungal growth ranged between 51.1-74.4% of all tested 
fungi. The tested fungal growth affected negatively with the increasing concentrations of the evaluated 
chemicals. 

Also, calcium chloride had been recorded to have antifungal effect. Saftner et al. (1997) reported that 
postharvest calcium treatment of apples provided broad-spectrum protection against the postharvest pathogens of 
P. expansum and B. cinerea. Furthermore, the in vitro evaluation of chemical resistance inducers against the 
growth of plant pathogenic fungi as well as fungal and bacterial bio-agents were recorded in several reports and 
reviewed. In this regards, El-Mougy et al., (2008) evaluated hydrogen peroxide, calcium chloride and chitosan 
against fungal growth under in vitro and in vivo conditions. They found that all tested concentrations of 
chemicals used were able to reduce the linear growth and spore germination of B. cinerea; R. stolonifer; P. 
digitatum and P. italicum. Complete inhibition of linear growth and spore germination was obtained with 
concentrations of 1.5 and 2.0% of all treatments. Humic acid (HA) is a heterogeneous mixture of many 
compounds with generally similar chemical properties it performs various functions in the soil and on plant 
growth. Humic substances have been early recorded to have appositive effect against plant pathogens (Hoitank 
and Fahy 1986; Zhang et al., 1996).  

Calcium chloride showed interested results that pathogenic fungi, i.e. A. solani, F. solani, F. oxysporum and 
Pythium sp. had sensitive response against concentrations of Calcium chloride Abdel-Kader et al., (2012a). They 
added that highest reduction in mycelial growth was observed with A. solani where its growth reduced by 33.3, 
34.4 and 38.8% at concentrations of 1, 2 and 4%, respectively. Moreover, the linear growth of both F. solani, F. 
oxysporum reduced gradually by 22.2 and 33.3% at concentrations of 1 and 2%. No further reduction in fungal 
growth was observed, although concentration of calcium chloride increased up to 4%. The linear growth of 
Pythiym sp. showed parallel reduction with increasing of calcium chloride concentrations recorded as 15.5, 42.2 
and 46.6%, respectively. No reduction in the growth of the other tested pathogenic fungi was observed at all 
calcium chloride concentrations used. No reduction in the growth of the other tested pathogenic fungi was 
observed at all calcium chloride concentrations used. Regarding the antagonistic fungi, only T. harzianum seems 
to be tolerate to all calcium chloride concentrations used, that its growth not affected. Meanwhile, T. hamatum 
followed by T. viride positively affected with all concentrations of calcium chloride which reflected in reduction 
of their growth calculated as 20, 24.4, 28.8% and 11.1, 15.5, 22.2% in respective order at concentrations of 1, 2 
and 4%. 

Similarly, calcium chloride at 2% (20 mg/ml) obviously inhibited spore germination and germ tube growth 
of R. stolonifer PDA medium (Tian et al. 2002). This result further supports the results of Wisniewski et al. 
(1995), who found that calcium chloride might reduce fungal infection through direct inhibition of spore 
germination and growth. Maouni et al. (2007) reported that in vitro, calcium chloride significantly reduced pear 
fruit decay caused by A. alternata and Penicillium expansum when used at 4 and 6%. Furthermore, calcium 
chloride was reported to suppress growth of the citrus mould pathogen Penicillium digitatum (Droby et al.1997). 

Also, many studies (Vaughan et al., 1985; Visser 1985) showed that Fulvic acid (FA) have a greater effect 
on cells biological activities than humic acids (HA) compounds. The addition of 500 mgl_1 of humic acids on the 
growth medium completely eliminated the inhibition of P. ultimum by R. radiobacter (Charest et al., 2005). 
Frthermore, In vitro, humic acid at 15.0% (v/v) reduced significantly the radical growth and spore germination of 
Fusarium solani the causal agent of dry root rot (El-Mohamedy and Ahmed 2009). Concerning the mixture of 
Humic & Folic acids mixture, Abdel-Kader et al., (2012a) recorded that all concentrations used of tested acids 
mixture had no effect against all tested fungi either pathogenic or antagonistic ones. 

 
 Viability of bacterial and yeast bio-agents: 

 
The effect of plant resistance inducers, on the viability of bio-agents, Bacillus subtilis, Pseudomonas 

fluorescens and Saccharomyces cerevisiae was evaluated by many investigators in vitro. Abdel-Kader et al., 
(2012b) reported that the viability of tested bio-agents, bacterial and yeast isolates affected significantly with 
plant resistance inducers (Potassium salts K2HPO4 or KNO3, Calcium chloride and mixture of Humic & Folic 
acids. They found that Pseudomonas fluorescens was highly affected with different tested concentrations of 
plant resistance inducers followed by B. subtilis and S. cerevisiae, respectively. In their study, Potassium, 
Sodium bicarbonates and Potassium mono-hydrogen phosphate at concentrations of 1, 2 and 4% were tested 
against each of B. subtilis, P. fluorescence and S. cerevisiae. Reduction in the colony formation of antagonistic 
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bacteria and yeast in response to different concentrations of these salts was observed. Also, reduction in viability 
of tested bacteria and yeast isolates, significantly increase as the tested chemical concentrations were also 
increased to reach its maximum reduction at concentration 4% of all tested chemicals. Moreover, P. fluorescens 
had the highest significant sensitive response against concentrations of tested Sodium bicarbonate whereas their 
viability were reduced by 28.7, 40.2 and 44.4% at concentrations of 1, 2 and 4% followed by S. cerevisiae (18.1, 
38.2 and 38.4%) and B. subtilis (7.6, 22.3 and 29.6%), respectively. Similar trend was also observed when 
Potassium bicarbonate added to the growth medium at the concentration of 1%. This arrangement was differed 
in response to Potassium bicarbonate where S. cerevisiae showed the highest sensitivity followed by P. 
fluorescens and B. subtilis at concentrations of 2 and 4%. Concentrations of Potassium mono-hydrogen 
phosphate at 2 and 4% showed the highest inhibitor effect against viability of B. subtilis (76.1, 86.2%) followed 
by P. fluorescens (73.7, 84.3%) and S. cerevisiae (36.4, 44.3%), respectively. In this regards, many investigators 
studied the influence of various salts on microorganisms. There was a considerable interest in the use of sodium 
bicarbonate (NaHCO3) and potassium bicarbonate (KHCO3) for controlling various fungal diseases in plants 
(Karabulut et al. 2003; Smilanick et al. 2006). Bicarbonates are widely used in the food industry (Lindsay 1985) 
and were found to suppress several fungal diseases of cucumber plants (Ziv and Zitter 1992). Spraying plants 
with NaHCO3 solution provided good control of several plant diseases (Horst et al. 1992; Janisiewicz et al., 
2005). Also, spraying with KHCO3 solution provided the most effective protection against plant diseases 
(Smilanick et al. 1999, 2006). Sodium or potassium bicarbonate combined with oils are effective in controlling 
plant diseases (Horst et al. 1992; Ziv and Zitter 1992). Furthermore, the antimicrobial activity of sodium 
carbonate and sodium bicarbonate has been described in vitro (Corral et al., 1988; Curran et al., 1990; 
Smilanick et al., 1999). Also, exposure of F. solani var. coeruleum conidia to aluminum acetate, potassium 
sorbate, sodium benzoate, sodium metabisulfite or trisodium phosphate at 0.2 M resulted in 100% mortality of 
the conidia after 1 h while aluminum chloride and aluminum lactate caused 100% mortality after an exposure of 
24 h. (Mills et al., 2004). 

Also, different concentrations of Calcium chloride had significant inhibitor effect on the viability of 
bacterial and yeast cells. The highest concentration tested (4%) significantly reduced viability of B. subtilis 
(from 135.6 to 123.3, 1x104 cfu/mL); P. fluorescens (from 164.4 to 116.1, 1x104 cfu/mL) and S. serevisiae 
(from 130.2 to 106.2, 1x104 cfu/mL), respectively.  

Similar trend was also noticed concerning the inhibitor effect of the mixture Humic and Folic acids on 
viability of B. subtilis, P. fluorescens and S. cerevisiae in vitro conditions. Significant gradual decrease in 
bacterial and yeast viability with increasing concentrations of Humic and Folic acids mixture. Concentration of 
0.6% significantly reduced viability of B. subtilis and P. fluorescens by 15.4 and 31.2%, respectively. The tested 
yeast (S. serevisiae) showed similar response with different concentrations of Humic and Folic acids mixture. 
Viability of S. serevisiae was lesser significantly reduced by 13.8% at 0.6% concentration of Humic and Folic 
acids mixture. It was also noticed that the other two lower concentrations used (1, 2% Calcium chloride) and 
(0.2, 0.4% Humic and Folic acids mixture) showed no significant reduction, between each other, on bacterial 
viability, although they were significantly differed from control check treatment. In this concern several 
investigators reported the beneficial effect of Humic and Folic acids as plant growth stimulants as well as low 
effect on the microorganisms. Vallini et al., (1993) have reported the increase in the number of total bacteria and 
actinomycetes in the rhizosphere of laurel caused by humic acid treatments. They added that changes in the 
metabolism process of plants may induce a resistance to certain phytopathogens. Similarly, changes in the 
microbial activity may negatively affect certain soil-borne pathogens, and changes in physicochemical and 
chemical properties of the soil after amendment addition was also unfavorable to pathogens (Huang et al., 
2006).  

 
Effect of some essential oils on fungal, bacterial and yeast growth: 

 
 Pathogenic fungi and antagonistic fungal bio-agents: 

 
Essential oils are promising alternative compounds which have an inhibitory activity on the growth of 

pathogens. It is possible that essential oils could be used in plant disease control as the main or as adjuvant 
antimicrobial compounds. Recently, there has been considerable demand for the discovery of new natural 
antimicrobials (Sagdic et al. 2003). Plant products with antimicrobial properties have notably obtained attention 
as possible applicants in order to prevent bacterial and fungal growth (Lanciotti et al., 2004). Plant products are 
characterized as having a wide range of volatile compounds. This means that essential oils could be used as 
alternative anti-bacterial and anti-fungal treatments (Jenny, 2000). It is evident from reviews by Karapinar 
(1985) and Nanir and Kadu (1987) that some plant extracts and essential oils exhibited antifungal properties. 
Nirmala et al. (1988) showed that essential oil of Juniperus communis may be applicable against a range of 
damping-off diseases. Furthermore, Juglal et al. (2002) studied the effectiveness of nine essential oils to control 
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the growth of mycotoxins producing moulds and noted that, clove, cinnamon and oregano were able to prevent 
the growth of Aspergillus parasiticus and Fusarium moniliforme. 

Abdel-Kader et al., (2012a) studied the inhibitory effect of the essential oils against the linear growth of the 
some pathogenic fungi in vitro. Commercial essential oils of Cinnamon (a.i. Cinnamic, Aldehyde, 70-85%), 
Clove (a.i. Eugenol, 90–95%) and Thyme (a.i. Thymol, 60%) were used in their work. The obtained results of 
their test showed that Cinnamon, Clove and Thyme essential oils have been found to have inhibitory effects 
against the mycelial growth of tested fungi in vitro. Fungal mycelial growth decreased significantly as the 
concentrations of essential oils were increased, to reach the fungal growth’s minimum at the highest 
concentration used. Mycelial growth of the tested fungi showed more sensitivity to high concentrations of Thyme 
than to Cinnamon and Clove oils. The pathogenic fungal growth reduced between (15.5-22.2%); (18.8-22.2%); 
(33.3-35.5%) at the highest concentration (1%) of Cinnamon, Clove and Thyme, respectively. Also, in their study 
The antagonistic fungi Trichoderma harzianum, T. virride and T. hamatum showed tolerate  response  to  the  
tested concentrations of essential oils that their growth reduced by (8.8, 7.7, 8.8%); (11.1, 13.3, 10.0%); (8.8, 
11.1, 10.0%) compared with pathogenic fungi which ranged between (21.1-24.4%); (18.8-24.4%); (33.3-36.6%) 
at the highest concentration (1%) of Cinnamon, Clove and Thyme, respectively.    

It is well established that some plants contain compounds able to inhibit the microbial growth (Naqui et al. 
1994). These plant compounds can be of different structures and different mode of action when compared with 
antimicrobials conventionally used to control the microbial growth and survival (Nascimento et al. 2000). 
Potential antimicrobial properties of plants had been related to their ability to synthesize, by the secondary 
metabolism, several chemical compounds of relatively complex structures with antimicrobial activity, including 
alkaloids, flavonoids, isoflavonoids, tannins, cumarins, glycosides, terpens, phenylpropannes, organic acids 
(Nychas 1996). The aesthetic, medicinal and antimicrobial properties of plant essential oils have been known 
since ancient times. Numerous studies on the fungicidal and fungistatic activities of essential oils have indicated 
that many of them have the power to inhibit fungal growth. Moreover, Thyme oil proved to be extremely 
effective as a fumigant as well as a contact fungicide against a range of the economically significant fungi 
Alternaria spp., Aspergillus spp., Botrytis cinerea, Erysiphe graminis (Alefyah and Avice 1997). The 
information was found in the literature concerning mode of action of essential oils on/in the fungal cell in order 
to promote fungistatic or fungicide effect. In general, inhibitory action of natural products on moulds involves 
cytoplasm granulation, cytoplasmic membrane rupture and inactivation and/or inhibition of intercellular and 
extracellular enzymes. These biological events could take place separately or concomitantly culminating with 
mycelium germination inhibition (Campo et al. 2003). Also, it is reported that plant lytic enzymes act in the 
fungal cell wall causing breakage of b-1,3 glycan, b-1,6 glycan and chitin polymers (Brull and Coote 1999). The 
mode by which microorganisms are inhibited by essential oils and their chemical compounds seem to involve 
different mechanisms. It has been hypothesized that the inhibition involves phenolic compounds, because these 
compounds sensitize the phospholipid bilayer of the microbial cytoplasmic membrane causing increased 
permeability and unavailability of vital intracellular constituents (Juven et al. 1994). Reports indicated that 
essential oils containing carvacrol, eugenol and thymol (phenolic compounds) had the highest antibacterial 
performances (Kim et al. 1995).  

 
  Viability of bacterial and yeast bio-agents: 

 
Essential oils are also considered a promising alternative with many having antifungal properties. However, 

very high concentration is needed when applied to real food systems (Hammer et al., 2003; Ahmet et al., 2005). 
Application of essential oil is a very attractive method for controlling postharvest diseases. Essential oils and 
their components are gaining increasing interest because of their relatively safe status, their wide acceptance by 
consumers, and their exploitation for potential multi-purpose functional use (Karatzas et al., 2000). Essential 
oils have been used successfully in combination with a variety of treatments, such as antibacterial agents, mild 
heat and salt compounds (Ormancey et al., 2001). Peppermint, melon and rose essential oils were evaluated for 
their effect on viability of yeast isolates, Saccharomyces cerevisiae, Candida tenuis and the commercial backing 
yeast of  Saccharomyces cerevisiae mixture (CBY) (Abd-Alla et al., 2009). Their data showed that all the 
peppermint oil at concentrations of 0.25, 0.5 and 1% have no inhibitory effect against the tested yeast isolates, 
while significant reduction in the populations of all yeast isolates was observed in melon and rose oils 
treatments even at the lowest concentration of 0.25%. This reduction was significantly different when compared 
with either peppermint or control treatments. Other investigators have also reported the inhibitory effect of some 
essential oils on viability of different beneficial or harmful yeast isolates (Boonchird et al., 1982; Chami et al., 
2004).  

The effect of some essential oils on the viability of bio-agents, Bacillus subtilis, Pseudomonas fluorescens 
and Saccharomyces cerevisiae as well as their antagonistic ability against soil-borne plant pathogens was also 
evaluated in vitro (Abdel-Kader et al., 2012 b). Commercial essential oils of Cinnamon, Clove and Thyme were 
used in this work. The inhibition effect of Cinnamon, Clove and Thyme essential oils at different concentrations 
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on viability of B. subtilis, P. fluorescens and S. serevisiae was recorded by Abdel-Kader et al., (2012b). Their 
recorded data revealed that the used essential oils had an inhibitory effect against viability of tested bacterial and 
yeast. The reduction in colony formation of either bacteria or yeast was increased as concentration of tested 
essential oils was increased to reach its maximum at concentration (1.0%). It was also observed that, 
concentration of 0.25% of all tested essential oils had no effect against viability of tested bacterial and yeast 
isolates. They added that data also showed that P. fluorescens was the most sensitive microorganism to the 
inhibitory effect of tested concentrations of Cinnamon, Clove and Thyme essential oils followed by B. subtilis 
and S. cerevisiae in respective order. Also, both cinnamon and Thyme oils had superior inhibitor effect against 
the viability of tested bio-agents comparing with clove essential oil. Moreover, their results revealed that in 
general Thyme oil have more enhancing effect on the antagonistic ability than that of both Cinnamon and Clove 
oils at all tested concentrations. Moreover, it was observed that the pathogenic fungal growth fluctuated at the 
same used concentration depending on the antagonist. In this regard, it was observed that the pathogenic fungal 
growth reduced between 66.6-88.8%, 66.6-83.3% and 61.1-68.8% when grown in dual culture against B. 
subtilis, P. fluorescns and S. serevisiae, respectively in growth media supplemented with Thyme oil at 
concentration of 1%. 

 
Effect of some plant extracts on fungal, bacterial and yeast growth: 

 
 Pathogenic fungi and antagonistic fungal bio-agents: 

 
The effect of some plant extracts on pathogenic fungal linear growth was studied by Abdel-Kader et al., 

(2012a). They results showed that the linear growth of tested fungi was reduced by increasing the concentrations 
of plant extracts. In this regards, only at the highest concentration (4%) used, Ginger extract had superior effect 
on pathogenic fungal growth followed by Halfa Bar and Bay laurel extracts. Meanwhile, at concentrations of 1 
and 2%, the effect of tested plant extracts on the pathogenic fungal growth could arranged as Bay laurel, Ginger 
and Halfa Bar extracts, respectively. They added that antagonistic fungi, T. harzianum and T. virride showed 
tolerate response against all plant extracts. The growth reduced significantly only at the highest concentration of 
4%. Trichoderma hamatum showed sensitive response against all concentrations of tested plant extracts that its 
growth reduction ranged between (7.7-12.2%), (14.4-18.8%) and (11.1-14.4%) in respective order with Halfa 
Bar, Ginger and Bay laurel extracts. Although this reduction was lesser than that recorded with the other two 
antagonists. 

In this regard, the use of plants or plant materials as fungicides is of a great importance and needs more 
attention (Bodde 1982) and various plant products like gum, oil, resins etc. are used as fungicidal compounds 
(Daoud et al., 1990; Dwivedi et al., 1990). Also, several workers studied the effect of various plants extracts 
against pathogenic microorganisms. Kumer and Tripathi (1991) mentioned that extracts of Eupartrium 
cannabinum completely inhibited the mycelia growth of Pythium debaryanum, R. solani and S. rolfsii. Also, 
Karapinar (1985) and Nanir and Kadu (1987) reported that some plant extracts and essential oils exhibited 
antifungal properties. Several reports indicated that plant spices containing carvacrol, eugenol and thymol 
(phenolic compounds) had the highest antibacterial performances (Kim et al. 1995). Alkaloids, flavonoids, 
isoflavonoids, tanins, cumarins, glycosides, terpens and phenolic compounds were synthesized by plants as 
secondary metabolites (Simões et al. 1999). In agricultural studies, these compounds have broad-spectrum 
activities against fungi, nematodes, and insects (Lee et al. 1997; Wilson et al. 1997; Calvet 2001). Plant spices 
offer a promising alternative for food safety and plant protection. Inhibitory activity of spices and their 
derivatives on the growth of bacteria, yeasts, fungi and microbial toxin synthesis was reported (Notermans and 
Hoogenboon-Verdegaal 1992; Sagdiç et al. 2003). Moreover, antifungal activity of spices and their derivatives 
were studied by viable cells count, mycelial growth and mycotoxin synthesis. However, there is little 
information on spices and their derivatives`action on/in a fungal cell. In general, inhibitory action of natural 
products on moulds involves cytoplasm granulation, cytoplasmic membrane rupture and inactivation and/or 
inhibition of intercellular and extracellular enzymes. These biological events could take place separately or 
concomitantly culminating with mycelial growth inhibition (Cowan 1999). 

 
  Viability of bacterial and yeast bio-agents: 

 
Plant extract of Halfa Bar (Cymbopogon Proximus), Ginger (Zingiber officinale) and Bay laurel (Laurus 

nobilis) at concentrations of 1, 2 and 4% were evaluated for their inhibitory effect against viability of P. 
fluorescens, B. subtilis and S. cerevisiae in vitro conditions (Abdel-Kader et al., 2012b). They reported that the 
inhibitor effect of used plant extracts against viability of tested bacteria and yeast isolates increased by 
increasing their concentrations. They added that the tested microorganisms varied among each other in their 
response against the tested plant extracts. Also, their data showed that the bio-agent B. subtilis had the highest 
sensitivity against tested concentrations of Ginger extract followed by P. fluorescens and S. cerevisiae, 
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respectively. Moreover, another feature was observed with S. sevisease that it showed more sensitivity than the 
other two bacterial isolates against Bay laurel and Ginger extracts concentrations. They conclude that all tested 
concentrations of plant extracts could enhance the efficacy of antagonistic ability of bacterial and yeast bio-
agents. Significant increase in antagonistic ability was observed only with the highest concentration of tested 
plant extracts. Moreover, no significant differences were observed between the tested Halfa Bar, Ginger and 
Bay laurel extracts at all used concentrations. 

 
Conclusion: 

 
Many plants and plant products have been reported to possess pest control properties (Grayer and Harborne, 

1994). Although much of the literature on natural products in the agricultural field concerns insect control, a 
smaller but emerging body of papers reports that plant extracts and plant essential oils are effective 
antimicrobials against food and grain storage fungi (Arras et al., 1993; Mishra and Dubey 1994; Paster et al., 
1995; Wilson et al., 1997; Montes-Belmont and Carvajal, 1998), foliar pathogens (Rao et al., 1992; Lawson and 
Kennedy, 1998), and soil-borne fungi (Kishore et al., 1982; Pandey and Dubey, 1994; Muller-Riebau et al., 
1995; Bianchi et al., 1997). Consideration will need to be given to the mechanism of the interaction of the 
product with the pathogen population and the host plant. Many plant extracts have volatile components, 
essential oils, and so on. Preliminary data suggest that some of these extracts and essential oils are capable of 
pathogen growth inhibition in vitro when tested so that only volatiles interact with the pathogen, while others 
only inhibit the pathogen when in direct contact (J. H. Bowers and J. C. Locke, unpublished). Information of 
this type is important as one tries to develop a delivery system that utilizes the extracts’ physical and chemical 
properties. 
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