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ABSTRACT 
 
 The pathogenic fungi Fusarium solani, Fusarium oxysporum, Sclerotium rolfsii, Rhizoctonia solani, 
Alternaria solani, Macrophomina phaseolina and Pythium spp. were isolated from cucumber, cantaloupe, 
tomato and pepper grown in plastic houses under protected cultivation systems and showing root rot disease 
symptoms. The effect of chemical plant resistance inducers, some essential oils and plant extracts on the 
antagonistic ability of three isolates of Trichoderma spp. against the linear growth of the root pathogenic fungi 
was evaluated In vitro. Obtained data revealed that concentrations used of calcium chloride enhance 
significantly the antagonistic ability of T. harzianum, T. viride and T. hamatum, respectively. Only T. harzianum 
exhibit complete reduction (100%) in all pathogenic fungal growth at concentration of 2 and 4%. Similar trend 
was also observed with the mixture of Humic and Folic acids. The antagonists T. harzianum and T. viride 
resulted in reduction of pathogenic fungal growth to 100% at concentration of 0.2% and at 0.4%, respectively. 
Also, the obtained results revealed that Potassium mono-hydrogen phosphate have significant enhancement 
effect on the antagonistic ability of tested fungi followed by Sodium bicarbonate and Potassium bicarbonate. As 
for essential oils, Cinnamon oil have superior enhancement for increasing the antagonistic efficacy of T. 
harzianum, T. viride and T. hamatum followed by Clove and Thyme oils at all used concentrations. Data also 
showed that the antagonistic efficacy was increased as the concentration increased of tested essential oils. All 
plant extract at different concentrates could enhance the antagonistic ability of tested fugal bio-agents in 
respective order when halfa bar, ginger and bay laurel added to growth media. 
 
Key words: Chemical plant resistance inducers, Essential oils, Plant extracts, antagonistic ability, Root 

pathogenic fungi. 
 
Introduction 
 
 Vegetable diseases caused by soilborne plant pathogens and resulted in the yield losses in many countries. 
Damping-off, Root rot and Wilt of vegetables is considered Fusarium solani, Fusarium 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). Root diseases occur during the growing season of 
crops from seedling to flowering stages, and may to cause pre-emergence infection, and results in the necessity 
of replanting the missed hills or dead plants. So far, apart from scientific and practical difficulties, there is no 
economic way to control the crop diseases. Plant pathogenic fungi are ubiquitous in intensive agricultural areas 
and are extensively controlled by using a large number of inorganic and organic chemical fungicides. No doubt 
these chemicals are effective in crop protection; however, they exhibit negative environmental and economic 
aspects, such as pollution of the soil–water system, a specificity and selection of resistant phytopathogenic 
populations, which lead to soil quality deterioration, rather than high costs of production (Iacomi-Vasilescu et 
al., 2004). It therefore appears that an urgent investigation of possible alternative, environmentally safe, 
bioactive natural organic molecules able to control phytopathogenic fungi in soil is needed. Application of 
biological control using antagonistic microorganisms has proved to be successful for controlling various plant 
diseases (Sivan, 1987). However, it is still not easy and costly in application. It can serve as the best control 
measure under greenhouse conditions.  
 Biological control approach depends upon the establishment and maintenance of a threshold population of 
introduced bioagent into the soil, and a drop in viability below that level may eliminate the possibility of 
biological control. Many soil edaphic factors, including temperature, moisture, pH and nutrition influence the 
survival and establishment of the bioagent and their interaction with the pathogens. The present research focuses 
on finding compounds that are safe to humans and the environment as well as could enhance the antagonistic 
ability of introduced fungal bio-agents to the soil. In vitro studies conducted with the efficacy of Sodium 
bicarbonate, Potassium bicarbonate, Potassium mono hydrogen phosphate, Calcium chloride and a mixture of 
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Humic & Folic acids on the antagonistic ability on Trichoderma harzianum, T. viride and T. hamatum. 
Meanwhile, the tested essential oils were Cinnamon, Clove and Thyme. As for plant extracts, Halfa bar, Ginger 
and Bay laurel extracts were also evaluated. 
   
Materials and Methods 
 
 The effect of chemical plant resistance inducers, some essential oils and plant extracts on the antagonistic 
ability of the fungal antagonistic agents against the linear growth of the root pathogenic fungi was evaluated In 
vitro. Antagonistic studies of bio-control fungi against pathogenic fungi were performed on PDA medium in 9-
cm-diameter Petri dishes. 
 
Tested Microorganisms: 
 
 The tested soilborne pathogenic fungi were Alternaria solani, Fusarium solani, F. oxysporum, Rhizoctonia 
solani, Sclerotium rolfsii, Sclerotinia sclerotiorum, S. minor, Macrophomina phaseolina and Pythium sp. 
Meanwhile, the tested antagonistic Fungi were Trichoderma harzianum, T. Viride and T. hamatum. These fungi 
were isolated from cucumber, cantaloupe, tomato and pepper grown in plastic houses under protected 
cultivation systems and showing root rot disease symptoms (El-Mougy et al., 2011). 
 
In Vitro Laboratory Tests: 
 
 Abundant fungal growth were prepared. Fungal growth, 5-mm disk of each tested fungi was transferred to 
the centre of a PDA dish then incubated at 28±1oC. The incubation period was 5 and 7 days for antagonistic and 
pathogenic fungi, respectively. In vitro, antagonistic studies of bio-control Fungi and pathogenic fungi were 
performed on PDA medium in 9-cm-diameter Petri dishes supplemented with different concentrations of the 
tested materials (stated below). A separate PDA flask free of tested chemicals used as check (control) treatment. 
A 5-mm disk of each antagonistic fungal growth culture was placed onto the PDA, 10mm from the edge of the 
Petri dish. Another disk of the same diameter of each pathogenic fungal growth culture was placed on the 
opposite side of the dish at the same distance. The control treatment was inoculated with a culture disk of either 
pathogenic or antagonistic culture alone at the same conditions. Both experimental and control dishes were 
assigned to a completely randomized design, with five replicates per treatment. All inoculated Petri dishes were 
incubated at 28±2oC and the fungal growth diameter away from and towards the antagonist agent was measured 
after the pathogenic fungal growth in the control treatment had reached the edge of the Petri dish (Ferreira et al. 
1991). This test was repeated three times and the inhibition was calculated as the percentage reduction in colony 
diameter growth compared with the control for each particular tested bio-agent. The antagonistic ability of tested 
fungal bio-agents against pathogenic fungi was determined through measured the average linear growth diameter 
of colonies and then reduction in fungal growth was calculated in relative to check treatment.  
 
Tested Materials: 
 
 Chemical Plant Resistance Inducers: 
 
 Different concentrations of Potassium and Sodium bicarbonates, Potassium mono hydrogen phosphate salt 
(K2HPO4), Calcium chloride and a mixture (1:1, v:v) of Humic & Folic acids were tested to study their 
inhibitory effect on linear growth of pathogenic and antagonistic fungi in vitro.  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 
were added individually at certain weights or volumes to conical flasks containing sterilized PDA medium to 
obtain the proposed concentrations, then mixed gently and dispensed in sterilized Petri dishes (10-cm-diameter).  
 
 Essential Oils: 
 
 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 the present work. Essential oils used in the study were obtained 
from Chemical Industrial Development Company (CID), Egypt. The inhibitory effect of the essential oils was 
evaluated against the linear growth of the pathogenic and antagonistic fungi in vitro. For each of the essential 
oil, three concentrations, i.e 0.25, 0.5 and 1% were prepared and tested. Fungal inoculation, incubation 
conditions and growth measurements and calculations were followed as stated before.  
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 Plant Extracts: 
 
 Extracts of three plant leaves, i.e. Halfa Bar (Cymbopogon Proximus); Ginger (Zingiber officinale) and Bay 
laurel (Laurus nobilis) were evaluated for their inhibitory effect on fungal linear growth using in vitro test. The 
plant materials kindly obtained from Medicinal and Aromatic Plants Research Department, NRC, Egypt. The 
materials were washed with distilled water and dried in shade. The dried plant materials were then finely 
grinded to powder. Fifty grams of each plant material in powder form was homogenized by laboratory blender 
in 200 ml of ethanol (96%) and distilled water (20:80, v:v) for 10 min, then left in dark glass bottles for 72 h for 
tissue maceration. The extracts were filtered through thin cheesecloth sheets. The final extracts were collected 
separately in other dark glass bottles and exposed to 60°C in water bath for 30 min for ethanol evaporation. The 
collected extracts were then stored in a refrigerator at 5°C until needed. The extracts were added to sterilized 
PDA flasks before solidifying to obtain the proposed concentrations of 1, 2 and 4% (v/v). All in vitro testes 
concerning adjustment of supplemented media with different concentration of tested chemicals as well as fungal 
inoculation, incubation conditions and growth measurements and calculations were followed as stated before.  
 
Statistical Analysis: 
 
 All experiments were set up in a complete randomized design. One-way ANOVA was used to analyze 
differences between antagonistic inhibitor effect and linear growth of pathogenic fungi in vitro. A general linear 
model option of the analysis system SAS (SAS Institute Inc. 1996) was used to perform the ANOVA. Duncan’s 
multiple range test at P ≤ 0.05 level was used for means separation (Winer 1971). 
 
Results and Discussion 
 
Chemical Plant Resistance Inducers: 
 
 Results in Table (1) and Fig (1) showed the efficacy of different plant resistance inducers at different 
concentrations on the antagonistic ability of tested fungi. Obtained data revealed that concentrations used of 
calcium chloride enhance significantly the antagonistic ability of T. harzianum, T. viride and T. hamatum, 
respectively. Only, T. harzianum, exhibit complete reduction (100%) in all pathogenic fungal growth at 
concentration of 2 and 4% comparing with the range of 47.7-61.1% in medium free of calcium chloride. Similar 
observation was recorded with T. viride at concentration of 4% comparing with the range of 37.7-46.6% in 
medium free of calcium chloride. Meanwhile, T. hamatum showed less response to the calcium chloride 
concentrations as enhancement factor to antagonistic ability. 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). It is also known that addition of calcium chloride can 
also improve the activity of biocontrol agents (Droby et al. 1997; McLaughlin et al. 1990). 
 As for the mixture of Humic and Folic acids similar trend was also observed (Table, 1 and Fig. 1). 
Presented data revealed that concentrations of 0.4 and 0.6% increased the antagonistic ability of tested fungi. 
The antagonists resulted in reduction of pathogenic fungal growth to 100% which was observed at concentration 
of 0.2% for T. harzianum and at 0.4% for T. viride comparing to (47.7-61.1%) and (37.7-46.6%) for T. 
harzianum and T. viride respectively in medium free of Humic and Folic acids mixture. Also, T. hamatum 
showed lesser response to Humic and Folic acids mixture concentrations that its antagonistic ability was able to 
reduce pathogenic fungal growth from the range of (44.4-56.6%) in control treatment up to (71.1-82.2) in 
medium contains 0.6% Humic and Folic acids.  
 A number of studies have demonstrated that humic acids (HA) and fulvic acids (FA) are able to control 
plant diseases caused by various soil-borne phytopathogenic fungi (EL-Masry et al., 2002; Loffredo et al., 
2007). In contrast, Loffredo et al., (2008) evaluated two concentrations of humic and fulvic (HS) acid on the 
growth in vitro of one plant pathogenic, Sclerotinia sclerotiorum, and two antagonistic, Trichoderma viride and 
T. harzianum. They found that the presence of HS in the growing medium caused a relevant inhibition of the 
mycelial growth of S. sclerotiorum and a marked stimulation of sclerotial formation that was exhibited as early 
appearance and numerical increase. On the contrary, the same HS treatments generally did not inhibit the 
growth of the two Trichoderma species. 
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Table 1: Effect of some plant resistance inducers on the antagonistic ability of Trichoderma spp. against soil-borne pathogenic fungi in vitro. 
Antagonistic 
fungi 
 
 

Pathogenic 
fungi 

Chemical concentrations (%)
control Calcium chloride Potassium bicarbonate Sodium bicarbonate Potassium 

mono-hydrogen phosphate 
Humic + folic acids 

0.0 1 2 4 1 2 4 1 2 4 1 2 4 0.2 0.4 0.6 
 
T.  harzianum 
 
 
 
 

A. solani 41 * e 36 d 0 g 0 g 47 e 50 f 43 e 33 d 25 c 20 c 38 d 25 c 19 c 52 f 0 g 0 g 
F.  solani 46 e 16 b 0 g 0 g 65 g 50 f 41 e 42 e 33 d 29 cd 44 e 36 d 27 cd 30 d 0 g 0 g
F. oxysporum 47 e 17 b 0 g 0 g 60 g 53 f 44 e 40 e 30 d 26c 42 e 33 d 22 c 30 d 0 g 0 g 
R. solani 35 d 33 d 0 g 0 g 70 h 58 fg 43 e 51 f 43 e 36 d 50 f 42 e 33 d 35 d 0 g 0 g 
S. rolfsii 41 e 28 cd 0 g 0 g 50 f 30 d 20 b 49 e 33 d 24 c 48 e 32 d 19 b 32 d 0 g 0 g
M. phaseolina 35 d 33 d 0 g 0 g 48 e 28 b 21 b 38 de 31 d 28 b 40 de 31 d 24 c 52 f 0 g 0 g 
Pythium sp. 42 e 33 d 0 g 0 g 65 g 51 f 46 e 44 e 32 d 29 cd 42 e 34 d 26 c 33 d 0 g 0 g 

 
 
T. 
viride 
 

A. solani 49 ef 44 e 36 d 0 g 56 f 46 e 33 d 35 de 25 c 20 c 34 de 27 c 20 c 50 f 36 d 0 g 
F.  solani 56 f 53 f 33 d 0 g 55 f 49 ef 38 de 40 e 30 d 24 c 41 e 32 d 16 b 30 d 23 c 0 g 
F. oxysporum 54 f 46 e 41 e 0 g 60 g 43 e 40 e 45 e 30 d 26 c 46 e 33 d 24 c 25 c 20 c 0 g 
R. solani 52 f 50 f 38 de 0 g 80 i 65 g 50 f 40 e 33 d 28 c 40 e 31 d 21 c 50 f 31 d 0 g 
S. rolfsii 55 f 50 f 44 e 0 g 40 e 27 c 19 b 30 d 24 c 20 b 33 d 22 c 17 b 31 d 22 c 0 g 
M.  phaseolina 48 e 46 e 45 e 0 g 36 d 26 c 19 b 41 e 35 d 28 b 42 e 34 d 24 c 53 f 34 d 0 g 
Pythium sp. 51 f 48 e 36 d 0 g 63 g 49 ef 43 e 40 e 29 c 24 c 41 e 36 d 20 b 28 cd 21 c 0 g

 
T. 
hamatum 
 

A. solani 43 e 38 d 36 d 30 d 44 e 36 d 31 d 32 de 28c 24 c 31 de 29 c 20 b 27 cd 21 c 16 b
F.  solani 44 e 38 d 35 d 28 cd 48 ef 36 de 30 d 42 e 34 d 28 c 43 e 38 d 36 d 27 cd 20 c 16 b
F. oxysporum 43 e 40 e 30 d 26 c 46 e 44 e 38 d 46 e 35 d 30 d 45 e 38 d 34 d 32 d 24 c 18 b
R. solani 39 d 28 cd 26 c 20 c 69 g 50 f 44 e 40 e 33 d 28 c 40 e 36 d 32d 37 d 31 d 26 c 
S. rolfsii 50 f 47 e 32 d 24 c 29 c 20 b 18 b 32 d 26 c 22 c 33 d 30 d 25 c 38 d 30 d 22 c 
M.  phaseolina 42 e 41 e 40 e 32 d 27 c 17 b 12 b 41 e 34 d 28 c 42 e 40 e 36 d 28 cd 22 c 17 b
Pythium sp. 41 e 30 d 28 cd 23 c 47 ef 38 de 32 d 40 e 31 d 26 c 40 e 36 d 30 d 32 d 26 c 19 b

Mean values within columns followed by the same letter are not significantly different (P ≤ 0.05). 
* commercial chemical product of Humic and Folic acids mixture (1:1, V:V) 
** Linear fungal growth (mm). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Enhancement of the antagonistic ability of Trichoderma spp. against soil-borne pathogenic fungi in 

response to some plant resistance inducers in vitro. 
 
 Results in Table (1) and Fig (1) present the efficacy of Potassium, Sodium bicarbonates and Potassium 
mono-hydrogen phosphate on the antagonistic ability of Trichoderma spp. The obtained data revealed that 
Potassium mono-hydrogen phosphate have significant enhancement effect on the antagonistic ability of tested 
fungi followed by Sodium bicarbonate and Potassium bicarbonate, respectively. Data also revealed that 
Potassium bicarbonate concentrations showed lesser effect on the antagonistic ability of tested fungal bio-
agents. In this concern it was observed that the reduction in linear growth of pathogenic fungi against 
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antagonists fluctuated referring to concentration used for each pathogenic fungus. Enhancement of antagonistic 
ability of tested fungal bio-agents could be arranged in descending order as T. harzianum, T. viride and T. 
hamatum. In this respect, many workers reported that potassium and sodium bicarbonate showed inhibitory 
effects against several pathogenic fungi. In addition, bicarbonate salts has been shown to have a considerable 
inhibitory effect on several fungi and causes the collapse of hyphal walls and shrinkage of conidia (Punja and 
Grogan, 1982 and Ziv & Zitter, 1992). Hypothesis have been proposed for the inhibitory mechanisms of 
bicarbonate as hydrogen ion concentration of bicarbonate salts has been shown to have a profound inhibitory 
effect on sclerotia and conidia germination of S. rolfsii and S. fuliginea, respectively (Punja and Grogan, 1982 
and Homma et al., 1981). 
   
Essential Oils: 
 
 Essential oils, i.e. Cinnamon, Clove and Thyme at different concentration were evaluated for their effect on 
the antagonistic ability of fungal antagonists against soil-borne pathogenic fungi, in vitro conditions. The 
obtained results in Table (2) and Fig (2) revealed in general that all tested essential oils enhanced the 
antagonistic ability of fungal bio-agents. In this regards, Cinnamon oil have superior enhancement for increasing 
the antagonistic efficacy of T. harzianum, T. viride and T. hamatum followed by Clove and Thyme oils at all 
used concentrations. Data also showed that the antagonistic efficacy was increased as the concentration 
increased of tested essential oils.  Data also showed that the antagonistic ability of T. harzianum against tested 
pathogenic fungi in control treatment recorded between (48.8-61.1%) and enhanced up to (77.7-88.8%); (68.8-
88.8) and (66.6-88.8) at concentration of 1% of Cinnamon, clove and Thyme oils , respectively. Similarly, the 
antagonistic ability increased from (50.0-61.1%) up to (82.2-88.8%), (75.5-88.8) and (77.7-83.3%) for T. viride 
at 1% of Cinnamon, clove and Thyme oils, respectively. Also, in respective order the antagonistic ability of T. 
hamatum enhanced from (50.0-61.1%) in control up to (54.4-88.8), (73.3-86.6) and (74.4-84.4) at 1% of tested 
oils. 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. 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).  
 
Plant Extracts: 
 
 The effect of some plant extracts, i.e. Halfa Bar, Ginger and Bay laurel on the antagonistic ability of 
Trichoderma spp. against some soilborne pathogenic fungi was estimated in vitro. Data in Table (3) and Fig (3) 
revealed that all plant extract at different concentrates could enhance the antagonistic ability of tested fugal bio-
agents. In this concern, the antagonistic efficacy of T. harzianum against pathogenic fungi increased from the 
range of (48.8-61.1%) in media free of plant extracts up to (57.7-73.3%), (60.0-73.3%) and (58.8-73.3%) at the 
highest concentration (4%) of Halfa Bar, Ginger and Bay laurel, respectively. Meanwhile, the antagonistic 
efficacy of T. viride against pathogenic fungi also increased from the range of (50.0-61.1%), in media free of 
plant extracts up to (61.1-68.8%), (58.8-71.1%) and (57.7-71.1%) at the highest concentration. The recorded 
increase in antagonistic ability of T. hamatum was from (52.2-61.1) up to (61.1-71.1%), (60.0-75.5%) and (62.2-
74.4%) in respective order with concentration (4%) of Halfa Bar, Ginger and Bay laurel extracts.  
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Table 2: Effect of some essential oils on the antagonistic ability of Trichoderma spp. against soilborne pathogenic fungi in vitro. 
Antagonistic  
fungi 

 
Pathogenic fungi 

Essential oils (%) 
 control Cinnamon  Clove  Thyme  
0.0 0.25 0.5 1.0 0.25 0.5 1.0 0.25 0.5 1.0 

T. harzianum 
 

A. solani 41 * d 33 c 19 a 11 a 33 c 19 a 10 a 23 b 29 b 21 b 
F.  solani 46 d 20 b 15 a 10 a 20 b 15 a   10 a 45 d 36 e 30 e 
F. oxysporum 38 c 25 b 19 a 11 a 22 b 10 a 10 a 33 c 23 b 14 a 
R. solani 35 c 30 c 28 b 20 b 30 c 20 b 13 a 31 c  21 b 10 a 
S. rolfsii 41d 25 b 20 b 10 a 37 c 27 b 19 a 35 c  26 b 10 a 
M.  phaseolina 35 c 23 b 19 a 14 a 39 c 32 c  28 b 32 c 24 b 14 a 
Pythium sp. 36 c 28 b 18 a 10 a 36 c 22 b 17 a 35 c 24 b 19 a 

T. viride 
 

A. solani 35 c 30 c 21 b 14 a 28 b 21 b 10 a 26 b 20 b 16  a
F.  solani 43 d 35 c 21 b 13 a 38 c 17 a 10 a 35 c 27 b 20 b 
F. oxysporum 43 d 30 c 19 a 10 a 43 d 23 b  12 a 40 d 33 c  20 b 
R. solani 37 c 20 b 15 a 11 a 35 c 27  b 20 b 38 c 30 c   20 b 
S. rolfsii 45 d 30 c 24 b 10 a 43 d 28 b 16 a 41 d 32 c  16 a 
M.  phaseolina 39 c 24 b 12 a 10 a 28 b 24 b 22 b 36 c 30 c  15 a 
Pythium sp. 41 d 32 c 20 b 16 a 39 c 27 b 20 b 38 c 27 b 20 b 

T. hamatum 
 

A. solani 37 c 32 c 27 b 17 a 29 b 24 b 13 a 27 b 22 b 18  a
F.  solani 40 d 34 c 24 b 16 a 37 c 18 a 12 a 36 c 28 b 20 b 
F. oxysporum 41 d   31 c 21 b 12 a 44 d 26 b 15 a 43 d 35 c 22 b 
R. solani 35 c 25 b 18 a 11 a 37 c 24 b 23 b 36 c 33 c 23 b 
S. rolfsii 45 d 38 c 27 b 41 d 32 c 23 b 18 a 36 c 32 c 17 a 
M.  phaseolina 36 c 28 b 16 a 10 a 27 b 28 b 24 b 37 c  33 c 14 a 
Pythium sp. 41 d 32 c 24 b 18 a 37 c 24 b 19 a 39 c 30 c 21 b 

Mean values within columns followed by the same letter are not significantly different (P ≤ 0.05). 
* Linear fungal growth (mm) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Enhancement of the antagonistic ability of Trichoderma spp. against some soilborne pathogenic fungi in 

response to some essential oils in vitro . 
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Table 3: Effect of some plant extracts on the antagonistic ability of Trichoderma spp. against soilborne pathogenic fungi in vitro. 
Antagonistic  
fungi 

 
 
Pathogenic fungi 

Plant extracts (%) 
control Halfa Bar  C. Proximus Ginger Z. officinale bay laurel  L. nobilis 
0.0 1 2 4 1 2 4 1 2 4 

T. harzianum 
 

A. solani 41 * a 41 a 38 ab 32 b 40 a 37 ab 33 b 38 ab 36 b 31 b 
F.  solani 46 a 44 a 40 a 38 ab 41 a 39 ab 32 b 39 ab 36 b 32 b 
F. oxysporum 38 ab 37 ab 34 b 30 b 36 b 33 b 30 b 36 b 32 b 30 b 
R. solani 35 b 33 b 30 b 28 bc 32 b 30 b 27 c 33 b 30 b 26 c 
S. rolfsii 41a 40 a 38 ab 33 b 39 ab 37 ab 33 b 39 ab 36 b 31 b 
M.  phaseolina 35 b 33 b 30 b 27 b 31 b 27 c 24 c 31 b 27c 24 c 
Pythium sp. 36 b 31 b 28 bc 24 b 32 b 30 b 27 c 33 b 29 bc 26 c 

T. viride 
 

A. solani 35 b 32 b 30 b 28 bc 33 b 30 b 27 c 31 b 28 c 26 c 
F.  solani 43 a 41 a 38 ab 37 ab 40 a 37 ab 36 b 42 a 40 a 38 ab
F. oxysporum 43 a 40 a 38 ab 34 b 41 a 38 ab 37 ab 39 ab 37 ab 35 b 
R. solani 37 b 34 b 30 b 28 bc 32 b 29 bc 26 c 33 b 30 b 28 c 
S. rolfsii 45 a 42 a 39 ab 38 ab 41 a 38 ab 36 b 40 a 37 ab 34 b 
M.  phaseolina 39 b 34 b 31 b 28 bc 32 b 30 b 26 c 35 b 31 b 28 c 
Pythium sp. 41 a 38 ab 35 b 33 b 37 ab 33 b 29 bc 34 b 30 b 27 c 

T. hamatum 
 

A. solani 37 ab 33 b 29 cd 26 c 31 b 27 c 25 c 34 b 30 b 27 c 
F.  solani 40 a 36 b 32 b 30 b 37 ab 33 b 30 b 36 b 32 b 29 bc
F. oxysporum 41 a 37 ab 33 b 31 b 38 ab 33 b 30 b 36 b 32 b 29 bc
R. solani 35 b 31 b 27 b 24 c 31 b 26 c 22 c 30 b 26 c 23 c 
S. rolfsii 42 a 38 ab 35 b 33 b 37 ab 33 b 30 b 37 ab 35 b 29 bc
M.  phaseolina 36 b 33 b 30 c 28 bc 31 b 28 c 26 c 32 b 28 c 25 b 
Pythium sp. 41 a 37 b 33 c 30 b 38 ab 34 b 31 b 36 b 33 b 29 bc

Mean values within columns followed by the same letter are not significantly different (P ≤ 0.05). 
* Linear fungal growth (mm). 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Enhancement of the antagonistic ability of Trichoderma spp. against some soilborne pathogenic fungi in 

response to some plant extracts in vitro. 
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 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). 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). 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. Moreover, the mode by which microorganisms are inhibited by spices and their chemical compounds 
seems to involve different mechanisms. It was 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).  
 Hence, the objective of this study was to determine if plant resistance inducers, essential oils and plant 
extracts could provide enhancement effect to antagonistic ability against soil-borne pathogenic fungi. 
Considering their attribute and broad-spectrum activities, successful development of such compounds as 
antifungal would not only provide a potent tool for control of vegetables root rot, but also could promise success 
in multipurpose biorational alternatives to conventional fungicides for the management of other plant diseases. 
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