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ABSTRACT 
 
       Incidence of root rot and damping-off caused by Fusarium solani and Sclerotium 
rolfsii on cowpea plants was successfully controlled by some plant extracts, essential 

oils, bioagents, systemic resistance-chemical inducers and seed dressing fungicides 
which tested under laboratory, greenhouse and field conditions in two successive 
seasons (2008 and 2009). All tested plant extracts; Artemisia absinthium, Ocimum 
basilicum and Mentha longifolia; significantly reduced the linear growth of F. solani 
and S. rolfsii. The maximum inhibition in fungal radial growth was induced by Ocimum 
basilicum and Artemisia absinthium with averages of 81.29 and 61.99%, respectively. 
All the tested essential oils reduced the fungal growth of S. rolfsii, the most effective 
oils were Syzygium aromaticum and Eucalyptus globulus with averages of 87.70 and 
81.10 %, respectively. On the other hand, using culture filtrates of Trichoderma 
harzianum, T. viride and Bacillus subtilis significantly reduced the linear growth of F. 
solani and S. rolfsii with the average of 75.28, 69.62, and 54.36%, respectively. 
Results of chemical inducers revealed that salicylic acid have the highest inhibition 
effect on the mycelial growth of F. solani and S. rolfsii with the average of 20.00 and 
29.63 %, respectively.                                                                                                        
       Under greenhouse conditions, all treatments caused significant decrease of 
disease incidence and increase of survival plants, as compared to the untreated 
plants. Soaking seeds in Ocimum basilicum extract and S. aromaticum oil decreased 
damping-off and had the highest percentage of healthy survival cowpea plants. 
Soaking cowpea seeds in Vitavax-captan or in the suspension of T. harzianum, 
(however, had the best effect) for decreasing damping-off and increasing survival 
plants. The disease could be controlled also by salicylic acid and ascorbic acid (4mM) 
which decreased damping-off and root-rot incidence and increased survival plants. On 
the other hand, there is a correlation between induced resistance and some 
biochemical changes in leaf tissues of cowpea healthy plants such as increasing the 
activity of peroxidase and Polyphenol oxidase enzymes. T. harzianum, salicylic acid 
and S. aromaticum produced the highest level of peroxidase and Polyphenol oxidase 
enzymes activity.                                                                                              
      Under field conditions, Vitavax-captan, bioagents T. harzianum, plant extract; 
Ocimum basilicum, essential oil; S. aromaticum and resistance-inducing chemical 
salicylic acid significantly reduced disease incidence and increased seed yield 
production.                                                           

 

INTRODUCTION 
 

Cowpea (Vigna unguiculata L.) is belonging to the family 
leguminoceae. It is considered one of the most important crops in Egypt and 
as an inexpensive source of protein.                                        
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      The most important problems of legumes production in Egypt are due to 
pests and diseases, which attack the plant causing great losses in the yield 
quality and quantity. Rhizoctonia solani, Fusarium solani and Macrophomina 
phaseolina are the major pathogens causing cowpea diseases in Egypt 
(Tomader 2005).                                                                                                                       
     In addition, cowpea proved unalterable diseases caused by soil borne 
fungi in many countries worldwide especially Alternaria spp., Fusarium 
oxysporum, Fusarium solani and Sclerotium rolfsii which attack roots 
(Adandonon et al., 2004 and Infantiono et al., 2006).                                          
   Because of hazards of pesticides in general and fungicides in specific on 
public health and environmental balance, there is a need to find alternatives 
to synthetic pesticides. Such products from higher plants and microbes are 
relatively broad- spectrum, bio-efficacious, economical and environmentally 
safe and ideal candidates for use as agrochemical (Macias et al., 1997 and 
Cutler and Cutler, 1999).                                                                                                                                  
    Many natural compounds isolated from plants have been shown to have 
biological activities, and the essential oil from aromatic and medicinal plants 
is particularly interesting as described by many researchers (Deans and 
Ritchie 1987; Baratta et al., 1998 and Laura et al., 2002).                                                                                                                                 
    Biological control considered one of the most important strategies to 
control soil borne diseases incidence of legumes are studied by several plant 
pathologists Xi et al. (1996); Kalphna-Bhatnagar and Bansal (2003) and Negi, 
et al. (2005). Also, several successful attempts have been made to control 
these pathogens using the species of Trichoderma and Gliocladium. Hwang 
and Chakravarty (1993), Kapoor et al. (2005) and Sendhilvel, et al. (2005) 
studied five isolates of Pseudomonas fluorscens isolated from cowpea 
rhizosphere region against Macrophomina phaseolina. They found that, the 
seeds and soil application with P. fluorscens svpf2 significantly reduced rot 
incidence and increased seeds germination percentage and vigor index of 
cowpea plants. In addition, Hwang and et al. (1996) and Wakelin et al. (2002) 
reported that pea's seeds inoculation with Bacillus subtilis reduced seed and 
root rot caused by Pythium ultimum and Aphanomyces euteiches and 
significantly increased seedling survival and shoot dry weight compared to 
non-treated seeds in infested soil.                                                                                       
      Induced disease resistance can be defined as the process of active 
resistance dependent on the host plant physical or chemical barriers 
activated by biotic or a biotic agents Kloeper et al. (1992) and could be 
induced in plants by applying chemical elicitors Reglinski et al. (2001). 
Several investigators such as Dmitrier et al. (2003) and Achuo et al. (2004) 
used different inducers like salicylic, benzoic, citric, ascorbic and oxalic acids 
beside ribavirin. On the other hand, induced resistance may also affect other 
growth parameters; chlorophyll content, plant growth, accumulation of 
antifungal compounds and increasing activity of oxidative enzymes (Ziadi et 
al., 2001; Malolepsza and Urbanek, 2002 and Fariduddin et al., 2003).                                                              
        The present investigation was conducted to control root rot and 
damping-off of cowpea using some plant extracts, essential oils, antagonistic 
bacteria and fungi and some chemical inducers in vitro and under both 
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greenhouse and field conditions and to study their effect on some cowpea 
agronomic characters also, their impacts on activity of oxidative enzymes. 

 
MATERIALS AND METHODS 

 
1- Laboratory Experiment:  
1.1- Isolation and identification of pathogenic fungi:   
       Roots of cowpea, showing typical symptoms of root-rot and wilt, were 
washed carefully with tap water, dried between two filter papers and then cut 
into small pieces. Pieces of infected roots were surface sterilized using 
sodium hypochlorite 3% for 2 min., washed with sterilized water, dried 
between sterilized filter papers, then directly transferred to Petri dishes 
containing potato dextrose agar (PDA) medium, and incubated at 25˚C for 5 
days. The developed fungal hypha were isolated, and finally purified by the 
single spore or hyphal tip techniques Brown (1924) and Hawker (1960). The 
isolated fungal pathogens were identified by the aid of Department of 
Mycology, Plant Pathology Institute, Agricultural Research Center Giza, 
Egypt. Confirmation of pathogenicity of these isolates were done on the host 
from which it was isolated the pathogenicity tests revealed that these isolates 
were Fusarium solani and Sclerotium rolfsii.                                                                   
1.2- Effect of plant extracts on the linear growth of the pathogens: 

   The effect of some plant extracts such as absinthe (Artemisia 
absinthium L.), mint (Mentha longifolio L. hupson) and basil (Ocimum 
basilicum L.) were tested against F. solani and S. rolfsii. Dry plants were 
grounded into fine powder and boiled in distilled water at the rate 1:1 (w/v) for 
four hours, and allowed to stand overnight Arjunan et al. (1994). The mixtures 
were filtered through two layers of cheesecloth, centrifuged for 10 minutes at 
300 rpm and supernatant sterilized using zeits filter. 100 ml of the crude plant 
extract was incorporated into 900 ml of PDA media and poured into Petri 
dishes of 9 cm diameter at the rate of 15 ml/Petri dishe. Plates of agar 
medium without any plant extracts saved as control and four replicates were 
maintained for each treatment. The Petri dishes were inoculated with equal 
disks (4 mm in diameter) of pathogenic fungi (F. solani or S. rolfsii). The 
plates were incubated at 27˚C. Linear growth of each tested pathogenic fungi 
was measured after the diameter of the growth in control treatment reached 
the average of 9cm (Atia, 1995).                                                                                                    
1.3- Effect of essential oils on the linear growth of the pathogens:  
       The effect of essential oils of Nigella ( Nigella sativa L.), Clove (Syzygium 
aromaticum), Blue gume (Eucalyptus globulus Labill) and Bergamot 
(Momordica fistulosa L.) on the mycelial growth of the tested fungi was 
carried out under laboratory conditions. The crude oils were added to 
autoclaved PDA medium at (10000 ppm) prior to pouring the PDA medium 
Thakur et al. (1989). Amended medium was poured into sterilized Petri 
dishes of 9 cm diameter at the rate of 15 ml/Petri dish and others without any 
essential oil were prepared and served as control. Petri dishes were 
inoculated with equal discs (4 mm in diameter) of each tested fungi and 
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incubated at 27˚C and the linear growths were measured as mentioned by 
(Atia, 1995).                                                                
1.4- Effect of different bioagents filtrates on the linear growth of the 

pathogens: 
         The interaction between culture filtrates of Trichoderma harzianum, T. 
viride, Gliocladium vierus, Bacillus subtilis and Pseudomonas fluorescencs 
and the pathogenic fungi was studied under laboratory conditions. Culture 
filtrates of Trichoderma spp. and G. vierus were obtained from liquid gliotoxin 
fermentation medium (GFM) developed by Brain and Hemining (1945) under 
complete darkness condition to stimulate toxin production Abd El-Moity and 
Shatla (1981).The bacterial culture filtrates were obtained in 500 ml flasks 
capacity each contain 150 ml liquid King s   B medium King et al. (1945). Ten 
ml from sterile culture filtrates were added to flasks contained 90 ml warm 
PDA medium. Then amended medium was poured into sterilized Petri dishes 
of 9 cm diameter at the rate of 15 ml/Petri dish and others without any culture 
filtrates were prepared and served as control. Petri dishes were inoculated 
with equal discs (4 mm in diameter) of each tested fungi and incubated at 
27˚C. Growth reading was made after the pathogenic fungi in the control 
treatment, almost covered the medium surface. The mean diameter of the 
pathogenic fungi was measured in each treatment and the percentage of 
growth reduction due to the presence of different microorganisms filtrates 
were calculated from the following formula:                                                  
R= (B-C/B х100) where: R= the percentage of growth reduction, B= the mean 
diameter of the fungus in the control. C= the mean diameter of the 
pathogenic fungi in the treatment.                         
Effect of chemical inducers on the linear growth of the pathogen:  1.5- 
 
Table (1): Chemical inducers and its some different properties. 

 
The effect of chemical Systemic Acquired Resistance (SAR); 

ascorbic, salicylic and oxalic acids on the mycelial growth of the tested fungi 
was carried out under laboratory conditions. Chemical compounds were 
dissolved in ethanol (95%) and added to autoclaved PDA medium at one 
percent concentrate 4 mM Booth (1971). Amended medium was poured into 
sterilized Petri dishes (9cm diameter) at the rate of 15ml/petri dish and others 
with ethanol only at (95%) were prepared and served as control, and  
incubated at 27˚C and the linear growth were measured as mentioned 
previously.                                                                                                                       
2- Greenhouse Experiments: 
            Greenhouse experiments were conducted to evaluate the effect of the 
tested plant extracts, essential oils and bioagents on the plant growth, 

Chemical Inducers Structure molecules 
Mol. weight 

(M.W) 
Concentration 

Ascorbic acid C6H8O6 176.00 4 mM 

Salicylic acid HOC6H4CO2H 138.12 4 mM 

Oxalic acid HO2CCO2H 90.04 4 mM 
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disease incidence and some physiological activities of cowpea plants infected 
with F. solani and S. rolfsii.        
2.1- Effect of seed soaking in different plant extracts and essential oils 

on disease incidence: 
        Seeds of cowpea (Cream 7) were soaked for 12 hrs in the crude plant 
extracts and essential oils. Soil were infested with F. solani and S. rolfsii 
grown on sand wheat bran medium (1: 3 v/v) at the rate of 2% w/w and 
dispensed one weak before sowing in 25 cm diameter pots. Treated seeds 
were air-dried and then seven seeds were sown/ pot containing the tested 
fungi. Four pots were used for each treatment. Seeds soaked in the sterile 
distilled water were sown in the same manner as control. Pre and post 
emergence damping-off recorded after 15 and 30 days, respectively, healthy 
survival plants and fresh and dry weight of plants were determined after 40 
days.                           
2.2- Effect of tested bioagents on disease incidence:  
        The effect of different biocontrol agents (T. harzianum, T. viride, 
Gliocladium vierus, B. subtilis and P. fluorescence) aganist disease incidence 
were tested. Seeds of cowpea (Cream7) were soaked in suspension of the 
antagonistic fungi and bacteria for 12 hrs. Spore suspension (6х10

5 

spores/ml) of each fungus were added and mixed with germinated seeds, 
while germination seeds Khaleifa et al. (2007) were immersed in the bacterial 
cell suspension of concentrations (3.1х10

7 
cuf/ml). The treated were 

incubated for 12 hrs at room temperature then they were sown in the infested 
soil.                                                                                                                                          
2.3- Effect of seed treatments with chemical inducers. 
      Cowpea cv. Cream7 were soaked for 12 hrs in the solution of ascorbic, 
salicylic and oxalic acids at the rate of 4 mM to study their effects in inducing 
resistance in cowpea plants against root rot and wilt caused by F. solani and 
S. rolfsii.                                                                                              
2.4- Effect of seed treatments with Vitavax captan on disease incidence: 
          Seeds were dressed with the fungicide Vitavax captan at the rate of 3 
gm/kg seeds and used as recommended treatment. Each treatment had four 
replicates.            
3- Determination of chemical constitutes: 
           The activity of the oxidative enzymes; peroxidase (PO) and 
Polyphenol oxidase (PPO) in the 30-day-old treated and untreated cowpea 
plants were determined.                                                         
3.1- Determination of peroxidase activity: 
       Enzyme extraction from the leaves was prepared from 30 days-old plants 
as described by Maxwell and Bateman (1967). The leaf tissues were ground 
in a mortar with 0.1M sodium phosphate buffer at PH7.1 (2ml buffer/gm of 
fresh tissues). Triturated tissues were strained through four layers of 
cheesecloth and then filtrates were centrifuged at 3000 rpm for 20 min. at 
6˚C. The supernatant fluid was used for enzyme assays.                                                                                                                                         
         Peroxdase activity was determined according to the method described 
by Allam and Hollis (1972) by the oxidation of pyrogallol to pyrogallin in the 
presence of H2O2 at 425nm. The sample curette contained 0.5 ml of 0.1 
potassium phosphate buffer at PH7 and 0.1m enzyme extract, 0.3m of 0.05M 
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pyrogallol, 0.1ml of 1% H2O2 and distilled water to bring curette contents to 
3ml. The rate of peroxdase activity was expressed as the change in 
absorbance at 425 nm/gram fresh weight/min.                      
3.2- Determination of polyphenol oxidase activity:                                                         
        The activity of Polyphenol oxidase was measured as described by Matta 
and Dimond (1963). The reaction mixture consisted of 0.3ml. sample (1.0 ml. 
sodium phosphate buffer PH7, and 1.0 ml 10

3
 M catechol) and completed 

with distilled water to 6.0 ml. The Polyphenol oxidase activity was assayed as 
mentioned above and expressed as the change in absorbency 1 minute/1g 
fresh weight.                                    
4- Field Experiments:  
        The most efficient of plant extracts such as absinthe (Artemisia 
absinthium L.) and basil (Ocimum basilicum L.), essential oils as clove 
(Syzygium aromaticum) and blue gum (Eucalyptus globulus Labill), bioagents 
(T. harzianum, T. viride,  B. subtilis and P. fluorescence) and chemical 
inducer (ascorbic and salicylic), which showed the highest reductions of 
disease incidence under greenhouse conditions were used in these 
experiments.                                                                                                             
        The field experiments were carried out at Etay El-Baroud Agricultural 
Experiments Station in two successive seasons during 2008 and 2009. The 
experiment unit 3х3 meter, contained four rows with distance 30 cm between 
hills and 2 seeds per hill. Cowpea cv. Cream7 was used in this investigation 
and sown in March for both seasons. Treatments were arranged in complete 
randomized block design with four replicates. Pre and post emergence 
damping-off were recorded after 30 and 45 days, respectively.                                                                                                          
5- Statistical analyses: 
      Data collected were subjected to the statistical analyses according to the 
standard methods recommended by Gomez and Gomez (1984) using the 
computer program (costate). Means were compared using L.S.D. at the level 
5% of probability.                             
 

RESULTS AND DISCUSSION 
 
1- In vitro experiments:  
      Aqueous leaf extracts from Artemisia absinthium, Ocimum basilicum and 
Mentha Longifolia inhibited fungal growth. Table (2) showed that O. basilicum 
exhibited the maximum inhibition of fungal growth with an average of 81.29%, 
while the minimum inhibition of fungal growth was exhibited by M. Longifolia 
with an average of 39.07%. These results are in agreement with those 
reported by Srivastava and Bihari (1997), who reported that leaf extract of O. 
basilicum protected fruit rot of pea due to Alternaria alternata by 82.85%. 
Thymol and phenol present in Lantana camara and O. basilicum are toxic 
substances, which inhibited the growth of many fungi and bacteria 
Anonymous (1975) and (1976). In this respect, Cown (1999) reported that 
this effect may be attributed to plant contents of secondary metabolites (e.g., 
phenolic, alkaloids, flavonoids and terpenoids) that could adversely 
influences pathogen growth and development.                                   
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Table (2): Reduction percentage of mycelial growth of F. solani and 
S.rolfsii as affected by some plant extracts.     

                      F. solani     S. rolfsii      Interaction FхS 
L.S.D 5%            4.23           3.45              N.S 

           
        All of the oils tested against F. solani and S. rolfsii exhibited antifungal 
activity. Oils of S. aromaticum and E. globulus exhibited the highest reduction 
of the mycelial growth followed by M. fistulosa oil while N. sativa had slight 
reduction effect on mycelial growth Table (3). These results are in agreement 
with that mentioned by Antonov et al. (1997) who found that clove oil (S. 
aromaticum) reduced condium germination and germ tube length elongation 
and mycelial growth of Botrytis cinera with 67.00, 77.45 and 93.90%, 
respectively. Farag et al. (1989) found that essential oils of thyme, cumin, 
clove and rose mary caused complete inhibition of Asperigillus parasitic 
mycelial growth and aflatoxin production. In this respect, Tombe et al. (1995) 
reported that clove oil contains various volatile compounds e.g Eugenol, 
eugenol acetate and B- caryophllene. Eugenol inhibited radial growth and 
sporulation F. oxysporum, also the mycelia tips swelled, branched and distort. 
Zambonelli et al. (1996) observed that the essential oils of Mentha piperita 
and Thymus vulagris caused degeneration of the F. solani hyphae, which 
appeared emptied of their cytoplasmic content. Rahhal (1997) reported that 
several essential oils as clove, rose, bergamot, eucalyptus, nioul and 
lavender were able to prevent the growth of B. cinerea in vitro.                                            
 
Table (3): Reduction percentage of mycelial growth of F. solani                                               

and S. rolfsii as affected by some essential oils 

                   F. solani      S. rolfsii   Interaction FхS 
L.S.D 5%        1.43             1.01          0.45 

          
            The biocontrol action of T. viride, T. harzianum, G. virens, B. subtilis 
and P. florescens filtrates on F. solani and S. rolfsii presented in Table (4) 
which showed that the culture filtrates of each T. harzianum and T. viride 
significantly   reduced the radial growth of the tested pathogenic fungi 
significantly with averages of 75.28 and 69.62%, respectively. On the other 
hand, moderate reduction effect was obtained with B. subtilis with an average 

Reduction of linear growth (%) 
Plant extracts 

Mean S. rolfsii F. solani 

61.99 59.63 64.37 Artemisia absinthium 

81.29 79.23 83.33 Ocimum basilicum 

39.07 33.70 44.44 Mentha longifolia 

 57.52 64.05  Mean 

Reduction of linear growth (%) 
Essential oils 

Mean S. rolfsii F. solani 

81.10 81.10 81.10 E. globulus 

83.87 87.70 79.99 S. aromaticum 

16.23 13.99 18.46 N. sativa 

58.89 51.10 66.67 M. fistulosa 

 58.48 61.56  Mean 
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of 54.36%. P. florescence had the least effective reduction with an average of 
49.66%. The same results are obtained by Shalaby and Atia (1996) and 
Nawal et al. (2006) where T. harzianum, T. koningii and B. subtilis had the 
highest percentages of reduction linear growth of F. oxysporum, V. albo-
atrum and F. solani. The bioagents might effect the pathogen through 
excreting antimicrobial substance that effect the pathogen growth Bolar et al. 
(2000). It has been known that Trichoderma spp. inhibit the fungal growth by 
three mechanisms, competition (for space and nutrients), parasitism (deriving 
nutrients from the host) and antibiosis (production of an inhibition metabolite 
or antibiotic) Lorito et al. (1994) and Harman (2006), additionally, B. subtilis 
through phytoalexins production and increasing the activities of lyic  enzymes 
(Sailaja et al., 1998).                                                                                                                
 
Table (4): Reduction percentage of the mycelial growth of F. solani and 

S. rolfsii due to culture filtrates of the fungal and bacterial 
antagonists. 

                  F. solani      S. rolfsii      Interaction FхS 
L.S.D 5%         1.20                 0.85          0.37                

 
             Three antioxidants were used to evaluate their effects on the linear 
growth of F. solani and S. rolfsii Table (5). The tested antioxidants proved to 
be effective against these fungi. Salicylic acid was the most effective, which 
reduced the mycelial growth with an average of 46.85%. On the other hand, 
the minimum reduction was exhibited by oxalic acid with an average of 
24.81%. These results are in agreement with the findings of Hussain (2009) 
who mentioned that salicylic, benzoic and oxalic acids inhibited the mycelial 
growth of A. cucumerinum with averages of 22.5, 23.7 and 28.7%, 
respectively.                                                                             
                                          
Table (5): Effect of some chemical antioxidants on the mycelial growth 

of F. solani and S. rolfsii. 

                   F. solani        S. rolfsii     Interaction FхS 
L.S.D 5%       4.841               3.952             N.S 

             

Reduction of in linear growth (%) 
Culture filtrates 

Mean S. rolfsii F. solani 

69.62 61.54 77.70 T. viride 

75.28 67.88 82.67 T. harzianum 

54.36 51.17 57.21 B. subtilis 

49.66 46.65 52.66 P. fluorescens 

50.57 47.07 54.07 G. virens 
 54.86 64.93  Mean 

Reduction of linear growth (%) 
Antioxidants 

Mean S. rolfsii F. solani 

37.41 40.93 33.89 Ascorbic acid 

46.85 29.63 20.00 Salicylic acid  

24.81 48.70 45.00 Oxalic acid  

 39.75 32.96  Mean 
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2- Greenhouse Experiments:            
       The effect of soaking cowpea seeds Cream 7 in the tested plant extracts, 
essential oils, bioagents and antioxidants on the pre and post emergence 
damping-off incidence has been studied under greenhouse conditions as the 
methods described by Atia et al. (2002). Seed soaking in S. aromaticum oil 
had the lowest percentage of pre emergence damping-off with the average of 
20.83% for both F. solani and S. rolfsii, however, O. basilicum leaf extract 
showed the least percentage of damping-off for F. solani and A. absinthium 
for S. rolfsii and caused significant increases in survival plants with the 
average of 66.67 and 61.12 %,  respectively Table (6). These results are in 
agreement with those obtained by Dwivedi and Singh (1998) and Atia et al. 
(2002) who studied the efficacy of (crude and aqueous) leaf extract of basil 
(Ocimum basilicum) and neem (Azadirachta indica) against major seed borne 
fungi of African yam bean. They reported that the incidence of seed borne 
fungi decreased and the seed germination and seedling emergence 
increased compared with the untreated control. The results indicated that the 
reduction effect of plant extracts on root rot of cowpea may be due to the 
absorption and translocation of the active  substances into the seeds or 
seedling tissues and the remain during the seedling stage when most of 
disease occurs El-Shami, Mona et al. (1985) and Agha (1992). The same 
results were obtained by Atia et al. (2002), who found that under greenhouse 
conditions, seed soaking in garlic extract and dianthus oil gave the highest 
percentage of healthy survival of eggplants and pepper. These effects might 
be due to the presence of some antibiotic substances such as volatile sulpher 
compounds, phenolic compounds alkaloids. 
 
Table (6): Effect of some plant extracts and essential oils as seed 

soaking on pre and post emergence damping-off of 
cowpea cv. Cream 7, under greenhouse conditions.          

 
Results in Table (7) show that, seeds treated with the fungicide 

Vitavax captan and sown in infested soil with either F. solani or S. rolfsii 

Treatments 

Disease incidence % 

F. solani S. rolfsii 

Pre 
emergence 

(%) 

Post 
emergence 

(%) 

Survival Pre 
emergence 

(%) 

Post 
emergence 

(%) 

Survival 

Plant extracts 
A. absinthium 
M. longifolia 
O. basilicum 

 
33.33 

 
6.67 

 
60.00 

 
33.33 

 
5.55 

 
61.12 

46.67 11.11 42.22 53.33 5.55 41.12 

33.33 0.00 66.67 40.00 0.00 60.00 

Essential oils 
E. globulus 
N. sativa  
M. fistulosa  
S. aromaticum  

 
20.00 

 
6.67 

 
73.33 

 
37.50 

 
0.00 

 
62.50 

53.33 5.55 41.11 53.33 0.00 46.67 

59.00 0.00 41.00 60.00 0.00 40.00 

20.83 6.67 72.50 20.83 11.11 68.06 

Vitavax captan 25.00 0.00 75.00 23.33 0.00 76.67 

Infested-soil 63.33 0.00 36.67 66.67 0.00 33.33 

Non infested soil 00.00 0.00 100.0 00.00 0.00 100.0 

L.S.D   5 % 10.49 2.69 11.19 13.464 5.18 9.74 
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caused an increase in cowpea fresh and dry weight with averages of 4.68, 
1.82, 4.87 and1.97 (g), respectively, followed by S. aromaticum treatment 
which had averages of 4.56, 1.56, 4.31 and 1.88 (g), respectively. 
 
Table (7): Effect of some plant extracts and essential oils as seed 

soaking on cowpea  fresh and dry weight under greenhouse 
conditions. 

 
Seed soaking treatments with fungal and bacterial spore's 

suspension reduced the incidence of cowpea pre and post emergence 
damping-off caused by F. solani and S. rolfsii. The results in Table (8) 
indicate that Vitavax captan had the best effect followed by T. harzianum, 
which reduced the incidence of pre emergence damping-off caused by F. 
solani with averages of 20.83% and 23.34%, respectively. In contrast, G. 
virens and P. fluorescens exhibited the lowest effect. In case of S. rolfsii, T. 
harzianum was the most effective followed by B. subtilis, which reduced the 
disease incidence with averages of 29.17 and 33.33%, respectively, and 
caused significant increases in survival plants with averages of 70.83 and 
66.67%, respectively. These results are in agreement with those obtained by 
El-Kafrawy et al. (2002) and Khaliefa et al. (2007), they reported that the 
culture filtrate of spore suspension of T. harzianum was generally the best 
treatment in decreasing damping-off and charcoal rot of sunflower as well as 
increasing survival plants while culture filtrates of P. fluroesens was the least 
effective in this respect. The same results were obtained by Atia et al. (2002) 
who found that filtrates of Trichoderma sp. and B. subtilis behaved the best 
results in controlling damping-off and root rot diseases of eggplants and 
pepper.                                
 
 
 
 
 

Treatments 

Growth parameters 

F. solani S. rolfsii 

Plant fresh 
weight /g 

Plant dry 
weight/g 

Plant fresh 
weight /g 

Plant dry 
weight/g 

Plant extracts 
A. absinthium 
M. longifolia 
O. basilicum 

 
3.58 

 
1.29 

 
4.21 

 
1.56 

2.60 0.69 3.22 0.69 

4.08 1.84 3.58 1.14 

Essential oils 
E. globulus 
N. sativa  
M. fistulosa  
S. aromaticum 

 
4.50 

 
1.78 

 
4.62 

 
1.75 

2.59 0.56 3.41 0.75 

2.01 0.40 2.76 0.59 

4.56 1.56 4.31 1.88 

Vitavax captan 4.68 1.82 4.87 1.97 

 Infested-soil 1.75 0.31 1.70 0.25 

Non infested soil 6.74 2.76 6.74 2.76 

L.S.D   5 % 1.70 0.56 1.37 0.68 
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Table (8): Effect of cowpea seed soaking treatments with fungal and 
bacterial spores suspension on the pre and post-emergence 
damping-off % caused by F.solani and S. rolfsii under 
greenhouse conditions.  

 
        Results in Table (9) show that seed soaking in T. harzianum, T. viride 
and Vitavax-captan and sown in infested soil with F. solani caused an 
increased in cowpea fresh and dry weight (g). In case of treated seeds with 
bioagents; T. harzianum and T. viride, they had the best averages, these may 
be due to the availably of essential nutrient elements for plant and production 
of some growth regulators such as gibberellins (GA3 and GA4), IAA and 
some of vitamin B group which increased plant growth (Tong et al., 1993).  
 
Table (9): Effect of cowpea seed soaking with fungal and bacterial 

spores suspension on fresh and dry weight under 
greenhouse conditions.   

 
       Chemical inducers significantly reduced damping-off % caused by F. 
solani and S. rolfsii compared with the control as it clear in Table (10). 
Salicylic acid at 4 mM followed by ascorbic acid recorded significant reduction 
effect and caused significantly increased in survival plants compared with 
control with the averages of 73.33, 62.50, 66.67 and 60.00. Maggie et al. 
(1996), Mahmoud and Gomah (2006), and Raju et al. (2008), who studied the 
effect of these chemical inducers on induction of plant resistance against soil 

Treatments 

Disease incidence % 

F. solani S. rolfsii 

Pre 
emergence 

(%) 

Post 
emergence 

(%) 
Survival 

Pre 
emergence 

(%) 

Post 
emergence 

(%) 
Survival 

T. harzianum 23.34 00.00 76.67 29.17 00.00 70.83 

T. viride 26.67 11.11 62.23 37.50 00.00 62.50 

G. virens 37.50 11.11 51.39 40.00 16.66 43.34 

B. subtilis 25.00 6.67 68.33 33.33 00.00 66.67 

P. florescens 37.50 00.00 62.50 00.00 00.00 62.50 

Vitavax captan 20.83 00.00 79.17 25.00 00.00 75.00 

 Infested-soil 65.00 00.00 35.00 70.00 00.00 30.00 

Non infested soil 00.00 00.00 100.0 00.00 00.00 100.0 

L.S.D   5 % 14.75 6.15 10.40 8.19 10.20 13.09 

Treatments 

Growth parameters 

F. solani S.rolfsii 

Plant fresh 
weight /g 

Plant dry 
weight/g 

Plant fresh 
weight/g 

Plant dry 
weight/g 

T. harzianum 5.00 2.78 4.70 1.80 

T. viride 4.53 2.27 4.60 1.63 

G. virens 3.45 1.50 3.04 1.45 

B. subtilis 4.30 1.98 3.85 1.60 

P. florescens 4.00 1.94 4.01 1.50 

Vitavax captan 4.90 2.30 4.66 1.75 

 Infested-soil 1.70 0.29 1.65 0.26 

Non infested soil 6.80 2.98 6.78 2.95 

L.S.D   5 % 1.23 0.87 1.36 0.62 
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born fungi showed that salicylic, citric and oxalic acids followed by hydrogen 
peroxide had the highest reduction on disease incidence and consequently 
increased fresh and dry weight. Kachroo et al. (2005), found that salicylic acid 
as foliar spray treatment caused a reduction in root rot disease in cowpea 
caused by R. solani. Salicylic acid has been identified as an important 
signaling element involved in establishing the local and systemic disease 
resistance response of plants after pathogen attack Alvarez (2000). After a 
pathogen attack, SA levels often increases, induces the expression of 
pathogenesis related proteins, and initiates the development of systemic 
acquired resistance and hypersensitive response (Gruner et al., 2003).              
 
Table (10): Effect of cowpea seed soaking with chemical inducers on 

pre and post emergence damping-off % caused by  F. 
solani and S. rolfsii under greenhouse condition. 

      
         Results in the Table (11) show that from the tested chemical inducers, 
salicylic acid and ascorbic acid exhibited the highest values of plant fresh and 
dry weight (g) which were sown in infested soil with  F. solani  and S. rolfsii. 
In contrast, Citric acid was the least effective treatment.  
 
Table (11): Effect of cowpea seed soaking treatments with chemical 

inducers on pre and post emergence damping-off on fresh 
and dry weight under greenhouse conditions.   

 
 
 
 
 

Treatments 

Disease incidence % 

F. solani S.rolfsii 

Pre 
emergence 

(%) 

Post 
emergence 

(%) 
Survival 

Pre 
emergence 

(%) 

Post 
emergence 

(%) 
Survival 

Ascorbic acid 37.56 00.00 62.50 40.00 00.00 60.00 

Salicylic acid 33.33 00.00 73.33 33.33 00.00 66.67 

Oxalic acid 46.67 00.00 53.33 46.47 6.67 46.67 

Vitavax captan 20.00 00.00 80.00 23.33 00.00 76.67 

Infested-soil 66.67 00.00 33.33 70.00 00.00 30.00 

Non infested soil 00.00 00.00 100.0 00.00 00.00 100.0 

L.S.D   5 % 14.53 ns 14.53 11.48 2.10 13.59 

Treatments 

Growth parameters 

F. solani S.rolfsii 

Plant fresh 
weight /g 

Plant dry 
weight/g 

Plant fresh 
weight /g 

Plant dry 
weight/g 

Ascorbic acid 3.59 1.57 3.58 1.45 

Salicylic acid 4.43 1.69 3.85 1.65 

Oxalic acid 3.06 1.46 3.28 1.40 

Vitavax captan 4.51 1.78 4.20 1.56 

 Infested-soil 1.72 0.31 1.70 0.28 

Non infested soil 6.45 2.70 6.46 2.70 

L.S.D   5 % 1.26 0.73 1.03 0.74 
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2.1- Effect of different treatments on the changes of polyphenol oxidase 
(PPO) and peroxidase (PO) activities of infected plants: 

       Investigations of pathogen – host interactions problems are often 
encountered where a number of factors are involved; one is how the host 
defends itself. The high activities of peroxidase and catalase recorded in 
infected untreated plants could be considered as an antioxidant mechanism 
for protecting plants against the effects of pectinase on the plant cell walls. 
Activities of oxidative enzymes in any infected plants tissues are known to 
contribute to disease resistance mechanisms through the oxidation of 
phenols Tarrad et al. (1993) and Yehia et al. (2004). Data in Table (12) 
showed that all treatments increased the enzymes activities of peroxidase 
(PO) and polyphenoloxidase (PPO) compared with the infested soil without 
any treatment. In case of cowpea seeds treated with different agents and 
sown in infested soil with F. solani or S. rolfsii, leaves peroxidase activity 
increased sharply especially with treatments of T. harzianum and salicylic 
acid with averages of 1.611, 1.216, 0.526 and 0.650, respectively.  
 
Table (12): Effect of different biotic and abiotic agents on peroxidase 

and  polyphenol oxidase activities in leaves (30-day-old) of 
cowpea plants cv. Cream7 infected with F. solani and S. 
rolfsii under greenhouse  conditions.   

Z: Activity of peroxidase, and polyphenol oxidase enzymes were expressed as change in 
absorbance / minute / 1.0 g fresh weight. 

 
In contrast, polyphenoloxidase activity increased with the treatments of 
salicylic acid followed by T. harzianum with averages of 0.133, .082, 0.102 

Treatments 

Enzyme activity (z) 

Peroxidase  (PO) Polyphenol oxidase (PPO) 

F. solani S. rolfsii F. solani S. rolfsii 

Plant extracts 

A. absinthium 0.868 0.557 0.051 0.047 

M. longifolia 0.784 0.390 0.046 0.044 

O. basilicum 0.486 0.429 0.050 0.054 

Essential oils 

E. globulus oil 0.830 0.509 0.066 0.062 

N. sativa oil 0.320 0.274 0.028 0.022 

M. fistulosa oil 0.393 0.400 0.040 0.034 

S. aromaticum oil 0.633 0.442 0.068 0.053 

Bioagents 

T. harzianum 1.216 0.526 0.133 0.102 

T. viride 0.730 0.479 0.066 0.061 

G. virens 0.520 0.450 0.046 0.041 

B. subtilis 0.900 0.461 0.060 0.062 

P. florescens 0.465 0.432 0.044 0.039 

Chemical inducers 

Ascorbic acid 0.900 0.461 0.047 0.041 

Salicylic acid 1.611 0.650 0.082 0.076 

Oxalic acid 0.450 0.390 0.038 0.034 

Vitavax-captan 0.685 0.595 0.043 0.038 

 Infested-soil 0.274 0.163 0.022 0.019 

Non infested soil 0.349 0.349 0.032 0.032 
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and 0.076 respectively. These results are in agreement with the results of 
Abd-El-Kareem (2007),  Gailte et al. (2007) and Jayalakshmi et al. (2009), 
since they reported that the activities of both polyphenol oxidase and 
peroxidase increased after the treatment with Trichoderma harzianum, 
Mandal et al. (2009) mentioned that PO and PPO are important in the 
defense mechanism against pathogens, through their role in the oxidation of 
phenolic compounds to quinines, causing increasing in antimicrobial activity. 
Therefore, they may be directly involved in stopping pathogen development. 
In addition, protective effect of ascorbic acid and salicylic acid more related to 
reduce active oxygen species damage to essential protein and/or nucleic acid 
(Noctor and Foyer, 1998).                                                                                                                       
3- Field Experiments.  
        Data in Table (13) show that all seeds treatments decreased disease 
incidence percentage and increased cowpea seed yield per replicate (g) 
compared with the control treatment in the two successive seasons 2008 and 
2009. From the above table it is clear that in the first season 2008 cowpea 
seeds treated with Vitavax-captan had the best effect in reducing the pre-
emergence followed by salicylic acid, T. harzianum, S. aromaticum and E. 
globulus with averages of 18.10, 22.38, 24.29, 24.60 and 25.83%, 
respectively. In this respect, the present results are in harmony with those 
recorded by Khaleifa (1997) and Khaleifa et al. (2007) who reported that 
ascorbic acid  and salicylic acid (2mM) significantly decreased the incidence 
of charcoal rot of sunflower in greenhouse and field experiments and 
increased survival plants. In case of the post emergence percentage, 
bioagents (T. harzianum and T. viride) had the least effect, in addation, the 
plant extracts (A. absinthium and O. basilicum), the antioxidant (salicylic 
acid), the plant oils (E. globulus and S. aromaticum) and the antibacteria (B. 
subtilis) prevented it completely and these results reflected on survival plants. 
Salicylic acid, T. harzianum and Vitavax-captan treatments had the best seed 
yield/replicate (g) with averages of 770.67, 768.33 and 754.00 (g), 
respectively. In the second season 2009 the same trend was noticed where 
Vitavax-captan and salicylic acid had the same effect in reducing the pre-
emergence damping-off % followed by T. harzianum and S. aromaticum. 
Concerning to the post emergence damping-off %, the treatments which 
prevented it in the first season had the same effect in the second one in 
addition to T. viride and Vitavax-captan treatments. In case of cowpea seed 
yield/replicate, Vitavax-captan, salicylic acid and T. harzianum had the 
highest yield with the averages of, 771.67, 750.00 and 723.33, (g), 
respectively. These results are in agreement with those reported by El-Fiki et 
al. (2004) and Ibrahim (2006) who studied Trichoderma spp. as seed and soil 
treatments and reported that they gave sufficient control to charcoal rot of 
sunflower in greenhouse experiments and slightly effect in the disease 
incidence in field.                                                                                                                                                       
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Table (13): Effect of different biotic and abiotic agents on disease 
incidence of cowpea damping-off and root rot diseases 
under field conditions, seasons (2008 and 2009). 
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تقييييب ض ييم كبات ضيييم كب يايليييي لكبميليييي كًاضييي ضيوييييم سيين كب يييل كتيب  ييل ض  
 ل  للتشيب تلب  ييى عل  ضضيم كبللضيي

 جهيييين اماييين اماييين د ضجيييى  عضييين كبضييييا   يييىب اهضيييي  د   يييهيب  يييايت اماييين تجييي   د 
   ين امان م ن  يال 

 ات   كبضملث كب تكعيي  –ا هن ضملث أاتكم كبضضيم 
 

دا  العديممد  مل ال ات ممكي التي كايممو االليايممو ال  تلممو  صمم  ال تت ل ممكي ال  كتيممو تم  ستممت  
االزياي الطيكاة االتكئ كي ال ضكدة اال ااد ال لمزة ت عك لو لل ذاة  كإلضكفو سلم  ستمت دا  ال ط ما 

تك تكل( ف   قكا و  اض عمل الجذاا ا اي ال كدااي فم  اللا يمك ال تتم ن عمل -المطاى )فيتكفكتس
ازااي  تمماى   اتتلاامممي  االمزيممكى تلممي عممااا ال ع مم  اال مما و االلقمم  فمم  ال اتمم يل فيمم

. تلممي عممااا ال ع مم  اجممد ال ال تت ل ممكي ال  كتيممو )الد تيتممو ا الايلممكل ا  8002 – 8002
ال ع كع ال اى( تقل   ل  عد  ال  ا ال يتليا   ف  ط ق  تاى  قكا مو  مكلت تاا . تك مي ىعلم   تم و 

 22,82لص ا لايلكل لت   ل المطايل فيازااي  تاى   ا تتلاامي  االمزيكى   ت و تص يط ل تت 
% علمم  التاتيممنا ت ممك ىدي الزيمماي الطيممكاة ال تممت د و سلمم  تص مميط اتقليمم   ع مماى لل  مما  92,22ا

ال يتليا    لتال المطايل. اجد ال زيي القا م  االتكفاا اعط  اعل   ت و تص يط للمطا تتلااممي  
% عل  التاتينا ت ك ال الاامح المطاى تايتادا مك اكازيمك    22,20ا  27,70ى   ت و االمزيك

،  72,82ا تايتادا ك فيادى االاامح ال تتياى  كتلس تتلس ىعطم  ىعلم   تم و تص ميط  تمليا   
لك اتمد المذى % عل  التاتينا اجد ىل ىفض  ال ااد ال لمزة اا ل مض التلتمي 23,49،  92,98

تكل اتصا تأصياا ف   تص يط  لل  ا ال تليا   لتال المطايل. ف  تجا و ال ما و ع مد  قمذ  مذاا اللا يمك 
ف   تت لص الايلكل ىا زيي القا م  فقد قل   ل  ت و ال  كتكي ال  ك وا  ت ك ى و ىعط  ىعل   ت و 

مطاى فيتكفكتس تك تكل تكل اتصا فكعليمو  ل ال  كتكي الليو ال ت قيو. اجد ال  عك لو ال ذاا  كل ط ا ال
فمم  تقليمم   تمم و اى ممك و. الاامممح المطمماى للمطمما تايتادا ممك اكازيممك   ىفضمم  الااامممح الليايممو 
ال  ت اة ف  تقلي   ت و ال  كتكي ال  ك وا  ت ك ا و ىعط  ىعل   ت و  ل ال  كتكي الليو ال ت قيمو. ىدى 

ك ال ض ا لتلتليك سل  تقلي  لمدة اإل مك و ا زيمكدة  قذ ال ذاا ف   لكلي  ت   ل ل ض األتتا ي
 ت و ال  كتكي الليو ال ت قيمو. ىع ماي  تمكئل الدااتمو ىل ستمت دا  ال مااد ال تمتلصو لل قكا مو ت عك لمو 
 ممذاة المم  تلميممز  عممض اليممكي الممدفكع التي مما ليايممو  صمم  زيممكدة ا ممزي  ال يااتتمميديز اال ممال  في مما  

ة  تايتادا ممك اكازيممك   ا ل ممض تلتممليك ا زيممي القا ممم  ىفضمم  اتتمميديز اتك ممي  عك لممو ال ممذا
ال عك الي ف  اذا ال دد. اتلي عااا اللق  ىدى  قذ  ذاا اللا يك ق   الزااعو ف  ال  يد المطاى 

تك تكل( ال   قص  ع اى فم  لمداا ال ماض ازيمكدة فم   تم و ال  كتمكي الليمو ال ت قيمو ا -)فيتكفكتس
تال ال ات يل يليو ال عك لو  ك لتكئ كي ال ضكدة )تايتادا ك اكازيك  (  ازيكدة ال ل ا  /  تااة ف 

 ا الزياي الطيكاة )زيي القا م ( اال ااد ال لمزة )ل ض تلتليك(.   
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