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ABSTRACT 
 

This study was conducted to determine the fungitoxic effects of two fungicides,  i.e. diniconazole 
and tebuconazole, three antioxidants, i.e. ascorbic acid (AsA), butylated hydroxyanisole (BHA) and 
selenium (Se) and their mixtures on mycelial growth of three fungi, i.e. Alternaria alternata, Fusarium 
graminearum and Pyrenophora tritici- repentis. The in vitro studies showed that diniconazole was more 
effective than tebuconazole against P. tritici- repentis (EC50 were 1.10 and 1.20 ppm, respectively). On 
the contrary, tebuconazole was more effective than diniconazole against both A. alternata (EC50 were 
1.70 and 1.80 ppm, respectively) and F. graminearum (EC50 were 0.70 and 1.30 ppm, respectively). On 
the other hand, P. tritici- repentis was tolerated all tested antioxidant concentrations. A. alternata was 
sensitive  to  selenium and was  tolerant  to ascorbic  acid  and  butylated  hydroxyanisole.  However, 
F. graminearum was sensitive to Se comparing to BHA and AsA. Effects of both fungicides were 
greatly increased by adding all the tested antioxidants to the fungicide-amended medium. Some 
antagonistic effects were  recorded  between  the  tested  fungicides  and   antioxidants  especially on  
A. alternate  and F. graminearum fungi. 
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Introduction 
 

In Egypt, wheat represents an essential crop that used as a source for human and livestock food 
as well as for many industrial products (Moubarak and Abdel-Monaim, 2011). Seed and soil borne 
diseases severely limit the yield and quality of wheat. Several fungi were recorded as causal pathogens 
of seed and root-rot diseases such as Alternaria alternata, Fusarium graminearum, Pyrenophora tritici-
repentis and Rhizoctonia solani (Fouly et al. 1996; El-Kholy, 1999; Shabana, Parveen and Kumar, 
2001, Asran and El-Eraky, Amal 2011 and El-Ballat, 2017).  

Demethylation inhibitor (DMI) fungicides, which include imidazoles and triazoles, represent one 
of the most important fungicide groups. These fungicides act by inhibiting the demethylation step in 
the biosynthesis of sterol, which is essential for fungal cell walls (Baldwin and Rathmell 1988) and 
most likely bind to cytochrome P-450 involved in sterol demethylations (Uesugi, 1998). Antioxidants 
including ascorbic acid (AsA), butylated hydroxyanisole (BHA) and selenium (Se) that save to human 
and environment had been used successfully to control some plant diseases such as damping-off, wilt 
and root rot in cowpea (Galal and Abdou, 1996 and Abdel-Monaim, 2008) and anthracnose diseases in 
avocado (Prusky et al., 1995). El-Khawaga, Maie (2006) found that BHA and Se enhanced the 
fungitoxic  activity of  fenarimol, flutolanil, penconazole,  tetraconazole  and  trifloxystrobin  against 
A. niger, F. oxysporum, P. digitatum, P. tritici-repentis and R. solani. Ali (2008) demonstrated that 
BHA enhanced the fungitoxic activity of tetraconazole, difenoconazole, trifloxystrobin, pyraclostrobin 
+ metiram, metiram and flutolanil against A. solani, F. oxysporum f. sp. lycopersici and R. solani. Ali 
(2013) reported that selenium enhanced the fungitoxic activity of azoxystrobin, difenoconazole, 
metalaxyl and trifloxystrobin against A. solani. Mahmoud, Amira (2016) mentioned that ascorbic acid 
and BHA increased the fungitoxic activity of flutolanil, metalaxyl and tetraconazole against A. niger, 
F. oxysporum and P. chrysogenum fungi. 
        Thus, the aim of the present study was to determine the effect of three antioxidants (ascorbic acid, 
butylated hydroxyanisole and selenium) on the efficacy of diniconazole and tebuconazole against 



Middle East J. Appl. Sci., 8(2): 647-655, 2018 
ISSN 2077-4613 

648 

Alternaria alternata, Fusarium graminearum and Pyrenophora tritici- repentis under laboratory 
conditions.  

 
Materials and Methods 
 
       The present study was conducted in the laboratories of Department of Plant Protection, Faculty of 
Agric., AL-Azhar University, (Cairo), Egypt. 
 
Fungal isolates. 
 
    Alternaria alternata, Fusarium graminearum and Pyrenophora tritici-repentis were isolated from 
seeds and roots of wheat (cv. Gemiza 9) according to the method described by Moubarak and Abdel 
Monaim (2011). The fungal isolates were identified in Branch of Plant Pathology, Department of 
Agricultural Botany, Faculty of Agriculture (Cairo), AL-Azhar University. 
 
The tested fungicides and antioxidants. 
 

Diniconazole (Sumi eight 2 % WP, Kafr El-Zayat for Chemicals & Pesticides Co.) and 
tebuconazole (Folicur 25% EC, Bayer Crop Science Co.) were selected. Three antioxidants, i.e. ascorbic 
acid (C6 H8 O6, 100% w/w), butylated hydroxylanisole (C11 H16 O2, 100% w/w) and selenium (sodium 
selenite, Na₂SeO₃ 98.8%) were used at different concentrations. 

 
Effect of fungicides, antioxidants and their mixtures on isolated fungi. 
 

Under laboratory conditions, in-vitro experiments were performed to examine the sensitivity of 
Alternaria alternata, Fusarium graminearum and Pyrenophora tritici- repentis to two fungicides viz. 
diniconazole and tebuconazole, three antioxidants [ascorbic acid (AsA), butylated hydroxyl anisole 
(BHA) and selenium (Se)] and their mixtures according to the method described by Frinsina and Benson 
(1988). Fungicide concentrations evaluated were 0.00, 0.05, 0.10, 0.50, 1.00, 3.00, 5.00, 10.00, 50.00, 
100.00 and 150.00 ppm (µg a.i. ml-1 medium) for the two fungicides. The sensitivity of the above 
mentioned fungi to antioxidants also was evaluated by culturing the fungi on PDA medium containing 
5.0, 10.0, 50.0 and 100.0 ppm for each. In other trials, PDA media amended with different fungicide 
concentrations were further amended with AsA, BHA and Se. AsA was used at 100.0, 200.0 and 250.0; 
BHA at 50.0, 100.0, 150.0 and Selenium at 5.0, 10.0 and 15.0 ppm. The concentrations were obtained 
by adding the appropriate amounts of stock suspensions or emulsions to about 60 ml portions of 
autoclaved PDA after it was cooled to about 50 °C. A nonamended check treatment was also prepared 
for each fungus. The fungicide amended and unamended PDA were poured into three plates (each 
contain about 20 ml). Discs of A. alternata, F. graminearum and P. tritici-repentis mycelium (3mm in 
diameter) were cut from the margin of 7 days old culture and invested in the center of fungicide / or 
antioxidant amended and unamended PDA plate for each fungus. All plates were incubated at 25±2°C 
for 7 days and the fungal growth was measured as mean diameter of colony. Percentage of growth 
inhibition (inhibition index) was calculated according to the following formula: 

                                    C-T 
Inhibition index =                    X100 
                                       C 
            C= mean diameter of mycelial growth in the control. 
            T= mean diameter of mycelial growth in a given treatment. 
Linear regression equations were fitted to logarithmic probability data of fungicide concentration 

and percent growth inhibition for each fungicide-fungus-treatment so that slope values and EC50 values 
(concentration giving 50% linear growth inhibition) were interpolated according to Finney (1971). 
 
Statistical analysis. 

The obtained data were statistically analyzed by the analysis of variance (ANOVA) to determine 
least significant difference (L.S.D.) at 5% and 1% of probability according to the method described by 
Gomez and Gomez (1984). 
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Results and Discussion 
 
Effect of fungicides on isolated fungi 
 

The effect of the two fungicides at different concentrations on mycelial growth of A. alternata, 
F. graminearum and P. tritici-repentis was evaluated and inhibition % was calculated (tables, 1 and 2). 
The results clearly indicate that increasing the concentration decreases the mycelial growth of the tested 
fungi gradually, and this was more obvious on P. tritici-repentis. The P. tritici-repentis was more 
sensitive than  A. alternata and F. graminearum, as this fungus was completely inhibited at 100 ppm, 
while both A. alternata and F. graminearum were completely inhibited at 150 ppm (table, 1). The results 
in  Table (2)  show the  effect of  tebuconazole  fungicide  on three  fungi.  These results indicate that 
F. graminearum was more sensitive than A. alternata and P. tritici-repentis. Such fungi were 
completely inhibited at 50, 100 and 150 ppm, respectively. 

 
Table 1: Mean colony growth and inhibition percent of Alternaria alternata, Fusarium graminearum and 

Pyrenophora tritici-repentis on PDA medium amended with different concentrations of diniconazole. 
Isolated fungi Concentrations 

(ppm) P. tritici-repentis F. graminearum A. alternata 

Inhibition 
% 

Mean 
colony 

growth (cm) 

Inhibition 
% 

Mean colony 
growth (cm) 

Inhibition 
% 

Mean 
colony 

growth (cm) 
 

0.0 9.0 0.0 9.0 0.0 9.0 0.0 
7.70 8.30 12.2 7.90 21.40 7.07 0.05 

21.30 7.08 26.67 6.60 26.67 6.60 0.1 
25.50 6.70 37.20 5.65 30.30 6.27 0.5 
40.00 5.40 44.4 5.00 35.20 5.83 1.0 
66.60 3.00 51.1 4.40 43.30 5.10 3.0 
76.60 2.10 58.80 3.70 52.40 4.28 5.0 
83.36 1.49 74.40 2.30 63.67 3.27 10.0 
90.66 0.84 86.60 1.20 73.67 2.37 50.0 
100.0 0.00 90.70 0.83 79.40 1.85 100.0 
100.0 0.00 100.0 0.0 100.0 0.00 150.0 

   = 0.59      = 0.30    = 0.37  LSD at 5 % 
   = 0.80      = 0.41    = 0.50 LSD at 1 % 

 
Table 2: Mean colony growth and inhibition percent of Alternaria alternata, Fusarium graminearum and 

Pyrenophora tritici-repentis on PDA medium amended with different concentrations of tebuconazole 
Isolated fungi Concentrations 

(ppm) P. tritici-repentis F. graminearum A. alternata 

Inhibition 
% 

Mean colony 
growth (cm) 

Inhibition 
% 

Mean colony 
growth (cm) 

Inhibition 
% 

Mean colony 
growth (cm) 

 

0.0 9.0 0.0 9.0 0.0 9.0 0.0 
17.40 7.43 9.10 8.18 4.40 8.60 0.05 
18.70 7.40 30.0 6.30 11.67 7.95 0.1 
26.60 6.60 36.89 5.68 31.30   6.18 0.5 
35.50 5.80 42.56 5.17 37.0 5.67 1.0 
68.80 2.80 57.44 3.83 50.0 4.50 3.0 
70.00 2.70 86.67 1.20 58.89 3.70 5.0 
82.20 1.60 90.56 0.85 80.56 1.75 10.0 
90.33 0.87 100.0 0.00 88.89 1.00 50.0 
94.77 0.47 100.0 0.00 100.0 0.00 100.0 
100.0 0.00 100.0 0.00 100.0 0.00 150.0 

          = 0.27         = 0.40         = 0.26 LSD at 5% 
          = 0.37         = 0.54         =  0.35 LSD at 1% 
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Results tabulated in Table (3) show EC50, EC90 and slope values of both diniconazole and 
tebuconazole fungicides on the three tested fungi. These results clearly indicate that A. alternata  and 
F. graminearum were more sensitive to tebuconazole than diniconazole. The corresponding EC50 values 
of tebuconazole for both fungi were 1.70 and 0.70 ppm, while those of diniconazole were 1.80 and 1.30 
ppm, respectively. P. tritici-repentis was slight sensitive to diniconazole than tebuconazole with 
corresponding EC50 values of 1.10 and 1.20 ppm. On the other hand, the results show that P. tritici-
repentis was highly for diniconazole sensitive followed by F. graminearum and A. alternata, with EC50 

values of 1.10, 1.30 and 1.80 ppm, respectively. Meanwhile, F. graminearum was highly sensitive to 
tebuconazole followed by P. tritici-repentis and   A. alternata with corresponding EC50 values of 0.70, 
1.20 and 1.70 ppm, respectively.  

 
Table 3: The in vitro EC50, EC90 and slope values of the tested fungicides for the candidate fungi. 

Fungi  

Fungicides  
P. tritici-repentis F. graminearum  A. alternata  

Slope  90 EC
(ppm)  

50 EC
(ppm)  

Slope  90 EC
(ppm)  

50 EC
(ppm)  

Slope  90 EC
(ppm)  

50 EC
(ppm)  

1.290  11.00 1.10  0.919  30.00 1.30  0.777 90.00 1.80  Diniconazole  
0.830 40.00 1.20 1.280 7.00 0.70 1.204 20.00 1.70 Tebuconazole  

 
The obtained results are in conformity with results previously reported by several authors.  Barros 

and Mariotto (1986) cited that nuarimal, triadiminol, propiconazole, guazatine, iprodione and 
procymidone at 1.0 ppm reduced mycelial growth of H. sativum. They added that iprodione, guazatine, 
procymidone and propiconazole at 10.0 ppm, reduced the sporulation. Pavlova et al. (1991) indicated 
that propiconazole was highly effective on mycelial growth of P. tritici-repentis. El-Kholy (1999) found 
that A. alternata was highly sensitive to iprodione, tebuconazole and triticonazole (EC50 0.38, 0.74 and 
1.60 ppm, respectively), however, it was moderately sensitive to tolclofos-methyl (EC50 6.0 ppm). On 
the other hand, carboxin-thiram and thiabendazole were least effective against this fungus (EC50 22.00 
and 80.00 ppm, respectively). In addition to triticonazole, tebuconazole and thiabendazole effectively 
inhibited the mycelial growth of F. graminearum (EC50 were 0.90, 2.00 and 3.50 ppm, respectively). 
Ivic et al. (2011) studied the sensitivity of F. graminearum, F. avenaceum and F. verticillioides to 
carbendazim, tebuconazole, flutriafol, metconazole and prochloraz. They found that prochloraz was the 
most effective inhibitory to these fungi, while flutirafol was the least effective. Also, EC50 values of 
tebuconazole were 0.85-2.57 ppm for F. graminearum, 0.85-1.58 ppm for  F. avenaceum and 0.22-0.85 
ppm for F. verticillioides. Goswami et al. (2012) found that ED50 value of tebuconazole for   A. alternata 
was 30 ppm. 

 
Effect of antioxidants on chosen fungi 
 

Effect of ascorbic acid (AsA), butylated hydroxylanisole (BHA) and selenium (Se) antioxidants 
on A. alternata, F. graminearum and P. tritici-repentis were illustrated in Table (4). The results show 
that both antioxidants AsA and BHA had no any effect on growth of A. alternata or P. tritici-repentis 
as the growth of these fungi at all concentrations was similar to control (9.0 cm in diameter ). However, 
the same antioxidants AsA and BHA had little effect on F. graminearum growth which was 8.3 and 7.6 
cm at 100 ppm, respectively. Additionally, selenium did not affect the growth of P. tritici-repentis but 
it notably reduced growth of   A. alternata and F. graminearum which was 3.6 and 5 cm at 100 ppm, 
respectively. These results are generally in agreement with the results obtained by many authors; 
Thompson (1991) found that BHA was effective in preventing germination of some fungi at 
concentrations of 200 μg ml-1 and above. Thompson et al. (1993) observed that the fungitoxic effect of 
BHA on conidial germination was most pronounced at the lower and higher pH levels for Fusarium 
species at 100 ppm of BHA. El-Ganaieny et al. (2002) found that the inhibitory effect of antioxidants 
increased with increased concentrations. El-Khawaga, Maie (2006) found that all the studied 
antioxidants did not cause inhibition of the fungal growth on the tested fungi at the used concentrations 
for AsA (50, 100 and 300 ppm), for BHA (10, 30 and 50 ppm) and for Se (10, 15 and 25 ppm). However, 
BHA somewhat inhibited the growth of  F. oxysporum and A. niger at its highest concentrations.  
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Ali  (2008)  found that  the  EC50  values of  BHA  were  95.50,  138.04  and  371.54  ppm  for  
F. oxysporum f. sp. lycopersici, R. solani and A. solani, respectively. 

  
Table 4: Effect of antioxidants at different concentrations on colony growth of Alternaria alternata, Fusarium 

graminearum and Pyrenophora tritici-repentis. 

Antioxidants 
Concentrations 

(ppm) 
Mean of colony growth (cm) 

A. alternata F. graminearum P. tritici-repentis 

Ascorbic acid 

0.0 9.0 09.00 9.0 
5.0 9.0 08.80 9.0 

10.0 9.0 08.56 9.0 
50.0 9.0 08.50 9.0 

100.0 9.0 08.30 9.0 

Butylated 
hydroxyl-

anisole 

0.0 9.0 09.00 9.0 
5.0 9.0 09.00 9.0 

10.0 9.0 09.00 9.0 
50.0 9.0 08.00 9.0 

100.0 9.0 07.60 9.0 

Selenium 

0.0 9.0  09.00 9.0 
5.0 9.0 08.50 9.0 

10.0 8.5 07.00 9.0 
50.0 5.5 05.60 9.0 

100.0 3.6 05.00 9.0 

 
Effect of fungicide-antioxidant mixtures on fungi.  
 

Data in Table (5) show the effects of the tested antioxidants on the fungitoxic action of the two 
fungicides against the isolated fungi. The results clearly indicate that the EC50 values of fungicide-
antioxidant mixtures were lower than those of the fungicide alone. Therefore, the addition of 
antioxidants clearly enhanced the potency of the tested fungicides against the isolated fungi growth with 
very low exception. For example, the efficiency of the tested fungicides against A. alternata was 
increased by 1.06 to 3.00 fold when AsA (at 100 and 200 ppm) was added to their EC50 concentrations 
and by 1.21 to 2.14 fold when BHA (at 50 and 100 ppm) was added to such EC50 concentrations. 
Moreover, Se was more effective than AsA and BHA as the fungitoxic effect of the tested fungicides 
was increased by 1.38 to 8.95 fold when Se was added (at 5, 10 and 15 ppm) to EC50 concentration of 
such fungicides. These data are in agreement with other previous studies. Mahmoud et al. (1996) 
reported that fungitoxicity of thiabendazole increased by 22.5 fold when mixed with 100 ppm of 
selenium against A. tenuis. Also, Ali (2008) mentioned that fungitoxicity of tetraconazole and  
difenoconazole against A. solani increased by adding 10 μg ml-1 of BHA to the medium as EC50 value 
of tetraconazole and  difenoconazole decreased from 1.35 and 0.19 μg ml-1 to 0.10 and 0.05 μg ml-1 by 
13.50 and 3.80- fold of fungitoxic action increment, respectively.  

     On the other hand, an antagonistic effect was observed when Se at 5 ppm was added to 
diniconazole at its EC50 value. Similar results were previously reported by Yan et al. (2009) who cited 
that administration of AsA inhibits the antifungal activity of fluconazole (FCZ), probably by decreasing 
the oxidative effect of FCZ-induced reactive oxygen species (ROS). They suggested that AsA and FCZ 
should not be used together clinically in the treatment of candidiasis. In the present study EC50 value of 
tebuconazole alone was 1.70 ppm, this value decreased to 1.4 and 0.82 ppm when 50 and 100 ppm of 
BHA were mixed with this fungicide in the medium, indicating that fungitoxicity of tebuconazole 
increased by 1.21 and 2.07-fold, respectively. Generally, Se was more effective than AsA and BHA, 
whereas fungitoxic activity of tebuconazole was increased by 4.57, 5.86 and 8.95-fold when 5, 10 and 
15 ppm were added.  

Results represented in Table (5) show the efficiency of the tested fungicides separately or when 
mixed with the antioxidants against F. graminearum. According to the EC50 values, tebuconazole is 
considered more effective than diniconazole against F. graminearum growth, which as their EC50 values 
were 0.70 and 1.30 ppm, respectively. Concerning fungicide-antioxidant mixtures, the results clearly 
indicated that the EC50 values of these mixtures were markedly lower than those of the fungicide alone, 
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Table 5: Effect of fungicide-antioxidants mixtures on the isolated fungi 

 
EC50 of the fungicides 

 +  
Se (5, 10 and 15 ppm) 

 

 
EC50 of the fungicides  

+  
BHA (50, 100 and 150 ppm) 

 
EC50 of the fungicides  

+  
AsA (100 and 200 ppm) 

 

EC50
* of 

the 
fungicides 

(ppm) 

Fungicides 

                                                           Alternaria alternata    
15  ppm 10  ppm 5  ppm 150 ppm 100  ppm 50  ppm 200  ppm 100  ppm 

S.E. EC50 S.E. EC50 S.E. EC50 S.E. EC50 S.E. EC50 S.E. EC50 S.E. EC50 S.E.** EC50 
1.70 1.00 1.38 1.30 0.90 2.00 - - 2.14 0.84 1.28 1.40 3.00 0.63 1.06 1.70 1.80 Diniconazole 
8.95 0.19 5.86 0.29 4.57 0.35 - - 2.07 0.82 1.21 1.40 1.68 0.95 1.45 1.10 1.70 Tebuconazole 

Fusarium graminearum 
32.5 0.04 2.32 0.56 1.30 1.00 7.2 0.18 3.09 0.42 2.32 0.56 1.97 0.66 1.38 0.94 1.30 Diniconazole 
10.0 0.07 10.00 0.07 0.78 0.90 1.75 0.40 1.11 0.63 0.54 1.30 1.79 0.39 1.17 0.60 0.70 Tebuconazole 

Pyrenophora tritici-repentis 
- - 2.97 0.37 1.83 0.60 - - 3.44 0.32 2.39 0.46 4.23 0.26 1.96 0.56 1.10 Diniconazole 
- - 60.00 0.02 23.07 0.052 - - 4.60 0.26 2.55 0.47 3.75 0.32 3.43 0.35 1.20 Tebuconazole 

*EC50 = Effective concentration required to inhibit 50% of the fungal growth.  
 **S.E. (Synergistic Effect) = EC50 of the fungicide alone / EC50 of the mixture 
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indicating that the efficiency of the fungicide against F. graminearum growth increased by adding the 
antioxidants to fungicide-amended media except when mixing BHA (at 50 ppm) and Se (at 5 ppm) with 
tebuconazole. The EC50 values of diniconazole alone was 1.30 ppm but it reduced to 0.94 and 0.66 ppm 

when 100 and 200 ppm of AsA were mixed with the fungicide in the medium, respectively, with 1.38 
and 1.97-fold of fungitoxic action increment.  

Interestingly, diniconazole efficiency increased by 2.32, 3.09 and 7.20-fold as a result of adding 
50, 100 and 150 ppm of BHA, respectively. Also, Se exhibited considerable increase in the fungitoxic 
action of diniconazole, by 1.30, 2.32 and 32.5-fold when it was added by 5, 10 and 15 ppm, respectively.     
          It was found that AsA at 100 and 200 ppm increased efficiency of tebuconazole by 1.17 and 1.79 
fold, respectively. However, BHA increased fungitoxicity by 1.11 and 1.75 fold, when 100 and 150 
ppm of BHA were added, respectively. Generally, Se is more effective than AsA and BHA as it 
increased efficiency of tebuconazole by 10.0- fold when it was added to the fungicide amended medium 
by 10 and 15 ppm. 

The data in Table (5) show the effects of the tested antioxidants on the fungitoxic action of the 
tested fungicides against P. tritici-repentis. Generally, the addition of antioxidants enhanced the 
potency of the fungicides against growth of P. tritici-repentis. The results indicated that the efficiency 
of diniconazole against P. tritici-repentis markedly increased by adding the three antioxidants. Such 
increment reached 1.96 and 4.23 fold when AsA (at 100 and 200 ppm) was added, 2.39 and 3.44 –fold 
when BHA (at 50 and 100 ppm) was added and 1.83 and 2.97-fold when Se (at 5 and 10 μg ml-1) was 
added, respectively. The same trend was observed for tebuconazole, as its EC50 value of 1.20 μg ml-1 
became 0.47 and 0.26 μg ml-1, when 50 and 100 μg ml-1 of BHA were added to the medium, indicating 
that fungitoxicity of tebuconazole increased by 2.55 and 4.60-fold, respectively. Indeed, Se was more 
effective than AsA and BHA, whereas fungitoxic activity of tebuconazole was increased by 23.07 and 
60.0-fold when 5 and 10 μg ml-1 of Se were added. On the other hand, AsA was less effective which 
increased the fungitoxicity of tebuconazole by 3.43 and 3.75-fold, when 100 and 200 ppm were added, 
respectively. Similar results were obtained by El-Khawaga, Maie (2006) found that BHA and Se 
enhanced the fungitoxic activity of fenarimol, flutolanil, penconazole, tetraconazole and trifloxystrobin 
against  A. niger, F. oxysporum, P. digitatum, P. tritici repentis and R. solani. 

Generally, it could be mentioned that a combination of antioxidants with fungicides appears to 
provide more effective inhibition than when the fungicides are used alone. Increasing the efficiency of 
fungicides may be attributed to disorder in the mycelial membrane, therefore allowing increasing 
concentration of fungicide into cell of the fungus. The mechanism of the synergistic effect of the tested 
antioxidants is not clearly explained. However, Khan et al. (2001) reported that antioxidant may make 
the fungal membrane more leaky and allowing more fungicide to enter into the fungal cells. Simonetti 
et al. (2002 and 2003) showed that antioxidants increase activity of fungicide by increasing cell 
membrane permeability leading to the leakage of cellular enzymes. Another explanation was reported 
by Ali (2008) who cited that, the antioxidants may play a part in reducing the oxidation of the fungicides 
in the fungal cells, thus increase the fungitoxicity. 

Finally, this study suggests that the tested antioxidants could be added to the selected fungicides 
to increase their fungitoxicity, in addition to reduce environmental pollution.  
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