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The effect of Denai thyme essential oil, fustil aluminum and mancozeb-metalaxyl on
the induction of cucumber plant defense system in interaction with cucumber ring rot
disease caused by Phytophthora sp.
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Table 1. Variance analysis of the effect of different treatments and pathogens of Phytophthora sp. On the

amount of peroxidase enzyme activity (absorption changes per minute per milligram of protein) in the

inoculated cucumber plant with different treatments, including the extract of the thyme plant, and metalaxyl-
mancozeb and fusitel aluminum fungicides.
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** There is a significant difference with a probability of 99% (P<0.01). C.V=4.10%, the data were normal.
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Fig. 1. The effect of different treatments including Thyme Denai extract (concentration 1500 ppm), and

fungicides metalaxyl-mancozeb and fusitel aluminum (concentration 150 ppm) on peroxidase enzyme activity,
during different days of sampling, different letters indicate They give different levels of significance at the 99%

level.
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Fig. 2. Comparison of the average activity of peroxidase enzyme between different treatments (including
Denai thyme extract (concentration 1500 ppm), and metalaxyl-mancozeb and fusitel aluminum fungicides
(concentration 150 ppm) in cucumber plant, different letters indicate the difference They are significant based

on Duncan's multiple range test at the 99% level.
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Fig. 3. Comparison of the average activity of peroxidase enzymes (a) in different treatments (including
Denai thyme essential oil (concentration 1500 ppm), and metalaxyl-mancozeb and fusitel aluminum fungicides
(concentration 150 ppm) and different sample days Vector, in cucumber plant, numbers (absorption changes
per minute in mg of protein), numbers are average of four replicates, different letters indicate significant

difference based on Duncan's multiple range test at 99% level.
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Table 2. Variance analysis of the effect of different treatments and pathogens of Phytophthora sp. On the
amount of catalase enzyme activity (absorption changes per minute per milligram of protein) in inoculated

cucumber subjected to different treatments, including the essential oil of the Denai thyme plant, and the
fungicides metalaxyl-mancozeb and fusitel aluminum.
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Fig. 4. The effect of different treatments including Thyme Denai extract (concentration 1500 ppm), and
fungicides metalaxyl-mancozeb and fusitel aluminum (concentration 150 ppm) on catalase enzyme activity,

during different days of sampling, different letters indicate They give different levels of significance at the 99%
level.
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Fig. 5. Comparison of the average catalase enzyme activity between different treatments (including Denai
thyme essential oil (concentration 1500 ppm), and metalaxyl-mancozeb and fusitel aluminum fungicides

(concentration 150 ppm) in cucumber plants, different letters indicate the difference They are significant based
on Duncan's multiple range test at the 99% level.
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Fig. 6. Comparison of the average activity of catalase enzymes (A) in different treatments (including Denai

thyme essential oil (concentration 1500 ppm), and metalaxyl-mancozeb and fusitel aluminum fungicides

(concentration 150 ppm) and different sample days. Vector, in cucumber plant, numbers (absorption changes

per minute in mg of protein), numbers are average of four replicates, different letters indicate significant
difference based on Duncan's multiple range test at 99% level.
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Table 3. Variance analysis of the effect of different treatments and pathogens of Phytophthora sp. On the
amount of phenyl-alanine-ammonialyase enzyme activity (absorption changes per minute per milligram of

protein) in inoculated cucumber subjected to different treatments, including the essential oil of the thyme plant,
and the fungicides metalaxyl-mancozeb and fusitel aluminum.
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Fig. 7. The effect of different treatments, including Denai thyme essential oil (concentration 1500 ppm),

and metalaxyl-mancozeb and fusitel aluminum fungicides (concentration 150 ppm) on the activity of
phenylalanine ammonia-lyase enzyme, during different days of sampling, different letters indicate They give

different levels of significance at the 99% level.
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Fig. 8. Comparison of the average activity of the phenylalanine ammonia-lyase enzyme between different

treatments (including thyme essential oil (concentration 1500 ppm), and fungicides metalaxyl-mancozeb and
fusitel aluminum (concentration 150 ppm) in cucumber plants, different letters indicating Significant

differences are based on Duncan's multiple range test at the 99% level.
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Fig. 9. Comparison of the average activity of phenylalanine ammonia-lyase enzymes (a) in different
treatments (including Danai thyme essential oil (concentration 1500 ppm), and metalaxyl-mancozeb and fusitel
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(absorption changes per minute in mg of protein), numbers are the average of four replicates, different letters
indicate significant difference based on Duncan's multiple range test at the 99% level.
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ABSTRACT

Growing of cucumbers in the form of a greenhouse in Iran has expanded a lot in recent years. In this study, the
effect of Denai thyme essential oil and two fungicides, fustil aluminum and metalaxyl-mancozeb, were studied for
greenhouse cucumber plant dieback disease caused by Phytophthora pseudofungus. In the greenhouse test, the effects
of the mentioned treatments on the activity of peroxidase, catalase and phenylalanine ammonia-lyase enzymes in
cucumber plants infected by Phytophthora sp. was contaminated, it was measured. The results of the effect of different
treatments on the defense mechanisms of the cucumber plant showed that the highest activity of the three enzymes
peroxidase, catalase and also the enzyme phenylalanine ammonialyase was related to the treatment of the infected
cucumber plant treated with a concentration of 150 ppm fustil aluminum fungicide, which was on the sixth day after
Contamination with the pathogen, the activity of the peroxidase enzyme reached AOD/Min/mg protein of 1.95. The
trend of the activity of all three enzymes was increasing until the sixth day and then decreasing, so that on the tenth
day after infecting cucumbers with the pathogen, the activity of this enzyme decreased in fustil aluminum treatment
and reached 29/A0OD/Min/mg protein. 1 receipt. The treatment using Fustil aluminum fungicide on all the days of
sampling compared to all other treatments had a significant difference in terms of enzyme activity level. On all
sampling days, enzyme activity in metalaxyl-mancozeb treatment was significantly higher than control. On the 10th
day after sampling, the activity level of all three enzymes decreases in all treatments compared to the 8th day, but the
process of enzyme activity in different treatments is the same as the rest of the days. In other words, all the treatments
are able to increase the activity of this enzyme compared to the control, but more importantly, this enzyme is also
affected by the days of sampling. The results showed that Danai thyme was able to induce defense enzymes against
the pathogen on all sampling days. In other words, the essential oil of this plant can affect the defense mechanisms of
the plant along with the chemical inducers, and in this way, reduce the damage caused by pathogens to the plant.
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