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Table 1. Sequence of primers used for gene amplification
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Fig. 1. Inhibitory effect of aqueous (a) and ethanolic (b) extract of thyme, lavender, fennel, cinnamon, clove and
acroptilon on mycelium growth of R. solani (R1) using agar well diffusion method. Data are mean value of 4
replications. Treatments with similar letters have no significant difference at 99% probablity level.
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Fig. 2. Inhibitory effect of ethanolic extract of thyme, lavender, fennel, cinnamon, clove, acroptilon and zinc—
sulfate on mycelium growth of R. solani using mixing method. Data are mean value of 4 replications. Treatments
with similar letters have no significant difference at 99%probablity level.
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Fig. 3. Inhibitory effect of aqueous extract of thyme, lavender, fennel, cinnamon, clove, acroptilon and zinc—
sulfate on mycelium growth of R. solani (R1) using mixing method. Data are mean value of 4 replications.
Treatments with similar letters have no significant difference at 99%probablity level.
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Fig. 4. Effect of aqueous extract of lavender, thyme, cinnamon, and zinc—sulfate on disease index (DI) Caused
by R. solani. Data are mean value of 4 replications. various extracts were applied in concentrations of 0.5%, %1,

1.5% and 2% dissolved in distilled water.
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Fig. 5. Mean comparisons of various concentrations of aqueous extract of lavender, thyme, cinnamon, and zinc—
sulfate on cucumber root fresh weight (left) and dry weight (right) under greenhouse conditions. Data are mean
value of 3 replications. Means with significant difference marked with different letters, comparisons were done

with dunkan test at p <0.01
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Fig. 6. Mean comparisons of various concentrations of aqueous extract of lavender, thyme, cinnamon, and zinc—

sulfate on cucumber shoot fresh weight (left) and shoot dry weight (right) under greenhouse conditions. Data are
mean value of 3 replications. Means with significant difference marked with different letters, comparisons were

done with Duncan test at p <0.01
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Fig. 7. Mean comparisons of Peroxidase activity in resistant (a) and sensitive (b) cultivars of cucumber after
treating with pathogen, lavender extract, zinc—sulfate, and combined using of pathogen, lavender extract, zinc—
sulfate on cucumber. Data are mean value of 4 replications. Means with significant difference marked with
different letters, comparisons were done with Duncan test at p <0.01
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Fig. 8. Mean comparisons of PPO activity in resistant (a) and sensitive (b) cultivars of cucumber after treating
with pathogen, lavender extract, zinc—sulfate, and combined using of pathogen, lavender extract, zinc—sulfate on

cucumber. Data are mean value of 4 replications. Means with significant difference marked with different letters,
comparisons were done with Duncan test at p <0.01
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Fig 9. Mean comparisons of CAT activity in resistant (a) and sensitive (b) cultivars of cucumber after treating
with pathogen, lavender extract, zinc—sulfate, and combined using of pathogen, lavender extract, zinc—sulfate on
cucumber. Data are mean value of 4 replications. Means with significant difference marked with different letters,

comparisons were done with Duncan test at p <0.01
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Fig. 10. Mean comparisons of PAL activity in resistant (a) and sensitive (b) cultivars of cucumber after treating
with pathogen, lavender extract, zinc—sulfate, and combined using of pathogen, lavender extract, zinc—sulfate on
cucumber. Data are mean value of 4 replications. Means with significant difference marked with different letters,
comparisons were done with Duncan test at p <0.01
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Fig. 11. Expression pattern of gene encoding 1-3p glucanase (left) and chitinase (right) in resistant cultivar

under various treatments at different times.
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Figl2. Expression pattern of gene encoding Peroxidase (left) and Catalase (right) in resistant cultivar under

various treatments at different times.
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Figl3. Expression pattern of gene encoding PPO (left) and PAL (right) in resistant cultivar under various

treatments at different times.
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Fig 14. Expression pattern of gene encoding Glutathione S—Transferase(left) and Super oxide dismutase (right)
in resistant cultivar under various treatments at different times.
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Abstract

The use of chemical fungicides, in addition to environmental pollution, causes the increase and spread of
fungicide-resistant strains in plant fungal pathogen. Minimizing the harmful effects of fungal pathogen in
agricultural plants requires a promising method in their control. Therefore, natural remedies, including essential
oils and plant extracts, are a suitable option for controlling and reducing fungal diseases. In this research, the
controlling effect of the plant extracts of thyme, lavender, fennel, cinnamon, cloves and bitter gourd and
different levels of zinc sulfate as one of the food compounds on the growth rate of the fungal pathogen
Rhizoctonia solani and the changes in the activity of the defense enzymes peroxidase and catalase as well as the
changes in the amount The gene expression of these two enzymes was investigated in laboratory (in vitro) and
greenhouse conditions (in vivo) in cucumber plants in interaction with pathogen. The results showed that all
plant extracts and zinc sulfate were able to inhibit the growth of the pathogen in laboratory conditions and were
also able to reduce the severity of the disease in greenhouse conditions. The results of the paper disc test showed
that the highest growth inhibition rate among the plant extract treatments (ethanolic extract) was related to
lavender extract with 600 micrograms per milliliter and 32.90 mm in diameter, and the lowest growth inhibition
rate was related to bitter extract with a concentration of 150 pg/ml and a diameter of 10.17 mm (compared to the
control with a diameter of 3.45 mm). In the test of mixing plant extracts with culture medium, the ethanolic
extract of lavender plant with concentrations of 2000 and 2500 ppm and with 82.21 and 80.75 percent and the
extract of Danai thyme with a concentration of 2500 ppm and 18. 72% inhibition of the pathogenic fungus
compared to the control, respectively, were the most effective extracts in preventing the growth of the fungal
pathogen. The combined treatment of fungal pathogen, zinc sulfate and lavender extract was the best treatment
in increasing the activity of antioxidant enzymes and increasing their expression. According to the results of this
research, it can be concluded that the plant extracts studied in this research, especially the lavender plant, as well
as zinc sulfate had a significant effect in controlling and reducing the severity of the disease caused by R. solani
in cucumber, and the best concentration obtained in this research can be formulated commercially and used for
integrated management purposes.
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