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lawsoniana) in Guilan Province and Evaluation of Its Suppression by Plant Essential Oils
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Abstract

Lawson cypress is a valuable ornamental shrub widely used in landscape design. This study investigated
root rot symptoms observed in Guilan Province. The causal agent was isolated and identified as Fusarium
solani through morphological and molecular analyses, representing the first report of this pathogen on
Lawson cypress in Iran (NCBI accession PV077970). To evaluate management strategies, the antifungal
effects of twelve plant essential oils were tested in vitro using disk diffusion and medium incorporation
methods at multiple concentrations. Five chemical fungicides, including mancozeb, thiophanate-methyl,
Bordeaux mixture, copper oxychloride, and Rovral-TS, were applied at 2000 mg. 1''for comparison. Results
showed that thyme, ajowan, and ziziphora essential oils exhibited the strongest inhibition in disk diffusion
assays, while savory, thyme, and ajowan oils completely suppressed mycelial growth in medium
incorporation, comparable to Rovral-TS, thiophanate-methyl, and copper oxychloride. In spore
germination tests, Bordeaux mixture achieved 100% inhibition, followed by thyme oil with 67.7%.
Evaluation of fungicidal and fungistatic activity revealed that thyme and ajowan oils, along with
thiophanate-methyl and Rovral-TS, had fungicidal effects, whereas ziziphora and copper oxychloride were
fungistatic. This study provides the first evidence of F. solani causing root rot in Lawson cypress in Iran
and offers a comprehensive assessment of essential oils as natural antifungal agents. The results highlight
thyme and ajowan oils as promising, eco-friendly alternatives to chemical fungicides, supporting safer and

sustainable disease management in ornamental plants.
Keywords: Plant essential oils, Plant diseases, Biological fungicides, Lawson cypress, (Chamaecyparis

lawsoniana) and Fusarium solani.
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Figure 1. The evolutionary history was inferred using the Neighbor-Joining method (Saitou and Nei 1987). The
bootstrap consensus tree inferred from 1000 replicates (Felsenstein, 1985) is taken to represent the evolutionary
history of the taxa analyzed (Felsenstein, 1985). Branches corresponding to partitions reproduced in less than 50%
bootstrap replicates are collapsed. The percentage of replicate trees in which the associated taxa clustered together in
the bootstrap test (1000 replicates) are shown next to the branches (Felsenstein, 1985). The evolutionary distances
were computed using the Maximum Composite Likelihood method (Tamura et al., 2004) and are in the units of the
number of base substitutions per site. This analysis involved 7 nucleotide sequences. All ambiguous positions were
removed for each sequence pair (pairwise deletion option). There were a total of 672 positions in the final dataset.
Evolutionary analyses were conducted in MEGA11 (Tamura et al., 2021).
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Figure 2. Antifungal Effect of Plant Essential Oils at Various Concentrations against F. solani by the Disk Diffusion
Method
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Figure 4. Comparison of the mean percentage inhibition of Fusarium solani mycelial growth using five fungicides
(different letters indicate significant differences among treatments at the 5% level).
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Table 1. Comparison of the mean effect of 2000 mg. I''concentrations of plant essential oils and the studied fungicides
on the inhibition of spore germination of Fusarium solani
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The numbers represent the mean percentage of inhibition from three replications. According to the Least Significant
Difference (LSD) test, means within a column followed by the same letters are not significantly different from each other.
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Table 2. Fungicidal or fungistatic effects of essential oils and fungicides at 2000 mg. I''concentration on Fusarium

solani
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