awell

£

g

5
s

Journal of Research in Plant Metabolites, Summer 2026,Vol 4, No. 2 9

ey 3
i o
e and (2o

ISSN: 3041-9638

https://jrpsm.asnrukh.ac.ir/

arcy In PN

Open Access

Research Article

In Vitro Antifungal Activity of Plant Essential Oils Against Curvularia tsudae
Isolated from Lawson Roots

M. Moshayedi', H. Rahanandeh?

and A. Sharifi Eshkalak 3

! Member of the Agricultural and Natural Resources Engineering Organization of Gilan Province, Rasht, Iran.
2 Department of Plant protection, Ra.C., Islamic Azad University, Rasht, Iran.
3Member of the Agricultural and Natural Resources Engineering Organization of Gilan Province, Rasht, Iran.

Received: 04 Jun 2026

Accepted: 01 Sep 2026 Published :08 Sep 2026

Corresponding
Author:
Hadi Rahanandeh

Email:
rahanandeh@iau.ac.ir

Keywords:
Essential oils,
Myecelial growth
inhibition, Spore
germination,
Biological control

Citation:
Moshayedi, M.,
Rahanandeh, H.,
Sharifi Eshkalak, A.
(2026). In vitro
antifungal activity of
plant-derived
metabolites against
Curvularia tsudae
isolated from
Lawsonia

roots. Journal of
Research in Plant
Metabolites, 4(2), 9-
22.
Doi:10.22034/jrpsm.2
026.570645.1105

Extended Abstract

Background and Objectives: Ornamental coniferous plants play an essential role in urban green spaces, parks, and
landscape Ornamental coniferous plants are important components of urban green spaces, parks, and landscape
systems because of their aesthetic value, ecological functions, and adaptability to diverse environmental conditions.
Lawson cypress (Chamaecyparis lawsoniana) is widely cultivated because of its attractive growth habit and foliage
characteristics. However, root decline and root rot can seriously affect plant health, longevity, and ornamental
quality. Root-associated fungi, particularly dematiaceous fungi, may occur as saprophytes or endophytes but can
become opportunistic pathogens under unfavorable environmental conditions. Species of Curvularia have
increasingly been reported from the rhizosphere and root tissues of ornamental and woody plants and may be
associated with reduced vigor, chlorosis, root deterioration, and progressive decline. Environmental stresses,
including fluctuations in temperature and soil moisture, may further facilitate disease development. Although
chemical fungicides are widely used to manage fungal diseases, their repeated application may contribute to
fungicide resistance and environmental contamination. Therefore, plant-derived essential oils have attracted
attention as potential environmentally friendly alternatives. This study aimed to isolate and identify the fungal
species associated with root decline symptoms in C. lawsoniana and evaluate the in vitro antifungal activity of
selected plant essential oils in comparison with commonly used chemical fungicides.

Materials and Methods: Root samples were collected from Lawson cypress plants exhibiting decline and root rot
symptoms in Guilan Province, northern Iran. After surface sterilization, root segments were cultured on potato
dextrose agar (PDA), and the dominant fungal isolate was purified through successive subculturing. Morphological
identification was performed based on colony characteristics and microscopic features of conidiophores and
conidia. Molecular identification was conducted by amplification and sequencing of the internal transcribed spacer
(ITS) region of rDNA using ITSS and ITS4 primers. The obtained sequence was compared with reference
sequences in GenBank using BLAST analysis. Phylogenetic relationships were inferred using the Neighbor-Joining
method, and bootstrap analysis was performed to evaluate branch stability. Twelve plant essential oils, including
thyme (Thymus vulgaris), ajwain (Trachyspermum ammi), kakuti (Ziziphora clinopodioides), lemongrass
(Cymbopogon citratus), rosemary (Rosmarinus officinalis), peppermint (Mentha piperita), lavender (Lavandula
angustifolia), fennel (Foeniculum vulgare), myrtle (Myrtus communis), eucalyptus (Eucalyptus globulus), galbanum
(Ferula gummosa), and Persian hogweed (Heracleum persicum), were evaluated using disk diffusion, poisoned
food, and spore germination assays at different concentrations. Five chemical fungicides, including mancozeb,
thiophanate-methyl, copper oxychloride, iprodione + carbendazim (Rovral-TS), and Bordeaux mixture, were tested
at 2000 mg L'. Experiments were arranged in a completely randomized factorial design with three replications.
Data were analyzed using analysis of variance, and means were compared using Duncan’s multiple range test at P <
0.05.

Results: Morphological and molecular analyses identified the fungal isolate as Curvularia tsudae, and its ITS
sequence was deposited in GenBank under accession number PX096193. Phylogenetic analysis placed the isolate
within the C. fsudae species complex, consistent with the limited discriminatory power of ITS sequences for
resolving closely related Curvularia species. Significant differences were observed among essential oils in their
antifungal activity. Thyme essential oil showed the highest inhibitory effect in the disk diffusion assay. In the
poisoned food assay, thyme, ajwain, and lemongrass oils completely inhibited mycelial growth at higher
concentrations, whereas the other oils showed moderate to low activity. Lemongrass and ajwain were the most
effective oils in suppressing spore germination, while thyme showed a moderate inhibitory effect. In contrast, all
tested chemical fungicides completely inhibited spore germination. Fungicidal and fungistatic assessments showed
that thyme, ajwain, and lemongrass oils exhibited fungicidal activity, with no fungal regrowth after transfer to fresh
medium, whereas kakuti showed a fungistatic effect.

Conclusion: The results demonstrate the association of C. tsudae with root decline symptoms in Lawson cypress
and reveal considerable in vitro antifungal potential among several plant essential oils. Thyme, ajwain, and
lemongrass showed particularly strong inhibitory and fungicidal effects. Although chemical fungicides exhibited
high efficacy under laboratory conditions, selected essential oils may serve as environmentally friendly alternatives
or complementary components of integrated disease management. Further greenhouse and field studies are required
to evaluate their efficacy, formulation stability, persistence, phytotoxicity, and optimal application rates.
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Figure 1- Morphological characteristics of Curvularia tsudae. A-B. Colony morphology on potato dextrose agar (PDA) after 7-10
days at 25 °C (obverse and reverse views). C-D. Conidiophores, conidia, and microscopic structures (scale bar =20 pm).
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Figure 2. Phylogenetic tree based on the ITS rDNA region showing the fungal isolate obtained from the roots of Chamaecyparis
lawsoniana and selected species of the genus Curvularia. The tree was constructed using the Neighbor-Joining (NJ) method based on
genetic distances calculated with the Identity model. Branch support was assessed by bootstrap analysis with 1,000 replicates, and
bootstrap values greater than 50% are shown at the corresponding nodes. The isolate examined in the present study (PX096193)
clustered within the Curvularia tsudae species complex. Due to the limited discriminatory power of the ITS region within the genus
Curvularia, precise species-level identification was not possible; therefore, the isolate was identified at the genus level and its
phylogenetic relationship was inferred accordingly. Bipolaris maydis (NR_138224.1) was used as the outgroup to root the
phylogenetic tree.
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Figure 3. Antifungal effect of plant essential oils at various concentrations against Curvularia tsudae by the disk diffusion method.

Error bars represent the mean + standard error (SE) of three replicates. Columns sharing at least one common letter are not
significantly different according to Duncan's multiple range test at the 5% probability level (P < 0.05).
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Figure 4. Antifungal effect of plant essential oils at different concentrations against Curvularia tsudae by the culture medium

incorporation technique. Error bars represent the mean + standard error (SE) of three replicates. Columns sharing at least one
common letter are not significantly different according to Duncan's multiple range test at the 5% probability level (P < 0.05)
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Figure 5. Comparison of the mean percentage inhibition of Curvularia tsudae 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 Curvularia tsudae
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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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