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Short Article

Oomycetes associated with cucurbit rhizospheres in Iran: A new
record of Pythium tardicrescens
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ABSTRACT

Cucurbits are widely cultivated in Iran, particularly under intensive greenhouse production, where soilborne
oomycetes may contribute to root and crown diseases. During a survey of cucurbkii | oduction systems in Fars
Province in 2025, symptomatic root and crown tissues, rhizosphere soils, plan. dei *is, 7 ad irrigation water were
collected from cucumber, cantaloupe, muskmelon, squash, and watermelon. Oor . ‘cc =s were isolated using selective
media and baiting methods, and representative isolates were characteri..ed . ased on cultural and morphological
features, cardinal temperatures, pathogenicity assays, and molecular =ay.>gc..ctic analyses. Among recovered
oomycete isolates, seven were identified as Phytophthora inund.ta, Phytopythium litorale, and Pythium
tardicrescens. Molecular analyses confirmed their placement in Clade 6. of Phytophthora, Clade 1 of Phytopythium,
and Clade B of Pythium sensu stricto, respectively. Five isolates ¢ f £y tardicrescens were recovered from diseased
squash rhizosphere soil, representing the first record of this species 1 -or 1 Iran. The species was characterized by slow
radial growth, delayed formation of reproductive structe=.: filamentous to lobate sporangia, globose terminal
oogonia, monoclinous or paragynous antheridia, and aj 'erot .. oospores. A single isolate of Ph. inundata was
recovered from cucumber rhizosphere soil, repres.au :g .. first association of this species with cucumber
worldwide. Phytopythium litorale was also reco =ze« ‘ror . cucumber rhizosphere soil. None of the isolates caused
symptoms in cucurbit seedlings tested under ti.> experimental conditions used. These findings document
Py. tardicrescens in Iran for the first time ar< a ncw cucumber association for Ph. inundata and highlight the need
for broader ecological and pathogenicity s“=dic t= clarify their roles in cucurbit production systems.
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INTRODUCTION

Oomycetes inhabiting crop rhizospheres are ecologically significant components of belowground communities,
where they interact with roots, organic substrates, and other microorganisms (Pérez-Sierra et al. 2022). In cucurbit
production systems, these organisms may function as latent or active pathogens, transient colonizers, or members of the
broader rhizosphere microbiome (Hatami et al. 2013, Parkunan and Ji 2013). Documenting their occurrence is therefore
important for understanding plant health dynamics, improving disease surveillance, and strengthening agricultural
biosecurity in intensively cultivated soils.

Phytophthora inundata Brasier, Sanch. Hern. & S.A. Kirk is distributed mainly in Europe, but it has also been
reported from India, Iran, Australia, South America, and North America, where it infects the roots and collars of trees,
shrubs, alfalfa, olive, willow, and grapevine in wet or flooded soils (Brasier and Sanchez-Hernandez 2003, Abad et al.
2023a). Phytopythium litorale (Nechw.) Abad, de Cock, K. Bala, Robideau, A.M. Lodhi & Lévesque has been reported
as a plant-associated oomycete and is a serious pathogen of oriental plane (Platanus orientalis L.) in Turkey, causing
stem and branch cankers, root and collar rot, rapid tree decline, and mortality (Dervis et al. 2020). Pythium tardicrescens
Vanterp. has been detected in association with cereal-growing environments and can cause root and crown rot, damping-
off, and seedling disease (Bickel et al. 2025), although its global distribution and host range remain less well documented
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than those of the other two species. Collectively, these oomycetes may have economic importance through damage to
forest and urban trees, ornamental plants, turfgrass, and agricultural crops, particularly under poorly drained or
waterlogged conditions.

Despite the agricultural importance of cucurbits, information on rhizosphere-associated oomycetes remains limited
in many regions. In Iran, previous studies have largely focused on conspicuous and economically important diseases,
whereas the diversity of naturally occurring oomycetes in cucurbit rhizospheres has received comparatively little attention.
Recording additional regional occurrences is essential for refining knowledge of species distributions, clarifying
ecological associations, and informing assessments of potential future disease risk.

To address the underexplored aspect of cucurbit-associated oomycete diversity, the present study investigated
oomycetes associated with the rhizosphere of cucurbit crops in Fars Province using an integrative approach combining
cultural characteristics, morphology, and molecular phylogenetic analyses. This work aims to improve current
knowledge of the oomycete communities associated with cucurbit rhizospheres and to document their occurrence in an
important agricultural region of Iran.

MATERIALS AND METHODS

During 2025, a total of 39 sampling sites were surveyed in Fars Province, including nine sites in Shiraz County, five
in Kazerun, three in Arsanjan, 15 in Beyza, two in Marvdasht, and five in Dasht-e Arjan. Samples were collected from
23 cucumber, two cantaloupe, five muskmelon, seven squash, and one watermelon prod=ci on unit. In total, 134 samples
were collected, comprising symptomatic root and crown tissues, rhizosphere soii. p.yri d bris, and irrigation water.
Isolation from plant tissues was performed on CMA-PARP (Jeffers and Martin 1957, aind oomycetes from soil were
recovered using leaf- and grass-baiting assays, following the protocols of Joffer s and Martin (1986) and related baiting
methods (Pérez-Sierra et al. 2022). Asexual and sexual structures were inl'ucc a!-wxamined on organic substrates and
culture media as described previously (Fang et al. 2017, van der Plaats-N-ei'nk 1981, Erwin and Ribeiro 1996). Colony
morphology, radial growth, and cardinal temperatures were assessed on . tandaid agar media using established methods
for oomycete characterization (van der Plaats-Niterink 1981, Erwiu a .4 Kibeiro 1996). Morphological measurements
were based on 50 structures per isolate, and cultures were maintaine't 0’1 cornmeal agar slants at 15 °C for subsequent
analyses.

Genomic DNA was extracted from freeze-dried myceli . gro m in potato extract broth using the DNG PLUS DNA
extraction kit, following Mirsoleimani and Mostowfiz=ich-Shilamfarsa (2013). For Pythium sensu stricto, the Stub,
cox1, and cox2 loci were amplified using standarc,nrit \e’s a1d PCR conditions (Hudspeth et al. 2000, Villa et al. 2006,
Robideau et al. 2011), and amplicons were sequericad by Codon Genetic Group. For Phytophthora and Phytopythium
isolates, only the cox/ locus was amplified ard scwenced. Sequences were edited in Geneious Prime 2022, aligned
with MAFFT v.7 (Katoh et al. 2019), and tesiwod frr phylogenetic congruence using the Partition Homogeneity Test
(Incongruence Length Difference test) irf plsmencid in PAUP* 4.0a136 (Swofford and Sullivan 2003). The test was
conducted with 1000 partition-replica’C se. =hCs using heuristic searches. Phylogenetic analyses were performed using
Bayesian Inference in MrBayes 3.1 via Tr Zase (Mishra et al. 2023). In addition, Maximum Likelihood and Minimum
Evolution analyses were also cor ductea with 1000 bootstrap replicates, with Elongisporangium anandrum (Drechsler)
Uzuhasi, Tojo & Kakish. = the cuteroup. Trees were visualized and edited in MEGA 12 (Kumar et al. 2024), and all
newly generated sequence: we citeposited in GenBank.

Pathogenicity tests werc performed on seedlings of cucumber, cantaloupe, muskmelon, squash, and watermelon
using vermiculite-hempseed .noculum prepared according to Banihashemi (1989). In summary, for each isolate, 200 g
of vermiculite was mixed with 120 mL of hempseed extract (60 g ground hempseed L™! distilled water) and sterilized
three times at 121 °C for 20 min at 24-h intervals (Banihashemi 1989). The mixture was inoculated with twenty 6-mm
plugs from actively growing margins of 3-day-old CMA cultures and incubated at 25 °C for four weeks, with shaking
every 4-5 days. Controls received non-colonized CMA plugs. Pre- and post-emergence damping-off assays were
conducted in sterile soil: sand substrate as described previously (Banihashemi 1989), with non-colonized vermiculite-hempseed
substrate used as the control. Plants were maintained under waterlogged conditions for 24 h, incubated at 25 °C, and
monitored for two weeks for seedling mortality, wilting, stunting, and root rot symptoms. The assays were
independently repeated twice and evaluated under blind conditions.

RESULTS AND DISCUSSION

Among the isolates recovered from the rhizosphere of cucurbit plants exhibiting root rot, crown rot, and yellowing
symptoms, morphological characteristics identified Phytophthora inundata (one isolate from diseased cucumber
rhizosphere soil), Phytopythium litorale (one isolate from diseased cucumber rhizosphere soil), and Pythium tardicrescens
(five isolates from diseased squash rhizosphere soil) (Fig. 1; Table 1). Molecular analyses confirmed these identifications
and supported their placement in Clade 6a of Phytophthora for Ph. inundata (Abad et al. 2023b), Clade 1 of
Phytopythium for Pp. litorale (Baten et al. 2014), and Clade B of Pythium sensu stricto for Py. tardicrescens (Lévesque
and de Cock 2004) (Fig. 1).
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None of the isolates caused detectable symptoms on the tested cucurbit seedlings under the experimental conditions
used. These results indicate that the tested isolates did not induce disease under the conditions examined; however, they
do not exclude isolate- or species-specific pathogenicity under different environmental conditions, host developmental
stages, inoculum pressures, or soil under different environmental conditions. The single isolate assigned to Pp. litorale
tested here should not be generalized to the species, because pathogenicity and aggressiveness may vary among isolates.
The recovery of these oomycetes from symptomatic rhizosphere samples may reflect secondary colonization, latent
infection, weak pathogenicity, or association with disease complexes. Further studies using multiple isolates, host
cultivars, and species-specific environmental conditions are needed to clarify their ecological and pathogenic roles.

Among the recovered taxa, Py. tardicrescens is particularly noteworthy because it represents a new record for the
oomycete biota of Iran. It was characterized by filamentous, slightly inflated to toruloid and lobate sporangia, globose
terminal oogonia (av. 26.5 £ 0.9 (22.7-27.3) pm in diam) with smooth surface, a single sac-shaped monoclinous or
paragynous antheridium (av. 11.2 £ 0.3 (9.5-13.7) x 7.8 £ 0.5 (6.3—10.2) um), and globose, aplerotic oospores (av.
22.8+0.6 (21.0-26.6) um in diam) with walls up to 2 + 0.1 pm thick (Fig. 2). This species is closely related to
Py. scleroteichum Drechsler, but differs in sporangial and growth morphology. In agreement with previous reports,
Py. tardicrescens showed very slow growth (0.5 mm per day) and delayed production of reproductive structures, which
were formed only after approximately three months. Cardinal temperatures were 5, 20, and 30 °C for minimum,
optimum, and maximum growth, respectively.

The recovery of Ph. inundata from cucumber is also significant, as this appeai:.to %< th : first report of this species
in association with cucumber worldwide. In Iran, it was previously reported frora=ic, sugar beet, Solanum nigrum L.,
and pistachio (Safaeifarahani et al. 2013, Salmaninezhad and Mostowfizadeli-Gl alani‘arsa 2017). Phytopythium litorale
has previously been reported from cucumber and squash (Parkunan and J/.20.3; /:Y0asi et al. 2018) and was described
as a strong pathogen of squash in some studies; however, the isolate r_ccrered here was non-pathogenic under our
experimental conditions.

In conclusion, this study expands the known diversity of cucu/oif -:ssuciated oomycetes in Iran and documents
Py. tardicrescens as a new national record. Further studies.should ir clvde broader sampling and pathogenicity assays
under different environmental conditions to better clarify the -~ological roles and disease potential of these taxa.

Table 1. List of the isolates obtained in this study'witl tieir GenBank accession numbers.

GenBank Accession no.

Species Isolate Date Host (Matrix) Lo« tion Longitude Latitude
prub cox1 cox2
Phytophthora inundata
CSPHO03 Nov. 2025 picuimiis sggiviis Beyza 29.96380371  52.36211680 - PZ713512
(_izospher soil)
Phytopythium litorale
, Cucumis sativus
CSPP12 Nawv. 220 (hizosphere soil) Beyza 29.96084423 5235113731 - PZ713513

Pythium tardicrescens

Cucumis pepo .
CPTO03 Oct. 2025 (0 ewal)  DashteAran  30.08008238  51.52921542
CPT11 Oct. 2025 Cucumis pepo  pyhe o Aian 30.08008239  51.52921536 PZ533845 PZ533837 PZ533841
(thizosphere soil)
CPT17 Oct. 2025 Cucumis pepo  pychee Avian 30.08008234  51.52921530
(thizosphere soil)
CPT99 Oct. 2025 Cucumis pepo 1y e o Aian 30.08008239  51.52921546
(thizosphere soil)
CPTO03 Oct. 2025 Cucumis pepo — pychee Avian 30.08008238  51.52921542

(thizosphere soil)




4 Mycologia Iranica — Vol. 13, 2026
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Fig. 1. Phylogenetic relationships of oomycetes species from cucurbits in this study. (A) Phylogenetic relationships of
Pythium sensu stricto species from cucurbits and 36 previously described Pythium sp;’. b:.sed on Bayesian analyses of
a concatenated alignment of nuclear (ftub) and mitochondrial (cox! and cox2) loci. (.71 P! ylogenetic relationships of
Phytopythium species from cucurbits and 30 previously described PhyfopythiumSpp. cased on Bayesian analyses of the
alignment of cox/ sequences. (C) Phylogenetic relationships of Phytophthora sj =cies from cucurbits and 30 previously
described Phytophthora spp. from Clade 6 based on Bayesian analyses ¢ “the aligument of cox/ sequences. Numbers
above the branches represent Bayesian posterior probabilities and bootst ap s onort based on the Maximum Likelihood
and Minimum Evolution analyses, in the respective order. Isolates usad 1. this study are shown in bold.

S — . - -

Fig. 2. Morphology of the recovered species from cucurbits in this study. (A, B) Phytophthora inundata. (A) globose
and catenulated hyphal swellings. (B) ovoid sporangium. (C) Phytopythium litorale’s sporangium. (D, E) Pythium
tardicrescens. (D) filamentous sporangia with lobate elements. (E) aplerotic oospores with single monoclinous
antheridium (arrows). (F-H) Colony morphology of different species on various media at 25 °C after 48 hours. (Top
(from left to right): carrot agar, malt extract agar and potato-dextrose agar. Bottom (from left to right): hempseed agar
and cornmeal agar). (F) Phytophthora inundata. (G) Phytopythium litorale. (H) Pythium tardicrescens.
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