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Abstract:
Original Research

Plants in urban green spaces play a vital role in maintaining ecological balance,
reducing air pollution, and enhancing the human health. However, these plants are
susceptible to a wide range of pathogens and pests. In recent years, numerous reports
have noted the presence of different Phytopythium species in ornamental plants
within green spaces. In this study, soil, root, and crown-rot samples were collected
from ornamental plants in Shiraz city to investigate the Phytopythium spp. biota from
How to Cite: Delshad, D., Salmaninezhad, F.,  green spaces and parks across 11 municipal districts of Shiraz. To verify the
Masigol, H., & Mostowfizadeh-Ghalamfarsa, R. - mgrphological and morphometric identification, phylogenetic analysis was
(2025). - Identification and - Pathogenicity of  condycted using the genes from subunit | of cytochrome ¢ oxidase. In addition to P.
vexans complex, three species, including P. litorale, P. ostracodes, and
Phytopythium sp.1 were obtained from the green space of Shiraz city, and all
belonged to clade 1 of this genus. This is the first global report documenting that P.
DOI: 10.22034/1JPP.2026.2021900.516 litorale is pathogenic on Persian cypress tree and P. vexans on plane tree. Based on
the analysis of the cytochrome c oxidase subunit | (coxl) gene, a new taxon,
Phytopythium sp.1, was identified among the isolates, and its formal description is
@ currently underway. Furthermore, an examination of various biodiversity indices for
BY the Phytopythium species community isolated from ornamental plants in Shiraz
© 2025 the authors. Published by Maher revealed that this community possesses a diverse and relatively balanced structure.
Publishing Institute. This is an open access Keywords: Ornamental plants, Phytopythium, Pathogenicity, Morphological
article under the terms of the Creative identification, Phylogenetic analysis
Commons Attribution 4.0 International (CC
BY 4.0) License.

Phytopythium Species on Ornamental Plants in
Shiraz City. Iranian Journal of Plant Pathology,
61(1-2), 83-108.



https://doi.org/10.22034/IJPP.2026.2021900.516
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0001-9346-9574
https://orcid.org/0000-0002-9043-005X
https://orcid.org/0000-0003-2483-7799
https://orcid.org/0000-0001-5572-918X
http://creativecommons.org/licenses/by/4.0

A¥

Iranian Journal of Plant Pathology, VVolume 61, Issue 1-2. Pages 83-108

Extended Abstract
Introduction

The importance of the environment and green spaces for
the sustainability of nature and human beings cannot be
overstated. Creating suitable green space in urban and
industrial areas based on scientific principles and rules can
reduce the harmful effects of environmental pollution
(Nowak et al., 2014). Moreover, protecting plants, trees, and
urban green spaces is crucial because they directly improve
human health and quality of life. In recent years, numerous
reports have documented various Oomycota, such as species
from the genera Phytophthora, Phytopythium, and Pythium
in ornamental plants within green spaces globally, including
in Iran (Salmaninezhad & Mostowfizadeh-Ghalamfarsa,
2019; Yang et al., 2017).

The genus Phytopythium is newly described and includes
species formerly classified as clade K of Pythium (Bala et
al., 2010; Baten et al., 2014; Baten et al., 2015). Many
species assigned to the genus Phytopythium are important
plant pathogens of agricultural and ornamental plants,
causing root and crown rot and seedling blight diseases
(Baten et al., 2014). Numerous reports have documented the
detrimental effects of pathogens in the genus Phytopythium
on agricultural crops and ornamental trees and shrubs
worldwide (e.g., Jung et al., 2020).

In Iran, there have been various reports on the
pathogenicity of Phytopythium species. In Shiraz, five
Phytopythium species, including P. litorale, P. oedochilum,
P. ostracodes, P. palingenes, and P. babaiaharii have been
reported from ornamental plants (Salmaninezhad &
Mostowfizadeh-Ghalamfarsa, 2019, 2023). Although there
are reports of the pathogenicity of different species of
oomycetes in other parts of Iran in ornamental plants
(Mirabolfathly & Ershad, 1996; Ranjbaran et al., 2006), a
comprehensive study on the biodiversity, species
composition, and pathogenicity of the Phytopythium spp. in

ornamental plants within Shiraz city has been lacking. Given

the ecological and aesthetic importance of ornamental
plants, the present study aimed to identify and characterize
Phytopythium species associated with ornamental plants in
Shiraz using integrated morphological and phylogenetic

analyses.

Methods and Materials

Rhizosphere soil, crown, and root samples were
randomly collected from parks, green spaces, and
greenhouses in Shiraz city from ornamental trees and plants
exhibiting symptoms of crown and root rot. Isolation was
performed using the baiting method. The isolates were
identified based on morphological and physiological
characteristics using standard keys and references (de Cock
et al, Mostowfizadeh-

2015; Jesus et al., 2016;

Ghalamfarsa, 2016; Van der Plaats-Niterink, 1981).
Phylogenetic analyses were conducted to confirm the
identification of the isolates. DNA was extracted from the
samples using the CTAB method (Delshad et al., 2025). The
COXI gene region was amplified by PCR using the method
described by Robideau et al. (2011). Pathogenicity tests
were conducted on the host plants using the prepared
inoculum. To  compare the  biodiversity  of
Phytopythium species, we calculated the Shannon-Wiener,
Simpson, Gini-Simpson, Pielou's evenness, and species

richness indices (Jost, 2006).

Results and Discussion

A total of 304 oomycete isolates were obtained from
rhizosphere soil, crown, and root samples collected from
ornamental plants showing symptoms of crown and root rot.
Among these, 96 isolates were identified as Phytopythium
spp., belonging to the species P. litorale, P. ostracodes,
and P. vexans. Phylogenetic inference based on the
mitochondrial COXI gene revealed that P. vexans isolates
formed two well-supported clades, designated P. vexans Gl
and P. vexans GlI. In addition, several isolates obtained from
different ornamental hosts did not correspond to any

previously described Phytopythium species. The results
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showed that these isolates represent a

novel Phytopythium species, temporarily designated
as Phytopythium sp. 1. Biodiversity analysis revealed that
among the five studied species, P. vexans Gl had the highest
relative abundance and P. litorale had the lowest. Species
richness was five, while Shannon's diversity index and
Simpson's index were 1.6 and 0.2, respectively.

During the course of this study, five Phytopythium taxa,
including P. litorale, P. ostracodes, P. vexans Gl, P. vexans
Gll, and Phytopythium sp.1, were obtained from the crown
and roots of ornamental plants in Shiraz. he results indicate,
for the first time, that P. litorale is pathogenic to cypress
(Cupressus spp.), and causes crown and root rot.
Phylogenetic analyses have consistently revealed that P.
vexans represents a complex species (de Cock et al., 2015;
Delshad et al., 2025; Nguyen et al., 2022; Robideau et al.,
2011; Spies et al., 2011). In the present study, mitochondrial
cytochrome oxidase ¢ subunit 1 (COXI) gene sequence
analysis separated P. vexans isolates into two distinct and
well-supported phylogenetic groups. To our knowledge, this
study provides the first report of isolation and pathogenicity
confirmation of the P. vexans species complex on plantain.
According to phylogenetic analyses, all species in this study,
except for P. vexans Gl and Gll, clustered within the
Phytopythium clade 1 (Baten et al., 2014; Jesus et al., 2016).
Clade 1 is the largest clade within the genus Phytopythium,
and the majority of species recently reported from
ornamental plants in Iran and worldwide belong to this clade
(Salmaninezhad & Mostowfizadeh-Ghalamfarsa, 2023;
Tkaczyk, 2020). Phytopythium species have a remarkable
capacity to infect ornamental plants. In this study, the
species richness was five, with P. vexans Gl exhibiting the
highest relative abundance (39 isolates) and P. litorale the
lowest (6 isolates). The present study represents a
foundational contribution to the understanding of the
biodiversity and community structure of Phytopythium
species in urban areas of southern Iran. Analysis of multiple
biodiversity indices revealed that the Phytopythium spp.

community associated with ornamental plants in Shiraz

displays moderate diversity and a relatively balanced

community structure.
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Table 1. List of Phytopythium isolates obtained from the green spaces of Fars Province

Taxon Isolate code Host Substrate Date Coordinates N Coordinates E
Phytopythium litorale
Shuze5 Zinnia elegans Soil Mar. 2021 29938'20.61" 52931'25.86"
Shuze6 Zinnia elegans Soil Mar. 2021 29938'20.61" 52931'25.86"
Shuze9 Zinnia elegans Soil Mar. 2021 29938'19.87" 52931'26.808"
Shuzel0 Zinnia elegans Soil Mar. 2021 29938'19.86" 52931'26.826"
ShECs16 Cupressus semperviren Soil Mar. 2021 29938'19.86" 52931'26.826"
ShECs18 Cupressus semperviren Soil Mar. 2021 29938'19.86" 52931'26.826"
Phytopythium ostracodes
ShvPI01 Platanus sp. Soil 0ct.2020 52031'39.022" 29236'51.984"
ShvP102 Platanus sp. Soil 0Oct.2020 52031'39.022" 29236'51.984"
ShvPl02a Platanus sp. Soil 0ct.2020 52031'39.022" 29236'51.984"
ShvPI06 Platanus sp. Soil 0Oct.2020 52031'39.022" 29236'51.984"
ShEPr7 Platycladus orientalis Soil Nov. 2020 52032'.322" 29937'.742"
ShEPr8 Platycladus orientalis Soil Nov. 2020 52932'.322" 29937'.742"
ShEPr10 Platycladus orientalis Soil Nov. 2020 52932'.322" 29937'.742"
ShEPri1 Platycladus orientalis Soil Nov. 2020 52932'.322" 29937'.742"
ShEPri2 Platycladus orientalis Soil Nov. 2020 52932'.432" 29937'.785"
ShEPri3 Platycladus orientalis Soil Nov. 2020 52932'.432" 29937'.785"
ShEPri14 Platycladus orientalis Soil Nov. 2020 52932'.432" 29937'.785"
ShEPr15 Platycladus orientalis Soil Nov. 2020 52932'.432" 29937'.785"
ShEBg5 Bougainvillea glabra Soil Nov. 2020 - -
ShEBg4a Bougainvillea glabra Soil Nov. 2020 - -
ShEBg6 Bougainvillea glabra Soil Nov. 2020 - -
ShEBg8 Bougainvillea glabra Soil Nov. 2020 - -
ShEBg9 Bougainvillea glabra Soil Nov. 2020 - -
ShEYf3 Yucca gigantea Soil Nov. 2020 - -
ShEYf4 Yucca gigantea Soil Nov. 2020
Phytopythium vexans Gl
RgPI09 Platanus orientalis Soil Aug. 2018 29937'.781" 52932'.240"
MpCu04-5 Cupressus sempervirens Soil Mar. 2018 29937'.782" 52932'.242"
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MpCu04
RgCul3
MpCu07
MgPI12
ErLal0
MpCul5
MGoCu5
MGoCul?7
BjAc5
BjCul8
RgPl108
GbPI15
MpCu03-2
RgPI12
RgPI10
GuSi56
RgPl07
Phytopythium vexans GlI
BjAc07
ErCul3
GbCu07
GbCi12
ErCul3-3
GbMel7
ChQu05
RgCuld
ChEull
RgCul0
RgCu02
Phytopythium vexans Gl
GbMo05
RgPl06
AzPa04
AzPi04
AzSa07
ShgGb1
ShgGb2
ShAzPI7
ShECu6
ShECu8
ShECu5
ShEPh1
ShECr1
ShEKb1
ShECr4
ShECr7
ShEYfl
ShEYf2
ShEKb2
ShEKb3
ShEPh3
ShEYf5

Cupressus sempervirens
Cupressus sempervirens
Cupressus sempervirens
Platanus orientalis
Lagerstroemia anisoptera
Cupressus sempervirens
Cupressus sempervirens
Cupressus sempervirens
Acer saccharinum
Cupressus sempervirens
Platanus orientalis
Pinus elderica
Cupressus sempervirens
Platanus orientalis
Platanus orientalis

Salix sp.

Platanus orientalis

Acer sp.

Cupressus sempervirens
Cupressus sempervirens
Citrus sp.

Cupressus sempervirens
Mespilus sp.

Quercus sp.

Cupressus sempervirens
Eucaliptus sp.
Cupressus sempervirens
Cupressus sempervirens

Morus sp.

Platanus orientalis
Papulus sp.

Pinus elderica

Salix sp.

Gerbera aurantiaca
G. aurantiaca
Platanus sp.

C. semperviren

C. semperviren

C. semperviren
Philadelphus coronarius
Catharanthus roseus
Kalanchoe blossfeldiana
C. roseus

C. roseus

Yucca gigantea
Y.gigantea

K. blossfeldiana

K. blossfeldiana

P. coronarius

Y. gigantea

Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil

June.2019
June.2017
Aug. 2018

Aug. 2018
Mar. 2018
June.2017
Aug. 2017
July. 2017
Aug. 2018
Aug. 2018
July. 2019
June. 2017
Aug. 2018
May.2021
June. 2017

June. 2017
June. 2019
June. 2017
June. 2017
June. 2019
June. 2017
June. 2019
June. 2018
Aug. 2017
June. 2019
June. 2019

Aug. 2017
Aug. 2018
May. 2019
Mar. 2018
June. 2017
Mar. 2021
Mar. 2021
Oct. 2020
Mar.2021
Mar.2021
Mar.2021
Nov.2020
Nov.2020
Nov.2020
Nov.2020
Nov.2020
Nov.2020
Nov.2020
Nov.2020
Nov.2020
Nov.2020
Nov.2020

29937'.781"
29937'.545"
29937'.744"

29237'.743"
29237'.731"
29237'.732"

29237'.781"
29237'.518"
29237'.542"
29237'.806"
29237'.780"

29237'.781"

299237'.742"
30203'.601"
29237.519"

299237'.742"
30203'.603"
29°38.395"

29937'.731"
29°36'12.7"
29937'.731"
29937'.733"

30203'.603"
29937'.733"
29937'.519"
29937'.764"
29937'.759"

29937'.735"
29937'.742"
29937'.742"
29937'.742"
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52932'.241"
52933'.335"
52932'.492"

52932'.491"
52932'.492"
52932'.492"

52932'.241"
52933'.321"
52933'.339"
52932'.241"
52932'.242"

52932'.241"

529232'.480"
52922'.691"
52933.318"

52932'.483"
52922'.692"
52°30.056"

52232'.333"
52222'.690"
52232'.333"
52232'.331"

52922'.690"
52932'.332"
52933'.318"
52932'.402"
52932'.391"

52932'.466"
52932'.480"
52932'.480"
52932'.480"
52932'.498"
52931'27.462"
52931'28.188"
52931'28.188"

52932'.498"
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Table 2. Comparison of morphological and morphometric characteristics of Phytopythium species in this study

Characters Taxon
P. litoralae P. ostracodes P. vexans Gl P. vexans GlI
Sporangia
Shape globose to ovoid globose to sub-globose globose to sub-globose globose to ovoid
Papillae + + _ _
Average (um) 28x30 30 18x17.7 22.8x22
Proliferation + + _ -
Hyphal swellings + _ _ _
Oogonia
Shape _ globose globose globose
Average (um) _ 35 22.7 17.9
Antheridia - 10 15%5 13x4
Oospore
Type - plerotic plerotic Plerotic to a plerotic
Average (um) 32 21 14
Wall average (um) - 4 3 4

PCA ciS b g5, ilises slales ;5 Phytopythium s S (s, 55 g ) i dd, Kol (:Kke ¥ Ju

Table 3. Growth rate (mm/d) of Phytopythium species in this study at different temperatures on PCA culture medium

Temperature (°C).

Species Isolate

5 10 15 20 25 30 32 34 36 38

P. litorale

Shuzell 0 3 9 14 7 10 12 20 16 14

ShuzZe5 0 3 8 13 8 9 14 21 18 13

Shuze9 0 2 9 12 7 9 13 20 16 12
P. ostracodes

ShvPI02 0 1 45 6 5 7 9 11 8 6

ShEPr8 0 1 4 6.5 5 8 10 11 8 6

ShEBg6 0 1 5 7 5 6 9 12 9 7
P. vexans Gl

ErLal5 0 0 25.8 30 34.7 50.8 39.8 1.9 0 0
P. vexans Gl

RgCul4 0 177 31.9 48.4 58.5 59.7 31 0 0 0

5l Gy & Lsd o LS Al s Jd S0 Sl
A5 s (G300 g edd i b ooyls 3 5o 1 Lay s el
Gty k5 5 Log O €5 cpl laalir plod S oo p 5 5l sl
dge dimaS Ly glos (Y Jsda) 55 ey S B Sle &)y 40 o
G YO 5T 0 g e 68 cpl gl 6l A8 sede s

Phytopythium litorale Abad, de Cock, Bala, Robideau,
Lodhi & Lévesque 2014

Lok (3l 5L 5 ool J8 satyl b 5l 68 onl slanlis

Sy o MEA S HSA (clactiS las o5, 5, 15 6,800 Jsr)
mhae g5y 5 g2 8 S8 4 CA S PDA CiShaos (g, ol s>
U (555 g 5l sl (0 JSK8) 350 ) 801 36 CMA oS

sy el (3 Sl 51 Vgame ¢ ol b (gl o IS
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Fig. 1. Colony morphology of Phytopythium litorale, isolate ShuZel1, after 72 hours at 25 °C on various media. Top (from left to

right): CA, MEA and PDA. Bottom (from left to right): HSA, and CMA.
L3 Phytopythium 3 (S5 5ks S 5s G oW 5o 48 ol slaalue ol &S 58 Lasise 05 SL Sl WKL s ShuZe5 5 ShuZell

AUSE) 35738 5Ll 6l S v el 3,8 e P. litorale (AB690634) 48 4 sy 44 Olhe o LIS

ay
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Table 4. Colony morphology and growth rate (mm/d) of Phytopythium species in this study at 25 °C on various media

Species 1solate HSA MEA CA PDA CMA
Growth Colony Growth Colony Growth Colony Growth Colony Growth Colony

P. litorale

Shuze5 22 intermediate 20 intermediate 20 rosette 23 rosette 23 no pattern

Shuzell 23 intermediate 20 intermediate 19 rosette 21 rosette 3 no pattern
P. ostracodes

ShEPr8 20 intermediate 12 no pattern 8 rosette 13 rosette 13 radiate

ShvPI02 20 intermediate 11 no pattern 10 rosette 11 rosette 12 radiate
P. vexans Gl

ErLal5 30.1 uniform 38.7 chrysanthemum 27.7 intermediate 25.3  intermediate 30.5 uniform
P. vexans Gll

RgCul4 42 radiate 42 uniform 34.6 chrysanthemum 34.5 rosette 50 uniform

ol yon AL G685 ) OLLE Sl adel Cws 4 p gy g2 e (S&S o155k D g3l O Jgar

Table 5. Pathogenicity test of different Phytopythium species from ornamental plants on the accompanying plant species

Species
Host -
P. litorale P. ostracodes P. vexans Gl P. vexans Gll
Zinnia elegans -
Platanus orientalis ® + +
Cupressus sempervirens + 3 5 -

+= positive pathogenicity test, -= negative pathogenicity test, = test not performed.

4wylis ;3 (D  C B )Phytopythium litorale 3 ShECS16 sali> L odd Siab 309 m sdlg oler sbcwnd ;3 SKis (..b\.o - s
Soube 5l e VP (A) aala

Fig. 2. Wilting symptoms in aerial parts of Persian cypress (Cupressus sempervirens) seedlings inoculated with Phytopythium

litorale isolate ShECs16 (B, C, and D) compared to the control (A), 160 days after inoculation
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Phytopythium vexans Complex (de Barry) Abad, de
Cock, Bala, Robideau, Lodhi & Lévesque
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Phytopythium ostracodes Abad, de Cock, Bala,
Robideau, Lodhi & Lévesque 2014
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Fig. 3. Wilting symptoms in aerial parts of plane tree (Platanus orientalis ) seedlings inoculated with Phytopythium ostracodes

isolate ShvPI02 (B, C, and D) compared to the control (A), 90 days after inoculation.

B ) Phytopythium ostracodes ;I ShvPI02 safi> L oad Siab jb> sladlg js iy, > oS s adyy g aisb Sy (.M:— -f s
J}M_Lﬂj‘ U’"-’:)'}) Q. ‘(A) dals L} 4....3&.:,: (DJCs

Fig.4.- Symptoms of crown and root rot, along with reduction of root volume, in plane tree seedlings inoculated with Phytopythium

ostracodes isolate ShvPl02 (B, C, and D), compared to the control (A), 90 days after inoculation.
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Fig. 5. Phylogenetic relationships of Phytopythium spp. isolates from ornamental plants in Shiraz city among

other Phytopythium species, based on a comparison of cytochrome c oxidase subunit | gene sequences using the Bayesian inference
method. Bayesian probabilities and Maximum Likelihood bootstrap values are shown near the branches (from left to right,

respectively).
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Fig. 6. Colony morphology of Phytopythium vexans Gl, isolate RgPI03, after 72 hours at 25 °C on various media. Top (from left to
right): CA, MEA and PDA. Bottom (from left to right): HSA, and CMA
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Fig. 7. Drying symptoms in the aerial parts of plane tree seedlings inoculated with Phytopythium vexans Gl isolate RgPl03 (B, C,

and D) compared to the control (A), 153 days after inoculation.
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Fig.8. Symptoms of crown and root rot, along with reduction of root volume, in plane tree seedlings inoculated with Phytopythium

(B, C, and D), compared to the control (A), 153 days after inoculation. isolate RgPI03 vexans GI
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Fig. 9. Colony morphology of Phytopythium vexans Gll, isolate RgCul3, after 72 hours at 25 °C on various media. Top (from left to
right): CA, MEA and PDA. Bottom (from left to right): HSA, and CMA
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Table 6. Analysis of biodiversity indices in Phytopythium species isolated from ornamental plants.

Species N iP H D 1-D E S J
P. litorale 0.062 - - - - - -
P. ostracodes 19 0.197 - - - - - -
Phytopythium. sp.1 16 0.166 - - - - - -
P. vexans Gl 39 0.406 - - - - - -
P. vexans GlI 16 0.166 - - - - - -
Total 96 1 1.48 0.29 0.71 0.80 5 0.92
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