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Summary

In order to investigate the oomyceteous flora associated with ornamental trees of Shiraz County (lran),
during 2017-18, rhizosphere soil and plant debris of ornamented trees from various parks and green spaces of
Shiraz County (including 11 districts) were sampled. Based on morphological, morphometrical and physiological
analyses, three Phytophthora species, namely, Ph. cactorum’, Ph. capsici, and Ph. nicotianae’, five Phytopythium
species including Pp. litorale, Pp. oedochilum’, Pp. ostracodes, Pp. palingenes'”, and Pp. vexans, and 11 Pythium
species including Py. aphanidermatum’, Py. catenulatum’, Py. echinulatum, Py. hydnosporum’, Py. irregulare’,
Py. kashmirense, Py. megalacanthum’, Py. middietonii, Py. nunn, Py. oligandrum, and Py. sylvaticum' were
identified. Taxa with asteric were predominant and species with dagger sign were new to Iran mycobiota.
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Fig. 1. Morphology of Phytopythium palingenes (GbEula) isolated from Shiraz County, Iran: A-C: Sexual structures:
A. Terminal oospore with one paragynous and monoclinous antheridia which is wrapping around oogonia stalk,
B. Intercalary oogonium with antheridial stalk wrapping around oogonial stalk and broad attachement to oogonium,
C. Aplerotic oospore with paragynous antheridium, D. Ovoid sporangium (Bar = 10 um).
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Fig. 2. Morphology of Pythium megal acanthum (MpCi03):isolated from Shiraz County, Iran: A-B. Sexual structures:
A. Aplerotic oospore with monoclinous antheridium, B. Perfectly aplerotic oospore with broad antheridial attachment,
C-D: Sporangium: C. Sporangium releasing zoospores, D. Nearly ovoid sporangium with long discharged tube

(Bar = 10 pm).
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Fig. 3. Morphology of Pythium sylvaticum (SgPi04) isolated from Shiraz County, Iran: A-C. Sexua structures:
A. Plerctic oospore with a diclinous antheridium, B. Aplerotic oospore with more than three paragynous antheridia,
C. Nearly plerotic, terminal oospore with a monoclinous, paragynous antheridium, D. Termina hypha swelling

(Bar = 10 um).
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Table 1. Oomyceteous isolates from ornamental trees of Shiraz County (Iran)

Taxon Isolate’ Matrix Date L ocation Coordinates

Phytophthora cactorum

AzPi03 Pinus eldarica (soil) Jul. 2018 Azadi Park 29°37'.773"'N 052°32'.248"E

AzCu01 Cupressus sempervirens (soil) Jul. 2018 Azadi Park 29°37'.759"N 052°32'.255"E

ErCu06 Cupressus sempervirens (soil) Jun. 2018 Eram Garden 29°37'.742"N 052°32'.322"E

JaCu04 Cupressus arizonica (soil) Sept. 2018 . Jahan NamaGarden ~ 29°37'.760"N 052°32'.344"E
Phytophthora capsici

RgEu03 Eucalyptus obliqua (soil) Jun. 2018 Rg‘:;g?r:n?" 29037'733'N  052032'332'E

MmCi08 Citrus aurantium (crown) Aug. 2018 Mellat Park 29°37'.743"'N 052°32'.342"E
Phytophthora nicotianae

AzPi08 Pinus brutia (root) Jun. 2018 Azadi Park 29°37'.759"N 052°32'.391"E

GbhCi01 Citrus aurantium (root) May 2018 Golestan Blvd. 29°37'.764"N 052°32'.401"E

AzSa03 Salix babylonica(root) Jul. 2018 Azadi Park 29°37'.764"N 052°32'.402"E

ChCu09 Cupressus sempervirens (soil) May 2018 Chamran Blvd. 29°37'.780"N 052°32'.419"E
Phytopythium litorale

ErPIO6 Platanus orientalis (soil) May 2018 Eram Garden 29°37'.785"N 052°32'.432"E
Phytopythium oedochilum

AzPi21 Pinus eldarica (soil) Apr. 2018 Azadi Park 29°37'.735"N 052°32'.466"E

Erulol Ulmus hoissieri (soil) Mar. 2018 Eram Garden 29°37'.742"N 052°32'.480"E

MpCu04 Cupressus sempervirens (soil) May 2018 Melli Garden 29°37'.743"'N 052°32'.492"E
Phytopythium ostracodes

MpCu03-1 Cupressus arizonica (root) Mar. 2018 Melli Garden 29°37'.732"N 052°32'.492"E

SgPI09 Platanus orientalis (soil) May 2018 Shaghayegh Garden ~ 29°37'.732"N 052°32'.493"E
Phytopythium palingenes

GbEula Eucalyptus obliqua (root) Jun. 2018 Golestan Blvd. 29°37'.557"N 052°33'.335"E

ErAiol Ailanthus altissima (crown) Jul. 2018 Eram Garden 29°37'.554"N 052°33'.336"E

GhCu06 Cupressus semper virens (soil) Sept. 2018  Zerehi Koodak Park ~ 29°37'.547"N 052°33'.331"E
Phytopythium vexans

RgCu01 Cupressus semper virens (soil) Jul. 2018 ngzﬂ;?r;? 29°37'.545"N 052°33'.335"E
Pythium aphanider matum

GhCu01 Cupressus arizonica (soil) Mar. 2018 Golestan Blvd. 29°37'506"N  052°33.310"E

AzCe02 Cercis siliquastrum (soil) Jun. 2018 Azadi Park 29°37'.535"N 052°33'.338"E

AzAc12 Acer saccharinum (soil) Jul. 2018 Azadi Park 29°37'.534"N 052°33'.338"E

ErRo07 Robinia hispida (soil) Dec. 2017 Eram Garden 29°37'528"N  052°33.337"E

JaEu02 Eucalyptus obliqua (soil) Aug. 2018  Jahan NamaGarden  29°37'.528"N 052°33'.339"E

JalLa08 Laurus nobilis (soil) Jan. 2018 Jahan NamaGarden  29°37'.516"N 052°33'.333"E
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MpMo12 Morus nigra (soil) Feb. 2018 Melli Garden 29°37'516"N  052°33.345"E
JaNe01 Nerium oleander (soil) Aug. 2018  Jahan NamaGarden  29°37'.396"N 052°33.572"E
Pythium catenulatum
GbPIO1 Platycladus orientalis (soil) Feb. 2018 Golestan Blvd. 29037'.377"N 052°33'.598"E
ChCh03 Chamaerops humilis (sail) Apr. 2018 Chamran Blvd. 29°37'.372"N  052°33.603"E
ChSa06 Salix babylonica (soil) Mar. 2018 Chamran Blvd. 29°37".372"N  052°33.603"E
Chulol Ulmus boissieri (soil) Jul. 2018 Chamran Blvd. 29°37'.372"N 052°33.603"E
SgPo04 Populus tremula (soil) Aug. 2018  Shaghayegh Garden =~ 29°37'.342"N 052°33'.641"E
ChPRiO1 Pinus mugo (sail) Aug. 2018 Chamran Street 29°37'.341"N 052°33'.641"E
JgCu04 Cupressus sempervirens (soil) May 2018 Jannat Garden 29°36'.953"N 052°34'.091"E
JgSa09 Salix alba (soil) May 2018 Jannat Garden 29°36'.968"N 052°34'.058"E
Pythium echinulatum
MpCi05 Citrus aurantium (root) Jul. 2018 Melli Garden 29°36'.968"N 052°34'.056"E
SiCa07 Callistemon citrinus (soil) Jun. 2018 Sibzar Garden 29°36'.998"N 052°34'.037"E
Pythium hydnosporum
RgCho2 Chamaerops humilis (sail) Aug. 2018 R%g?radn?" 30°03.603'N  052922'.690"E
SgAi12 Ailanthus altissima (soil) Apr.2018  Shaghayegh Garden ~ 30°03'.603"N  052°22'.690"E
AzRo8 Robinia hispida (soil) Sept. 2018 Azadi Park 30°03.603"N 052°22'.690"E
Pythiumirregulare
AzPhO1 Phoenix canariensis (root) Mar. 2018 Azadi Park 29°3944.7"'N 052°29'17.3"E
MpCu02 Cupressus semper virens (soil) Aug. 2018 Melli Garden 29°39'45.0"N  052°29'56.6"E
AzPhO7 Phoenix canariensis (soil) May 2018 Azadi Park 29°39'08.2"N 052°28'46.8"E
JgPy02 Pyracantha coccinea (root) Jul. 2018 Jannat Garden 29°38'15.7'N  052°28'46.8"E
ErChO1 Chamaecyparis |awsoniana.(soil) Jun. 2018 Eram Garden 29°37'41.7"N 052°34'.037"E
Pythium kashmirense
GbMol Morusalba (soil) Apr. 2018 Golestan Blvd. 29°37'.519"N 052°33'.318"E
ErCh05 Chamaecyparis lawsoniana (soil) May 2018 Eram Garden 29°37'.735"N 052°32'.466"E
Pythium megalacanthum
MpCi03 Citrus aurantium (soil) Apr. 2018 Melli Garden 29°37'.781"N 052°32'.241"E
Chul03 Ulmus boissieri (soil) May 2018 Azadi Park 29°36'12.7"'N 052°22'.690"E
GbPh12 Phoenix canariensis (soil) Jun. 2018 Golestan Blvd. 29°38'15.7'N  052°28'46.8"E
Pythium middletonii
GbCu03 Cupressus semper virens (soil) Jul. 2018 Golestan Blvd. 29°37'.519"N 052°33'.318"E
ErAc01 Acer pseudoplatanus (root) Aug. 2018 Eram Garden 29°36'12.7"N 052°22'.690"E
Pythium nunn
GbCu04-1 Cupressus arizonica (leaf) Jun. 2018 Golestan Blvd. 30°03'.603"N 052°22'.690"E
AzRol7 Robinia hispida (soil) Jul. 2018 Azadi Park 29°37733'N  052°32'.332"E
Pythium oligandrum
MpPi02 Pinus brutia (soil) Aug. 2018 Melli Garden 29°37'.781"N 052°32'.241"E
ErPio4 Pinus elderica (soil) Jul. 2018 Eram Garden 052°22'.690"E  052°33'.338"E
RgPi08 Pinus mugo (soil) Aug. 2018 R%;?r:n?‘ P37 733N 05232.332'E
MpCel2 Celtis australis (soil) Aug. 2018 R@;ﬁfﬂ? 20°37.780°N  052032".419"E
Pythium sylvaticum
SgPi04 Pinus mugo (crown) Jun. 2018 Shaghayegh Garden ~ 30°03.603"N 052°22'.690"E
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Table 2. Colony morphology and growth rate (mm/d) of oomyceteous species from ornamental trees of Shiraz (Iran)
at 25 °C on various media

HSA' MEA? CA® PDA* CMA®
Taxon
Growth  Colony Growth Colony Growth Colony Growth Colony Growth Colony
Phytophthora cactorum (AzCu01) 5 Rad 10 Med 2 Med 10 Med 5 Rad
Ph. capsici (RgEU03) 5 NP 5 NP 4 NP 7 NP 3 NP
Ph. nicotianae (GbCi01) 20 NP 7 Chry 9 Ros 10 Med 5 NP
Phytopythium litorale (AzMola) 30 Med 10 Med 5 Chry 5 Ros 15 St
Pp. oedochilum (MpCu04) 20 Rad 30 Ros 10 Chry 30 Ros 20 Rad
Pp. ostracodes (MpCu03-1) 2 Rad 30 Rad 25 Chry. 20 Ros 2 Rad
Pp. palingenes (GbEula) 10 NP 2 NP 10 Med 7 Ros 5 NP
Pp vexans (RgCu01) 2 NP 30 Rad 2 Rad 10 Ros 3 Rad
Pythium aphanider matum (GbCu01) 10 NP 30 NP 30 NP 30 NP 4 NP
Py. catenulatum (GbP101) 30 Rad 30 Ros 0.1 Uni 30 St 20 Rad
Py. echinulatum (MpCi05) 1 Chry 30 Chry 0.1 Uni 30 Chry 20 Uni
Py. hydnosporum (RgCh02) 0.5 NP 8 Chry 7 NP 6.3 Ros 0.5 NP
Py. irregulare (AzPh01) 0.5 NP 42 Chry 51 Chry 35 NP 15 NP
Py. kashmirense (GbMo1) 15 Rad 25 Rad 1 Uni 20 Ros 26 Rad
Py. megalacanthum (MpCi03) 30 NP 12 Ros 2 NP 27 Chry 21 Rad
Py. middletonii (GbCu03) 1 Rad 12 Chry 05 Uni 1 Rad 10 Rad
Py. nunn (GbCu04-1) 05 NP 05 Chry 21 Rad 3 Med 05 NP
Py. oligandrum (MpPi02) 24 Rad 30 Ros 0.5 NP 30 Ros 25 Uni
Py. sylvaticum (SgPi04) 0.5 NP 33 Ros 45 Ros 22 NP 0.5 NP

THSA= Hempseed agar; > MEA= Malt extract agar; > CA= Carrot agar; * PDA= Potato dextrose agar; > CMA= Corn meal agar; * Rad= radiate, Ros=
rosette, Med= mediated, NP= no particular pattern, Uni= uniform, St= star-shaped
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Table 3. Comparision of morphological characteristics of oomycetous speciesin this study

Character Taxon
Phytophthora  Phytophthora  Phytophthora  Phytopythium  Phytopythium  Phytopythium  Phytopythium  Phytopythium
cactorum capsici nicotianae litorale oedochilum ostracodes palingenes vexans
Sporangia

Papillae + + + + - + - +
Average

30 32 50 40 22.2 31 47 38
length (um)

Range

25-43 28-40 45.3-57.1 37-435 20.1-26.3 30-35 45.5-48.9 37.2-44

length (m)

Average

. 20 25 40 35 20 27 39 29
width (um)

Range

. 19-29 21-39 37.6-45.9 30-41.1 19.7-235 259-34 36.1-43.8 27-32
width (um)

Length

. . 15 1.9 15 13 12 11 1.6 12
width ratio

Shaoes Globose, Ovoid, Ovoid, Globose, Subglobose, Subglobose, Globose, Globose,

a ovoid ellipsoid ellipsoid ovoid ovoid ovoid ovoid ovoid

Proliferation - - - + + + + +

Average

pore diam. 5 4 8 3 1.9 7 6.8 12

(um)

Range (um) 3-55 353 6.7-12 2.9-6.6 13-24 41-77 5.6-7.9 6.9-12.4
Mating type Homothallic A2 Al Sterile Homothallic Homothallic Homothallic Homothallic
Oogonia

Average

. 32 34 29 - 277 30 40.2 28
diam. (um)

Range (um) 29-40 28-43 27-38.9 - 25.1-29.3 28.3-34 38.6-45.6 27.4-32.8
Oospores

Average

. 25 29 21 - 23.6 28 28 25
diam. (um)

Range (um) 20-30 26-43 19-24.3 - 22-27.4 27.2-29.7 27.9-41.8 24.6-29.9

Plerotic and Nearly ) ) ) ) )

Type . ; Aplerctic - Aplerotic Aplerotic Aplerotic Aplerotic

apleratic plerotic

Oospore

wall

4 2 2 - 15 4 4 3
average

(Hm)

Antheridia
Average
. 10 10 18 - 13x4 15%x7 20x4 25x3.2
diam. (um)
121 x 2-14 x 14 x 5-16 x 19x 3.5-23 % 24 x 2-26 x
Range (um) 7-13 7.2-12.7 14.2-21 -
5 9.1 6 29
Hyphae
Average
. 3 35 3 - 6 6.1 6.5 45
width (um)

Range (um) 2.7-7 3-59 24-7 - 39-72 54-6.8 5.7-6.9 47
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Table 4. Comparision of morphological characteristics of Pythium speciesin this study

Char acter

Taxon

Sporangia

Papillae
Average
length
(pm)
Range
length
(um)
Average
width
(pm)
Range
width
(um)
Length:
width
ratio
Shapes
Proliferat
ion
Average
pore
diam.
(um)
Range
(um)

Mating
type
Oogonia

Average
diam.
(Hm)
Range
(Hm)

QOospores

Average
diam.
(um)
Range
(Hm)
Type

QOospore
wall
average
(um)

Antheridia

Average
diam.
(um)
Range
(um)

Hyphae

Average
width
(pm)
Range
(pm)

P.
aphanidermatum

Var.!

Var.

Inflated

Var.

Var.

Var.

Homothallic

43

39-47

30

28.9-36.3

Aplerotic

15x 10

14 x 7-16
x 115

P.
catenualtum

Filamentous

Var.

Var.

Var.

Homothallic

27

26.4-29

20

19.7-27

Aplerotic

5

4557

P.
echinulatum

33

32.1-
34.8

27
26.5-33

11

Subglobose

+

6.3-9.5

Homothallic

30

27.4-32

26

25.8-30

Aplerotic

6x2

5x1.3-

7x3

P.
hydnosporum

Homothallic

35

34.1-
36.9

30

27.9-33

Aplerotic

15

3551

3-5.6

P.
irregulare

30

27-34

20

19.1-21

13

Ovoid,
globose

2.4-7

Homothallic

25

24-26.3

23

22.2-
24.5

Aplerotic

Var.

55

5-6.3

P.
kashmirense

Filamentous

Var.
Var.

Var.

Homothallic

33

30.2-
34.9

26

25-27.7

Aplerotic

12

11-13

55

5-6

P.
megalacanthum

38
35.8-40.2
27
26-28.3

16

Ellipsoid, ovoid

+
3.5

3-5.9

Homothallic

35

34.2-35.9

30

28.7-33

Aplerotic

4x2

31x12-
5x35

7.2-84

P.
middletonii

30
29-31

25

24.4-
25.8

12

Ovoid

2.7-4

Homothallic

33

31-
34.2

27

26—
28.1

Aplerotic

3.2-5

6.5-7.8

nunn

Homothallic

30
28.9-

27.8

27-30

Aplerotic

6.5-8.1

55

5-6.5

P.
oligandrum

Var.
Var.
Var.
Var.

Var.

Inflated

Var.
Var.

Var.

Homothallic

35

32.8-
35.8

30

27-32

Aplerotic

4-55

45-6

P.
sylvaticum

Homothallic

23

21-23.6

20

19.6-21

Aplerotic

12

11-134

6.5-7.8

War.= variable
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Table 5. Average radial growth rate (mm/d) of tested species in this study at various temperatures on Corn
Meal-Agar

Temperature (°C)
Taxon

0 5 10 15 20 25 30 35 40 45
Phytophthora cactorum (AzCu01) 0 0 0 3 4 5 13 11 1 0
Ph. capsici (RgEU03) 0 0 0 1 2 3 12 9 0 0
Ph. nicotianae (GbCi0O1) 0 0 0 3 4 5 11 12 3 0
Phytopythium litorale (AzMo1a) 0 0 0 4 12 15 20 19 0 0
Pp. oedochilum (MpCu04) 0 0 5 2 14 20 23 24 0 0
Pp. ostracodes (MpCu03-1) 0 0 1 1 4 6 10 17 0 0
Pp. palingenes (GbEula) 0 0 1 4 5 5 7 9 0 0
Pp. vexans (RgCu01) 0 0 1 2 4 5 8 14 1 0
Pythium aphanider matum (GbCu01) 0 0 0 2 17 20 30 30 15 2
Py. catenulatum (GbPI01) 0 0 0 7 15 20 30 30 12 3
Py. echinulatum (MpCi05) 0 0 0 9 13 20 21 20 0 0
Py. hydnosporum (RgCh02) 0 0 0 1 2 3 6 5 0 0
Py. irregulare (AzPhO1) 0 0 0 1 2 4 7 12 0 0
Py. kashmirense (GbMo1) 0 0 0 20 23 26 30 30 0 0
Py. megalacanthum (MpCi03) 0 0 0 2 15 21 25 21 0 0
Py. middletonii (GbCu03) 0 0 0 2 5 10 15 16 0 0
Py. nunn (GbCu04-1) 0 0 0 0 1 12 17 12 1 0
Py. oligandrum (MpPi02) 0 0 0 2 17 25 30 26 4 0
Py. sylvaticum (SgPi04) 0] 0 0 0 5 9 11 11 0 0
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