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Summary

In order to investigate the Oomyceteous species of the rice paddy fields of Fars province (Iran), during 2013-15,
infected roots and crowns together with soil around seedlings and irrigation water were sampled. Based on the
morphological, morphometric and physiological studies along with phylogenetic analyses of internal transcribed spacer
sequences based on neighbor joining method, two Phytophthora species from Clades 6 and 8, including P. inundata,
and P. pseudocryptogea and three Phytopythium species from a distinct clade, including Phpy. litorale,
Phpy. ostracodes, and Phpy. sterile were identified. Phytopythium litorale, and Phpy. sterile were distinguished through
morphological studies along with phylogenetic analysis. Phytopythium sterile was also new to the Oomyceteous
mycobiota of Iran. All species were reported for the first time in the world from rice rhizosphere.
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Fig. 1. Colony morphology of Phytopythium sterile: Isolate KH1-2 after 72 hours at 25° C. Top (from left to right):
potato-dextrose agar (PDA), malt extract agar (MEA) and carrot agar (CA). Bottom (from left to right): hempseed agar

(HSA) and cornmeal agar (CMA).
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Fig. 2. Morphology of Phytopythium species isolated from rice paddy fields in Fars province (Iran): A. Morphology of
Phytopythium sterile, Isolate KH1-2. Al. Ovoid sporangia, A2. Ellipsoid to ovoid sporangia with discharged
sporangium (Bar = 10 um); B. Morphology of Phytopythium ostracodes, Isolate F-210-6. B1. Spherical sporangium,
B2. Discharged sporangium with internal proliferation, B3. Plerotic oospores (Bar = 10 um); C. Morphology of
Phytopythium litorale, Isolate Kr-Bz. C1. Spherical sporangium with short discharged tube, C2. Globose sporangium
with long discharged tube, C3. Ovoid sporangium with short discharged tube (Bar = 10 um).
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Fig. 3. Phylogenetic relationships of Phytopythium spp. in Fars province (Iran) among 16 Phytopythium species based
on the comparison of ITS sequences in neighbor joining tree (TreeBase Accession No.: 19236). Numbers above the
branches represent the bootstrap values equal to or greater than 50%.
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Fig. 4. Morphology of Phytophthora species isolated from rice paddy fields in Fars province (Iran): A. Morphology of
Phytophthora inundata, Isolate T-321-5. Al. Sporangium with internal proliferation (Bar = 20 um), A2. Hyphal
swellings (Bar = 20 pm), A3. Sporangium with externa proliferation (Bar = 20 um), A4. Aplerotic oospore with
amphigynous antheridium (Bar = 10 um); B. Morphology of Phytophthora pseudocryptogea, Isolate T-275-1.
B1. Non-papillated, ovoid sporangium, B2. Plerotic oospore, B3. Oospore with amphigynous antheridium (Bar = 10 um).
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Fig. 5. Phylogenetic relationships of Phytophthora spp. in Fars province (Iran) among other Phytophthora species based
on the comparison of ITS sequences in neighbor joining tree (TreeBase Accession No.: 19236). Numbers above the

branches represent the bootstrap values equal to or greater than 50%.
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Table 1. Characteristics of isolates from rice paddy fields of Fars province (Iran) with their accession numbers

GenBank
Taxon Isolate’ L ocation Date Substrate Coordinates Accession
No."
Phytophthora
inundata
K-399-2 Kamfiruz (Ghale no) 2014 irrigation water 30°16'.748"N 052°19'.255"E KX228095
T-242-3 Persepolis (Hajiabad) 2014 crown 29°59'.180"N 052°54'.112"E KX228098
T-321-5 Persepolis (Hashijan) 2014 root 29°58'.942"N 052°56'.804"E KX228099
K2 Ramjard (Fotouhabad) 2014 field soil 30°07'.403"N 052°32'.850"E N/A
K4 Ramjard (Jahanabad) 2014 field soil 30°07'.895"N 052°32'.347"E N/A
KrC5 Kamfiruz (Ghale no) 2014 field soil 30°16'.737"N 052°19'.236"E N/A
Ths299 Persepolis (Hashtijan) 2014 nursery soil 29°58'.907"N 052°57'.850"E N/A
Ths300 Persepolis (Hashtijan) 2014 nursery soil 29°58'.911"N 052°57'.854"E N/A
Ths305 Persepolis (Hashtijan) 2014 nursery soil 29°58'.883"N 052°58'.010"E N/A
Tsl Persepolis (Dasht-e-Barm) 2014 field soil 30°00.740"N 052°58'.074"E N/A
P.
pseudocryptogea
T-275-1 Persepolis (Hajiabad) 2014 root 29°58.944" N 052°56'.557" E KX228100
KzC12 Kamfiruz (Dehkohneh) 2015 field soil 30°18.212"N 052°17'.650"E N/A
Mz3 Ramjard (K ooshkak) 2015 field soil 30°05'.804"N 052°35'.489"E N/A
Ts2 Persepolis (Hajiabad) 2014 field soil 29°58'.954"N 052°56'.418"E N/A
TsC1 Persepolis (Hashtijan) 2014 field soil 29°58'.901"N 052°57'.228"E N/A
TsCrl Persepolis (Dasht-e-Barm) 2014 field soil 30°00'.595"N 052°58'.290"E N/A
Phytopythium
litorale
039-2 Kamfiruz (Ghale no) 2014 field soil 30°16'.727"'N 052°19'.268"E KX228093
Kr-Bz Kamfiruz (Ghale no) 2015 nursery soil 30°16'.728"N 052°19'.269"E KX228097
KrC1l Kamfiruz (Ghale no) 2014 field soil 30°16'.725"N 052°19'.271"E N/A
Phpy.
ostracodes
F-210-6 Firuzabad (Kelisan) 2014 irrigation water 28°52'.182"N 052°31'.364"E KX228094
F-211-6 Firuzabad (Keyzarrin) 2014 nursery soil 28°52'.865"N 052°31'.773"E N/A
Phpy.
sterile
KH1-2 Kamfiruz (Hosseinabad) 2014 field soil 30°17'.417"'N 052°18'.688"E KX 228096
As5 Ramjard (Esmaeilabad) 2014 field soil 30°06'.898"N 052°34'.348"E N/A
Sshl Kamfiruz (Ghale no) 2015 field soil 30°16'.742"N 052°19'.244"E N/A

TCodes for the Mycological Collections of the Department of Plant Protection, Shiraz University, Shiraz, Iran
" Internal Transcribed Spacer of rDNA (ITS)
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Table 2. Colony morphology and growth rate (mm/d) of oomyceteous species from rice paddy fields of Fars province
(Iran) at 25° C on various media

HsA® MEA? CA3 PDA* CMA®

Taxon Isolate
Growth  Colony  Growth  Colony  Growth  Colony  Growth  Colony  Growth  Colony

Phytophthora
inundata

K-399-2 7.7 Rad® 6.1 Rad 46 Rad 5.6 Ros 33 Rad
P.
pseudocryptogea

T-275-1 8 Ros 6 Ros 6 Rad 55 Ros 6.5 Rad
Phytopythium
litorale

Kr-Bz 2 Med 9 Med 13 Ros 13 Ros 7 NP
Phpy.
ostracodes

F-210-6 12 Med 10 NP 12 Ros 14 Ros 4 Rad
Phpy.
sterile

KH1-2 4 Rad 9 Med 13 Ros 13 Med 7 NP

HSA= Hempseed agar; > MEA= Malt extract agar; > CA= Carrot agar; * PDA= Potato dextrose agar; > CMA= Corn meal agar; ® Rad= rRadiate,
Ros= rosette, Med= mediated, NP= no particular pattern

Sy cpl 0 G‘;M.fcﬁ Gadiss Solicsy ) Sluogas duwlie -Y Jous
Table 3. Comparison of morphological characteristics of oomyceteous speciesin this study

Taxon
Characters Phytophthora P. Phytopythium Phpy. Phpy.
inundata pseudocryptogea litorale ostracodes sterile
Sporangia

Papillae - - + + +

Average length (um) 1.7 424 27.1 311 -

Range length (um) 65-79 34.3-50 21.7-28.1 16-38 -

Average width (um) 50.5 30.3 255 28.7 275

Range width (um) 45-61 19.9-34.6 22.9-25.9 25-55 16.9-32.7

Length: width ratio 13 16 14 15 -

Shapes ovoid ovoid, Globose globose to ovoid globose spherical

Proliferation + + + + +

Average pore diam. 10 81 _ B B

(k)

Range (um) 8.8-12 4-99 - - -
Mating type Al Al sterile homothallic sterile
Oogonia

Average diam. (um) 349 36.1 - 351 -

Range (um) 24-42 27.7-43.2 - 30.9-40.4 -
QOospores +

Average diam. (um) 333 30.8 - 333 -

Range (um) 18-35 23.2-40.2 - 31.1-40.8 -

Type aplerotic aplerotic - plerotic -

Oospore wall average a 18 B a1 B

(k)

Antheridia

Average diam. (um) 155 115 - 11x6 -

Range (um) 13.9-16.8 9.3-134 - 10x5-20x7 -
Hyphae

Average width (um) 6 41 35 4.8 5

Range (um) 48-7.6 3.9-45 3-5 4.4-6 5-6

12
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