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Taxonomy, phylogeny and pathogenicity of Pythium species in rice
paddy fields of Fars Province
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Abstract

In order to investigate the Pythium species of the rice paddy fields of Fars Province, Iran during 2013 to
2015, infected roots and crowns together with soil around seedlings and irrigation water were sampled.
According to the morphological, morphometrical and physiological studies along with phylogenetic analyses
based on internal transcribed spacer (ITS) of ribosomal DNA, fourteen Pythium species including Py.
aphanidermatum, Py. catenulatum, Py. coloratum, Py. debaryanum, Py. dissotocum, Py. hydnosporum, Py.
inflatum, Py. kashmirense, Py. nunn, Py. oopapillum, Py. plurisporium, Py. porphyrae, Py. pyrilobum, and
Py. rhizo-oryzae were identified. All species are reported for the first time in the world from rice rhizosphere
except Py. dissotocum, Py. inflatum and Py. rhizo-oryzae. Pythium oopapillum, Py. plurisporium, Py.
porphyrae and Py. rhizo-oryzae were new to Iran. Pythium aphanidermatum, Py. rhizo-oryzae and Py.
catenulatum were the most abundant species. Pathogenicity of Py. debaryanum, Py. oopapillum, Py.
porphyrae, Py. plurisporium and Py. rhizo-oryzae on rice plants were reported in this study for the first time,
worldwide.
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Tablel. Characteristics of the Pythium isolates collected from rice paddy fields of Fars Province.

Species Isolate Substrate Date Location  Coordinates ACCQSSI?H
Number

Pythium aphanidermatum Krl0 Pond water 2014 Ramjard  30°05'.857"N 052°35'469"E KX228070
Pythium catenulatum F-219-3 Pond water 2014 Firuzabad 28°52'.563"N 052°32'.963"E KX228078
Pythium debaryanum PG1 Rice crown 2015 Kamfiruz 30°18.193"N  052°17.629"E KX228092
Pythium dissotocum Fr16 Soil 2014 Firuzabad 28°52'.880"N 052°31.773"E KX228075
Pythium hydnosporum Kr8 Soil 2014 Ramjard  30°06'.897"N 052°34'308"E KX228069
Pythium inflatum N25B1  Rice root 2015 Kamfiruz  30°20.350"N  052°16'.370"E  KX228090
Pythium kashmirense TD1 Rice crown 2015 Persepolis 30°00'.599"N 052°58'.285"E KX228087
Pythium nunn K-330-5 Soil 2014 Kamfiruz 30°17.132"N 052°19.042"E KX228091
Pythium oopapillum K-444-3  Rice root 2014 Kamfiruz 30°20.351"N  052°16'.372"E  KX228076

Krl3 Rice crown 2014 Ramjard  30°07'.270"N  052°34'.154"E  KX228077
Pythium plurisporium KC12 Rice root 2014 Ramjard  30°05.671"N 052°35'.522"E KX228082
Pythium porphyrae Kz2 Rice crown 2014 Kamfiruz 30°17'.238"N 052°19.039"E KX228074
Pythium pyrilobum KL4 Rice root 2014 Firuzabad 28°53'353"N 052°32'.021"E KX228088
Pythium rhizo-oryzae Arl5 Pond water 2014 Persepolis 29°58'.884"N  052°57'.912"E KX228080

Kr19 Rice root 2014 Ramjard  30°07.905"N 052°32'.363"E KX228089

Kr5 Soil 2014 Ramjard  30°07'.428"N 052°32'.794"E  KX228079

"GenBank accession number for internal transcribed spacer (ITS) of rDNA
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Figl. Phylogenetic relationships of Pythium spp. from Fars province among 132 Pythium species based on the
comparison of ITS sequences in neighbor joining tree (TreeBase accession number: 19236). Numbers above the
branches represent the bootstrap values greater and equal to 50 %.
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Table 2. Colony morphology and growth rate (mm/d) of Pythium species on various media at 25 °C.

HSA MEA

CA PDA CMA

Species  Isolate

Growth Colony

Growth Colony Growth Colony Growth Colony Growth Colony

Pythium aphanidermatum

Kr10 31 Uni 30 Uni
Pythium catenulatum
F-219-3 7.7 Med 8 Uni
Pythium coloratum
Kz7 23 Ros 30 Uni
Pythium debaryanum
PGl 9 Rad 8 Rad
Pythium dissotocum
Fr16 23 Ros 30 Med
Pythium hydnosporum
Kr8 11 Uni 11 Uni
Pythium inflatum
N25B1 12 Med 8 Med
Pythium kashmirense
TD1 8 Med 9 Uni
Pythium nunn
K-330-5 8 Ros 9 Rad
Pythium oopapillum
K-444-3 6 Ros 7 Ros
Pythium plurisporium
KC12 8 Med 7 Cry
Pythium porphyrae
Kz2 3 Uni 4 Uni
Pythium pyrilobum
KL4 8 Ros 10 Ros
Pythium rhizo-oryzae
Arl5 7.5 Ros 8 Ros

28 Uni 30 Uni 33 Uni
9 Ros 10 Uni 5 Rad
24 Ros 20 Med 31 Uni
10 Rad 11 Rad 6 Rad
24 Ros 20 Med 31 Uni
11 Uni 11 Ros 6 Uni
10 Ros 11 Ros 5 Rad
10 Rad 10 Med 3 Rad
7 Med 12 Ros 3 Rad
9 Ros 7 Ros 4 Uni
9 Rad 10 Cry 8 Rad
5 Rad 5 Uni 2 Uni
7 Ros 10 Uni 6 Ros
9 Ros 10 Med 5 Ros

Rad = Radial (Ros = Rosette Cry = Chrysanthemum Uni = Uniform Med = Mediated form.

SLsPDA s MEA (o5, slad 42, o530 sl CA
iy S SIS HSA (555 5 & w8 i 55
Lot and ol o, (V dsdr) 25 aul i
O Jsin) 3 ey Sen i U i Jlna 5 b
oAb Do y lad ¢l e g !
15 LY L e e okl i 5
5 sl glad g b b Grag Sea W (:Sle) o5 Sin
A Jab i Sl gadss gl gls e
Sl s 55 a8 (A S 35 e S A
S (Res Ko 010 . K0Le) ey Ko A B ol

@u.wiwaggu&@ugfﬁﬁ);),um
e 408 pl gladldr slad 48 sl OLES O el gl
S > e 3 2 glraaalS LS, sl o
Ly g SlaazalS oo a8 5 5 05

(F Jsa)

Pythium plurisporium Abad, Shew, Grand &
Lucas 1996

Jlei = sl 5 a5l 68l slaalas
d‘j.,\_q-j\ J_j.l_>-) .X.'J_&LS)L.«(& w)bdtﬁJ g;’)‘c

Soslas 5 CMA e iShow g5y 45, () koSS

YA



0r=YY AP Jlu /) ojled / OF W/ alE slags lew

Slw b ,_,.’.,,ﬁ A2 g S Yo = ulde b odewlel (glazd, ¢ 50 5z AL Pythium oopapillum c.lics,; (A) =Y <&
o ot 4 I3 Slins Sl ol (o gl AAD oy Koo V0 = ulie Jas 5l 5 5lu pU (Lo, gl A3 ey Koo Vo = ulie s

Sl 0.5 el :B1 .Pythium rhizo-oryzae —stic—u; (B) . 25,V = wlde b ool 5 Jlasl b o) (‘ﬁ-‘iﬁi
= e B 5Lyl B3 g Son Y = e s (g s Gty Slaps B2 s Sen Y0 = ulde B adule S
Pyﬂu’um d_.awﬁla-iqj (C)j'ﬂjjﬁy \o = w‘.ﬁ.&hﬁ-.ub|ﬁ Cﬁ.&'ﬂi ‘_;:Lw' Sdas eI,..A«.:,'L.«,;U ‘_;LQJ”TTZB“ .JIAJJS?&\\'
1C2 iy S Yo = ulie s 0T 51 addz ) a5 5 450 G ) o jon 4 ocemla ¢ 525550+ *C1 .aphanidermatum
C4 g Soo V0 = lide Jas oslel p JLail b (gldmms i fﬁJ.z,-si ol o 4 5l b gl 103 ag Ko Yo = ol las (S&ix
Pythium kashmirense —wticsu; (D) . oy Ko Ve = wbis s Losbal  Jbasl b oLl (‘ﬁ-‘iﬁi o o2 4 5l b 6(.«,_,;..,7?
D3 ey Sen ¥ = elie s S o (st Sy 5 D2 ey Sn Vo = el b3 ool (S (glaid; p g5l 5ol D1

Fas S V= oo s 5l L gl DA ey Kn Y = e b SRy

Fig2. Morphology of Pythium species isolated from rice paddy fields of Fars province. (A): Morphology of
Pythium oopapillum. A1: Filamentous, inflated sporangium (bar = 20 p), A2: Aplerotic oospore (bar =20 p), A3:
Aplerotic oospore with papillae (bar = 10 p), A4: Aplerotic oospores with papillae and terminal paragynous
antheridia (bar = 10 p); (B) Morphology of Pythium rhizo-oryzae. B1: Filamentous, slightly inflated sporangium
(bar = 20 p); B2: catanulated hyphal swellings (bar = 20 p), B3: Aplerotic oospore (bar = 10 p), B4: Aplerotic
oospore with numerous paragynous antheridia (bar = 10 p); (C) Morphology of Pythium aphanidermatum. C1:
Inflated sporangium with discharged tube and vesicle (bar =20 p), C2: Appressorium (bar =20 p), C3: Aplerotic
oospore with intercalary paragynous antheridium (bar = 10 p), C4: Aplerotic oospore with terminal paragynous
antheridium (bar = 10 p); (D) Morphology of Pythium kashmirense. D1: Slightly inflated sporangium (bar = 20
p), D2: Continuous hyphal swellings (bar = 20 p), D3: Appressorium (bar = 20 u), D4: Nearly plerotic oospore
(bar =10 p).
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Table4. Pathogenicity test results of Pythium species isolated from rice paddy fields of Fars province.

Symptoms
Species isolates Pathoge?mclty No Stunting Post-emergence  Pre-emergence  Seed Tls'sue'
oniee gr(?)/f)v)th (%)  damping-off (%) damping-off (%) rot (%) °°lomZAtion

Pythium aphanidermatum

Kr10 - 0 0 0 0 0 +
Pythium catenulatum

13:_2 19- 0 0 0 0 0 -
Pythium coloratum

Kz7 - 0 0 0 0 0 -
Pythium debaryanum

PG1 + 0 60 90 0 0 +
Pythium dissotocum

Frl6 - 0 0 0 0 0 +
Pythium hydnosporum

Kr8 - 0 0 0 0 0 -
Pythium inflatum

N25B1 - 0 0 0 0 0 -
Pythium kashmirense

TDI - 0 0 0 0 0 +
Pythium oopapillum

N " 0 0 80 0 0 T

Krl3 + 0 0 90 0 0 +
Pythium plurisporium

KC12 + 0 0 60 0 0 +
Pythium porphyrae

Kz2 + 0 0 80 0 0 +
Pythium pyrilobum

KL4 - 0 0 0 0 0 -
Pythium rhizo-oryzae

Arl5 + 0 0 50 60 0 +

Kr19 + 0 0 70 80 0 +

Kr5 + 0 0 70 70 0 +
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Fig 3. Morphology of Pythium species isolated from rice paddy fields of Fars province. (A) Morphology of
Pythium plurisporium. Al: Filamentous, inflated sporangium (bar = 20 p), A2: Qospore with monoclinous and
diclinous paragynous antheridia (bar = 10 p), A3: Oogonium with two oospores (bar = 10 n), A4: Aplerotic
oospore with 10 to 12 paragynous antheridia (bar = 10 p); (B) Morphology of Pythium debaryanum. B1: Globose
and ellipsoidal sporangia, B2: Sporangium with internal proliferation, B3: Aplerotic oospore with paragynous
antheridium, B4: Aplerotic oospore with terminal hypogynous antheridium (bar = 10 p); (C): Morphology of
Pythium dissotocum. C1: Filamentous, not inflated sporangium (bar = 20 p), C2: Appressorium (bar =20 p), C3:
Aplerotic intercalary oospore (bar = 10 p), C4: Aplerotic oospore with paragynous antheridium (bar = 10 p); (D)
Morphology of Pythium porphyrae. D1: Filamentous, not inflated sporangium (bar = 20 p), D2: Plerotic oospores
with one paragynous antheridium (bar = 10 p); (E) Morphology of Pythium coloratum. E1: Filamentous, not
inflated sporangium (bar =20 p), E2: Aplerotic oospore with paragynous antheridium (bar =10 p).
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Fig4. Morphology of Pythium species isolated from rice paddy fields of Fars province. (A) Morphology of
Pythium catenulatum. Al: Filamentous sporangium with inflated elements, A2: Catanulated hyphal swellings
(bar =20 p); (B) Morphology of Pythium hydnosporum. B1: Nearly aplerotic oospore, B2: Aplerotic oospore with
hypogynous antheridium (bar = 10 p); (C) Morphology of Pythium inflatum. C1: Continuous, filamentous,
inflated sporangium (bar = 20 p), C2: Plerotic oospore with paragynous antheridium (bar = 10 p); (D)
Morphology of Pythium pyrilobum. D1: Continuous sporangium (bar = 20 p), D2: Aplerotic oospore (bar =10 p);

(E) Morphology of Pythium nunn. E1: Aplerotic oospore with one paragynous antheridium, E2: Aplerotic
oospore with two paragynous antheridia, E3: Aplerotic oospore with three paragynous antheridia (bar = 10 p).
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