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Taxonomy, phylogeny and pathogenicity of some Bipolaris, Curvularia
and Exserohilum species associated with cereals in southern Iran’

S. Fekrikohan and R. Mostowfizadeh-Ghalamfarsa'”

(Received: 15.11.2018; Accepted: 18.2.2019)

Abstract

In order to identify, study phylogenetic relationships and evaluate the pathogenicity of graminicolous fungi
on cereals in southern Iran during the spring and summer of 2017, some roots, stems and rhizosphere soil
were collected from barley, maize, millet, rice, and wheat fields in Bushehr, Fars, Khuzestan and Kohgiluyeh
and Boyer-Ahmad Provinces, Iran. Based on morphological and phylogenetic studies, 141 recovered isolates
were identified as three species of Bipolaris (B. sorokiniana and two probable new taxa Bipolaris spl and
Bipolaris sp.2), four species of Curvularia (C. australiensis, C. papendorfii, C. spicifera, C. verruculosa)
and one species of Exserohilum (E. rostratum). pathogenicity test was conducted on leaves and roots of
Eram cultivar of barley, 504 cultivar of maize, Parosou cultivar of millet, Lanjan cultivar of rice, and Azar
cultivar of wheat. In both pathogenicity tests pathogenic and nonpathogenic isolates were observed. This is
the first report of potential pathogenicity of C. papendorfii in all tested plants; C. verruculosa in barley,
millet, rice and wheat; C. spicifera in barley, millet and maize; and C. australiensis in barley, maize and rice.

Keywords: Cereals, Pathogenicity, PCR, Sequencing, ITS.
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Table 1. Graminicolus fungal isolates collected in this study

Species Isolate

Substrate  Date Location

Accession
Number

Coordinate

B. sorokiniana

Gdez06 Turfgrass, 25/3/2017 Khuzestan, Dezful 32°24'2.436"N 48°26'37.6"E
root
Bchr01 Barley, root 28/3/2017 Kohgiluieh-va- 30°45'28.8"N 50°43'54.634"E  MH370841
Buierahmad, Choram
Bkaz01 Barley,root 5/6/2017 Fars, Kazerun 29°39'53.9994"N 51°41'27.6"E
Bkaz03 Barley, root 5/6/2017 Fars, Kazerun 29°39'53.9994"N 51°41'27.6"E
Wshu01 Wheat, soil 9/4/2017 Khuzestan, Shush 32°12'6.8"N 48°15'40.6"E  MH370844
Bdrb01 Barley, root 13/6/2017 Fars, Darab 28°44'19.305"N  54°32'22.505"E
Gstn02 Turfgrass, 5/6/2017 Fars, Estahban 29°9'10.7994"N 53°59'24"E
root
Bbor01 Barley, soil 12/4/2017 Bushehr, Borazjan 29°14'13.1994"N 51°10'58.7994"E
Bkhr02 Barley, soil 5/6/2017 Fars, Khafr 29°6' 17.7582"N 53°9' 18.828"E
Bdrbl11 Barley, soil 8/6/2017 Fars, Darab 28°44'19.305"N  54°32722.505"E
Bahr01 Barley, root 13/4/2017 Bushehr, Ahram 28°52'38.4"N  51°15'53.977"E
Wdez01 Wheat, root 9/4/2017 Khuzestan, Dezful 32°21'38.768"N 48°22'41.595"E
Wand01 Wheat, root 9/4/2017 Khuzestan, 32°26'9.5994"N 48° 18'36"E
Andymeshk
Gabd04 Turfgrass, 13/4/2017 Bushehr, Abdan 28°6'21.6"N 51°43'40.8"E
leaf
Wifsa05 Whaet, root 15/6/2017 Fars, Fasa 28°33'18.435"N 53°24'18.828"E
Wnrz05 Wheat, root 9/6/2017 Fars, Neyriz 29°12'50.593"N 54°19'27.412"E
Wkho02 Wheat, root 30/3/2017 Bushehr, Khormuj 28°39'44.778"N 51°22'3.521"E
Bbor02 Barley, root 31/3/2017 Bushehr, Borazjan ~ 29°14'13.1994"N 51°10'58.7994"E
Blam01 Barley, root 18/6/2017 Fars, Lamerd 27°21'46.7994"N 53° 8' 56.4"E
Wzrn07 Wheat, root 11/7/2017 Fars, Zarghan 29°46'51.5994"N 52°43'11.9994"E
Wnoa03 Wheat, root 1/4/2017 Fars, Nodan 29°47'32.397"N 51°40'33.009"E
BchmO1 Barley, root 28/3/2017 Kohgiluieh-va- 30°45'3.276"N 50° 44' 28.954"E
Buierahmad, Choram
Gsvs02 Turfgrass, 1/4/2017 Fars, Sarvestan 29°16'45.138"N 53°13'47.982"E
root
Bbeh01 Barley, root 26/3/2017 Khuzestan, Behbahan 30° 37' 22.045"N 50° 13'43.430"E
Bsvs03 Barley, leaf 1/4/2017 Fars, Sarvestan 29°16'38.138"N 53° 14'47.982"E
Bjnb03 Barley, root 15/6/2017 Fars, Abadeh, 31°10'58.7994"N 52°37'19.1994"E

Janatabad
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Table 1. Continued.
Species Isolate Substrate  Date Location Coordinate Accession
Number
Begd01 Barley, root 7/5/2017 Fars, Eghlid 30°55'44.3994"N 52°43'22.7994"E
Bgha02 Barley, leaf 5/6/2017 Fars, Jahrom, 28° 38' 58.164"N 53°37'48.2394"E
Ghotbabad
Blar07 Barley, soil 20/3/2017 Fars, Lar 27°40'55.1994"N 54°20'16.8"E
Blar08 Barley, root 20/3/2017 Fars, Lar 27°40'55.1994"N 54°20' 16.8"E
Wdez02 Wheat, root 26/3/2017 Khuzestan, Dezful 32°21'38.768"N 48°22'41.595"E
Wgnk02 Wheat, root 5/6/2017 Fars, Gonak 28°29'32.432"N 53°31'44.2234"E
Btgr02 Barley, root 6/7/2017 Fars, Toghor 28°31'34.29"N 53°39'19.48"E
Wstn03 Wheat, root 9/5/2017 Fars, Estahban 29°49'51.816"N 53°34'56.424"E
Wdsl04 Wheat, root 29/3/2017 Kohgiluieh-va- 30°17'49.2"N  50°39'28.8"E
Buierahmad, Dejh
soleiman
Blar02 Barley, root 20/3/2017 Fars, Lar 27°40'55.1994"N 54°20'16.8"E
B. sorokiniana
Wkmr01 Wheat, soil 19/5/2017 Fars, Kohmareh 29°35'45.6"N  52°15'54"E
Gmoa02(2) Turfgrass, 30/3/2017 Bushehr, Borazjan, 29° 19'22.8"N  51° 11' 16.8"E
root Mohamad abad
Gand02 Turfgrass, 26/3/2017 Khuzestan, 32°26'9.5994"N 48° 18'36"E
root Andymeshk
Wkmr06 Wheat, soil 19/5/2017 Fars, Kohmareh 29°35'45.6"N  52°15'54"E
Bnza02 Barley, root 1/4/2017 Fars, Sarvestan, 29° 9' 55.832"N 53°16'3.269"E
Nazarabad
Wdsl02 Wheat root 29/3/2017 Kohgiluieh-va- 30°17'49.2"N  50°39'28.8"E
Buierahmad, Dejh
soleiman
Blar04 Barley, root 20/6/2017 Fars, Lar 27°40'55.1994"N 54°20'16.8"E
Gsvs01 Turfgrass, 5/6/2017 Fars, Sarvestan 29°16'38.130"N 53°14'47.960"E
root
Gjhr06 Turfgrass, 9/6/2017 Fars, Jahrom 28°18'20.0262"N 53°20'32.352"E
leaf
WshuOlr Wheat, root 26/3/2017 Khuzestan, Shush 32°12'6.8"N 48°15'40.6"E
Meia01 Maize, root 19/7/2017 Fars, Abadeh, Enayat 31° 7' 51.6"N 52°40'1.2"E
abad
Bjnb06 Barley, soil 15/6/2017 Fars, Abadeh, Janat 31°10'58.7994"N 52°37'19.1994"E
abad
Gshz06 Turfgrass, 14/7/2017 Fars, Shiraz 29°38’ 18.70”"N 52°31°28.10"E
root
Wgnk06 Wheat, root 2/6/2017 Fars, Gonak 28°29'32.432"N 53°31'44.2234"E
Bdrbl5 Barley, root 9/5/2017 Fars, Darab 28°44'51.816"N 54° 32' 56.424"E
Wirg02 Wheat, root 9/4/2017 Fars, Forag 28°19'1.2"N 55°12'3.6"E
WitnsO1 Wheat, root 27/3/2017 Kohgiluieh-va- 30°39'39.6"N  50°31'12"E
Buierahmad,
Tangsulak
Btgr01 Barley, root 6/7/2017 Fars, Toghor 28°31'34.29"N 53°39'19.48"E MH370843
C. australiensis
Wdrb01 Wheat, root 28/5/2017 Fars, Darab 28°44'18.305"N  54°32'20.505"E
MtgdO01 Maize, root 24/6/2017 Fars, Takhte jamshid 29°55'37.1994"N 52°52'19.1994"E
Whbnt02 Wheat, root 10/6/2017 Fars, Baavanat 30°29'31.2"N  53°34'30"E
Gdeh2(4) Turfgrass, 27/3/2017 Bushehr, Dehdaran ~ 29° 30' 7.1994"N 50°54'53.9994"E
root
WkhoO1 Wheat, root 30/3/2017 Bushehr, Khormuj 28°39'44.778"N 51°22'3.521"E

' ¥4
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Table 1. Continued.
Species Isolate Substrate  Date Location Coordinate Accession
Number

Bstn02

Mzrn05
WlamO01
Gabd07

BegdO1
GbghO1r

Gssr04

MsadO1
Mzrn06
C. australiensis
Wrnz03
Wlar03
Mmrt01
Gbnt04r

WbghO1
Bdrb10
Gdsol3(3)

Wisa02r
Gabh02

WmdkO01
Gssr05

Mtgd02
Gbnt01

Bkhd02
Gbnt02

Bstn01
Gbnt04

Gfsa03
Gfsa04

Mzrn07
Mtgr01

Mzrn03
Gand05

Mlpi01
Bkhd01
Gshz04

Barley, root
Maize, root
Wheat, root
Turfgrass,
root

Barley, root
Turfgrass,
root
Turfgrass,
root

Maize, root
Maize, root

Wheat, root
Wheat, soil
Maize, root
Turfgrass,
root

Wheat, root
Barley, root
Turfgrass,
root

Wheat, root
Turfgrass,
leaf
Wheat, soil
Turfgrass,
root

Maize, root
Turfgrass,
root
Barley, root
Turfgrass,
root
Barley, soil
Turfgrass,
soil
Turfgrass,
root
Turfgrass,
root

Maize, root
Maize, root
Maize, soil
Turfgrass,
root

Maize, root
Barley, soil
Turfgrass,
soil

9/5/2017 Fars, Estahban
3/7/2017 Fars, Zarghan
15/6/2017 Fars, Lamerd
16/6/2017 Bushehr, Abdan

7/5/2017 Fars, Eghlid
11/7/2017 Fars, Bajgah

6/5/2017 Fars, Saadat shahr

1/5/2017 Khuzestan, Safi abad
3/7/2017 Fars, Zarghan

1/4/2017 Fars, Roniz
29/5/2017 Fars, Lar
10/6/2017 Fars, Marvdasht
8/6/2017 Fars, Bavanat

11/7/2017 Fars, Bajgah
9/5/2017 Fars, Darab
29/3/2017 Kohgiluieh-va-

Buierahmad, Dejh

soleiman
5/6/2017 Fars, Fasa
12/6/2017 Fars, Abadeh

27/3/2017 Fars, Murdak
12/6/2017 Fars, Saadatshahr

5/7/2017 Fars, Takhte jamshid
5/5/2017 Fars, Bavanat

9/6/2017 Fars, Khorambid
5/5/2017 Fars, Bavanat

31/3/2017 Fars, Estahban
5/5/2017 Fars, Bavanat

5/6/2017 Fars, Fasa
5/6/2017 Fars, Fasa

3/7/2017 Fars, Zarghan
5/6/2017 Fars, Toghor
3/7/2017 Fars, Zarghan
26/3/2017 Khuzestan,
Andymeshk
30/3/2017 Fars, Lapouei
13/6/2017 Fars, Khorambid
12/7/2017 Fars, Shiraz

29°9'10.7994"N 52° 34'30"E
29°46'51.5994"N 52°43'11.9994"E
27°21'46.7994"N 53° 8' 56.4"E
28°6'21.6"N 51°43'40.8"E

30°55'44.3994"N 52°43'22.7994"E
29°44'8.259"N 52°35'32.198"E

30°4' 58.7994"N 53°6'0"E

32°16'40.7994"N 48° 25'33.6"E
29°46'51.5994"N 52°43'11.9994"E

29°10'43.346"N 53°45'38.175"E
27°42'3.6"N 54°19'30"E
29°52'43.45"N 52°50'8.494"E
30°29'8.13"N  53°35'35.99"E

29°43'1.1994"N 52° 35'32.188"E
28°44'19.305"N  54°3222.505"E
30°19'24.88"N 50°40'41.08"E

28°59'38.3994"N 53°3827.5994"E
31°6'18"N 52°43'4.8"E

28°26'33.810"N 53° 52'46.997"E
30°5'20.3994"N 53° 8'20.4"E

29°56'37.88"N  52°52'22.90"E
30°29'8.13"N  53°35'35.99"E

30°36'50.195"N 53° 12'25.805"E
30°29'8.13"N  53°35'35.99"E

29°9'10.7994"N 53°5822.7994"E
30°29'8.13"N  53°35'35.99"E

28°34"24.7548"N 53°22'52.0674"E

28°34"24.7548"N 53°22'52.0670"E

29°46'51.5994"N 52°43'11.9994"E
31°0'39.5994"N 52°47'31.2"E
29°46'51.5994"N 52°43'11.9994"E
32°26'9.5994"N 48° 18'36"E

29°48' 54"N 52°37'264"E
30°36'50.185"N 53° 12'25.805"E
29°39'43.1994"N 52° 30'21.6"E
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Species Isolate Substrate  Date Location Coordinate Accession
Number
Badh02 Barley, root 14/6/2017 Fars, Abadeh 31°12'144"N  52°36' 14"E
Mzrnll Maize, root 8/6/2017 Fars, Zarghan 29°46'51.5994"N 52°43'11.9994"E
Gssr06 Turfgrass, 3/7/2017 Fars, Saadat shahr 30°5'20.3994"N 53° 8'20.4"E
root
Gshz08 Turfgrass, 11/7/2017 Fars, Shiraz 29°39'4.58"N  52°29'45.87"E
root
Bshz03 Barley, root 11/7/2017 Fars, Shiraz 29°39'13.71"N  52°29'38.61"E
Wzrn06 Wheat, root 8/6/2017 Fars, Zarghan 29°45'50.98"N 52°42'48.57"E
Wisa02 Wheat, soil 5/6/2017 Fars, Fasa 28°59'38.3994"N 53°38'27.5994"E
Gjhr05 Turfgrass, 5/6/2017 Fars, Jahrom 28°18"20.0262"N 53°20'32.352"E
root
Gjhr04 Turfgrass, 5/6/2017 Fars, Jahrom 28°18"20.0262"N 53°20'32.352"E
root
Wirg04 Wheat, root 9/4/2017 Fars, Forg 28°19'1.2"N 55°12'3.6"E
Mlpi02 Maize, root 1/4/2017 Fars, Lapouei 29°48' 54"N 52°37'264"E
WadhO1 Wheat, root 6/7/2017 Fars, Abadeh 31°12'14.4"N  52°36'0"E
C. australiensis
Gssr02 Turfgrass, 3/7/2017 Fars, Saadat shahr 30°5'20.3994"N 53° 8'20.2"E
root
Wbon02 Wheat, root 9/4/2017 Khuzestan, Bonrashid 31° 8' 56.4"N 49° 39'3.6"E
Gfsa02 Turfgrass, 5/6/2017 Fars, Fasa 28°59'38.3800"N 53°38'27.5994"E
soil
Wgnk07 Wheat, soil 2/6/2017 Fars, Gonak 29°26'51.2234"N 52°32'7.0674"E
C. papendorfii
MshmO1 Maize, root 16/6/2017 Fars, Eghlid, 30° 50' 6"N 52°20'31.1994"E
Shahrmian
Gsmr03 Turfgrass, 27/3/2017 Khuzestan, Siah 32° 19' 30"N 48°30'32.4"E  MH370847
root mansour
Gsmr01 Turfgrass, 10/6/2017 Fars, Bavanat 30°30'3.6"N 53°35'9.5994"E MH370848
root
Wnrz04 Wheat, root 9/6/2017 Fars, Neyriz 29°12'11.9994"N 54° 19'42"E
Wzrn08 Wheat, leaf 8/6/2017 Fars, Zarghan 29°45'50.98"N 52°42'48.57"E
C. spicifera
WmhoOl Wheat, leaf 1/4/2017 Fars, Maharloo 29°21'19.765"N 52°49'17.414"E MH370838
Blam02 Barley, root 13/6/2017 Fars, Lamerd 27°19'33.6"N  53°13'33.5994"E
Bshz02 Barley root 13/7/2017 Fars, Shiraz 29°39'28.8"N  52°29'52.7994"E MH370840
Wabd01 Wheat, root 30/3/2017 Fars, Abdan 28°5'13.1994"N  51°45'43.2"E MH370845
C. verruculosa
Witzd01 Wheat, root 18/7/2017 Fars, Firuzabad 28°50'40. 282"N 52° 34'16.606"E
Mshm02 Maize, root 15/6/2017 Fars, Eghlid, 30° 50' 6"N 52°20'31.1994"E
Shahrmian
Gbgh01 Turfgrass, 19/7/2017 Fars, Bajgah 29°44'52.8"N  52°34'30"E
soil
Gbnt03 Turfgrass, 10/6/2017 Bavanat, Fars 30° 30'3.6"N 53°35'9.5994"E MH375716
root
E. rostratum
Mbeh01 Maize, root 4/7/2017 Behbahan, Khuzestan 30°37'32.6"N  50° 14'43.2"E =~ MH370849
Bipolaris sp.1
Wrnz02 Wheet, leaf 31/3/2017 Fars, Roniz, 29° 10'43.346"N 53° 45'38.175"E MH370839
Estahban,

AR
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Table 1. Continued.
Species Isolate Substrate  Date Location Coordinate Accession
Number
Wrnz04 Wheat, soil 1/4/2017 Fars, Roniz 29°10'43.346"N 53°45'38.175"E
Bbtd03 Barley, root 27/3/2017 Khuzestan, = Masjed 31° 59' 9.6"N 49° 5'9.5994"E
soleiman, Batvand
Gstn01 Turfgrass, 9/5/2017 Fars,Estahban 29°9'10.7994"N. 53°58'22.7994"E
root .
Bpsd01 Barley, soil 9/6/2017 Fars, Pasargad 30° 12'36"N 53°12'144"E
Bipolaris sp.2
Wisa0l Wheet, root 5/6/2017 Fars, Fasa 28°59'38.3994"N 53°38227.5994"E MH370846
Wgnk03 Wheat, root 2/6/2017 Fars, Gonak 28°29'32.432"N 53°31'44.2234"E
Bkhr09 Barley, root 5/6/2017 Fars, Khafr 29°6'17.7582"N 53°9' 18.828"E
Bsvs02 Barley, root 1/4/2017 Fars, Sarvestan 29°16'57.6"N  53°13'23.0538"E
Wdsl01 Wheat, root 27/3/2017 Kohgiluieh-va- 30°17'49.2"N  50°39'28.8"E
Buierahmad, Dejh
soleiman
Gsvs03 Turfgrass, 19/6/2017 Fars, Sarvestan 29°16'57.6"N  53°13'23.0538"E
soil
WmhoO02 Wheat, root 1/4/2017 Fras, Maharloo 29°21'19.765"N 52°49'17.414"E
Bipolaris sp.2
Wgha01 Wheat, root 5/6/2017 Fras, Jahrom, Ghotb 28° 38 16.126"N 53°3734.576"E
abad
Bstn05 Barley, soil 19/5/2017 Fars, Estahban 29°9'10.7994"N 53°58'22.7994"E
Gram02 Turfgrass, 27/3/2017 Khuzestan, 31°2222.8"N 49°29'45.6"E
root Ramhormoz
Wabd02 Wheat, root 30/3/2017 Bushehr, Abdan 28°5'13.1994"N  51°45'43.2"E
Bdrb16 Barley, root 28/5/2017 Fars, Darab 28°44'18.305"N  54°3220.505"E
B. = Bipolaris C. = Curvularia E. = Exserohilumr = root
\/O)l_.;',ﬁjwwé‘\_})b\v\ JJQMJ%P‘ d‘j})“)f)ﬁ
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Table 3. Growth rate (mm/d) of the graminicolus fungal isolates collected in this study

species Isolate Temperature (°C)

5 10 15 20 25 30 35 37 40
B. sorokiniana
Bchr01 0 1.42 5.57 16.42 9.71 17.66 16.00 13.28 0
Wstn03 0 7.10 12.10 19.00 18.31 13.72 15.16 6.60 0
Gjhr06 0 6.45 12.95 18.66 18.12 16.00 17.83 18.14 0
Bstn01 0 2.65 6.55 16.37 17.15 17.15 14.80 15.00 0
Wgnk03 0 6.30 9.80 17.57 16.85 20.44 19.85 19.90 0
Wkmr01 0 7.75 12.50 19.90 17.95 19.75 19.10 7.05 0
Bkhr02 0 3.95 10.95 17.33 11.35 17.56 20.88 18.20 0
Wand04 0 5.10 10.35 18.66 17.88 18.42 20.28 19.42 0
Begd01 0 1.90 6.15 12.70 14.35 18.55 18.28 12.00 0
Gram02 0 3.15 7.00 11.30 18.00 18.00 15.40 13.70 0
C. australiensis
Gfsa02 0 3.70 11.66 18.66 18.17 20.83 25.60 23.83 0
C. papendorfii
MshmO1 0 7.50 20.05 22.00 20.80 23.00 23.50 19.62 0
Gsmr01 0 4.00 16 19.00 19.80 19.00 17.00 3.00 0
C. spicifera
WmhoO1 0 7.41 13.12 19.00 18.16 16.66 16.18 17.85 0
C. verruculosa
Gsmr03 0 4.05 15.70 19.71 19.88 19.25 18.30 0 0
Gbnt03 0 3.70 9.90 19.71 19.71 21.83 21.50 0 0
E. rostratum
Mbeh01 0 5.85 14.66 16.60 16.60 19.00 20.16 12.30 0
Bipolaris sp.1
Wrnz02 0 5.65 11.50 19.00 15.80 17.56 20.31 18.20 0
Bipolaris sp.2
Wmrt01 0 5.69 7.69 14.40 14.00 16.18 17.18 14.33 0
Bstn04 0 4.25 10.25 14.83 16.87 15.00 14.60 0 0

B. = Bipolaris C. = Curvularia E. = Exserohilum

Olssls s> «(Setaria faberi Herrm.) ;o 53
Tribulus terrestris ) S—.> = «(Secale cereale L.)
A3 glaesl Sl (goln 515 bl S 513 5 (L
Cariophylac- (Fabaceae Ericaceae Aliaceae L3l
Euphorb- (Polygoniaceae Moracea [Linaceae «cae
PI- (Orchidaceae Marantaceae JLauraceae Jaceae
Ershad ) >4 sAi (s;3lula> Rosaceae s antaginaceae
2009; Ahmadpour et al. 2011, 2014; Farr &

o o2 s .(Rosman 2013; Mehraabi et al. 2015

S ey Sty g S5 alsy oS 5l a8
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4S A e atls B multiformis (Jooste) Alcorn flj
sls ozl (Manamgoda et al. 2014)J_<i> sla a g
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Table 4. Pathogenicity of the graminicolus fungal isolates collected in this study in leaves and roots of tested

plants
Species Isolate Barley Maize Millet Rice Wheat
leaf  root leaf  root leaf  root leaf  root leaf  root

B. sorokiniana

Bchr02 + + + + + + + + + +

Gjhr06 + + + + + + + + + +

Wstn03 + + - + + + - + + +
C. australiensis

Gfsa0l - + + + + + + + + +
C. papendorfii

Mshm01 + + + + + + - + + +

Gsmr01 + + + + + + + + + +
C. spicifera

WmhoO1 + + + + + + - + + +
C. verruculosa

Gsmr03 + + + + + + + + + +
E. rostratum

MbehO1 + + + + - + - + - +
Bipolaris sp.1

Wrnz02 + + + + - + + + + +
Bipolaris sp.2

Bstn04 + + + + + + - + + +

Wgnk03 + + + - + + - + + +
B. = Bipolaris C. = Curvularia E. = Exserohilum + = Pathogenic - = Nonpathogenic

(A .Curvularia australiensis —wtic—Su, .Y JS—3
S0 pos=e sy (C )5 5 5P pdeS Sl (B4 pisS
il 5 Blw sS4 p S Jlail Jou (D48 508

(P}JS?AY'=JL;ML$)L€5‘J:AS¢§LSMQ

Fig. 2. Morphology of Curvularia australiensis A)
Conidiophore B) Conidiophore's branching and
swelling C) Swollen segments of conidiophore D)
straight conidium s junction to the conidiophore and
terminal small heel (Bars =20 pm)

Safaei et al. 2008; Ershad 2009; Amarloo et al
S sladlls Los 55 .(2012; Mehraabi et al. 2015

sedd el i 5 S G 53 88 ) b les
Lidong & Qiang 2002;) 5 5 sl LA 0T _sl5c6 e

\YY

Bipolaris i glaalis —wbicsu, ) S
sed py 0 (B 55 pa S 543 (A sorokiniana

(o S0

Fig. 1. Morphology of different isolates of Bipolaris
sorokiniana A) Conidiophore’s hill B) Swelling of
conidiophore’s segments C) Conidiophore D) Conidia
(Bars =20 um)

Sladlas s s g3lulis (a.\_;f Sl g ainy 53
5y Sy Jole Olge 4 €5 pl Ol 55 i
35 0d o yme e 3 (55 aSd 5 S b
Smiley et al. 1993; Mirabolfathi & Ershad 2006;)
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Lol ar 48 ias (D f‘,i.x,:S (C P naS Sle SWSIB 0038 sl (A Curvalaria papendorfii wbicsw, ¥ S5

(Fag S Yo = plis b3) 0 oS
Fig. 3. Morphology of Curvularia papendorfii A) terminal of conidiophore B) Straight terminal of conidiophore
C) Conidia D) Conidiophore with conidium (Bars =20 pm)

oy Koo Yo = julie b)) ;9 9008 4 posS B 255 5 0,5 pu&S (A Curvularia spicifera c.lics; ¢ JSo

Fig. 4. Morphology of Curvularia spicifera A) Dark and light-colored conidium B) Conidium and conidiophore
(Bars =20 pm)

oo f‘,g.x_:;s (C LB nasS il olyls el (B g8 oS o3l Wl (A Curvularia verruculosa oLicsw; .0 S
(Fag S Yo = plde bas) 5 s deS 4 p b8 Il (B Sl p s (D

Fig. 5. Morphology of Curvularia verruculosa A) Simple terminal of conidiophore B) Terminal of conidiophore
with the hill C) Curved conidium D) Straight conidium E) Conidium s junction to the conidiophore (Bars =20

pm)

Amarloo et al. 2010; ) c—ul g3 s ol s Morejon et al. 2006; Iftikhar et al. 2009; Karov et
(Naeimi et al. 2011; Manamgoda et al. 2012, 2014 4> .(al. 2009; Bashyal et al. 2011; Ghazvini 2012;

wug_ﬁg)ﬁj«s;ﬂj\ Q‘J’-'@Jﬁbdﬂ*‘“*fﬁ ccj_’ Ol olals s 4.3_,§ gl 2o sk )
ol ohgben sl gl sy sl gl Bsb 5ty oS n s (Do Bl 5l S 5 o3

LA S g bl S8 ol S e s
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Fig. 6. Morphology of Exserohilum rostratum A) Smooth conidiophore terminal B , C) Zigzag conidiophore
terminal D) Conidium E) Hilum F) Condiophore and conidium with dark-colored first spetum (Bars =20 pm)
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Fig. 7. Phylogenetic relationships of Bipolaris spp. isolates among other Bipolris species based on a comparison of
ITS sequences of rDNA in maximum likelihood tree. Highlighted taxa represent isolates of this study. Numbers
above the branches represent the bootstrap values equal to or greater than 50%.
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Fig. 8. Phylogenetic relationships of Curvularia spp. isolates among other Curvularia species based on a
comparison of ITS sequences of rDNA in maximum likelihood tree. Highlighted taxa represent isolates of this
study. Numbers above the branches represent the bootstrap values equal to or greater than 50%.
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Fig. 9. Phylogenetic relationships of Exserohilum sp. isolate among other Exserohilum species based on a
comparison of ITS sequences of rDNA in maximum likelihood tree. Highlighted taxon represents isolate of this
study. Numbers above the branches represent the bootstrap values equal to or greater than 50%.
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