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Introduction 

Binucleate Rhizoctonia have the characteristic mycelium of the genus 
Rhizoctonia Dca), their vegetative mycelial cell is binucleate and the perfect 
state corresponds to the genus Ceratobasidium ROGERS15). According to this 
definition, there are a large number of binucleate Rhizoctonia within Rhizo­
ctonia spp. and Sclerotium spp. which have been reported in the literature 
up to now17,2S). These binucleate Rhizoctonia include several important plant 
pathogenic fungi as well as fungi associated with minor disease recently 
described1,18,19) • 

OGOSHI et ai.m indicated that the binucleate Rhizoctonia include various 
fungi and that they can be divided into groups with hypha 1 anastomosis like 
R. soiani. They also described the anastomosis groups (AG-A-AG-O) of 
binucleate Rhizoctonia isolated in Japan. Meanwhile, BURPEE et ai.S) de­
scribed the anastomosis groups (CAG-I-CAG-7) of binucleate Rhizoctonia 
isolated mainly in North America. As a result, it has become important 
to clarify the relation between both groups. 

The premise that the perfect state of binucleate Rhizoctonia corresponds 
to the genus Ceratobasidium17,24) can not always be validated on the basis of 
the observation of many isolates (or groups). Since it became evident that 
there are many anastomosis groups within binucleate Rhizoctonia, it should 
also be possible to identify the perfect state of the respective anastomosis 
groups. OGOSHI et at.m have already briefly reported that a number of 
isolates of Japanese binucleate Rhizoctonia formed a perfect state. 

[J. Fac. Agr. Hokkaido Univ., Vol. 61, Pt. 2, 19831 
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This study was undertaken to 1) determine which species among Rhizo­
ctonia and related genera are binucleate, 2) clarify the relation between the 
Japanese and North American anastomosis groups of the binucleate Rhizo­
ctonia, 3) observe the perfect state of the respective anastomosis groups, and 
4) define the species name of fungi that belong to the respective anastomosis 
groups. 

Materials and Methods 

Isolates tested Rhizoctonia spp. were supplied by A TCC (American 
Type Culture Collection), CBS (Centraalbureau voor Schimmelcultures), and 
G. C. ADAMS, Jr., Department of Plant Pathology, University of California, 
Davis, U. S. A. (Table 1). Japanese binucleate Rhizoctonia used were the 

TABLE 1. Binucleate Rhizoctonia among Rhizoctonia 
and related genera 

Species Accession* 

R. alpina CBS 309.35 

R. anomala CBS 116.12 

R. crocorum Adams' 710 
(A T C C 10170) 

R. dichotoma Adams' 715 

R. endophytica ATCC 14013 

R. endophytica var. filicata ATCC 14014 

R. endophytica var. filicata Adams' 714 

R. jloccosa Adams' 615 

R. jloccosa CBS 337.36 

R. fragariae ATCC 14691 

R. fraxini CBS 311.35 

R. globularis ATCC 14015 

R. globularis Adams' 713 

R. lanuginosa ATCC 11875 

R. mucoroides ATCC 24974 

R. mucoroides Adams' 616 

R. muneratii ATC C 13247 

R.oryzae Adams' 541 

R. pini-insignis CBS 312.35 

R. quercus CBS 313.35 

BR or NBR** 

BR 

BR 

NBR 

NBR 

BR 

NBR 

NBR 

BR 

BR 

BR (AG-A) 

BR 

BR (AG-C) 

BR (AG-C) 

NBR 

NBR 

NBR 

BR (AG-E) 

NBR 

? 

? 

BURPEE et al.3) 

BR 

BR 

BR (CAG-2) 

BR 

NBR 

BR(CAG-6) 

NBR 

BR 

NBR 
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Species Accession* BR or NBR** BURPEE et al.3) 

R. ramicola CBS 400.51 BR 

R. repens ATCC 04975 NBR 

R. repens Adams' 614 NBR 

R. rubi ATC C 13342 ? 
R. solani var. fuchsiae CBS 343.36 BR 

R. stahlii CBS 119.12 BR 

R. versicolor Adams' 617 NBR 

R. zeae CBS 384.34 NBR 

R. zeae Adams' 590 NBR 

Corticium anceps CBS 152.32 BR 

Ceratobasidium ramicola Adams' 678 BR BR (CAG-2) 

Ceratobasidium stevensii Adams' 681 ? 

Waitea circinata Adams' 241 NBR 

* Rhizoctonia spp. supplied by CBS (Centraalbureau voor Schimmelcultures), 
ATCC (American Type Culture Collection), and ADAMS, G. C. 

** BR: Binucleate Rhizoctonia, NBR: Not binucleate Rhizoctonia, ?: Could not 
determine whether binucleate Rhizoctonia or not. 

isolates of AG-A-AG-O (stock cultures of the Department of Plant Pathology, 
National Institute of Agricultural Sciences, and Laboratory of Plant Pathology, 
Faculty of Agriculture, Hokkaido University) described by OGOSHI et at.m 
However, AG-J and AG-M were excluded because these groups require fur­
ther identification. North American isolates used were the isolates of CAG 
-1-CAG-7 supplied by L. L. BURPEE, Department of Agriculture and Fisheries, 
Botanical Garden, BERMUDA, and G. C. ADAMS, Jr. (Table 2). The isolates 
of Rhizoctonia spp_ were examined to determine whether they were binucleate 
Rhizoctonia17) • 

Observation of hyphal anastomosis Hyphal anastomosis between 
Japanese and North American isolates was observed, and Rhizoctonia spp. 
were fused with the representative isolates of AG-A-AG-O. The methods 
for the observation of hyphal anastomosis and determination of anastomosis 
groups were those described by OGOSHI16). 

Formation of perfect state The methods for obtaining the perfect 
state (the soil method) and for observing it were those described by STRETTON 
et al.29

) and OGOSHI10). The morphology and dimensions of the basidium, 
sterigma and basidiospore formed on soil were studied. 
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TABLE 2. 

Anastomosis 
group 

AG-A 

AG-Ba 

AG-Bb 

Isolate 

AH-l 

SN-2 

C-314 

C-484 

C-157 

C-348 

AG-B{others} POER-2 

S I R-2 

AG-C 

AG-D 

GS-l 

STc-l 

C-46 

C-57 

AG-E F-18 

AG-F 

AG-G 

AG-H 

AG-I 

AG-K 

AG-L 

AG-N 

AG-O 

TM-l-l 

G J-l 

S I R-l 

C Y-l-1 

OB-l-1 

S Tc-lO 

S Tc-12 

AV-2 

54D09 

AC-l 

SN--6 

EA-l 

FKo2-1 

S Sh-2 

FKo2-24 

FKo6-2 

Main isolates of binucleate Rhizoctonia 
used in anastomosis study 

Host or source Geographic 
origin 

Japanese isolates 

Peanut Chiba 

Soil Nagano 

Rice Fukuoka 

Rice Fukuoka 

Rice Fukuoka 

Rice Fukuoka 

Sweet potato Tokushima 

Sweet potato Tokushima 

Coodyera Schlechtendaliana 

Kyoto 

Soil Tochigi 

Mat rush Fukuoka 

Mat rush Fukuoka 

Flax Hokkaido 

Soil Hokkaido 

Cerbera jamesonii 

Shizuoka 

Sweet potato 

Soil 

Soil 

Soil 

Soif 

Tokushima 

Hokkaido 

Hokkaido 

Tochigi 

Tochigi 

Artemisia vulgaris var. indica 

Tokyo 

Sugar beet 

Onion 

Soil 

Hokkaido 

Hokkaido 

Nagano 

Eleocharis acicularis 

Soil 
Tokyo 
Fukuoka 

Soil Fukuoka 

Soil Fukuoka 

Soil Fukuoka 

Note 

ATCC 38670 

Sclerotium jumigatum 

Sclerotium jumigatum 

ATCC 38673 

Sclerotium oryzae-sativae 

ATCC 38472 

Sclerotium oryzae-sativae 

ATCC 38677 

Corticium gramineum 

Corticium gramineum 
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Anastomosis 
group 

CAG-1 

CAG-2 

CAG-3 

CAG-4 

CAG-5 

CAG-6 

CAG~7 

Isolate 

Bn 1 

Bn 4 

Bn 31 

Bn 38 

Bn 37 

Bn 74 

Bn 22 

* . BURPEE et al.3) 

A. OGOSHI, et al. 

Host or source Geographic 
origin 

North American isolates* 

Agrostis Pennsylvania 

Arachis Georgia 

Glycine Georgia 

Cucumis Georgia 

Erigeron 

Pittosporum Florida 

** Florida Type Culture Collection. 

}tesults and Discussion 

Note 

ATCC 34969 

ATCC 13247 

Rhizoctonia muneratii 

FTCC 585** 

Binucleate Rhizoctonia Of the twenty-seven species of Rhizoctonia 
and related genera (33 isolates) examined, 13 species were binucleate Rhizo­
ctonia (Tablen R.fragariae ATCC 14691 corresponded to AG-A, two 
isolates of R. globularis to AG-C, and R. muneratii ATCC 13247 to AG-E. 
PARMETER and WHITNEy 23) reported that R. endophytica, R. fragariae, R. 
fraxini, R. globularis, R. muneratii, R. pini-insignis, and R. quercus were 
binucleate. BURPEE et al.3

) also reported that R. endophytica, R. jloccosa, 
R. fragariae, R. jlaxini, R. muneratii, R. pini-insignis, and Ceratobasidium 
ramicola were binucleate Rhizoctonia. 

Hyphal anastomosis between Japanese and North American isolates 
Five of the 7 anastomosis groups of North American binucleate Rhizoctonia 
were identical with the Japanese groups for the following reasons: 2 isolates 
of AG-A had fused with the isolate Bn 4 of CAG-2; 2 isolates of AG-D 
had fused with the isolate Bn 1 of CAG-1 as reported by ONIKI et al. 19) ; 

2 isolates of AG-E had fused with the isolate Bn 31 of CAG-3; and 2 
isolates of AG-F had fused with the isolate Bn 38 of CAG-4 (Table 3). 
Since 2 isolates of AG-E 'had also fused with Bn 74 of CAG-6 which in 
turn had fused with Bn 31, CAG-3 and CAG-6 were considered to be 
identical. However, further studies on other isolates of both groups should be 
carried out in the future. Isolates of CAG-5 and CAG-7 had not fused with 
any of the isolates of the Japanese anastomosis groups and these two groups 
were thought to be different from the others. 

Perfect state of binucleate Rhizocionia Sixty-eight isolates among 
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TABLE 3. Hyphal anastomosis between Japanese and North 
American isolates of binucleate Rhizoctonia 

Japanese North American Isolates 

Group Isolate 
CAG-l CAG-2 CAG-3 CAG-4 CAG-5 CAG-6 CAG-7 
Bn 1 Bn 4 Bn 31 Bn 38 Bn 37 Bn 74 Bn 22 

A AH-l -* + 
SN-2 + 

Ba C-314 

C-484 

Bb C-157 

C-348 

B (others) POER-2 

S I R-2 

C GS-l 

STc-l 

D C-46 + 
C-57 + 

E F-18 + + 
TM-l-l + + 

F G J-l + 
S I R-l + 

G CY-l-l 

OB-l-l 

H STc-l0 

STc-12 

I AV-2 

54D09 

K AC-l 

SN-6 

L EA-l 

FKo2-1 

N S Sh-2 

0 FKo2-24 

FKo6-2 

* -: no anastomosis, +: anastomosis. 
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TABLE 4. Anastomosis groups and isolates of binucleate 
Rhizoctonia that developed the perfect state 

No. of No. of No. of _No. of 
Anastomosis Isolates Isolates Anastomosis Isolates Isolates 

. Group .tested that Group tested that 
fruited fruited 

. A'" 64 7 G 8 5 

Ba 20 0 H 9 5 

Bb 15 4* 1 37 0 

B (others) 23 4 K 6 0 

C 27 11 L 20 15 

D 57 9** N 2 0 

E 12 4 0 6 2 

F 14 2 Total 320 68 

* ONIKI et al.20) 
** 'ONIKI et al.21 ) 

11 of the 15 anastomosis groups of the Japanese binucleate Rhizoctonia 
developed their perfect states when the soil method was applied (Table 4), 
whereas the isolates of AG-'-Ba, AG-I, AG-K, and AG-N did not develope 
the perfect state. Data on the perfect state of AG-Bb and AG-D have 
already been reported by ONIKI et al. 20•21)· 

Basidia formed were spherical or subglobose, differing from the clavate 
basidia of Thanatephorus. The dimensions of the basidia and basidiospores 
varied not only with the anastomosis groups but also with the isolates of 
the same group. Moreover, the dimensions of the isolates also varied widely 
(Table 5). Usually there were 4 sterigmata, rarely 3, except for AG-Bb 
that had only' 2 sterigmata per basidium20). 

On the basis of the characteristics of the basidium it was demonstrated 
that the isolates fruited corresponded to the genus Ceratobasidium. However, 
it was difficult to determine the name of a species from the morphology 
and dimensions of the basidium, basidiospore, and sterigma. PARMETER et 
al.24) also pointed out that the identification of the species name of Cerato­
basidium was very difficult. However, many isolates appeared to be similar 
to C. 'cornigerum ROGERS26

) and some were similar to' C.anceps JACKSON9) 

(Table 6). Ii is evident that AG-Bb is different from Ceratobasidium spp. 
previously reported in the literature. 

The dimensions of the components of the perfect states of Ceratobasi­
dium spp. similar to those of C. cornigerum are shown in Table 6. As the 
dimensions of the basidium or basidiospore vary with the reports, it was 



TABLE 5. Dimensions of the components of -the perfect state of binucleate 

Rhizoctonia that fruited on soil 

Basidia Basidios pores Sterigmata )-

An.astomosis Z 
Group Isolate Length Width Length Width Length Width 

)-

Number Ul 
>-l 

(pm) (pm) (pm) (pm) (pm) (pm) 0 
~ 

A FC-2 10-15.5 8-10 8-9 5-6.5 6.5-8 4 0 
Ul 

I B-1 10-14-20. 8-9-10 8-9-10 5-5.5-6 
U; 

10-12 4 
0 

B- (others) S Tc-18 10-12-13 8-8.5-9 8-9 5-6.5 9-10 4 ::0 
0 
C 

C- STc-1 11-15-23 9-12-19 9-12-'-17 5-8-10 . 2-7-11 2-3-4 4 ." 
Ul 

STc-2 16~18-21 13-14-16 10-11-13 5-7-8 8-13 (3-) 4 0 
'fl. 

STc-3 16-19-23 10-13-16 10-13-16 6-7-8 16-23 (3~) 4 tXl ..... 
Z 

STc-4 13--16-21 10-12-13 8-10-16 6-7-8 8-13 4 C 
(J 
t-' 

STc-7 19.,.19-26 10-12-13 10-14-16 8-8-9 8-10 (2-) 4 ttl 
)-

E F-7 16-26 10-U,5 9-13 5-8 
>-l 

4 ttl 

G,' ." .. -: SU-1 10-:13 8 8 5 10 4 
::0 :s 

H S T c-17 8-17-25 6-9-12 5-8-10 3-5-6 2-6-12 1-2-3 4 
N 
0 
(J 

Bb* ", : . ~ ... r ~ , 13.4-18.8 . 12.3-15.9 11.6--20.0 8.5-17.5· 8.7-24.7 5 2 >-l 
0 
Z 

D** 11.3 9.2 8.7 5.2 4 :; 

* ONIKI et al.'IIJ) . ... 
** ONIKI et al.21 ) " 

N-
CJ1 to-'. 
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CiI 
t-:l 

TABLE 6. Dimensions of the components of the perfect state of Ceratobasidium 
and related species described in the literature 

Basidia Basidiospores Sterigmata 

Species Length Width Length Width Length Width Author 
Number 

(pm) (pm) (pm) (pm) (pm) (pm) 

C. comigerum 12-14 7.5-11 7.5-9.5 4-4.5-6 9-12 2-3 4 ROGERS25) 

11-13 6.5-9 7.5-10 4-5.5 8.5 1.8-2 4 CHRISTIANSEN5) 

13-17 9-12 6.5-9.3 4.5-6 -7 (3-) 4 (-6) W ARCUP and T ALBOT33) ?> 
C.obsculum 19-24 9-11 7.5-8 6 10-20 3.5-4.5 4 ROGERS25) 0 

C'l 

18-22 11.5-13 7.5-10 9-13 -20 3.5 4(-6) W ARCUP and T ALBOT34) 
0 
CJl = 

C. anceps 10-18 8-12 9-12 4.5-7 10-16 (3-)4 JACKSON-!) .:-' 

C. pseudocomigerum 14-15 8-10 8-11.5 3.5-4 10 2.5 4 CHRISTIANSEN5) 
~ 
~ 

C. ramicola 8.0-11.1-15.6 5.2-8.5-10.5 4 Tu et al.30) 
:---

5.2-7.8-10.8 3.5-5.2-6.9 

C. sphaerosporum 11-14.5 8-10 6.5-9 -6 4 W ARCUP and T ALBOT35) 

C. angustisporum 10-18 7-11 (7-) 11-14 6-9 2.5 4 W ARCUP and T ALBOT36) 

C. globisporum 15-22 13-16 10-12(-14) 10-12 6-11(-20) 2-3 4 W ARCUP and T ALBOT36) 

Hypochnus setariae 10-14 12-13 11-15 10-12 11-12 3-3.5 2 SAWADA27) 

Corticium gramineum 9.9-21.6 8.3-9.9 3.3-6.6 3.3-3.9 MATSUURA 12) 
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difficult to differentiate one species from another. In taking into account the 
fact that binucleate Rhizoctonia can be divided into several groups with 
hyphal anastomosis, it was deemed practical to divide Ceratobasidium spp. 
into groups with hyphal anastomosis, although some Ceratobasidium species 
have characteristic morphology and can be identified without difficulty. 

Conclusions and General Remarks 

From the results of the present study and other reports on the binucleate 
Rhizoctonia, the pathogenicity of each anastomosis group and its relationship 
to Rhizoctonia spp. and Ceratobasidium spp. can be described as follows: 

AG-A 

Rhizoctonia candida YAMAMOTO Pathogen of strawberry root rotS9), 
Pathogen of damping-off of sugar beet seedlings40) 

R. fragariae HUSAIN et McKEEN Pathogen of strawberry root rotT· lT) 

R. endophytica var. endophytica SAKSENA et VAARTAJA26) 

Pathogen of strawberry root rot lO) 

Pathogen of tortoise shell-like symptoms of potato tubersl> 
Pathogen of browning of peanut podsl8•19) 

Ceratobasidium cornigerum ROGERS14•25) 

CAG-2 (G. cornigerum)S) 
R. ramicola WEBER et ROBERTSs.S7> 

G. ramicola Tu et al. sO) 

G-3 Isolates from diseased seedlings of sugar beetsSl> 
Ceratobasidium sp. (based on the results of the pr~sent study) 

Rhizoctonia candida, which was reported as the pathogen of strawberry 
root rot and damping-off of sugar beet seedlings, was found to belong to 
AG-A. Some isolates of R. fragariae, which had been reported as being 
the pathogen of strawberry root rot, also belonged to this group. However, 
as some isolates that were identified as R. fragariae also belonged to AG-G 
or AG-I, R. candida could not always be identified as R. fragariae17). One 
isolate of R. endophytica var. endophytica and the causal fungus of straw­
berry root rot reported by KODAMA et al.10l also belonged to this group. 
The pathogen causing tortoise shell-like symptoms of potato tubers and the 
main pathogen causing browning on peanut pods were reported to belong 
to AG-A. The latter disease is caused also by AG-:-G and R. solani AG-
2-2 in some cases19). NISIKAWA and UI14) reported that the isolate from 
Spiranthes sinensis (PERS.) AMES corresponded to Ceratobasidium cor­
nigerum ROGERS, which also belongs to AG-A. 
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From the present study, it was concluded that AG-A and CAG-2 are 
identical. BURPEE et al.S) reported that R. fragariae and R. ramicola 
belonged to this group and that the perfect state of CAG-2 isolates cor­
responded to C. cornigerum. Also Tu et al.SO) reported that the perfect 
state of R. ramicola corresponded to C. ramicola. Although BURPEE et al.S) 

reported that the isolate FTCC 169 A (Bn 57 by BURPEE et al.) of C. 
ramicola corresponded to CAG-2, this isolate supplied by ADAMS did not 
fuse with AG-A isolates and isolates Bn 4 of CAG-2 for undetermined 
reasons. UCHINO et al.Sll divided the isolates of binucleate Rhizoctonia 
recovered from diseased seedlings of sugar beets into five anastomosis groups 
(G-1-G-5) and reported that G-3 was similar to AG-A. 

In the present study it was confirmed that the perfect state of AG-A 
also corresponded to Ceratobasidium spp. but the identification of the species 
requires further studies for the reasons mentioned above. 

AG-Ba 

Sclerotiumfumigatum NAKATA Pathogen of "haiiro-kinkaku-byo" (gray 
sclerotium disease) of rice p1ant1SJ • 

AG-Ba is identical with Sclerotium fumigatum. This fungus and S. 
oryzae-sativae are apparently binucleate Rhizoctonia, based on the mor­
phology of the mycelium and sclerotium, and the number of nuclei in a 
ce1117>. The perfect state of this group has not been identified yet. 

AG-Bb 

Sclerotium oryzae-sativae SAWADA Pathogen of brown sclerotium dis­
ease of rice p1ant2S) 

Ceratobasidium sp. 
Hypochnus setariae SAWADA Pathogen of "haiiro-sirakinu-byo" (gray 

sclerotium disease) of foxtail millet20•271 

AG-Bb is identical with S. oryzae-sativae, the causal fungus of brown 
sclerotium disease of rice plant. ONIKI et al.20) observed the perfect state 
of this fungus, which had spherical basidia and two sterigmata per basidium. 
This fungus belongs to Ceratobasidium sp. but the identification of the species 
requires further studies because there are no species within Ceratobasidium 
spp. that correspond to this fungus. SAWADA27) described Hypochnus setariae 
which had spherical basidia and two sterigmata per basidium. ONIKI et al. 20) 

suggested that these two fungi might be identical. 

AG-B (others) 

C. cornigerum Pathogen of sheath blight-like lesions of rice plant22) 
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Ceratobasidium sp. (based on the results of the present study) 

The perfect state of this group also corresponds to Ceratobasidium sp. 
(Table 5). ONIKI et al.22) isolated a group of binucleate Rhizoctonia from 
sheath blight-like lesions on rice plant, which resembled Sclerotium fumi­
gatum but differed from the latter in the colour of the colonies, and they 
identified it as C. cornigerum. This pathogen belongs to AG-B (others), 
but not to AG-Ba or AG-Bb. 

AG-C 

G-5 (c. cornigerum) Isolates from diseased seedlings of sugar beetsSD 

R. globularis DOAM#138805A 
Ceratobasidium sp. (based on the results of the present study) 

Of the 5 groups of sugar beet seedling isolates described by UCHINO 
et al. so , G-5 was found to belong to AG-C as R. globularis supplied by 
ADAMS. UCHINO et al.31) observed the perfect state of an isolate of AG-C, 
and identified it as C. cornigerum. The isolates of AG-C formed the perfect 
state even on water agar17). The perfect state of AG-C corresponds to 
Ceratobasidium sp. (Table 5). 

AG-D 

Corticium gramineum IKAT A et MATSUURA Pathogen of foot rot of 
cereals12), Pathogen of winter stem rot of mat rushs,w 

Ceratobasidium gramineum (IKATA et MATSUURA) ONIKI et al.2D 

CAG-ls,2!> 

R. cerealis van der Hoeven Pathogen of sharp eyespot of cereals2), 

Pathogen of yellow patch of turfgrass3,4) 

Corticium gramineum, the causal fungus of foot rot of cereals, is similar 
to this group. MATSUOKAw reported that the winter stem rot fungus of 
mat rush (Junchus effusus L. var. decipiens BUCHEN) reported by IKATA 
and YOSHIDAS) could be identified as C. gramineum. On the other hand, 
ONIKI et al.2D suggested that it could be identified as Ceratobasidium grami­
neum (IKATA et MATSUURA) ONIKI et al., because Corticium gramineum 
was thought to belong to the genus Ceratobasidium on the basis of the 
observation of the perfect state of several isolates of this fungus. 

It has been reported that AG-D is similar to CAG-Pl>. According to 
BURPEE et al.s,,>, CAG-l is the main causal fungus of yellow patch of turf­
grass and is similar to R. cerealis, the causal fungus of sharp eyespot of 
cereals. 
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AG-E 

Th~ summer strain of flaxS2) 
G-1 Isolates of diseased seedlings of sugar beetsSI> 
CAG-3S) 

CAG-6S) 
R. muneratii CASTELLANIS) 
Ceratobasidium sp. (based on the results of the present study) 

A part of the summer strain described by UI et al.S2 ), which is pathogenic 
to flax, belonged to this group. The G-1 by UCHINO et al.3D is similar to 
this group and is the most pathogenic to sugar beet seedlings among the 
5 anastomosis groups of sugar beets (UCHINO et al., unpublished). AG-E 
also corresponds to Ceratobasidium sp. (Table 5). 

This group is similar to CAG-3, and also to CAG-6. Accordingly, 
since CAG-3 and CAG-6 were thought to be identical, anastomosis between 
the two groups was observed. As a result, it was certified that the isolate 
Bn 31 of CAG-3 fused with the isolate Bn 74 of CAG-6. Bn 74 has been 
reported to be R. muneratiiS). 

AG-F 
CAG-4S) 

Ceratobasidium sp. (based on the results of the present study) 

CAG-4 is identical with this group. The perfect state of AG-F also 
corresponds to Ceratobasidium sp. 

AG-G 

Pathogen of browning on peanut pods19) 

R. fragariael7> 

Ceratobasidium sp. (based on the results of the present study) 

Although the main pathogen of browning on peanut pods is AG-A, 
the disease can also be caused by AG-G in some cases19). A part of R. 
fragariae belongs to this group. The perfect state of AG-G corresponds to 
Ceratobasidium sp. (Table 5). Although it has also been reported that the 
perfect state of R. fragariae corresponds to Ceratobasidium Sp.S8), it would 
thus be important to determine which anastomosis group the isolates of R. 
fragariae belong to, namely AG-A, AG-G, or AG-I. Of the four isolates 
from strawberries supplied by ADAMS one belonged to AG-A, two to AG-G, 
and one to AG-I. 
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AG-H 
Ceratobasidium sp. (based on the results of the present study) 

AG-I 
G-2 Isolates of diseased seedlings of sugar beets31l 

R. fragariae17> 

A part of R. fragariae belongs to this group, as mentioned above. G-2 
is similar to this group. The perfect state of this group has not yet been 
identified. 

AG-K 
G-4 Isolates of diseased seedlings of sugar beets31l 

Ceratobasidium sp. (based on the results of the present study) 

G-4 IS similar to AG-K. The perfect state of this group also cor­
responds to Ceratobasidium sp. 

AG-L 
Ceratobasidium sp. (based on the results of the present study) 

AG-N 

The perfect state of this group has not yet been identified. 

AG-O 
Ceratobasidium sp. (based on the results of the present study) 

Summary 

Thirteen species among 27 species of Rhizoctonia and related genera 
examined were found to be binucleate Rhizoctonia as follows: R. alpin a, 
R. anomala, R. endophytica, R. jloccosa, R. fragariae, R. fraxini, R. globu­
laris, R. muneratii, R. ramicola, R. solani var. fuchsiae, R. stahlii, Corticium 
anceps, and Ceratobasidium ramicola. Hyphal anastomoses between 15 
Japanese anastomosis groups (AG-A-AG-O) and 7 North American anasto­
mosis groups (CAG-I-CAG-7) of binucleate Rhizoctonia were examined. 
The results indicated that AG-A, AG-D, and AG-F corresponded to CAG-2, 
CAG-l, and CAG-4, respectively. AG-E corresponded to CAG-3 and CAG-
6. Since one isolate of CAG-3 and one isolate of CAG-6 had fused, it was 
concluded that these two groups were identical. On the other hand, CAG-5 
and CAG-7 had not fused with any of the Japanese groups. Among the 
Japanese anastomosis groups, 11 groups developed their perfect states on soil 
and all the perfect states corresponded to Ceratobasidium spp. However. 
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the identification of the species could not be determined, except in the case 
of AG-B (others) and AG-D. The remaining 4 groups have not yet de­
veloped their perfect states. The difficulties in identifying the species of 
Ceratobasidium, and the species names or fungal groups belonging to the 
respective anastomosis groups are discussed. 

Acknowledgments 

The authors wish to express their deepest appreciation to Dr. L. L. 
BURPEE, Department of Agriculture and Fisheries, Botanical Garden, Ber­
muda, and Dr. G. C. ADAMS, Jr., Department of Plant Pathology, University 
of California, Davis, U. S. A., who kindly supplied isolates of Rhizoctonia. 

Literature Cited 

1. ARAKI, T., ONIKI, M. and OGOSHI, A.: Occurrence of tortoise shell-like symptom 

of potato tubers by binucleate Rhizoctonia, Ann. Phytopath. Soc. Japan (in Jap­

anese), 45: 530. 1979 

2. BOERMA, G. H. and VERHOEVEN, A. A.: Check-list for scientific names of com­

mon parasitic fungi, Series 26: Fungi on fields: Cereals and grasses, Neth. J. 

Plant Patho!., 83: 165-204. 1977 

3. BURPEE, L. L., SANDERS, P. L., COLE, H. Jr. and SHERWOOD, R. T.: Anastomosis 

groups among isolates of Ceratobasidium cornigerum and related fungi, Mycologia, 

72: 689-701. 1980 a 

4. BURPEE, L. L., SANDERS, P. L., COLE, H. Jr. and SHERWOOD, R. T.: Path­

ogenicity of Ceratobasidium cornigerum and related fungi representing five 

anastomosis groups, Phytopathology, 70: 843-846. 1980 b 

5. CHRISTIANSEN, M. P.: Danish resupinate fungi Part 1. Ascomycetes and Het­

erobasidiomycetes, Dansk Bot. Arkiv., 19: 1-55. 1959 

6. DUGGAR, B. M.: Rhizoctonia crocorum (PERS.) DC. and R. solani KUHN (Corticium 

vagum B. & C.) with notes on other species, Ann. Missouri Botan. Garden, 2: 

403-458. 1915 

7. HUSAIN, S. S. and McKEEN, W. E.: Rhizoctonia fragariae sp. nov. in relation 

to strawberry degeneration in southwestern Ontario, Phytopathology, 53: 532-540. 
1963 

8. IKATA, S. and YOSHIDA, M.: Studies on the diseases of mat rush, 1. Blight, 

Special Bulletin of the Okayama Prefectural Agricultural Experiment Station (in 

Japanese), 42: 1-47. 1940 

9. JACKSON, H. S.: Studies of Canadian Thelephoraceae. IV Corticium anceps in 

North America, Canad. J. Res. (C), 27: 241-252. 1949 

10. KODAMA, T., TAWA, S. and YOSHIOKA, A.: On Rhizoctonia sp. isolated from 

root rot of strawberry, Ann. Phytopath. Soc. Japan (in Japanese), 40: 136. 1974 

11. MATSUOKA, M.: On the winter sheath blight of rush plant, Kyushu Agric. Res. 

(in Japanese), 21: 158. 1959 



ANASTOMOSIS GROUPS OF BINUCLEATE RHIZOCTONIA 259 

12. MATSUURA, Y.: Studies on a new sclerotium disease of cereals, Byochugai 

Zasshi (in Japanese), 17: 448-459. 1930 

13. NAKATA, K. and KAWAMURA, E.: Studies on the sclerotium diseases of rice 

plant (I), Nojikairyo-Shiryo (inJapanese), 139: 1-176. 1939 

14. NISHIKAWA, T. and UI, T. : Rhizoctonias isolated from wild orchids in Hokkaido, 

Trans. mycol. Soc. Japan (in Japanese), 17: 77-84. 1976 

15. OGOSHI, A.: Grouping of Rhizoctonia solani KUHN and their perfect stages, Rev. 

Plant Protec. Res., 8: 93-103. 1975 

16. OGOSHI, A.: Studies on the grouping of Rhizoctonia solani KUHN with hyphal 

anastomosis and on the perfect stages of groups, Bull. Natl. Inst. Agric. Sci. (in 

Japanese), Ser. C 30: 1-63. 1976 

17. OGOSHI, A., ONIKI, M., SAKAI, R. and UI, T.: Anastomosis grouping among 

isolates of binucleate Rhizoctonia, Trans. mycol. Soc. Japan, 20: 33-39. 1979 

18. ONIKI, M. and ARAKI, T: Occurrence of browning on peanut pods by binucleate 

Rhizoctonia, Ann. Phytopathol. Soc. Japan (in Japanese), 47: 109, 1981 

19. ONIKI, M. and ARAKI, T.: Fungi isolated from browning of peanut pods (a new 

disease) and their pathogenicity, Ann. Phytopathol. Soc. Japan (in Japanese), 48: 
84. 1982 

20. ONIKI, M., OGOSHI, A. and ARAKI, T.: Formation of the perfect state of 

Sclerotium o ryzae-sativae, the causal fungus of brown sclerotium disease of rice 

plant, Ann. Phytopathol. Soc. Japan (in Japanese), 45: 520. 1979 

21. ONIKI, M., OGOSHI, A. and ARAKI, T.: Formation of the perfect state of AG-D 
(causal fungus of foot-rot of cereals) of binucleate Rhizoctonia, Ann. Phytopathol. 

Soc. Japan (in Japanese), 48: 357. 1932 

22. ONIKI, M., OGOSHI, A., ARAKI, T. and IKEDA, H. Ceratobasidium species isolated 

from sheath blight-like symptoms of rice plant, Abstracts of Annual Meeting of 

Mycological Society of Japan, : 26. 1981 

23. PARMETER, J. R. Jr. and WHITNEY, H. S.: Taxonomy and nomenclature of the 

imperfect state, In Rhizoctonia solani, Biology and Pathology, ed. by PARMETER, 

J. R. Jr., Univ. California Press, p. 7-19, 1970 

24. PARMETER, J. R. Jr., WHITNEY, H. S. and PLATT, W. D.: Affinities of some 

Rhizoctonia species that resemble mycelium of Thanatephorus cucumeris, Phyto­
pathology, 57: 218-223. 1967 

25. ROGERS, D. P.: Notes on the lower Basidiomycetes, Stud. Nat. Hist. Iowa Univ., 
17: 1-43. 1935 

26. SAKSENA, H. K. and V AARTAJA, 0.: Descriptions of new species of Rhizoctonia, 

Canad. J. Bot. 38: 931-943. 1960 

27. SAWADA, K.: Hypochnus on cultivated plants in Formosa, Bot. Mag. Tokyo (in 

Japanese), 26: 125-138, 177-193. 1912 

28. SAWADA, K.: Descriptive catalogue of the Formosan fungi Part II., Dep. Agric. 

Goverment Res. Inst. Formosa, Japan (in Japanese), 2: 171-173. 1922 

29. STRETTON, H. M., McKENZIE, A. R., BAKER, K. F. and FLENTJE, N. T.: Forma­

tion of the basidial stage of some isolates of Rhizoctonia, Phytopathology, 54: 
1093-1095. 1964 



260 A. OGOSHI, et ai. 

30. Tu, C. C., ROBERTS, D. A. and KIMBROUGH, J. W.: Hyphal fusion, nuclear 

condition, and perfect stages of three species of Rhizoctonia, Mycologia, 61: 775-

783. 1969 

31. UeHINO, H., OGOSHI, A. and KANZA W A, K.: On the binucleate Rhizoctonia 

isolated from diseased seedlings of sugar beets, Ann. Phytopathol. Soc. Japan (in 

Japanese), 48: 125. 1982 

32. UI, T., MITSUI, Y. and HARADA, Y.: Studies on the vicissitude of Pellicularia 

filamentosa in soil. Part II. The alternation of strains of Rhizoctonia solani in 

the soil of a particular flax field, Ann. Phytopathol. Soc. Japan (in Japanese), 28: 

270-279. 1963 

33. WARCUP, J. H. and TALBOT, P. H. B.: Ecology and identity of mycelia isolated 

from soil, III., Trans. Brit. mycol. Soc., 48: 249-259. 1965 

34. W ARCUP, J. H. and TALBOT, P. H. B.: Perfect states of Rhizoctonias associated 

with orchids, New Phytol., 66: 631-641. 1967 

35. WARCUP, J. H. and TALBOT, P. H. B.: Perfect states of Rhizoctonias associated 

with orchids, II., New Phytol., 70: 35-40, 1971 

36. W ARCUP, J. H. and TALBOT, P. H. B.: Perfect states of Rhizoctonias associated 

with orchids, III., New Phytol., 86: 267-272. 1980 

37. WEBER, G. F. and ROBERTS, D. A.: Silky thread blight of Elaeagnus pungens 

caused by Rhizoctonia ramicola n. sp., Phytopathology, 41: 615-621, 1951 

38. WILHELM, S., NELSON, P. E. and JOHNSON, H.: Pathology of strawberry root 

rot caused by Ceratobasidium species, Phytopathology, 62: 700-705. 1972 

39. YAMAMOTO, W.: Rhizoctonia candida sp. nov. causing the damping-off and root 

rot diseases of the cultivated plants, Trans. mycol. Soc. Japan (in Japanese), 3: 
118-120. 1962 

40. YAMAMOTO, W., TAKEUCHI, T. and MIYAMOTO, Y.: On the parasitism of 

Rhizoctonia candida YAMAMOTO causing damping-off disease of Beta vulgalis var. 

rapa, Science Reports of the Hyogo University of Agriculture, Series: Agri­
cultural Biology, 5: 37-45. 1962 


