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Sixty-seven isolates of the southern blight fungus from Japan were divided into five groups based on ITS-RFLP analysis 
of nuclear rDNA. Morphological characters of sclerotia varied between groups. Three groups were reidentified as 
Sclerotium rolfsii, and two resembled S. delphinii in RFLP patterns and/or in having large sclerotia and relatively low 
optimal growth temperature (28~ Sclerotia of the latter, however, varied in size according to temperature and 
became indistinguishable from those of S, rolfsii at high temperatures. Hyphal anastomosis (imperfect fusion) was 
observed between different ITS-RFLP groups, as well as between different isolates belonging to the same groups. These 
results indicate that populations of this fungus in Japan consists of several different subgroups, although morphological 
differences are not always evident. 
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Sclerotium rolfsii Sacc. (teleomorph: Athelia rolfsii (Curzi) 
Tu & Kimbrough) is a soil-borne plant pathogenic fungus 
with a wide host range and worldwide distribution 
(Punja, 1988). Because its basidial stage (Sawada, 
1912a, b; Nakata, 1926; Goto, 1930; Punja et al., 1982; 
Punja and Grogan, 1983) is not easily observed, this fun- 
gus is characterized by the morphology of sclerotia in 
most cases (Saccardo, 1911 ; Punja and Damiani, 1996). 
Consequently, little has been studied on its genetic back- 
ground and/or extent of variation. 

Recentry, Harlton et al. (1995) reported the variation 
in internal transcribed spacer regions (ITS) of ribosomal 
DNA of S. rolfsii and related fungi by RFLP (restriction 
fragment length polymorphisms) analysis. They also 
demonstrated a close affinity between S. rolfsii and S. 
delphinfi Welch on a molecular basis, although they are 
morphologically distinct (Welch, 1924; Stevens, 1931; 
Nishihara, 1961 ; Punja and Damiani, 1996). 

As geographical variability was considered to exist in 
the S. rolfsii population because of its life cycle strategy, 
we tested 67 isolates from different hosts and various 
parts of Japan, which country was not included in the 
previous paper (Harlton et al., 1995). Most isolates had 
been identified as S. rolfsii (Nonaka et al., 1990; Ishi- 
kawa et al., 1992; Tezuka et al., 1992; Uematsu et al., 
1992; Shoji, 1993; Takeuchi and Horie, 1993; Uematsu 
et al., 1993; Ishii and Tezuka, 1994; Tezuka and Ishii, 
1994; Sato et al., 1995; Shoji, 1996), but some of them 
differed from typical S. rolfsiiisolates. They were isolat- 
ed from tulips in the cool-temperate zone in early summer 
when it was too early for S. rolfsi i to prevail. 

We aimed to characterize various isolates in Japan 
by ITS-RFLP, colony morphology, and hyphal anastomo- 
sis, which has been used to differentiate subgroups with- 
in species (Ogoshi, 1976; Carling, 1996). Brief reports 

of this work were presented previously (Morikawa et al., 
1997; Okabe et al., 1997a, b). 

Materials and Methods 

Isolates Isolates used in this study had been isolated 
from various hosts of diverse geographic origins (Table 1 ) 
and identified as S. rolfsii. Each isolate belonged to a 
distinct mycelial compatibility group in the preliminary 
pairing test. 
PCR amplification and RFLP analysis PCR amplification 
and RFLP analysis of ITS regions of rDNA followed the 
methods of Harlton et al. (1995). Mycelia grown in 
potato-dextrose broth for 1-2 wk were used for DNA 
isolation according to the standard protocol of a DNA 
isolation kit (Easy-DNA Kit, Invitrogen, San Diego). 
Primers ITS1 and ITS4 (White et al., 1990) were used to 
amplify the ITS region, which consisted of ITS1, 5.8 S 
rDNA, and ITS2 regions. PCR reaction mixture (50~1) 
contained 5 ~1 of 10 • Gene Taq Universal Buffer (Nippon 
Gene, Tokyo), 400/~M dNTP mixture (Nippon Gene, 
Tokyo), 20 pM concentrations of primers ITS1 and ITS4, 
1 unit of Taq DNA polymerase (Nippon Gene, Tokyo), 
and 50 ng of DNA template. The thermal cycling con- 
sisted of the following steps: 5 min at 95~ for initial 
denaturation; 30 cycles of 1 rain at 95~ for denatura- 
tion, 1.5 min at 55~ for annealing, and 2 min at 72~ 
for extension; and 1Omin at 72~ for final extension. 
PCR products were digested with Alu I, Hpa II, Rsa I, or 
Nde II (Mbo I) at 37~ for 3 h, and the digests were sub- 
jected to electrophoresis in 2% agarose gel (NuSieve 
3 : 1, FMC BioProducts, Rockland) with TAE buffer con- 
taining ethidium bromide (Sambrook et al., 1989). 
Mycelial growth and sclerotial formation Mycelial 
growth rate and sclerotial formation were determined on 
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Table 1. Host, locality, and source of isolates used in this study. 

Isolate Host Locality Obtained from 

S-1 (CH92S-1) 

2 (CH92S-2) 

3 (CH92S-3) 

4 (CH92S-4) 

5 (CH92S-5) 

6 (CH87-52) 

7 (CH87-53) 

8 (CH91-41) 

9 (CH91-42) 

10 (CH91-52) 

11 MAFF410049) 

12 MAFF410050) 

13 MAFFI02020)  

14 MAFF102021) 

15 MAFF102022) 

16 MAFF102023) 

17 MAFF305344) 

18 MAFF305545) 

19 CR-1) 

20 (CR-2) 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 (Co-3501-1) 

32 (CoOp- 1 ) 

33 (Co-400-1) 

34 (Co-Pa-1 

35 (Co-3-2) 

36 (Co-Ar-1 

37 (Co-At-1 

38 (Co-Ly-1) 

39 (Co-Ne-1) 

40 (NI91-02) 

41 

42 (CR-8801) 

43 (CR-8923) 

44 (CR-9001) 

45 (CR-9006) 

46 (CR-9007) 

47 (CR-9011) 

48 (CR-9014) 

49 (CR-9016) 

50 (CR-9101) 

51 

Alstromeria sp. 

Alstromeria sp. 

Solanum mammosum 

S. mammosum 

Phalaenopsis sp. 

Solidaster 

Solidaster 

Delphinium ajacis 

D. ajacis 

Chlorophytum sp, 

Cryp tomeria japonica 

Cop tis japonica 

Glycine max 

G. max 

G, max 

Arachis hypogaea 

Soil 

Trifolium repens 

G, max 

G. max 

Tricyrtis hirta 

Saponaria officinalis 

Eupatrium fortunei 

Solanum tuberosum 

Limonium sinuatum 

Aster sp. 

Gladiolus sp. 

Physostegia virginiana 

Althaea rosea 

Beta vulgaris var. cicla 

Peperomia caperata 

Ophiopogon japonicus 

Ajuga sp. 

Pachysandra terminalis 

Caladium sp. 

Aralia cordata 

A tractylodes japonica 

Licopersicon esculentum 

Nerine sp. 

Fragaria ananassa 

Aralia cordata 

Trapa bispinosa 

T. bispinosa 

T, bisplnosa 

7". bisplnosa 

T, bisplnosa 

T. bispmosa 

T. bisplnosa 

T, bispmosa 

T. bis ~mosa 

Arachis hypogaea 

Chiba S. Uematsu a) 

Chiba S. Uematsu a) 

Chiba S. Uematsu a) 

Chiba S. Uematsu a) 

Chiba S. Uematsu e) 

Chiba S. Uematsu b) 

Chiba S. Uematsu b) 

Chiba S. Uematsu b) 

Chiba S. Uematsu b) 

Chiba S. Uematsu b) 

Fukui MAFF Gene Bank 

Fukui MAFF Gene Bank 

Gunma MAFF Gene Bank 

Tokushima MAFF Gene Bank 

Gifu MAFF Gene Bank 

Ibaraki MAFF Gene Bank 

Ishikawa MAFF Gene Bank 

Chiba MAFF Gene Bank 

Akita T. Nakajima 

Akita T. Nakajima 

Mie N. Tezuka c) 

N. Tezuka 

Mie N. Tezuka c) 

Mie N. Tezuka c) 

N. Tezuka 

Mie N. Tezuka d) 

Mie N. Tezuka e) 

N. Tezuka 

N. Tezuka 

Hiroshima N. Tezuka 

Tokyo J. Takeuchi f) 

Tokyo J. Takeuchi f) 

Tokyo J. Takeuchi f) 

Tokyo J. Takeuchi 

Hachijo J. Takeuchi 

Tokyo J. Takeuchi 

Tokyo J. Takeuchi 

Tokyo J. Takeuchi 

Miyake J. Takeuchi 

Tochigi N. Ishikawa g) 

Tochigi N. Ishikawa 

Saga T. Motomura h) 

Saga T. Motomura 

Saga T. Motomura 

Saga T. Motomura 

Saga T. Motomura 

Saga T. Motomura 

Saga T. Motomura 

Saga T. Motomura 

Saga T. Motomura 

Ibaraki N. Matsumoto 
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Table 1. Continued. 

Isolate Host Locality Obtained from 

S-52 A. hypogaea Ibaraki N. Matsumoto 
53 A. hypogaea Ibaraki N. Matsumoto 
54 A, hypogaea Ibaraki N. Matsumoto 
55 A, hypogaea Ibaraki N. Matsumoto 
56 Tulipa gesneriana Toyama Y. Chikuo 
57 T. gesneriana Toyama Y. Chikuo 
58 Lilium sp. Toyama Y. Chikuo 
59 Lilium sp. Toyama Y. Chikuo 
60 Lilium sp. Toyama Y. Chikuo 
61 Lilium sp. Toyama Y. Chikuo 
62 (W2) Citrullus vulgaris T. Sato i~ 

63 (B12) G. max T. Sato i) 
64 (Y 1 ) Polymnia sonchifolia Kagawa T. Sato i) 
65 (F-l) Eupatorium fortunei Saitama T. Shoji j) 
66 Arctium lappa Saitama T. Shoji 
67 (I-1) Selaginella tamariscina Saitama T. Shoji kl 

a) See Uematsu et al., 1993. b) Uematsu et al., 1992. c) Ishii and Tezuka, 1994. d) Ishii et 
al., 1992. e) Tezukaandlshii, 1994. f)TakeuchiandHorie, 1993. g) lshiietal., 1992. h) 
Nonakaetal.,1990. i) Satoetal . ,1995. j) Shoji, 1996. k) Shoji, 1993. 

Table 2. ITS-RFLP grouping of Sclerotium rolfsii in Japan based on four restriction enzyme 
digest patterns. 

Group ITS-RFLP al Isolates in each group 

Group 1 A2, H3, R1, M2 

Group 2 A2, H3, R1, M3 
Group 3 A1, H2, R2, M4 
Group 4 A2, H1, R3, M2 
Group 5 A2, H1, RO b), M1 

S-2, 3, 4, 6, 7, 10, 13, 14, 15, 21, 22, 24, 26, 27, 28, 
29, 30, 31, 33, 34, 35, 39, 42, 46, 47, 48, 49, 50, 51, 
52, 53, 54, 55, 62, 63, 64, 66, 67 
S-l, 5, 9, 18, 23, 25, 38, 43, 44, 45, 65 
s-17 
s-32, 36, 37, 41, 56, 57, 58, 59, 60, 61 
s-8, 11, 12, 16, 19, 20, 40 

a) Patterns were designated by Harlton et al. (1995). b) Not digested by Rsa I. 

potato-dextrose agar (PDA) plates. Mycelial plugs 
(5 mm in diam) were taken from the margin of 2- to 3-d- 
old colonies and inoculated on the medium. Mycelial 
g rowth was determined 2 d after incubation at 23, 25, 
28, 30 and 33~ sclerotial format ion (number, size 
and weight) was evaluated after 40 d. 
Hyphal interact ions A total  of 13 isolates selected from 
each ITS-RFLP group were paired on cellulose mem- 
branes laid over water  agar in all possible combinat ions. 
Microscopic observat ions were made every day for 2 wk. 

Results 

PCR amplification and RFLP analysis Gel electrophore- 
sis of PCR product f rom every isolate yielded a uniform 
band of approx imate ly  730 bp. Alu I, Hpa II, Rsa I, and 
Nde II digestion produced 2, 3, 4, and 4 patterns, respec- 
t ively (Fig. 1). Whereas most patterns corresponded to 
A1-2,  H1-3, R1-3 and M1-4 designated by Harlton et al. 
(1995), one of the Rsa I patterns was not described 
before. We refer to the new pattern as "RO." 

The 67 isolates used were classified into f ive groups 
by the combinat ion of the above RFLP patterns: 1) A2, 
H3, R1, M2 (38 isolates), 2) A2, H3, R1, M3 (11 iso- 
lates), 3) A1, H2, R2, M4 (1 isolate), 4) A2, H1, R3, M2 
(10 isolates), 5) A2, H1, RO, M1 (7 isolates) (Table 2). 
Groups 1, 3, and 4 corresponded to groups II (S. rolfsii), 
XI (S. rolfsil3, and XlV (S. delphinil~ described by Harlton 
et al. (1995), respectively. Groups 2 and 5 were new. 
Growth and sclerotial formation The opt imum tempera- 
ture for mycelial g rowth  was 28~  for most isolates of 
ITS-RFLP group 5 and some of group 4, whereas group 1 
showed opt imum growth  at 30~  (Fig. 2). Group 2 
showed the same pattern as group 1 (data not shown), 
and the single isolate of group 3 was not included in this 
test because it showed restricted growth.  

Most isolates of group 1 produced small sclerotia 
(Fig. 3). Their opt imum temperatures for maximum 
diam, number, and weight  were 2 3 - 2 8 ~  (Figs. 4a, c, 
e). Group 4 isolates formed large sclerotia with stipes 
and irregular shape (Fig. 3). However ,  the size 
decreased wi th increasing temperature, and morphologi- 
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Fig. 1. ITS-RFLP patterns of Japanese isolates. 
Four restriction enzymes (Alu I,Hpa II,Rsa I and Nde II) were used. Lane 1 = iso la te  S-22 (group 1 ), lane 2= iso la te  S-42 (group 1 ), 
lane3=iso la te  S-43 (group 2), lane 4= iso la te  S-17 (group 3), lane 5= iso la te  S-41 (group 4), lane 6= iso la te  S-56 (group 4), lane 
7= iso la te  S-8 (group 5) and lane 8= iso la te  S-12 (group 5), lane M = ~ X 1 7 4 / H a e  [[! (1353, 1078,  872,  603,  310,  2 8 1 , 2 3 4 ,  194-, 
118 bp). 

1.4 

1.2- 

5o.8- 

5 0 . 6 -  
- ~  . 

~ 0 . 4 -  

0 , 2 -  

a b 
J 

I 

1 

0 
22 2~  2 ,  2~  3o 3'~ 3, 22 2 ' ,  2~ ~'~ 3o 3'~ 

Temperature(~ Temperature(~ 

Fig. 2. Mycelial g rowth  of groups 1 (a), 4 (b), and 5 (c). 
Mycelia were incubated for 2 d at dif ferent temperatures. 
the standard deviations. 

J 
i 

1 

1 

34 22 

C 

, j , 

2', 26 28 30 3'2 3, 
Temperature(%) 

Data ere expressed relative to the g rowth  at 28~C. Vertica) bars show 
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Fig. 3. Sclerotia of isolates S-58 (group 4) and 46 (group 1 ) produced at 23, 28, and 33~ 
a) Isolate S-58 at 23~ b) S-46 at 23~ c) S-58 at 28~ d) S-46 at 28~ e) S-58 at 33~ f) S-46at 33~ Scale=l cm. 

cal differences from groups 1 or 2 became unclear (Figs. 
3, 4b). The weight was maximum at 28~ for most 
isolates of group 4, but the number was maximum at 
30~ (Figs. 4d, f). Few sclerotia were formed by isolates 
of group 5, and group 3 failed to produce sclerotia. 
Sclerotia formation of group 2 was similar to that of 
group 1 (data not shown). 
Hyphal interactions Mycelia of paired isolates came into 
contact 1 -2d  after inoculation (Fig. 5a), and hyphae 
anastomosed (Fig. 6). Mycelia of both isolates intermin- 
gled completely in 3 - 4 d  (Fig. 5b). Hyphal cells in the 
contact zone subsequently died in every combination ex- 
cept self-pairings, and a barrage zone was evident in 
5 -14d  (Fig. 5c). 

Discussion 

ITS-RFLP analysis revealed the existance of five groups in 
Japanese isolates. Each group had its own morphologi- 

cal characteristics and RFLP patterns, corresponding to 
previous results, but often differed in growth tempera- 
ture reactions. 

Group 1 was typical of S, rolfsf i  in sclerotial morphol- 
ogy and RFLP patterns and was identical to group II, one 
of the major groups of S. rol fsi i  in the U.S.A. and Indo- 
nesia (Harlton et al., 1995). However, group 1 differed 
from the description of S. rolfsi i  in the U.S.A. and South 
Asia, whose mycelial growth and sclerotium formation 
occurred at 35~ (Chowdhury et al., 1993; Punja and 
Damiani, 1996). Group 2, which has not been reported 
in other countries, was similar to group 1 in morphologi- 
cal characters. Groups 1 and 2 accounted for 7 3 ~  of 
Japanese isolates, whereas groups I, III, and IV, the 
major groups in the U.S.A., were not found in Japan. 
Morphological characterization of group 3 was difficult 
because the only isolate available did not produce sclero- 
tin. However, its RFLP pattern demonstrated that it cor- 
responded to group Xl (S. rolfsii) in Nepal (Harlton et al., 
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Fig. 4. Diameter, number, and weight of sclerotia produced on PDA plate (9-cm diam) by isolates of groups 1 and 2 (a, c, e) and 4 (b, 
d, f) at different temperatures. 
Vertical bars show the standard deviations. 

1995). 
RFLP pattern and sclerotial morphology indicated 

that group 4 was similar to S. delphinii, as was its patho- 
genicity to Liliaceae and adaptation to the cool-temperate 

zone (Boerema and Hamers, 1988) like the Hokuriku area 
in Japan. Punja (personal communication) regards this 
group as S. delphinii. However,  optimal temperature for 
mycelial growth and sclerotium formation of group 4 was 
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Fig. 6. Hyphal anastomosis of isolates S-17 (group 3) and 
37(group 4) observed under a phase-contrast microscope. 
Scale = 30 fzm. 

Fig. 5. Incompatible reaction between isolate S-54 (group 1, 
left) and 35 (group 1, right). 
Mycelia of the two isolates came into contact 2d after 
inoculation (a), intermingled completely after 4d (b), and 
disruption of hyphal cells became apparent after 6 d (c). 
Scale-- 400 fzm. 

higher than that of typical S. delphinii isolates in the 
U.S.A. (Punja and Damiani, 1996). Consequently, the 
difference in growth temperature between groups 4 and 

1 was not as great as that between isolates of S. delphinii 
and S. ro l fs i i f rom other countries. Group 5, which had a 
new RFLP (Rsa I) pattern, was more similar to group 4 
than groups 1 or 2 in the opt imal temperature for mycelial 
growth and RFLP pattern. Al though this group did not 
produce sclerotia easily, their morphology resembled 
those of S, delphinii. 

Growth temperature reaction of each group coincid- 
ed wi th their geographic distr ibution and assumed life 
cycle. For example, most members of group 4 were iso- 
lated from tulips and lilies in the cool-temperate zone in 
early summer, whereas groups 1 and 2 were mainly isolat- 
ed in the warm-temperate zone in summer or early au- 
tumn (Table 1). The pattern of geographic distr ibution 
also agreed wi th  the fact that the optimal growth temper- 
ature of Japanese isolates was lower than that of isolates 
from Central America and South Asia (Chowdhury et al., 
1993; Punja and Damiani, 1996). It is suggested that 
the morphological characters of S. rolfsii and S. delphinii 
isolates vary cont inuously and are similar in the temper- 
ate zone, where the two  fungi overlap. 

ITS-RFLP analysis (Hpa II and Rsa I patterns) differen- 
t iated S. rolfsii and S. delphinfi. However,  dif ferent pat- 
terns do not a lways indicate different species, because 
the Nde II pattern of group 1 (S. rolfsii) was the same as 
that of group 4 (S. delphinfi) but not those of groups 2 or 
3. Some patterns seemed to be a complex of other pat- 
terns (i.e., R I = R 0 + R 2 ,  H 3 = H I + H 2 ,  and M 2 =  
M1 +M4) ,  suggesting that these isolates had two  dis- 
t inct types of nuclei (heterokaryon), genome (hetero- 
zygote), or ITS region. The complexed patterns (R1, H3 
and M2) suggest the possibi l i ty of genetic exchange be- 
tween groups. 

We observed that hyphal anastomosis occurred be- 
tween groups 1 (S. rolfsii) and 4 (S. delphinii) as well as 
between the isolates in the same group. This suggests 
genetical relatedness of the groups. However,  S. rolfsii 
is considered to be homothal l ic  (Punja and Grogan, 
1983), and genetic exchange between groups through 
sexual recombinat ion is less likely to occur. Further 
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invest igat ions are needed to reveal genet ic exchange be- 
tween  and wi th in  the groups. Studying the genet ic 
background of the groups should p romote  the under- 
standing of species concept  of S, rolfsf i  and S. delphinii. 

Acknowledgements-- -We thank T. Nakajima (Tohoku National 
Agricultural Experiment Station), N. Ishikawa (Tochigi Prefectur- 
al Agricultural Experiment Station), T. Shoji (Saitama Horticul- 
tural Experiment Station), J. Takeuchi (Tokyo Metropolis), S. 
Uematsu (Chiba Horticultural Experiment Station), Y. Chikuo 
(Toyama Vegetable and Ornanental Crops Research Station), N. 
Tezuka (National Research Institute of Vegetables, Ornamental 
Plants and Tea), T. Sato (Shikoku National Agricultural Experi- 
ment Station), T. Motomura (Saga University), and MAFF Gene 
Bank for providing us with isolates. 

Literature cited 

Boerema, G.H. and Hamers, M. E.C. 1988. Check-list for 
scientific names of common parasitic fungi. Ser. 3a: Fungi 
on bulbs: Liliaceae. Neth, J. PI. Pathol. 94 Suppl. 1: 1-32. 

Carling, D. E. 1996. Grouping in Rhizoctonia solani by hyphal 
anastomosis reaction. In: Rhizoctonia species: taxonomy, 
molecular biology, ecology, pathology and disease control, 
(ed. by Sneh, B., Jabaji-Hare, S. and Neate, S.), pp. 37-47. 
Kluwer Academic Publ., Netherland. 

Chowdhury, N., Dey, T. K. and Khan, A. L. 1993. Effect of cul- 
ture media, light, temperature and pH on the mycelial 
growth and sclerotia formation of Sclerotiurn rolfsii Sacc. 
Bangladesh J. Bot. 22:149-153.  

Goto, K. 1930. On the perfect stage of Sclerotium rolfsiiSacc. 
produced on culture media. J. Soc. Trop. Agr. 2: 165- 
175. 

Harlton, C. E., Levesque, C. A. and Punja, Z. K. 1995. Genetic 
diversity in Sclerotium (Athelia) rolfsii and related species. 
Phytopathology 85:1269-1281.  

Ishii, M. and Tezuka, N. 1994. Southern blight of Eupatorium 
japonicum, obedient plant, toadlily and potato caused by 
Sclerotium rolfsii. Proc. Kansai PI. Prot. 36: 79-80. (In 
Japanese.) 

Ishikawa, S., Hayama, K., Nakayama, K. and Tezuka, N. 1992. 
Occurrence of strawberry southern blight caused by Sclero- 
tium rolfsii Sacc. Proc. Kanto PI. Prot. Soc. 39:125-127.  
(In Japanese.) 

Morikawa, C., Okabe, I. and Matsumoto, N. 1997. Genetic 
diversity in Sclerotium rolfsii and related species. Ann. 
Phytopathol. Soc. Japan 63: 207. (In Japanese.) 

Nakata, K. 1926. Studies on Sclerotium rolfsii Sacc. part 3. 
Perfect form of the fungus and its genetic relationships to 
Hypochnus centrifugus (Lev.) Tul., H. solani Pril. et Delacr. 
and H. cucurneris Fr. with its specific relationship to Sclero- 
tium coffeicolum Stahel. Bull. Sci. Fak. Ter. Kjushu Imp. 
Univ. 2 :7-19.  (In Japanese.) 

Nishihara, N. 1961. Misc. publ. Chiba-ken Agric. Exp. Sta. 1, 
pp. 6-8. (In Japanese.) 

Nonaka, F., Motomura, T. and Tanaka, K. 1990. Study on 
southern blight like disease of water chestnut (Trapa 
bispinosa Roxb.). 1. Corticium rolfsii Curzi isolated from 
water chestnut. Proc. Assoc. PI. Prot. Kyushu 36: 56-58. 
(In Japanese.) 

Ogoshi, A. 1976. Studies on the grouping of Rhizoctonia solani 
Kuhn with hyphal anastomosis and on the perfect stages of 
groups. Bull. Natl. Inst. Agric. Sci. Ser. C 30: 1-63. (In 
Japanese.) 

Okabe, I., Morikawa, C., Yokoyama, K. and Matsumoto, N. 
1997a. Lack of anastomosis group differentiation in 
strains of Sclerotium rolfsii. Ann. Phytopathol. Soc. Japan 
63: 207. (In Japanese.) 

Okabe, I., Morikawa, C., Matsumoto, N. and Yokoyama, K. 
1997b. Intraspecific variation in rDNA internal transcribed 
spacer regions of Sclerotium rolfsii. Proc. 1 l th Australa- 
sian Plant Pathol. Soc. Conf., 314. 

Punja, Z.K. 1988. Sclerotium (Athelia) rolfsii, a pathogen of 
many plant species. In: Advances in plant pathology 6, 
(ed. by Sidhu, G. S.), pp. 523-534. Academic Press, San 
Diego, CA. 

Punja, Z. K. and Damiani, A. 1996. Comparative growth, mor- 
phology, and physiology of three Sclerotium species. 
Mycologia 88: 694-706. 

Punja, Z.K. and Grogan, R.G. 1983. Basidiocarp induction, 
nuclear condition, variability, and heterokaryon incom- 
patibilityinAthelia(Sclerotiurn)rolfsii. Phytopathology 73: 
1273-1278. 

Punja, Z.K., Grogan, R.G. and Adams, G.C., Jr. 1982. 
Influence of nutrition, environment, and the isolate, on 
basidiocarp formation, development, and structure in Athe- 
tia (Sclerotium) rotfsii. Mycologia 74:917-926.  

Saccardo, P.A. 1911. Notae mycologicae. Ann. Mycol. 9: 
249-257. 

Sambrook, J., Fritsch, E. F. and Maniatis, T. 1989. Agarose 
gel electrophoresis. In: Molecular cloning, pp. 6.3-6.34. 
Cold Spring Harbor Lab. Press, New York. 

Sato, T., Nakanishi, T. and Koganezawa, H. 1995. Southern 
blight of yacon (Polymnia sonchifolia) caused by Sclerotium 
rolfsiiSaccardo. Proc. Assoc. PI. Prot. Shikoku 30: 79-84. 
('.n Japanese.) 

Sawada, K. 1912a. Hypochnus on cultivated plants in For- 
mosa. Shokubutsugaku-zasshi 26: 125-138. (In 
Japanese.) 

Sawada, K. 1912b. Hypochnus on cultivated plants in For- 
mosa. (continued from p. 138.) Shokubutsugaku-zasshi 26: 
177-193. (In Japanese.) 

Shoji, T. 1993. Southern blight of little club moss Selaginella 
tamariscina caused by Sclerotium rolfsii. Proc. Kanto PI. 
Prot. Soc. 40: 179-180. (In Japanese.) 

Shoji, T. 1996. Occurrence of southern blight of Eupatorium 
fortunei caused by Sclerotium rolfsii. Proc. Kanto PI. Prot. 
Soc. 43:123-124.  (In Japanese.) 

Stevens, F. L. 1931. A comparative study of Sclerotium rolfsii 
and Sclerotium delphinii. Mycologia 23: 204-222. 

Takeuchi, J. and Horie, H. 1993. Occurrence of southern 
blight of Peperomia caperata, Ophiopogon japonicus f. 
nanus and Ajuga repens caused by Sclerotium rolfsii in 
Tokyo. Proc. Kanto PI. Prot. Soc. 40: 163-165. (In 
Japanese.) 

Tezuka, N. and Ishii, M. 1994. Southern blight of gladiolus, 
coneflower, yellow lupine, sweet william and columbine 
caused by Sclerotium rolfsii. Proc, Kansai PI. Prot. 36: 
81-82. (In Japanese.) 

Tezuka, N., Ishii, M. and Horiuchi, S. 1992. Southern blight of 
chard, strawberry, edible burdock, scallion, tatarian aster 
and Aster pilosus. Proc. Kansai PI. Prot. 34: 75-76. (In 
Japanese.) 

Uematsu, S., Kodama, K. and Nakamura, Y. 1993. Sclerotium 
rot of Alstroemeria spp., Nerine bowdenii, Phalaenopsis 
hybrids, Solanum mammosum and Tulbaghia fragrans 
caused by Sclerotium rolfsii. Proc. Kanto PI. Prot. Soc. 40: 
171-174. (In Japanese.) 

Uematsu, S., Takahashi, T. and Sekiyama, K. 1992. Sclero- 



Variation in Sclerot ium rolfsi[ 407 

tium crown rots of Delphinium elatum, • Solidaster luteus 
and Chlorophytum comosun caused by Sclerot ium rolfsii. 
Proc. Kanto PI. Prot. Soc. 39 :163 -165 .  (In Japanese.) 

Welch, D.S. 1924. A sclerotial disease of cultivated Delphi- 
nium. Phytopathology 14: 31. 

White, T. J., Bruns, T., Lee, S. and Taylor, J. 1990. Amplifica- 

tion and direct sequencing of fungal ribosomal RNA genes 
for phylogenetics. In: PCR protocols: a guide to methods 
and applications, (ed. by Innis, M. A., Getfand, D, H., Snin- 
sky, J. J. and White, T. J.), pp. 315-322. Academic Press, 
San Diego, CA. 


