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ABSTRACT: A total of 2,276 isolates of Rhizoctonia solani obtained from diseased crops of 68
species was classified into anastomosis groups AG-1, AG-2-1, AG-2-2, AG-3, AG-4 and AG-5 by
anastomosis test. Among the isolates, 1,091 isolates were identified as AG-1, 326 isolates as AG-
2-1, 191 isolates as AG-2-2, 71 isolates as AG-3, 505 isolates as AG-4, and 92 isolates as
AG-5. Among the isolates of AG-1, 791 isolates were grouped as cultural type IA, 280 isolates
as cultural type IB, and the others as cultural type IC. Among the isolates of AG-2-2, 112 isolates
were grouped as cultural type IIIB, and the others as cultural type IV. Cultural types 1A, IB and
IC of AG-1 were isolated from 7, 26 and 2 species of crops, respectively. AG-2-1 was isolated
from 10 species of crops. Cultural types IIIB and TV of AG-2-2 were isolated from 7 and 3 species
of crops, respectively. AG-3 was only isolated from Solanum tuberosum. AG-4 was isolated from
43 species of crops, and AG-5 from 13 species of crops. A single anastomosis group was isolated
from each of 45 species of crops, but two or more than two anastomosis groups were isolated
from each of the other crops. Cultural appearance of the isolates belonging to an anastomosis
group or a cultural type was mostly distinct from that belonging to others, although cultural appeara-
nces of some anastomosis groups or cultural types were similar to one another. Optimum tempera-
ture for mycelial growth of AG-1, AG-2-2, AG-4 and AG-5 ranged from 26 to 30°C, and that
of AG-2-1 and AG-3 from 22 to 26°C. Minimum temperature for mycelial growth of AG-2-1 was
the lowest as 2~3°C, that of AG-1(IA) and AG-4 was the highest as 10~11°C, and that of the
others ranged from 5 to 10°C. Maximum temperature for mycelial growth of AG-2-2(IIIB) was
the highest as 36~37°C, that of AG-2-1 was the lowest as 29~30°C, and that of the others ranged
from 31 to 36°C. When the mycelial growth rates at 26°C were compared, AG-1(IC) grew most
rapidly, followed by AG-1(IA) and AG-1(IB), and AG-2-1 grew most slowly.
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Rhizoctonia solani Kuhn is a soilborne fungus,
and attacks a variety of plants. Isolates of the fu-
ngus from crops were classified into four to six
anastomosis groups which were different in cultu-
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ral and pathological characteristics (Ogoshi, 1972a;
Ogoshi, 1976; Parmeter ef al., 1969; Richter and
Schneider, 1953; Schultz, 1937). More additional
anastomosis groups have been found in the isola-
tes from soil, wheat or barley (Carling ef al., 1987;
Homma et al., 1983; Kuninaga et al., 1978; Neate
and Warcup, 1985; Ogoshi ef al., 1990). There are
some cultural types within the anastomosis group
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AG-1 or AG-2-2 (Hyakumachi and Sumino, 1984;
Watanabe and Matsuda, 1966). Cultural characte-
ristics of the anastomosis groups or cultural types
differ somewhat, although some of them are over-
lapped among the anastomosis groups or cultural
types (Schultz, 1937; Ogoshi, 1976; Sneh et al.,
1991; Richter and Schneider, 1953; Sherwood,
1969). More precise information on the cultural
characteristics is needed to elucidate ecological
difference among the anastomosis groups or cul-
tural types.

Disease caused by R. solani has commonly oc-
curred on many kinds of crops in Korea. Anasto-
mosis groups or cultural types of R. solani isolates
from some kinds of the crops have been reported
(Kim et al., 1991, 1992a-d, 1993 and 1994). This
study was conducted to reveal systematically ana-
stomosis groups and cultural types of R solan:
isolates from various crops in Korea. In addition,
cultural characteristics of the anastomosis groups
and cultural types were examined.

Materials and Methods

Collection

Crop fields were surveyed at geographic loca-
tions in Korea from 1988 to 1994. Diseased plants
were collected from the fields surveyed.

Isolation and identification

Nine to 16 mm? lesion pieces cut from the di-
seased plants were plated on 2% water agar (WA)
after surface-sterilizing with 1% sodium hypochlo-
rite solution for 1 min. Rhizoctonia sp. was isolated
from the lesion pieces after incubation at 25C
for 1~2 days, and the isolates were transferred
to potato dextrose agar (PDA) slants for identifi-
cation. R, solani was identified based on the mor-
phological and cultural characteristics according
to the classification of Parmeter and Whitney
(1970).

Anastomosis test

All isolates of R. solani from the diseased plants
were tested for anastomosis grouping. Each isolate
was paired with the tester isolates of R. solani
representing AG-1 to AG-10 and AG-BI as listed
in Table 1. Anastomosis test was accomplished
by the procedure of previous workers (Ogoshi,
1976; Parmeter et al., 1969). Mycelial disks taken
from the edges of actively growing cultures of
field and tester isolates on PDA were opposed
2~3cm apart on 2% WA in 9cm-petri dishes.
The plates were incubated at 23~25C for 24~48
hr until hyphae from the opposite sides overlap-
ped. The overlapped area of hyphae was stained
with 0.05% toluidin blue O solution and examined

Table 1. Tester isolates used for anastomosis grouping of Rhizoctonia solani isolates

v Isolate No.

Anastomosis group Source of isolates Reference
AG-1 NIAES 5231 Oryza sativa L. Ogoshi (1976)
AG-2-1 NIAES 5240  Juncus effusus L. var. decipiens Buch.  Ogoshi (1976)
AG-2-2 NIAES 5245  Beta vulgaris L. var. saccharifera Alef. Ogoshi (1976)
AG-3 NIAES 5250 Solanum tuberosum L. Ogoshi (1976)
AG-4 NIAES 5255  Arachis hypogaea L. Ogoshi (1976)
AG-5 NIAES 5258 Solanum tuberosum L. Ogoshi (1976)
AG-6 NIAES 5262 Soil Kuninaga et al. (1978)
AG-7 1535 Soil Homma et al. (1983)
AG-8 5762 Triticum aestivum L. Neate and Warcup (1985)
AG-9 ATCC 62804  Soil Carling ef al. (1987)
AG-10 ATCC 76107  Hordeum wvulgare L. Ogoshi et al. (1990)
AG-BI NIAES 5266  Soil Kuninaga et al. (1978)
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microscopically for hyphal anastomosis. More than
fwenty fusion sites were observed, and a cytoplas-
mic, non-cytoplasmic or semi-cytoplasmic fusion
(Kim, et al., 1989) was included in a positive reac-
tion of anastomosis.

Classification of cultural types

Isolates belonging to anastomosis groups AG-1
and AG-2-2 of R. solani were typed based on the
cultural characteristics according to the designa-
tion of previous workers (Hyakumachi and Su-
mino, 1984; Watanabe and Matsuda, 1966).

Investigation of cultural characteristics

Five isolates each of anastomosis groups or cul-
tural types of R. solani were used for the investi-
gation of cultural characteristics. Six-mm-diameter
mycelial disks of the isolates were seeded on PDA
in 9 cm-diameter petri dishes. Cultural appearance
of the isolates was observed after 14 days of incu-
bation at 26C in the dark.

Optimum temperature for mycelial growth of
the isolates was examined in three replicate PDA
cultures from 20 to 32C at 2C intervals, mini-
mum temperature for that from 1 to 12C at 1C
intervals, and maximum temperature for that from
28 to 38C at 1C intervals. The positive criterion
for the mycelial growth at the minimum and ma-
Ximum temperatures was above the linear growth
rate of 1mm per 24 hr during incubation for 5
days. Linear length of mycelial growth per 24 hr
at 26C of the isolates was examined in three rep-
licate PDA cultures to compare the mycelial gro-
wth rapidity among anastomosis groups or cultural
types. Measurements were made after the myce-
lial growth length reached a constant rate.

Results

Anastomosis group, cultural type and isolation
frequency

A total of 2,276 isolates of R. solani obtained
from diseased crops of 68 species was classified
into anastomosis groups AG-1, AG-2-1, AG-2-2,
AG-3, AG-4 and AG-5 by anastomosis test (Table
2). Among the isolates, 1,091 isolates were identi-

fied as AG-1, 326 isolates as AG-2-1, 191 isolates
as AG-2-2, 71 isolates as AG-3, 505 isolates as
AG-4, and 92 isolates as AG-5. Among the isolates
of AG-1, 791 isolates were grouped as cultural
type IA, 280 isolates as cultural type IB, and the
others as cultural type IC. Among the isolates of
AG-2-2, 112 isolates were grouped as cultural type
1IIB, and the others as cultural type IV.

Cultural types IA, IB and IC of AG-1 were iso-
lated from 7, 26 and 2 species of crops, respecti-
vely. AG-2-1 was isolated from 10 species of crops.
Cultural types HIB and IV of AG-2-2 were isolated
from 7 and 3 species of crops, respectively. AG-
3 was only isolated from Solanum tuberosum L.
AG-4 was isolated from 43 species of crops, and
AG-5 from 13 species of crops.

Isolation frequency of each anastomosis group
or cultural type from different plant parts of 68
species of crops is shown in Table 3. A single
anastomosis group was isolated from each of 45
species of crops, but two or more than two anasto-
mosis groups were isolated from each of the other
crops. Same or different anastomosis groups and
cultural types were isolated from different plant
parts of a crop. Usually a single anastomosis group
or cultural type was isolated from a plant part
of a crop, but occasionally different anastomosis
groups or cultural types were isolated from that.

Colony morphology

Cultural appearance of the isolates belonging
to an anastomosis group or a cultural type of R.
solani was mostly distinct from that belonging to
others, although cultural appearances of some
anastomosis groups or cultural types were similar
to one another. Occasionally isolates within an
anastomosis group or a cultural type varied in
coloration and sclerotial formation. Typical appea-
rances of representative cultures are shown in
Fig. 1 through Fig. 12.

Cultural types IA, IB and IC of AG-1 could be
differentiated by sclerotial formation in PDA cul-
ture. Mycelia of cultural type IA were very light
brown to dark brown (Figs. 1 and 2). Sclerotia
of the cultural type were scattered separately or
sometimes joined laterailly on PDA. They were
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Table 2. Anastomosis groups and cultural types of Rhizoctonia solani isolates from diseased crops of 68 spe-
cies

Anastomosis group  No. of

(cultural type) isolates Host Isolated plant part
AG-1(I1A) 791 Arachis hypogaea L. Leaf, stem
Cyperus exaltatus Retz. ssp. iwasakii Mak. Leaf sheath
Oryza sativa L. Leaf sheath
Platycodon grandifiorum A. Dc. Stem
Raphanus sativus L. Leaf
Solanum tuberosum L. Stem, root
Zea mays L. Leaf sheath, stalk
AG-1(IB) 280 Agrostis palustris Huds. Leaf, leaf sheath
Allium_ fistulosum L. Seedling
Angelica jaluana Nakai Stem
Brassica campestris L. ssp. Leaf, root
pekinensis (Lour.) Olss.
Brassica oleracea L. var. capitata L. Root
Bupleurum scorvzoneraefolium Will. var. Stem
stenophyllum Nakai
Capsicum annum L. Stem
Chrysanthemum morifolium Ram. Leaf, root
Citrullus lanatus (Thunb.) Matsum. Seedling
et Nakai
Cridium officinale Mak. Stem
Codonopsis lanceolata Traut. Stem
Cucumis sativus L. Seedling
Cucurbita moschata Duch. Stem
Daucus carota L. var. sativa Dc. Leaf, petiole, root
Lactuca sativa L. Leaf, root
Lactuca sativa L. var. capitata L. Leaf
Lithospermum erythvorhizon Sieb. et Zucc. Leaf
Monstera deliciosa Liebm. Leaf
Nicotiana tabacum L. Seedling
Ostericum koreanum (Max.) Kitag. Leaf
Panax ginseng Meyer Stem
Peucedanum japonicum Thunb. Leaf
Phlox subulata L. Leaf
P. grandiflorum Leaf, stem, root
R. sativus Leaf
Z. mays Leaf sheath
AG-1(IC) 20 B. campestris ssp. pekinensis Leaf, root

Chaenomeles sinensis Koehne Root
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An(zz Sl:ﬁrli(jlstyigul) iI:()(;;lt(e):fs Host Isolated plant part
AG-2-1 326 B. campestris ssp. pekinensis Leaf, root
Brassica oleracea L. var. botrytis L. Root
Eutrema wasabi Maxim. Crown
Fragaria x ananassa Duch. Leaf, petiole, crown, root
L. sativa Leaf
Malva verticillata L. Stem
P. ginseng Stem
Ranunculus asiaticus L. Root
R. sativus Root
Tulipa gesneriana L. Leaf
AG-2-2(111B) 112 Angelica dahurica Benth. et Hook. Stem, root
Angelica jaluana Nakai Stem, root
C. lanatus Stem
P. japonicum Stem
P. grandiflorum Stem, root
Schindapsus pictus Hassk. Petiole
var. argyraeus Engl.
Z. mays Leaf sheath
AG-2-2(1V) 79 D. carota var. sativa Petiole, root
Gypsophila elegans M. Bieb. Stem
Zoysia japonica Steud. Leaf, leaf sheath, crown,
stolon
AG-3 71 S. tuberosum Root, tuber
AGH4 505 Achyranthes japonica Nakai Stem
Allium cepa L. Seedling
A. fistulosum Seedling
A. jaluana Stem
Antirrhinum majus L. Seedling
Arachis hypogaea L. Stem
Arctium lappa L. Root
Astragalus membranaceus Bunge Stem, root
B. campestris ssp. pekinensis Leaf, root
Brassica oleracea L. var. capitata L. Root
Calendula officinalis L. Seedling
Callistephus chinensis Nees. Seedling

Capsicum annum L.
Chrysanthemum corvonarium L.
C. lanatus

Seedling, stem
Stem

Seedling, root
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An(e:: sutl(;rl;(s Styil;ul) iI:(ﬁatZs Host Isolated plant part
C. officinale Stem
Cucumis melo L. Stem
Cucumis sativus L. Stem
Cucurbita moschata Duch. Root
Dianthus caryophillus L. Stem
Dianthus japonicus Thunb. Seedling
Eustoma russellianum (Hook.) G. Don Leaf
Gerbera jamesonii Bolus. Crown
G. degans Stem
L. sativa Root
L. sativa var. capitata Leaf
Lilium longiflorum Thunb. Stem
L. erythrorhizon Stem
Lupinus perennis L. Seedling
Lycopersicon esculentum Mill. Seedling, stem
P. ginseng Stem
Petunia hybrida Vilm. Seedling
Pinus densiflora Sieb. et Zucc. Seedling
P. grandiflorum Stem
R. sativus Seedling, leaf, root
Rehmannia glutinosa Libosch. Root
var. purpurea Mak. et Nem.
Salvia splendens Sell. ex Nees. Seedling
S. pictus var. argyraeus Petiole
Sesamum indicum L. Stem
Solanum melongena L. Seedling
S. tuberosum Leaf, stem, root, tuber
Spinacia oleracea L. Seedling, crown
Z. mays Leaf sheath, stalk
AG-5 92 Allium fistulosum L. Seedling, leaf sheath

Arachis hypogaea L.

B. oleracea var. capitata
C. officinale

C. moschata

F. x ananassa

Glycine max Merr.
Godetia amoena Lilj.
Iris hollandica Hort.

P. ginseng

S. tuberosum

Z. mays

Zingiber officinale Rosc.

Root

Root

Stem

Root
Crown, root
Stem, root
Stem

Bulb

Stem

Stem, root
Leaf sheath
Stem, tuber
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Table 3. Anastomosis groups and cultural types of Rhizoctonia solani isolates from different plant parts of

crops at several locations

in Korea

Isolated

Anastomosis group No. of

Host plant part Location (cultural type) isolates
Achyranthes japonica Nakai Stem Andong AG-4 3
Agrostis palustris Huds. Leaf Anyang AG-1(IB) 6
Leaf sheath Anyang AG-1(IB) 3
Allium cepa L. Seedling Changnyeong AG+4 20
Allium fistulosum L. Seedling Icheon, Nonsan AG-1(IB) 2
AG+4 4
AG-5 5
Leaf sheath Gangreung AG-5 5
Angelica dahurica Benth. et Hook. Stem Jangheung AG-2-2(111B) 5
Root Jangheung AG-2-2(11IB) 4
Angelica jaluana Nakai Stem Hoengseong, Icheon, AG-1(IB) 4
Jangheung, AG-2-2(I1IB) 23
Pyeongchang, Yeoju AGH4 2
Root Jangheung AG-2-2(11IB)
Antirrhinum majus L. Seedling Suwon AG-4
Arachis hypogaea L. Leaf Suwon AG-1(JA) 12
Stem Hwaseong, Nonsan, AG-1(1A) 12
Suwon AGH4 7
Root Gochang AG-5 1
Arctium lappa L. Root Jinyang AG-4 7
Astragalus membranaceus Bunge Stem Euiseong AG-4 2
Root Yeongweol AG4 1
Brassica campestris L. ssp. Leaf Busan, Daejeon, AG-1(IB) 5
pekinensis (Lour.) Olss. Gimhae, Jeongju, AG-1(C) 3
Milyang, Naju, AG-2-1 135
Pyeongtaek, Suncheon, AG-4 3
Suwon, Yeoncheon
Root Daejeon, Jeongju, AG-1(IB) 18
Naju, Pyeongtaek, AG-1(IC) 15
Suwon, Yeoncheon AG-2-1 15
AG-4 12
Brassica olevacea L. var. Root Daejeon AG-2-1 6
botrytis L.
Brassica oleracea L. var. Root Hoengseong, Jeju, AG-1(IB) 2
capitata L. Jeongju, Pyeongchang, AG4 43
Suwon AG-5
Bupleurum scorzoneraefolium Will.  Stem Inje AG-1(IB) 3

var. stenophyllum Nakai
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Calendula officinalis L. Seedling Suwon AG4 2
Callistephus chinensis Nees. Seedling Suwon AG-4 2
Capsicum annum L. Seedling Icheon, Suwon AG-4 10
Stem Changnyeong, Gimcheon, AG-1(IB) 4
Gochang, Naju, Suwon AG-4 13
Chaenomeles sinensis Koehne Root Euiseong AG-1(C) 2
Chrysanthemum coronarium L. Stem Naju AG4 2
Chrysanthemum morifolium Ram. Leaf Yongin AG-1(IB) 7
Root Suwon AG-1(IB) 5
Citrullus lanatus (Thunb.) Seedling Buyeo, Yeongdong AG-1(IB) 2
Matsum. et Nakai AGA4 5
Stem Yeongdong AG-2-2(IIIB) 3
Root Yeongdong AG4 9
Cnidium officinale Mak. Stem Bongwha, Yeoncheon AG-1(IB) 15
AG4 2
AG-5 5
Codonopsis lanceolata Traut. Stem Yeoncheon AG-1(IB) 4
Cucumis melo L. Stem Gongju, Hwaseong, AG-4 30
Yeoju
Cucumis sativus L. Seedling Pyeongtaek AG-1(IB) 2
Stem Muan, Jungwon, Namhae AG+4 9
Cucurbita moschata Duch. Stem Nonsan AG-1(IB) 2
Root Boryeong, Pyeongtaek AGH4 4
AG-5 1
Cyperus exaltatus Retz. ssp. Leaf sheath Naju AG-1(IA) 6
 iwasakii Mak.
Daucus carota L. var. sativa Dc. Leaf Pyeongchang AG-1(IB) 4
Petiole Pyeongchang AG-1(IB)
AG-2-2(IV) 30
Root Pyeongchang AG-1(IB)
AG-2-2(IV)
Dianthus caryophillus L. Stem Busan, Gimhae, AGH4 50
Gokseong, Seongnam
Dianthus japonicus Thunb. Seedling Suwon AG4 2
Eustoma russellianum (Hook.) Leaf Hampyeong, Icheon AG-4 16
G. Don
Eutrema wasabi Maxim. Crown Muju AG-2-1 2
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Fragaria x ananassa Duch. Leaf Nonsan AG-2-1 4
Petiole Gyeongju, Nonsan, AG-2-1 43
Milyang, Yeongdong
Crown Gyeongju, Milyang, AG-2-1 10
Nonsan AG-5 10
Root Gokseong, Gyeongju, AG-2-1 34
Milyang, Nonsan, AG-5 3
Okcheon, Suwon
Gerbera jamesonii Bolus. Crown Gwangju, Jeju AG-4 8
Glycine max Merr. Stem Suwon AG-5 5
Root Suwon AG-5 9
Godetia amoena Lilj. Stem Taean AG-5 4
Gypsophila elegans M. Bieb. Stem Namwon AG-2-2(IV) 2
AG-4 5
Iris hollandica Hort. Bulb Jeju AG-5 2
Lactuca sativa L. Leaf Migeum, Pyeongtaek AG-1(IB) 3
AG-2-1 2
Root Milyang, Anyang AG-1(IB) 2
AG4 2
Lactuca sativa L. var. Leaf Hwaseong, AG-1(IB) 4
capitata L. Pyeongchang AG4 1
Lilium longifiorum Thunb. Stem Asan, Icheon AG-4 5
Lithospermum erythrorhizon Sieb. Leaf Yeongweol AG-1(IB) 9
et Zucc. Stem Yeongweol AG-4 2
Lupinus pervennis L. Seedling Suwon AG4 4
Lycopersicon esculentum Mill. Seedling Buyeo AG4 14
Stem Buyeo AG4 6
Malva verticillata L. Stem Yongin AG-2-1
Monstera deliciosa Liebm. Leaf Yeoju AG-1(IB) 4
Nicotiana tabacum L. Seedling Eumseong AG-1(IB) 12
Oryza sativa L. Leaf sheath  Cheolwon, Chuncheon, AG-1(I1A) 346
Iri, Jinyang, Gimcheon,
Milyang, Naju, Suwon
Ostericum koveanum (Max.) Kitag.  Leaf Yeoncheon AG-1(IB)
Panax ginseng Meyer Stem Gongju, Icheon, AG-1(IB) 4
Jinan AG-2-1 11
AG-4 7
AG-5 17
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Table 3. Continued

poed  loaion i o N of
Petunia hybrida Vilm. Seedling Suwon AG-4 2
Peucedanum japonicum Thunb. Leaf Andong AG-1(IB) 25
Stem Jangheung AG-2-2(I1IB) 14
Phlox subulata L. Leaf Anyang AG-1(IB) 8
Pinus densiflora Sieb. et Zucc. Seedling Suwon AGH4 10
Platycodon grandiflorum A. Dc. Leaf Cheongyang, Jeongseon, AG-1(IB) 14
Jinan
Stem Bongwha, Cheongyang, AG-1(1A) 4
Daejeon, Hoengseong, AG-1(IB) 63
Jangsu, Jeongseon, AG-2-2(11IB) 27
Jinan, Suwon, AG-4 16
Yeoncheon
Root Cheongyang AG-1(IB) 3
AG-2-2(111B) 7
Ranunculus asiaticus L. Root Seongnam AG-2-1 2
Raphanus sativus L. Seedling Suwon AG-4 9
Leaf Hwaseong AG-1(IA) 26
AG-1(IB) 30
AG-4 4
Root Hwaseong, Naju, AG-2-1 37
Suwon, Yeoncheon AGH4 27
Rehmannia glutinosa Libosch. var.  Root Andong AG4 1
purpurea Mak. ex Nem.
Salvia splendens Sell. ex Nees. Seedling Suwon AG+4 4
Schindapsus pictus Hassk. var, Petiole Goyang AG-2-2(111B) 12
argyraeus Engl. AG4 5
Sesamum indicum L. Stem Damyang, Gochang, AG4 14
Suwon
Solanum melongena L. Seedling Daejeon AG4 7
Solanum tuberosum L. Leaf Suwon AG4 2
Stem Jeju, Nambhae, AG-1(1A) 3
Pyeongchang AG-4 43
AG-5 1
Root Pyeongchang AG-1(1A) 1
AG-3 4
AG4 2
AG-5 1
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Tuber Geumreung, Gochang, AG-3 67
Jeju, Nambhae, AG4 8
Pyeongchang, Suwon
Spinacia oleracea L. Seedling Naju AG-4 10
Crown Hwaseong AG-4 2
Tulipa gesneriana L. Leaf Anyang, Suwon AG-2-1 23
Zea mays L. Leaf sheath  Bonghwa, Hwaseong, AG-1(TA) 327
Pyeongchang, AG-1(IB) 1
Pyeongtaek, Yeongweol AG-2-2(11IB) 10
AGA4 7
AG-5 16
Stalk Pyeongtaek, Yeongweol AG-1(IA) 54
AG-4 6
Zingiber officinale Rosc. Stem Wanju AG-5 2
Tuber " Wanju AG-5 4
Zoysia japowica Steud. Leaf Suwon AG-2-2(IV) 5
Leaf sheath  Suwon AG-2-2(IV) 8
Crown Suwon AG-2-2(IV) 10
Stolon Anyang, Suwon AG-2-2(IV) 20

dark brown to black, subspherical to irregular, and
0.6~6.0 mm in diameter. Mycelia of cultural type
IB were light brown to grayish brown (Figs. 3
and 4). Sclerotia of the cultural type were scatte-
red separately or aggregately on the medium.
They were grayish brown, subspherical to irregu-
lar, and 0.6~58 mm in diameter. Their surface
usually mycelioid or wooly, occasionally becoming
solid and pitted. Mycelia of cultural type IC were
white to very light brown (Fig. 5). Sclerotia of
the cultural type were very abundantly scattered
on the medium. They were dark brown to black,
solid, spherical to subspherical, and 0.3~1.5 mm
in diameter.

Mycelia of AG-2-1 were brown to reddish
brown, and the colony showed clear concentric
zones (Fig. 6). Sclerotia were mostly formed in
concentric zones. They were sometimes confluent,
reddish to dark brown, wooly, spherical to irregu-

lar, and 0.4~1.6 mm in diameter.
Mycelia of AG-2-2(IIIB) were brown to dark

brown, and the colony showed concentric zones
(Fig. 7). Sclerotia were absent or rarely formed
on the medium. They were dark brown, wooly,
spherical to irregular, and 0.6~2.2 mm in diame-
ter.

Mycelia of AG-2-2(IV) were light to dark brown,
and the colony showed concentric zones (Fig. 8)
or no concentric zone (Fig. 9). Sclerotia were ab-
sent or rarely formed in some isolates. They were
dark brown, wooly, spherical to irregular, and
0.6~4.8 mm in diameter. Cultural appearance of
the isolates which produced concentric zones was
similar to that of AG-2-2(IIIB) isolates, but cultural
appearance of the isolates which did not produce
concentric zones was not.

Mycelia of AG-3 were light to dark brown (Fig.
10). Sclerotia were rarely formed on the medium.
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Figs. 1-12. Colony morphology of the anastomosis groups and cultural types of Rhizoctonia solani cultured
on PDA.
1 and 2, AG-1(IA); 3 and 4, AG-1(IB); 5, AG-1(IC); 6, AG-2-1; 7, AG-2-2(IlIB); 8 and 9, AG-2-2(IV);
10. AG-3: 11. AG-4: 12. AG-5.
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Table 4. Temperature range for mycelial growth and mycelial growth rapidity of Rhizoctonia solani isolates
belonging to different anastomosis groups and cultural types in PDA culture

Anastomosis group
(cultural type)

Temperature(C ) for mycelial growth?

Linear length(mm) of mycelial
growth per 24 hr at 26C?

Minimum Optimum Maximum Range Mean®
AG-1(IA) 10~11 26~30 34~35 21.0~285 23.7b
AG-1(IB) 6~7 26~30 33~34 21.0~25.0 22.5b
AG-1(1C) 6~7 26~30 34~35 255~315 27.6a
AG-2-1 2~3 22~24 26~30 8.0~11.0 9.9e
AG-2-2(1T1IB) 9~10 28~30 36~37 14.0~15.5 14.7d
AG-2-2(IV) 8§~9 26~30 33~34 9.5~16.5 13.5d
AG-3 5~6 22~26 31~32 11.5~13.3 12.6d
AG4 10~11 26~30 35~36 16.5~215 19.7¢
AG-5 6~7 26~28 33~34 16.5~18.5 17.3¢

“Five isolates per anastomsis group or cultural type were examined in three replicates. *In a cefumn, means
followed by a common letter are not significantly different by Duncan’s multiple range test at the 0.05 level.

They were sometimes confluent, brown to dark
brown, wooly, irregular, and 0.6~4.8 mm in dia-
meter. Cultural appearance of the anastomosis
group was similar to that of AG-2-2(IV) isolates
which did not produce concentric zones.
Mycelia of AG-4 were whitish light brown with
a powdery gray or purple tint, and grew adhensi-
vely on the medium (Fig. 11). Sclerotia were ab-
sent or rarely formed on the medium. They were
gray brown to dark brown, wooly or solid, subs-
pherical tc irregular, and 0.5~3.5 mm in diameter.
Mycelia of AG-5 were yellowish light brown
with dark brown tint at the center of colony (Fig.
12). Sclerotia were absent or rarely formed on
the medium. They were light to dark brown,
wooly, irregular, and 0.6~1.3 mm in diameter.

Temperature range for mycelial growth and my-
celial growth rapidity

Optimum temperature for mycelial growth of
AG-1, AG-2-2, AG-4 and AG-5 ranged from 26 to
30T, and that of AG-2-1 and AG-3 from 22 to
26C (Table 4). Minimum tremperature for myce-
lial growth of AG-2-1 was the lowest as 2~3C,
that of AG-1(TA) and AG-4 was the highest as 10~
11T, and that of the others ranged from 5 to
10T . Maximum temperature for mycelial growth

of AG-2-2(I1IB) was the highest as 36~37C, that
of AG-2-1 was the lowest as 29~30C, and that
of the others ranged from 31 to 36C. When the
mycelial growth rates at 26C were compared, AG-
1(IC) grew most rapidly, followed by AG-1(IA) and
AG-1(IB), and AG-2-1 grew most slowly.

Discussion

Isolates of R. solani have been classified into
anastomosis groups AG-1, AG-2-1, AG-2-2, AG-3
to AG-10 and AG-BI (Carling et al., 1987; Homma
et al., 1983; Kuninaga et al., 1978; Neate and War-
cup, 1985; Ogoshi, 1976; Ogoshi et al., 1990; Par-
meter et al., 1969). The isolates of R. solani from
68 species of crops were classified into AG-1, AG-
2-1, AG-2-2, AG-3, AG-4 and AG-5. Cultural types
IA, IB and IC were identified in the isolates of
AG-1, and cultural types IIIB and IV in the isola-
tes of AG-2-2. This is the first report on the anas-
tomosis groups and cultural types of the isolates
from the crops in Korea except 7 species of crops
reported previously (Kim ef al, 1991, 1992a-d,
1993 and 1994). This report also reveals many
new hosts of R. solani.

AG-6 to 10 and AG-BI were not isolated from
the crops in Korea. The isolates belonging to AG-
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2-1 and AG-2-2 mostly anastomosed with the tes-
ter isolate of AG-BI but not with any other anas-
tomosis groups, suggesting that there is no AG-
BI in the isolates. It has been reported that AG-
6, AG-7, AG-9 and AG-BI are isolated from soil
(Carling et al., 1987; Homma et al., 1983; Kuninaga
et al., 1978), and AG-8 and AG-10 from cereals
(Neate and Warcup, 1985; Ogoshi et al., 1990). The
anastomosis groups except AG-8 are nonpathoge-
nic or mildly pathogenic (Sneh et al., 1991). In
the present study, R. solani isolates from soil were
not examined for the anastomosis grouping. It is
needed to examine anastomosis groups ‘of the iso-
lates from soil and other crops in Korea.
Among the anastomosis groups AG-1 to AG-5,
AG-4 was isolated from the most number of crops,
suggesting that the anastomosis group has the wi-
dest host range. Among the cultural types IA, IB,
IC of AG-1, AG-1(IB) has the widest host range.
AG-1dC), AG-2-2(IV) and AG-3 were isolated from
2, 3 and 1 species of crops, respectively. It has
been reported that the anastomosis groups are
isolated from very fewer species of crops than
the other anastomosis groups (Ogoshi, 1976; Par-
meter ef al., 1969; Sneh et al, 1991; Tu and
Chang, 1978). Accordingly it is likely that AG-1
(IC), AG-2-2(IV) and AG-3 have very narrow host
range. .
R. solani attacks various parts of plants. Anasto-
mosis groups and cultural types of the fungus are
somewhat to very specific in pathogenicity to the
plant parts. Watanabe and Matsuda (1966) repor-
ted that cultural types IA and IB belonging to
AG-1 were mostly isolated from aerial parts of
crops, AG-2-1, AG-2-2(IIIB) and AG-4 from ground
surface of crops, and AG-2-2(IV) and AG-3 from
subterranean parts of crops. However, the present
study showed that the anastomosis groups except
AG-1(IA) and AG-3 were isolated various parts
of crops. AG-1(IA) was mostly isolated from aerial
parts of the crops, and AG-3 was isolated from
subterranean parts of Solanum tuberosum as repo-
rted by the previous workers (Watanabe and Mat-
suda, 1966). It is required to ascertain pathogeni-
city of the anastomosis groups and cultural types
to the plant parts of the hosts.

The list of anastomosis groups and cultural ty-
pes of R. solani isolated from the crops could be
used to plan an agronomic control by crop rotation
for the disease caused the fungus. It also should
be referred in pathogenicity test for screening of
resistant cultivars of the crops to the disease. Two
or more than two anastomosis groups and cultural
types as well as a single anastomosis group are
isolated from each crop. The anastomosis groups
and cultural types differ in pathogenicity to a crop
(Sneh et al., 1991). Kim et al. (1991, 1992a-d, 1993
and 1994) have reported on pathogenicity of the
anastomosis groups and cultural types from some
crops. It needs further study on pathogenicity of
the anastomosis groups and cultural types from
the other crops.

Cultural characteristics of some anastomosis
groups or cultural types of R solani have been
studied (Ogoshi, 1972b; Ogoshi, 1976; Sherwood,
1969; Watanabe and Matsuda, 1966). The present
study reveals that there is a little to much differe-
nce in cultural characteristics among anastomosis
groups AG-1 to AG-5 or cultural types within the
anastomosis groups. Compared with other anasto-
mosis groups, AG-2-1 and AG-3 grow well at the
low temperatures, and AG-2-2(IIIB) grows well at
the high temperatures.

It is very difficult to distinguish cultural types
IA, IB and IC of AG-1 with some cultural charac-
teristics. The data on the sclerotial size and the
minimum- temperature for mycelial growth could
be used to distinguish the three cultural types.
It is also very difficult to distinguish cultural types
IIIB and IV of AG-2-2 with the cultural appearan-
ces. Watanabe and Matsuda (1966) reported that
the cultural type IIIB grew well at 35C but the
cultural type IV did not. The present study shows
that the two cultural types could be distinguished
by the maximum temperature for mycelial growth.

m =

6852 WE fFpeld 2’ F 2276959
Rhizoctonia solanis BEHALETE TR, BFaE
8 AG-1, AG-2-1, AG-2-2, AG-3, AG-4, AGHE
ERHLE °lE F5F L,0917FE AG-12.2 A
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EEI, 3260F= AG-2-1, 1917FE AG-2-2, 71
T5<= AG-3, 5057F= AG4, 927F5F+= AGSHE
mE= Ak AG-19] FFEFA 791457 WS
¥ AR RFs3, 28075t wiekd IB, x|
FFEL o3 ICE FR7EU AG-2-28) ¥5-E
ZFol|A 11275 WS HIBE 551, X
TFFSE v IVE FFE U0k AG-19] wRefd
1A, IB, ICE Z+7r 7%, 26%, 2%9] {EpalA] 2
Holok AG-2-1& 1059 fEdpeld E=l=dch
AG-2-2¢] wijeksd TIIBe} IV 7H2 78 2 3%9)
el A Belslgdeh AG-3L Zalol Awt F2= 4
o} AG-4+& 43F9 R4 Eesigon, AGHE
13%9 el Eej=Egich 4559 fEpelAe
whddt EfkEr SRl FElEdd ey, A (Ripel
Ae F 3L E ol HifmiaTe] £
AN EREGRE 3L w3 wikA]l Eee
AR vty o, ] ERmATE 32 ok
Hell St 4559 WA Bge oE Eifk
REETE 2 wikel &3l #FES wgAHA
253 52 D) AG-1, AG-2-2, AG-4, AG-59]
FARA BERE W9 26~30TC o], AG-2-13¢
AG-39] AR ReERE W9e 22~26C gtk
AG-2-19) FAMA REREE 2~3CE2AH 13
For3, AG-1IA)9} AG-49) FAMA REEE=
10~11T 24 713 E9hom, o9 o & WEftats
B wAMA RERE H9e 5~10C 9ot AG-
2-2(IIB)¢] FAMIA HEEEEE 36~37C 24 7}
A E=9ka, AG-2-19 AR EERES 29~30
CEA 71 ko, o9 2 HfkEERS o
A A EEEE Wl 31~36T gk 26T o A<
i ERS vwd ds, AG-1IC)7) 71 e
Ao, AG-10A)¢} AG-1(IB)7} t}god e
Ze}a, AG-2-10] 713 =eA At
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