
12:215-224, 2003

Rhizoctonia solani
(5,19)

(1) R. solani

R. solani

Thanatephorus cucumeris (Frank) Donk

(2,6,10,18,24,26,28) R. solani

(soil-cover-culture method) (15,16,22,23)

(two compartment petri plate method) (3)

(13) (26) R. solani

20

90% (18)

Flentje (9) 200~2000

(lux) R. solani ; Uchida
(25) 

(7)

(4)

1999-2000

1%

(v/v) 30 2% (w/v)

(Water agar, WA)

Rhizoctonia solani AG 2-2IIIB

1 1,3 2

1 

2 

3 jwhuang@dragon.nchu.edu.tw +886-4-22851676

92 8 30

. 2003. . 12:215-224.

Thanatephorus cucumeris (teleomorph of Rhizoctonia

solani AG 2-2IIIB) RSA-03 RSA-09 BVB No. 4

Naito (soil-cover-culture

method) R. solani 1% (w/v) Potato-yeast extract-

dextrose agar (PYDA) ( 9 ) 28 90 ml [ 40%

(v/v) BVB No.4 40-50% (v/v) ]

(peat moss- soil-cover-culture

method) Naito RSA-03

RSA-09 24-28 pH 5-7

1% (v/v)

Rhizoctonia solani AG 2-2 IIIB Thanatephorus cucumeris



(Potato

dextrose agar, PDA, Difco) RSA-01 ~

RSA-10 8 R. solani AG2-2IIIB
(17) 

RSA-03 RSA-09

PDA RSA-03 RSA-09

6 mm

(potato-yeast

extract-dextrose-agar, PYDA) (17) 28 3-4

( 9 cm) 90 ml

(Sandy loam, pH 5.4, organic matter 1.82%

) 1 cm (17,23) 40-

50% (v/v) (45 35

10 cm3) 12

(90 90 90 cm3)

RSA-03 RSA-09

: 

(Photoshop 5.0, Adobe, American)

75

(oasis) (vermiculite)

(perlite) (sea weed) (coconut fiber)

(spent forest mushroom compost, SFMC)

(Bas Van Burren BVB No. 4)

10 ml RSA-03 RSA-09

PYDA 40-50%

(v/v)

24

BVB No. 4

0 1 5 10 20 40 60 80 100% (v/v) BVB

No. 4 90 ml

28

RSA-01 RSA-03 RSA-04 RSA-

06 RSA-07 RSA-08 RSA-09 RSA-10 (2)

28 PYDA

90 ml 40% BVB No. 4

28

CMA (Corn Meal Agar) CA (Czapek-Dox

Agar) GPA (Glucose Peptone Agar) GYA (Glucose Yeast

Agar) MSA (Malt Salt Agar) PDA (Potato Dextrose

Agar) PYDA (Potato Yeast extract Dextrose Agar) SMA

(Soybean Meal Agar) V8 (V8 Juice Agar) YA (Yeast

extract Agar) 10 (8) 6 mm

PDA RSA-03 RSA-

09 28

40% BVB

No. 4 28

0.5% (w/v)

RSA-03 RSA-09

(Tali, sandy loam, pH 5.4, organic matter

1.82%) (Chung-Hsing, sand, pH 7.8, organic matter

0.15%) (Hsihu, silt loam, pH 7.1, organic matter

4.8%) (Wufeng, loam, pH 6.9, organic matter

1.05%) (Hsilo, fine sandy loam, pH 8.2, organic matter

0.63%) (Houli, sandy loam, pH 7.2, organic matter

0.94%) R. solani

RSA-03 RSA-09 PYDA 28

40% (v/v) BVB

No. 4

BVB No. 4

28 PYDA RSA-03 RSA-09

9 cm 40% BVB No. 4

40-

12 4 2003216



50% (30 20 13 cm3)

8 12 16 20 24

28 32 36 RSA-

03 RSA-09

pH

1N KOH HCl 40% (v/v) BVB No. 4

pH 3 4 5 6 7 8 9

10 11 12 RSA-

03 RSA-09 (24-28 )

pH

40% (v/v)

BVB No. 4 pH 6.25

40% (v/v) BVB No. 4

1% (v/v) (chinaberry meal) (soybean

meal) (tobacco debris) (crab and shrimp

shell powder) (tea seed pomace)

(carbonized rice hull) (fish meal) (bone-

meat meal) (blood meal)

40-50%

1 g 1 ml (mancozeb)

(benomyl) (carbendazim) (flutolanil)

(PCNB) (iprodione) (pencycuron)

( ) 1000 ml

1000 ppm PYDA

RSA-03 RSA-09 40% (v/v) BVB No. 4

1000 ppm

30 ml 40-50% (v/v)

PYDA

RSA-03

RSA-09

( A)

( B)

BVB No. 4

BVB No. 4

RSA-03 RSA-09

( )

BVB No. 4

BVB No. 4

1-40% (v/v)

217

Table1. List of common names, Chinese name, chemical names and manufacturers of fungicides tested in this study

Common name Chinese name Chemical name Manufacturer

Mancozeb 80% WP Contains 16% manganese++, 2% zinc++ Du pont
and 62% ethylenebisdithiocarbamate ion

Benomyl 50.0% WP Methyl-1-1-(butylcarbamo-yl)-2-benzimidazole Du pont
carbamate

Carbendazim 50% WP 2-(methoxycarbonylamino)-benzimidazole BASF

Flutolanil 50% WP N-[3-(1-methylethoxy)phenyl]-2-(trifluoromethyl) Chia-Nung
benzamide

PCNB 75.0% WP Pentachloronitrobenzene Tocelo

Iprodione 50% WP 3-(3,5-Dichlorophenyl)-1-isopropyl carbamoylhydantoin Phone-Poulenc

Pencycuron 25% WP N-[(4-chlorophenyl)methyl]-N-cyclopentyl-N'-phenylurea Bayer
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Thanatephorus cucumeris (A) , (B)
(Bar = 10 m)

Fig. 1. Induction of the hymenial formation of Thanatephorus cucumeris with soil-cover-agar method. (A) Formation of a
hymenium of Thanatephorus cucumeris on the soil surface. (B) Basidiospores of Thanatephorus cucumeris were observed under
light microscope (Bar = 10 m).
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RSA-03 RSA-09
( )

Fig. 2. Effect of soil surface covered with various materials
on hymenial formation of Thanatephorus cucumeris
(Rhizoctonia solani AG 2-2 IIIB isolates RSA-03 and RSA-09)
for 4 days. (SFMC: Spent forest mushroom compost; Check:
Tali soil). *Columns (n=4) in eight treatments for hymenial
area followed by the same letter do not differ significantly
(P=0.05) according to Duncan's multiple range test.

BVB No.4 (v/v)
RSA-03 RSA-09 (

)
Fig. 3. Effect of soil amended with various concentrations of
BVB No.4 peat moss on hymenial formation of Thanatephorus
cucumeris (Rhizoctonia solani AG 2-2 IIIB isolates RSA-03
and RSA-09). Data were recorded 4 days after soil covering.

40% (v/v) BVB No.4

8-36

20-28

RSA-03 RSA-09 16

32 RSA-03

20 20
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28 16 28

28
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pH
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No. 4 pH
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( )

40% (v/v) BVB No. 4

(
)

Fig. 4. Comparison of hymenial formation of different
isolates of Thanatephorus cucumeris (Rhizoctonia solani AG
2-2 IIIB) on soil surface. The covered soil was amended with
40% BVB No.4 peat moss. Data were recorded 4 days after
soil covering. *Columns (n=4) in eight isolates for hymenial
area followed by the same letter do not differ significantly
(P=0.05) according to Duncan's multiple range test.
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RSA-03 RSA-09 ( )

Table 2. Effect of various culture media amended with and without yeast extract on hymenial formation of Thanatephorus
cucumeris (Rhizoctonia solani AG 2-2 IIIB isolates RSA-03 and RSA-09) for 4 days at 28

Culture medium 1
Hymenial area(%) 2

RSA-03 RSA-09
Without YE With YE3 Without YE With YE

CMA 4.63 a 4 2.31 a 0.00 b 78.50 a
CA 3.24 b 69.91 a 1.02 b 65.50 a
GPA 73.15 b 91.67 a 44.90 b 89.00 a
GYA 19.91 b 72.69 a 47.96 b 92.00 a
MSA 0.00 b 40.28 a 0.00 b 35.50 a
PDA 45.00 b 77.36 a 22.34 b 67.13 a
PYDA 80.00 a 88.21 a 79.79 b 96.76 a
SMA 75.91 a 78.77 a 41.49 b 92.59 a
V8 47.73 b 82.55 a 28.72 a 39.81 a
YA 37.73 b 86.32 a 64.89 b 92.59 a
LSD 5 9.79 13.94 10.47 9.08
1. CMA: Corn meal agar, CA: Czapek solution agar, GPA: Glucose peptone agar, GYA: Glucose yeast agar, MSA: Malt salt agar, PDA:

Potato dextrose agar, PYDA: Potato yeast dextrose agar, SMA: Soybean meal agar, V8: V8 juice agar, YA: Yeast extract agar.
2. Percentage of hymenia covered on the soil surface.
3. Each culture medium contained 0.5% (w/v) yeast extract (YE).
4. Data between amendment and non-amendment for each isolate followed by the same letters are not significantly different according to

Student's t-test (P=0.05).
5. Least significant difference (P=0.05).

RSA-03 RSA-09
( )

Fig. 5. Effect of temperatures on hymenial formation of
Thanatephorus cucumeris on the soil surface. Soil contained
40% (v/v) BVB No. 4 peat moss (Rhizoctonia solani AG 2-2
IIIB isolates RSA-03 and RSA-09). Data were recorded 4
days after soil covering.

pH RSA-03 RSA-09
( )

Fig. 6. Effect of different pH values on hymenial formation of
Thanatephorus cucumeris (Rhizoctonia solani AG 2-2 IIIB
isolates RSA-03 and RSA-09) on soil surface. Data were
recorded 4 days after soil covering.

1% (v/v) RSA-03 RSA-09
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RSA-03 RSA-09
( )

Fig. 7. Effect of covered soil contained 1% (v/v) organic
amendments on hymenial formation of Thanatephorus
cucumeris (Rhizoctonia solani AG 2-2 IIIB isolates RSA-03
and RSA-09). Data were recorded 4 days after soil covering.
(CBM : Chinaberry meal, SBM : Soybean meal, TB :
Tobacco debris, CSP : Crab and shrimp shell powder, TSP :
Tea seed pomace, CRH : Carbonized rice hull, FM : Fish
meal, BMM : Bone-meat meal, BM : Blood meal , Check :
None). *Columns (n=4) in ten treatments for hymenial area
followed by the same letter do not differ significantly
(P=0.05) according to Duncan's multiple range test.

RSA-03 RSA-09
( )

Fig. 8. Effect of covered soil added 1000 ppm of various
kinds of fungicides on hymenial formation of Thanatephorus
cucumeris (Rhizoctonia solani AG 2-2 IIIB isolates RSA-03
and RSA-09). Data were recorded 4 days after treatment.
*Columns (n=4) in eight treatments for hymenial area
followed by the same letter do not differ significantly
(P=0.05) according to Duncan's multiple range test.
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ABSTRACT
Lin, H. F., 1 Huang, J. W. 1, 3 and Hsieh, T. F. 2 2003. Factors affecting formation of hymenia of
Thanatephorus cucumeris (teleomorph of Rhizoctonia solani AG 2-2 IIIB), the causal agent of Chinese
amaranth foliage blight. Plant Pathol. Bull. 12:215-224. (1. Department of Plant Pathology, National Chung
Hsing University, Taichung 402, Taiwan; 2. Plant Pathology Division, Agricultural Research Institute, COA,
Wufeng 413, Taiwan.; 3. Corresponding author, E-mail: jwhuang@dragon.nchu.edu.tw; Fax: +886-4-
22851676.)

In the study, Naito's soil-cover culture method was modified for production of hymenia of
Thanatephorus cucumeris, the causal agent of Chinese amaranth foliage blight. Result showed that the peat
moss-soil-cover culture method (PSC method) was more effective in producing hymenia of both T.
cucumeris RSA-03 and RSA-09 isolates. The procedures of PSC method were as follows: (1) to inoculate
each Rhizoctonia isolate onto potato-yeast extract-dextrose agar plate in a 9-cm petri dish, (2) to incubate
the fungus at 28 for 4 days until its colony completely covered the agar plate surface, (3) to cover the agar
plate surface with 90ml soil [included 40% (v/v) BVB No. 4 peat moss and maintained the soil moisture at
40-50% (v/v)], (4) to keep the soil-cover plates in moist chamber. Hymenial formation was observed after
incubation for 4 days. The PSC method was suitable for hymenial formation of the pathogen and enable to
enhance markedly 3-4 fold amount of hymenial production as compared to Naito's soil-cover-culture
method. The factors affecting hymenial formation of the pathogen included temperature, humidity, light,
aeration, and culture substrate. The suitable temperatures and pH values of covered soil for R. solani RSA-
03 and RSA-09 hymenial formation were the range of 24 - 28 and pH 5 - 7, respectively. Covered soils
amended with various organic matters and fungicides did significantly influence the hymenia formation of
T. cucumeris RSA-03 and RSA-09. Result showed that the hymenia of the fungus were completely inhibited
by 1%(v/v) fish meal, tea seed pomace and chinaberry meal. All the tested fungicides, such as mancozeb,
benomyl, carbendazim, flutolanil, PCNB, iprodione and pencycuron were significantly effective in
inhibiting the hymenial formation.

Key words: Rhizoctonia solani AG 2-2 IIIB, Thanatephorus cucumeris, hymenium, teleomorph


