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Table1. Hyphal anastomosis frequency between isolates from
Chinese amaranth and standard tester isolates of Rhizoctonia
solani AG 2-1, AG 2-2 IIIB, AG 2-2 IV, AG BI, and AG 2-3 

Hyphal fusion (%)
Isolate RSA-03 RSA-09

Isolates from Chinese amaranth
RSA-03 88.9 87.7
RSA-09 90.0
Tester isolates of AG 2 subgroup 1

AG 2-1 (ATCC 76168) 1.2 3.8
AG 2-2 IIIB (ATCC 76124) 77.8 71.0
AG2-2 IV (ATCC 76125) 1.9 1.1
AG 2-3 (R6) 2.3 5.0
AG BI (ATCC 76132) 2.8 3.3

1.Supplied by Drs. Akira Ogoshi and Shigeo Naito.

Table 2. Thiamine-HCl requirement of Rhizoctonia solani
obtained from Chinese amaranth

Isolate

Mycelial dry weight (mg)2

GA medium (A)3 GA medium + B/A
Thiamine-HCl 

(B)4

Isolates from Chinese amaranth
RSA-01 16.7 310.3 18.6
RSA-02 26.7 273.3 10.3
RSA-03 26.7 260.8 9.8
RSA-04 13.3 296.7 22.3
RSA-09 16.7 216.7 13.0
Tester isolates of AG 2 subgroup 1
AG 2-1 (ATCC 76168) 83.3 133.3 1.6
AG 2-2 IIIB (ATCC 76124) 13.7 210.3 15.4
AG2-2 IV (ATCC 76125) 23.3 190.3 8.2
AG 2-3 (R6) 20.3 226.7 11.6
1. Supplied by Drs. Akira Ogoshi and Shigeo Naito.
2. The fungus was cultured in 30ml liquid medium for 14 days at

24 .
3. GA: glucose asparagine medium consisted of 10 g D-glucose, 2

g L-asparagine, 0.5 g MgSO4 7H2O, 1 g KH2PO4, 0.2 mg
Fe(NO3)3 9H2O, 0.2 mg ZnSO4 7H2O, 0.1 mg MnSO4 7H2O
and 1L distilled water. 

4. Thiamine-HCl concentration: 10-5 M.
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Fig. 1. Mycelial growth rate of Rhizoctonia solani RSA-09
and standard tester isolates at various temperatures. [ :
ATCC 76168 (AG 2-1), : ATCC 76125 (AG 2-2 IV), :
ATCC 76124 (AG 2-2 IIIB), : R6 (AG 2-3), : RSA-09]

35 RSA-03 RSA-09
Rhizoctonia solani AG 2-2 IIIB AG 2-2 IV

Table 3. Comparison of mycelial growth between Rhzoctonia
solani isolates RSA-03 and RSA-09 obtained from Chinese
amaranth and standard tester isolates ATCC 76124 and ATCC
76125 on PDA plates at 35

Colony size (mm)
Isolate 3 days 6 days

AG 2-2 IIIB (ATCC 76124) 6.5 10.0
AG 2-2 IV (ATCC 76125) 0.0 0.0
RSA-03 4.0 4.0
RSA-09 4.0 4.0

Table 4. Comparison of the pathogenicity among isolates
from Chinese amaranth foliage blight and standard tester
isolates of Rhizoctonia solani AG 2-1, AG 2-2 IIIB, AG 2-2
IV, and AG 2-3 on Chinese amaranth detached leaves

Isolate Disease severity (%) 1

Isolates from Chinese amaranth 
foliage blight
RSA-03 80 a 3

RSA-09 90 a
Tester isolates of AG 2 subgroup 2

AG 2-1 (ATCC 76168) 0 c
AG 2-2 IIIB (ATCC 76124) 35 b
AG2-2 IV (ATCC 76125) 0 c
AG 2-3 (R6) 5 c
1. Disease severity rating: 0=healthy, 1= slightly infected, 2=1/4 of

the leaf is infected, 3=1/2 of the leaf is infected, 4=3/4 of the
leaf is infected, and 5=leaf dead.

2. Supplied by Drs. Akira Ogoshi and Shigeo Naito.
3. Data followed by the same letter do not differ significantly

(p=0.05) according to Duncan's multiple range test.
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Fig. 2. Distribution of foliage blight caused by Thanatephorus cucumeris isolates RSA-03 and RSA-09
on Chinese amaranth plants at 28 . Data were recorded 6 to 16 days after inoculation with
basidiospores.
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(a) (b)
Fig. 3. Symptoms of Chinese amaranth foliage blight caused by basidiospores of Thanatephorus cucumeris. (a) Initial stage of
infection. Leaf with water-soaked and translucent circular lesions (arrow). (b) Advanced stage of infection. Leaf with many
irregular and claw-like lesions (arrow) around the initial circular lesions. 
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Fig. 4. Disease progress curve of Chinese amaranth foliage blight at 28 . Plants were sprayed wityh basidiospore suspension
(105 spores/ml) of Thanatephorus cucumeris isolates RSA-03 and RSA-09.
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( )
Fig. 5. Relationship between inoculum density of Thanatephorus cucumeris isolates RSA-03 & RSA-09 and disease severity of
Chinese amaranth foliage blight. Data were recorded 12 days after inoculation.

( )
Fig. 6. Effect of temperatures on disease severity of Chinese amaranth foliage blight caused by Thanatephorus cucumeris isolates
RSA-03 and RSA-09. Data were recorded 12 days after inoculation.
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(a) 3 hr (b) 9 hr (c) 18 hr
(d) 21 hr (e) (f)

Fig. 7. The time course of infection by the basidiospore of Thanatephorus cucumeris isolate RSA-09 on Chinese amaranth at 28
under light and fluorescent microscopes. (a) Basidiospore germination 3 hr after inoculation, (b) Penetration hypha was

visible after 9 hr, (c) Formation of mass mycelia after 18 hr, (d) Development of mass mycelia into stroma-like structure after 21
hr, (e) Stroma-like structure developed completely after 36 hr, (f) Stroma-like structure was observed by fluorescent stain.
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ABSTRACT
Lin, H. F. 1, Hsieh. T. F. 2, and Huang. J. W. 1,3 2002. Characterization and infection of Thanatephorus
cucumeris causing the Chinese amaranth foliage blight. Plant Pathol. Bull. 11:33-44. (1. Department of Plant
Pathology, National Chung Hsing University, Taichung 402, Taiwan, R.O.C.; 2. Department of Plant
Pathology, Taiwan Agaricultural Research Institute, Wu-feng 413, Taiwan.; 3. Corresponding author, Email:
jwhuang@dragon.nchu.edu.tw, Fax No: +886-4-22851676.)

A new foliage blight of Chinese amaranth (Amaranth mangotanus L.) was frequently observed in
organic farms during the summer season in Taiwan. The hyphae of RSA-03 and RSA-09 isolated from
diseased Chinese amaranth leaves were able to form anastomosis in high frequency (> 70%) with R. solani
AG 2-2 IIIB, but in low frequency (< 5%) with R. solani AG 2-1, AG 2-2 IV, AG 2-3 and AG BI. When five
isolates from Chinese amaranth were individually cultured in liquid glucose asparagine (GA) medium with
or without thiamine-HCl, all of them were found to be auxotrophic for thiamine-HCl and more closely
resembled R. solani AG 2-2 IIIB. The optimum temperature for mycelial growth of RSA-09 was also
similar to that of R. solani AG 2-2 IIIB. Inoculation tests revealed that RSA-03, RSA-09 and R. solani AG
2-2 IIIB were pathogenic to Chinese amaranth. Based on the anastomosis, thiamine-HCl requirement,
growth temperature, and pathogenicity tests, the isolates from Chinese amaranth foliage blight were
identified as R. solani AG 2-2 IIIB. When Chinese amaranth plants were sprayed with basidiospores
produced by RSA-03 or RSA-09, small, circular water-soaked spots appeared on leaves within six days.
Subsequently, the lesions enlarged and became necrotic and irregular in shape. Basidiospores germinated on
leaves and penetrated into the epidermal cell walls nine hours after inoculation. The pathogen formed
mycelial masses in 18 hr and stroma-like structures in 21 hr after inoculation.

Key words: anastomosis, basidiospore, Chinese amaranth, foliage blight, infection process, Rhizoctonia
solani AG 2-2 IIIB, Thanatephorus cucumeris. 


