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Fig. 1. The double layers design for control of seedling damping-off caused by Rhizoctonia solani.
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Table 1. Control of Rhizoctonia seedling damping-off by laying seedsin between double layers of antagonist-vermiculite mix*
Weight of Disease incidence (%)

Name of crop 100($eds Ba_(l:_lg)I_L_Jrsus;kl)tll lis Soosrgb\?llolrrgc&s Control 12 Control 22
L ettuce (Lactuca sativa) 0.13 11.7 58.0 66.0 85.7
Chinese cabbage (Brassica campestris) 0.19 9.0 23.0 47.7 95.0
Carrot (Daucus car ota) 0.20 21.7 26.7 46.0 74.7
Tomato (Lycopersicon esculentum) 0.30 5.0 27 15.7 43.0
Cauliflower (Brassica oleracea) 0.35 1.0 43.7 7.7 99.7
Tokuyo pai-tsai (Brassica campestris) 0.40 0.1 67.3 84.7 100.0
Cabbage (Brassica oleracea) 0.69 16.3 73.3 93.0 100.0
Radish (Raphanus sativus) 1.20 6.7 27.7 57.7 81.3
Spinach (Spinacia oleracea) 2.00 55.7 62.3 60.3 93.7
Mung bean (Vigna radiata) 6.00 28.3 61.3 69.3 92.8
Garden pea (Pisum sativum) 10.0 21.3 27.3 48.7 61.0
Soybean (Glycine max) 17.2 33 15.3 28.7 58.7
Common bean (Phaseolus vulgaris) 40.0 9.6 325 44.2 50.0
Corn (Zea mays) 29.2 8.7 15.7 23.0 443
Average 14.2d3 383c 545b 77.1a

1 Concentration of antagonist was 107 cfu/ml.
Z Control 1: double layers of vermiculite without antagonists; Control 2: seeds planted directly in vermiculite amended with the pathogen.
3 Means with the same letter are not significantly different according to the least significant tests (p=0.05).

Table 2. Effect of concentration of antagonists and Rhizoctonia solani on control of Rhizoctonia damping-off of radish seedlings
with double layers of antagonist-vermiculite mix *

Treatment Concentration Disease incidence (%) at inoculum level
(cfu/ml) 0.1% 0.5% 1%
Bacillus subtilis
Tp-Tu 311 1x 10° 5.0ij? 10.0 hij 15.3 fghi
Tp-Tu311 5« 10° 1.31] 40ij 5.7 ij
Tp-Tu 311 1x 10’ 3.0ij 9.0 hij 8.7 hij
Tp-Tu311 2x 10’ 0.0j 1.7j 4.3
Tp-Tu 311 5x 10’ 0.0] 3.3ij 1.0ij
Sporobolomyces sp.
Y11-2 1x 10° 6.0ij 7.7ij 21.7 fgh
Y11-2 5x 10° 2.0ij 14.7 fghi 35.3de
Y11-2 1x 10’ 0.0] 8.7 hij 23.3¢efg
Y11-2 2x 10’ 0.0j 5.7 24.0 ef
Y11-2 5x 10’ 0.0j 2.31j 0.0j
Control 1 10.3 ghij 46.7 cd 48.7c
Control 2 40.0cd 64.0b 78.7 a

! Seeds were placed in between the double layers of antagonist-vermiculite mix. Control 1: double layers of vermiculite without
antagonists; Control 2: seeds planted directly in vermiculite amended with the pathogen.
% Means with the same letter are not significantly different according to the least significant difference tests (p=0.05).

PDYB 0.5% PDYB
( ) (VvIv) 24 48 hr
8-12 ( )
PDYB (Tp-Tu311) 1-2 0.01-
10 1%



Table 3. Effect of storage conditions and times on control of Rhizoctonia damping-off of radish seedlings by antagonists applied
as sandwich design

1 Storage Disease incidence (%) at storage time

Treatment condition 2wk 4wk 8wk 12 wk
Healthy CK 4.0d? 409 2.0f 5.0d
Disease CK1 54.3b 56.7b 755b 36.3b
Disease CK2 91.7a 79.0a 99.0a 79.3a
Bacillus subtilis

Tp-Tu 311 Room temp. 8.7d 6.3 fg 12.7 ef 12.3cd

Tn-Y21 Room temp. 9.7c 239 353c 9.0cd
Sporobolomyces sp.

Y11-1 Room temp. 56¢cd 20.7d 28.3cd 24.7 bc

Y11-2 Room temp. 10.3c 38.0¢c 23.3 cde 22.3bc
Bacillus subtilis

Tp-Tu 311 4 55cd 509 2.3f 8.7 cd

Tn-Y21 4 7.3cd 8.3 efg 17.7 de 10.0cd
Sporobolomyces sp.

Y11-1 4 18.3¢c 17.3de 36.3¢ 3.7d

Y11-2 4 6.3cd 18.7 de 23.0cde 10.3cd

! Seeds were placed in between the double layers of antagonist-vermiculite mix. Concentration of antagonist was 107 cfu/ml. Disease
CK1: double layers of vermiculite without antagonists; Disease CK2: seeds planted directly in vermiculite anended with the pathogen.
2 Means in each column with the same letter are not significantly different according to the least significant tests (p=0.05).

- 1
Table 4. Effect of storage times on control of Rhizoctonia damping-off of radish seedlings by antagonists applied as sandwich design
Disease incidence (%) at storage time

1

Treatment 0 month 4 month 8 month 12 month
Healthy CK 18.3d? 0.0d 30e 6.0de
Disease CK1 65.7b 25.3bc 91.3a 42.3b
Disease CK2 90.0a 57.3a 95.6 a 98.8a
Bacillus subtilis

Tp-Tu31l 17.0d 40cd 15.0 cde 24.0 bed

Tn-Y21 42.0c 9.0 bed 42.3b 21.3 cde
Sporobolomyces sp.

Y11-1 17.7d 9.7 bcd 43.3b 6.0 de

Y11-2 427 ¢ 5.7 bed 30.3bc 36.3 bc

! Seeds were placed in between the double layers of antagonist-vermiculite mix. Initial concentration of antagonists was 10° cfu/ml.
Antagonist-vermiculite mix was air-dried and stored at room temperature. Disease CK 1: double layers of vermiculite without
antagonists; Disease CK2: seeds planted directly in vermiculite amended with the pathogen.

2 Meansin each column with the same letter are not significantly different according to the least significant tests (p=0.05).

« )
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PDYB -

Table 5. Effect of PDY B amendment on control of Rhizoctonia damping-off of radish seedlings by antagonist-vermiculite mix
after air-dried and different month storage for different timeintervals

Diseaseincidence (%) a storagetime

Treatment* 0° 1 2 4 8 12 (months)
Waer PDYB Weter PDYB Weter PDYB Weter PDYB Waer  PDYB Water PDYB
Hedlthy CK 183¢ 70¢f 18 0cdef 00 30e 6.0 de
Disease CK1 65.7b 60.0b 47.3b 25.3hc 913a 42.3h
Disease CK2 90.0a 83.7a 733a 57.3a %.6a 9%8a
Bacillus subtilis
Tp-Tu311 170d 613bc  140ddf 223def  230cdef  10.7 def 40bcd  20.7bed 150cde 23e 240bcd  30e
TnyY21 420c 633b 260cdef  190def  197cdef 20.7cdef  9.0bcd 17.0bcd 423bh  63de 213cde 113de
Spor obolomyces p.
Y111 177a 667b 290cde  6.0¢€f 370bc  20f 9.7bcd  26.3hc 433bh 200cd 433h 335k
Y112 P7c 40c 40f 103def  283bcde 37.0hbc 57bcd  13.0bcd 303hc 40de  363bc  9.3de

! Seeds were placed in between the double layers of antagonist-vermiculite mix. Concentration of antagonists was 10° cfu/ml. Disease
CK1: double layers of vermiculite without antagonists; Disease CK2: seeds planted directly in vermiculite amended with the pathogen.

2 Storage times of air-dried antagonist-vermiculite mix at room temperature.

% Means in every two columns (under the same storage times) with the same |etter are not significantly different according to the least
significant tests (p=0.05).

PDYB 4 -

Table 6. Effect of dilution and PDY B amendment of 4 month-stored antagonist-vermiculite mix on control of Rhizoctonia
damping-off of radish seedlings

1 Expl Expll
Treatment Disease (%) Survival (%) Disease (%) Surviva (%)
Healthy CK 00¢ 1000a 130¢ 810a
Disease CK1 25.3bc 68.0b -
Disease CK2 573a 340c 100.0a 00¢
Bacillus subtilis
Tp-Tu 311 40be 96.0 b 30¢ 95.0 b
Tp-Tu 311 (1/10) 25.7 be 67.0b 493b 427b
Tp-Tu 311 (1/10)+PDY B/24 hr 20.0b 710ab 33c 9%6.0a
Tp-Tu 311 (1/10)+PDY B/48 hr 19.0be 810 ab 6.7¢ 940a

! Seeds were placed in between the double layers of antagonist-vermiculite mix. Disease CK1: double layers of vermiculite without
antagonists; Disease CK2: seeds planted directly in vermiculite amended with the pathogen. 1/10: antagonist-vermiculite mix was diluted
10 times.

% Meansin each column with the same letter are not significantly different according to the least significant tests (p=0.05).
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Table 7. Effect of crude sugar amendment on control of Rhizoctonia damping-off of radish seedlings by antagonist-vermiculite

mix after air-dried and for 1 and 2 months

Disease incidence (%) at storage time

1 1 month? 2 month
Treatment Wat Crude sugar Wat Crude sugar
®  001% 0.1% 1% e 0.01% 0.1% 1%

Healthy CK 706 18.0cdef
Disease CK2 88.7a 73.3a
Disease CK1 60.0b 47.3b
Bacillus subtilis

Tp-Tu 311 14.0 def 30.7 cd 18.3 def 17.3 def 23.0cdef  20.0cdef 23.3cdef 39.0bc

Tn-Y21 26.0 cdef  44.7 bc 26.3 cdef 4.0f 19.7 cdef 21.0cdef 17.3cdef  32.0 bed
Sporobolomyces sp.

Y11-1 29.0 cde 27.7 cde 30.3cd 11.3 def 37.0bc 13.3 def 9.0 ef 9.0 ef

Y11-2 40f 25.3 cdef 23.7cdef 21.03 def 28.3 becde 7.3 ef 7.7 ef 17.0 cdef

! Seeds were placed in between the double layers of antagonist-vermiculite mix. Concentration of antagonists was 107 cfu/ml. Disease
CK1: double layers of vermiculite without antagonists; Disease CK2: seeds planted directly in vermiculite amended with the pathogen.

2 Storage times of air-dried antagonist-vermiculite mix at room temperature.

3 Means in every 4 columns (under the same storage times) with the same letter are not significantly different according to the least

significant tests (p=0.05).

Table 8. Effect of laying seeds in between of double-layers of
antagonist-vermiculite mix on control of Rhizoctonia
damping-off after replanting

Disease incidence (%) at inoculum level

Treatment

0.1% 0.5% 1%

Garden pea (Pisum sativum)

Bacillus subtilisTp-Tu311 275e  425bc 358D

Sporobolomyces sp. Y 11-2 242 f 358bc  483b

Control 258f 333be 558a
Cucumber (Cucumis sativus)

B. subtilis Tp-Tu311 17e  458bc 59.2a

Sporobolomyces sp. Y 11-2 100e  39.0c 50.8 ab

Control 10.0e 245d 40.0 bc
Radish (Raphanus sativus)

B. subtilis Tp-Tu311 25b 525a 64.2a

Sporobolomyces sp. Y 11-2 267b 6lL7a 65.0a

Control 283b  56.7a 65.0a
Tomato (Lycopersicon esculentum)

B. subtilis Tp-Tu311 00c 17bc  100bc

Sporobolomyces sp. Y 11-2 0.7bc 42bc  142cd

Control 16.7bc  208abc 225ab

1 Seeds were placed in between the double layers of antagonist-
vermiculite mix (10° cfu/ml) after germination, seedlings were
transferred and planted in vermiculite containing the pathogen.
Control: double layers of vermiculite without antagonist.

2 Means in every 3 rows (under the same crop) with the same
letter are not significantly different according to the least
significant tests (p=0.05).

4

Table 9. Effect of double layer method on control of Rhizoctonia
damping-off of radish seedlings in the microplot test.

Seedling survival rate (%) at

Treatment

5 7 14 21 (days)

Bacillus subtilis*

Tp-Tu3ll 36.3a> 203a 20.3a 198a

Tn-Y21 288a 20.3a 185a 175ab
Fporobolomyces sp.

Y11-1 78b 70b 45b 33c

Y11-2 26.0a 175a 150a 12.8b
Contral 1 14.3b 6.5b 6.5b 53¢
Control 2 0.0c 0.0c 0.0b 0.0c

L Seeds were placed in between the double layers of antagonist-
vermiculite mix. Concentration of antagonists was 10° cfu/ml.
Control 1: double layers of vermiculite without antagonists;
Control 2 : seeds planted directly in vermiculite amended with
the pathogen.

2 Means with the same letter are not significantly different
according to the least significant tests (p=0.05).
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ABSTRACT

Chuang, T. Y}, Hwang, L. J., and Ann, P. J.** 2001. Application of antagonistic microorganisms in double-
layers of vermiculite to control of seedling damping-off caused by Rhizoctonia solani. Plant Pathol. Bull.
10:1-10. (* Department of Plant Pathology, National Taiwan University, Taipei., > Department of Plant
Pathology, Taiwan Agricultural Research Institute, Wufeng, Taichung, 413, Taiwan., > Corresponding
author, E-mail:Pjann@wufeng.tari.gov.tw; Fax no. 04-23338162)

A sandwich design consisting of laying seeds in between double layers of antagonist-vermiculite mix
for control of seedling damping-off caused by Rhizoctonia solani was developed. Antagonistic

microorganisms were added to vermiculite at the concentration of about 1

0%8 cfu/ml, and the mixtures were

air-dried at room temperature for 24 hr. One centimeter thick of antagonistic microorganisms-vermiculite
mixture was put on the top of the cultural medium with R. solani. Seeds were then placed on the mixture
and covered with another layer of antagonist-vermiculite mix. When isolates of Tp-Tu311 & Tn-Y 21 of
Bacillus subtilis or Y11-1 & Y 11-2 of Sporobolomyces sp. were applied to cultural media as described
above, radish seedling damping-off caused by R. solani AG-4 significantly decreased. Among the four
tested antagonists, isolate Tp-Tu311 of B. subtilis was most effective. Aslong as the concentration of the
antagonistic bacteria in the vermiculite mixture was higher than 10° cfu/ml, the Tp-Tu311 was effective in
reducing the Rhizoctonia damping-off. The inhibition activity of the four isolates in the airy-dried
antagonist -vermiculite mix persisted for at least 12 months under room temperatures. Using double layers
method, isolates Tp-Tu311 of B. subtilis and isolate Y 11-2 of Sporobolomyces sp. significantly reduced the
seedling damping-off of 14 species of crops. The 14 tested crops were cabbage, Chinese cabbage, carrot,
cauliflower, Tokuyo pai-tsai, radish, tomato, lettuce, spinach, mung bean, garden pea, soybean, common
bean, and corn. Amendment of Potato-dextrose-yeast broth (PDY B), crude sugar, or molasses to stored
antagonist-vermiculite mix was not effective in increasing its suppressive activity.

Key words : double-layers method, biological control, Rhizoctonia solani, Bacillus subtilis, Sporobolomyces sp.
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