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Table 1. Effects of antagonists and chemicals on protection of lily (Casablanca) bulblets from the infection by Rhizoctonia solani
in greenhouse®

2 : ; Surviva Disease
Treatment Stem length (cm) Root length(cm) Fresh weight(g) Dry weight(g) percentage (%) severity (%6)°
Disease control 0.634 293e 2.08f 0.40f 10f 77 a
Health control 13.38b 8.65 ab 7.44 bc 160b 75a 25d
Bacillus megaterium Si2 450 de 3.25de 3.62 ef 0.70 ef 25 cdef 73 ab
B.megaterium S22 1.56 ef 3.93de 3.02 ef 0.58 bc 15 ef 67 ab
B.megaterium S26 5.72d 7.92 bc 5.02 de 1.00 de 40 bc 64b
B.megaterium #18 10.16c¢ 8.46 ab 754b 1.54 bc 50b 42c
B.megaterium #99 4.79 de 5.22 cde 4.38 def 0.88 def 35 bed 66 ab
B.megaterium#111 3.81 def 5.19 cde 3.62 ef 0.74 ef 20 def 67 ab
Carboxin 4.33de 5.27 cde 3.78 ef 0.64 ef 30 cde 64 b
Carbendazim 6.35d 7.64 bc 5.14 cde 1.06 cde 40 bc 47 ¢
Difenconazole 16.86 a 1093 a 11.50a 2.38a 80a 20d
Pencycuron 9.53¢c 6.18 bed 6.32 bed 1.28 bed 50b 46 c

L Bulblets of lily variety Casablancawere planted for 4 monthsin greenhouse.

2 Bulblets were treated with each antagonist or fungicide in the concentration of 10° CFU/ml or 125 ppm, respectively, for 2
hours, and then planted in potting medium containing R. solani.

% Disease rate was classified as six classes 0, healthy 1, lessthan 25% 2,26 ~50% 3,51 ~75% 4, more than 76% was
infected 5, bulbs were completely rot and no bud produced. Disease severity (%)= (X (disease ratex no. of plantsin the rate)
/(5 x total tested plants) ) x 100%.

* Data, 5 replications, average of 20 plants, followed by the same letter in each column do not differ significantly at P=0.05,
according to Duncan's Multiple Range Test.
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Bacillus megaterium HCK Rhizoctonia solani
DCK R. solani #18 10° CFU/m
(B. megaterium #18) .
Fig. 1. The effect of Bacillus megaterium on control of Rhizoctonia root rot of lily bulblets. HCK: lily bulblets planted in clean
potting medium; DCK: bulblets planted in potting medium infested with R. solani; #18: bulblets treated with suspension of B.
megaterium #18 (10° CFU/ml) and planted in medium with R. solani.

(Casablanca)

Table 2. Effects of antagonists and chemicals on protection of lily (Casablanca) bulbs from the infection by Rhizoctonia solani in
greenhouse

Treatment Stem length (cm)  Root length (cm) Total root no.  Healthy rootsno. New rootno, ~ DiSease )
severity (%)
Disease control 32.44 bed?® 18.34a 6.89b 267cd 0.00b 86.11 ab
Health control 3843a 2311a 10.86 a 6.89 a 189a 5.55d
Bacillus megaterium Si2 34.56 abc 23.00a 8.56 ab 3.33c 1.00 ab 66.67 abc
B.megaterium S22 34.78 abc 21.22a 7.00b 3.33¢c 0.11b 61.11 bc
B.megaterium S26 38.22a 2256 a 9.89 ab 4.78b 1.00ab 55.56 bc
B.megaterium#18 31.06 cd 24.00 a 8.89 ab 31lc 0.76 ab 63.89 abc
B.megaterium #99 29.67d 21.78 a 745D 1.45de 0.00b 100.00 a
B.megaterium #111 31.17 bed 2445a 8.33ab 2.67 cd 0.67 ab 75.00 ab
Carboxin 34.50 abc 20.89 a 7.89ab 2.00 cde 111ab 58.33 bc
Carbendazim 35.78 ab 19.89a 711b 0.78 ¢ 0.67 ab 80.56 ab
Difenconazole 3750a 2111a 8.33ab 2.22 cde 111ab 13.89d
Pencycuron 38.06 a 17.99a 8.33ab 1.89 cde 144 ab 33.33cd

L Bulbs of lily variety Casablanca were planted for 1 month in greenhouse. Bulbs were treated with each antagonist or fungicide

in the concentration of 10° CFU/ml or 125 ppm, respectively, for 2 hours, and then they planted in potting medium containing
R. solani.

2 Disease rate was classified as six classes 0, healthy 1, lessthan 25% 2, 26 ~50% 3,51 ~75% 4, more than 76% was
infected 5, bulbs were completely rot and no bud produced. Disease severity(%)= (= (disease rate x no. of plantsin the rate)
/ (5% total tested plants)) x 100%.

" Data, average of 12 plants, followed by the same letter in each column do not differ significantly at P=0.05, according to
Duncan's Multiple Range Test.
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Bacillus megaterium HCK
R. solani DCK R. solani S26
10° CFU/m (B. megaterium S26) .

Fig. 2. The effect of Bacillus megaterium on protection of lily basal stems from infection by Rhizoctonia solani. HCK: lily bulbs
planted in clean potting medium; DCK: bulbs planted in potting medium infested with R. solani; # S26: bulbs treated with
suspension of B. megaterium S26 (10° CFU/ml) and planted in medium with R. solani.

(Acapulco)

Table 3. Effects of antagonists and chemicals on protection of lily (Acapulco) bulblets from the infection by Rhizoctonia solani
in greenhouse

Stem length (cm)  Root length (cm) ~ Total root no. Fresh weight (g)  Disease severity (%)?

1

Treatment | 1 | I | I | I | I
Health control 4.05cd® 357¢ 6.08a 7.33a 215cd 215a 1.40abc 1.38c 37bc 53b
Disease control 3.14d 2.25d 6.30a 6.13a 2.05d 210a 1.08c 1.28c 72a T4a
Bacillus megaterium S26  4.73bc  3.46¢ 710a 745a 305a 210a 110c 155bc 43b 57ab
B.megaterium #18 489bc 3.26¢ 793a 800a 320a 240a 1.43abc 1.75bc 43b 6lab
1/2Di+1/2 S26 6.74a 6.68b 651la 7.83a 275ab 260a 180a 208ab 2lcde 1l1c
1/2Di+1/2 #18 590ab 758a 7.23a 6.90a 3.05a 250a 165abc 2.08ab 18e 1l4c
1/2Di 589ab 6.10b 705a 7.38a 265abc 205a 173ab 205ab 19de 22c
Difenoconazole 422cd 6.84b 725a 595a 225bcd 260a 1.18bc 235a 36bcd 13c

1 Bulbets of lily variety Acapulco was planted for 1 month in greenhouse. Bulblets were dipped into suspensions of various

antagonists and/or Difenoconazole (125 ppm) for 2 hrs, respectively. The concentration of antagonists, 1/2 antagonists,
difenoconazole and 1/2 difenoconazole was 10° CFU/mI, 10* CFU/m, 125 ppm, and 62.5 ppm, respectivelly.

% Disease rate was classified assix classes 0, healthy 1, lessthan25% 2,26 ~50% 3,51~ 75% 4, more than 76% was
infected 5, bulbs were completely rot and no bud produced. Disease severity(%) = ( (disease rate x no. of plant of specific
rate) / (5x total tested plants) ) x 100%.

" Data, average of 20 plants, followed by the same letter in each column do not differ significantly at P=0.05, according to
Duncan's Multiple Range Test.

(P=0.05) ( )
(P=0.05) (P=0.05)

S26 (P=0.05)



64 9 2

2000

(Casablanca)

Table 4. Effect of antagonists and chemicals on protection of lily (Casablanca) little bulbs from the infection by Rhizoctonia
solani in greenhouse

Treatment: Stﬁm length I(Icm) Rtl)otlength (Iclzm) Flresh wel gh‘i I(g) Drly Wei ghtl(lg) Di se;ase severi Itly (%)*
Health control 2578a4 17.04abc 879a 754ab 920a 1928ab 1.80ab 4.80ab 00e 15.0e
Disease control 412¢ 1116cd 571b 650bc 578bc 1833a 1.838ab 440a& 66.8a 634a
S26 (coating) 4.65c¢c 5.79d 721ab 4.67c 6.65abc 11.33c 193ab 325b 71.8a 7l6a
#18 (coating) 795c 12.34bcd 6.38b 750a 525c 1473bc 150b 3.80a 434bc 5l.6abc
S26 (dipping) 479c¢ 1099cd 712ab 82lab 528c 17.05ab 163ab 440a 684a 39.8bcd
#18 (dipping) 783c 1200bcd 7.08ab 833ab 6.75ac 1558bc 185a 390a 56.8ab 60.0ab
1/2Di+1/2 S26 15.08b 19.83a 779ab 825ab 883a 17.75ab 225a 4.80a 30.0cd 28.4cde
1/2Di+1/2 #18 18.84b 20.27a 758a 992a 6.90abc 19.23ab 155ab 4.35ab 16e 150e
12 Di 1933b 1811abc 7.67ab 921a 7.28abc 1883a 1.75ab 4.58ab  18.2de 30.0cde
Difenoconazole 20.93ab 18.83ab 7.88ab 958a 835a 21.10a 1658 5.05a 284cd 18.2de

1

- Disease rate was classified as 6 classes 0, healthy 1, less than 25%

Lttle bulbs of Casablancalily were planted for 1 month in greenhouse. S26 and #18 (coating): little bulbs were coated with
antagoniststs; Bacillus megaterium S26 and #18 (dipping):dipped into antagoniststs (conc. 10° CFU/ml); 1/2Di+1/2526 and
1/2Di+1/2#18:dipped into antagoniststs (10° CFU/mI) and 62.5 ppm difenoconazole. Di or 1/2Di:dipped into125 ppm or 62.5
ppm of difenoconazole, respectively.

2,26 ~50% 3,51~ 75% 4, morethan 76% was
infected 5, bulbs were completely rot and no bud produced. Disease severity(%)= (Z (diseaseratex no. of plantsin the rate)

/ (5% total tested plants) )x 100%

3.

Duncan's Multiple Range Test.

(P=0.05) (P=0.05)
(10° CFU/ml)
125 ppm (cv. Casablanca)
(P=0.05) Acapulco
#18 ( )
(P=0.05)
(P=0.05)
Casablanca
(P=0.05)
S26
#18 S22 S26
#99 #111 Si2
(BIOLOG) #18  S26
Bacillus megaterium S22  Bacillusbrevis #99  #111

Burkholderiagladioli Si2  Burkholderia cepacia

Data, average of 12 plants, followed by the same letter in each column do not differ significantly at P=0.05, according to

Bacillus megaterium #18

5%
1%
( ) B.
megaterium S26  #18
« )
#18 S26 S22 Bacillus
spp. #99 #111 Si2 Burkholderia spp.
B. subtilis
66 @ inturin
9 B. cer eus Frankland UW85
zwittermicin A (18.19)
Bacillus sp.
(30.31) Pseudomonas
Spp. pyrrolnitrin  pyoluteorin
(21, 40)
B. megaterium S26  #18
Rhizoctonia ( ) B.
megaterium #18 B.



Rhizoctonia 65

Acapulco
Table 5. Effects of antagonists and chemicals on the production of bulblets of Acapulcalily in the field"
Treatment? No. bulblet produced Shoot length (cm) Leaf number
N 2 3 4 5 2 3 4 5 3 4 5

Control 31.00ab 29.00b 7.75ab 300a 125a 755b 7.38b 313a 108a 319b O07l1a 04la
Bacillusmegaterium S26  26.00bc  2250b  7.75ab 3.75a 150a 6.25c¢ 692b 279a 158a 4.75ab 083a 0.79a
B. megaterium #18 1925¢ 2000ab 800ab 200a 1.75a 535d 813ab 400a 078a 4.00ah 246a 03la
1/2Di+1/2 S26 3275a 26.75b 550b 175a 150a 9.15a 1050a 167b 119a 342b 163a 055a
1/2Di+1/2 #18 4550ab 4325ab 2850ab 19.25a 1250a 11.15a 1313a 113la 6.09a 644a 392a 3.09a
1/2Di 40.758b 39.75ab 22.00ab 9.00a 6.00a 998a 1144a 1083a 380a 6.13ab 504a 29la
Difenoconazole 4825a 5350a 31.00a 1750a 14.00a 1055a 1144a 817a 259a 58lab 288a 194a

! Thetest was carried out at the Shi-Who farm of Taiwan sugar company.

2 526 and #18, bulblets were first dipped into antagoniststs (10° CFU/ml) and then dusted again  1/2 Di+1/2 S26 and 1/2
Di+1/2 #18: dipped into antagoniststs (10* CFU/mI) and 62.5 ppm difenoconazole; 1/2Di and Di: dipped into difenoconazole
at 62.5 ppm and 125 ppm, respectively.

3 Lily bulblets were planted on Nov. 16 in 1998, and number indicates the month after planting.

“ Data, four replications and 150 bulblets per treatment, followed by the same letter in each column do not differ significantly,
P=0.05, according to Duncan's Multiple Range Test.
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Lily root rot caused by Rhizoctonia solani AG-4 is one of the limiting factors for producing healthy lily
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bulbsin Taiwan. A total of 325 isolates of bacteria and 8 isolates of fungi were obtained from the
rhizosphere soil and tissues of lilies. Six isolates of bacteria were able to inhibit the mycelial growth of R.
solani on cultural media and had better competitive saprophytic ability to colonize on lily bulbs. Among
them, Bacillus megaterium S26 and #18 were proved to have the ability in reducing significantly (P=0.05)
damping-off of lily seedlings. Besides, the antagonists increased significantly (P=0.05) the fresh and dry
weights of lilies. In greenhouse, lily bulbs treated with the mixture solution of low concentration of B.
megaterium S26 or #18 (10* CFU/mI) and difenoconazole (62.5 ppm) grew significantly (P=0.05) better
than bulbs treated with 125ppm difenoconazole only, but not significantly different from those of the
healthy controls. However, the effects of controlling R. solani by the same antagonists in the fields were not
as obvious as those tests in greenhouse. One percentage of cultural filtrates of B. megaterium #18, which
was cultured in PDB for 6 days, was effective to inhibit the mycelial growth of R. solani. Meanwhile, B.
megaterium S26 could colonize on the hyphae of R. solani and caused malformation and lysis of the
infected hyphae eventualy.

Key words : Bacillus megaterium, Rhizoctonia solani, biocontral, lily
isolation of mutants of Bacillus megaterium B153-2-2 for

motility, chemotaxis, antagonism, and sporulation.
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