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Selection of Brevibacillus brevis B23 and Bacillus stearothermophilus B42
as Biological Control Agents against Sclerotinia Rot of Lettuce
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Bacillus spp. isolated from mushroom medium wastes were evaluated for their biocontrol potentials on con-
trol of Sclerotinia rot of lettuce. The Bacillus isolates were more effectively obtained from waste suspension
when directly added into nutrient agar (NA) medium than plating on the agar medium. Totally 42 isolates
obtained from the wastes B23 and B42 showed highest antifungal activity against eight fungal pathogens such
as Sclerotinia sclerotiorum, Rhizoctonia solani, Pythium ultimum, Phytophthora capsici, Fusarium oxysporum,
Colletotrichum gloeosporioides, Cladosporium cucumerinum, and Botrytis cinerea and B23 and B42 were
finally selected for further studies. Optimal concentration of the isolates was 10 m/ (10’cfu/m/) to suppress the
Sclerotinia rot of lettuce. Supplements such as starch, glycerol, and egg-yolk successfully maintained the bac-
terial population for 30 days in vitro and increased bio-control potentials against the disease. The bacterial
isolate B23 alone showed 72% control value, furthermore it presented 95% control value when supplemented
with 0.2% of starch, glycerol, and egg-yolk. The promising Bacillus isolates B23 and B42 were identified as
Brevibacillus brevis and Bacillus stearothermophillus, respectively, based on morphological and physiological
characteristics according to API database.
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Table 1. Number of isolates of Bacillus spp. obtained from mush-
room media wastes and of antagonistic isolates against E. coli

DH5a. or the eight important fungal plant pathogens

No. of Bacillus isolate

Waste media Antagonistic to

cultivated with

Total E. coli Fungal
DH5a pathogens®
Agaricus blazei 12 8 7
Agaricus bisporus 10 8 2
Pleurotus ostreatus 20 18 8

°Fungal pathogens tested were Sclerotinia sclerotiorum, Rhizoctonia
solani, Phytophthora capsici, Pythium ultimum, Fusarium oxysporum,
Cladosporium cucumerinum, Colletotrichum gloeosporioides, and
Botrytis cinerea.

Table 2. Sizes of clear zone formed by dual culture between
selected 17 isolates of Bacillus spp. and fungal plant pathogens

Inhibition zone formed by dual culture (mm)*

Isolates -

Rhiz* Coll Phyt Pyth Scle Fus Clad Botr
B2 3 15 10 0 10 2 10 0
B3 1 20 3 0 10 4 13 3
B4 5 25 19 4 10 5 12 12
B10 9 21 22 1 12 12 21 12
Bl1 2 19 16 0 8 4 13 8
Bl14 4 9 9 0 4 10 6
B20 5 10 12 0 10 4 10 7
B23 6 15 17 2 11 12 13 11
B24 5 20 20 2 10 12 16 10
B25 7 19 17 2 11 12 15 12
B30 4 7 13 0 9 1 10 9
B37 4 17 12 0 7 1 10 9
B38 6 21 24 2 11 12 16 13
B39 8 17 15 3 11 10 16 10
B40 7 18 20 2 12 11 15 11
B41 9 16 17 3 10 12 15 12
B42 8 22 25 2 9 13 16 8

*Scle=Sclerotinia sclerotiorum,; Rhiz=Rhizoctonia solani; Phyt=
Phytophthora capsici; Pyth=Pythium ultimum; Fus=Fusarium
oxysporum; Clad=Cladosporium cucumerinum; Coll=Colletotrichum
gloeosporioides; Botr=Botrytis cinerea. Clear zone was measured 5
days after dual culture at 20-25°C.
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Fig. 1. Inhibition of mycellial growth of Rhizoctonia solani (left)
and Sclerotinia sclerotiorum (right) by antifungal bacteria B23
and B42 on the Czapeck-dox medium.

=z ==

AN 1875 F & 4TS ) o5 F
859 T AEHATHe] oA FolA 73 A
< Bolg #F8 AW HujA oA 775, Fdol
HjR| el A Zbz} 2@, wEfE] HulR| oA gEE B &
455 22 A3l ti(Table 1).

221 Ak 177) #5 F B10, B23, B42 45
A Aol il o 20 mm WHoo] MR AS
Aot om g, e, A2EFTHYE, AY
FHolWa TodE 10mm H2e] XW" < dAsIRe
AR 71 WA Pythiumel] tiEiAE T W)
oFgh &8-S JERN{TH(Table 2, Fig. 1).

ool Az -] A EHAY FHold tls) 2
Y& 7ER A w1 oA Aol 9-4381e ofd] *3%74
AolA] e HA a7 99 B33 BA2AF
HF Agste ohg Algel AHgskt

A3AF BEA A, 41 e F 3T

ikl

=0
=0

L

oot

=

=

N
of

o A WFF

EE FAtel] 98 sREE ARaRd 5 43
107 cfmiz 2283 uﬂ FE g WA E ) 7
=4THFig. 2). AFvBE9 HHs 2 4Py AeS

Y ERS §olN APA
= Agk

i 7o

e ARY nxAS TS
_aLo] Eﬂ:‘-— 3001 7} %Z]Q7ﬂl4— }—%&] %7}Q
oIt B23dF9] ¢ 0.2% starch &2of 73

oo

o 30 Fot 2 W= A fAHNSH YR
o] BxAdM e 27] Yo HlF] 2-34) o] Frist

= AL JehlAtk(Table 3). B429) 9= 0.2% starch



pore
(=)
o

80

60

40

Disease incidence(%)

20

0 i -
10 10° 10° 107 10°
Concentration(cfu/ml)

Fig. 2. Effects of population density of Bacillus sp. B23 and B42
on suppression of Sclerotinia rot of lettuce,

Table 3. Effects on supplements on population changes of
selected antagonistic Bacillus spp. B23 and B42 at room tempera-
ture

cfu/m! with time course

Isolate Supplement (x10°)
0d 9d 16d 30d
0.2% Starch 250 240 285 2.15
0.2% Glycerol 250 525 420 9.05
0.2% Egg Yolk 250 500 3.05 9.65
B3 0.2% Glycerol +0.2% Starch 250 5.95 5.60 7.65

0.2% Glycerol+0.2% Egg Yolk 2.50 5.65 3.65 8.85
0.2% Egg Yolk+0.2% Starch ~ 2.50 470 6.40 5.35
0.2% Egg Yolk+0.2% Starch+ 250 5.10 690 5.82

0.2% Glycerol

0.2% Starch 125 435 3.05 1.90

0.2% Glycerol 125 415 705 4.15

0.2% Egg Yolk 1.25 250 1.70 3.50
BA? 0.2% Glycerol+0.2% Starch 125 530 120 590

0.2% Glycerol+0.2% Egg Yolk 1.25 4.35 745 7.70
02% Egg Yolk+0.2% Starch 125 740 7.05 6.20

0.2% Egg Yolk+0.2% Starch+
0.2% Olrcerol 125 755 690 7.15
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Fig. 3. Suppression of Sclerotinia rot of lettuce by Brevibacillus
brevis B23 and Bacillus stearothermophilus B42 alone or com-
bined with supplements at 107 cfu/ml.

*CK=Disease control; SGE=mixture of each 0.2% of corn
starch, glycerol, and egg-yolk.
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Table 4. Comparison of physiological and biochemical character-
istics of B23 and B42 compared with Brevibacillus brevis and
Bacillus stearothemophilus described by Bergey's Manual of
Systematic Bacteriology

B. B. stearo-

Characteristics B23 brevis thermophilus

Morphological rod rod rod rod
Gram stain
Mobility
Aerobic growth
Spore

Physiological
Control - - - -
Glycerol - - - -
Erythritol - - - -
D-Arabinose - - +

+
.
+ + + o+

+ + +
+ o+ 4+
+ + + +

Ribose - - -
D-Xylose - - - -
L-Xylose - - - -
Adonitol - - - -
b-Methyl-D-Xyloside - - - -
Galactose - - -
Glucose +
Fructose +
Mannose +
Sorbose - - - -
Rhamnose - - - -
Dulcitol - - - -
Inositol - - - -
Mannitol - - +
Sorbitol - - +
a-Methyl-D-Mannoside - - -
a-Methyl-D-Glucoside - - +
N-Acetyl-Glucosamine - - -
Amygdalin - - +
Arbutin - - -
Esculin - + +
Salicin - - -
Cellobiose - -
Maltose - -
Lactose - -
Melibiose - -
Sucrose - -
Trehalose - -
Inulin - - -

+ + 1+ 4+

+ + 11+ o+
b+ + 4+ + o+ o+

Melezitose - - -
Raffinose
Starch - - -
Glycogen - - -
Xylitol - - - -

+ +

39 - A7) - A%

Table 4. Continued

B. B. stearo-

Characteristics B23 brevis thermophilus

Gentiobiose - - - -
D-Turanose - - - +
D-Lyxose - - - -
D-Tagatose - -
D-Fucose - - - -
D-Arabitol - - - -
L-Arabitol - - - -
Gluconate - - - -
2-Keto-Gluconate - - - -
5-Keto-Gluconate - - - -

°+, Positive reaction; —, Negative reaction.
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