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Abstract

Keywords: rhizobacteria, gray mold disease, Formosa lily, biocontrol

Formosa lily was cultivated in Pulowan service station since 1995 and planted
over the Pulowan recreation area within years. The blossom season of Formosa lily
had become a famous theme of Pulowan in the spring, especially in April. However,
gray mold disease occurred and destroyed most of the Formosa lily plants in March
and April, 2003. To resolve this disease problem, only the Formosa lily plants in the
hill between up and lower level of natural terrace were maintained, that accompanied
removal of diseased plant debris, reduction of creeping weeds and sterilization of the
bulbs. In the spring, 2004, few of diseased Formosa lily plants appeared, indicating
that the management of environment would be feasible for the control of gray mold
disease of Formosa lily in Pulowan.

For the health management of Formosa lily in Pulowan recreation area, a
biocontrol strategy was developed, including isolation of rhizobacteria from healthy
Formosa lily plants and introduction of selected strains into the diseased area to
improve the bacterial population in rhizosphere and also the plant physiological
conditions for disease resistance. The experimental steps included: (1) Isolation and
purification of rhizobacteria; (2) Identification of bacterial isolates based on the fatty
acid profiles; (3) Screening of rhizobacteria good for the growth of Formosa lily
seedlings; (4) Screen of rhizobacteria capable of suppressing symptom development
of gray mold disease in Formosa lily seedlings; (5) Evaluation of biocontrol efficacy
of selected rhizobacteria in Pulowan.

At least 100 bacterial isolates were obtained from the rhizosphere of healthy
plants of Formosa lily and 61 isolates were identified. Most of identified bacterial
isolates could slightly increase the growth vigor of Formosa lily seedlings. Among
them, ten isolates could reduce the incidence of gray mold disease. The biocontrol
assay in Pulowan recreation area indicated these isolates were potential biocontrol
agents, including Bacillus cereus A3S21 ~ Bacillus cereus C1 ~ Bacillus megaterium

A3S34 ~ Bacillus megaterium A3S37 ~ Burkholderia cepacia A3S36 ~ Burkholderia
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cepacia CF4-4-2 ~ Pseudomonas fluorescens A2S1 -~ Pseudomonas putida CF-3 -
Pseudomonas putida CF2-1 and Pseudomonas putida CF3-1. In addition, the soil
traits of Pulowan recreation area were characterized in the normal ranges. Thus, the
high humidity caused by creeping weeds and pathogen propagation were presumed to
be the main causes of the prevalence of gray mold disease in Pulowan.

For the health management of Formosa lily, several suggestions were proposed:
(1) Introduction of selected bacterial strains into the diseased area in Pulowan to
facilitate the establishment of rhizobacterial population with biocontrol capability; (2)
Removal of diseased plants and fallen leaves to reduce the amounts of pathogen
propagation; (3) Reduction of the density of creeping weeds to prevent the high

humidity environments; (4) Screening of resistant cultivars in natural environments.
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1 A2S1 Pseudomonas fluorescens 0.771
2 A282 Salmonella choleraesuis 0.862
3 A2S84 Pseudomonas syringae 0.756
4 A2S5 Pantoea agglomerans 0.825
5 A2ST2 Burkholderia cepacia 0.841
6 A3S1 Bacillus cereus 0.506
7 A3S1-1 Bacillus cereus 0.725
8 A3S1-3 Bacillus cereus 0.784
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28
29
30
31
32
33
34
35
36
37
38
39

A3S3
A3S7
A3S8
A3S9
A3S10
A3S11
A3S12
A3S13
A3S15
A3S19
A3821
A3S821-1
A3824
A3S26
A3827
A3S28
A3S29
A3S529-1
A3S30
A3S34
A3836
A3S37
A3S38
A3S839
A3540
A3540-1
C-1
C-2
C1
Cl1-2
CF-1

Arthrobacter viscosus
Bacillus cereus
Pseudomonas putida
Acinetobacter calcoaceticus
Acinetobacter calcoaceticus
Bacillus pumilus
Brevibacillus choshinensis
Pseudomonas syringae
Pantoea agglomerans
Bacillus megaterium
Bacillus cereus
Pseudomonas putida
Bacillus megaterium
Bacillus cereus
Bacillus megaterium
Bacillus megaterium
Pseudomonas putida
Pseudomonas putida
Pseudomonas putida
Bacillus megaterium
Burkholderia cepacia
Bacillus megaterium
Pseudomonas putida
Acinetobacter calcoaceticus
Bacillus cereus
Burkholderia cepacia
Bacillus megaterium
Burkholderia cepacia
Bacillus cereus
Burkholderia cepacia

Pseudomonas putida

0.659
0.735
0.755
0.886
0.786
0.750
0.742
0.685
0.853
0.874
0.936
0.608
0.984
0.732
0.974
0.677
0.833
0.622
0.538
0.926
0.872
0.953
0.545
0.801
0.901
0.659
0.952
0.755
0.917
0.657
0.566
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40 CF3-1-K Pseudomonas putida 0.695
41 CF-3 Pseudomonas putida 0.651
42 CF-5 Pseudomonas putida 0.569
43 CF2-1 Pseudomonas putida 0.651
44 CF3-1 Pseudomonas putida 0.632
45 CF3-1-A Pseudomonas syringae 0.709
46  CF3-1-K-1 Pseudomonas syringae 0.696
47 CF3-2 Pseudomonas agarici 0.760
48 CF3-5 Pseudomonas syringae 0.902
49 CF4-1 Pseudomonas syringae 0.763
50 CF4-1-K Brevibacillus choshinensis 0.871
51 CF4-2 Pseudomonas syringae 0.730
52 CF4-3 Rhizobium radiobacter 0.887
53 CF4-3-1 Pseudomonas syringae 0.518
54 CF4-4 Pseudomonas syringae 0.711
55 CF4-4-2 Burkholderia cepacia 0.984
56 CF4-5 Salmonella choleraesuis 0.775
57 CFQ-1 Bacillus megaterium 0.657
58 CFQ-2 Pseudomonas putida 0.545
59 CFQ-4 Pseudomonas syringae 0.744
60 CFQP Burkholderia cepacia 0.568
61 CFQP-5 Rhizobium radiobacter 0.978
62 FBCl1 -

63 FBC2 -

64 FBC3 -

65 FBC4 -

66 FBCS -

67 FBC6 -

68 FBC7 -

69 FBCS -

70 FBC9 -
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FP16
FP17
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FP19
FP20
FP21
FP22
FP23
FP24
FP25
FP26
R8
R9
S7
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=~ ¥p /ﬁ‘_ﬁb fﬂi)ﬁ""‘—iﬂﬁzwﬁ“ F:]*% o iE Bk

S L - R E R IR A KR
Bacillus cereus A3S21 ~ i * ¥ 4% f7 B. cereus C1 ~ + 4= ¥ 1% j#] Bacillus megaterium

AR ER S R

A3S34 ~ = 4= 3 1% 7 B. megaterium A3S37 ~ ¥ & ¥ *¢ f7 Burkholderia cepacia

A3S36 ~ i+ & B H ¢ ] B. cepacia CF4-4-2 -~ ¥ sk B H %z {% 7 Pseudomonas
fluorescens A2S1 ~ %

CF2-1 % & % B5.¥ %2 5 P. putida CF3-1 ¥ - %7

5. B ¥ ## 7] Pseudomonas putida CF-3~ & % 5.8 *# 7] P. putida
AR U Iy E R
FIE*H > L@ ENZ B A5 B IaBS FtR o BEIRE drap § ootk GRS 2
£oofi e B2 RElwFFTR > 3 - LA E U F B R T & @R
FEORY S LAFT R SRP ERBGEL S RS NEwE R < § ki
ForRE A A A WB BT B o R &4 R L BV R R F(A
calcoaceticus A3S9 ~ A. calcoaceticus A3S10) % ¥ & & H 2 [7)(B. cepacia CFQP) ]
PR o Redrdlmse s ol o S AL

AL E

}5]9 &F' 5 2:13 > Jf—f ﬁ*ﬁi#,p% Tr v

R RA T X JEZiF
L2 % B ER AT

LUy R R AMRL B P(FERR)

A3S10 1.50+1.73 % 0.01 £4.47°

A3S9 1.18+1.26% 0.01 +4.47°
Cl 0.50+0.49° 0.01+0.00°
A3S21 1.00 £ 1.00° 0.01 £4.47°
A2S1 0.90+0.73 ° 0.02+0.01°
CF3-1 0.86+1.09° 0.01 +4.47°
A3S36 0.44+0.39° 0.01 £4.47°
CF4-4-2 138+135% 0.80+7.36°"
CFQP 1.06+1.31% 0.20+0.13°
A3S34 0.24+0.13° 0.01 £0.00°
A3S837 1.50+1.61° 0.01+6.77°
A3S12 0.44 +0.54 ° 0.01 +547°
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CF4-1-K 0.30+0.21° 0.99+547°
CF-3 0.36+0.13° 0.10£0.00°
CF2-1 0.44 +0.54° 0.01 +5.48°

A3S11 0.56+0.43° 0.01+5.47°
A3S15 0.48+0.16° 0.01+0.00°
(10 mM MgSO0,) 232+131° 1.88+0.37°

2 3 E2FpicEd L wAFRR

BB ARAR ot g ¢

1 A3S21 WA R B Bacillus cereus

2 Cl A4 R Bacillus cereus

3 A3S34 <~ IR Bacillus megaterium
4 A3S37 < EEHE R Bacillus megaterium
5 A3S36 AR EHE R Burkholderia cepacia
6 CF4-4-2 ES NS NS Burkholderia cepacia
7 A2S1 ¥k EH e R Pseudomonas fluorescens
8 CF-3 B BHE e R Pseudomonas putida
9 CF2-1 B BRH e R Pseudomonas putida
10 CF3-1 # LR e R Pseudomonas putida

LR R drats

BAr L A P I AREFERZERE APPSR SRRSO
A ¥ 4% 7 Bacillus cereus C1 ~ i 4 ¥ 4% 7 B. cereus A3S21 & & K H % (7
Pseudomonas putida CF-3 ~ # % 5.8 # f7] P. putida CF2-1 % #8712 § 2 g > A
BB BE 202 ¥R T ORER 4 E 45 B cereus Cl 2 e 7
hd o HHPEE S BEASPICEY 2 Ak S X # F Badillus
megateriumA3S34-~ + 4 ¥ 1% 7] B. megaterium A3S37~ ¥ & ¥ #¢ 7 Burkholderia
cepacia A3S36 ~ i+ & B H ¢ f7] B. cepacia CF4-4-2 ~ ¥ sk 5 H ## {% {7 Pseudomonas
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Cl 12 be
A3S21 20 b
CF-3 20 b
CF2-1 24 b
(10 mM MgSO, ) 56 a
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Cl 19 d
A3S521 39 b
28-9 23 cd
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d3E REAR O TER O GFBEF BT 34 F M4 F 4
~ge  pH(1:1) EC(1:5) OM (%) P205 K20 CaO MgO

(mS/cm) (27 /2 (272 (o7 /2) (27,/=

"ﬁ) "ﬁ) r;g)
1 (H) 6.8 0.1 5.5 16 257 11819 433
2 (H) 7.2 0.1 5.8 144 113 12258 365
3 (D) 5.7 0.1 5.8 88 393 4452 408
4 (D) 7.4 0.1 4.6 166 253 22531 313
5(D) 7.3 0.1 7.2 162 323 15514 497
6 (D) 7.0 0.1 5.0 27 199 9350 534

>+ @ 5570 026-0.6 2.0-3.0 60-300 90-300 2000-4000 200-400

% ER

g Cu /n Cd Ni Cr Pb
1 (H) 1 3 0.07 1.1 0.0 1
2 (H) 2 7 0.14 1.4 0.1 1
3(D) 1 2 0.05 1.7 0.0 1
4 (D) 0 4 0.24 2.1 0.0 0
5(D) 2 5 0.15 1.7 0.0 1
6 (D) 1 3 0.05 0.9 0.0 1
S B 12-20 11-25 0.05-0.4 2-10 0.1-10 1-15
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