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Bacillus cereus D-NYDA-602  Paenibacillus polymyxa Y-NYDA-21
( Botrytiselliptica )
24 P. palymyxa Y-NY DA-21
B. cereus D-NYDA-602
P. polymyxa Y-NYDA-21
DL-ornithine DL-tyrosine B. cereus D-NY DA-602
D(+)-glucose a -lactose hydrate D(+)-mannose  D(-)-ribose
DL-ornithine  D(+)-glucose  D(+)-mannose
1%(w/v) DL-ornithine 0.5% (w/v) D(+)-glucose  1%(w/v) D(+)-mannose
1%(w/v) DL-ornithine  1%(w/v)
D(+)-mannose P. polymyxa Y-NYDA-21

Botrytis elliptica (Berk.) Cooke

(4.5

(11,23,24,30,33)

(Botrytis
cinerea Pers. ex Fr.) Blakeman
Fokkema %

Trichoderma spp.  Gliocladium spp.
(7,14,15,21,32,35,36) Elad (16)
Rhodotorula glutinis  Cryptococcus

albidus

® Trichoderma spp.

Cryptococcus sp.

(20) @

B. subtilis PB-113  Erwinia

(6)
BS-25

herbicola
Bacillus spp. BR-11 Alternaria

brassicicola

B. elliptica B066 29)

(potato dextrose agar, PDA, Difco Laboratory,
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Detroit, MI, USA) 20
10% V-8
[V8 juice agar: V8 juice (Campbell Soup Co., Camden,
NJ, USA) 100 ml, CaCOs (Sigma Chemical Co., St. Louis,
MO, USA) 2g, agar 20g, distilled water 900 ml ]

(121 151b/in.?) 20
7 cm ( Black Light
Blue, F10T8BLB, Sankyo Denki, Japan) 12
7 10 B. elliptica B066
Doss B066 5
(3% oatmeal in fine silica sand)
V-8
(Sigma 3K12,

Laboratory centrifuges, Martin Christ, West Germany) 3000
X g 10

D-NYDA-602 Y-NYDA-

21 (29) Nutrient agar (NB, Difco Laboratory,

Detroit, MI. USA) 30 24 3%

KOH D-NYDA-602 Y-
NYDA-21

BUG™ M T (0.25% maltose  0.9% thioglycolate)

30 20
25ml GN/GP-IF
(Biolog's GN/GP inoculating fluid)
28% T+ 3% Biolog GP2 Microplate™
1504 | 30 4-16
Biolog reader 95
Biolog's MicroLog™ computer Sofeware (Biolog

MicroLog™ system, Release 4.0)

Czapek-Dox solution
Sucrose 1g K2HPO4

(5g NaNOz; 59
0.5g MgSO, 7H,O 0.5g KCI
0.01gFeSOs 1mL 1% 2ZnSOs 1 mL 0.5% CuSOs 10 mL
Hoagland's solution 1 L Distilled water)

NaNO3 DL
alanine arginine HCI asparagine aspartic acid
citrulline cystine B -3,4-dihydroxyphenylalanine
glutmic acid glycine histidine HCI
leucine lysine HCI
ornithine phenylalanine proline serine threonine
tryptophan tyrosine valine) (Sigma) 21

isoleucine
methionine norvaline norleucine

49 mi
1ml D-NYDA-602 Y-NYDA-21
(10 cfu/ml)
(25)
(15 mm )
( 3x 108 cfu ) 10 100
1000 3
10° 100%
20
12
0.5% (w/v) DL-
ornithine Czapek-Dox solution 0.5%

(w/v) D(-)-arabinose [ -D(-)-fructose D(+)-galactose
D(+)-glucose B -D(+)-gluose a -lactose hydrate
maltose hydrate D(+)-mannose D(-)-ribose sucrose
D(+)-xylose (Sigma) 11

%(Inhibition ratio)

S N
x 100
S

s -N) (-C) N

DL-ornithine
D(+)-mannose 0 0.125 0.25 0.5

D(+)-glucose
1.0 (wh)

1%(w/v) DL-ornithine  0.5%(w/v) D(+)-glucose
1%(w/v) DL-ornithine  1%(w/v) D(+)-mannose
24-2-2 49-2-4 B-NA-12

B-NYDA-10 B-PDAS-21 D-NYDA-602 Y-NYDA-21
(  1996-1997
) ( 3x
10° cfu ) 10 100 1000



1%(w/v) DL-Ornithine  1%(w/v) D(+)-Mannose

Czapek-Dox solution ( OoM
solution) P. polymyxa Y-NYDA-21
10 (24+ 4
) (cv. Star Gazer) (

5« 10* conidia/ml
10 ml 20

90% 16 3500 lux (Digital
illumination meter, DX-200, Jing Chen Instruments Co.,
Taichung)

5 8
1998 2 3
15
Acapulco

5.0mx 0.6m OM

solution P. polymyxa Y-NYDA-21 10
( 3x 107 cfu )
(disease

severity) 4 1
1 10% 2 11 25% 3 26
50% 4 51%

(%)= Z¢ X ). 100

x 4

D-NYDA-602 Y-NYDA-21

Biolog GP2 Microplate™ 4 16

Biolog's MicroLog ™ Computer Sofeware
D-NYDA-602
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Bacillus cereus Y-NYDA-21 Paenibacillus

polymyxa

( ) B. cereus D-NYDA-602  P.
polymyxa Y-NYDA-21
DL-lysine HCI
B. cereus D-NYDA-602
P. polymyxa Y-NY DA-21

DL-aspartic acid DL-cystine DL-

DL-norleucine

histidine HCI DL-norvaline DL-norleucine DL-
ornithine
DL-leucine
DL-valine B. cereus D-NYDA-602
DL-arginineHCl DL-cystine DL-phenylaanine
DL-tryptophan  DL-tyrosine P. polymyxa
Y-NYDA-21 ( )

DL-alanine DL-asparagine
DL-aspartic acid DL-histidine HCI DL-lysineHCI DL-
methionine DL-norvaline DL-norleucine DL-

ornithine DL-proline DL-serine  DL-tyrosine

DL-ornithine  DL-tyrosine B. cereus
D-NYDA-602 DL-
alanine P. polymyxa Y-
NYDA-21 ( )

P.
polymyxa Y-NYDA-21 (
)
DL-ornithine

( ) Czapek-Dox solution NaNO3

D(-)-arabinose
D(+)-galactose D(+)-glucose B -D(+)-glucose a -
lactose hydrate maltose hydrate D(+)-mannose  D(-)-
B. cereus D-NYDA-602

D(+)-glucose a -lactose hydrate D(+)-
mannose D(-)-ribose  D(+)-xylose

P. polymyxa Y-NYDA-21

D(+)-glucose a -lactose hydrate D(+)-mannose  D(-
)-ribose ( )

ribose

DL-ornithine D(+)-glucose  D(+)-mannose
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Table 1. Use leaf disk assay to evaluate the effect of nitrogen
sources on the suppression of Botrytis leaf blight of lily by
antagonistic microorganisms at 20

Table 2. Effect of nitrogen sources on the producing lesion
numbers of Botrytis leaf blight on lily by antagonistic
microorganisms at 20

Lesion numbers per leaf disk?

Nitrogen source*

Inhibition ratio (%) 2 D-602* Y-21

Nitrogen source” 4 days 7 days DL-Alanine 2208 17.3ab

D-602'  Y-21  D-602  Y-21 DL-Asparagine 18.3 ab 8.1 efg
DL-Alanine 23j-m*  19cg 48 d-| 35 b-f DL-Aspartic acid 174 ab 11.9 c-f
DL-Arginine HCI -64 bc 7cf 46c-k  24ahc DL-Histidine HCI 149 bc 14.6 bc
DL-Asparagine -39 cde 40 ghi 56 f-I 71lh DL-Lysine HCI 111cd 6.49
DL-Aspartic acid 30kim 58 hij 66 jkl 59 fgh DL-Methionine 17.1a&b 8.6 efg
DL-Citrulline 0h-k 9cf 62 h-| 29 bed DL-Norvaline 11.3cd 9.0 efg
DL-Cystine -7 ej 72 Abg 16ab DL-Norleucine 111cd 12.0c-f
DL-B -34-Dihy droxy  -55bcd -2cd 28b-e  37Dbf DL-Ornithine 50e 7.6fg

phenylalanine DL-Proline 114cd 14.1 bed
DL-Glutamic acid -32d-g -7hc 64i-l 55fgh DL-Serine 115cd 12.9b-e
Glycine 51 9 cf 42 ¢ 39 b-f DL-Tyrosine 9.4 de 9.5d-g
DL-Histidine HCI 51 60 ij 48ck 55eh N source (Control) 16.3 bc 20.8a
DL-Isoleucine -1le] 23dg  36bh 49dh  Nitrogen source in the modified Czapek-Dox solution for
DL-Leucine -16 e 40 ghi 12 ab 33b-e culturing two antagonists, Bacillus cereus, D-NY DA-602 (D-602)
DL-Lysine HCI 341m 40 ghi 52 d-I 49d-h and Paenibacillus polymyxa Y-NYDA-21 (Y-21) for 4 days.
DL-Methionine 16i-m 33fgh 60 gl 45¢g % Data were recorded one day after inoculation.
DL-Norvaline 50 601j 761 45 c-g % Data followed by the same letter in each column do not differ
DL-Norleucine Mm 4] 70kl 63 gh significantly (p=0.05) according to Duncan's multiple range test.
DL-Ornithine 20j-m 74| Abg 4lcg
DL-Phenylalanine 2h 42 ghi 34 b-g 6a
DL-Proline -27d-h 16c-g 48d-1  59fgh
DL-Serine -36 c-f 30fg 54 el 59 fgh
DL-Threonine 9i-l -30ab 28be 3lbe
DL-Tryptophan -102a 30fg 3Bce 16ab
DL-Tyrosine 0g-k 21d-g  26hbcd 4a Table 3. Use leaf disk assay to evaluate the effect of carbon
DL-Vaine -2 0 -37a 22ac  35Dbf sources on the suppression of Botrytis leaf blight of lily by
N source (Control) 0 h-k 0cde Oa Oa antagonistic microorganisms at 20

L Nitrogen source in the modified Czapek-Dox solution for
culturing two antagonists, Bacillus cereus, D-NYDA-602 (D-
602) and Paenibacillus polymyxa Y-NYDA-21 (Y-21).

Z | nhibition ratio (%)=(S-N or S)x 100%/S, S and N represented
the values of lesion areas in control and treated leaf disks,
respectively.

% Data followed by the same letter in each column do not differ
significantly (p=0.05) according to Duncan's multiple range test.

1%(w/v) DL-
0.5%(w/v) D(+)-glucose  1%(w/v) D(+)-
mannose ( )

ornithine

1%(w/v) ornithine  0.5%(w/v) glucose (OG)
1%(w/v) mannose (OM)

10 100 1000

1%(wi/v) ornithine

Inhibition ratio (%) 2

Carbon source*! 4 days 7 days
D-602" Y-21 D-602 Y-21
D(-)-Arabinose -13cde®  43cd  44c 4bc
B -D(-)-Fructose -200 ab -13bc 11b 18 bed
D(+)-Galactose 0de 35cd 45¢ 16 bed
D(+)-Glucose 0de 57d 47¢ 3lcd
B -D(+)-Glucose -100 bed 52d 62 cd 24 bed
a -Lactose hydrate 0de 48cd 42c 3lcd
Maltose hydrate 13e 57d 5lc 7hc
D(+)-Mannose 13e 57d 55¢ 47d
D(-)-Ribose -113bc -83a 75d 42d
Sucrose -250a 48ah -24a -3la
D(+)-Xylose -38 cde 4bcd  -29a 44d

C source (Contral) 0de 0bed 0b 0b

L carbon source in the modified Czapek-Dox solution for
culturing two antagonists, Bacillus cereus, D-NYDA-602 (D-
602) and Paenibacillus polymyxa Y-NYDA-21 (Y-21) for 4
days.

2 Inhibition ratio (%)=(S-N or S)x 100%/S, S and N represented
the values of lesion areas in control and treated leaf disks,
respectively.

3 Data 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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Fig. 1. Use leaf disk method to evaluate the effect of concentrations of ornithine and glucose in the modified Czapek-Dox
solution on severity of lily leaf blight caused by Botrytis elliptica.
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Fig. 2. Useleaf disk method to evaluate the effect of concentrations of ornithine and mannose in the modified Czapek-Dox
solution on severity of lily leaf blight caused by Botrytis dliptica.
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B-NYDA-10 B-
PDAS-21 0G 10
100 24-

2-2 D-NYDA-602 Y-NYDA-21
1000

( ) OoMm 10
B-PDAS-21

Y-NYDA-21 oM

100 1000

1%(w/v) DL-ornithine
(OM solution)

1%(w/v) D(+)-mannose
P. polymyxa Y-NYDA-21
10

« )
oM P. polymyxa
Y-NYDA-21
oM
(p=0.05)
« )

(37

(31)
)
(8,18,31)

Sporobolomyces spp.  Cryptococcus spp.
Aureobasidium pullulans  Cladosporium cladosporioides

(1219 204(w/v)
Kloeckera apiculata
(29) CH100 300
3-10 (2,26)
© (glutamic acid)
(sucrose) Bacillus spp. BR-11 BS-25
(Alternaria
brassicicola)

DL-alanine DL-aspartic acid DL-lysine HCI
DL-methionine DL-norleucine DL-ornithine DL-
phenylalanine  DL-threonine

DL-ornithine

D(+)-glucose o -lactose hydrate D(+)-mannose  D(-)
-ribose
Bacillus spp.

Table 4. Effects of two combinations of nitrogen and carbon sources on reducing the lesion numbers of Botrytis leaf blight on

leaf discs by various antagonists

Lesion numbers per leaf disk*

Antagonist no. 0G? OM 2

10x 100x 1000x 10x 100x 1000x
24-2-2 5 de* 18 de 23ab 25 be 18 bc 21 bc
49-2-4 17 bc 19 cde 24 ab 16 cde 18 bc 16c
B-NA-12 3e 3lab 29a 19 cde l4c 20 bc
B-NYDA-10 24 ab 30 abc 17b 21cd 24b 19 bc
B-PDAS-21 29a 38a 25ab 32ab 27b 30b
D-NYDA-602 14 cd 15e 16b 20 cd 19 bc 21 bc
Y-NYDA-21 17 bc 15e 16b 9e 1l4c 16¢c
Control (Nong)® 29a 29 abc 27 ab 39a 39a 40a

1 |_esion number was evaluated with leaf disk method .

2 OG: 1%(w/v) ornithine + 0.5%(w/v) glucose; OM: 1%(w/v) ornithine + 1%(w/v) mannose; 10X, 100X, and 1000X indicating dilution

times of the nutrient solution.
3 Each nutrient solution without antagonist was used as a control.

“ Datafollowed by the same letter in each column do not differ significantly (p=0.05) according to Duncan's multiple range test.



Paenibacillus polymyxa Y -

NYDA-21

Table 5. Effect of Paenibacillus polymyxa Y-NYDA-21 on
control of lily leaf blight caused by Botrytis elliptica in the
greenhouse and field trials

Disease severity? (%)

Treatment Greenhouse i Field trid

Feb.26 Ma.5 Ma.12 Mar. 19
B 158b° 18a 98ab 134a 246b
S 146b 28a 112ab 158a 28.0b
BS 95b 08b 70b 126a 248b
OM 240a l4ab 168a 188a 37.6ab
Water(Check) 22.7a 16ab 144ab 216a 438a

L OM solution = Modified Czapek-Dox solution contained 1%
(w/v) DL-ornithine and 1% (w/v) D(+)mannose, BS =
Antagonist Y-21 cultured in OM solution for 4 daysat 24 , BS
was separated into B (mass of antagonists) and S (cultural
solution) by centrifugation at 3000x g for 10 min.

Disease severity in the greenhouse and field trials were assessed
by counting lesion numbers per leaf and by leaf infected areas,
respectively. Scale (0-4) of infected leaf. 0= no lesion was
observed, 1= 1-10% leaf areas was infected, 2= 11-25% |eaf
areas was infected, 3= 26-50% leaf area was infected, and 4=
over 50% leaf areawas infected.

Data followed by the same letter in each column do not differ
significantly (p=0.05) according to Duncan's multiple range test.

w

(28)

(22,27) () alanine arginine

aspargine aspartic acid citrulline glutamic acid

glutamine proline B. subtilis PB-113
© Bacillus spp. BR-11
BS-25
Stroke  Woodward ®”  Feeney an
B. cereus D-
NY DA-602 P.
polymyxa Y-NYDA-21 ( )

P. polymyxa Y-NYDA-21

oM (1% ornithine
P. polymyxa Y-NYDA-21
3x 10" cfu/ml)

1% mannose)
10 (

polymyxa Y-NY DA-21

10.

11

12.
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ABSTRACT

Hsieh, T. F.%, Huang, J. W. 2% Chang, C. C.3 and Peng, Y. H. 2 2001. Effect of nitrogen and carbon sources
on biocontrol of lily leaf blight by Bacillus cereus and Paenibacillus polymyxa. Plant Pathol. Bull. 10:79-87.
(> Department of Plant Pathology, Taiwan Agricultural Research Institute, Council of Agriculture, Executive
Y uan, Wu-feng 413, Taichung, Taiwan; > Department of Plant Pathology, National Chung Hsing University,
Taichung, Taiwan; * Department of Crop Environment, Taoyuan District Agricultural Improvement Station,
Council of Agriculture, Executive Y uan, Hsin-wu 327, Taoyuan, Taiwan; * Corresponding author, E-mail:
jwhuang@dragon.nchu.edu.tw; Fax: 886-2-22851676)

The effect of various carbon and nitrogen sources on antagonistic efficiency of two antagonists,
Bacillus cereus D-NYDA-602 and Paenibacillus polymyxa Y-NYDA-21, for control of lily leaf blight
caused by Botrytis elliptica was evaluated using the leaf disk assay, greenhouse tests, and field trials.
Twenty-four nitrogen or 11 carbon sources were respectively utilized to replace NaNOs or sucrose of a
modified Czapek-Dox solution formula and to culture two biocontrol agents for seven days. The results
indicated that the inhibition effect of the two biocontrol agents on lily leaf blight could be markedly
influenced by several nitrogen and carbon sources in their growth substrates. Among the 24 amino acids
tests, most of them were able to increase ability of P. polymyxa Y-NYDA-21 to decrease the disease
severity, however only afew could enhance suppressive ability of B. cereus D-NYDA-602 in leaf disk
assays. In advance tests, 12 amino acids were selected to evaluate for their effectiveness in culturing two
biocontrol agents. It was found that both DL-ornithine and DL-tyrosine were significantly effective in
enhancing the antagonistic ability of P. polymyxa Y-NYDA-21 and B. cereus D-NYDA-602 against B.
elliptica to induce lesion numbersin lily leaf disks. Among 11 carbon sources tested, D(+)-glucose, a -
lactose hydrate, D(+)-mannose, and D(-)-ribose were proved to make the biocontrol agents showing
stronger antagonistic effect. Therefore, DL-ornithine, D(+)-glucose, and D(+)-mannose were elected as N-
and C-source components of the modified Czapek-Dox solution for cultivation of two biocontrol agents.
The nutrient solution consisted of 1%(w/v) ornithine and 0.5%(w/v) glucose (OG solution) or 1%(w/v)
mannose (OM solution) was effective in reducing lesion numbers of the disease. To conduct the disease
control trialsin the greenhouse and field, P. polymyxa Y-NYDA-21 was cultured in the OM solution for
seven days. The culture solution was separated into filtrate and biomass for study. The results indicated that
three treatments including cultured solution, filtrate, and biomass could reduce the disease severity of lily
leaf blight.

Key words: Antagonistic bacteria, biocontrol, Botrytis eliptica, carbon source, nitrogen source, and nutrient effect.
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