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Fig. 1. Effect of Bacillus amyloliquefaciens PMBO0S5 bacterial suspension
on rapid reactive oxygen species generation and callose deposition
upon Xanthomonas citri subsp. citri treatment on lemon leaves. Panel
A and C indicated the images of rapid ROS generation and callose
deposition, respectively. Panel B and D indicated the fluorescent
intensity of ROS and callose calculated by Imagel, respectively.
Different letters indicated significant differences between treatments
based on Tukey's HSD test (P < 0.05). Bars indicated 10 um in length.
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Fig. 2. Population density of Bacillus amyloliquefaciens PMBO0S on the
leaves of Citrus limon. The bacterial suspension was prepared in 0.1%
(w/v) CMC and adjusted to an ODg, of 0.3 before treatment. Then, the
bacterial suspension was sprayed on lemon leaves and further placed
in the greenhouse. The population was determined by serial dilution to
count the colony-forming unit (CFU) by 1 gram of fresh leaf tissue.
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TABLE 1. Effects of distinct carbon/nitrogen ratios in formula on bacterial
sporulation of Bacillus amyloliquefaciens PMB05 in 500 mL flask
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F= s REIEREEIOATF B ¥ Bacillus amyloliquefaciens
PMBOS 7 4= A f T2 528
TABLE 3. Effect of distinct aeration rates on bacterial sporulation of

Bacillus amyloliquefaciens PMBO0S in 30 liters submerged fermentation

Cabon : Nitrogen Cells (CFU/mL) Spores (CFU/mL)  Sporulation (%)
1:1 8.28%0.02" 6.9510.03" 4.66
1:2 8.35%0.04" 6.97+0.04* 4.25
1:3 8.42%0.03" 6.89%0.09° 3.13
2:1 8.67+0.07 7.98+0.02° 21.11
2:2 8.870.04° 8.08%0.07* 16.69
2:3 9.01+0.05" 7.94%0.03" 8.73
3:1 9.41%0.03° 9.3340.04 85.15
32 9.28+0.01™ 8.8120.04" 45.32
3:3 9.63+0.08" 9.2240.05° 40.42

Brown sugar and yeast powder were used as carbon and nitrogen sources in
formula, respectively. For example, 1:1 indicates the formula contains 1% of
brown sugar and 1% of yeast powder. Means of cell and spore numbers were
presented in Log values. Sporulations indicated the ratio of spores in living
cells. Different letters indicated significant differences between treatments
based on Tukey's HSD test (P< 0.05).
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PMBO5ZE 4 NAE il 1 2 5228

TABLE 2. Effect of distinct agitation rates on bacterial sporulation of
Bacillus amyloliquefaciens PMBOS in 30 liters submerged fermentation

Time 120 rpm 150 rpm
{(hour) Cells Spores Spoz;(l)z;tion Cells Spores Spoi%tion
0 6.32£0.01 0.00 0.00 6.2310.03 0.00 0.00
24 7.6610.04 5.67£0.03 1.00 8.680.11° 8.1310.04° 28.07°
48 8.80%0.05 8.72£0.06  82.19  9.20£0.07 8.48+0.02" 18.60°
72 9.0140.02 895t0.01  92.95 9.5310.05° 8.9610.04°  25.90°
96 9.10£0.03 9.04£0.01  93.05 9.56£0.03" 9.01£0.02°  29.30°
120 9.07#0.02 9.1120.01  100.00  9.21%0.02 9.04+0.02  59.80"

A standard formula for PMBFL-2A was used in this assay. Means of cell and
spore numbers were presented in Log values. Sporulations indicated the ratio
of spores in living cells. The asterisks indicate significant difference compared
to the treatment at 120 rpm based on the #-test (P < 0.05).
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Time 1.0 vvm 1.5 vvm

(hour) Cells Spores Sporulation Cells Spores Spoz;ie;tion
0 6.4110.05 0.00 0.00 6.3510.04 0.00 0.00
24 6.5510.08 5.67+0.03 13.08 7.5810.08°  0.00° 0.00"
48 7.98%0.17 6.72%0.06 16.57 8.00+0.03 8.13+0.03°  100.00"
72 8.2510.04 7.97£0.02  52.14 8.5640.06" 8.56+0.12°  100.00°
96 8.9510.05 8.9010.08  89.47 8.7140.05° 8.7810.03  100.00"
120 9.08£0.05 9.12+0.02  100.00  8.56x0.03" 8.59%0.03"  100.00

A standard formula for PMBFL-2A was used in this assay. Means of cell and
spore numbers were presented in Log values. Sporulations indicated the ratio
of spores in living cells. The asterisks indicate significant difference compared
to the treatment at 1.0 vvm based on the #-test (P < 0.05).
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AR AR - LA I AR RS B ARV ED RN IR B B S P P
PMBKW I'HHHEE N (B TLA) - FFEOERSETE(BRILLL

Tris-HCI4R @R (F Ry R tE > 45 L BURPMBKW 1 B2 08 5 B 4H P
SR YL 8 F492.36% > PMBOSHHE 07 K BAPMBKW DE &

i FLAF 18 i B 1436.7% - PMBFL-2A# R BIPMBKW 1
S i B A A A RO B B 2439.61% o PMBFL-2A 88 i i1y

PMBKW L& & iz Bl i = 8 5t 58 P B 25 = A PMBOS AT B 1% 01
BIPMBKW UE &R HEA (BIAB) - MR EH TN B9

BB PMBKW | AN ROER T - o SIS0 2 R (5
S SR - ZATE BB B PMBEL-2A S B%0 K PMBOS A

B 00
Blank Suspension PMBFL-2A

1500

Relative ROS intensity

1000

o
Xee = = + + +
Suspension - - - + -
PMBFL-2A - + - - +

D 100

c
. b
x0
.. B
Xee T - - + 4+

Suspension - - -
PMBFL-2A = ¥ = 2 i

& ~ Bacillus amyloliquefaciens PMB052 PMBFL-2A S /% i faihss -
¥t Xanthomonas citri subsp. citriffieh 28 2 WodE b E 4= Bl
GHEEHERE P -

Fig. 5. Effect of PMBFL-2A fermentation broth prepared with Bacillus
amyloliquefaciens PMB05 on reactive oxygen species generation and

C Blank

Suspension

PMBFL-2A

Relative calloseintensity
§

callose deposition upon treatment of Xanthomonas citri subsp. citri
on the leaves of Citrus limon. Panel A and C indicated the images of
rapid ROS generation and callose deposition, respectively. Panel B and
D indicated the fluorescent intensity of ROS and callose calculated by
Image], respectively. Different letters indicated significant differences
between treatments based on Tukey's HSD test (P < 0.05). Bars
indicated 10 um in length.

BRI AEEBIREIR G Y 258 - INPMBKWLES
PMBFL-2A 2% 7 sk PMBOS AN B 2 iR R BEAH - 22 5 {5
W RREAHEN I (BAC) - B taRst BRI L
Tris-HCIRERIE foAL2E - 45580~ - PMBKW | B8 & g BRAH Py
SRR L R E305.5% - PMBOSEAPMBKW )R & R Bl 4H > %
& 5517.0f% - PMBFL-2ABAPMBKW L& & B HI4H > L & 5y
1131.8f% - PMBFL-2ABPMBOSIE & i B g 2 #5650 7 th B



S APMBOSAT i R BPMBK W R & R Hil4H (B 71D) -
PMBFL-2A S5 BEHEIE BB R ZBhA

FTEFIB. amyloliquefaciens PMBOSFT#LREY 2 PMBFL-2A %%
BB AR5 » EPMBFL-2A S BRI R FFM S T
BT Al E BB 2 B A RUR - 45 REURIEEE100x ~ 200x K
500xH% %8 2 PMBFL-2 A58 B By AR D VB ISR 2 3548 - BRI
HZ FEE97.0% 8 » 77 B8 T IE 234.6% ~ 36.0% 5243.9%
([E75) = 100x ~ 200x K& S00x i #% 2 PMBFL-2 A R > i A
AR E564.4% ~ 62.9% F254.7% » Eort LEL100x K2 2005k 58 2
PMBFL-2A# B 2 [5G S B B A SOOI P FE4H -

FyIE AR PMBFL-2 A 3¢ % T i FH Rl S i S 5 2 B JA 54
B SRR MR BTG o IWEBER £
ZPAG o GERBURPMBFL-2A S BORERAH N —M A BEER 2
TR 559, 2% HEZ AR SHIBLEHY25.0% » A AEF 45 H B E 1%

(RAEE R BN 88 4 > 88 M H K58 = {18 H By FE 7 1S 43 Bl
F50.8% ~ 0.0% > $FIRLH RIS B F527.5% ~ 30.8%  (E56 =& A

PMBFL-2A &% 2 [ 6% 1] #100.0% (E1A) » 5S5—J51H -
R E P A4S R RPMBFL-2A S B A R % —(F
B 2 IR B5.8% B IEAH20.0% 00 » BEEFERERE
HITEIRIE o 2 12/ {8 H B R4 AR L B 3 AU P A 5
IV EEA: - H P PMBFL-2 A% 55 — (18 5 2155 = {8 5 s
453 31 750.8% ~ 0.0% - ¥HHRAARI5 51 5522.5% ~ 31.6% - FEEHE=
{8 HPMBFL-2A# B ~ 57622 7R 1] £ 100% (& £B) -

g
£
™
g
2 80 +
wi
3 60 -
b b
2 c 2
a 40 - = s ==
I A
20 4
0
Blank 100X 200X 500x%
[El 7 ~ FF Bacillus amyloliquefaciens PMBOSFT#L 2 PMBFL-2A &% %

AT [EI R 3 B e e B sIs i 2 R 2
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ABSTRACT

Lin, K.-K., Liang, Y.-S., Hsiao, C.-Y., Wang, F., Huang, T.-P., and
Lin, Y.-H.* 2021. Application of fermentation broth of Bacillus
amyloliquefaciens PMBO05 to control bacterial canker disease on
lemon. J. Plant Med. 63(4): 17-26
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Lemon is an internationally important economic crop. In
Taiwan, Kaohsiung and Pingtung are the main producing areas.
During the growth period of crops, bacterial canker caused by
Xanthomonas citri subsp. citri (Xcc) is often reduce its quality.
Due to the demand on disease control, this study mainly explores
whether the fermentation broth established by using Bacillus
amyloliquefaciens PMBO05, which can enhance plant immune
signals and further contribute to control bacterial canker. Firstly, it
was confirmed that the bacterial suspension of B. amyloliquefaciens
PMBO0S5 enhanced the plant immune signals such as reactive oxygen
generation and callose deposition induced by Xcc on lemon leaves.
B. amyloliquefaciens PMBO05 also exhibited good survival ability
on lemon leaves. Furthermore, in the greenhouse test of PMBOS,
the disease severity of bacterial canker can be significant reduced
by 25.6% in the treatment with the bacterial suspension. To further
develop its fermentation broth, bacteria amount and sporulation rate
were used as indicators to evaluate the formula in 500 mL flasks and
30 L fermentation tanks. In the 500 mL shake flask culture, results
revealed that the carbon to nitrogen ratio of 3:1 can achieve the
highest cell yield and sporulation rate, and this fermentation broth
is called PMBFL-2A. Furthermore, the 30 L fermentation tank also
showed that PMBFL-2A had the highest sporulation rate under the
120 rpm and 1.5 vvm. The shelf life assay showed that the 54 “C

treatment for two weeks and the treatment at 4, 25, and 37 °C for 8

months can maintain more than 90% of the bacterial population in
PMBFL-2A. At the same time, we also proved that the PMBFL-2A
fermentation broth can significantly enhance the immune response of
PMBO05 on lemon leaves compared to that of the bacterial suspension.
After 100, 200 and 500 folds dilutions of PMBFL-2A, the occurrence
of bacterial canker was reduced by 64.4, 61.0, and 53.0% in disease
severity, respectively, in the greenhouse. In 2020, the field trial
conducted in Ligang, Pingtung County, the control rate reached
100% to the third month. In summary, this study has established the
optimal fermentation conditions for Bacillus amyloliquefaciens
PMBO5, which can enhance plant immune response, and has the

potential to be used in the field to control bacterial canker of lemon.

Keywords: Bacterial canker of lemon, Bacillus amyloliquefaciens
PMBO0S5, Fermentation broth, PAMPs-triggered

immunity



