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Table 1  Inhibition of strain 1404 against the

fungal phytopathogens

Fungal phytopathogen Inhibition rate / % *

Rhizoctonia solani 0 hH
Exserohilum turcicum 75.3 bB
Cochliobolus heterostrophus 61.3eDE
Colletotrichum gloeosporioides strain A’ 46.7 {F
Sclerotium rolfsii 0 hH
Colletotrichum musae 78.6 aA
Colletotrichum gloeosporioides strain B” 63.8 dD
Curvularia lunata 38.1 gG
Phytophthora drechsleri 72.1 cC
Alternaria musae 60.5 eE
Alternari alternata 79.6 aA

"The lowercases and capital letters represent the significance levels of
difference at 5 % and 1 %, respectively.’the strain causing chili

anthracnose. “the strain causing star fruit tree anthracnose.
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Table 2 Inhibitory effect of strain 1404 against the

bacterial phytopathogens

Bacterial phytopathogen Inhibition rate / %"

Xanthomonas oryzae pv. oryzae 21.7 bB
Xanthomonas campestris pv. citri 22.2 bB
Ralstonia solanacearum 19.2 ¢C
Pectobactertum carotovora pv. carotovora 26.1 aA

*The lowercases and capital letters represent the significance levels of

difference at 5% and 1% , respectively.

2.1.2 BRIk 1404 AP R RA 00T TG R - DU AR 5
BN TR B, T E 3 b A [A] Add BE Y e T (A TR DR
TR, 5 T VB2 o Tl K T A B A TR VR S 0 A R et 1
AR WO RS NI L AT RUE
BRI PR 1404 K % IR 22 121°C @il A0 BE 20 min J5 A
RIFEPOHE (] 1-B) s Tow LI WA 15 501 1 (8]
1-C) Bb e ROtk (T 1-A) o IR 25 R R, il
AT LU R bR 1404 42 T IR0 9 400 T 35 R SR 9

1 FEIALIE X E R 1404 % B iR 7 40 1 4 ox B 0 B M R &2 T

Fig. 1  Effect of different treatments on suppressive activity of the strain 1404 fermentation fluid against citrus anthracnose

pathogen. A original fermentation fluid; B: high-temperature-sterilized treatment; C: bacterium-free treatment; D sterilized

water ( control).

2.2 BEMEKREKNZIE
TR EE X 1404 T PR AR 4 52 I 0K, X R AE 16 -
46 CIEFINERRE A K, FE 49C P AEK B HAEK
TEE Ry 25 —43°C, Feali A KR Bl 34°C (R 3) , Ui
BHAZ R R A X 8 T A
#3 REXEK 1404 £ K

Table 3 Effect of temperature on growth of strain 1404

Temperature OD s

/C 1 2 3 Average'

4 -0.0020 -0.0018 -0.0019  -0.0019hG
7 -0.0038 -0.0015 -0.0027  -0.0027 hG
10 -0.0018 -0.0007 -0.0015  -0.0013 hG
13 -0.1471 -0.1587 -0.1521  -0.1526iH
16 0.1526 0.1829 0.1729 0.1695gF

19 0.2918 0.2945 0.2896 0.2920fE

22 0.5681 0.5191 0.5532 0.5468eD

25 0.6621 0.6969 0.6732 0.6744dC

28 0.4641 0.5229 0.5127 0.4999eD

31 0.7358 0.8120 0.7943 0.7807bcBC
34 0.9869 0.9732 0.9937 0.9846aA

37 0.8571 0.8297 0.8635 0.8501bB

40 0.7654 0.7346 0.6998 0.7333cdC
43 0.7322 0.6987 0.7125 0.7145¢dC
46 0.8302 0.6449 0.6734 0.7162c¢dC
49 -0.0856 -0.0676 -0.0591  -0.0708hiGH

“The lowercases and capital letters represent the significance levels of
difference at 5% and 1% , respectively.

2.3 pH EXEk 1404 £KAIHM
pH EXf 1404 TR bR A= KA B RS20, % W 7E pH
4.0 -12.0 JE I N HBREA: K, 24 pH g 4.0 1 12.0

i BEAA A R, Horfr pH 5.0 - 7.0 BGE L, il pH
6.0 (£ 4), /] WiZHEIE B TR T AR,

F4 pH EXE 1404 £ RKEIFM
Table 4  Effect of pH value on growth of strain 1404

pH value ODas

1 2 3 Average'
3.0 0 0 0 0gG
4.0 0.0309 0.0298 0.0356 0.0321{gFG
5.0 0.6557 0.6922 0.6698 0.6726bB
6.0 0.9170 0.9076 0.9274 0.9173aA
7.0 0.6533 0.6651 0.6599 0.6954hB
8.0 0.3102 0.3577 0.3426 0.3368cC
9.0 0.2775 0.2798 0.3154 0.2909dCD
10.0 0.2446 0.2532 0.2701 0.2560deDE
11.0 0.2375 0.2398 0.2278 0.2350eE
12.0 0.0487 0.0521 0.0457 0.0488fF

“The lowercases and capital letters represent the significance levels of

difference at 5 % and 1 % , respectively.

2.4 HEHk 1404 MMEAMBREN

Bk 1404 78 NA |- % 22 % A8 55 5% 0 M A ¢ i
o DA ) 1 T A R D 5 SR R B BB A 4 RS TR
B 7 UCe BT B AR A7 A ST B ) A0 )
AR T 78 % (£ 5) .
2.5 Htk 1404 34 % 5 HHE R E BRI B

FED 5 N AR SR SEAE B IR T A7 ik 20 d, X AER
SRR TG TR BGR B 44,1, FEPUTA 1404 BT WAL PR
V14 P A7 S S A I e T H B 15. 6, & TE 5 % K
RSB E (RO MNBIRCRA, MG 1
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TR SCAE R T AL T d, Ak 1404 Kb 255 DR 6 fiie
Ak BT SR S R AR 5 JEL 1A B AT I 3 25 e B AT
JRCH [] 1 SE 4 28 20 d, P 2 B 2807 5% 7KF- B B
TS UL T bR 1404 XA AR 27 S0 5 90 461 114 4
SN B K iz , (R ARG SR S IET R 20 d S B RR 1404
Ab B IX [ B RATE IR B T 64. 9% , WK i b B X 1) Bl
BN 85.7% (£ T,K2),

RS AEPEF 404 MEFEMNRES

Table 4  Stability of the antagonistic activity of strain 1404
Inhibition rate/%

90. 12aA

87.31abABC

84.34abABC

89.45aA

86. 12bC

88. 68aAB

84.79bBC

8 78.97¢D

The lowercases and capital letters represent the significance levels of

Transfer time

N R W =

difference at 5 % and 1 % , respectively.

R 6 HEHE 1404 B FHBFRERERNFEBIEY
Table 6 Disease index of citrus postharvest anthracnose

after strain 1404 application

Disease index"

Treatment

7d 14 d 20 d
Strain 1404 3.5 bB 8.5 bB 15.6 bB
Prochloraz 3.3 bB 4.2 bB 6.3 ¢B
CK 14.8 aA 27.8 aA 44.1 aA

“The lowercases and capital letters represent the significance levels of
difference at 5 % and 1 % , respectively.

RT HEH 404 NHEBREREBOHIERR
Table 7 Efficacy of strain 1404 in controlling citrus

postharvest anthracnose

Control efficacy”

Treatment

7d 14 d 20 d
Strain 1404 74.0 aA 69.5 bB 64.9 bB
Prochloraz 77.6 aA 84.7 aA 85.7 aA

“The lowercases and capital letters represent the significance levels of
difference at 5 % and 1 % , respectively.

2 Btk 1404 33 E R EREFRIIME R

Fig.2  Inhibitory effects of citrus postharvest anthracnose by strain 1404 ( A, control; B, strain 1404; C,

prochloraz) .

2.6 EH1404 HETE

Wbk 1404 (TR 4 2.9 pm —3.6 pm, %
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ICYe B BHYE 76 NA AR | 28°C IG5 2 d, Wk 3L A
o (K 3)BIE e, o, &850, A&, JOR
PE AT AE RN PE R, 0 S 5 R R B R A A A
W5 H 805 L-B AR AR B A AT R 68 e 8k
2 ZFRE AT PR VE R (D-RFLRE A 0E O R FLRE
AFF AR U L 24 R L -t 22 iR | L-2H 22 | L-

PR SR B R E AW A DL-R & 2R (=
8) 5 it Ak Sl 56, sl gk 7= 40 L B VAR AL % ok 7 R A
UM A B BH P 5 TE B K R AT (ML RL) (kR
80 D-7i5j % M Sk 1 55 B 1 BT (3% 9) 5 1% 2B B 4l
W ATTE 2 % AHANAIAE S T 3 % M9 & Ak 8w b Ak
K(%9),

X BRI BR 1404 (1 16S rDNA J¥ 51| 147 PCR P73,
FEY AR T A5 B0 B R 1446 A id
J¥%1 ( GenBank 525 & GU361113) . X% & £k /Y
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B

3 HEHE 1404 RS
Fig.3  Morphological characteristics of strain 1404.

A :colonies ; B ; bacterial body (10000 x ).

xR 8 HEFE 1404 X ER RIBEAF A
Table 8  Utilization of different compounds by strain 1404

Carbon source Utilization" ||Nitrogen source Utilization"
Glucose + L-lysine +
Maltose - L-cystine +
Soluble amylum - DL-aspartic acid -
D-galactose - L-histidine +
Inulin - L-cysteine +
Mannose + Ammonium nitrate +
L-arabinose + Urea +
Xylitol + Ammonium sulphate ~ +
Trehalose - Ammonium chloride +
Lactose -

" +7and* - "represent positive and negative reactions, respectively.

R9 EBE. 1404 AR AN R

Table 9  Physiological and biochemical reactions of strain 1404

Item tested Reaction" ||Item tested Reaction"
Starch hydrolysis - Oxidase -
M. R. - Contact enzyme +
H, S test + Aerobic +
Indole product + Growth in 2% NaCl +
Tween 80 - Growth in 3. 5% NaCl -

Growth in 5% NaCl -
Growth in 7% NaCl -
Growth in 10% NaCl -

Sodium hydrolysis -

D-glucose -

Gelatin liquefaction  +

"“ + ”and“ - "represent positive and negative reactions, respectively.

16S rDNA J5 %1 J] Blast 455 GenBank 1 B2 45 J¥ %]
WATRIE M b, 5 R A B H 5 M2 A e
( Brevibacillus brevis) 4 99 % )& K IEE M . 54

MEGA version 4. 0 ¥ Btk 1404 53k H GenBank
44 BRANTE — E M I T 16S 1DNA JFAI M RFE KT
B (18 4) 850 s = RAE bk 1404 5 7 PREEALE
H GenBank 9 Brevibacillus brevis £ 100% .
bootstrap 7K ¥ I A % — Hf; 20 Bk 7 R ZF R
Bacillus spp. £ 99% bootstrap 7K ¥ | 7t 3 — B ; A
FEAE RN 19 BRI B TE 100% bootstrap K F I 55
BB, ZREW X E B 1404 5 Brevibacillus
brevis p[a]— /3 KBTI L 5L . BIBR 1404 BYIE 5%
Lo A PR Al S R AR A5 8 J 2F AT T Brevibacillus
brevis #1451 25 4 T 165 1DNA JFII M R AR H
oA 45 L, F B bR 1404 35 5 Ry dd e 2F T

Brevibacillus brevis
3 Zifitib

3 T TR PR 1404 19 16S rDNA J7 51 % b 45 5 %
W R S R ZE JR AT AT 99 % B B K IR IR A,
HAERESL I RG R B M R 1404 5 7 BREGHL %
B GenBank % ## & 1 & & % #4 ¥ B Brevibacillus
brevis 7£ 100 % boostrap /K3 PR —BE (K 4) ,F
HH # ¥k 1404 5 Brevibacillus brevis 14> T /K F R
[l — 3 K HITI LD o HeAh, TR 1404 B S 7 45
FEFIAE B8 A: Ak 2 W 5 Brevibacillus brevis ¥ 457 .
AHIEFE T X TR R 1404 1 56 08 78 R ARE S RHAE AR B
A AL K 16S rDNA J7 3% e A 3] 7 48—, X
FE IZAE ORI M€ N Brevibacillus brevis 14515 72 Al
.

IR AP A 5w 00 A 0 B2 R, T e AT A
AW IG 9T A B BB T AR — B AR LA
A& TR [6] A= ) 2 e Ve 09 A Bl G W o BN A5
AN C &3 8RS T — 208 SR By i A= 9, 4an 40 )
&% W (Penicillium spp. ) K T SR R 18 )2 69 18
BRI G 2 B B ( Debaryomyces hansenii) (12] NLE:2 5]
15 %% ( Aureobasidium pulluans) VR R T
( Kloeckera apiculata ) "™ | % 1 W Bk Mz
( Cryptococcus laurentii) DOV ok B ( Gliocladium
virens) 2" A ( Trichoderma spp- ) U0 w740 7 A
JR 85 IG5 [ Burkholderia cepacia ( = Pseudomonas
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Characterization of a bacterial biocontrol strain 1404 and
its efficacy in controlling postharvest citrus anthracnose

Qian Wang', Chunjin Hu>’, Fanggang Ke', Siliang Huang' ", Qiqin Li'
('College of Agriculture, Guangxi University, Nanning 530005, China)

(*Microbiology Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China)
(*Guangxi Crop Genetic Improvement and Biotechnology Lab, Nanning 530007, China)

(*College of Life Sciences and Technology, Nanyang Normal University, Nanyang, Henan 473061, China)

Abstract ;[ Objective | Anthracnose caused by Colletotrichum gloeosporioides ( Penz. ) Sacc. is a main disease in citrus
production. To develop an effective biocontrol measure against citrus postharvest anthracnose, we screened antagonistic
microbes and obtained a bacterial strain 1404 from the rhizospheric soil of chili plants in Nanning city, Guangxi, China.
The objectives of the present study were to; (1) identify and characterize the antagonistic bacterium; and (2) to evaluate
the efficacy of the antagonistic strain in controlling citrus postharvest anthracnose disease. [ Methods] Strain 1404 was
identified by comparing its 16S rDNA sequence with related bacteria from GenBank database, as well as analyzing its
morphological, physiological and biochemical characters. The antagonistic stability of the strain 1404 was determined by
continuously transferring it on artificial media. The effect of the strain on suppressing citrus anthracnose at postharvest
stage was tested by stab inoculation method. [ Results ] The 16S rDNA of strain 1404 was amplified with primers PF1 (5'-
AGAGTTTGATCATGGCTCAG-3") and PRI (5'-TACGGTTACCTTGTTACGACTT-3") and its sequence submitted to
GenBank (accession number; GU361113). Strain 1404 clustered with the GenBank-derived Brevibacillus brevis strains in
the 16S-rDNA-sequence-based phylogenetic tree at 100 % bootstrap level. The morphological traits, physiological and
biochemical characters of strain 1404 agreed with that of Brevibacillus brevis. Less change in the suppressive ability of
antagonist against growth of Colletotrichum gloeosporioides was observed during four continuous transfers on artificial
media. The average control efficacy of the strain was 64.9 % against the disease 20 days after the antagonist application.
[ Conclusion | Strain 1404 was identified as Brevibacillus brevis based on its morphological traits, phyiological and
biochemical characters as well as 16S rDNA sequence analysis. The antagonist was approved to be a promising biocontrol
agent. This is the first report of Brevibacillus brevis as an effective antagonist against citrus postharvest anthracnose
disease.

Keywords: citrus anthracnose; antagonistic bacterium; 16S rDNA ; Brevibacillus brevis
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