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subtilis) H110, A B 0 RUR 5 H BE 1) B 96 2234
5] 86. 6% o W AT M Lty B B 4 0 B B U
(Streptomyces aureus) B-105, F: & W %) 24 58 B 99 1
%Ay 67.4% o Benbow ™ S5 T Ka Bk 1 £ g
It} Cryptococcus informominiatus Fl 41 % J& I
Rhodotorula glutinis X FL 5 % B # W 3% R,
Cryptococcus informominiatus F1 Rhodotorula glutinis
FERMCHT 1 d ok 249 AT Ak B g A7 25 42 1) AL K
R R K A B B — R R R A AT
(Bacillus subtilis) J18 , B4 FL1E B B 1142 R 30 s, My
T W P A A T AL RSN Y A A
16. 57% » H R BETE AL AR 4 3 5 B

A S8 M VG A (Prunus domestica L. ) 3553
T 23 15 ~ 2l Ak B 1) H A B 995 0% 1 K 40 TR TR AR XIM2
AT AR AE R T A REAE A2 BEAE AL PR BT M2 16S rDNA
J- 81 B 43 A 00 T B XM2 BEAT 28 56, FRAIE 58 A [ 1Y
Qb B3 E S R S A R B K AR B AR TS O BB T
R N T A% T A B9 B Al o

| O R IR

L1 #ilasl

L1.1 B AR XM2 A 78 45 K J5 1l <6 A 7
A L STy B T Al A0 19 B 5 ALK S B B R B
RS TR (Alternaria alternata) [ 1L P8 44 RV B B
AT i R B AT 5 BT SR S 0 I S 5 3Rt A
FrvE R 32 B (Pantoea agglomeran) B ¥k d1 4 [E %
T 58 A ) R R S b i A P A L R T
LT AR 8 L S92 B 14,76 kg enn 9

P [ 4 2 B 32.5% » B A5 0. 63% .
112 k& DR E M A s is (PDA) S5 5%

BRI R 20 o, TR 200 g, BUIE K 18 g, MK
1000 mL; 4 #% % 3 % % (PDB) 55 7 5L : PDA AN Jij B
Mg W N (LB) B 9 5L e RFRY S g0 R 11K 10 g,
NaCl 5 g, 3 flg ¥y 18 g, 1% 7K 1000 mL, pH 7.4 -
7.6.

1.1.3 RFIANEELEE:DNA R 51430 A b
U T AR TRE A w5 A R 7 12 O [ 4
2. A S OB O AR LI BXS3 BB -

1.2 HE#kXM2 LT

1.2.1 A4S EFMERE W IR LB FAR L5
RN e pe i, 28C I BT 77 3 -5 d, WSV W % T2

A M YL A A0 B Y, WSS AS T
B SR GERMERGESET I W U A
Yo T CA U )™ X Bk XM2 0 o bk
AT A2 B A A PR
1.2.3 16S rDNA Fr 55 47 : ¥ 14 i 105 AL BT 44 o
PRI R 21 DNA, % i3 1 519 ™ #E 47 16S tDNA
w233 03 K B PCR Y19 77 4 46 35 g B
BEIR MUK 4l 4k J5 5 pGEM-Teasy #% & (Promega /A
w)) MR, 22 B TE A D) I e D) 4 e a2k WY A
Wy K432 16S rDNA J3 51 5 GenBank %4 )
R A% R Bl 9E AT BLAST Lb X, 38 & 15 2 55 3 5 J5
5 v A 6 e 91 5 R R 4 g
1.3 HE#k XM2 3 EZHEAERH YR
1.3.1 XM2 FE4AEEBNEEHRFERR
RN XM2 R TR 53 5l T A R TR D (R FE 1 %
10°cfu/mL) i JEK (£ 0.22 pm JE T 98) « &
W CRE R R W B0 B 4K RKIE e 2
WIE 1 x10°cfu/mL) « #R BEH (15 5% JRAE 121°C
T KB 20 min) , X 1 TE R K, AP 2 kK
W B TR o IR 6 Tl b B 43 J X 30 Ll 42 Fif
TARELG T (3 mm x3 mm), BT 5, 2 HH 1 x10°
AT /mL AL BES AT 1S L $E R T AL
E1, B B, 25 C M B 37 7 ds 48 it R i 1
Blo REANAEBE 10 MALE, EAZ 3 M AR K
T RERE S bR " 0 TERT S L B SR
U 1% LA 53 g W BT BT 2% - 3% ;5
o BE T R RN 4% - 6% ;7 % Bt Lk
AR 7% —10% ;9 Z 5 BE 5 R LR AT 11% L
Lo

THREREELR 3 gn AR
o HE O I R A - I 1% 15 %
B ¥4 20 = X HE 05 rﬁ;;gﬁrgﬁiﬁ 175 ¥5 24
1.3.2 XM2 FREHMKENEEHFERR
SR XM2 B B FE 43 BIBC 5 1 x 10" cfu/mLy
1 x10° efu/mL+1 x 10* cfu/mL, 4 B2 BT 95 & HL T &
JE Y BIBLHI AL x 10° AN F /mLy1 x 10° A1/
mL 1 x 10" AN 1 /mL, K AN [ 9 S5 () B 8 45 HX
30 pLn AN AL A 1 BT S e B A (7] 9 B 9 D
TS L 0T Ok 28 n30 wWLJo B K i+ 5 4%
FRAS A) ¥R B 93 JRU A T 15 s b 2 S sk
30 LG B 5% 95 0, Bt 5 45 M S [) 9K BE 3 D

x 100

x 100




650

Xiaoyu Zhang et al. /Acta Microbiologica Sinica (2014) 54 (6)

TW15 plo BT, BERE, 25CHE R 7T d, 4
RPN (O m 1.3.1) o 44~ kb5 10 A 5Y
B HEE3 K
1.3.3 XM2 T [E) # # B (8 33 5L 2 5 % B9 & B 3
REHFN 15 WL 1 x 10° AN 7 /mL (5L 8
BE 1 (A, alternata) Jp3 J& 90 7 RT (241124 h) <[]
i) (0 h) A J5 (4.12.24 h) 1A [5] B 1) 43 ) 422 B 30
pL S 1 x 10% cfu/mL 554040 XM2 B 8
M1 O e B2 Fh 30 WL G W /K, 3 h J5 B R0 R £ 1
W02 R SRR 30 WL JC R BT SR AW 3 h 5 R
T SR AL 1o M, BRI, 25 CHHM RF 97 7 d,
Givk kWit (7 1.3.1) o AN ALEE 10 A>3
B, E 3 K
1.4 EHEXM2EZRRGOLMERSNS

B30 L 1 x 10%cfu/mL ff) XM2 % B T 5 52
P9 1 JE W 40 B Ak R AR E (0 h) o R
it XM2 1 5 S 73 9 R I T 28,204 FTOC T o
AEE 10 ANIRSE, WIS E S 3 k. 28C R AR 1
520°C R 4E3 R 1 YK, 4°CF10°C R 4 6 Kl
1R W5 752 TG TR T AL 3 A5 F A Y 4%
VAR 10 mm R A AL, T Em 1.0 mL [
0. 05 mol/L pH7. 0 )% B2 2% i 1) TG VA1 BiE B 1A » i
V& J5 MRV B ac B B A 45 DU Y cfu $2 4L
¥ lgefuo
1.5 XM2 ABRMAEERFERLESHEIG

W AL R B 14 T 50 mL PDB By 9% B p i B
B g A K B ST I B 2 BV N 1 x 10° cfu/
mL XM2 &% B 1.0 mL, % B0 A 25 & i 6 1 K
72 hfE A6 WA N MR 2 B &AL .

2 #iR

2.1 XM2 BE#MBIETE
2.1.1 FESYFMEREBELMER  FK XM2 2K
FAME T, AR, K/ (0.5 -0.9) um x ( 1.0 -
2.5) pm, HHiE, RHFEg % (K 1) . 76 LB #3%
BES B B AF R IR 24 - 48 hoJE, AR R OB
EEIBW LGRS HA R 2.0 =3.0 mm [{) 8
T 7% o

PEBR XM2 b sife vk IR AU 2B K pH BRI 5.7 -
7.5, 4 KW BE 0 b 4 - 40°C, NaCl ¥k B 36 [
0% —7% o e BB A IR 1 iR,
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1. 50000 {50 100 {5 & ¥k XM2 S 4F4E
Figure 1. Morphological characteristics of XM2. A: Observed under
transmission electron microscope (magnification = 50000 x ) ; B:

observed under oil immersion lens (magnification =100 x ) .

& 1. BEik XM2 FOAR S MR 4 38 4 AR AE
Table 1. Physiological and biochemical characteristics

of XM2 and type culture strain

result

characteristics
XM2 type culture strain

glucose + +
L-arabinose + +
sucrose + +
trehalose - -
rhamnose + +
xylose + +
starch - -
mannitose + +
inositol - -
mannitol + +
gelatin liquification - -
indole production - -
H, S production - _
utilization of citrate + +
phenylalanine deaminase + +
lysine deaminase - -
catalase test + +
oxidase test - +
arginine dihndrolase - -
nitrate reduction + +

KOH test - -

litmus milk alkaline concretion  alkaline concretion

methyl red test - -

+ : Positive; —: Negative.
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2.1.3 16S rDNA F %M F: PCR ¥ 3 75 3| & £k
XM2 ff) 16S rDNA J B, ] 3 &K & 24 1386 bp, 7&
GenBank ' ] % %)) B 3% 5 & KF150143. ¥ 16S
rDNA J7 %1 5 GenBank ¥4 %2t} () )3 41 2 47 BLAST
EEox, 25 AR W], B Ak XM2 572 & Pantoea ™I i
Mz W (P. agglomerans) (¥ [F] J5 14 35 £ 99. 8% , 4
B T AR AR R AL B A B A, 1 € TR R XM2 O i 4]
Z W (P. agglomerans) o

2.2 XM2 3 REHEBBRFEHYR

2.2.1 XM2 F[E) &b 22 i 3 B 2B 1 9 B B 9 SR
FERD T 07 1AL 1) XM2 & Fofr ik BE 06 A4 58 B i 147 24
AR E T (32 2) 5 By 28 L ol o 210 59 40K O - B R
T~ R TR R~ 3L D R AR B e TR e R 9T K e
IEF]97.T3% » $ o HEWHI By B A Ky 56. 82% 5 i W]
XM2 T #E TR A4 40 1 1R 175 99 dc e » AR 7™ 0 IR
2.2.2 XM2 F[E = # R E A B BB R BB R A
SRoB R XM2 T & AL R 1, HO A 4R BUIR T
HE X (P =0.05) ; XM2 T2 2 808 I R oK, 9
Ji TRT 5 T A S BT 5 G 77 0B o AH ) T R R S

ST+ 1977 2880 U i Dt A 5 PR 8 KT 920 5 A T i Js BT Ak
JE£ T 5 875 25K I T R AR R ) B KT B K e AL R B
JE A AR E (1 x 10" cfu/mL) B, XM2 B & i LA
A B R A3 AN BE BB B AE 95% LA E,
HZERRNEZE (P =0.05) ;A 2 B IR 7 @ ik E
(1 x10° cfu/mL) I, XM2 B B H A8 B 3 10 &
EFREE, 3 MNIREEI B 3 TE 40% LR, HE R A&
E(X3).
2. EHXM2 FELERN R EREHFHEM
Table 2. Effect of black spot in pear fruits from

various treatments of XM2

treatments disease index control effect / %
suspension 2.22d 97.73 a

cell culture 12.22 ¢ 87.50 b

culture filtrate 17.78 ¢ 81.82 b
autoclaved culture 42.22 b 56.82 ¢

control 1 97.78 a -

control 2 97.71 a -

Different small letters represent significant difference at 0. 05 level among

treatments. The same below.

& 3. XM2 FRENRE B 2B R 55 B B 89 %0

Table 3. Effect of black spot in pear fruits treated by various concentration of XM2 suspension

concentration of disease index

control efficacy /%

A. alternata control 1 control 2 1 x10* 1 x10° 1 x10® 1 x10* 1 x10° 1 x10®

spores /mL cfu/mlL cfu/ml cfu/ml cfu/ml. cfu/ml cfu/mL
1 x10* 92.22a 93.67a 4.44b 3.33 b .11 ¢ 95.19 a 96.39 a 98.8 a

1x10° 100 a 100 a 42.22 b 26.67 b 4.44 ¢ 57.78 ¢ 73.33b 95.56 a
1 x10° 100 a 100 a 66.67 b 62.22 b 60.0 b 33.33 ¢ 37.78 ¢ 40 ¢

2.2.3 XM2 A [E] 5 # B (8] 3T B2 BE R B BE A K
SR XM2 P A AN TR)AH X 2 B 1) R A 2R B
I3 S0 7 280 5 BB R SR A0 1K 2 Bl TR) 2 e
B 62 280 A 5 ATk Y Tl I ) A X L Ak B B
AR T MK I R) B ) A BE (P =0.05) , B TR 2R
PTAEI7 R o BE A B s W AH X 4 Tl I IR (1
IR, B R B . ST 24 h B B R A I Ak
PR 7 3% 5 5 3k B 94. 94% ; [F] I 42 Bl TR B 8RR
TR VT A 97 28 8 B 31 70. 85 % ; T Sk AT T 0 T
VO 2 Tl 1 A B B R AE 50% KA, HZE AR
F (K4,
2.3 EHRXM2ERRGOLBEKFIE

76 28.20.4 I OC R, B fk XM2 7L 5 11 2
S 34K JF P R ) S B B Re AR A AL 8 B

F 4. XM2 F145 [ 78 F 5 #h B (8) 3 5L 2 BTk Y =2
Table 4. Effect of inoculation time of XM2 and A. alternata

spores on black spot of pear fruits

inoculation time disease index control effect/%

B 24h 5d 94.94 a
B 12h 12.22 ¢ 87.64 b
B 4h 17.56 ¢ 82.24 b
0 28.89 ¢ 70.85 b
A 4h 46.33 b 53.15 ¢
A 12h 46.78 b 52.69 ¢
A 24h 48.89 b 50.56 ¢
control 1 98.89 a -

control 2 98.33 a -

A represents inoculation XM2 after the pathogen. B represents inoculation

XM2 before the pathogen.

(K 2) o XM2 7245 R 8503 K 2.7 x 107 ¢fu/mL,
28C FHEFN 1 d I, 45 1 1 el 4h 1 3 x 10° —
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2.7 x10° fi5, B b 4 d I, 5 10 1R HOK B KA 2
EIET 3 x 10" = 1.27 x 10" 4%, A 12 d W), 45 1
B R G B 1.3 10" =4 x 10" f%;20°C
FEFP 3 d i A R BOE B B K, &R IR B 3 x
10" =1.25 x10°4%,12 d 2 J5 {5 B 5a, #0036 d
e A5 1 T SO R IR H R 6 x 107 =1 x 10" fi%;4C
TR 6 d I, A7 1T Bk B B K, R B A YE RR K
S, B 66 d IR, A7 1R RO R AR 1 B 3.2 x 10" -
5 x 10" 4% ;0°C F 45 111 H 88 K i R K I 3 40

R A K B R TR b R
K E F 5 66 d B, 4 S G R 1,08 x 10° -
5.4 x10° cfu/mL, ZA& M) 4 -20 £%.
2.4 MHREEELESHEN

7t PDB K5 7 Jk v, b B A% A B8 TR 22 AR K e
T o3 AT 5T A BB 2 A 4 BT, o A AN A .
BB W 8 R L, S R R 22 38 5 REDH: VR THDG W b
TR 22 50 5y W 2L A0 B S W AN L AR T AR A6
R (E3) .

Ay 277
25t
23
21
2197
217
— 15t
13
11t
9
. S S T S T S T S % T S T S T S S—"
01234567 89101112 0 3 6 9 1215182124 27 3033 36
t/d t/d t/d
2. 28°C (A) \20°C (B) .4°CH1 0°C (C) ™ XM2 ER B4 O LE KT
Figure 2. Population dynamics of XM2 in wounds of pear fruits incubated at 28°C (A), 20°C (B), 4°C and 0C (C) .
(A) { (B) R G (C)
Dy = " P _
f o = P
o 2 & / e

fols i

I

B3 BRETUAERREELES

Figure 3. Mycelial morphology of A. alternata under microscope A: control (magnification =60 x ). B treatment (magnification =60 x ) .

C: treatment (magnification =40 x ) .

3 g

WFC R I B AZ o AE R ) PP 3 3t A A5 HL T LA
5 2804 A T 0 S R R B e
Bz T E325 CAE b B AR s BT R b
SRBL K i AL B T BZ W EPS125 T
I /D A i B A SR SRS R A A 9 AN BT 9 1) L
T R NZ B IKH4T 6 51 R B R 9
(Selerotinia sclerotiorum Lib. ) 45 30414 1" o 1k Hl
Z oW XJOU [k W bOWE WO N # B B
(Corynespora cassiicola) 1] £ K 45 & 2 0 #5 bU 1%
FIE 1 i R TR R A K B b e AR R K S I T

(Erwinia amylovora) 5|2 [f) K 3% 995 B — 2 I B ¥R
RO o B A R T R T T S0
F (Pseudomonas syringae pv. syringae) 5| #2 F) /N 22 Kt
SEN 7 i R R IL 45% -70%
ARG % 0w 1) R 2 T X2k TR I 45 b A
TS5 HE A AL R S R B T T R A0 Ak B AR
SRRl 2 A T At A B ) R T X2 R A R
HUBEJE B AR AR 7= W 3 [F) R T BEAFEE IR
0] 1R 58 e AT R 9 Ja B B 22 IR RO AR . X
4454 X LL B 1T ¢ 45 4 4T 4h 75 Mukhopadhyay 2
BN 72 B N ST K 22 4% B (Rhizoctonia solani) 11
FE MR 2 0 36 20 W (6 A% 89 40 7 B Chernin ™ ()
R, 1% W FF B 1C1270 (400 1 LB 2 AN AN 77 2k
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2% fiAt s D L AT A0 R R 1) LT SIS T HL B 23 WA A Tt
T 25 T A A5 AR Y AR T 192 B BSOT X &
Bt (Alternaria alternata) BRI 3 & I, T EE R
A2 i fig 20 B TR AR T AN AU )

B2 B XM2 (1 85 98 80R 5 W B A G 5 P
LR K 0 i R R R R BRA, HB RB , iX
Nunes —%5[24] BT 57 45 B — 3, Nunes & ¥, 8 x 10’
cfu/mL [f] B¢ B2 16 CPA2 w] DL AT 24 40 i K %5
(Botrytis cinerea) 14 J& 5 73 B 51 A2 (1) 3 5L 5
Maclaughlin ™ % B, 5 32 5 10 537 993 2% 52 55 9 B A
IE He s B P 25 2 46 BF 5t 2§t B £F (Trichosporon
sp. ) X IEFR G FE B A AR B - g R

KT B VA Z TR A IS 1) 5 1977 96 RO R A 9008 R
AR IS, 36 7 4 NN TE BF 98 4 $ B% BE (Trichosporon
sp. ) X BUR T KB A1 T A 0 001 R0 AL I
P BE B AN05 TRT AR 1 1R A I TR) B AR ) B v ROR AT
I S HETP A HUT IR 4 B AR W 3 M A T TR N s
T T R ) R 5 AR 1 2 R — 3

Roberts ™" I\ 4y » 41 L 45 0 B T LA AE 435 11 bR 3 43
Ko gE e ] DURRF 4 D8 5%, H T & 50
SR BRT PR Y R 5 o AR U SR O B R R T B
JT LA B A B A A8 ARG IU E AR A7 A B AR M 4L
W T ST 4. AR I P i TR PR XM2 AN {H 2 AR
28 °C 1 20°C T e Ji 1AL R AN 1, i HLREAE 4°C A
0C Nl T3 R A5 1, #Fh 66 d IN 1) B 0 456 b
3.2 x10"7 =5 x 10" {5 fil 4 - 20 {5, & W] XM2
AE AR PUIE R A 1 () AR B 5 Lo IR R 3 S 40 Ay AR A
H HAR G KRS PUAE AT N IEAL o 2B PUw bk nE =
L F A 1y SR S D g O A i e U I e 3 R
V5~ S PR AR A AR 45 A 6T — R .
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Identification of Pantoea agglomeran XM2 with biocontrol
activity against postharvest pear black spot

Xiaoyu Zhang', Yongjie Zhang’, Zejun Zhang', Shu Zhang', Jucai Han' ,
Huiping Liu'

"College of Agriculture, Shanxi Agricultural University, Taigu 030801, Shanxi Province, China

*Farm Product Storage and Freshening Institute, Shanxi Academy of Agricultural Sciences, Taiyuan 030031, Shanxi
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*College of Life Science, Shanxi University, Taiyuan 030006, Shanxi Province, China

“Institute of Applied Chemistry, Shanxi University, Taiyuan 030006, Shanxi Province, China

Abstract: [Objective] We isolated the bacterial strain XM2 from prunes (Prunus domestica L. ) fruit surface. XM2 was
identified and tested as an antagonist for postharvest biological control of black spot disease (Alternaria alternata) on pear
fruits. [Methods] Strain XM2 was identified according to its morphological, physiological and biochemical characteristics
and 1685 rDNA sequence analysis. Inhibition tests were performed in wounds of pear fruits using different types of XM2
inocula, different concentration and inoculation time of XM2 and A. alternata. Effect of XM2 on mycelia morphology of A.
alternata was observed under microscope. [Results] Strain XM2 was identified as Pantoea agglomeran. Biological control
of XM2 against black spot disease was significantly better than the control, and the best inhibitory was observed when
inoculated with suspension (97.73% of control effect) . Higher XM2 concentration and lower A. alternata concentration
showed better inhibitory effect. Similarly, the earlier inoculation of XM2 than A. Alternata, the better inhibitory effect on
disease development. Microscopic observation found that XM2 broke part of the mycelia, making cell contents spilled and
hyphae distorted. [Conclusion] Pantoea agglomeran XM2 has the potential as an effective antagonist against postharvest
pear blank spot disease.

Keywords: pear, postharvest, Alternaria alternate, Pantoea agglomerans, biological control, antagonistic bacterium
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