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WE: [ B0y ] RIGMTER S 218K 8 (Penicillium digitatum){Z Y1 &A™ B R0 EE, =Y
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ZX R TR RS, AR AN EARR D L BRI BRI, P fluorescens ZX
FE A SO T FE AT AR R S5 SR B TR B 3R, IR P digitatum SESIEIRE . AUBE L RERE . RAHER .
NEIR . 25 R . AR MARMMEARRSEEFRY; FBF, P fluorescens ZX A )15k, Kidk 4h
J& BVHE AT B A K], 2 24 b ST USRI LR IR 2548 ] P fluorescens ZX W] BESE AL P. digitatum
il RkZF . BRSEAES . JBBAEDEE . A wE Y RS ) XM P digitatum (A BT, AL

BI7 35 2R i P AR R

KRR JOCEPNME, k&, VG, W, REWE, HLE

W& (Citrus) & =& FHEY), (£ | I
P S [a) BY Y el XA T2 A . SRS
I, R R EIRH] 1.2 42 ¢, iR
WER AR ERGOKE, R KRz e,
{ERH AR 2 M TR A BR AR USRS, SRAR I B i A
PR, A S PURRE A, IS a1z )
() A5 5 52 3] 5t L TR 1) =2 G i 2 T R T AR B SR
JawiE, Hd, i8R B (Penicillium digitatum)
T R SR EE I S R g T, o R R S T
RERIR I 60%-80%° ), fL e iR SR b
F AT R RN, QSRR 22 TR R
MEEPRAE (ROl 5 RS T 79 AT RE- S 2
AR R e I TR T 24 T 1 iR | PR ¥ e 55 ) T
H B SRR A S e 2 AYpiG, BRI
A gt I A sl A A 7 0 A 3 A D )
ARG, BRIPHARENE, HHLHA %
AR ROIMRER A, PO R R A
RAL A R TE D i 2 — 1T 5l M o i T
(Pseudomonas fluorescens)] 12 53 i T HH YR b
TIEACRGIR A, WO, X AFIIREE T ,
e LN I 0 — 28 A B T Y R, WS
P. fluorescens X| R Ja MG &k &0 = HIZOR , &K
5% P. fluorescens ¥f P. digitatum WIVE ML, A Bh
TR HA BT RO), R A Wy IR A TR i A
WHAHEEZE L,

INANXT P, fluorescens =4 5 16 B 5T 3= %2
B e AR B 2E 1 A Al 00 3 B i |
U1 Ei-Gamal 2P 438 P fluorescens Fg 431 K& L
T J& W (chitinase , CHI) . B-1,3-% & ¥ i
(B-1,3-glucanase, GLU)MIZF 4L, REYRA J1Hh
Pl A RIS s Grobkinsky 21O oY & I
R RHERAGMERMN P fluorescens
G20-18 X} Pseudomonas syringae B4 P5RRF
K, % P. fluorescens G20-18 ;== i 4 7 24 R
AMUBEIEH AW LE K R E , eGSR B30T 5
Prabhukarthikeyan el f P fluorescens FP7 &
WML AR ZE | e I, B T
MBS R, AR TR R IR et T
B AR ARk, SR P
fluorescens IWIBi iR T HAEN | Feait™ | SpRle 1]
ARG SRR B R G E, R R T
P. fluorescens [ L [ .

HHT, FIH P fluorescens B G A K J5 i &
fif A i, AT LI, P fluorescens ZX
BEE] P digitatum 229 & {0785 ZE F1 27
G, A RORARR S5 M A 2 B 3 4 05 R R
BERE AU, [HILBEA 5 P fluorescens ZX AR
Wil P digitatum WIVERPLET M ASBAfR . Rk, A<
IR LA “dUR% 447 R ikb, HLEAS [R] A A
AN P fluorescens ZX X516 LR 89 1 1 il BCR

\
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HHHNT P, fluorescens ZX Xf P. digitatum 7] REAT
(ERITEFTRER . BIARIT P fluorescens ZX 5
Wi P digitatum RBFEIPLE, it —TF &
P. fluorescens ZX fRfF )7 4Rt —E I S %

AR

1.1 AR, BRI BRI ES

111 fERRSE. #EALEE 447(Citrus sinensis
Osbeck, Jinchengbeibei 447), F 2017 4 12 H 3
H R B H PR T AU DXk B s HUR B, ol i
2, RJa o RNs RS, WOT HARKES, S
B . O5SR, PREEIRWERE . s Kh—
B R S IR R R

1.1.2 FHhE: Pseudomonas fluorescens ZX, A
B 2 F [ G A A5 FNRH O B Al R 2R S
il O AR 5, &0 T AR ROR BEE A
Rl 335 T R 1] 28 T T A M S0 N T T A
i . M I J& (Pseudomonae) ) ¢ R . i 16
(Pseudomonas fluorescens). PG5,
LU A5 BR il £ 2% Fb b By, BERCBLA . (1)
VRV : KERSR 12 h SR IR C RO AT
FE.OE T, 6000 r/min, #5010 min, B WG
W, M 022 pm RERMREEBLIE, WA 2) M
W BBEEPUAE IR, LINB ISR, H4HE
Yt SO R TR R, O P U WO T e R
1x10° CFU/ML, f§H; (3) #ARTEW . JFORAE
121 °C FEEKHE 20 min; (4) HEWK: Kk
W AT B0 H, 6000 r/min, #5.0> 10 min,
Bk bW, WEERAK, HICHIK (sterile distilled
water, SDW)PEEREA 2 ¥, HJaMA SDW, 1
WEITTRWSE, 75 (5) SDW: ZEMKAE 121 °C
R R K 20 min.
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113 JRIEEE: 00 MR RE MG R 52 1o e
HE, @0 TEYFHEREE BBERETE
(Penicillium digitatum). ¥FAEPRRET, Hl 55955 I e
R, SR

1.1.4 DA EHEREFRI(PDA): 200 g i T
BB, HAIRE 20.0 g, BUIE 15.0 g, W
7K 1000 mL.

1.1.5 A& B B RS FR 2L (CPA): FREL 200 g 7
BER A R, VIR, G 288K E W L h, 4 22
A, MWL 6000 r/min 5.0 10 min, FFEFR
i, G9F B, FZEIMKES E 1000 mL, i
A 15.0 g Bifig, 121 °C T EKE 20 min, F&
HIZE 60 °C Ze Ay, BIABEFEML, HIVEHE R 1 55
LM 5 AN T B e i R A R R MR By SR R e
2xCPB.

1.1.6 EFRAGIEHFRIENA): EHMK100g, F
Wi K 3.0g, AL 5.0 g, 7%1E/K 1000 mL,
P& pH b 7.4+0.2, g 15.0 g,

T K IR (3 k), JUHT i Bk AL 27 i
BRAE]; FLERM AR YL (R . Z5ah %, bl &Sk
TR BRA A 17 M BRI A A5 (5 2h)
K Sigma 23] ; MEMEOKILR, AR
20%), —MAERH AT A FR A W 5 140620 #Y4d
AKX EE R, 3£ E Thermo 2wl

LRHS-150- 1T BUfE R ER R 247, iRk
BEI7 2l BR S 7] 3 WZT-1M RI4H b B AL, |
M INER =AU A R A LC-20A Y= &0 AH
kL, HABEAH; L-8900 K4 [ sh 2 3L
IHAL, HARHILAF; SYNERGYHIMG B4
P BEHRAL, 2 A A
1.2 TEPUBE &R AL BB RS R G SR B W B A
AR

R HE , FEYL A 6 4L, HrRSLARIE
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K ERETH 4 1 5 mm(58)x4 mm(F)AIFL, 7t
A3 AR 20 pL FEPURE I . DR . TR R VR R
PRIEW, HARKT 2 h J5HERD 20 uL 9k 5
7B IF W (1x10* spores/mL), SDW FI4& 25 1l
B (1000 A5 M B, sl E SOH ) Ak A X
M IR AR, B IR R B SR 46 (20 °CL 90%
XTI ) R FE 8 d J5, e SR S5 Y kK HER
W B B AR . BEARER 30 AMRAL, AN EA
3.

1.3 FEARMERR

131 PORAEFT: 78 CPA PARIET &
T, [FEIEFEA 20 pL $5450 08 25 R Ad BRI 5t
AT B (1x10° spores/mL), L SDW &b By
TR, FE ISR 7 do

132 RIZSHREREFR"C": #E CPA AR IE AL d il
FEA 20 pL 5 JE AT B I (1x10° spores/mL), M
BPEAR R 25 mm b, XFFRRITZE(Z 30 mm)E Rl
FEVUE &AL R, L SDW AbF g%t iR, iR
B 7 dy BERAPFAOGENE R ER, 1%
A FHEARXITE

N SRR L — AFIRRBERL
STHE R/ % = 100
AR STRBLEL *

2~ (1)
14  FEHIEXDRIREE AT 2R IR
MU iR P AA 14 mL 2xCPB . 4 mL 5 )5
PR 1 F = 77 (5% 10° spores/mL) Fll 2 mL 5T 4%
FiAb PR, 28 °C. 150 v/min fHIEIRFGFE, &
PR 4 h W — kA7 1 2R el e
1.5 EHIEHERERERBT=Y (volatile organic
compounds, VOCs)EER T
S F T Raza ZE10 07 i -4 24
A& BRI T 5 B0 B2 B VOCs i3 i T A 40 il 35k

B AEPURAS [ R B2 X7 42 VOCs (520 |
VOCs X9 J5L B T 7 7 i Fl ™ 6L 1 A 520 . VOCs
TE PDA b (3 B3 A% B0 LA K it 19 L 1 5% s i B
W RIS DL, Horbr, ZEBFSE VOCs X5 I I
FAOA I ROR IS, S50 B EMTE NA B E kA
JG, WA, —HAELRE, AT
ARIITEFARH I TFHE, NOFEA 1.0 g WEHEK,
JA PR 30 °C fHIREE IR 2 d J5 , 73 B PDA PR,
TR, B2 30 pL R P TRR M, AR
g, SRS 7 d, W R T ER .

e 1.2 FriRJrik, KRR I B A B R
Ji FR AR 2R S 430 ' T IS AR A 0.25.,0.50,1.00
2.00 L F5P0 B 0 5 /K 45 (K x T x =430 mmx
290 mmx220 mm)H, PAAS S FE BT A 40 i A4 T A4
B3R NB(HEL /4 [R] NA (EASBAg) J 6t i, 35 1
R B O S, 20 °C [HIREEIE 8 d 5, Wl
R IR FE RS A . B R 12 AR
52, BRI EL 3K,

1.6  FEHEDRERNERTEFERST

% 1 Janisiewicz %5 2OVH1 % 1 UG 7 B IR AE
TE 248 BT T A5 0 1A R ) T AE AN [R] R - CPB
BE R REN, Hd, fEE&RER
1x10" CFU/mL, ¥ it 8 /1 7 & ik o 1x10°
spores/mL.

V5 475 T TR TR SR BRI i T 9 B WA
[F] — A FLAE SR it R, 43 S 7 55 35 Wi J CPB
LN N R Y (A VY& e
o AR, HE— 25 1 FE PR S R R =2 TR
A EFRYI
1.7 PR AE KR

FARFRAT B 1% 0 H5 DU I I B W 3 A NB
H1, 30 °C. 150 t/min HIRIR P H R, B2 h
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HUORE, ME IR ODegoo 18, 24 K<k ;
S 2R K TR AT Logistic 5 A4, %
13BN R S GO, il A K
AL

1.8 FEPUREA PRI

1.8.1 AW HAG I Y S RF A 1% 4G
ViR EBIE AR A 5 mL NB BIBEES &, 30 °C
IR IR 24 h, BEEWK, M5 mL BERREEZEh
& (phosphate buffer solution, PBS)J& i 3 ¥, Jil
AR SRR 45 il 22 Qe (1 g/L)J4 €5 30 min, %
oY, P PBS iR 3 K, BFIRE, WK
EREREAA By,

1.8.2 AP BA I P (RFL B 1%k H5 L
A EA NB Y, B2 1.0 mL filA 24 £L4H
FIGFEN A, 30 °C EIRIGIE 6. 12, 24, 48, 96 h,
BREHEW, FSAE PBS WML 3 e, A
1.0 mL HEE, BT 60 °C THEAHEE 2.5h, h
A 1.0 mL 25 8 4 4 20 min, BRI,
FHICH PBS W& TE 3 I, K E T THEE RS
THe, ZIEIMASART 95%Z BERi (15 min,
Je U 78 AR Y ODs70 1B o

1.9  BdEab

K FH SPSS 19.0 FRAF I T B dm A ¥ o4, FH
Tukey Z & W kT £ 5 B &0, KA
Origin 9.0 #1742 Kl

2 RO

2.1 BOBBHAME ZX KR BB R R e 4%
MK 1 0JLAEH, P fluorescens ZX %t P.
digitatum B30 B 8 55 F A5 ms, H
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P. fluorescens ZX ACFRABIBLE T KI5 Hits 4k 85
G e EERE . P. fluorescens AL PR, B
W (1x10° CFU/mL)H B IGBOR e, RS2 K00
RIAK, WP E AR/ s It A B A AR Bl Ak
71, AR PHAROCR B35 55 T W) S5 e B Y T B
TSV AN HR LR AL L 2 [ A B3 25 5, HOXHs
FH R HIE AR B

(A) 100
o b ab
=
80 T
N
S 60 ¢
[P]
% d
£ 40+
Q
g
2 20 F
A e
0 : . : : 1 m——
| Il m v v VI
Treatments
B) 4r
a
3 I b b
C I 1
d

Lesion diameter/cm
[N}
I

MENENE

I I} m \Y AY V

Treatments

E 1. RHABREME ZX SHLERYRKERERSE
9% B 0 I 35 R

Figure 1. The inhibitory of various treatments of
Pseudomonas fluorescens 7ZX to green mold on
Jincheng orange, to the disease incidence (A), to the
lesion diameter (B). I: Sterile distilled water; II:
bacterial fluid; III: culture filtrate; IV: bacterial
suspension; V: autoclaved cultures; VI: Imazalil.
Letters indicate significant differences between the
different treatments. The same as below.
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22 PHRIEIRK

2 1 Al A, 7E CPA AR L, P. fluorescens
ZX B R AL PRI ASXT P. digitatum F5 '35 W 4E
L BORFEBANDEIR AN RORAH LT, (HHARXS
T AR AR T BRSO TR AN LR AT
HABFIMEZCR, POoRG R R, A
MR RERE T 40%; RIZXF IR B SR i), XF P
digitatum FIINHIVE RGBT 35%.
2.3 PORBEME ZX SRR AR T 2R E LR
=20

ME 20 LIHEH, P. fluorescens ZX £ Fhkib
PR ERRE S & T P. digitatum WIHET K& 2F FIZE
B, o, BB EOR AR A RCR BT
SRR RN, BT RRFRMIFE K
JEE I L I T AR SEBANIE AL B, JEHOR
Kb FRLF A5 25 AN 13.33%, 2R KA
8.55 um; P. fluorescens ZX 1 AN M A< B 12 25 52 M TR
SR AIIREROR , W, A AR, S
FRUR R TP IR LR E Jy 1x10° CFU/mL B, %
TR R R R ik 80% 5 A o

F 1. WRBEME ZX MEKEESEHBRIERE
LB HI R

Table 1. The inhibitory of Pseudomonas fluorescens
ZX to Penicillium digitatum on CPA

Relative inhibition rate/%

Treatments Plate central mixed Plate confrontation
culture culture

Sterile 0.00£0.00e 0.00+0.00d

distilled water

Autoclaved 17.03+1.63d 15.50+1.21¢

cultures

Culture filtrate 23.63+0.96¢ 17.51£1.79¢

Bacterial 45.52+0.90a 41.41+1.24a

suspension

Bacterial fluid  41.57+1.13b 35.64+0.97b

Letters indicate significant differences between the different
treatments. The same as below.

F2. WARBRBEHEE ZX SMHLBRTIERESHETF
7£ CPB EFEHHFIFRAIF G

Table 2.
Pseudomonas fluorescens ZX to conidial germination

The effects of various treatments of

of Penicillium digitatum in CPB

Spore Germ  tube
Treatments L

germination/% length/um
Spore suspension 82.67+2.49a 33.84+4.20a
Autoclaved cultures 70.33+3.30b 29.33+£3.37b
Culture filtrate 68.67+2.87b 27.69+3.32¢
Bacterial suspension  54.00+2.83c 26.25+3.97¢
(1x10° CFU/mL)
Bacterial suspension 47.00+2.16d 19.17+3.82d
(1x107 CFU/mL)
Bacterial suspension 20.00+2.45¢ 14.08+2.95¢
(1x10® CFU/mL)
Bacterial fluid 13.33+2.87f 8.55+2.48f

2.4 FEHEFEAER VOCs X195 R /e A

2.4.1 HEHEZEM VOCs XK PDA F
R ERMBIER: K 2 ATH, SDW., P.
fluorescens ZX Fl P. fluorescens ZX+TH 1 7k B 7%
AEFRXT P. digitatum R ZFME 224K BA R
FR(FE 2-A), £ P. fluorescens ZX =AY
VOCs B AT &L= B ARE T, ik 52 o) 4 4
Fig X H 7 4E VOCs JLF- A s2mi (Kl 2-B); ]
W, 5 P. fluorescens ZX 35555, P. digitatum
TR VR e 52 ) B 2 I (8] 2-C) , B 0 B T
U R KO0 (K] 2-D)s P. digitatum 1822
HAE P. fluorescens ZX AE L5 ) PDA -4 I,
TR 7% B &/ N XTI, {H P. fluorescens ZX
AT 2 d F 3 d X P. digitatum YK HARKA BE
(K 2-E); 5 P. fluorescens ZX 3155 7d 5
0 P. digitatum TR 22358 L 20 i PDA “F-AR

e, BEEBARK, BREE, BEARKSRESH
PR 22 4 Ji I Y B Y T 7 LA W) S I T T R
(H 2-F).
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<
=
- H H
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S
Q
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I I I v A%
(D) _ Treatments
£ 250 a
= i a
< 200 ——
X
2150
2
=9
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=
.8
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2
A Before treated  Control  P. fluorescens
Treatments
(F)
6 _
g
=
< ==
2
£2
=}
=)
@]
Control P. fluorescens
Treatments

2. RARBEME ZX F=HEH) VOCs R IR E B HYINHI R
Figure 2. The inhibitory of VOCs produced by Pseudomonas fluorescens ZX to Penicillium digitatum. A:

conidial germination; B: antifungal activity of VOCs with different inoculation concentrations; C: the mycelial

growth of P. digitatum; D: the sporulation intensity of P. digitatum; E: the colony diameter of P. digitatum on
PDA plates treated by VOCs; F: the colony diameter of P. digitatum on the fresh PDA plates after co-culturing
with P. fluorescens ZX. 1-V: 0, 1x10°, 1x107, 1x10*, 1x10° CFU/mL.

2.42 FHEHHEFHEK VOCs SR EHBRERL
BIiR3CR . M 3 WA, 7E 20°C THEEREFR 8d
JG, NTREZAER RS SRR KON T, RN RIS
87.9%, VR HAMML T 3.50 cm, i P.
fluorescens ZX ;=H:f) VOCs BEA BT K J5 B
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PSR E VERE, 4 VOCs FE 28 kb ) BB 5
XS REAH LG, A 3 G B B4 5 IR, ELRE
B REPUE AR AR N, %R 5 AR T
HIRCR s, (H Y R AR REE] 050 L A,
Jir R A BN 2R S 3 A TSR I 3
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(A) 100
80 1
60 r

40

Disease incidence/%

20

T ¢ c

0 1 1 1 1 ]

Control 0.25L 0.50L 1.00L 2.00L
Volume of bacterial fluid

& 3.

B 47 4

as b

§3r B

3

|5 C

1 L

=)

.2

0 1 1 1 1 1

Control 0.25L 0.50L 1.00L 2.00L

Volume of bacterial fluid

TBREBEE ZX FEAE R VOCs MR EHBEFERNMEEME

Figure 3. The inhibitory of VOCs produced by Pseudomonas fluorescens ZX to green mold on Jincheng orange,

to the disease incidence (A), to the lesion diameter (B).

25 HHEHRIEEREFRERER

2.5.1 FEPIRAEANFIVEE CPB H5hi IR i 1t
ZEEHLRIREIE . % 3 vl 5, P. digitatum 1Y)
R EFHBE CPB W RS K, 55 P. fluorescens
ZX ILHEFRRT P. digitatum #1F K 252 3 240

% 3.

{BEEE CPB WEMINKR, AT AR EFHS,
P. fluorescens ZX WHMHIVE RIS ; 5 P. fluorescens
ZX IR FE W) P. digitatum f8-F 5558 255 R FE ARG
Al CPB LR 2 d e, kPR 3 LT, 1xCPB
W P. digitatum 5K 2R 80%.

RABEMAE ZX EAERE CPB A EREERTHFERNT N

Table 3.
of different concentration

The effects of Pseudomonas fluorescens ZX on conidial germination of Penicillium digitatum in CPB

Germ tube length grade Number

Treatments <1xD <2xD <3xD <=4xD <5xD >5xD Observation No. Germination No. Spore germination/%
1.00xCPB 106 34 24 32 46 58 3x100 194 64.67+1.70a
0.50xCPB 195 24 20 20 18 23 3x100 105 35.00+2.94b
0.25xCPB 222 15 14 18 21 10 3x100 78 26.00+2.16¢
SDW 288 2 3 4 2 1 3x100 12 4.00+1.41d
1.00xCPB+P. fluorescens 166 42 30 25 20 17 3x100 134 44.67+3.30a
0.50xCPB+P. fluorescens 248 12 11 14 7 8 3x100 52 17.33+1.89b
0.25xCPB+P. fluorescens 274 4 4 10 2 6 3x100 26 8.67+0.47¢
SDW+P. fluorescens 294 3 0 2 1 0 3x100 6 2.00+0.82d
1.00xCPB for another 2 d 50 34 36 48 66 66 3x100 250 83.33+3.68a
0.50xCPB for another 2d 136 22 28 46 36 32 3x100 164 54.67+2.87b
0.25xCPB for another 2d 178 26 26 24 22 24 3x100 122 40.67+2.36¢
SDW for another 2 d 280 5 3 0 3 0 3x100 11 3.67+0.94d

SDW indicated sterile distilled water.
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252 FEHREGEAFWRE CPB FHERKRERH
SHRREREFREFEM: WK 4TLUES, P
fluorescens ZX TEIRMKE CPB WK%, 1E
0.25xCPB fi1 0.5xCPB H1£55% 48 h, P. fluorescens
ZX WAL R WU BE 14 2.05 7% 701 5.37 1% 5
{HFE 1xCPB ', P. fluorescens ZX EhH i,
WK E] T 9.5x107 CFU/mL, Ny ¥ 4R R
18.69 1% .

MIE S FTLAF Y, CPB H R & Bl , H
P. fluorescens ZX F P. digitatum ¥} 56| FH 7%
BEVE S b I8 AR B0, 1597 24 h ), AL BRA AR
FL Y R A W AR 1 58 AT AR 5 2% AL BRZH A0 RERE N
WS aESBE, BMEEHR P. fluorescens ZX
JGHY CPB H M AR 5 i 0 210 T oA Ak 3
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Table 4.

Fz4. EFERE

CPB A ERERNES

The content of free amino acid of the mixed liquid in CPB from the wells before and after culturing

Amino acid/(pg/mL) Abbreviation 1xCPB

P. fluorescens

P. digitatum

P. fluorescens+ P. fluorescens/PTFE/

P. digitatum

P. digitatum

Aspartic acid Asp 2.469+0.126a NDd 1.650+0.053b 0.299+0.060c  NDd
Threonine Thr 0.578+0.030a  NDe 0.089+0.018d 0.250+0.036b  0.179+0.048¢
Serine Ser 1.056+0.058a  NDc¢ 0.694+0.063b NDc¢ NDc
Glutamate Glu 0.647+0.015d  0.566+0.037¢  4.965+0.037a 1.949+0.213b  1.280+0.044c¢
Glycine Gly 0.161+£0.019b NDc 0.312+0.041a NDc NDc

Alanine Ala 2.067+0.116b  NDc 2.655+0.213a NDc¢ NDc

Valine Val 1.131+0.052a NDb 1.049+0.088a NDb NDb

Leucine Leu 0.676+0.033a  NDb NDb NDb NDb

Lysine Lys 0.197+0.036a  NDc 0.022+0.001b NDc NDc
Arginine Arg 0.165+0.026a  NDb NDb NDb NDb

Proline Pro 23.308+0.311a NDc¢ 10.537£0.190b  NDc¢ NDc

Total 32.460+0.687a 0.566+0.037¢  21.973+0.253b  2.500+0.309¢  1.458+0.0.004d

PTFE indicated polytetrafluoroethylene membrane; ND indicated that no detection was obtained; cysteine, methionine, isoleucine,
tyrosine, phenylalanine and histidine were not detected in all treatment groups.
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Figure 6. The growth curve (A) and specific growth
rate curve (B) of Pseudomonas fluorescens ZX. Each

value is the mean of 3 replicateststandard error.
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Figure 7. Semi quantitative detection of biofilm of

Pseudomonas fluorescens 7Z.X.
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Abstract: [Objective] Researches were carried out for biocontrol of green mold decay in citrus by Pseudomonas
fluorescens ZX. [Methods] The biocontrol effectiveness in fruits and effects on Penicillium digitatum growth were
evaluated along with the antifungal activity of volatile organic compounds (VOCs). Meanwhile, assays of
competitive grow between Pseudomonas fluorescens ZX and Penicillium digitatum were conducted, as well as the
growth curve and biofilm formation ability of Pseudomonas fluorescens ZX. [Results] Pseudomonas fluorescens
ZX suspension showed potent ability for the depression of Penicillium digitatum, so did the VOCs. In addition,
Pseudomonas fluorescens ZX made better use of nutrients than Penicillium digitatum, and it entered the logarithmic
growth stage quickly (4 h) and formed an effective biofilm after 24 h. [Conclusion] The application of
Pseudomonas fluorescens ZX was effective to control green mold, and the potential mechanisms included inhibition

of spore germination, competition for nutrients and space, and formation of biofilm.

Keywords: Pseudomonas fluorescens, green mold decay, biocontrol, Citrus sinensis osbeck (Jincheng), postharvest

diseases, antagonistic mechanism
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