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Integration of Pseudomonas aeruginosa with biofumigation to control phy-
tophthora blight of pepper

WANG Qiu-jun, CHANG Zhi-zhou, WANG Guang-fei, MA Yan

(Institute of Agricultural Resource and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210095, China)

Abstract: To find effective ways to prevent phytophthora blight of pepper caused by Phytophthora capsici, the
change of soil microbial population during the process of biofumigation was firstly studied. Biofumigation significantly
reduced the population of soil P. capsici and fungi by 20% and 68% respectively, and increased the population of soil
bacteria and actinobacteria by 40% and 49% respectively after 7 d. The population of P. capsici in biofumigation
treatment gradually increased after the 7th day, indicating that the optimal duration for biofumigation is 7 d. An antag-
onistic Pseudomonas aeruginosa was screened by dish culture, which was not only resistant to volatile and toxic gas
from rapeseed meal but also antagonistic to P. capsici. The rapeseed meal and P. aeruginosa strains were applied to
soil simultaneously for biofumigation for 7 d. Compared with sole biofumigation treatment, the integration of biofumiga-

tion with P. aeruginosa strain significantly increased the population of Pseudomonas by 401% and decreased the popu-

lation of P. capsici by 72% in soil, which contributed
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to decreasing disease incidence of phytophthora blight of
pepper by 8% . Combining biofumigation with antago-
nistic microorganism is environmental-friendly to control
phytophthora blight of pepper.
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BRBSUE IR & BB 5 iR ™ E R E 2 —, H
FAE [ 22 M A OO o i R AUk A O B
ARSI S R T E AT e R T
BRA b i A S AR 2 H A IS B AR
AT R AT . AR 2 T 0 B
SR B R AR B AR ) A% 90 T IR I T B
BJR  fsr R 2 s B2 4 2 28 X0 AR AR R B AN
fat R B F 22 th 2 ), T B R e MRS
Y25 18 AT B 22 50 1) Az B R oF B 4
Tt

A= ) B RS AR A AL A 398 v R st =
A I R M AR SR R SR S 3 oA AR
JER . KB RI, 2548 R Y o it R R
PR R M A A AR TT LA 5 ol 2 P B L 1 4%
PRE S SRR — R B SR B b R
FBEERE (R R TS b & A s A AR & o
fife = A WEDE B LR ( OZT) | S B SRR g (1TC) 54
YT A S A5 37 R SRR AR A7 5
B ], A2 B Sy AR T R T A R A%, iR
AR A ST U5 g HE )T IRE SR AR AR R
A E RS 0 H T E AR 2 50 SR i
J5 2Rt FH AR ASRL 27 A5 SR Sy A7 AILIE AL %
VEYIRN LSO AT e o0 R FE R . DAISERI MR
REXF e A7 A 4 B 2 0T DA SRS AR AR R
E O A 2 5 T B O T B B A
Homi , Xl S 24, N5 YR EE . SR, A
T AR B IR 1A% M RCR AT, Tk I 32 1) 38

A 30 ZHH B HA AR B BEOR | 3X 2x B Ml A 45 A= )
RN AL FE R . AR TE B AR R A
Tz MR L e R AR PR R E AR
R B B X 22 A% I R AR A S TR T,
IRAURTI TR | SR T e R R AR R
Yy 225 5 it P A U R AR 25 B R WS B 45 AR i 1Y)
RO, HVED) A% 5 I B P S AL PR A

L BPR I

1.1 RIewr

L1 AR U0 R [ SRR B
SRR, AV e, BT MR AL
J519.2 g/kg, &R 1.8 ¢/kg, W AR 20. 4 mg/kg,
B 172.3 mg/ke, A ZXHF 31.5 mg/ke, pH {8

7.2,
1.1.2 B4R B, Ao Ii i s 5,

1.1.3 BXAMAA M RW TS, TS
i, 3 1 mm i f5 B 4 COKFERRAF R . SR AL
B B EESIN1.3% 6.0% 1.4%

1.1.4  BEXEA B HSPE R B A B R
MIPE PL, A SC Y 2 0 5 O e A0 . i J e
SR BRABUE 35 5 JEL T ( Pytophthora capsici) , FH AN 5256
O e SEE

1.1.5  #aX3E A4 V8 J53R3E. V8 1 100 ml,
CaCO, 0.2 g, Bil§ 20.0 g,7K 900 ml, 121 °C K# 20
min, P REEREIRIL(PDA) : 20% SR R K
(200 g THA 2 20 min, EZAZE1 000 ml) 1 000
ml, BEHE 20 o, BiflE 20 g, 115 °C K 30 min, LB 533
JEBEREEY 5 g, NaCl 10 g, Z5 I 10 g, 7K1 000 ml,
pH7.2, 121 °C K 20 min, [5G B2 1 5 57 3
( mS1 i%?‘%%)[m L EERE10.0 g,H“fFH 10 ml,?%ﬁﬁ%:ﬂ
KR 5.0 g, NaHCO, 1.0 g, MgSO, - 7H,0 1.0 g,
K,HPO, 2.3 g, H FEBEWLZATREM 1.2 g, 3505 18.0 g,
pH 7.4 ~7.6,115 °C K4 30 min,

1.1.6 #MmEFEmEeH & HUEKT V8 it
B 28 CHiFR S5 d BT 88 T A TR K 155
FRMLH 28 C HOGAT FIESOE L IR 48 h, A4
KW FHRMFRER A B A R T2
W2 SIRHUATE G 55 7% 2 BMUE AR Ligerh 3y
AIRAG EN TSR 28 °C ARHZE 80% 41
TSR 2 d, B A LIRS

1.2 RE@Eit

1.2.1 #omteg Ay TA B 1.1.6 il
G 1 AR A T A= W 25 A0 3 SRR R
0. 4% , A ISR EAE X 8, AR #b sE Xt
MR BErh R W R S E A YRR B 1
ARl RS T R K SRR RRTE 60% 2
£, 35 L Y SRHE i B AN A4
7237 d, NTAMBAEIREBE AR (12 h)28 C,
(12 h)25 °C,AHXHREE R 80% , &3 AHEKE .,

1.2.2 HAHHARFFARALELT

1.2.2.1 HEPEMPIFESCRNE  EHFRI(E
8.5 em, i 1.3 em) HE A LB Br s 5L K i S
PAMITR P1 VR DR A 7R IR AL b ARG SR L5 g in
A1 g K1, B 2 ml K, SR)G W 2R PL A
22 PSR LR AR 3R L85 7 1, B O &
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28 CHiFE 24 h, MRS, EH S K,
1.2.2.2  fHPUEHEEHRCRIE 4 PDA iRt
BE TR0 OO R i £ B AR S mm FURR B, FEIE R
PDA “F-A H g, SR X IR 1 K R bt v S S AR B R
WA 2 em &b, BEMLAEERD 4 DHEEPUEE, DU R X
W, 28 CHEFE 72 h, I i BORURE 55 1 TR V5 B4R, 0T
IR R TR R = (O BES TR B VR B — A FE
JE AT DAL LA ) /%o R D D P 7 ELAE X 100%
1.2.3 AW EAF RN ZH 20X E
1.2.3.1  f5PiAEMIERNSI& LB #E 3R
Pl B RRARIR 23 LB 8532 300 =M, 30
°C 170 r/min¥& 3% K5 3% 24 h, 7 000 r/min &> 10
min B, TCRZKHRE , FH - A 38 910 R 0 A1 vk U
JE AR T AR BE | TRE 4 °C Y
1.2.3.2 :He4bE BOrik 1. 1.6 il ade 1,
SRR AR AR AR Y AR S B S PUR AL, A
Yy ZEAE B g oI ASERT, &R 0. 4% 5 B
ARG A HE DU AL B 0 P AR RS B
P1,7,<*Eﬁﬁij70.4% JEPUR PR 1 g e
A1x10° CFU ;% B AN ISR A4S P P, FHARAE
X R A B L A RS 2 Ak
T AR, TR ) I 4 R K = R R TE 60%
AT, BN 5 L DR rh % 3 AN TS A
BT do N TSR R E NI K (12 h) 28
C, M (12 h)25 °C, MIXHBEE J 80% , HEZKLEH
J& , AR A5
1.2.3.3 ZARRE AEmetahde 4 0.5 ke, BBk
4 W SMEO RO, AR 15 NERE, FEBRRE
TG R WEE 20 d,
1.3 REWH*E
1.3.1 &AL B RRE , B RSB
FAREIAE RGO . 6 R J5 B R SR A il s 4%
Ab FRIFABURLAR 10 A 00, FRABURE IR 110 29 SR 4%
TR R = R IR B 100 %
1.3.2 EEHREE 1637 d EYWERELR T,
B3 KRMCT R EHE B AE PRI 3 SRR, A 4
CUKFETREH ., AR T, ARG R E 514
PR AE 15 BB Bk B9 AR B £, TR 21 5 - 40 iR 3
0 A 4 CUKFAPTRER
1.3.3 BERE T4 RAMBEREIHET 1
M TR 4,250 ml = A INA 10 g RER 1A
90 ml %Til‘ﬂ(, 170 r/min $£¥% 30 min, T EEEELE

A mS1 BRI _E AT R R A, P
B 23 CH53% 3 d JFIH4EL,
1.3.4 Real-time PCR #4& %/ SYBR ® Premix
Ex Taq™(FAW TR KK & T ABI( Applied
BIO systems) PRISM ® 7500 Real-time PCR System
P A X DNA KR i ifE 47 46 X 52 & PCR 43 #r .
Real-time PCR ¥ 3 [ i % | 96-well Fast Thermal
Cycling plate , KW A& 28 20 wl, 2 W #4245 10.0 pl
SYBR® Premix Ex Tag™( 2x) . FFiES1¥4 0.4
pl,0.4 pl ROX Reference Dye II ( 50x).2.0 pl
DNA Bt 6. 8 pl KWK, 54> HHE DNA FE 5
3 AEE, RHPA7E Real-time PCR § ¥4 brf
TR 46 1 AT 95 °C,30 s; 55 2 4 PCR J2 v,
40 fEH,95 °C,5 5,60 C,34 s; WEfiad#2,95 C
15 5,60 °C,1 min,95 °C 15 s, /3P B C 4
FUASRINZE, BRWZER 5197 5] CAPFW (5'-
TTTAGTTGGGGGTCTTGTACC-3') Al CAPRV1 (5'-
CCTCCACAACCAGCAACA-3") " s 4B (51 ) ) 51
7 338f (5'-ACTCCTACGGGAGGCAGCAG-3') #l
534r (5'-ATTACCGCGGCTGCTGG-3") ™), B (5]
Y15 NS1 (5'-GTAGTCATATGCTTGTCTC-3") #1
Fung (5’-ATTCCCCGTTACCCGTTG-3") "7, jik 2% B
55 R F243 (5'-GGATGAGCCCGCGGCCTA-
3') Fl R513 (5'-CGGCCGCGGCTGCTGGCACGTA-
3/) [14] .
1.4 HESZIT

AR % B Microsoft Excel™ 4b B % FH SPSS
statistical Ver. 20 software #1775 2 4341, i F K
SERERE P<0. 05,

2 ERET

2.1 £YERNTEMEMTZE

FH L 1 A] & H X BE ORI A= 4y 5 2% Ak L 1 3 7 4
HEAEEZRNET 7 d RECFRE RSB W, 27 d 5
MBHRAR, A T AR AL B (Y R R B AR T2
SRR AT R HAE 27 d A 37 d If 22 3

TEA W 7% 0 R v A0 R A R AR A S X BEOR ]
Xof FECRI A= 4y B 28 A 3P A DR B AR B ZE T 7 d D
BB N, 7 d 2Z )5 A= ) T 25 A 3D 40 TR 50 ok 4 2
BN p e H 27 d T RE TR KR, T IR 4 20
WACRTE 7 d 5B WA, 27 d T ARG, & A
T RE R A ) T A B A B RO AR R T
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Fig.1 The dynamic change of population of Phytophthora cap-

isici in biofumigated soil
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Fig.2 The dynamic change of bacteria population in biofumi-

gated soil
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Fig.3 The dynamic change of fungi population in biofumigat-

ed soil
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Fig.4 The dynamic change of actinobacteria population in bio-

fumigated soil
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H 7 W LAE 550 IR A ) S 2 A ERA L
o) 2o A B A 4 A ) T 7R Ak BT A % B AR
REWR IR, TEREA BB Ko 8 rh | 4 2 i
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AL PR KRN 80% IR A 100%



294 bARE N (=S 11

2015 4E 45 31 % 2 W

ARTINSERT; B IEREH,
B 5 MREAEEEKPLHRENR
Fig.5 The antitoxic effect of antagonistic Pseudomonas aerugi-

nosa strain P1
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Fig.6 The antagonistic effect of P. aeruginosa strain P1 a-

gainst P. capisici
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Fig.7 The disease incidence of phytophthora blight under dif-

ferent treatments
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Ak, HXTHR(1 g £ 1.9x10"#5 D) AH bb, A= M) BB 7%

(1 g +9.6x10°F5 D1) R SR R A 45 5 A=

HZEAbHR (1 g 1 2. 6x10°H5 1) S 3 BRAIG 1 e

RO, LSRR 4 & 2L Y AR AL PR 2
THY B ST g 128.9x10°#5 D) A 1L,
FERITEZEANER (1 g 1 1.5x10"45 D) R SRR P f
B AYIEZAL (1 g £ 1.4x10° 5 00) BT
TSR A R, A S AL B A - S B R
LR M R4S & R A AR B (HORIA B i 2K
T GXIR (1 g £ 1.3x10% 48 D) A kL, A=y s 25 b 3
(1 g 1:2.9x10°$5 D) FGRERE B B 45 A= M T2
WRFR(T g £ 1 1x10° 5 01 ) @38 T+ 38 b BB
Ko, HAYy s A B 25w T 2 P M R 25 5 2
VI (K1),

®1 FELETEHEE AERTNEENE

Table 1 The population of P. capsici, bacteria and fungi in soil

with different treatments

e PERRE AT A EEREE 6
(1094801 ,1 )  (10°#801,1 g) (10845 01,1 ¢)
CK 19.120.7a 8.9+1.1b 1.320.2¢
BF 9.6%3.1b 15.9+3.5a 29.2+5.7a
BFP 2.620.2¢ 14.4%3.4a 10.7+2.3b

CKC XTJRE; B 7y 7% ; BFP - B AR P B 2 7 T, bl R
RI T B4R 2 53681 0. 05 8K,

N [ Ak BT - S {5 B4 T A 2 (]
8) . Ak M5 LML T &5 A Az W) TR ZE AL P (3. 6% 10°
CFU/g) FAEY EZEAL (7.3%10° CFU/g) H 41
5 S A B o T R (6. 7 10* CFU/g) , L

AR M PR 25 A R Y B 2R A PR 5 T A Y R R
QbR
B 45p a
2 40f
O 35t
= 30r
25)
:@ 20F
E o b
N
CK BF BFP
hbF

CK: X B8 BF A= WU 28 BFP . i R R SR MU T 45 AR W 2R . A
Al FRERIR 22 535 8 0. 05 B KF-,
B8 ARAETEHREMELE

Fig.8 Pseudomonas population in soil with different treatments
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Fig.9 PCA analysis of soil microbial population and disease

incidence of Phytophthora blight of pepper
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IR E P ROR AL G T IR S T
FEHOR 207 L BERE I SUR B B PE . i 72900
SE R PCROFAT W i S P | 3R B85 i 5 52 4 S
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HLAEHH ", SR A L35 A e wr it 1
FERRREIR AN et T R W AR K B, i
Yo o 2 R, - SEA TR o AR )RR Y 80%
ZeAy , e AR 2 2 FURT 81 A0 fi ST B 0T e 9 L
HRAT—E RS PUAE IO R R R T
A RLEEARTR 3N, 3k vl LG A THC 2K BT 2% 400 i D i
A T ELEA TS, I 1 LA I A
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ER,
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g PR D BT ) AR BB O A MR BRORBUBE 0 19 4
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BRI UF> A 22N h A By B 7 7
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P ARMEAE 13 P AEs SR R B s B ohae ™ . 1F
ZHGELE I A PR S PR 1945 5 BRI i 4
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SRR A S A I T 45 Tt BE G 4 il o it
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W AR T e 2023 R o A 3
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