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WE @ Bket 7 ik 8] 1 MR RN E Tom R A A BRI AR R 69 % 56 R F R0AT A Paenibacillus polymyxa
Bk PL, @i kR B A A R AL 22, 4 PL 4 &2 2X10° cfu/mL 69 B iF A5 A #ATEAF R\ nK, £€R%H
ORI R A PI-SC B A A HINE FEma s 2R 5 MR EZE X, SAMAREH 1. 25X107 cfu/mL &,
Pl &5 A3+ 5 FEom e s R 55 R 250 ¢/ L w51 85 SC e9A4840; B4 A iR B A 5. 0X107 cfu/mL B . By id 2L R
2 E KR TEH B (P<0.05), 2017 FF= 2018 Fif 4 5 K B 25 20m X4 R 27,2 P1-SC 4 22(3 000 mL/hm”) &9
FHINMAR T B R I83(2. 53, 2.48) 2 E & T £ 250 g/L & 8 B SC(600 ml/hm?®) 4 32 84 414k (4. 33.6. 22), &
% AR (86.16%, 89.90%0) B# & T /& % (76. 34%4.74. 95%) (P<0. 05).,
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Control effect of Paenibacillus polymyxa strain P1 against
cucumber downy mildew
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Abstract By in vitro detached leaf assay, a strain P1 of Paenibacillus polymyxa was obtained, with strong
antagonistic ability against the pathogen of cucumber downy mildew. Through the processes of liquid fermentation
and formulation, P1 was prepared into a suspension concentrate (SC) containing 2X 10° cfu/mL, which was used
for indoor and field efficacy tests. Indoor test showed that it was positively correlated with the application
concentration of P1-SC on the efficacy of controlling cucumber downy mildew. When the application
concentration was at 1.25>X10" cfu/mL, the control efficacy was equal to that of azoxystrobin 250 g/L SC. When
the concentration was at 5. 0 X 10" cfu/mL, the efficacy was significantly greater than (P <C0.05) that of
azoxystrobin 250 g/L SC. Field tests in 2017 and 2018 showed that when treated with P1-SC (3 000 mL/hm*), the
disease index (2.53, 2. 48) was significantly lower than that of azoxystrobin 250 g/L SC(600 mL/hm?), while the
control efficacy (86.16%, 89.90% )was significantly higher.
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Table 1 Results of detached leaf assay in vitro

LS il LS it LS il
Strain Disease | Strain  Disease | Strain Disease
B-01 ++ B-11 ++ P6 ++++
B-02 ++ B-12 + pP7 +
B-03 S| IR e P8 ++
B-04 e B-14 e P9 e
B-05 ++ B-15 ++ P10 ++++
B-06 S P1 — P11 T
B-07 FaF P2 e P12 S
B-08 e P3 ++ P13 +++
B-09 + P4 ++++| Pl4 ++++
B-10 S P5 ++ P15 e
3 Ji ke HEL
Pﬁ)fgei CK L

1) P IRRGEE: -+ HAEE 15 45 *-+-+ I HATREE 4~

6 4~ B A IREE 7~10;“+ -+ BREE 10 AL,
“—"No disease spots on leaves; “+”;1—3 lesions on the leav-
es; “++".:4—6 lesions on the leaves; “+-+-+":more than 10

lesions on the leaves.
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Table 2 Physiological and biochemical characteristics of strain P1

B:AE Character ZE B Result

¥54E Character ZE B Result

HMIIE 25 Cell morphology LARUN a-D-55 %8 o D-glucose 4
H22 R YLt Gram staining T+ D-H ##% D-mannitol T
% 2 i Spore forming == D-58% D-fructose -
A AL Oxidase = L-fZ=# L-rhamnolipid =
il Catalase T+ L-N & i L-alanine —
V-P il i V-P test 4 L3R f% L-malic acid ==
R4 4K Anaerobic growth =4 IR EL Citrate salt =
B 2K fi# Gelatin hydrolysis = 4% NaCl =
VEM /K f# Starch hydrolysis + pH 6.0 T
99 | Paenibacillus polymyxa™ (NR037006.1)
981" p1
64 Paenibacillus jamilae (NR042009.1)
100 Paenibacillus peoriae (NR042092.1)
Paenibacillus kribbensis (NR025169.1)
32 Paenibacillus hunanensis (NR116440.1)
Paenibacillus telluris (NR117961.1)
Paenibacillus nicotianae (NR134783.2)
Citrobacter freundii™ (NR028894.1)
oz

B 1 Bk P1 REHBXERET 16S rDNA R L H

Fig. 1 Phylogenetic tree of strain P1 and relative strains based on 16S rDNA sequence
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Table 3 Results of indoor bioassay of controlling cucumber downy mildew with P1-SC

10" cfu/mL , P1-SC X 75 8¢ 1 B 1A ROR -5 624K
2 250 /L WE TG SCAHAL 26 M A 5. 0X
10" cfu/mLIit, BARICRE KT (P<<0. 05) B .

2 i R B %

Agent Concentration Number of lesions Control efficacy

2X109 cfu/ml ZZ52K M P1 &5 2.00X10° cfu/mL (28.25+1.79b (49. 33+4. 47)e

P1-SC 2107 cfu/mlL 7.80X10° cfu/ml. (14. 7541, 48)c (73.5442.17)d

3.12X10° cfu/mL (5.752£0. 83)d (89.69=£1.51)c

1. 25X107 cfu/mL (2.75+1.09e (95.07+2.07b

5.00X107 cfu/mL (0. 25+0. 43)f (99.55+0. 76)a

250 g/L Mg SC  azoxystrobin 250 g/I. SC 125. 00 mg/L (2.50£0.50)e (95.5240.97)b
Xt CK = (55.75+1. 64)a =

1 R 1 BAE 5 MR- AR UE 2%, [R5V B J5 AN - BER R AE 0. 05 7K |22 57 i 2 (Duncan [REZHE D). TR,
Data in the table are mean®SD. Different lowercase letters at the same column indicated significant differences at 0. 05 level among treat-

ments by Duncan’s multiple comparison test. The same applies below.

2.4 KHBHNKER

HELE AR R 2GR0 ZE R (f DRI, 4 Pl-
SC 4b¥(2 250 mL/hm?) {8 IR R 6 25900 s 1 45
$(4. 65.6. 00) FIFFIARCR (74, 53%.,75. 66 %0) 733l 5
25250 g/L MR JiE SC (600 ml./hm?®) 4b FH fit 4 bk

(4.33,6. 22576, 30%. 74. 95%) #H L. i & P1-SC
(3 000 mlL/ho’ ) &b B 1y ¥ JINAE P 76 8% 905 5 17 48 2L
(2.53, 2. 48) BT 1A% H (86. 16%,89. 90%6) 435 .
LT T2 250 ¢/L WElE SC(600 mL/hm?)

AR (P<<0. 05) ,

F4 PI-SCHAaENFEERABHMIKLER
Table 4 Results of field test of controlling cucumber downy mildew with P1-SC

. I A/ 2017 2018

Aot mle(hm®) At A i/ ittt B/ %
Dose Disease index Control efficacy Disease index Control efficacy
2X10° cfu/mL ZZEZE2E AT # Pl 2175 1 500 (6.49£0.56)b  (64.51£5.000c  (8.91+0.75)b (63.8441.76)c
P1-SC 2X10° cfu/mL 2 250 (4.65+0.64)c  (74.53+4.53)b  (6.0040.44)c  (75.66=2. 3Db
3000 (2.53£0.27)d  (86.16+t1.75)a (2.4840.48)d (89.9042. 24)a
250 g/L W5 fig SC azoxystrobin 250 g/1. SC 600 (4.33£0.45)c  (76.30£2.54)b  (6.62%0.67)c (74.95+2.68)b

XfH CK (18.32£1. 20)a — (24.65%1. 21)a —

3 itig

Ve —Fh A= B 1 22 628 28 MO TR C© AR S 0
AHAL AR Tz . 25282 AT
D6 AR ) F0 B0 G R A A, 3R B R B AR B
(EPA) 51| 2 v] J A SE D Fp 26 22— %
SR LE S Fusarium monili forme . N2 B3
Wi Alternaria panax FHIEEZEIGE Verticillium
dahliae TN Fh 3 R B Ralstonia solanacearum
S A RS BURCRD T R N AR B
F LR B R IE . AFIEEE R R, P1-SC
Xof B TR B0 T A B0 ) 4T PR RUOR L P1ORE S FEL7E B

JRI R AR SE FE R

Byt 5 v TGP AR T AL B i 0 A 24 05 P R 1
SN o RS X AR 2 A 2 B I H 5
BB R R BT 3 & 51 & (FRAO) IH & o i 4t
2 XU SRR Y . T AN S e B AL
IR IX A 838 ki JIN 76 B I B X fb 24 25 H 7R
ST G B DTSR N 100 %6 HL b5 500 51k
482.99 F1 354. 94 %, BEA AT E L i B TR I
i T 2011 A —2016 4EfHG 1L 7R 2 Hi 1 821 4>
GBI TR X T R T KU I T M (0 B 24 0 L ok
SRy 88. 5% 34. 3% . BRI 2B A MU
PRT 2 B30 4o 5 0 R TR 5 e 2B A A )R B R T
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