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FEHE ACCH S Y PGPRFN AR F 3 88 N4 & 1
ZH R RAIBG A RIR

Reg!, GAE', AREY TERY, B8XIE', KEEK', 1 &£
(L. WHERHME B, REH 066004; 2. P ERFZBEHRIAE BTN, JLat 100081)

WE: AWRLNFBLAEFTN LOFRE—HEHERE R, ANELEEENRTLEY B REHR.

AEREETF I-AERXAR-1-AR (ACC) MABNENRFRART (PGPR), AERHN THXFE
Fc B MW Stenotrophomonas maltophilia. + 4 3T 5 /R ¥ Raoultella terrigena. +3EATHW Agrobacterium
tumefaciens. F"BR % EAW Klebsiella oxytoca. FBZ W Pantoea agglomerans. /=S TH Enterobacter
aerogenes 1%, B K /R KW Kluyvera cryocrescens 3£ 7 A H) PGPR. JIlE T ACC &M E MW, LHExX ¥
FEHREMEEtk CRG2, 4 ACC MAMEMHZE, K 3243 pmol/ (mgh). ¥ H Pk CRG-2 Fukb 2 3 i
HEERMNBRAMMRAE, WETHEREERERRRANERGBEER. EREW, BXFEFEHR
T At 3 3 AT AL LR T B o A AR X 3 N 40 o i RO o B B R ROR A B 73.13%, B TR AR &
By e R 15.79%. B WAZ MR R A EAE £ LR T e 8N AW R .

* 8 iE: MUREEAER (PGPR);, BEFEREME,; ACC AR, =/MNAHEMEHRER; HiERR
FESES: S476  XHFRIRRE: A XEHRS: 1005-9261(2017) 06-0817-09

Bio-control of PGPR Seed Coating Producing ACC Deaminase to
Cucumber Bacterial Stem Soft Rot Disease

HE Zidian', YAN Liying', SHI Yanxia?, LI Baoju®, GAO Yufeng', ZHANG Mingzhu', SUN Jian'
(1. Hebei Normal University of Science and Technology, Qinhuangdao 066004, China; 2. Institute of Vegetable and Flower, Chinese
Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: The plant growth promoting rhizo bacteria (PGPR) producing 1- amino cyclopro- pane-1- carboxylic
acid (ACC) deaminase were isolated and identified from the rhizosphere soil of seashore halophytesin order to
prevent and control cucumber bacterial stem soft rot, a new disease in winter greenhouse cucumber in recent years.
7 species of PGPR including Stenotrophomonas maltophilia, Raoultella terrigena, Agrobacterium tumefaciens,
Klebsiella oxytoca,Pantoea agglomerans,Enterobacter aerogenes and Kiuyvera cryocrescens were identified. The
activity of ACC deaminase in Stenotrophomonas maltophilia CRG-2 was the highest, 324.3 pmol/(mg-h) in 22
strains. At the same time, the biocontrol effect of biological seed-coating by mixing isolate strain CRG-2 and
Bacillus subtilis with additives to cucumber bacterial stem soft rot were tested in the field. The control effect of the
seed coating agent formed by the mixture of strain CRG-2 and Bacillus subtilis to cucumber bacterial stem soft rot
reached 73.13% in the field, higher than zhongshengmycin with control effect of 15.79%. The encouraging effect of
seeding coat on biological control suggested that it had the potential to be applied widely in the cucumber
bacterial stem soft rot control in the future.
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cucumber bacterial stem soft rot; control effect

IR T TR AR . LT b R R XK TR R A 2R s LR, e
ZEBWER, G RE TR, AT TR, AELETIMEX, BLTAT. BEE A E
X M Ak O 120 R TR R 2 o BT T 25 O P BT 5 AR S IR RIS, Je 2 R
RORFET o BN B PR 22 e 2 s S LRI B IR A, 40Tl 2 0TI 40 T R R o I 40 T e 2 T
X X 2 Pl S B0 R 4 ok T A R VE BUR AR R Pseudomonas syringae pv. lachrymans R %
N 90K J8 R AT 4 L P Wbk Pectobacterium carotovorum subsp. brasiliense, FLrp % 4R B RAT BifR 44 2
e TG T T 2R R R 1 T SR, R SR R 0 66%.  H BT AN A Bk BTN 1 S R R 2R B
HIFVIFEETRSE, T LT L O v 40 T3 22 01 3 A% B AR P U o2 3 (B i AR s AR s AR
e T T M 2R P 0 1 SR T A HE, AR T . SR BB R ARE I A, WTEdRA £
T LA . WEMTF—REMTHAENRE TH, SR ARB, I KR L5 5B 6% 1
YRR EAEER L.

YRR EE (plant growth promoting rhizobacteria, PGPR) AR fr & [ 13 B —BEE B4,
FEZIREWERINE MBS 1-BERFER-1-RR (ACC) BHAMFFRY ACC, ¥HNHM a- T B
&, fE— R LN 2K, ISR T Ly “=ERM” , DMEHEYIRA
R, SRRIE 2 R SR K5 AR R 5 S AR B ER B A= A R AR C S . A 1L D)
M ERZE RIS P 4 B8 B R A ACC I S I 1 P 26 40 B 11 2 B B Pseudomonas sp. SS12 3% MAEZE T B
Fusarium oxysporum f. sp. conglutinans F1# JNKGZIR B F. oxysporum £. sp. cucumerinum A FEHU1EH - Dixit
21100 6 L = 248 ACC BB (928 2E MUAT B8 Paenibacillus lentimorbus J&i, & FI4876 IR TE TR EON 87.22% T
B %) 63.06%.

B R A ot 3 I 1 P 22 20996 ) PGPR 2 B B UM S SX ROAROE, IR, A4S SCHE TR 22 3 A
P25 0 P L D) RO I LR |, BRI BL ACC M — BB s FR B RE I e th T &F ACC IREBEH
PGPR, %53 INA0 1 1 25 5 J ok bl A (9 PGPR FRACH, JIRE T PGPR Fff IR 28 JICAH v 12 25 S/
T3 B FH R) B YA RO, DA R 7 ¥ 3 T 40 T P 2 26 8 i ) 2E 917 151 o
1 MRl575E%

1.1 HAREE

A 25 R B W N U ST Pectobacterium carotovorum subsp. brasiliense, K5 T
At B LT B A B R R R, AT VR IR TR A B 3R, RAEEIRSSE . EEAN
A1 16S tDNA 4y FAM% % S MRS RICHFE . 55N M A B0 IV BUW & F Pseudomonas
syringae pv. lachrymans } A< 555 % {RAF o
1.2 HiRERE

T B2 MIAT T Bacillus subtilis, A5SEU AT, FTRIVA T &M EAIEBURZM SRR =R
0 VR T 2R AR P R AR B
1.3 HEAREFNRDGHR

20%REERY WP, W TESHERTARA] 5 20%EHM SC, WL B THMRAR; 50%ARATIKEK
SP, TEIMEREL THRAT; 65% Ak WP, HBFERVAHARAR; 53.8%AA MM WG, I
WEFEFRRALE IR AT 30%IEMCALIRM WP, 53 /REEM THBRA A 30% LR ME, 75Tk
RHEBRIATBRA : 80%Z35% EC, Wi IEM R RN A AR FEZFRATE, PERLREBRAeR
HEMERATF, 3%HAEREE WP, FIIESERILBBAERAR GHREZHRD .

L. KRREMBY. BLEAE. RTPEAEZMWET BRERBHERAF,; KGR,
ZnS0,.7TH,0. FeSO,TH,0 4h#i4t, Ml B REM KA RA R FRMEMEH AT,
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1.4 HTUARMSZREFAEEE

ST 2014—2016 EAEFALE AT, ZE ST BRIV A, WA H A& EERA
RAFRE . RAMEVEREE, BMMEAAE 100 HIEK, SIHRERERE, KRE (%) =KNtHEk
/100X 100, JRFEEE RO bAE: HIEEERAE 30%LL FABRELE; 30%~60%H4FELEE; 60%LL
ERrmEfEE,
1.5 PGPRHIHE

MNZE B BT LN R SR IE PR AN S AEEYEE. 5. AEMRERRAR 0~20 cm &
FE3E. IRIUaE, SHCRE 20 ¢ L3, WHEISEKE, 48 PGPR. FREX 1 g 1A E 50 mL PAF ¥;
F CEAME 10 g, BRE A KAEY) 10 g, MgS04 1.5 g, KoHPO, 1.5 g, H 10 mL, pH 7.5, Z&4#7K 1000 mL)
=M, TR 21+ CIIREEESE (200 /min) 24 h, PGPR MIEERF. H2d, B ImL HER
EHB—AEH 50 mL PAF B577H, R4 THFE 24 he 5 3d, M PAF BEFBEHEE | mL HERZE
50 mL DF #5329 (KH,P0,44.0 g, Na,HPO, 6.0 g, MgSO,7H,0 0.2 g, HiZiHE 2.0 g, HZEHMEER 2.0 mL, F7
BRR 2.0 g, BilREL 2.0 g, pH 7.2, Z£187K 1000 mL, #4&EJT% 0.1 mL, 100 mL f{ETE & H;BO; 10 pg.
MgSO411.2 ug. ZnSO,4124.6 pg. CuSO478.2 pug Al MoO5 10 ug) ', MHELKMH FHFE 24 he F 4d, HEL
# 1 mL BEWZE 50 mL ADF (L 3.0 mmol/L ACC X% DF ¥isrirh (RIREL) H5Fnit, AHE &M T i
72 48 h, T4 ACC A BTG RGN B (R4 B alifh . 10 f58B0 BRI M B ADF 535 B B 2 10°~107
5, WL 1 mL HEBISA T ADF BEATAR L, 28 CHEIEMAFEEIE 72 h, RESE. dith, BoEz
] PGPR 43 B0 T NB 3550 H, T 28 'C. 126 r/min M4 F IR 15 9% 24~36 h, M8 Lk Al B 4L 4t
A LA Y66 VB % PGPR 7 450 nm FHWROGIESG, #i € 40 o e Bk 2, FJCB 2818 /K 7Y PGPR
WA 10'°CFU/mML, #i#% PGPR W& # .
1.6 PGPR =4 ACC Wi &SEEE N E

B4k 5 1) PGPR & BERkERN T TSB (JEE AN 17 g, KEHE 3 g, NaCl5 g, %k 2.5 g, K,HPO,
2.5g, pH7.5, Z&1E/K 1000 mL) WiAREFRFEH, 28 ‘C. 200 r/min ¥&% 557 24 h, 4 'C. 5000 r/min B0
10 min YCEEHA, FF L, F DF MRS FREVERE L 2 K. B HEAERIF T ADF Wik %, 28 C.
200 r/min ¥55% 24 h, LAFES 4 ACC & M. 4 'C. 9000 r/min B0 10 min, F L3E, WEREAIFICRE
tAEE. H 0.1 mol/L TrissHCl &y (pH 7.6) HFBEARELLUES 2 K, KEAESRT 600 mL 0.1 mol/L
Tris=HCl 250y (pH 8. 5) 1, AN 30 pL I, B4R 30 s, W41, B UMK . 28 Saleh!"
J5i% ACC Wl IR E B . DUR AR R P22 e T A R AR/ AL ACC & E A o T BRI pmol
BRIR ACC A /S 11, ACC BLEMEE /154 R a- T HIRR pmol/ (mgh) , 3 XEHK.
1.7 PGPR¥ZE

# PGPR HHREFI 2] NA (4 AE 3.0 g, NaCl5.0 g, R 10.0 g, BifiE 20 g, pH 7.5, Z&1E/K 1000 mL)
AR L. ARYE PGPR MIREFREFIE (FEMIBE. K/, SSRFFE. MEFRHE. RIEDEHE SRS  BEF
WRAE (FE2ZECYeth. FAR AR AL R AR, B, PR d#rke. RAaE
RERF & (RIREVRHEERAT) IRNMEEEY DNA, UL DNA AR, HEMHTIY 27f

(5'-AGAGTTTGTCMTGGCTCAG-3") #1 1492r (5'-GGTTAC CTTGTTACGACTT-3") X 4 & P ZE 8K Ji

B DNA [ 16S rDNA JF31# 1 . PCR R N A& Z A4 Premix 12.5 pL, 10 pmol/L 544 1 pL, #4K DNA 1 pL,
PL ddH,0 #MEZ 25 pLo PCR [WN45AF: 94 CTAEH: 5 min; 94 “CAEHE 30s, 55 ‘CiB/K 1 min, 72 ‘CHEfH
2 min, 35 MEIFR; 72 CJ/GEEH 10 min. F =YL 1%IEEFE R Ik /> B 4558, PCR PP E AT
W . K45 TP S, BURHEFSAE GenBank EREHATRAILLY, SHEALE . FEEEEKE
PEX H AR BRI T 53 KA E
1.8 FHMAFEMERERERRRZ

WG SE AR N RIS AT R T & B M B AR BUR R R T NB AR R (FNE 3.0g,
NaCl 5.0 g, &AM 10.0 g, pH 7.5, Z4#H/K 1000 mL) 1, F 28 C. 126 t/min #EH 1 FF 24~36 h, FIH
SE AT A3 S B I BRI R IR, T KR BRI 2 10° CFU/mL.
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1.9 PGPR Xt & A E M ZEE 7 B R EME N E

M it A AR VE T SE PGPR R VO 52 N 9 ST B A0 T 75 M1 P B BT U VR B A A B s . T
HY 100 pL % R BVZ T NA EARK T, FRAmasRs, £8P EBCE 3 MR, E4AEAHmA
100 pL ftiX PGPR KM, LAINA 3% AT & AT M 7] 600 REBCH 2550%F ), IR BEE/K IR, ER 3
. 28 ClEERFMFEESE, 72h ENEMEE L.
1.10 PGPR W&/ NAHEMEZREHRIBHGAYR

RIS F IR bR T 6 2% e A dr B 2 B B RE R IR EHEAT . K FMF 7 e 5% R R IEH A,
FH 55 CE/KRZEM, BHEETMELMmM 25 CHREENIER, HEFEHMT 8 cmX10 cm B FHH
W, AR LRI T, AR 30 B . 4EUTCKE R — O R R R vE R, BB RIEEE 2 mL #
B MRS RBATE E R TIRE, BERREAl, ATRERR. TRBVHARIIRESRYSTER
W%, FAAFE 50 mL PGPR B, LA 3% AR &A@ MR 7 600 Bk 25 IR, IF Bl 4O BATAS
B, SEA RERE, SIRERARR. MITGRBDR CRER AR ETAENE, 2004) g
H STk s 3 A P ZE SR R TS R B bR 0 2. ZELRREMEN 1 & ZERBEHAR SRR 10% L
T 2 % ZBBEEA L ZETAN 10%~30%; 3 2% ZRBEHEA 25T 30%~50%; 4 % ZRBEmEAR S
ZETHIRR 50% LA B HTHT . HRYE B TCA0 B 2SS OB A b, TR AR B M R ORI IR TR AL T
VR, TRTETRE=100X Y (B ZH X B RCEM) / GAEBHRBE X BmBAARERME) ; BaRR (%)
= (I 7K} R DX 97 175 P — Kb 2 DX 5 P B0 KM BRI iR 880 X100,
1.11 PGPR AL a9H &

¥ 1.10 F7308 H S B oo o TG 40 T ek 25 0 6 9 9 A5 R I IO T Bk CRG-2 T~ TSB MRAR B SR,
28~30 ‘C. 120 r/min ¥ #53F 24 ho Bk B2 AT B B2 Fh NB B3R5, 120 /min #R %557 48 h, 7
S 5 B AR CRG-2 F0kG B2 2 o 7 25 OD A %) 0.8 L L (& 1X10'°~2X 10" CFU/mL)
¥ 61 g/L Btk CRG-2 Fl 61 g/L (IS & 5 AT BB G55, 5 1~2 g/L JEER. 2~5 g/L BF
BRI 3~7 g/L KM RN E R AIR A4, T 600~800 g/L KB LB L HEATHN, A 10~
20 g/L IR AL 4T 4 AN 3 771 60~ 80 g/L [¥I A i 3R R B4 43 B AT /D B ) FeSO4 7TH20+ ZnS04 7TH, 0,
RBABET 54 ClEETEAMA BT G 200 B IR R E R . EEEEHEF T, HKRENRY
ROV G, R FF=1:10 BILLBIBIARRT, ARG/ AMERG ERAT S BEE
Fh 73R
1.12 PGPR S #F 3t 8 N0 5 14 Z 5B H AT A B B A BER

FH8 GB/T 17980.110-2004 " HrE#AT 2550 % . R TR ES W ER A DY EFNRZHT, W
Bk AR M E R ER . R H/DNX 1 mX9 m, FRARITEE 20 cm X35 cm, FENLXAHS]. 5% 8
PGPR FiAH. AYEE 500 (R F. 20%BEHEH 300 f5BR M. 65%RREHLM FERER 0.3%FHM. 3%
AR 600 5. 50%SRFEIRIR 1000 EHBEF . 80% L7572 5000 f5&Fh. AHEZF MIFFH 800 1
el EAGTRAIZ ANTR 10 MEE, SAMES 3 K. RBMRAB AR A TR RFE, W
WS, EMEFMAEARENRERE. PrageR it 577 1.10.
1.13 ¥W|HITE IR

% FHl Microsoft Excel 2003 F1 SAS 9.1.3 SR FR AT G047, KA BERTTZ 04, LSD ke AT
ERDEHRR.

2 HBRER

21 ENVHE M ZERE R EEER

N R A PR, RRERAE N 23.88%~71.75% (R 1) o KRV, Mk
HRMABEAER, J5 HPUKBURIE R, ZRakemmtmit e, SEdBmhahiil “v” Rt (& 1A,
B) , BJEBANMAEEEE; HNRELRE AGEK, TRERRIA QREBERRME, JENE
FFHHIL B4 (B 1C, Dy B) o BMRSE R 5 R SET0RAT A, Wi A ERHHE PR BB (RRO
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M

H: A, MR RER VTR B, M AR TERAMMERBE: C, ALY A Gk D, K05 I 0 T AR i 2L s
E, KWMAEHEEITR: F, RBRESRMAE AR G KMARLE R, He.

Note: A, “V” lesion development on the back of leaves; B, Irregular lesion in the middle of leaves; C, White bacterial beads appear on the disease initial stage;
D, Red-brown bacterial beads appear on the disease last stage; E, Rotten and cracked on the disease last stage; F, White bacterial beads appear on surface of

cucumber fruits; G, cucumber fruits rotten and sharpen on the disease last stage.
B1 EAEMEZRERAER
Fig.1 Sympotom of cucumber bacterial soft rot disease

F1 ENAEMSERERFEELZFER

Table 1 Disease serious degree of cucumber bacterial stem soft rot in fields

X Zone I Plant incidence (%) JEHJE Disease serious degree
7&f# Chengde 38.46+5.16¢ B faE
51.85+327¢ h e
57.69+5.44b oh S
46.15+8.16d e E
57.69+1.09 b e E
70.37+5.12a HRfEH
Z 2% Qinhuangdao 41.66+7.27 de o B fe
40.0043.73 de e
68.46+3.03 a HEfEE
40.6613.11 de h R fe
J#1lI Tangshan 23.88+4.35f BREfaE
42.05+1.85 de rh R e
71.75+2.57 a WA H

H: AR/NGHECFRERORTE 0.05 KF B B#EER, FH.

Note: Different small letters indicate significant difference at the 0.05 level. The same as below.
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Ja B R E AR A, R B (B 1F. G .
2.2 PGPR #iZF1 ACC i EBEEE

M. GH. PEMIEE 4 FEYRE BRI 53] 22 4 PGPR WMk, KA Y. EBAEN
MTFHEWEEE, BT 7 NER: WEEFEREIFEME Stenotrophomonas maltophilia. +AH1% /K E
Raoultella terrigena + 38T & Agrobacterium tumefaciens 7= i & {H B4 Klebsiella oxytoca- J{47Z B Pantoea
agglomerans. P= S T Enterobacter aerogenes F7¢ B ik /R KB Kluyvera cryocrescens. TfiX 22 #f PGPR
B LBk CRG-2 [ 2E IR B P~ AE ) ACC IR B IS &, 4 324.3 pmol/ (mg'h) (R 2) .

%2 PGPR HI##F ACC BgiE %
Table 2 Species of PGPR and their ACCase activity

PGPR %5 Number ACCase &M Activity pmol/(mg-h) PGPR 12§ Species

AHG-1 78.2+4.3 gh WEFEHE IR Stenotrophomonas maltophilia
AHG-2 56.0+5.91 4P IRE Raoultella terrigena

AHG-3 1123£10.1 f TN Agrobacterium tumefaciens

AHG-4 188.3+8.0d PR TEHE Klebsiella oxytoca

AHG-5 90.3+102 ¢ PR HHE Klebsiella oxytoca

AHG-6 65.0+4.9 hi WEEIEEILHMIEE Stenotrophomonas maltophilia
LWG-1 178.4£794d FEERSLEANTE Klebsiella oxytoca
LWG-2 135.8+£7.9 ef RHEZH# Pantoea agglomerans
LWG-3 176.0+3.8d T IEATFH Agrobacterium tumefaciens

CRG-1 223.8+21.9¢ PR EAAHE Klebsiella oxytoca

CRG-2 3243+23.6a W IR Stenotrophomonas maltophilia
CRG-3 300.3£10.8b FERR T EAAH Klebsiella oxytoca

CRG4 297.5+8.4b T IEFFBE Agrobacterium tumefaciens

CRG-5 118.5+12.5f PR EHE Klebsiella oxytoca

CRG-6 205.9+12.7 ¢ P JBFF# Enterobacter aerogenes

CRG-7 76.5+9.0 gh AHNFFH Acinetobacter junii

CRG-8 1456+19.2 WEEEFLIE B Stenotrophomonas maltophilia
JPG-2 201.6+16.7¢ F=/3JAFF&# Enterobacter aerogenes

JPG-3 87.5+5.8 gh PR EE Klebsiella oxytoca

JPG-4 94.6+35¢g FiRYWE KE Serratia marcescens

JPG-5 923+6.8¢ VZ W)@ Pantoea agglomerans

JPG-6 119.6+10.5 f 5B IK/R KT Kluyvera cryocrescens

2.3 PGPR WENHARGZREHFEOMNER

22 ¥k PGPR it 14 ¥k T HBARERIESUR M R G MEIER, BT HESRMmEE. HrhEk
JPG-6 X T Z /B S M B 410 16 Pl B 4295 3 35.00 mm (K 3) o 22 Bk PGPR HA5 4 #T 35 JICAH TR 1 25 585 17
BHEHSMEER, BT HEMMERE. HEik AHG-1. AHG-3. AHG4 f1 CRG-2 X3 JINAH i 1 223K
97 T 4 1 P LR 4 Uk 35.00. 26.67. 45.00, 48.33mm (£ 3) .
2.4 PGPR 7% /N4 E 14 Z RS fm B 2 HBHA MR

PL 9 Bk 2257 %, PGPR B CRG-2 i 3 N4 B M X SR B VA RO b 61.82%, ‘5iRAHET . ME
B4, QRFERMR. Zan R, o H 83 T A B 3 35 N4 B P 2R BT v AR Al
B 2 R B BT B M 2SR B 1B R R N 60%, tLEEE THARERMIPIEHER (KD .
2.5 PGPR 7 #I 3  ICH B 1% 22 4K 8 9 B9 R (8] B JA 3R

¥ PGPR 7 I B bk CRG—2 A B 25 R B 52 T 5 72 B P o 4 71 70 1 38 4% 0 380 JIN A0 1 1k 25 R
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Table 3 Antagonistic ability of PGPR to Pectobacterium carotovorum subsp. brasiliense and Pseudomonas syringae pv. lachrymans

PGPR %5 HIH B H 42 Inhibitory zone diameter (mm)
Number THEBRPRERIBEORZR P. syringae pv. lachrymans HHE MRERBATEE IS P. carotovorum subsp. brasiliense
AHG-1 17.33+1.53 ¢ 35.00+2.32¢
AHG-2 11.67£2.65 26.00+1.27d
AHG-3 16.67+2.88 ¢ 26.67+0.54 d
AHG-4 18.00+3.61 ¢ 45.00£245b
AHG-5 17.00+£1.73 ¢ 40.00£2.50
AHG-6 14.67£3.78 cd 833+0f
LWG-1 9331032 f 0.00+0
LWG-2 15.00£2.00 cd 533+023 g
LWG-3 8.33+0.23 f 0.00+0
CRG-1 12.00+093 ¢ 5.00+0.05¢g
CRG-2 15.33+0.78 cd 4833+245a
CRG-3 8.001+0.92 f 16.00+1.25¢
CRG-4 16.00£0.41 ¢ 15.0010.45
CRG-5 5331+0.05¢g 5.00+0¢g
CRG-6 14.334+0.05d 5.001+0.04 g
CRG-7 13.67x1.15de 4.00+0.71 g
CRG-8 23.00+0.23 b 46.6712.34 ab
JPG-2 13.33+1.05d 0.00+0h
JPG-3 13.33£0.06 de 0.00+0h
JPG-4 13.33£0.15de 14331033 e
JPG-5 16.001+0.14 ¢ 0.00+0h
JPG-6 35.00+1.56 a 0.00+0h

%4 HH CRG2 MERAEMEREHRIAEDABR

Table 4 Biocontrol effect of CR-2 to cucumber bacterial stem soft rot disease in pot

AHWH Fungicides

WitETe 3L Disease

index BTYAR R Control effect (%)

PGPR % CRG-2 Stenotrophomonas maltophilia

FEZEMFF B Bacillus subtilis

BRAEER4A copper (succinate+glutarate+adipate)

SE 44 copper hydroxide

RAREE zineb

rh4H#E zhongshengmycin

FHi# cuppric nonyl phenolsulfonate
1RTEE bronopol

BER4 thiodiazole copper

HIRFEIKER chloroisobromine cyanuric acid

Zis% ethylicin
ANE:F%t B No pathogen control

/KXt #8 Water control

28.63+1.78
31.25+3.21
46.431+3.24
43.75+4.13
46.431+2.43
33.33+2.14
50.00+2.56
28.57x1.23
29.17+2.13
28.57+3.12
30.00£2.56
0.00+0
75.00+3.23

61.82+2.56 ab
60.00+2.51 ab
40.58+3.78 d
44.001+2.65 ¢
40.58+3.24d
57.34+2.67b
36.00t2.54 ¢
63.43t3.12a
62.6712.44 ab
63.43t4.12a
61.60+2.54 ab

MIBTARRIEE] 73.13%, BEmTHEEE. JmREHFER
TR X 2 TN B T 2R R IR BT A 7.49%, L 2 BRI 3k 10.74%, B AEBRBIBIRGE 15.79% (R 5) .

TR S SR IR o P 2R R B VA 8R Bl
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Table 5 Control effect of PGPR seed coating to cucumber bacterial stem soft rot disease in field

A H 7 Fungicides JtETa4L Disease index BG4 R Control effect (%)

PGPR #4K5| Seeding coat 20.56+2.51 73.13+2.54a
fREREE zineb 27.57£1.78 63.98£2.33¢
fRAHEE zhongshengmycin 29.411+1.24 61.58+1.23d
JRAEEE bronopol 30.43+1.21 60.24+432d
WEEH thiodiazole copper 24.76+1.21 67.65+2.45b

SR FEJR® chloroisobromine cyanuric acid 28.43+1.21 62.85+3.24 cd
ZirZE ethylicin 26.58+1.65 65.27+2.22b
AgFh%tFE No pathogen control 0.00+0 -

JE /KX Water control 76.54+2.43 =

3 Wtig

19 #48 60 FEA02E E AR B F IUBAL, HEAT AT B R LK, & E#AEST A FAFREY R
K. WEEEEHFREKR. B DE. REMKHF; P AE L FENERAEA A TEK; HAEE
BRI SR KRR A . B 2017 4R 3R IE B0 T AR 1 ORI 3 BEAT I R bt A 3 L G -t T A
WM AEEL AT R IR, TR, AR R 24 FEHEEI . 2K
Faea g, FEFTPIAREN. WK, BB, RN, STRER R o (RN B TNAH o 2R R
il BT AR 2. RTEXT BN B 25 AP A TR R U i a RSN ENMARERBEL T, Xt
e TR T T AL A AR R T 4 52 A0 H SR (42 Y R R BT A A 7 i FEHOATTE TS86 Xif 7 AN 4]
A P BRI R AR ISR T 70.63% 1 80.59% . 2 HUAT B X HMUELIR A BT VA RO IE 76.86%" "
T B F AR AR Ut U A I R S B A SRR T — A A B R OB R R . KA
B. megaterium~ 15 ¥ IR B. simplex H 2 o AR 1 Sinorhizobium fredii M= 38 % W Penicillium
chrysogenum AT % WK R HC A YA A SN101 Stk T AL B A B 46.51%, B3 TR A
xS, FEYE2EMAT I B. atrophaeus IR 25 25 PR T 41 4% b A 70U 0F K MR 7R £ B ¥ R 7 ol ik 3
72.38%01 73.69%"".

TR AR AR B B VA R FI A R K — 3B 4 RO T2 4 ACC R B O R AR kb
SEAT BUE I P A i 5 A Wk T R R T, ek, R PAERER. Wl 2 B 205 K55
J5 20 B R R A K. ARFRIFEE SR CRG-2 W 3 27 SE57 B AE IR ACC it e G ik 2
324.3 pmol/ (mgh) , of B JINAN B {Hk 2E 4 i £ FHL (R 7 ¥ B8 ROA 21 73.13% ST 1% R 7 A7 A A A
PR R TSR, 1 E%EkEEE S5 AR E AR Trichoderma ERAL AR 2 TRl A AR
1 AR 75 % 40 T SRR A B v 2 R T — BT A
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