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APRREHE SHEYRFRMELEE (PGPR) BA S
TR IMRERRIBA AR

B, FREL BE Y, AR, BEL, KWK, SEF

(L RIS, B8 0660045 2. #MKSeE:, fiZk 053000,
3. LA AR RS, dbaT 100191)

TR A K e RN S AR IR 2 B (PGPR) 35 & % 35 ISR o5 B3 74 R, 2 538 5 47 A fa 4k 138
B ARG KB RRAR Ao ARG o K T a4 0 A RARAF 09 3 A 4k JPG-5 . LWG5 Fo YD-4 535 KM 7 64
W ] By e R AL A RAARBRES B R, SREW . DYBA 300 R EARB ARG EHERD. BT ®
7 89,4970, & & F LWG-5 300 4540 JPG-5 500 4345 b6 2R . 2)LWG-5 500 4 i A% 21 3 IR AL A 5 B o2 ik 2 3
B12 4 89,4704, F & T LWG-5 800 434 JPG-5 500 #0544 £, 3) K4 2 #ARE 2 # 4R, JPG-5 500 1& o YBA4
300 433 i 2 & K RAR B A S . 9 5 A 99, 68.86. 81 mg/kg 4= 84, 30,86, 56 mg/ke. B b, PGPR ¥4
A5 B TR AR 2 3 Al RIOR Ao AR o 89 15 38 SR 25 491 ), N YB-4 300 43§ 4R . JPG-5 500 42 4% 4 LWG-5 500
1E AR HOR 4T,

XER KRl E; MR AE: SURARMR: Hadhd: HOBARE

PESES: S432.41  LEARIAF: B DOI:  10.16688/). zwhh. 2019515

Control effect of soil solarization combined with plant growth promoting
rhizobacteria (PGPR)on cucumber root rot

HE Zidian', SU Changging’, GAO Yunfei’, FAN Hairong', GAO Yufeng'* ., ZHANG Mingzhu', LI Cuixia'

(1. Hebei Normal University of Science & Technology, Qinhuangdao 066004, China ;
2. Hengshui College . Hengshui 053000, China: 3. Beihang University, Beijing 100191, China)

Abstract To clear the effect of soil solarization combined with plant growth promoting rhizobacteria( PGPR)on
cucumber root rot, field control efficacy and the influence on available nutrients in cucumber rhizosphere soil of
three strains JPG-5. LWG-5 and YB-4, which could both antagonize Fusarium solani f. sp. cucurbitae and dis-
solve insoluble phosphorus, were determined by cucumber root dipping and root drenching after soil solarization in
the greenhouse. The results showed that the control efficacy of YB-4 300 times solution was 89, 49% , significantly
higher than that of LWG-5 300 times solution and JPG-5 500 times solution by root dipping. LWG-5 500 times so-
lution by root drenching had the highest control effect, with the efficacy of 89.47%, significantly higher than
that of LWG-5 800 times solution and JPG-5 500 times solution by root drenching. The content of available phos-
phorus in cucumber rhizosphere all increased significantly with JPG-5 500 times solution and YB-4 300 times solu-
tion by root dipping or root drenching, which were 99. 68 and 86. 81 mg/kg or 84.30 and 86. 56 mg/kg, respec-
tively. Therefore, based on the effect of PGPR strain on promoting nutrient transformation and controlling root
rot in the field. it could be concluded that YB-4 300 times solution by root dipping, JPG-5 500 times solution by
root drenching and LWG-5 500 times solution by root drenching had better effect.

Key words  solarization; plant rhizosphere promoting bacteria(PGPR); cucumber root rot; available nutri-

ent;  combined control effect
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Table 1 Antagonistic rate of PGPR against Fusarium solani

PGPR %5 IR AR /mm =R Y PGPR 45 757 B8 AR mm MR

PGPR number Inhibition zone diameter Inhibition rate PGPR number Inhibition zone diameter Inhibition rate
AHG-1 35,00 (50, 4948, 97)d YEBE-1 5. 00 (29.41-£3. 70
AHG-2 26. 00 (34, 3148 49)ef YB-2 18, 33 (78. 825, 47)ab
AHG-3 26. 67 (49.51+£3. 67)d YI3-3 16. 00 (13.73£1. 29h
AHG-4 45, 00 (65,6912, 33)c YB-4 46, 67 (71.6743.27)be
AHG-5 40, 00 (41, 6746, 27 )de YB-5 5,00 (7. 3541, Tddi
CRG-1 5. 00 (29. 4143, ToMg YB-6 5,00 (7.3542. 74
CRG-2 48. 33 (78.82+5. 27)ab YB-7 4,00 (32. 842, 531
CRG-3 16. 00 (13. 73 1. 89)h YB-8 15. 00 (22. 063, 20)g
CRG-4 15, 00 (22, 068, 20)g LWG-2 14,22 (44, 603, 29)de
CRG-5 3,00 (7,352, 74) LWG-3 13.78 (66, 1013, Td)e
CRG-6 3,00 (7.35k2. 14) LWG-H 3.89 (23. 061, 65 (g
CRG-7 4. 00 (32, 842, 5331 LWG-6 14, 11 (46, 932, 48)de
CRG-8 46. 67 (71. 676 27 be LWG-7 8. 00 (32, 40-k0. 68)f
JPG-3 1, 78 (26, 717, 84 g JPG-6 10, 56 (64, 6419, 53)¢
JPG-4 9,33 (66, 42-07.5)c JPG-7 17,00 (46, 3421, 33)de
PG5 48. 33 (78.82-L5.47)ab JPGH 7.89 (39. 0348, 92)ef

2. 574 il SC 46, 44 (84,3140, 85)a 2 EXTR 4]

fudioxonil 2. 5% SC

Blank control

2 PGPREEABHEAEER
Table 2 Phosphorus transparent circle diameters of PGPR

PGPR 5 EWIE H 2/ mm PGPR 45 BB HAE/mm
PGPR numhber Transparent circle diameter PGPR number Transparent circle diameter

AHG-1 (1. 93-£0. 2)ed Y1 Og
AHG-2 (2.0340. 2)be YB-2 (1. 6040, 4)e
AHG-3 0g YB3 (1. 3740, DI
AHG-4 (1. 73£0. 3)d Y4 (2,450, 1)a
AHG-5 (2. 0340, Dbe YB-5 (1, 6740, 1de
CRG-1 (1. 9740, 6)ed YB-6 (1,970 5)ed
CRG-2 0g YB-7 0g
CRG-3 (1. 5020, 2)el YB-8 0g
CRG-4 0g LWG-2 (2,100, 2)be
CRG-5 0g LWG-3 (2, 17£0. be
CRG-6 0g LWG-5 (2.3340. Dab
CRG-7 Og LWG-6 (2, 1740, Dbe
CRG-8 (2,100, 2)be LWG-7 0g
IPG-3 (1. 47240, 2)ef JPG-6 Og
JPGA Og IPG-7 (1, 77£0.2)d
JPG-5 (2. 2740, 3)ab JPG-5 (1. 73%0.3)d
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Table 3  Biocontrol effect of PGPR by root drenching to cucumber root rot in the field
PGPR 445 WRef s o T B Uik &S FETH/ % BiinaUR /%
PGPR number Dilution times Disease index Biocantral efficacy Mortality Biocontrol efficacy
Y134 300 (31. 6742, 35)a 0 (5.1340.191b 45, 58+1, 97
500 (30, 00=£0. 00)a 5. 27+0 (6.25+1,.7Dh 33.72£18.75
800 (23. 34:+4. 72)b 26, 32414, 89 (3. 8141. 86)c 59, 55419, 71
JPG-5 300 (31, 67+2. 35)a 0 (8. 7541, 77)a 7.21418.75
500 (8.33k7.07)d 73. 70£22, 32 (5.13+0.1Db 45.58%1. 97
800 (10, 0020 43)d 68, 42-£29, 78 (6. 6141, 26)b 29. 93413, 39
LWG-5 300 (25.00=2, 36)b 21. 06£7. 46 (2. 5041, 54)d 73.4937. 49
500 (3. 330, 00)e 89. 470, 00 (3. 88-1.95)¢ 58. 84120, 72
800 (6. 6744, 72)d 78.95-+14. 89 (7.61%0.41)ab 19. 3444, 33
melﬂlai?l?ﬁﬁidzoiffﬁfii FSC 500 (16. 674, 72)c 47. 38-£14. 89 (7. 500, 00)ab 20, 4740. 00
A CK  Water control = (31, 672, 35)a = (9,431, 55)a o5

F 4 PGPR EEMRAEE RS 3 AR 8 955 B F 18 B S S0 SR
Table 4 Biocontrol effect of PGPR by root dipping to cucumber root rot in the field

PGPR 415 AR it DR T/ BIRCR/ %
PGPR number Dilution times Disease index Biocontral efficacy Mortality Biocontrol efficacy

YBE-4 300 (3. 330, 00)e 89. 49-0. 00 (6.35E£1. 90)b 32. 7020, 19

YE-4 500 (8. 3442, 35)cd 73.68L7. 44 (1.25£1. 77)e 86. 74118, 75

YB-4 800 (13.342£4.72)b 57. 89414, 89 (2. 5043, 54)d 73, 49437, 49

JPG-5 300 (16. 674, 72)b 47. 38414, 89 (2,563 63)d 72.81438. 45
JPG-5 500 (8. 3442, 35)cd 73,6847, 44 (2. 6040, 05)d 72,4540, 51

JPG-5 800 (16. 6714, 72)b 47. 38+ 14, 89 (1. 28E1. 81)e 86. 40419, 23

LWG-5 300 (6. 6744, 72)d 78.951 14, 89 (9.1741.18)a 2. 79412, 50
LWG-5 500 (31. 8742.35)a 0 (2. 6040, 14)d 72,4141, 52

LWG-5 800 (10, 00£4. Tl)e 68. 42--14, 87 (6.311.68)b 33.04£17. 78
mewlﬁf{?li’h"fﬁi dmﬁfﬁ’i ;2(;6 . 1500 (10,0044, 71)c 6842414, 87 (5.000, 00)c 46. 98--0. 00

ik CK  Water control 35 (31.67£2.35)a o (9., 4341, 55)a =

2.4 PGPR X #&/NRE T RRFH M

F PGPR AR 5, 25 AR B e 2 40 B A it P
LWG-5 300 4% ¥ 1 JPG-5 800 4% W& &% &5, Y9 H
6. 77 mg/kg, BE RS THMCHAHSEA TR, WS
AEHLL 62. 570 K5 FH « WS (R il FSC 3 BE B i, b
90. 77 mg/ kg, & JPG-5 500 {5k 4b 3, HAS A&
SR OA87. 65 mg/keg, [H - HLZRARE. AHHTE
LA JPG-5 500 iR et AL BE AR« oh 99, 68 mg/ kg,
Y YB-4 300 0 A 300 & oA 84, 30 mg/keg, — &
ErRE, BIRERE SR JPG-S5 500 15k #E
HRAL PR 55, 4735, 48 mg/kg, B8 T YB-4 300 1%
WALIREO R A R, YB-4 300 fEIRAEM . JPG-5 500
FRRBERRFIZE TR 62, 520RE R « &G FSC A&
LA TE, 48K 3 820.19. 3 860. 26 ke/667 n'
F113 783. 03 kg/667 m”*,

F PGPR ARG , 35 IV [l S 5 0 & 12 LAt
LWG-5 300 f5i ks - 4 47. 90 mg/kg, B E® TH
it TR S A A I AHAS AL R 62, 500
* BS R FSC B, o 128, 70 mg/ kg, BE ST YB-
4 500 AL B HAb AL B B AR B S A & &

B SR UL JPG-5 500 R YB-4 300 4% 5 HE 4R 4b
FRI IR . 0 R 86. 81 mg/kg Ml 86. 56 mg/kg, —
BERARE BRE T HAMLE AR
i, BV F AU S B L) LWG-5 300 AR REAR
A FEE B R, O 60. 11 mg/ke, 83 85 F I Ath 40 31
4 SR A E Sr b . LWG-5 500 4% 0 8 43 42b 2 f 2 TR

it . N 4 226, 62 kg/667 m?, FIK B JPG-5

500 £% M A YB-4 300 %5 W, ¥ N &4 B ok
4 150. 58 kg/667 m* Fil4 076. 54 kg/66( mf . 5=
BERADE.
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X P PGPR 4 15 e A 761 00 AR A 381 1= 3 AR
Bl AR 43 5 2 L B JIN 7™ Ak X A T 99 11 B 9 K
H,YB4 300 £%% . JPG-5 500 {53 f1 LWG-5 300
PRIl B R BT«

3 g

MR BT 1 585 27 A M AL, IR LA &
AR T — T D A L b B R A ]
KA SH, 284 RRBEH 5 —FH+
PR B A, TS5 R HER O 34
Kl 22 (R 3R 325 5 R DR A A T S L B
PIHTINRE RIS B A AR, X FARIE RS
T A B I 7R B T R T R B RE N B
RGN INEZ —. BRI E LY
[« A/ T AN A LB B R L PR AR K
FHAETHBEZ )5 » S 4h 757 4 DA 31 3% SEAR I - 3¢ op
ATLLGRANHR G . PGPR S22 — 2874 5 76 AR P JA [l 114
A5 [EASRE 2B 20 24 Fh g AR bR gk P
monas ., WA E 8 Bacillus JEIRE B Alcaligenes,
WHHEIE Arthrobacter  [8 5 )& Asztobacter  JHFT
WIE Enterobacter R X KR B Erwinia ., % 15 8
Flavobacterium W R JEH B Hafnia, w51 KH
J& Klebsiella VP E R HE IR Serratia, 3 B I & @
Xanthomonas M2 £ R W J& Bradyrhizobium
SEHTET . PGPR F B a7 A 10 R N AE-1-0R
R CACONS Sk 3 DB A AR )
YO T PR A R
SR BRI A T SO e B
IPG-5 Mg RGP S, maltophilia \LWG-5
R ZEMFT R B, brevis, YB-4 A P 5785 F2 900 46 iy
FF B. methylotrophicus, 3 > #7300 #7518 5k
RO [E1 R 3 R ffp - S i R T R4 98 A

. MEZ PGPR & FBREEARFIME AR L0 BE 3K
AR ] 18 8 A0 7 5 TP AR ) AR o 1) BT 3
HIRLE A RFE, YB4 300 {53 JPG-5 500 45 Fil
LWG-5 300 {5 MR B, 315 Wang 5120 ik
A3k 70 5 T Serratia plymuthica , V& B 35 B
W Stenotrophomonas rhizophila, 9% ¢ 15 B Jify
P. fluorescens FIRBAMIB Y P. extremorientalis 7L
By 16 TR 955 ) s 0 T i i 268 A Ak A e — 3
{HEASSCHY 3 A Bibk HIGE T e, B & 5A

[ A FH S0 0 P R L - M A ) S Y
WA T B — BT . Bhoh, TR 1 A P R
A1 PGPR AR b8 AR S RE AR 2 B TR R I 46, 18
IR R Bl IR B E, T
HEIVHRBE IR T 2 — A 0 S T, T A7 R 4 B
AR BRI A i B PGPR 6 G 2] ) 1 12
FH -5 B 22 i 020 . DT I R S
fil PGPR, B HTBEAL BRI J5  FFAE AT 45 R &
URHEAR 4 BUIR R AL T PGPR 41 2 v s A RS
DR 3TN0 S2 81 1 R 1 S8 R L 45 A 5 I 1 14 12
B XAEMMAARBHIE LERENCLBIK
WER1, {H PGPR A: B fF FI -5 A2 45 A ) 1B 45 1
Fit—5.
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