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Studies on Control Efficacy and Growth-Promotion Effect of Three Antagonistic Microbial
Strains on Clubroot of Brassica oleracea

JIA Ruimin, HU Lifang, WANG Tongtong, MA Qing*, WANG Yang*
( College of Plant Protection, Northwest A&F University, Yangling 712100, China )

Abstract: Streptomyces longissimuss SLO1, Paecilomyces lilacinus QLP12 and non-pathogenic Fusarium
oxysporum Fo47 are biocontrol strains with significant disease control s and growth- promotion effects on plants.
In order to clarify the control efficacy of the three strains on cabbage clubroot and growth-promoting effect on
cabbage, the optimum seed-treating concentrations of the three strains were determined by seed germination test
and cabbage seedling growth test. Geenhouse experiment showed that root irrigation with the three stains could
effectively improve control efficiency on cabbage clubroot. The control efficacies of Fo47 and QLP12 could reach
90.38%, significantly higher than that of chemical treatment, and the control efficacy of QLP12 was 69.78%,
significantly higher than that of water treatment. Field trials indicated that Fo47, QLP12 and SLO1 all had good
biocontrol effects, with the efficacies of 66.17%, 60.20% and 51.58%, respectively, and the increase rates of
cabbage fresh weight of 29.13%, 43.69% and 16.5%, respectively. Quality test demonstrated that all the three
strains could increase the reducing sugar content in leaves, and Fo47 and SLO1 could also reduce the nitrate
content in leaves. The above results showed that the three biocontrol strains can not only promote cabbage growth,
improve the quality of leaves, but also had good control effect on cabbage clubroot, which provided a theoretical
basis for the development and utilization of biofertilizer.
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HHZE AR M 8 Plasmodiophora brassicae Woron. 5 |2 [ - AL BFER SR I i — i S AL 5, TR
C iz oMttt 60 2AEK, G FMERA, MERGEREE L R AW, SRR E
T 10%~15%" . A RTZEFREAHELA 320~400 J5 A WA AERMEYI L 22 2R MR SR e, Tk
i 20%~30% . SEEEAR IR R E T RS AL, LA AR, LRI AR e e, W fE R K
WIAESE, HMECARRER

1 X R T P 42 1 2 BRI 27 AR 24 O A o R - SRR I . B0 B 0 5 1
T A 2= 2RI AN € H Dy it AT V5 G s KTt FH A=A A28 2y 3 s SR A5 B A o el T AR I R
{104 BN AR SR, G SR I P I 4 2 A A R T R i K. IR SRRl
PR 24 m AT a IR IR I 77, HAEEE L.

UTAESK, [ A AT R 25 E B va T A RPR Mo AR o 8 250K 3 SR i T H
MR el 1= 398 vb 43 25 21— BRAG H ZEFAT B Bacillus subtilis XF-1, 1% 55 B AN %A1 K H /N X AR B A6k AR i
HSEATIRAF B 94 2R Taschke 25 VI 5% S L R P 0L R T b2 M TP 1 R T 0 5 B Acremonium alternatum,
TS FRE N B 50%. E3HE N AR BRI by BRI 2 MRAEIHIAR IR PRIR A 7155 2 (B2 18 A316 Al
A10, FHREBTRGT ] 73.60%F1 70.94%, KHBTRAIE 65.84%H1 59.59% AHXS T HARK Y E, KLY
B - A AR BRI B TR A e B ARGE R D, AW N E AR S S A A P e s b e A AR R R
i e R A BT A AR AR A

PUALRMEHE R 22 i i -5 A B V6 S8 50 = A AN b 23 3 2 2 BREAT ) i R R A
HEFS T Streptomyces longissimus SLO1 M4 HI18 Paecilomyces lilacinus QLP121*), #1497 R B AK
KAHEH A SLOT X3 S5 96 10 FH TR B 3004 90.3%, K 75 251 i 9 J L S S FU 4 QLP 12 %25 7 2K #505 1)
Biin] s 50.20%. HHiZE NRA Dijon A58 Lo FU0R % I 1 th S B HE B0 Mk I 18 Fusarium oxysporum
Fod7 W] AT 2B 6 th AR A i o S ) 22 PR RG220, Wi U 1 bk Fod7 ik nl (107cfw/g) it
AT HIEACTE, IR IIAZ B R B8 T R 0 R B0 SRR R0 20— I BTV R, HG v oxsd 2 T K 0 114 77 3%
ik 84%. ARTIX 3 AREHH T H AR Iw B ARV a RO MANE 2, CAWFTTRM, DT w B e 4= 2%
5 HAE ]y AR B AEAEAR S EDS, b, ARIRERIT T AR (0 3 MRAE B 6 H 5 Rl (00 %
BAARAC S FER AR H R 08 S 0%, R T e I R BT AR 7 BRORE Sh BRH i B
Se, DU 3 BRAR 7B Y FH T H SRR o i B va S A B IR A
1 #RE5RZE
11 e

HEE SO AHOR MR S 3 iRl R ESRGmR ST 5 BHE (10%AEM) &iFm (A~
BN HAA RPN RS 4D o WK EEREE S, longissimus SLO1T FIVR SRR P. lilacinus QLP12 HV4 L
A R EAE ) PR 2 B 5 5803 55 5 AR B v S50 % R A7 AEBUR Bl JJ 8 F. oxysporum Fo47 H1i2:1E NRA
Dijon 7T H L.

1.2 HiiEHRE

LR AR IR (PDAD #5780k R (LR UIHL) 200 g, Hi%HE 20 g, 3)IE 15 g, #%1#7K 1000 mL.

EIC— S E RS I PETER 20 g, THBRAF 1 g, LKGBRIREL 0.5 g, SN 0.5 g, —KAMERE
P05 g, LKA 0.01 g, BiflF20g, Z51H/K 1000 mL, pH7.2~7.4.

Luria-Bertani (LB) 35783k BERHZHY) 5 g, BRI 10 g, &4L8 10 g, 3lE 15 g, 28187K 1000 mL,
pH 7.0
1.3 SEBE&RREREH &

PERTRE AR A A 5T d BRERRALIE QLP12 MHEEUR )T Fod7 $FT PDB Hi7R 3k,
WA A 1R SLOT H2Fh T /51 [C— S 15 IR 8, $2055 100 mL £5 783 5 AW U HeFh i, 4 100 mL/250 mL,
28 °C. 160 r/min J& %97 5 d, PHHEIREE R 108 CFU/ML . 2 gkar S0 )y ik, 43 5114 A9 B SLOT
QLP12 F1 Fod7 &%, W% 10 CFU/g,
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14 SPESHEMFHRERSHHERKNEIT

PR E R 2 9 5 IR LT 1:9. 1:19. 1:39. 1:79 F1 1:159 fi & LIRS A (B R B E 25
W2 1.00X 107, 5.00X10%, 2.50X10%. 1.25X10°F1 6.25X 10°CFU/g) , 4r337U%d, AN/ A% 3 ki
RN, DAASIAER B 00K R O 2 I IR, BN AR 3 RS, JRR S WS HIER oL, O
THESE 7d R R, BAEE35d, MEHERRE., T8, WE. ZHAkS.
1.5 BREAMRMNE
151 EARE LRSI, SRR A ELE DR AR s A 1 — P E ) L1, A AN RFE s U H AR
MBAE (B8 5~30 em L2 AECTRAESS T, RIBA T SRIIM IR SCEE 5 0 - 358 v AR o Ak
MR 7% (2X10°CFU/g) » # KB 5 P 42 AR B L 101 IR A IS RN E JREE (10 em X
10cm) H4H.
152 BAME  WIGTE AL RMBH R F MRS 2 bl 34T, 75 1.4 R4 R B, JFRT 3
TR 915 AN [ R AR A P S AR G P 95 5k e o 3 R ZE 87 18 0 S0 B e A RTRD IR P 1 1.4 w7 VAT
FAEE I CHEFE Fod7 1 SLOT ALBRZLrh A BRI B 2 1.25X10° CFU/g. kK QLP12 AbBE b IRy 2.5
X10°CFU/g) » Hi35 35 d JaBakE 1.5.1 s gptkh, R 1 R, D BIFEREARIN . a5 7 /1 14d
AT HEMAC TR, AEUCHERR N 50 mL. 3 BRAEFIH 0 & 5 AMEEE: Ll 3 MK (1.00X 107, 2.00
X 10° 1 1.00X 10° CFU/mL) JALHEZL, BHE BRI N 20%5AE M, Bkt 600 {538 Ay BHTEX R4,
TERARCH BN . AN 10 B, 3 IREE . Bk 40 d S5 TR AR M0 RS LI A B 2, =
TR HIRTRRAE B BE 172 IR R 27 ik
1.6 KHRE
1.6.1 RI&E RET 2018 H 3 H A 2018 4 10 HAERRPH 549 11K F EL4E AR5 ) GRE4R 1800 m)
AT, TTEAE Y N A3, —4F — 25 R A IR S5 T vk Al 438 mp M PRI 75 B,y 1X 10" CFU /g
PRIG A TR, JEAR M UREET 100 kg/667m®, HEP-Hb

2018 4 5 H 6 Ht AT/ MM/ B 1, 6 H 13 HEh, JET et wiEs 7 d AekifEs 14 d
BHTHEARACHE, SEUCHEAR LR 100 mL/Ak. AR50 1E 17 AMbFE: 3 FRZEBi1H Fod7. SLO1 Al QLP12 43l i%
B 5 ANERWKE (5.00X107, 2.50X107, 1.25X107, 6.25X10° 1 3.13X10° CFU/mL) £ HALFEZ, RHE
CH R 0 20% A M, FRE 600 REiEFmRE) AN PHIEGTIR, SKVE N I . R4S b3 30 #K, /I
A 12 m?, ATIAEE 50 cm, KEEE 35 cm, BEHLXZH#EG, W& 3 REE. DXARERES 1 m, B
B SR N P 1 N O 7 N AU 7 W =S 1B s 19 R =B
1.6.2 RBMEHAEEHE RET 2018 4E 9 H 7 HATHE R W7, AN BREE 2 H AR
s R UL S ARKT B 8, FE TR I W b B 7 13 IR i 22 25 ik

KA BRI J7iE, AT N HILHEAT, BERE 3 BRI 1 BE, BEANAEEEEC 6 B, 3 IRFEES, XH W 200
PR AN SE RO T AT PR Ao H W TR S SR IDOBT 0 H I, R IR R R T K R Ak L (e PO
YerE % C AR LR e, SRR & B e = Wt i e, 3 IRl 5 R 3,
5- R KR L P e, AR 3 R
1.7 BEFITEHH

% ] Excel BPESEAT B0 AL RE, KA SPSS 17.0 HEATEE /00T, FF 51550 AL 2 1) i B DR 2205 25 9%
T (X8 15 [ S 2 (Duncan’s) K36 R 56 SR AT G040 HT

2 ZFRESH

21 HEMEHEMFHBLZOEMN

WG 7 d, SR H R R R IITE 95%LA 1. fERE KK Fod47 F1 SLO1 ALERAL T, BRItk
J¥ 4 2.5X10°~1X 10" CFU/g I, Wik R¥ BEMCT B4 MW E N 6.25X10°~1.25X10° CFU/g It}
WAk Fod7 RIS RG22 7, Bk SLO1 AbFE S IR AN . 7F QLP12 Zb¥R4Lh, Bk FH ik
J¥24 1X 107 CFU/g N, R AR T M4 i IR IE N 2.5 X 10°~5X 10° CFU/g N, F7-i 5 4 15 5%+
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W EES, GREY, ERIKRETEHEKN (6.25X10°~1X 10" CFU/g) , kK Fo47. SLO1 #l QLP12
Jit FH 2658 v A 5 TRy B s e R L SR VE S e P AT R S R A IS S R W R R S R
(K 1D o

OCK BmTI OT2 EBT3 HT4 BATS
a a

100 F a T ab
= n T

90 -

80 ]'|E
N

70 F beg

50

30

Wi & % Germination rate (%)

20 c

Fo47 SLO1 QLPI2

e T1—T5 2 BRI 3 BRAERT BT (T1: 1.00X 10 CFU/g; T2: 5.00X10° CFU/g; T3: 2.50X10° CFU/g; T4: 1.25X10°CFU/g; T5:
6.25X10° CFU/g) ; P IE iR 2R mFaAE 2= KN, NN FRER/RZ Duncan’s [GHT S 22VE K I 7] — R A B RS R A PR W) 22 5 8 3% (P<<0.05) &
Note: TI—TS5 respectively represented the concentration of three antagonistic microbial strains fermentation powder (T1: 1.00X 10 CFU/g; T2: 5.00X 10°
CFU/g; T3: 2.50%10° CFU/g; T4: 1.25X 10° CFU/g; T5: 6.25X10° CFU/g); Values in the chart were mean+SD, different lowercase letters indicate
significant difference between different treatments of the same strain at 0.05 level by Duncan’s new multiple range test.

1 3 BRAERE X I F AR AR

Fig. 1 Effect of three antagonistic microbial strains on germination of cabbage seeds

22 AREMHESREKNZN

Rl 35d J5, 43 B0 BERE Fod7. SLOT Al QLP12 Kb (1) H s 4l i A K Fabn il AT T A 45 IR o, BRI
J¥ 0 1.00X 10" CFU/g i, BKE SLO1 X H i fi et . AR F Rk i 0L 5 M e F, Bikk QLP12
S HL A T MR o T S ORI o 3 BRI IR B 1.25 X 10°~5.00X 10° CFU/g I, i H il 2L iy
TRAAERT . G 2.1 TP IR R R 45 R w0, 76 H WA H, TPk Fod7 F1 SLOT B it IR Ll 1.25
X 10° CFU/g. ikk QLP12 i FH Rk by 2.5 X 10° CFU/g I, AU H R 7l R IC5m, i Refet H
WHWAEK (R1~3) .

R1 TEIRE Fod7 EMXHESNBEMEEIER

Table 1 Effect of different concentrations of Fo47 fermentation powder on promoting growth of cabbage seedlings

AbER i 7 TF#E R Eil B
Treatment (CFU/g) Fresh weight (g) Dry weight (g) Root weight (g) Stem diameter (cm) Height (cm)
CK 1.984+0.05¢ 0.234+0.04 ¢ 0.20£0.02d 0.21£0.02¢ 3.37£0.03 ¢
1.00X 107 1.86+042¢ 0.204+0.04 ¢ 0.21£0.01d 0.214+0.01¢ 3.20%0.08 ¢
5.00X 10° 3.13+0.16 a 0.494+0.07 a 0.34+0.02 a 0.344+0.01 a 4701045 a
2.50%X10° 2924042 a 0.47£0.08 a 0.28+0.03 b 0.32+0.02a 420£022b
1.25%X10° 2.394037b 0.37£0.14b 0.25+0.07 ¢ 0.28£0.02b 3.574+0.00 ¢
6.25%X10° 1.78+0.08 ¢ 0.34£0.04b 0.23+0.02 ¢ 0.25£0.00b 3.381+0.06 ¢

o RPEIR AR EbUERE, RSAF/NG FRRIR2 Duncan’s [WH EZE R %R B3 (P<0.05). TR,
Note: Data are mean & SD. Different lowercase letters in the same column indicate significant difference at 0.05 level by Duncan’s new multiple range test.

The same below.
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F2 FREIRE SLO1 B HIESHEMREER

Table 2 Effect of different concentrations of SL01 fermentation powder on promoting growth of cabbage seedlings

S e TH R x| B
Treatment (CFU/g) Fresh weight (g) Dry weight (g) Root weight (g) Stem diameter (cm) Height (cm)
CK 1.98+0.05¢ 0.23+0.04 ¢ 0.204+0.02 ¢ 0.214+0.02 ¢ 3.374+0.03 a
1.00X 10’ 0.99+0.06 d 0.17£0.07 ¢ 0.08+0.02d 0.20£0.08 ¢ 2.63+0.12b
5.00% 10° 1.97+021¢ 0.30£0.05b 0.1610.04 ¢ 0.2340.02 be 3.33+£0.17a
2.50% 10° 297+0.21a 0.491+0.05a 0.31+0.02a 0.324+0.02 a 3234021 a
1.25%x10° 2.73£0.02b 0.36+0.01 b 0.2740.02 b 0.32+022a 2.88+0.25b
6.25X10° 2.001+0.15 be 0.34+0.04 b 0.2940.02 b 0.30£0.00 ab 2.80+0.08 b

£33 FREIRE QLP12 EMHEMER(TE(ER

Table 3 Effect of different concentrations of QLP12 fermentation powder on promoting growth of cabbage seedlings

pise fif 7 T MR E Vil Mg
Treatment (CFU/g) Fresh weight (g) Dry weight (g) Root weight (g) Stem diameter (cm) Height (cm)
CK 1.9840.05b 0.23+0.04 b 0.20£0.02 ¢ 0.21£0.02¢ 3.37£0.03 ¢
1.00% 10’ 1.61+0.12 ¢ 0.23£0.03b 0.19£0.01 ¢ 0.2240.01 be 2.87%0.10d
5.00X10° 2.06%+0.10 a 0.29+0.08 a 0.25+0.01a 0.26£0.01 a 5.10£0.08 a
2.50%10° 2.04+043b 0.28+0.01 a 0.2410.04 ab 0.24£0.01 ab 4401028 a
1.25%10° 2.01£0.26b 0.24+0.02a 0.22+0.06 b 0.21+0.00 ¢ 3.73£0.05b
6.25X10° 1.99+£0.06 b 0.23£0.01b 0.20+0.02 ¢ 0.2040.00 ¢ 3.4340.17 be

23 HFFREIBREBMNE

TR 4 40 d PR AT 2 45 T W], K Fo47 Al QLP12 MEARIK Sk 2 X 10°~1X 107 CFU/mL. # £k SLO1
WM TE A 1X10°~1X 10" CFU/mL I, AR B35 2w T AOe e, SLrh sl 2 2 1X 107 CFU/mL
R AL, BWIPE Fod7 Al SLO1 AN B 2% T iE E] 90.38%, W2 T 24743 (80.77%) , Btk QLP12
Bk 69.78%, ALK T 25705 HE HL 1 2 i T8 /KR (29.48%) o IRIGLE KR, 78 H W& s FH A B
BB R AR, B ARG BT AR B R AR AL BE (12X 107 CFU/mL) S H W v AR 05 B A Bt i Bl
HER (E2) .

0O 7k Water (CK) B Z47 Kejia Tl @T2 [OT3

a a

100

80 be

60 -

50 -

30 -

20

AHXF B4 Relative Control effect (%)

1
Fo47 SLO1 QLPI2

e T1—T3 53540 3 MRAEBT# R BERIE (T1: 1X107 CFU/mL; T2: 2X10°CFU/mL; T3: 1X10° CFU/mL) , I iE SR 2 m bRt 22k,
ARG F-BERIRZE Duncan’s [R5 ZE AL S0 Al — R AE B A FACBE R 22 53 i35 (P<<0.05) .
Note: T1—T3 respectively represented the concentration of three antagonistic microbial strains fermentation (1X 10’ CFU/mL; T2: 2X10° CFU/mL; T3:

1% 10° CFU/mL) ; Values in the chart were mean= SD, Different lowercase letters indicate significant difference between different treatments of the same
strain at 0.05 level by Duncan’s new multiple range test.

2 3 HRERTE M H BRI ARER AR

Fig. 2 Control efficacy of three antagonistic microbial strains on cabbage clubroot in greenhouse
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2.4 HBFEXH EERBR R E E RFEER
T RE Fo47 BEMR M A 3.13 X 10°~1.25 X 10" CFU/mL I, AHXT B 805 K T 60%., Horh ERRIR & 4 3.13

X 10° CFU/mL I, BiZAAlik 66.17%; Kk QLP12 FI SLO1 #EARIK S 6.25X 10° CFU/mML I, BidchetE,
S350 60.20% 51.58%, 3 HRAERT B s CEB B3N B3 m TR EE (3D

80 W 257 Kejia @ TI ET2 H@ET3 ET4 OTs5

70 - '1[
60 -
50 -
OF
30

20

AHXTB %% Relative control effect (%)

10

0

QLP12

FE: T1—T5 5N 3 BRABI B R B (T1: 5.00X 10" CFU/mL; T2: 2.50X 10" CFU/mL; T3: 1.25X 10" CFU/mL; T4: 6.25X10° CFU/mL;

T5: 3.13X10° CFU/ML) o BIWPIE SR ERRbRIERE KA, RRENG TR RZ Duncan’s [ M 22 A0 0 7] — MR AL 77 DA AN 7] 40 22 ) 22 57 (2 3%
(P<0.05) .

Note: TI—TS5 respectively represented the concentration of three antagonistic microbial strains fermentation (T1: 5.00X 10" CFU/mL; T2: 2.50X 10’ CFU/mL;

T3: 1.25X 10’ CFU/mL; T4: 6.25X 10° CFU/mL; T5: 3.13 X 10° CFU/mL); Values in the chart were mean= SD, Different lowercase letters indicate significant

difference between different treatments of the same strain at 0.05 level by Duncan’s new multiple range test.
B3 3 ¥R4RAE R H IR AR B E AR AR

Fig. 3 Field control efficacy of three antagonistic microbial strains on cabbage clubroot

25 EMpEMHIEMREEAR
3 BB OO H W LA AR TR AR K 22 5%, kK Fo47 5 SLO1 4bFI 4 6.25 X 10° CFU/mL ¥ JEAH
A P R AT s e AR, S AR LG, BEPE Fod7 AbERALAIZEHIIEIN T 6.36%, FRmH T 9.10%,
SEEEHE N T 29.13% (K 4) 5 BEFK SLOT 7E 1% E R H 5 20 L N T 30.00%, S5BREEF R IN T 16.50%
(£ 5) . HFE QLPI2 MEMIKIE N 1.25X 10" CFU/mL I fig i 2% He i H i 45 BREE T, LRI N T 43.69%,
SO LEXT RN T 18.18% (K 6) o £5HLRW, 1RAK Fod7 mILUM I # e 25 . PRy FH 45 K e 55 i
PEREH AR K Rk QLP12 Al SLO1 Aefis$ s H W 2R A g Bkt (e ik H s A .
F 4 FESREERE Fod7 KB HERITEER

Table 4 Effects of different culture filtrate’s concentrations of strain Fo47 on promoting growth of cabbage

A2 W 2 B e B ZHIREET B
Treatment Concentration Stem diameter Increase rate Height Increase rate Fresh weight Increase rate

(CFU/mL) (cm) (%) (cm) (%) kg) (%)

7K Water (CK) - 1.10+0.10 a - 40.33+£2.72 abc - 1.03+0.18 a -

BHE Kejia 600 X 1.30+£0.26 a 18.18 38.67£2.40 abc —4.12 1.18+0.14 a 14.56

Fo47 5.00X10’ 1.03£0.15a —6.36 3433+333¢ —14.88 1.01+0.01 a -1.94
250X 10’ 1.10£0.06 a 0.00 36.33£2.90 be -9.92 1.11+0.07 a 7.77
125X 10’ 1.13£0.17 a 2.73 37.00£0.88 be —8.26 1.21+0.08 a 17.48
6.25%x10° 1.17£0.20 a 6.36 44.00+2.18 a 9.10 1.33+0.05a 29.13
3.13X10° 1.10£0.23 a 0.00 42.00£0.88 ab 4.14 1.15+0.04 a 11.65

e RPEIR AR EbRUEZE . RSAF/NG SRR 2 Duncan’s [WHTE R R 7R B3 (P<0.05). TR,
Note: Data were mean= SD. Different lowercase letters in the same column indicate significant difference at 0.05 level by Duncan’s new multiple range

test. The same below.
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£5 TRIRELEFEH SLO1 ZB G H KM REIER

Table 5 Effects of different culture filtrate’s concentrations of strain SL01 on promoting growth of cabbage

Ak 3 WS Eviil LIS MR BgE S TRA T WA
Treatment Concentration Stem diameter Increase rate Height Increase rate Fresh weight Increase rate
(CFU/mL) (cm) (%) (cm) (%) (kg) (%)
7K Water (CK) - 1.10£0.10 a - 40.33+2.72 ab - 1.03+0.18 a -
FHE Kejia 600X 1.30+0.26 a 18.18 38.6712.40 ab -4.12 1.18+0.14a 14.56
SLO1 5.00X107 1.23+0.12a 11.82 37.6711.67 ab -6.60 1.02+0.05a -0.97
2.50% 10’ 1.27+0.12a 15.45 39.00+3.21 ab -3.30 1.09+0.05a 5.83
1.25x10’ 1.20+0.15a 9.09 35.00+1.52b -13.22 1.12+0.15a 8.74
6.25X10° 1.43+0.07 a 30.00 35.00+0.00 b -13.22 1.20+£0.04 a 16.50
3.13%10° 1.37+0.07 a 24.55 42.00+0.58 a 4.14 1.13£0.15a 9.71

F# 6 AREIREEREH QLP12 ZE &M HIERIREIER

Table 6 Effects of different culture filtrate’s concentrations of strain QLP12 on promoting growth of cabbage

Lb 3 WL EXi| UL S B UL S ESEEN 0N B
Treatment Concentration Stem diameter Increase rate Height Increase rate Fresh weight Increase rate
(CFU/mL) (cm) (%) (cm) (%) kg (%)
7K Water (CK) - 1.10+0.10a - 40.33+2.72a - 1.03+0.18 ¢ -
BHE Kejia 600 X 1.30+0.26 a 18.18 38.671£2.40a —4.12 1.1840.14 be 14.56
QLPI2 5.00% 10’ 1.37+0.08 a 24.55 36.33+£3.33a -9.92 1.0610.03 be 291
25010’ 1.07+0.03 a -2.73 35.33+291a -12.40 1.1340.05 be 9.71
1.25%10’ 1.30+0.10a 18.18 34.671£0.88 a -14.03 1.48+0.12a 43.69
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Fig. 4 Effects of antagonistic microbial strains on leaf quality of cabbage
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