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Control Efficacy of Bacillus spp. to Soybean Root Rot

ZHU Wen-jing, WU Hui-jun, GAO Xue-wen

(Key Laboratory of Integrated Management of Crop Diseases and Pests, Ministry of Education, College of Plant Protection , Nanjing Agricultural University,

Nanjing 210095, Jiangsu , China)

Abstract: Twenty Bacillus strains, with biocontrol potential , were selected from many Bacillus strains which were isolated from
rhizosphere soil of plants in Tibet. Through the experiment of dual-culture test in plate, we selected 11 strains which showed
strong inhibitory to Fusarium oxysporum {. sp. tracheiphilum ,and prepared biological seed coating agent by using their fermen-
tation liquor as active ingredient,and a certain proportion of different material as additives. The indoor test demonstrated that
seed coating agent which were prepared with L.SSC3 and SYST2 strains could enhance the germination and growth of soybean.
The results of greenhouse experiment which had inoculated with pathogenetic fungi in soil showed that,the plant height, fresh
weight and root length of soybeans which treated with these two biological agents were evidently higher than chemical agent and

uncoated treatment. Besides, two biological seed coating agents could control soybean root rot disease effectively, with good

control efficiency of 72.38% and 73.69% .

Key words: Bacillus spp. ;Biological seed coating agent ; Soybean ; Growth promotion ; Biocontrol
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Table 1 Bacterial strains for testing

T Mk Bacterial strains ZEAATE () Bacillus spp. (species)

Mk Bacterial strains ZEAFTEE (Fh) Bacillus spp. (species)

LSSC22 B. atrophaeus
GBSC56 B. atrophaeus
RIJGP16 B. atrophaeus
NMTD54 B. atrophaeus
LSSC3 B. atrophaeus
GBSW11 B. amyloliquefaciens
YBWC43 B. amyloliquefaciens
DJFZ40 B. amyloliquefaciens
GBSW2 B. pumilus
NMTD17 B. pumilus

YBWCIS B. pumilus
NMCN6 B. pumilus
NMCC46 B. pumilus
GBSW19 B. pumilus
SYST2 B. subtilis
NMSL88 B. cereus
RJGP41 B. simplex
NMTD81 B. thuringiensis
LNXM37 B. axarquiensts
CJLC2 B. megaterium

1.2 FHRBEKEIFE

K PDA P-4 6 IR 75 00 5 AR 3K 2 760 AT 7 X R
R R A AR Ak U R S BLE . AE 25°C
KRR PDA ARG Ak O e ) o, HHELAR S
mm BT LA 7E 15 10 1Y TR 3% 30 20 4T U e, 4270 T
B PDA SEAR o SRS 5 L (2R AT 1 48
h LB &R ARD T BE-F A b e S BE S (2.5 em) 1Y
4N KEFEES A E(EHAZRS mm) B 3 REE,
25°CHEFR S d e B AR KRR B RN, T
B, IR (%) = (38 B a9 E KRR 4T
BRS04 ) (mm) /5 B8 ECRR 4 K
42 (mm) x 100,
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3L 5% B 2 TR 3% 5¢ A W, SR 5 L
4: TR FBHLIR A 5% B LI 3% 52 BB,
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2.1 REFRIVFEFEMERBITHGIE
AR RIS (3R 2) 2,20 BRZF AT R XHR

R 7D TR AR B AN TR A A . TR R LSSC22,
GBSC56,RIGP16,1SSC3, GBSW11, YBWC43, DJFZ40,
NMTD17, YBWCI8, SYST2, LNXM37 i # 1 ] % &
AW AHRAE 50% LA L, Ferh DIFZA0 f)40 B 2CR
Bl ML F] 69.30% o Tl A% TR B RAC AR RS
55, H bk NMCN6, NMCC46, GBSW19, RJGP41 il
NMTD81 SALA AP BRI RPRNTF 1% o F#or
PRI BRRCR N H LR 1
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Table 2 Inhibitory activity of different Bacillus spp. to F. oxysporum

[EL73 =N AR E S ETESES bk HEE R ETEES
Bacterial strains Radius of the fungi/mm  Inhibition rate/% Bacterial strains Radius of the fungi/mm Inhibition rate/%
CK 42.67 £0.76 a - YBWCI8 19.00 +0.50 fg 55.47
LSSC22 16.30 £0.36 h 61.80 NMCN6 42.50 £0.50 a 0.40
GBSC56 15.13 £0. 11 ij 64.54 NMCC46 42.49 £0.57 a 0.42
RIGP16 15.33 £0.35 i 64.07 GBSW19 42.80 £0.18 a -0.30
NMTD54 22.00+1.00 e 48.44 SYST2 14.47 £0.45 j 66.09
LSSC3 14.40 +0.36 j 66.25 NMSL88 36.00 +0.30 ¢ 15.63
GBSW11 19.67 +0.76 { 53.90 RJGP41 42.89 £0.40 a -0.52
YBWC43 15.00 £0.50 ij 64.85 NMTD81 42.33 £0.58 a 0.80
DJFZ40 13.10 +0.17 k 69.30 LNXM37 18.50 £0.50 g 56. 64
GBSW2 30.17 £0.15 d 29.29 CJLC2 41.23£0.25 b 3.37
NMTD17 19.67 £0.29 53.90

RSB 5 BIARNG FRER AR 0. 05 K B2 R 3%, TR,

Values followed by different lowercase letters within a column are significantly different at 0. 05 level ,the same as below.

Bl AEFEFEXNRERIENINENRE
Fig. 1

Inhibitory activity of different Bacillus

spp- to F. oxysporum
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AbFRAY R G 2ER ) 2 i T R H AR /N T
e, i o 55 0 BURALR] 5 f GBSCS6 il £ i A A 5F) AR
KERZER S T, R S8 E S RERAD
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Table 3 Effect of seed coating agents prepared with different

Bacillus spp. on germination and growth of soybean

465 Treatments KR K B T EREK
Germination percentage/ % Seedling height/cm Fresh weight/g Main root length/cm
LSSC22 86.67 £5.44 b 8.85+0.12 cd 0.60 +0.01 ¢ 6.25+0.69 ¢
GBSC56 88.33 +£6.38 ab 8.89 +£0.08 cd 0.62 £0.02 be 7.03+0.39 b
RJGP16 85.00 +£3.34 b 8.91+0.13 cd 0.61 £0.01 be 6.46 +0.08 c
LSSC3 90.00 +3.85 ab 9.55+0.21b 0.74 £0.01 a 7.53+£0.50 a
GBSC11 86.67 £5.44 b 9.46 +0.09 b 0.61 £0.01 be 6.02 +0.51 ¢
YBWC43 85.00+3.34 b 8.76 £0.13 d 0.59 +£0.02 cd 6.38+£0.49 ¢
DJFZ40 86.67 £5.44 b 8.97 +0.18 ¢ 0.62 £0.02 be 6.46 +0.43 ¢
NMTD17 85.00 +£6.38 b 8.86 +£0.10 cd 0.61 £0.01 be 6.37+0.29 ¢
YBWCI8 83.34+3.85 b 8.73+0.16 d 0.58 +0.03 d 6.31+0.22 ¢
SYST2 95.00 £3.34 a 9.86+0.15 a 0.77 £0.01 a 7.83+0.36 a
LNXM37 86.67 £5.44 b 8.99 +0.11 ¢ 0.62+0.02 b 6.53 +£0.45 be
CK 85.00+3.34 b 8.83+0.13 cd 0.61 £0.01 be 6.35+0.63 ¢

2.3 EYfMRFIMAKERNEEHFREER
TEORT A 05 7T A A R 400 i E FH [R) s A =
PVD RS S5 T 6 K 0 AR KA 0 34 A 1 R 1Y) B Ak
LSSC3 F1 SYST2 A M i o3, 3 il il & th A= P
KA KR ERF A, HFREARLE, 4
WR(E2,324) R, il TP MR R, K
I 22 RIS, 4% R B K SRR T & 2 R
B, AL B X R AL B % 25 3Rl 80.00% , Hh 7%
SYST2 [HRPAHIALA ) K FFp 7 & 27 % (87.78% )
e 76 30 d N, R IR K EA KGR,

FERRIE /N, R T 8, T ER 2 AR AR Bl 28 ST T i 45
Tl AT A A B R U A I 0 R, 2l 2 AR R
I8 AR B 60 A 4 Ak R A A Ak T A K 5
A, &t Horb, i LSSC3 4 45 i A 4 o A 591 42
AR LR B A AR R AL A Y X
e 43.04% \52.37% .65. 12% , X K G AR JE Ik
(B A BCR A 72. 38% 5 i SYST2 il £ 1) A2 b AK
LA AY R AR e B A AR BOR R A A
BB i Y 45.19% 58. 04% .69. 10% , Xf K G AR
JEER R B RCR 1K 73.69%

F4 FAEMRFXNKEZHREFREERR

Table 4 Efficacy of different seed coating agents in promoting soybean

plants growth and controlling disease in greenhouse

Ib3 RHFH B e T FHRK IR R4 Bl o Ak R
Treatments Germination percentage/%  plant height/cm Fresh weight/g Root length/ecm  Disease index/%  Control effic/%
LSSC3 84.44+1.93 a 33.93+1.67 a 4.83+0.11 a 15.34£1.02a  20.42+0.97 ¢ 72.38 a
SYST2 87.78 +1.92 a 34.44 +0.45 a 5.01+0.10 a 15.71 £0.52a  19.45+0.90 ¢ 73.69 a
I8 HNE Fludioxonil 84.44+1.93 a 25.94+1.16 b 3.82+0.16 b 11.30£1.05b  36.59 +0.89 b 50.51 b
A4 Uncoated 80.00 +3.33 b 23.72+1.11 ¢ 3.17 +£0.06 ¢ 9.29+£0.58 ¢ 73.94+0.93 a
3 Wi FFa S TS ZSB R 5 A PRl AR, AMLBEAT
~

ZFHAT IR ( Bacillus spp. ) J& H AR T Z A7 AR 1Y
— R, e R A S RGP A B AL, 1R
e LR, B i A B A A T A A T
ZHRLAME " o p T 2R AT AT 7 A R
P LR T, A HE e AN 2 AR a4 1 1 S
5 ) 4 7 SR B R
ZFAUFF R A& A B R, B B kAT, i T sk, M
BELE = T g B, A BTG, BROR J0 35 3 2510 Lo
PRI, ZEFRLT B2 G AR 10 AR B e
HAERT s C AR E B T2

1997 4EHTTAR B 12w OB A 1 00 P 2 4

BB IRK RS BORE I A0 200, /1N 22 O B L BURG
PEITAT 220 B 45, o B2 X LEAE D) B A
i FF A f SRR o AR, [ A
ZHFTEN BN [R) AR B T AR E AT T A2 W i A )
WFSE, IS 1 — s H 520 kg5 it - M
TR S5 6 2 DA S 6 7 3 X A AR i Bt
PR A AR ] T A AR e r AT A P ] s 3o R R A
KK A e R B LE B 8 LSSC3 ( B. atrophaeus)
FI SYST2 (B. subtilis) , 2525220, HiX 2 Fe
{1 5 R A DA T A1 S ) 6 ) 2 ) o A 7 42 ol
A B B T AR AR PR TR, X R AR B B 3 A
T AR AR % BRI LA B AR B 75 285 53 3 2
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1. Uncoated ;2. Coated with fludioxonil;3. Coated with agent
prepared with LSSC3 ;4. Coated with agent prepared with SYST2.
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Fig.2 Growth of soybean plants

coated with different agents
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