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Control of cabbage clubroot by foliar-spaying with Bacillus subtilis XF-1

HE Pengjie' ., CUI Wenyan', HE Pengfei'?, YUAN Hai"*, LI Xingyu"*, WU Yixin"*, HE Yueqiu'*

(1. Yunnan Agricultural University, Kunming 650201, China; 2. National and Local Joint Engineering
Research Center for Screening and Application of Microbial Strains, Kunming 650217, China)

Abstract To establish an effective and simple biocontrol management system in the field, the colonization ability
of XF-1 was tested in Chinese cabbage by drenching and spraying XF-1-gfp and clubroot control and yield recovery
effects were studied by drenching and spraying the wild strain XF-1 in the pot and field experiments. The results
showed that its population in root, stem and leaf of cabbage after foliar-spraying had a rising trend first, then de-
creasing and leveling off, and finally the colonization density kept at 10° cfu/g tissues. The incidence rate and dis-
ease index had a significant decline compared to the negative control in the pot experiment with 56.4% of control
effect by spraying XF-1, 78.6% and 70.7% by drenching 2 000 times dilution of cyazofamid and 1X 10" cfu/mL of
XF-1. The disease control effects were 52.6%, 64.6% and 74.0% . respectively, in the field experiment without
significant difference. Moreover, spraying XF-1 increased yield by 70.4% ., 35.1% and 23.6% compared with the
negative control, drenching cyazofamid and XF-1, respectively. This study suggested that foliar-spray of XF-1 might
be an effective way for controlling clubroot and increasing Chinese cabbage yield.

Key words clubroot disease;  Bacillus subtilis XF-1; cyazofamid; disease management; soil-borne disease; biocontrol
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Table 1 Clubroot disease control and yield increase effect of XF-1 by drenching and spraying in pot experiments

JGBL K/ Vo LRIk BivasiR/ % TR /g e ] HEF=5E/ %
Treatment Incidence rate Disease index Control effect Yield Increase ratio

25 I R Control (100. 0£0. 0)a (93. 2)a — (199. 3+66. 5)c =

10 %% 75 SC eyazofamid 10% SC (63.3%11. 6)d (20. of (78.6+9. 2)a (237.0£47. Dbe 18.9
T1 (76.7=£5.8)cd (27. De (70.7£6. )b (248.0%45.2)b 24. 4
T2 (76.745.8)cd (45. 3ed (51.4+11. 3)c (310. 0458. Da 50, &
T3 (70.0=£10. 0)ed (40. 2)d (56.47£5.0)c (279. 2444. 2)ab 40. 1
T4 (93.3%£5.8)ab (55. Db (40. 7£8.7)d (253.7%35.5)b 27.3
T5 (80. 0£10. 0)be (48. 3)c (53.6E6.9)c (272.7%42. 4)ab 36. 8

D) Fh B A T AR B S R 22 57 B (P<0. 05) . R, T1:HHJE 1.4.7.10 d JEHE XE-1 RBER T2: TS 1.3.5.
7.9 d Wit XF-1 W T3: 5 1.4.7.10,13 d Wit XF-1 KB s T4 F1 T5 ALBE 5 2053505 T2 F1 T3 281, {HAR B R B0 4 K.
The data in the table are mean®=SE. Different letters in the same column indicate significant difference (P<C0. 05). The same below. T1:

Cabbage seedlings were drenched with XF-1 culture at 1 d, 4 d, 7 d, 10 d after emergence, respectively. T2:Cabbage seedlings were leaf-

sprayed with XF-1 culture at 1 d, 3d, 5d, 7 d, 9 d after emergence, respectively. T3:Cabbage seedlings were leaf-sprayed with XF-1 cul-

ture at 1 d, 4 d, 7d, 10 d, 13 d after emergence, respectively. T4 and T5 were similar to T2 and T3, respectively, except the seedlings

were applied with XF-1 culture four times.
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RSS2 245 A — 35, A I A B
TEEM AR — 5. fEH B B RABE
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WARIR AR 7 S HAR F AR A E. 525 X BEAH
Fb, e XF-1 19 FT1 Bislchcds» ik 74. 0%, [A] i 5%
HE S5 mEiE XF-1 #9 FT3 f9R5akas 71. 1%, Wit XF-1
() FT2 fBERCHR 52. 6 %0, GEUE 2 000 5 10 Y0 AR ME

BEIFRIRIBTRCR 64. 6%, k22550 5 XF-1 4b 1 [a]
HI B RL2E A B3 e TR 1 48 2088 8 3 I T
I =po

b BRI R S b b Bk fif 2 S 2 (R
2) . 525X BRAH EL 4540 B 1 K 1 S LR £
Bivm T 25 R B o FT2 9 bk 6 85 el
175.1 g, 3877 74. 1%, B 3w 25 F IR Y 100. 6 g,
AR 129, 6 (377 28. 8%0) A 7= Bl
A R
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Table 2 Clubroot disease control and yield increase effect of XF-1 by drenching and spraying in field experiments

Qb3 RIGZR/ Y ARk BiivR LR/ %6 Frat/g e B! W=/ %
Treatment Incidence rate Disease index Control effect Yield Increase ratio
23 % H# Control (82.4+14. 3)a (48.9+4.5)a = (100. 6428. )b =
10 % &M SC cyazofamid 10% SC (38.2£17. Db (17.3%£9. 9b (64.6+20. 4)a (129. 6£58. 1)ab 28.8
FT1 (39.1+11. 2)b (12.745.6)b (74.0£11. Da (141. 7£62. 6)ab 40. 9
FT2 (51.1+21.5)b (23.2+11. Db (52.6+22.6)a (175. 1£74. 4)a 74.1
FT3 (41.74£5.5)b (14.1+4.3)b (71.1£8. Da (169. 7£68. 8)a 68. 7

1) FTL: M AR50 T1; FT2. M A0 T5; FT3. [H] i 5eiE 5 wiiE XF-1 ZFK (W FT1 5 FT2).

FT1 and FT2 were the same treatments as T1 and T5 in pot experiments, respectively. FT3 was a mixed treatment with FT1 and FT2.
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