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Effects of Bacillus subtilis on Potato Black Scurf and Verticillium Wilt of
Potato and on Soil Enzyme Activity
WU Jianhua', LU Wenxia®, LIU Guangjing®, HU Jun™, SUN Yanmin', LIU Zhihui'
(1. Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010019, China;

2. Inner Mongolia Zhongjia Agricultural Biological Technology Co., Ltd., Siziwangqi, Inner Mongolia 011800, China )

Abstract: Continuous cropping phenomenon is common, and potato black scurf and Verticillium wilt are very serious
as the strategy of potato staple food is implemented. At present, chemical agents are usually used to prevent and
control these diseases, but give rise to environmental pollution and food safety problems. The effect of Bacillus subtilis
on soil borne diseases of some crops is recognized. In this research, field control for potato black scurf and Verticillium
wilt and soil enzyme activity of potato rhizosphere soil were investigated in order to understand the field control effect
and application method of B. subtilis agent. B. subtilis had good control effect on both diseases. Applying B. subtilis
granules mixed with organic fertilizer in the soil (10 kg B. subtilis granules + 500 kg organic fertilizer per 667m?) showed
63.65% control effect against potato black scurf. Using seed dressing treatment, B. subtilis mixed with chemical agents
(500 g B. subtilis powder + 43 g 3% zhongshengmycin + 107 g 70% thiophonate-methyl per 667m?) displayed 38.72%

control effect against Verticillium wilt of potato. The two treatments mentioned above also increased potato yield to 20.00%

i EHA: 2018-03-06

EE&TB: EEIDR B AR R AR ML R LI (nyeytx-15, gwzj-20)

EH B REAE(1990-), B, WL, FENF DR ETI .

*1#{51E& (Corresponding author ): #fR, #H#Z, FEMNFMYPREFLEGIHIWITY, E-mail: hujun6202@126.com,
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and 22.66%, respectively. The analysis of enzyme activity in potato rhizosphere soil at different growth stages showed

that B. subtilis increased the activity of urease, sucrase and phosphatase in soil. However, there was no change in

catalase activity with the treatment of B. subtilis. 1t was also found that seed dressing with the chemical reagents

inhibited the activity of soil saccharase.

Key Words: Bacillus subtilis; potato black scurf; Verticillium wilt; control efficiency; soil enzyme activity
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Table 1 Experimental treatment and methods

Qb PR Treatment Qb Treatment method
CK AREATALA AL 3]
HB 15667 m*FP T 3% A TR % 43 g + 70% T IERR E R 107 g HEFh
YG %667 m* i A HLAL 500 kg
KG B 667 m* Bt B AT T ORI 10 kg
KYG B 667 m* I il 7 2 AT BASURLR 10 kg + A HUIE 500 kg
KB B 667 m Tl TR 2F AT BB 77 500 g #EFH
KHB B 667 m’ FlE FHAR B ZEIFT ORI 500 g + 3%H/E TR 43 g + 70%H FEBR I R 107 g F1Fh
®2 DREREREBESRINE
Table 2 Classification standard of soil borne diseases of potato
SRR SR - .
., foe _— o RS R
&3 ) Classification standard for potato black scurf o
Grade Representative Classification standard for potato

value

Verticillium wilt

Hb7F ZE Underground stem ) FZE Stolon HeZE Tuber
A EREAR,
| 0 EREE AR o BB A Yes R BT R FSAEAR
FHRRIE# A K
) | PP B A b =25 B R A SPGB A 2R AR A PRSI 25% L0 R A AL R
0%~5% 0%~5% 0%~5% EIIN
3 ) IR B Ry b 25 TR SRBE R EZE B RIS PR B 26%~50% 1 R R 2SS
6%~35% 6%~35% 6%~35% AR
4 3 IR B A b 25 B TR BE AR R AR AR PR R 51%~T5% M0 A AL RS
36%~65% 36%~65% 36%~65% EIUN
5 4 PP B Ay b 25 BT Y BE R RZE BRI AR R B 76% LA F R A RS
66%~95% 66%~95% 66%~95% EIVN
p 5 IR B Ry b 25 BT SR R 2 SR AR L e B ~
96%) I 96%) I 96%\) I

Py LHERERERE R 3,5- AR IR ik
-3 A SR T R R A v LIEREIR
Tit A7 P - 3wl ek
1.8 Zitah

{5 Microsoft Excel 2007 5ER], SPSS 17.0 544
PEPRRNERBENLIX 45220007, BE7KT-P < 005,

2 HEREARH

21 BHEFAFEXNDILEBRSHIE
RS T I 51 R T R 2 B R S D A
A RKAHRMEHEERN. KG, KYG, KB34~

Ab BRI S S A R AR R 2 B R T K, AR A B
XM RN B, KB AL P )44 5 L M Rk 5
HCKABEZES, HARMIER PR KHB 40
T, HLREES.
22 BHEFEAFENILZZERMNBEER
BRI A 2 B, R ZE AT A A Ak B
Il B S8 1 25 R 1Y B ALCh 38.73%~57.36% -
KYG b3 7 88t i, 3581 57.36% o R 5
R R 2R R R A A 25 R, KHB fTKYG
AL B8R, A )R 45.449% F1140.00% , LTk
YG AbFRABGRCM 36.11%, 5 CK 2253 % . W
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OCK BHB BYGC BEKG BEKYGC [ KB EKHB

601
501
—~ ‘;:D |
Eg 4
~ =
E £ 301
=5 a P
T E 5t b ”al). b 2 A
10
0 e |
T Seedling stage KA Plant vigorous growth stage

T2 B Investigation stage
ARVNG FRFORZE 7 3 (P < 0.05), F/Me 280k, R4 NHEAREZE . TR,

Different small letter(s) above treatment means indicate significant difference (P < 0.05) as tested by using least significant difference method. Error

bar is standard deviation. The same below.

B1 WHEFHAFEHAENSRERSHZN
Figure 1 Effect of B. subtilis on potato plant height

#3 HEFETENEREZREROBGIARR
Table 3 Control of potato black scurf by B. subtilis

. M 2% Underground stem =25 Stolon HeZE Tuber
Tremim it B(%) it 8 B(%) st B(%)
Disease index Efficiency Disease index Efficiency Disease index Efficiency
CK 3431 a - 30.00 a - 1721 a -
HB 29.16 a 15.02 25.89 ab 13.71 7.92b 53.97
YG 29.68 a 13.50 19.17 be 36.11 7.15b 58.48
KG 20.07 be 41.51 27.11a 9.63 6.64 b 61.44
KYG 14.63 ¢ 57.36 18.00 ¢ 40.00 6.26 b 63.65
KB 19.62 be 42.83 22.98 abc 23.41 6.41b 62.74
KHB 21.02b 38.73 16.37 ¢ 45.44 9.26 b 44.22
R4 HEFAFENIREIRZROMBLTENZMN
Table 4 Effects of B. subtilis on Verticillium wilt and yield of potato
s ERIERER S 5% (%) FA 7 (kg/667m?) K72 (%)
Treatment Disease index Efficiency Equivalent yield Increased
CK 4333 a - 1949 d -
HB 32.78 be 23.67 2249 ab 15.39
YG 35.56 b 17.93 1989 cd 2.05
KG 33.33b 22.16 2222 abe 14.02
KYG 29.44 be 31.90 2338a 20.00
KB 32.22 be 25.49 2 046 bed 4.99

KHB 26.67 ¢ 38.72 2390 a 22.66
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Figure 2 Changes in soil urease activity under various treatments at different potato growth stages
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Figure 3 Comparison of effects of B. subtilis on soil urease activity
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Figure 4 Changes in soil sucrase activity under various treatments at different potato growth stages

O ck HB KG  Bkvc KB KHB
251

) ab &

% 2 20 a . be a])(:ab(:d%b MMabe

2 E ab b a ab L [l

=% | T 7

E ; 15 E I

g : | = -

:%1 % 10 — L

g = -

8P st = .

;1 E CLLL

3 — i ! sl | j
Hi .2 2] S FN AR
Seedling Plant vigorous growth Bulking Maturation
HE KM Growing stage

IR

Figure 5

5 WMEFAESOEN T EEEEETER

Aln]a]ARn

Comparison of effects of B. subtilis on soil sucrase activity



AT ZF FRAT TROOT B S8 M I B0 A D180 0 of L SRR 1 ) S0

e, B3CE, X, & <107

243 HEFRHASLAERE LETAALA
i e R R

H & 6 Al & H, 35 4R Ak U 1 B T
kKRR AL . o b ST P
FRIA RN, R 2 B KA A
K, BHPERR, MR 2 i 5 N

ME 7R, ESREENEFTH, YG,
KYG b3 + 3t S A A B M d i, BRCZERE
KIAKYC ZbHEAM S CK ¥ H B 25 . Hakh
ot E AL AR S CKAH LA B 25, W
U, A HLAIE SR 4 80 S A S T 1 S R
T 2R AT P B VE AN K

244 AFEFIAFRA N LA FIARER LIEHRES
DER DR
HEISHEL, YG. KG. KYGAMFEK 115wk
T Tt 305 P A T A5 S U ) A AR U o A P
ey xS E N7y DA T 11 [ ) R
- SR R S PR R B P, CK. HB. KHB
A 31 - S I il 0 M AR A H AR AR K AR fE
AR, BB RS T 5 AR R 22 A a3
PO AT, E E S B I RN e 2R N K,
A PR SRR BTG S IR 2 . T
FARW, KG. KYG Ab B () A 58 8 R W 6 1 38 5
CKAREZER, HH_HEZREAEEER. &

—— CK —— HB —=+— YG —#— KG —#— KYG —— KB —+— KHB

0.60

=

5 o

E & 0557

o E

= 3

1S 050

:

g_@ T o045

%E v

=2 040 [ 2

B’ <

+H 035 ! ! |
T R I EN N ] LA
Seedling Plant vigorous growth Bulking Maturation

H K Growing stage

Eo BAETRISUSHEHEIRZFERBNENL

Figure 6 Changes in soil catalase activity under various treatments at different potato growth stages
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Figure 7 Comparison of effects of B. subtilis on soil catalase activity
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Figure 8 Change in soil phosphatase activity under various treatments at different potato growth stages
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Figure 9 Comparison of effects of B. subtilis on soil phosphatase activity
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