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Abstract: [Background] Common biological agents such as emulsifiable concentrate (EC),
wettablepowders (WP), dustpowder (DP) and other biological agents contain benzene and derivatives as
organic solvents and dust, which could cause pollution to the environment. Water dispersible granule is
considered as one of the most promising dosage forms owing to its environmental friendliness, high added
value, and large market potential. However, there are few studies on the compound Bacillus sp. water
dispersible granules. [Objective] To prepare a compound water dispersible granule using Bacillus
amyloliquefaciens BZ6-1 and Bacillus pumilus SC-12, and evaluate its antimicrobial effects on
suppression against bacterial wilt in pepper. [Methods] The effects of different carriers and auxiliaries on
the spores of two kinds of Bacillus were investigated in a biocompatibility experiment to select optimal
carriers and additives. The effects of different sieve diameter, drying temperature, drying time on the
quality of water dispersible granules investigated in a quality inspection experiment to optimize the
granulation conditions. Field pepper experiment was conducted by spraying different dosage after planting
to field. [Results] The best formula included 4% sodium dodecyl sulfate (wetting agent), 6% sodium
carboxymethyl cellulose (dispersant), 4% ammonium sulfate (disintegrating agent), 4% polyethylene
glycol (binder), and 82% diatomite (carrier). The optimum conditions for granulation were mesh size
0.8 mm, drying temperature of 40 °C, drying time of 45 min. The optimal water dispersible granule, which
meets the national standards for wetting powder, was developed with bacteria content of 2.52x10* CFU/g,
suspension rate of 79.3%, pH 6.8, water content of 4.5%, wetting time of 19.6 s, disintegration time of
86.4 s, and moderate particle strength. [Conclusion] Compound Bacillus sp. water dispersible granules
effectively controlled pepper bacterial wilt and improved the yield and quality of pepper. The most suitable
application rates of as-prepared dispersible granules were recommended to be 3.0 kg/hm?.

Keywords: Anti-disease, Growth-promotion, Compound Bacillus sp., Water dispersible granule
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HEAEAE A2 Z AR B g P K 43 BORE 7 (water
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(NH4),SO4] I fb 8l (sodium chloride, NaCl); Khgh
5| . ] 2 (polyvinyl, PV) 38 Z I (polyethylene
glycol, PG)FIAI#EVERH (starch, ST); Frf#kik
B Ry o A, W A 25 8 P Ak 2 iR A R
AT

FAEE PR SR (g/L) . AR 10.0, L
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I P 2F TR B LU 0.82; 4N 2D TR, oK ’;‘ DT Q oo 00
MRS IR £ T WENY PR ZE AR A B R HefCarriers

KN 0.93x107 CFU/mL, G RN 24T 1 1 Lo RS Ty n .
H0.79, Figure 1 Effect of carriers on the number and ratio of two

23 E SFRATEAS BRFIBFIR g Streins of Budlls
e e i F 3l 1 Hi: CK: XPRH; TP: ¥41ky; DT fl#it; CC: BRARES; BC
AR IR R SR RIERT g v ot sest & 5p0.05).

I, ﬂz(lﬂﬁlﬂl‘@%ﬁ“:ﬁ%@ﬁ@&%ﬂa%%iﬂﬂﬁ'ﬁ/}ﬁ Note: CK: Control; TP: Talcum powder; DT: Diatomite; CC:

Calcarea carbonic; BC: Biochar. Different lowercase letters meant

S 2 T A SEHARFT =)
D 4%, 6%F 8% T —hE KL B AN A0 FE T B TR] 25 5 significantly difference between treatments at 0.05 level.

A B

7 A Ratio of two strains of Bacillus 1.2 3 4.0 A Ratio of two strains of Bacillus ] 12 3

S 5 6 [ Numberof two strains of Bacillus 103 B8 53.5F [ Number of two strains of Bacillus 10 3
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£E 5| z & b 5’3'5%3-0‘ i i 5
SR = b z 083 & 3 = b 082
o0 4 @ i -~ g O 25F a b i £
S - H06E £S 20} i = o6 E
% 3L B = x 17
o o = | C =}
55 ) : b Ho4f 55 04 2
= < £ 10F s
E S J022 E§ o2 ¢
z2 1F 28 ZR 05t 28
0 0.0% 0.0 0.0 &

SDS SDBS FD CK CMC CLF STPP
FE1 577 Humectant 4y Disperser
¢ 1.2 D 2
- 45 A Ratio of two strains of chillu; 1 § S A Ratio of two strains of Bacillus ] 1.2 §
S 340k [ Number of two strains of Bacillus 10 'g S 5 ] Number of two strains of Bacillus o 3
a g™ 11 2 E 2.0k 110 3
== a a [ =8 a Q
52 35F  x 2 a ¢ Jo08% EZ i b i ¢ 083
cZ30L & = i £ $O 15k i = i 2
f = a d06E 23 a a Ho06 E
(=] éz 25 - \ "‘5 X 1 0_ |72}
5 8 042 o3z 04 £
= — . 3 - R
é % 20 b % é = 0.5 o b %
S c 402 R VI _
bl ol 0 ] B
1.0 0.0 = 0.0 0.0 ~
CK  CaCl, (NH,),SO, NaCl CK ST PV
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Bl 2 EENFXS A EF AT & = % A0 L IR R0

Figure 2 Effect of additives on the number and ratio of two strains of Bacillus

. SDS: T hedERiReN; SDBS: + heSRIARREN; FD: BAMF; CMC: RHIELHEREN; CLF: ARBREARRN; STPP: —
RUEER N ; ST: WIAEVEIERY; PG: B TWE; PV: RIGEE AFFEFR R AR 225 B 3 (P<0.05).

Note: SDS: Sodium dodecyl sulfate; SDBS: Sodium dodecyl benzene sulfonate; FD: Fructusgle ditsiaesinensis; CMC:

carboxymethylcellulose; CLF: Converted ligninsulfonates; STPP: Sodium tripolyphosphate; ST: Starch; PG: Polyethylene glycol; PV:
Polyvinyl. Different lowercase letters meant significantly difference between treatments at 0.05 level.
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Table 1 The amount selection of additives

BT(E= s I A= 2 TN 61 vl 1 ARG A it i A ] RESETR) skt [a] Uk RS 3
Wetting Wetting time Dispersants Wetting Suspensibility ~ Disintegration  Disintegration Binder Disintegration Hardness of
agent (%) (s) (%) time (s) (%) agent (%) time (S) (%) time (s) particles
2 37.7£0.7a 4 18.9+0.1a 64.3+0.7d 2 155.3+1.7a 3 89.3+0.8b ke
Soft
4 21.5£1.0b 5 19.2+0.2a  72.1+0.8c 3 101.8+1.1b 4 86.8+0.8¢c &
Moderate
6 19.7£0.3bc 6 19.1+0.2a  86.2+1.0a 4 89.7+0.8¢c 5 94.7+1.3a it
A little hard
8 18.6+0.5bc 7 18.3+0.1a  75.5+0.5b 5 87.2+0.3¢ 6 93.2+1.3a i
Hard

T8 SRR T TR RIR N S HOR R LT AR R R BRIR B s RS ES RN R £ . ANIR] RS AR B A 25 5

(P<0.05).

Note: Wetting agent: Sodium dodecyl benzene sulfonate; Dispersants: Carboxymethylcellulose; Disintegration agent: Ammonia sulfate;
Binder: Polyethylene glycol. Different lowercase letters meant significantly difference between treatments at 0.05 level.

AN WA R, {RIEREH 4% %
SERRIRAN ;s A3 ORR LT 4E Z A Y & i 6%I
EIFREEE T HAL S &, AN S BRI
YRS AR E, HAEcER 6%
PR SLETLAEZAN 5 A0 IR i A foge ) B o P
BEITURL , 4% 5%l B A Mt 7] 25 S AN i 3,
LA e 4% IR %L ; KSR —FE &
R 4 %, AR Rl L2 R, e
FEiE T, RIHRSZS I 4 %R ZBE
24 ESFBEAREKIBNFIMER T ZMA
A2 A ZE TR TR K A Ok R s T2 Ak LR
2, AT TR AT A 24 T FLARAR R 0.8 mm B,
TR R BRZ, A% 2.36x10° CFU/g; T
WEER 40 °C BF, ZEMFF R EE SR Z , BE
2.31x10° CFU/g, ‘SHABALPIZES B M mEy
45 min i}, ZEAUFFRRATE SR 22 , 1551 2.46%10° CFU/g,
S A AL P2 S R I UE SR 2 W A O LR AR
0.8 mm , HETEEE 40 °C | HET-HF[A] 45 min 25444 F,
ZEFUAT B TSRS IR F) 2.52x10° CFU/g.
25 SEFMAEKDBURFIB RIS TR DT
M ZE FAN G S 7E M ZE
251 EEFHEHAEKSBRFIBERRIEIRD T
i E

AR H 4 525 2 AU BT 7K 0 FBORE R 25 T

2.52x10° CFU/g, M, f#ieks 28 /T s BZ6-1 &%
B4 1.37x10° CFU/g, S/NAFHIFFR# SC-12 & H
4 1.15x10° CFU/g, pH 6.8, Kol 4.5%,
BIEFEN 79.3%, MRIENEZY 19.6 s, AAfEETE N
86.4 s, WURISR ISR, HIHEARIFF A AR A E K
it
2.5.2  FKERRIF B9 REAS E I E

ZETRFF R K S BRI PR RS e an el 3
N, TERR NKGEOREE 12 A, AT

R2 FRBRFHNAMIFETEEEHRIZM
Table 2 Effect of different granulating conditions on the
number of two strains of Bacillus

HMFE T 43 ZFAFFRTVE R
Factors Treatments (x10® CFU/g)
(R aEs 0.8 2.36+0.15a
Sieve diameter 1.0 2.01+0.12a
(mm) 1.2 1.97+0.16a
paids SN =05 30 1.26+0.04b
Drying temperature 40 2.31+0.07a
(°C) 50 1.04+0.08b
pois injlel] 15 1.76+0.13¢c
Drying time 30 2.18+0.11b
i) 45 2.460.13a
60 1.64+0.16¢

F: AF/NG FREFRIR AN 2% 5 8 25 (P<0.05).
Note: Different lowercase letters meant significantly difference
between treatments at 0.05 level.
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Figure 3 Effect of different storage on the number of two
strains of Bacillus in compound Bacillus sp. water
dispersible granules

e ANRVING FRER R AN 2 57 15 2 (P<0.05).
Note: Different lowercase letters meant significantly difference
between treatments at 0.05 level.

RGN 66.67%; TMTE 4 °C 54 F, FHAFHELE
RN 69.44%, PIFMERT T 20 ZEHUAT BAATE 211
2SR R A ZEHFF IR K B RIAEH
T IR A7 AT AR R A7 TG AR e 1 o
2.6 EEITFHEATE K BRI X BRI G B A
ER T

02 A BE AT BRT /K 43 HOR 390 XoF SRR o A
WIS L2 3. 5B ZRAUFF AT /K A3 HSOR Ak 2R
U B2 = TR it A SRR R K S L
BR34BT HUR SR R O TR

®3 EETFAITEKSD BT ARG RS R0

BT SR SRR R, ER C FRE
SR, AR A A RS A PR ] 22 AN BH
2.7 & TR AT & 7K 4 BURL T 3T SR AL AR B9
H B BAE R

H 4 AT, RIS AS R 2 A 2R AT TR
TR AT EBORE TG BRBSUE A0 ) B TR 4 B R RICR,
CB15, CB30 1 CB60 HIBiiARCRA e 42.0% .
63.0%71 63.1%, CB30 1 CB60 P IA%CHRAHY
3 i

BT AEY TR Z S R, ARSI @ R )
A PERIE I (4 7K 43 B3ORE 39 RE 8 A5 230 v iR 1% B2 /K 51
TR AT YR P A3 FAAF A B4 A B[] ot Ry 2 I S e
M, [FEREEAE SO SRRt MRS
T, FEE AT Z AT AR K2
ORI AT D Ay, BUARTT DR R . By
ST A TR R 2R TH, R BSOS R
BEY) . ASLIES BRI G A 2RI TR 3 HOR
MBI B L, N HRCR IR T AR . ik
BRAG A FERIA, X S ERAGEPIIE—2 . i
B FEEIH Si0,, HAM ALK, FLBRE
BegE . FLIHESEESS . WOtk ar . HLERIETBUR L
BE | REEL, BEE R, XA R ER,
S PR MR B R R Az —

IR BBORL ) A T A7 R 1 L ) JHL ™ i Jo
TSI HRCR o BERRA IS B AT DASE = 2 v )
I AR R F U e B R K o
7 TR BIF i 3 A R 7 1 LR R R 3% T Sk
BBREN s PRI E R A B A WAk 25 7K 3 ik 591

Table 3 Effect of compound Bacillus sp. water dispersible granules on yields and quality of peppers

Qb FR P HIERC HH B ATV PR
Treatments Yield (kg/hm?) Vitamin C (mg/kg) Protein (g/kg) Soluble sugar (%)
CK 3 137.29429.52¢ 71.25+0.88d 1.2240.01c 2.8240.02¢
CB15 3 368.28+10.67b 82.5240.13¢ 2.29+0.06ab 3.74+0.03a
CB30 3 576.64+57.56a 90.38+0.64b 2.45+0.08ab 3.91+0.06a
CB60 3 647.37+73.51a 106.25+0.78a 2.81+0.05a 4.25+0.05a

s ANRVING FREFR R AN 2 57 1 2 (P<0.05).

Note: Different lowercase letters meant significantly difference between treatments at 0.05 level.
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Table 4 Control efficiency of the compound Bacillus sp.
water dispersible granules on pepper bacterial wilt

sl RIpA RGEIEE

Treatments Incidence rate (%) Control effect (%)

CK 63.34+2.64a -

CB15 36.7+5.00b 42.0

CB30 16.7+1.88¢c 73.6

CB60 13.3+3.50¢ 78.9

TE: - BAMBERCR; NR/NSFRERIR AL IR 2 5 5%
(P<0.05).

Note: —: No inhibitory effect; Different lowercase letters meant

significantly difference between treatments at 0.05 level.

IR RE AR AE BRI 5% IR LT R B
e PV K A T 2 L TS VR RIE 5 B K 4 HIOR: S A
TEFE R S EE R AR RS 4.5% R IR %L ; W AR
FREOVEE 7590 MR A i [ /I 43 HICK 9] A B Al 2o 7 o 7
W RN EERIN 2%IR 2 —FE . AR ENE S
ZERUFF BRI A3 HIOR FIZENER A 4%+ b s iR
B ATEIGRR 6% H LA A R A . TR 4%
MR e . REEERIN 4% R BB T SHEN
2.52x10° CFU/g.

ARG B ) 52 2E AT TR 7K 43 FORE ) ER
P ZEFRAF B A LI, FOAR T S — A W I B A
WH RSP SR  E P22 T R R B IRRCR
MRS R, [RlE &2 2R TR K 3 HOk 571 45
A 45 R VR FHAILER 1 B R FH A B 47 b Bl T3 AR
AR EDT ) SRR R R, ORI
F B —RK AR R P02 AR IR AT 5T A Bt
A ZERFF R K 2 BIOR R 2 35 42 5 T B
AR A 0 A R R T R A T 3
P T IR TE T, b T 3T AL Y 4
fiff, AR E - [ 5543 10 A AR AR, A
THERS T HM Ve & i, X 5220 s 45 R —
o B A IR B K A BIORL R it XA A
FRIBIT 16 R 2 TR, L 3.0 kg/hm® F1 6.0 kg/hm®
HIBTEROR BE LT 1.5 kg/hm®, T 3.0 kg/hm®
1 6.0 kg/hm® BURHIY , HEFEE A ZEAATH K4
ok 5 7 38 40 3.0 kg/hm?

4 S

52 ZERUFF IR K A3 B0 0 O e i e« YN
IR ZBE BRGNS HOR R T BT A R A,
HAfRRIA B RREL , REEEFI R R, ik
4%, 6% 4%, 4%, BIEREEHE L 82%. HmfEk
SN THFLRAZ 0.8 mm, BEFREE K 40 °C, HET
] 45 min, 285 09526 2T R 7K 23 HoRs R B
5RO 2.52x10° CFU/g, £ IF% 79.3%, pH 6.8, /K
SrEERN 45%, WIEEEICY 19.6 s, HAfEEE R
86.4 s, MURLR LG H o A3 ORLRI Y A TR bR ik 2]
TR EZ R, HIA S8R5 A K5
HIORL R 0 2 3R Ry ™ A T, MR A 2R
FFBE /K A3 0K R i h 3.0 kg/hm?
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