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PREREE HSUA i 5 o A e A1 Ao A T e 4 5
AR E) 8B AT 08 ( Ceracris kiangsu) Bk E1T B iR,
BiiiaRORIA 92.59% AH G il £ T2 ¢ H
AR & . K5 BORL R (water-dispersible granule,
WG ) J2 18 7K RV AR i O 2o 10 2 WA RIR
RN ARG R A L, K S BIORE R A R
B AT SR IR AU AL, I B
B AL R AR, AT, 7K 3 BORL R AT S48
VR 25,V 22 A3 6 1 4 180k 790 SCEL I A A RO
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/INEEG (berberine ) X R i %, J& M\ % ( Cop-
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1.1 SEIEHH
11,1 BHXE A Fe ) B

4o T 4B E CQMad2l 1 T8 (& K &
2.39% , i1 T i K& # 90.02% , & fl & 4.26 x 10"
cfu/g, W% 1.32% ) , FHIRRAGHEY TREARL
Al /NBERR (i 97% ), BT R W) 0T KA RR
NS
11,2 AR 3 ARFe B )

E AN 5 00 BT Ty, N =11 e W & P r a0 T 2]
R, 12 oA AR A BR A A

TR T RE SRR RR AN (SDS) (4r#rdl)
TREHER R N (SDBS) (43 AT k), b SEARAE AR
BHEABRA A FF R BX (fh2fal) IRl R A o
Itk JFC-U ( HAEZ0) , IL AR R TRHE AR A
Al LR NP 10 (40 #r4l) , T i R B A4 T
A PR E) ] HR -3408 , 3 K SCilifini b T

STHGR R BT RRES AR BT R RN I H
TZERETREN (NNO) (M H 3 0 28 f FR 4l (M)
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YR (HPC) AL, g Farhr T AR b BB e A B
NS

Fhes BN (AR DR EER (A
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AR R A IRAF,

AR TR ERIREN (AT Al ) |, i IR A R

BA PR T al e by (A al) |, L st RSk R
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ML AR AT FRA ) 5 JCK B R B (oAl , b
BT T A AR A A BR A A

1.1.3  BhXsziRik

LR A MR (PDA) 59748 H 200 ¢ 5
BB RN K 3 (3 20 ~ 30 min, BERE B B
BRI JJH 8 EEb AUk, A A 20 g
fif, A SRR B 20 ¢ WA, /K 2 1000 mL,
115 °C & e ZE 15 KA 20 min,

WAREFRE EEM Lo, BERE 1 o, B0
4 ¢ K,HPO, 0. 1 g,MgSO0, 0. 1 g,KC1 0. 1 g, I AZEMH
7K 200 mL,115°C K& 20 min,

1.2 KIS

XB-K-25 AU Bk iHE50bR , b i sk AR Ak i
FUL A FRZN 7] 5 YKY =700 FG24 Wi, ik
RGN E A RN 7 s LSHE 600 U2k 355544, |
TS A BR 2N A 5 AR E RS 56 07, 40 B (i FL 42
0.425 mm) , WL EEEHT A BEALES ) ; WDI01A #4it
R, T RS S HL A BR S R KLY - 150 B4y
HRIERAL, )M T KA TP & A PR A A
1.3 XWHE
1.3.1 /NEEBSTERAZH 09 EC, M2

Wi/ NBERIORY R AR PDA B33k eh | el & 2%
[ A 85 % | 0T o vk B 6 R 1R Ol 0,200,400, 600
800 .1000 2000 .3 000 pg/mL, FEA o i & i 5 )
R 3K, FFTFLA M AE K B R 1Y PDA 15373 I
FTELPADF, HeRh ) & /NBERT-AR i O A 18 R 35 57
FEE R, T 26 CHFER R, 7 d 5 7538 ik
D5 TR 22 FLAR | 2R FH TR 22 A A R 1153/ N B ARl X
SRR ECy, ™,

1.3.2 fEmiAE a4

HARTHLE  70% (i 34, B [F)) #idk 30%
SRR TR

TEIR AT 25% SR As TR 16 45 3% /N BT,
AN TR AT R ) A & B 53 5 1% 3% 5% , ik
T4 E 100% ;

STHGAITE  25% SRAR R 185 3% /N EEBR |
3% FLALF NP — 10, AN [A] #2843 5O 9 25 52 53500 4
1% 3% 5% k£ 4MNE 100% ;

FhREEH AT e 25% SRR TR 3%
INBETHRY 3% FLALF] NP - 10 i i 77 5 2 45 7 4%
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S %t B (A= T RO 1004y, I e H A P A
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P AR K 500 pL REINEE SN =S A
100 mL, PDA AR SR HEIE i, F 160 v/min
(25 +1)CHEFE 16 h, L W AEE T A I Bki141
WGeit B BRI B4 e 5 N EE IR
(D) HEAFH LFE,

G=(X,/X,) x100% (1)
K, 6 AT &R, X, R T 5 X, WA T

B2z KR g PDA B5E3E 115 C w5
FEZEVRKW IR BE R o, 76 AR BE 752 B ] 4T 4L,
TR AR FRRIARE i B 20 L, BN ERAAR AL FE 5 A4F
M, DAAS IR AR 1) 355 55 B A X R, (25 £1)C
TREFR 10 d, bR R RO &R 22 4, # IR (2)
VIR 22 KGR

d, =D,/10 (2)
K, @ AW 2 AEKERE mm/d; &, WH 2 52,
mm

Al AR IR 2R 172 AT LR
3 WKEE, BT 0.05% iR 80 AU JCH K, i A
/NBEFEER 160 r/min 737 2 b, 0T S5 080T, 168
2 WA R Eo T, #e IR (3) iR
il

C=X,/S (3)
K, C = fE, S NPT,
1.3.4 BRFB A 65k

R T AT AR A I R 3 5 R
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YGRS BEAS R AR R S A et A
FAZS M A A T , 2R )5 181 F Box — Behnken M i
VA TORA , B 0 2 43 TR | A A ) 6 485 770 1)
M,
1.3.5 KG#Ai 4 &

Fic R 2 1) LU A St B 6 L/ N BE B 78 0
1RSI BCERRY 76 BE# Hh 4 BR324 19 &b L 431
NIRRT I = & I3 55 I S el e N e o

AT 5 M A TE S5 70 7K W, (TR 5 0 1 B 7K fE R
FFFE 30% (JTEE) . AR AR R ML kL, F
35 CARIR T, LLKAr <5% R FIRg ok 15 3 58
-5/ INBERS 2 T AR 7K Ak 71
1.3.6 Koy#AH 6 R0 =

FAfERTIE] 76 25 CF, 5 90 mL 2518 7K Y
HZEE4 (100 mL, PY 5 22,5 em  4E 28 mm) JIA
0. 5 g KM HIORLF) CBiA% 250 ~ 1410 pm) | ZEAERE 1,
Je AR A, LA 8 v/min (938 BETER: , — M LARE
FE K H 5 42 A (TG T WLABURD ) (BB /N T 3 min
MR A4

TR R A oK ' # IR GB/T 5451—
2001 0 2 VAR s ], $2 HE GB/T 1600—2001 %) H
(1)< e 2R IR I K

BIFRMAE R IR GB/T 14825—2006""
MIE B V7R i ONY/T 3282, 1—2018" 1] 5 4%
[
1.3.7 #¥ERIT 5>

K H Excel 2016 1 SPSS 22. 0 % k47 4 48 4b
OGO E + bR 2R, 1A Duncan
LT Z E BT, P <0.05 Ui 25 5 A 484t

2 #R53%
2.1 HEFEER

1T 43 B A I e e e i
BT A IR LA R R W P R A S A
219300 e | R R R 3 ot 18 L K 1
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Table 1  Effects of different carriers on M. anisopliae
AR StV s v
Bk TR %
(mm-d-") (10%-em~2)

XTHRZH 99.17 £1.2878a  7.0833 £0.9352a  8.2417 +0.8493a

FEME 98.35+1.7556a  6.7083 +1.6680ab  7.9585 +0.7887a
WK 86.25£1.4698b  6.1875 +0.7587abe  3.3625 +0.0186b
st 98.38 +1.8387a

5.7083 £0.4233c  8.1338 £1.0065a

Fik® 85.55+1.7047b 5.9167 +0.4233bc  2.6055 +1.9605b

A A BRI 22 5 13 (P <0.05)  BRAT AR A B
FACRANE A LH (P>0.05) , T,

I 1 AR AT, WA A R R A T
KA P IR T X B (AN ), Ui
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TH SRR YRR A A 2 I RT e 5 A
AR TERES & AR pH (HTE 6 ~ 10 Z (8],
BB pH EAE 3.5 ~4. 6 22 [a] , D R a5 M Bl 129
AFITFAFAER RS IS - B A7 0 2 R A
7 b 5 R ZH A B TG BA f 25 S5 T ek T Y TR 24
AR 3 T 0 | R R R 4
BE/IN WK, R e PR Ak - VR A K A IOk ) 1)
ik,

et B HE T8 UL 40% 35% . 30% . 25% .
20% PGS (i o388, T [6)) i A B 14 Ak
A TR AR TRV A [, 25 SR LI 1, R
(i) Bt 6L Ry AN I (R B R K . S AT bR
NY/T 3282. 3—2018 "%/ %}y 32 isf 18] (19 R (/N F
2 min) , YT K3 B ES I HE A 25% B, 181 B[]
243 s, RS SRR IV R0 AT DA A 8 i B[] [
B Ry TR EORAIE S 2 5 K, B SRR AR R R
ek 25% .,
2.2 EC,,WELRM/NERAENTHHE
2.2.1 EC,MZ%R

Pl 2 S AN [ o e 8 ) /DN B R it 1 A K 1Y
SO, FAE AR AT SRR T AE A AN R BT TR R 1Y
IINBER PR 5 SR AR RN DU AN [R] Bl 2 /)N BE 5
WK BRI 2 A KA, %E1.3.1
WIS /N BEROT SRR B 1) EC , JLRAE AT M
AW GET LR E R Ak, B EC, =

() 800 pg/mL (f) 1 000 pg/mL

w0l // /
e

L
20 25

IS
wm D
(= -]

—

IR IR [R)/s
DWW
3 3

— N
[V -]
S O
M

30 35 40
TR AR/ %

BT R SR AT R B A T ]
Fig.1 Wetting time with different amounts of
M. anisopliae conidia

47.2 mg/mL, WAH B2 THIRL B T 2 e 9, R W) /N BE
T 0T 2 e A 19 A6 R TS IR S VR
2.2.2 NEBAETNHT

AT R I NS T 5 Z A Rk 4 RS T ( Moni-
linia fructicola) ,ECqy N 4.69 ~8.72 ug/mL"*""" | DL
HH ()30 & 1 45 f F SR AR AT CQMad21 BRI &
ALY R ORI SR/ HUR
R o O RGBS B T 4 e it 2 vk A
(2.5 ~3.33) x 10° cfu/mL, B 3¢ 7] ik 88.35% ~
93. 08% ., MR &R AR TR 43 A= 6 5~ 114 d5c 3 it 24 1R B Oy
(2.5 ~3.33) x 10° cfu/mL B /NEERE F & 7T 35 5
10 pg/mL, 7 58 /N BE B A9 U8 i i R 2. 66% ~
3.54% (g, T A O AE TR RERAE A S
PRI 3% HYTR L o

(g) 2 000 pg/mL

(h) 3 000 pg/mL

P2 A [ Jo e ok JBE 1 /N SRR o f 7 A 1K Y R

Fig.2 Effect of different mass concentrations of berberine on the growth of M. anisopliae
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2.3 BIFIFELER
2.3.1 J2ERA

E YR P 0 2 1 T R e A TR AN [ T A 7 22
S o 3% 2 AP %) A A AR £ X Y s () o 96
FH R YANES I R (6 R B g
R BR 76 R AN 2R AR R T YR IS (R AR A 2 min, 247V
FIEE IR 1% B, A SDBS Fil BX 478 {4
AT AR SR  JFC - U Fil HR -3408 ()71
TR A, 43R 8 s A1 25.25 s, 249 FE 5 A R
TR 3% I B JRC - U 041, HoAth 52 56 49 1 199

B ] 55 19 ¥ I A5 L35 r 4 e, 39 5L W s Ja)
RmE AR, Horh BX BRI DR 120 s DAY, 24
TR A E Ntk 5% B, 54 BX Fl NP -10 84
I 3% WHER I ] IR AR, i — 20 7% TR
5 o A B LE A 2 1, S R 50 A S £ Ry
1% B}, B BX 1 NP—-10 #b, HoAth 5256 20 st iR 2 2
() PR 6L R R AP 3 25 5 BEAE TR RS
SRS, fF B R AR EA TN, A SN
N 1% 19 BX QUL SEINE N 1% ~5% ) NP -10
HALFAATAV AR AE X T8 2 R A ER (=85% )

2 IR BN ST 0 X I R 8] 1A 1 O 3 A

Table 2 Effects of types and amount of wetting agents on the wetting time and conidial germination

T /s T 5% %

RS

1% 3% 5% 1% 3% 5%

X BRZH >120 >120 >120 94.03 £2.92a 94.03 £2.92a 94.03 £2.92a
SDS 70. 67 +1.39b 37.62 +0. 68d 24.95 +1.20d 74.86 +4.27¢ 70.98 =5. 15¢ 53.06 +3. 15d
SDBS >120 84.05 £1.07b 74.94 £1.44a 83.09 £3.21b 72.97 £4. 68¢ 73.50 £3.81¢
BX >120 119.55 £0. 05a 54. 64 +0.45b 90.02 = 1. 14ab 80.11 £1.18b 74.58 £3.66¢
NP-10 116. 50 +2. 26a 63.25 8. 18¢ 26.25 +4. 03¢ 93.51 1. 63a 91.52 +2.75a 88.06 +2.41b
JFC-U 8.00 =1.41d 9.50 £1. 00e 6.75 0. 96e 54.26 +4.21e 43.02 +2. 64e 31.21 2. 71f
HR -3408 25.25 £3.86¢ 7.25 £0. 50f 5.00 £0.01f 65.51 £4.72d 53.35+2.47d 35.78 £5.23e

LA VR A (] AR W AH A, I 3 22 B )
Tl 28 3 o 6 i 2 4 5 T i i Y R e 2Ky
NP -10, HIR N0 3% , BeA 45 (98 F i & R ik
91.52% ,THEEAT Ak 63. 25 s,

2.3.2 A

&3 R4 A RS i B TR R N
B RRASEN 2 MF BN N 1% ~5% B 2 0F
R T HABHGH , UL MF (97 5URE 14k, 24
AN R 1% F1 3% I}, 482 H0GR 20 5 6 1R

P ONE O ) A8 &R T W25 55 S/ o)
FIVR LR 5% B, A MF 5 %} B2 i 7 1 & %
ARFEZESF(F=3.942,P <0.05), HorBGHHA
RETH AT ARME X B TR A ER (=80% ) , HoHs
RV ST B PR 3 HIGR) MEF FIA J57 2R it 92 515
TTERBL 2% MF +5% A J5T R RS | A A5 Y 2 0
N 81.34% BT B KN 86.45% , il R A AT
FRERIEESR | PRI LA MEF A J5 25 Bl 405 11 5 e
bk 2: SETR A PR I3 A AR

F 3 SrHON A RN FNG I X B R AR T B A A )

Table 3  Effects of types and amount of dispersants on the suspension rate and conidial germination rate

BIER/ % TR/ %
Vi eill
1% 3% 5% 1% 3% 5%

Xf IR ZH - - - 94.03 +£2.92a 94.03 £2.92a 94.03 +2.92a
VNI e 56.33 +0.42b 62.98 +0.51b 65. 06 +0. 32b 92.16 +1.85a 90.27 +0. 64a 89.49 +1.29ab
AT H R AN 55.33 0. 34b 62.31 0. 25¢ 63.25 +0. 28¢ 91.87 +1.74a 90.97 +0. 16a 89.06 1. 13ab
RNETHER 51.67 +0.32¢ 57.66 0. 46d 61.50 +0. 38d 92.08 +2. 10a 91.71 +1.61a 90. 55 +0. 68ab

NNO 49.03 +0. 11d 52.11 +0. 12e 56.58 +0. 36e 93.50 +1.41a 90.60 +1.15a 89.40 +1.01ab
MF 62.67 0. 16a 63.53 £0.27a 67.97 +0.24a 92.18 +1.53a 89.52 +2.00a 87.36 +2.02b

- FRTCRRIFER,
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2.3.3  FL4E A Fo B R

P13 Shy A ) 2085 235 500 R B i ) K A B 1% 26 ) A
BNk, £S5 SCI A RN BEZH A6 7 AR I B
5o WIRG DR ETEN R OIREBEAR LA 4 R
A A s T H A RE 4550 ; v e R i 5 Ak Al
(A1 A e T LM R . 45 SRR WA s 5
(A DI AR S R 0, AT R AT T — 2D

100 —
b be b
soldh _T_ I _F? % jlf T
I f e e
W 60l .
«
iR
5 40]
=
201

0+ - - -
*‘i"g&/@%@ «0‘1@3@ v@@@ )”%’%)@w@sa\&

S RGN AN SE SRR
Sl R TR
S A

W

L
N

WA AR FREE QR A 257 B3 (P <0.05) A HR 7R
fRFLLH 25 A W3 (P>0.05),
P13 Rl 700 R ik ) 5 o BT ) 2R AR 21
Fig.3  Biocompatibility of binders and disintegrants with

M. anisopliae

T 1. 3.5 975 34 1 28 7K 20 HORL AR, I 72 A [
RHAGT WIS SR SEUE R R LI B AR Y L 21 4
) WA R RE, JF BRI £ i ORE A MR S
TR 8 [a] 7o 70) B4 (70 9% Atk B K 23 HORE AR, YL VE R
s A T AT R ) BEAT AL X HE, 45 2R WL 4
L5 TR SRR L, FHORIIHRG 0 5 2% S il o 4 SR
i, 25 ™ i ORISR 22 5 AR LRI B4
FNE R AR 2, B2 0 ; LR BT 4E R A A
FHASTRIIE , BORLAE T v DR AR SO R 2R 21
ER PN FUFRAEH . 25 A RIAS I i B 2

w4 BRI %k
Table 4  Screening of the binder

W, AR e

ETEap o ) R R
Wk 3 32+2.45b WA, GEHE
LR EVER 3 35+1.63a  fREE, G5
¥ TP LT 4 2540 3 24 £3.27¢ i 85 5 v
R OIEE 3 2+0.16d WREZ, 5

£T 2 Z B Fi3 A I TR R BORE MR AR 520 3 ik e [
BE PR TP RE T 24 2% A S - #8524 5% F
FLEF A Z RTINS Ry 3% B, 7K 43 HIORE 3R ) 0RE
ff B TE
FS R IR AR A VRN R
Table 5 Screening of the amount of sodium

carboxymethylcellulose

W/ % A gt 1]/ min LU RGN
1 8 +0. 82¢ PREK, DR AR
3 24 +0.47b il 85 3 o
5 38 £0.47a i 4B
7 >60, i fitiR 2% IR | 45 e

T2 6 Ay 3 TR A TR LA A T o ) A 5
557 TV B TR B0 A A e 700 BT o) R0 % A e B 1) L Ak
BRI RO, 7 AT, Y v R A 1 TR
TN 2% F1 6% B 500 (4 R A B ] KT 10 min, Ji
PRI AR it 500 (R S i K /D s IR A IR 2% . Bl 7 i
SRS 0 RT3 I i 300 %) A e e 2R AR v, >
FIEA IR 109% A1 159% B, 7 ff B 8] 5 2, 40 5]
}360. 48 s F1228. 48 s,

F6 R
Table 6  Screening of the disintegrating agent

il F I/
T BER N 256.80 0. 13D
LA 489.00 +0. 45a

KT UEEETREN A I G

Table 7 Screening of the amount of sodium alginate

N/ % At a] /s
2 >600
6 >600
8 586.12 £8.94a
10 360. 48 +6. 43b
15 228.48 +12.45¢

2.4 Box-Behnken Mg B ARG IZIT S &R

R T AR B AR Ty, LR R g A
W ELaH AR 3l Box — Behnken SR AEJR I LIK i &
TR EG IS I PR H LT 2 R AN N T e R AN Vs
It AR (5 WA PRIE R TR R A, IR AR BT R
TR RS BTSN M), L At B (i) SR v oz L, 15631 3
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2R 3 KAy by 1 o3 Bk g (32 8) , il i B
ZERIFE 9 iR,

*8 AR H KT
Table 8 Coding and level of each factor

) KA
K%
-1 0 1
KB REEFRES TR N A/ % 3 5 7
P ST A Z NI B/ % 1 3 5
ISR IR C/ % 10 15 20

LIRS E SSEAE S

Table 9 Test scheme and results

P A B C JRRISR] /s
1 0 -1 -1 277
2 0 1 1 334
3 0 0 0 224
4 1 -1 0 225
5 0 -1 1 178
6 0 0 0 224
7 -1 0 1 256
8 0 0 0 224
9 -1 -1 0 227
10 -1 1 0 384
11 1 0 1 249
12 1 1 0 380
13 0 1 -1 436
14 1 0 -1 356
15 -1 0 -1 360
16 0 -1 -1 277
17 0 1 1 334

i Design-Expert 10. 0. 1 73 #5025 % | Ji 45
ey € 2SI E iy

Y =224 -2.12A +78.38B -51.50C - 0. 5AB -
0. 75AC —0.75BC +39. 54> +40. 5B> +41.75C*
K, Y R HAfEATR] A AR BT R BEFRES R It , B
R I AER BN I, C i BERREN AN N 4

M )07 TR 2R 1 7 22 0 BT 45 R AN 6 10 s, [l
IHEALEY P <0. 000 1, R P >0. 05, HEA
UGS %) R0 (RN LS 2 [R) 45 A
IR AR B R =0. 999 8, A AL n] L)
fif TR L AT H 99. 98 % MY A ARk, AL AR A |

F 10 ma R TR AL 1Yy 28 3 4 2R
Table 10 Variance analysis results of the response

surface model

ii FH ﬁg ¥r#%  F{E P BEH
B 93662.78 9 10406.98 4349.18 <0.0001 =
A 36. 13 1 36.13 1510 0.0060 =
B 49141.13 1 49141.13 20536.59 <0.0001 s

C 21218.00 1 21218.00 8867.22 <0.0001 s

AB 1.0000 1 1.0000 0.4179 0.5386
AC 2.25 1 2.25 0.9403  0.3645
BC 2.25 1 2.25 0.9403  0.3645

A? 6569. 47 1 6569.47 2745.45 <0.0001 s

B? 6906.32 1 6906.32 2886.22 <0.0001 s

c* 7339.21 1 7339.21 3067.13 <0.0001 ==

k2 16.75 7 2.39
I 16.75 3 5.58 5.58 0. 0650
422 0.0000 4 0.0000

A1t 93679.53 16

R? 0.9998
Ry 0.9996
R? 0.997 1

pred

Ry I IE AR RE R, TS AR R, e ARSR 22 AR
BF(P<0.01),

B.C A* B* .C*Hy P {HiE 20 7K, Uk B 43 H0R)
VS INER: 4 R0 T2 R A R0 A o i %o o 3R o A
PERE BRIt o 35, LA R PR 2R A 1 {2 (7]
AL R, RYE FER/N, BfE X 3 A4S ZE X
A i B (] A 52 T R KV . B > € > A

R 37 1 (BT AREHY A5 s S5 A Ty - A HIGR
ININEE A R 5.267% 45U Nt B 2 1. 667% ,
FFRFIAR I € S 18.333% 16 551 T #5715
N4 15 e ) A 174 702 s AR A0 120 19 0 445 5RO
RS PR T 2E R BGR AS Ina: A 2 5.3% |
FHEEFV NG B N 1. 7% @SN ¢ 1 18%
HEAT 3 RS, DA -3 A i (6] R 178 s, 55
AU TN (1% 235 SR 42 30, 29 BH 3 192 W 7 T A 280 3
DA i s T 8 D7 A B80T A T
2.5 JKODEERIFIRIZ S BHER BERX R

T 11 R ANTRPRLAR B 7K 3 BB 790 X6 i A B[]
ISEI , 25 HRERUT, KA A RLAE S 0. 8 mm B, A
fiit IFIR] <180 s 3 K42 K T0. 8 mm B, At [] > 180s,
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Table 11

Effect of different particle sizes of water-dispersible

granules on the disintegration time

H I ]/ s
FiAE/mm
1 2 3 S E
0.8 171.35 174.19 178. 4 174.6 £3.55
1.0 > 180
1.2 > 180

Jir DR 35 R A A 5 7K 2 Ak ) R X 2 TRTRR RN
WA SO A B FRARIAE R 0. 8 mm AYTIRT

L5 b SRR 5 /N BERE ST I Ry K A3 HIORE ) 1Y) B
FERC 7 R 225 % SRAB TR AW 3% /NBEBR, 3% Vi 1t
FI NP =10 2. 1% 538557 MF 5. 3% 43 BRI AR 5t 2 ik
RS 18 % 1 17 it 76 B R A0 (1. 7% MO ZE 45 71 R
FLEFAE AN, AR AR AN E 100% ., %1 1.3.5
Tk A5 Fh AL o043 FL TR & 350, S ARH 45771,
TR 3 R AL R, B BERLAR 0. 8 mm (1 UKL, T
35 C AL 40 H i, 15 2 S0 8 5 /0 BE il 5 id
PIZK AT EORET . 22005, BT 45 1 7K 43 E0RE 7 1
YIRS R 174 s, 8T8 &% K 85. 4% , i1 F 5
TF5 N 86.34% , /K E N 1.88% , 22 % 2.01% ,
FFEABRAT ML bR

3 i

(1) ARSOKs A P 5 /N BB A, 0 7 T /)N B
BT SRR Y ECy, N 47. 2 mg/mlL, 2B/ INBEG 0 2
RS IR A RIVE A, 2 T LUR G AR 4 LA AR
ZRARE DA (D36 B /N B B A e B 0 S 30 A /)
BRI R 3% 5 38 52k Ak i 35 X, S 20 o
IKAYEORE T BT J7 9 25 % AR 8T8, 3% /NEE
% ,3% NP-10 (I H]) ,2. 1% MF (43 8H1) ,5. 3%
RSB EREIRES (43 H0)) , 18% 5 BEMR4M ( A fR ) |
1. 7% R FLLF A Z 40 (BHE5 7)) | Rkt (344 %b
& 100% .

(2) Fi FATf 22 A TC 7 A S0 1 00793 /) B
LA B TR | S HIGR) 9 A ) S B TR AT 5 T
AFREE R KBS, 85 K AR RRAE 30% o A B i
BLH R e FERAR 0. 8 mm FITUKE , T 35 CRIR T
AR RIE A T35 7, LUK Y <5% J9 FHR4
1t 40 i, A5 B0 S A 5 /0N B T 1 K 2 Ok
F, GG T £ 0 7K o OR300 S 340 9 A

BFEIA 174 s, f0F# & R H 85. 4% , fA FEIF RN
86.34% , KM 1.88% , 2R A E N 2.01% , 54
FHRAT bR AE .
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Preparation of water-dispersible granules by combination of
Metarhizium anisopliae and berberine

YANG Xiao' GE XiZhen® LIU GuoXin® TIAN PingFang'"

(1. College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029 ;
2. College of Biochemical Engineering, Beijing Union University, Beijing 100023 ;
3. Hebei Chemical Engineering Institute Co. , Ltd. , Shijiazhuang 050031, China)

Abstract ; Combining Metarhizium anisopliae and berberine into water-dispersible granules offers the dual effects of
insecticidal action and disease control, and can reduce the cost of field application. The median effective concen-
tration (ECy,) of berberine against M. anisopliae was 47. 2 mg/ml, indicating that berberine has no obvious inhibi-
tory effect on M. anisopliae. According to previous field trials of M. anisopliae and antifungal experiments with ber-
berine, the final amount of berberine was determined to be 3% (' mass fraction). Based on single factor tests, the
response surface method was used to determine the optimized formulation of the water-dispersible granules: 25%
M. anisopliae spore powder, 3% berberine, 3% emulsifier NP —10 (wetting agent), 2. 1% sodium methylene
dimethyl naphthalene sulfonate ( dispersant), 5.3% calcium lignosulfonate ( dispersant), 18% sodium alginate
(disintegrant) , 1. 7% sodium carboxymethylcellulose (binder), and diatomaceous earth ( carrier) as the remain-
der (the amount of ingredients refers to the mass fraction used in the preparation). Using this formulation, water-
dispersible granules were prepared in a granulator. Quality test results showed that the disintegration time of the
prepared water-dispersible granules was 174 s, the spore germination rate was 85.4% , the spore suspension rate
was 86. 34% , the water content was 1. 88% , and the rate of microbial contaminants was 2. 01% , which meets the
relevant industry standards.

Key words: berberine; Metarhizium anisopliae ; water dispersible granule; disintegration time; biological pesticide
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