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Development of Wettable Powder of Cordyceps javanica and Its Toxic-
ity Against Scale I nsect Pest
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Abstract: The scale insect pest is the main pest in agroforestry, causing varying degrees of damage to crops, fruit trees,
ornamental plants, and forest trees. The fungus Cordyceps javanica 1JID003 exhibits strong pathogenicity against scale
insects, making it a promising candidate for the development of microbial pesticides. Research and development efforts
focusing on its wettable powder formulation and the optimization of its production process are essential steps toward its
industrialization and commercialization. The efforts are also crucial for promoting sustainable agricultural practices and
achieving green pest management strategies. In this study, a single-factor test was employed to identify the optimal solid
fermentation substrates and exogenous additives of strain IJID003. This research screened the optional carrier, wetting
agent, dispersing agent and UV protective agent of the C. javanica by measuring the compatibility and its effective per-
formance, which developed the wettable powder formula of the C. javanica preliminarily. The field efficacy of the C.
javanica wettable powder was evaluated against female adults of Icerya jacobsoni on Michelia alba. The optimal
spore-producing base substrate for C. javanica was barley. The best substrate formulation was a mixture of barley (7
parts) and wheat bran (1 part) by weight. The optimal exogenous additives included 1% glucose as a carbon source, 1%
acid hydrolyzed casein as a nitrogen source, 2% potassium chloride as an inorganic salt, 1% glycine as an amino acid,
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and bee pupal body wall powder as a chitin source. The optimal formulation for the strain IJID003 wettable powder was
20% spore powder of IJID003, 1% wetting agent Morwet EFW, 5% dispersing agent Morwet D-450, 1% UV protectant
CBS-X, and 73% carrier diatomaceous earth. Field trials demonstrated that a spore concentration of 6x10° CFU/mL of C.
javanica wettable powder effectively controlled female |. jacobsoni adults on M. alba, with an efficacy of 92.50% at 21
days post-inoculation. This efficacy was not significantly different from that of the control insecticide, a 4000-fold dilu-
tion of 25% thiamethoxam wettable powder, which achieved a control efficiency of 95.50%. In conclusion, the strain
1JID003 wettable powder shows excellent potential for the green management of scale insects and holds significant
promise as a sustainable alternative to chemical pesticides.
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RV 1% 7K fiff 1 B 1+ 1% 3 A A+ 2% S AL B+ 1%
SR A I AEAME R I AL A

1000 -
E
S~ 800f 2
T b
£ 600F
L0
8% 400} c
' d
ﬂﬂéﬂ{@ 200 - ""‘ e
.k 0 I:I )
CK t t t; t,
244 Mixtures

ARG FRER IR 27 B (P<0.05),

Different lowercase letters indicate significant difference (P<0.05).
B 6 ARESNEZRMYLLGIE & 33T H
EERENIN
Fig. 6 Effect of different ratio sexogenous additives mix-
tures on spore production of C. javanica
224 SMRILT R ik BT RRERE
WESRAF A ILALES R, A FSMEILT B inA
[ PRI ST P AT R BN IR , HEgR 10 d e, JHE R
FLTR TR TS OO0 5T 6 1Y Kk R BT Ry 7 il
1320.00x9x10° CFU/g, ‘.35 ® T HABAMEILT 5k
WY B FE T, M SE R IRZ, D8 959.50.00%9x%
10° CFU/g ([ 7). i FA5elas WA £ B,
JEASHE X B, e, e e ek A AU

FeRHISNEILT BUS o .

-
S 2000
5o
g b 1500 a
a5
23 1000 be b be
25 ¢
HIRIRINN
If &
Eﬁ ’ & B B B B
S D
@ﬂ" @(@?’ RQ" @S"
JLT i Chitin

AR/NGFRFRR 25 B (P<0.05),
Different lowercase letters indicate significant difference (P<0.05).
B7 AEILTEMNEREER~REHNHIT
Fig. 7 Effect of different chitin additives on spore
production of C. javanica
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2.3 M BhFI A IE IR
23,1 Hakeh ik T U S OR[R 2R )
i R i TR R A5 R, 1.3.5 mg/mL
TR L REE RS A 5 T HRE TR A 2
Pt o T BT AR 1 mg/mL W A0 Rk
TR LA T AR T RIS, g AR
SR 97.00% . 92.50%F1 92.50%; 7% 3 mg/mL
AR REE RS DA AT R, R
THRFS NN 92.50% ., 91.00%F1 93.00%; 7E
5 mg/mL WA . kS RSN AT
Wb, HAFi &350 85.00% . 87.50%F
86.50%; TMZMMKSEH 5 mg/mL B, JTCH: U RE TR
FEM R+ 2 0 R R T R b T
T EFESHIHN 8.00%. 5.50%F 15.00%, B3
RFHak. EEEmEB A (B 8), htnl I,
TR L R RN SR A A S A S T e R
) FH 2P e

R T AR, S RE
HWAEMER AR ERE, SRERY, Rt
AT E] R 2.75 min, AR T S2MA MM A8
WAKIRZ, 4 37.50 min; S0 E A ] 5
1, 4 245.00 min, KL, ZE5#AARMZ ML
MBPEREIN A R, O Ak o - R R AR A e A Ak

BmREELT  BFEHA OBRaH
Ui+ BpEt SERE
100 Aai\I:':A i}_aA :\I_a

(oo}
(=]

Bb)|

Z
%

(o))
o

fFIHER
Spore germination rate/%
B
(=]

[\
(=]

1 3
Y& Concentration/(mg-mL™")
AR /INE e 3 7 AR [R) Ve BE AN [ 3 Ak 8] 22 57 b 3 (P<0.05 )5
AR R bR AR R AR W) ok B2 1] 22 5% B 3% (P<0.05),
Different lowercase letters indicate significant difference between
different carriers of the same concentration (P<0.05); Different

uppercase letters indicate significant difference between different
concentrations of the same carrier (P<0.05).

B8 ARHMEEMEREFEHEEMKE

Fig. 8 Compatibility of different carriers with C. javanica

232 HEHEA e HE JTUH: B RSN R R
T A P R T R, A5 R, 0.100%

H10.125%37HE 18 77 Morwet EEW 14 5 JTCHE Hy %5 5 (%)
MAER L, 8 0.100% 1 0.125% jHE 1% 57
Morwet EFW HJJ6 8 &AW 3505, TN fUA
AT 85 &R0 82.50%A11 54.50%, W&
KT FAE MR o i TCHE BB PR AR 1 0.500% 1 12
R R R, R4 & (E9),
AL W, VRS Morwet EFW 55 JTUIE Hy ¥ B Y
AR

PE—2M5E 5 AR AR e, R
B, R Morwet EFW AYYE IR E] N 7.29 s,
W E AT HABER A, e R Es (SDS)
I+ e B R 9 ( SDBS )R Z, /351K 9.98 s
F19.51 s; i FF Ay BX il Dispwet WP400 Fi) 71 154
ek s, FLEWE AT ] 435 13.93 1235 s, I,
ZR A T ) A Rk BE S AR A A R, T i
Morwet EFW A 453 57 19 e AL Ve VR 551

OFF¥ BX ®@SDS HSDBS
[ & Morwet EFW & Dispwet WP400

60 |
40}

20 -

HFili &%
Spore germination rate/%
S

Y BF Concentration/%

ARVNG PR R B (P<0.05),
Different lowercase letters indicate significant difference (P<0.05).
9 AEMEEFNEMERERFRMNERGE
Fig. 9 Compatibility between different wetting agent and
C. javanica

233 Al H s JTU: B AR S SR
HI T R P AT 5, 45 R E, 1.0, 2.5,
5.0 mg/mL 3} H) Morwet D-425 15 JTUHE Ht 5B 114
FHASTERCGS, 601517 &R 53 500 93.00% ., 95.50%
1 96.50% , 437 Morwet D-450 X2, 5.0 mg/mL
B, Morwet D-450 HTUH: Ht B B ) 5 B & % i
ZET Morwet D-425; T A it & Borresperse H1 1)
T8 KRR, A2 (K 10), muknl
W, 53 HELF] Morwet D-425 . Morwet D-450 15 JTU:
OB AR 2 R Y

HE— 2 3 P EOGA R R, 25 R R,
S Morwet D-450 BB TER N 85.55%, W3
T HAR AT HE] 5 Morwet D-425 R RIRZ,
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%46 &

N 52.73%; i AR JiZE Borresperse HE 17 R 7=,
H25.78% I, ZiG 0 EGEIFMERE 5 A
2R ik Morwet D-450 ¥ 3 B f A4 20 B

B KR ZE Borresperse [ Morwet D-450

B Morwet D-425
100 Ab Aa
90 - Aa
80 ]

O RRRRRRRRRRRRRRRRRRRRRRRRRORRRNNNOONNNE

FIFill & % Spore germination rate/%

o
o

¥ ¥ Concentration/(mg-mL™")

AT /NG S 2R AR ) LA [) 43 R ) 22 S {3 (P<<0.05 );
AR KRG B35 A R 53 GRS [R) e B 1) 22 5 . 2% (1P<0.05 ).
Different lowercase letters indicate significant difference between
different dispersing agents of the same concentration (P<0.05);
Different uppercase letters indicate significant difference between
different concentrations of the same dispersing agent (P<0.05).

10 ARSHFENEREFENERE
Fig. 10 Compatibility between different dispersing
agents and C. javanica

2.3.4 CRAMEIN &G IE R IO HUR B AE SR
EOMEPR AT i R P I TR IR A5 SRR,
100, 500 . 1000 pg/mL #¢¢Z 41 CBS-X A
BASF326 ¥ 5 JTNHE HUR TR A A AT, i
KR H 92.50%F1 85.50% . 82.50%F1 86.50% .
74.00%F1 79.00%, ‘o3 TR (K 11). H
AT UL, 288N CBS-X Fll BASF326 5 it
B ()R AR AT

dE—2 e 3 RS AMR Y R A R
g, Z5RM, ST T AR 15 min B, &
WILEHN CBS-X. JE%HR . BASF 326 1))\ H
B R R A5 90.50% . 89.00% Al
82.50%, 5 CK ol F 27 . LIMT T A3
30, 60 min B, 52¢EEA CBS-X HYJINH: B &
HRTF I AR K, KIMEYPERE Ry, JTUHE
TR 0T B & R 81.00%A11 64.00% ; BASF
326 W22, Sk 61.00%F0 47.50%; i JiF 5 2
()5 MR PR R fe 22, JTUE HUORE B A7 1 &R
R 45.00%F1 27.50% (&l 12). L, ZEH%
AR 55 TCHE HLCE B R R 2 1 2 SR DL KBt R
ShERE, TBEUEE AN CBS-X N Y B {4
MR

W XIEEH CBS-X B g5 [ BSAF 326

100
°§ Aa élf A
g 80 Ba o
(=]
S
2
E 60 Ab
)
o
3
& 40
N
ES
B
2
0 J
100 1000

e Concentration/(ug-mL™)

AT} /N =g 7 AR (7] e BE A ) 58 AP ORAP 700 1] 26 5 1 3
(P<0.05); A[EKE F-REFRARRE MR35
AR 2257 B (P<0.05),

Different lowercase letters indicate significant difference between
different UV protectants of the same concentration (P<0.05); Dif-
ferent uppercase letters indicate significant difference between
different concentrations of the same UV protectant (P<0.05).

B 11 ARZKMRPFESMERAEFNERE

Fig. 11 Compatibility between different UV protectants
and C. javanica

100 - WMJEE 4 CBS-X [ BASF 326
© a Aa EJEFEM [ CK
) AbE
=1 a
= 80
g
'% Ba
.g Bb
g 60 =]
& Be Bb
2
[}
& 40
M Cc| |Bc
g

20
b
g

0 g .
30 60
fisf ] Time/min

ANIR)/INE S 3R 73 AR [R] A ) AS 7] 25 S0P 4590 1) 22 5 Wit 35
(P<0.05); A[FKE FREFRRA R 2 S 7
AT B Jf) 22 5 3 (P<0.05 ),

Different lowercase letters indicate significant difference between
different UV protectants of the same time (P<0.05); Different up-
percase letters indicate significant difference between different
time of the same UV protectant (P<0.05).

12 REZEIMRIPFIE R IERE

Fig. 12 Protective performance of different UV protectants

2.4 U REE AR T E &

254 DL B R R Bl Rl A T e 2 5, A5 T
G YRR R AL . A SO A3 h JTOEE H R B
TR, 5 20%; 185 8 Morwet EFW,
TN 1%; 43HT A Morwet D-450, &4 5%;
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LOMEPF DL RN CBS-X, &N 1%; &
kL, SEN 73%.
2.5 JTURE H B ATOE M 9 7 X 4 BSR4 4 A9
B3R

JTCI: H e ] Y P 9 790 ) G R 468 9 144 (1]
B 1 Wim . 250, JTOH: R g nl i
Ho3 700 A FH ()65 FQ e 2 iy BLAT R AT Bl Rk, 7EAb
BJE 7 d B, T R TR AR R A B AR AR
(7.50% ), KT b2z 25%0E Hg n] 1 1k
BRI (62.50% )o Bt AL BRET[A] (Y 2EH, 45
LB B 2 LT EALEES 14 d B, R
I B T U M R 6T B EC e 4 0 1 B Ak
72.50%, B EAKT 25%0E HUR T A 7 B B 3L

(87.50% ); AbFHJ5 21 d, JICHE H F B AT IR 571
FIBHRE IR 92.50% , 55 25%ME Hy s AT Y 49 751 A B
ROAH Y, S O R TR S i B A%, T
1JID003 Zfifilky S5XI 2 F AR E ., LTI, K
I R TR ) 7R A B e AR AR T 2 A R R
RS T ERBE QIR AR IR B R, AR Yk
RPGHERCE T, O R B )R M KT
25%WE R AR R ), (AR SR, HAE
S SR g T R ) I 1 R FC I 2 ey A I
SRR T, TR R YA (&
13 )0 MLL L85 SR mT 0, JTCi: H o g ] P A 751 o)
FER IR AR A B %, BARA e dui Ak
SR 25% W HUBE IR AR T 1T T o

R 1 AR xR EC IR 43 B B F 8 B 3

Tab. 1 Virulence of wettable powder formulation of IJID003 on |. jacobsoni
Kb s Bii# Control efficacy/%

Treatment Concentration 7d 14d 21d
25%WE H g Al FR ARy 4000 1% 62.50£12.50° 87.50+2.50° 95.00+5.00°
1JID003 A REPEHR T 6x10° CFU/mL 7.50+2.50° 72.50+2.50° 92.50+2.50°
1JID003 Zlifil#; 5x10* CFU/mL 0.00£0.00° 5.00+0.00° 7.50+2.50°
0.02%M: il 80+HE7K 0.00+0.00" 0.00+0.00° 0.00+0.00°
WK 0.00+0.00° 0.00£0.00° 0.00£0.00°

T FFURR/NG 5 R8O R AL BEE] 22 53 % (P<0.05 ),

Note: Different lowercase letters in the same column indicate significant difference among different treatments (P<0.05).

B 13 JTCRE BB AL 1 52 S B E R 4 i i A PR

(A) FREEER (B) BIHEEERK
Fig. 13 Field symptoms of female adults (A) and young
nymphs (B) of |. jacobsoni infected with strain IJTD003
wettable powder

3 it

R, R S LA 59 L
REGPEH, A IR B9 w5 52 B B B
(OCE, BT, A s, i
M B 2 00 e R 7 ol A Y T DR SR AT A R R
F A B ZKF- L 3 A5 A 790 28I R R A B A Il A
AU 20 R R B A A I R R T
SRR R ST , DA IGE AR

T AT ER R, HE IS B AR 750 0 R LG 4
i ) FE ] 7 35K

P AR R B A A DA T T, SRR IR R 27 TR
FEE . YA M EESERS, BEUIER
FIRE A 72 T A A SR 7910 [ A e A i o i 0
KIM 20T e B, U R T £ K 22 o o e 0%
FER R TROK, X AR AIR - K
WG i — 20 S T R 2 5l B 22 Bk L s 5
R LR A B R B E . AT
FEFRI, A AR A Pk A v 3 R A 2 - R R L
( surface-to-volume ratio, SVR ) K H JL IR |
Pyt K B OR A B PY a R R
AR SR RE R, T LU R & KT,
SCMVEFREAN, PETEAE SiE A, Al
B % 77 i i A 19 B ORDAZ-HERNANDEZ
25 VST B A B4 B 32 A A 5 Kok Sk 05
I, R IAE KGN 5% bRt AR, T
FE TR E T 40%, 0L, dRERFRAT LS
TR, X 5AMRERML. I, B
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TR, SMEG M s SR . B R
LB At mT DL S i A A L AR
TR A DA R R BERICR o S WA R R B JEST
ST UM Kt iR oy e R, HL W) — TR A AT DA
FIF Z s, AEREAS [R) A Y5 1) AR W WAy — e
2P BERE LI, FTTO: HU R A
RALE AR 7 2 X SR s R —
B E AR R L S A IR B e L, SR A
TR 5 B R R 7K i B 2 1 A5 R0 AT LA e 5 4 1y
JTCRHE Ht 5 7 ) = A U7 2027 AR A 2
255, BN & BRTCME H B 1) e P R D 2 iR /K
PR AR 1, LRI IR A 22 Ik T L S 2 AR T
JTCRHE 1 B 1 77 fi0 . HOANG Z5P8BE5E Rk,
S B ) 558 37 W38 2 4 ) A6 B 7 ( Cordyceps
militaris ) BRI BB ™96, ARESY & R ER
M 0 S AL ER AN H 2R T B0 TUEE e BB Y 7 A
TR, X5 AT B gT AR — g, A4,
BORWORN 5291 3 1 42 iR 25 1 1 U o 2 e 2%
wryreAs, MR R REEAT H IR H ER
SIS R R R, A RIERES
TR G R TTILAE [, IR 28 . &
TRER K i B 1 . ToMLER S AL B A SE e H &R
SEEFRIT R IR FRIE R PUTOM: B A
XPHRE AT, AL, 2 E SRR IR R &
I J L TR R T K S e 4 T HL A B Y 3 R RN 38 3k
PEHIPY,

A B TR PR R R B AR K A A SN R e
P, JFEMER I R TIb2# 2550 . Fk, A8
A Ko Bl 00 2 1R TR AR 1740 55 40 5 B RE ) AR e 1 1
T EPY e R R R S 5 TR E
[ B O o2 i R P IS W S S ) N R T K 2=
Gy FisfW A0, AR 7 & 15546
S AT AT g g I O I S
JTCHE BB TR A A 2 S R ¥ fg ok R e A
B By, WARE RS ST K, BRERR, #
FWiss A, Hr, fEFRMERE L, kWi
+ 5T OB A AR R, HAEA B
e, it SRR AR ERE, WEkf
B R B PV B R A TR
42 AU 0 TCE kB T AT 3 4 0 30 A o A
A, X AR T A AR . BhRIVE R M e
FhRRME R 22 R EA C, A5 v Lt 3 K B 7 o
S UTDIENRE DN )1 N W i e 2 ) Y C A BT 6% )
FIT . TEESMEI A RS b, AR A K

SR BIPULE AR S RE iR, SRS S
AR 2, AP IR R AR A R 2
TR AR R R AMET RIS, K& I FE R
PRIPAHE 3 R T OO R, e RN ER M
X RIS . KAISER ZE05IRF 5% % 9IS 5E R g
A R = BRI R B ) A A T PSR A 4 A g
I o AAARFTE & BB IR AR PERe R 2%, 51
W ZH TR RA B, XRS5 AR A
B G

528 AR AT T, 256 BB ST 8000 % 25%
WE R R AT 9 R0 B I A AR Diospyros kaki )
#) H A i ( Ceroplastes japonicus) M, Jifizh
20 d J5 BB RCH 83.30%, 5 AWF 5T H 4000 175 25%
9 P I ] R 791 X6 B K I 2 M A S P B SR
Ty TS BUOR R AR MR AR B, X LG IR
4R R BB AT B . A, FESE IR
I R 3 T R IR A B EC R 4 iy Ak |, S
TR AU R B B Rk, X — 5 R R T
HCRETR AR R R A — e B AT DA 2 A
ARG F AR 2, Wl Aok 25 )
M, fEgapiE b BARREHEFE .

AW 5T LA B H A 7 B JTCM: HLRE B B B
1JID003 My Ak}, 1 2R 1k i 228 s JTC e He 5
1JID003 AAL A AR A& 5 i, BRI KA 5 42 %k R
RWEIETT, WS LABR IR A AT . AR R K A I R
. JOHLER LA | Z IR H &R AL T o s
WRSE R AR E ST R ILEE IR MW & B 5 A4
AR T T B B R R ), R AR AL
H20% TN R R AL T8 . 1%IE ] Morwet
EFW . 5%ZM57 Morwet D-450. 1%% My 35
CBS-X il 73%*%d i 4o W45 R F W, T
TR R R R R EC I A iy ELAT BT B A
MEZy 5 e 21 RIBGRGE 92.50%., WF5E45 5 A
76 HL R 0 95 4 B A 10 2 I T 790 6 U
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