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Abstract [Objectives] To increase the number of fungal biocontrol agents available for controlling the mealybugs
Planococcus lilacinus and Phenacoccus solani. [Methods] Fungi were isolated from fungus-infected mealybugs and their
taxonomic statis, culture conditions and pathogenicity to P. lilacinus and P. solani were determined. [Results] A strain of the
entomopathogenic fungus LL-01 isolated from infected P. lilacinus was identified as Lecanicillium lecanii on the basis of
rDNA-ITS, 18S rDNA and Nadl gene sequence analysis. The optimal culture conditions for the growth and sporulation of this
strain were 26 °C, 6L : 18D, with fructose as a carbon source and casein as a nitrogen source. Under these conditions, the
colony diameter and sporulation of the LL-01 strain after ten days cultivation were 4.66 cm and 4.16x10® conidia/cm?,
respectively. The LCs values of this strain after 10 days for different instars of P. lilacinus and P. solani were 9.80x10*
9.17x10° conidia/mL and 5.00x10%-5.30x10° conidia/mL, respectively. Mortality was 84.09%-97.62% and 89.89%-98.85%,
respectively and the LTs, values for a dose of 1x10® conidia/mL were 3.70-5.84 d and 3.48-5.14 d, respectively. The peaks of
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protease and chitinase activity of the fungal strain were 19.44 U/mL and 15.01 U/mL, respectively, on the fifth day

post-infection, and the peak lipase value was 7.68 U/mL recorded on the sixth day post-infection. [Conclusion] The fungul

strain L. lecanii LL-01 has fast growth and high sporulation, and is strongly pathogenic to P. lilacinus and P. solani.
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Fig.1 Colony morphology (A) and microscopic morphology (B, C) of strain LL-01

57 Lecanicillium saksenae (MT217128/AB360360/KT585676)
Lecanicillium psalliotae (EU918702/AF049157/EF512964)

52
Lecanicillium nodulosum (EF513012/-/EF512957)
—— Verticillium fungicola (F1810138/AJ748459/AY556001)
;31 Lecanicillium longisporum (MF443867/MH673796/EF512946)

49 52 Lecanicillium muscarium (MH165279/KX818214/EF512928)
60 | r Lecanicillium lecanii (EU284718/AF049155/EF512938)
100L Lecanicillium lecaniiLL-01 (MW774268/MW774264/MW774934)

————— Verticilliumtheobromae (AY935947/MH260345/AY935950)
100 E Verticillium longisporum
100 Verticillium nubilum (JQ629962/-/AY935951)
Ar Beauveria caledonica (KY352727/AY245650/KT201150)
99 L Beauveria pseudobassiana (MK 142275/MH458407/NC_022708)

Beauveria bassiana (KT952326/EU334676/MH211586)

—
0.05

B 2 E-TF rDNA-ITS. 18SrDNA #1 Nadl Fr 3l SR EA#I B BRI £ LL-01 RSt L
Fig. 2 Phylogenetic tree of strain LL-01 constructed based on concatenated
sequences of rDNA-ITS, 18SrDNA and Nad1l

F6 5 A8 S5 S B A I 9 3 BRI AR Y tDNA-ITS . 18S tDNA 1 Nadl, -Fmn oo

Accession numbers from left to right correspond to sequences of IDNA-ITS, 18S rDNA and Nadl, respectively. - means null.
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ZRANRFE(P>0.05), (A E KT (P<0.05)
(E 3. C).
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B ER (em)

Colony diameter (cmm)  Sporulation (1x108 conidia/cm?)

FEfIE (1x10° #1F/em?)

W% ER (em)

FEAIE (1108 #1F/em? )

Colony diameter (cm) Sporulation (1x108 conidia/cm?)

C D
2 S?Er)li}h_ e o §?\IﬁaNO{ bt e
& s g X
S| o1 ba | 2 Genel o }o
S z
Sucrose | b* r\-{a " Casein| a)—\—( )-\-{a

6 5 4 3 2 1 0 1 2 3 4 6 5 4 3 2 1 0 1 2 3 4
B EAZ (em) PR (1x10° @ F/om? ) BEERZ (em) FEHIE (1108 1 F/em?)

Colony diameter (cm) Sporulation (1x10° conidia/cm?) Colony diameter (cm) Sporulation (1x108 conidia/cm?)

B3 BWH# LL-OLERERE (A) KB (B) &% (C) f1miE (D) T
7w 10d EMEEERM~RE
Fig. 3 Colony diameter and sporulation of strain LL-01 in different temperatures (A),
photoperiods (B), carbon sources (C) and nitrogen sources (D) after ten days cultivation

[EIMEE_EARA AR ING FRER R [ AR B A 22 52 2% (P<0.05 ).

Histograms with different lowercase letters in the same column indicate significantly different (P<0.05).

FER TR 4%, FEBE 1% 10° #F/mL bR
W BIFET- 50 84.09%-97.62%F1 89.89%-
98.85% (&l 4: C), LTso %k 3.70-5.84 d Fl
3.48-5.14d (% 2).
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W, BRI B RIR G PR AR T R AR L, B
it R A 7 it 0 1 P AR AR SR SEA AR AL, #E5E S R
A3 WK S 19.44 U/mL #1 15.01 U/mL; JEH;
Pt T A 1 TR BB DR X 5 kPR FE SRS
6 RikF|E(E 7.68 U/mL (&l 5),

23 HEEEHFEEY

231 EEAH B LL-01 GEARUE Y R
SO IN A SRk (1 2: A, B), @ 10d
JEXE 2 BRI 1-3 W8 HOFIME R HU LCso 43 5]
9 9.80x10%-9.17x10° #4F/mL 1 5.00x10%-5.30x
10° il F/mL (£ 1); X 2 Fhlb 45 S e E
1% 10* #F/mL F1 1 x 10° FF/mL AbFE9FE
TRIRIE 50%, HLRMESHIIEITE B LTs
BRI AR T AR ] A 3
AR BRI FET R I B B R, LTso YIBE R
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—o— 1###5 H 1st instar nymphs

—e— 2§47 M 2nd instar nymphs

g —— 34t 3rd instar nymphs ~ —=— MR Female adults

2100 ¢

-

2 80+

£

S 60 -

=

> 40 .

s RSO TR
v 20 Planococcus lilacinus Phenacoccus solani
’l’.\_l 1 1 1 1 1 1 1 1 1 1 I
B 0 4 6 7 4 6 7 8

R X EUHE Logarithms of concentration

B4 B LL-01 MEFELME (A) MAFRNE (B) WERAR 2FHMMZRF/E 10dFHETE (C)
Fig. 4 Planococcus lilacinus (A) and Phenacoccus solani (B) infected by strain LL-01,
the mortality rate of two mealybugs after ten days infection (C)

F1 FF10d FEH LL-01 M EFBLM M ATREHIME LCs
Tablel LCgof strain LL-01 against Planococcus lilacinus and Phenacoccus solani after ten days infection

HACFHE (95%EAFIXIA] ) (1x10° #1F/mL )

g Y LCs(95% confidence interval) (1 X 10° conidia/mL)

Test insects

1

1st instar nymphs

2 T 3 e
2nd instar nymphs 3rd instar nymphs

e %

Female adults

S B by s
FITEEREUB 5.24 (2.74-9.53) 9.71 (5.26-17.85)

0.98 (0.44-1.83) 2.18 (1.04-4.05)

Planococcus lilacinus

Vap ik
Phenacoccus solani

0.50 (0.20-0.99 )

1.04 (0.47-1.96)

2.31 (1.14-4.20)

5.30 (2.94-9.15)

x2 RF10dFEMK LL-01 MEFEBLUMMMNAFFHRBEL LT
Table2 LT, of strain LL-01 against Planococcus lilacinus and Phenacoccus solani after ten days infection

FHIE AT (95%EFIX A ) (d) LTs)(95% confidence interval) (d)

Testinsects ~ Concentration 1 A5 2 A5 3 oy
(conidia/mL) Ist instar nymphs ~ 2nd instar nymphs  3rd instar nymphs Female adults
R T SO 1x10° 5.78 (4.76-7.04)  6.68 (5.46-8.18)  7.50 (6.11-9.22) 7.69 (6.18-9.56)
lFi’l'Zg?]CUOSCCUS 1x107 432 (3.70-5.04)  5.60 (4.97-6.32)  6.49 (5.35-7.89) 6.61 (5.38-8.12)
1x10° 3.70 (3.14-436)  4.76 (4.17-542)  5.66 (4.80-6.68) 5.84 (4.88-6.99)
YaP L) 1x10° 5.43 (4.64-635) 639 (5.45-7.50)  7.40 (6.06-9.05) 7.47 (5.97-9.34 )
SP;;‘;?]?COCCUS 1x107 3.99 (3.47-4.60) 494 (437-558)  6.00 (5.01-7.20) 6.31 (5.22-7.62)
1x10° 348 (2.96-4.10) 4.56 (4.08-5.09)  4.98 (4.56-544) 5.14 (4.68-5.66)
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Fig. 5 Activitiesdynamic of extracellular
enzymes of strain LL-01
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HAERFEAMEL | RYPALRERE T R . X
REAERT 4 HFF A G 7 PO, B EH
TR IR E AL 10 4550, Al & i
ER (XHRFB, 2011 ), TRFN ST ISCHE R4 2
288 A FLpE R AT AR IA 1A SRR fuE SR
G5, 2004 ), AT BRI T (1) e T LUK Wy
AR R 1 BRGSO LL-01 A H I, &8
AL N3 H 08 1 S B AR A TR I I e A
DA MBI oA A2 S iz, BRTe A —
SETR R IR 220 TR e L, A Mg 55

(2008 )& BLE ¥k VR {RHAA K Oracella acuta
HABAF SRR, X4 (2009 ) & IH
V3.4504 1 V3.4505 43 %l XF 45 4K By Coccus
hesperidum F1 H A Al 1) Ceroplastes japonicas
HA R RGerE, 5% (2007, 2016) &
PRTE Pk MZ041024 X K45 ) 1 cerya purchasi Fl1k
Z 45k Phenacoccus solenopsis 24 EL A B8 1Y
o 1. WL, bR LL-01 A AR YIB AT T
AN TS

PR AR A K R B e A A KRR R A i
BARFNEZISR, EEZEE. LR, IR
MRIFEFEAMm (%, 2015), Hit, 9
it A TR AR A R AR Y Bl A5, RS R
PRAE KRR g A, XA P R R

(MG, 2018 ), WM& AL R[] AR 1] 14 A=
KARFPEAATE 22 5, ANAR 1 SC5F (2006 ) & 3

KM 9803 A= Fl ™= J6 i3 TR A 25 °C5 R4
25 (2004 ) KZFLHE TR AC3.4505 A K A= feid
MR . DGRBS 25 °CHI 24L ¢ 0D; XIH&
KA (2013) KRBEM VI-Ve AKAF=HIEH
FIRRIR Ay M, R M EEREE ; 2R (2018)
KIL IMC-01 F1 IMC-02 A= K 7= 0 5 3 Ao ik TR
R RERE, AUECH R R AR B A B TR PR
LL-01 A= K A= fe 3l TR R 26 °C, LGS
6L = 18D, fkUFEAANE, AU A TEEZR, XL
PR [B) 10 2 R 2 5 1T B T H B N 2
FORVEATR TEL

O 7 A AR R AR B R
SEESE AR (EMESE, 2018 ). AHEST & P
INARAE T LL-01 AN [H) He S R v R S0k I 11 22
TFEBEA | LCso Ml LTso 253 5T 35 84.09%-
97.62% . 9.80x10*-9.17x10° 7 F/mL # 3.70-
5.84 d, 5 Huang %% (2021) & FEER
FM-03 12 44 rg B OB W SRS X 54
K i BT S . LCso FIl LTso #4330l ik
89.89%-98.85% . 5.00x10*5.30x10° 7 F-/mL FiI
3.48-5.14 d, X 5EME% (2019) FIHA R4k
fRIE FO61 1 FM-03 {2 f1mrai Byl s R 2
oL, ERRFPIEAS [R] 1T 20w AR AT R i T Ak
L 12 Y ad AR A SO AL AR LT B, hiE A
it . LT 5 R Fo Tt 45 &/ it 0 P (A /N Ay
JEDRRE B BURE B0 ) F B R 22— (PRI
4520085 ZEMERAE | 2014 ); A K P
RO LL-01 A B AUL T 0T i 1 A 1k i B
WK, BIIRWEE B TR, HHEDN I 1 12 2 P iR
LL-01 RERSAE B0 SR 2 FhAGHRE P03 i (R B v S B
{RYLBOBEI EZEFE R 5 1M Ae 7 il 1 1 AR Bk
(LA RIRE A, RS AR B AR X T AR, 5k
Al g2 R AR LL-01 BENSRFLL IS B A1 PLAR: 2 Fhiar 122
PR IR EE (1) 5 — AN FE R, AT 0L, A
B LL-01 XJRg V8 0B WY R dr 44 i HA 5
PR GLBORTEE, FTHTX 2 Fosi i A by
B, PR EE T 2 MR A B iR
TAEYI B, RAESh T W AR 0 45 A FUR TR
Ky A= B A R N

Wb H R R AR 2 B GRS, R
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T =5 AR T E) ) A 3 R 3R B R R e R
RETHR, A HAAEDPIGNHIAE. Hit,
AHESEJG Efs E— L I IE RTINS A LL-01 X
P T SOR W A s 2 5 1) T BT B2, R8T
TR R I 28 N A ARG SR L R, LA
T AR R R BT 7 iy, I 9iE 22 B AR AL A A= B
R IR A IRV, h 1] P e A ECRRT Bl 220X 2 Rl
BEVER by S A AR AR S R

Bt : ARG I R TR SO I R AR 2 A It
ARSI MO K 2E R = LA I %, Wk
S
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