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B E [BH) SE%aEEmiaRiE4artn Protaetia brevitarsis JeT-HIRIEE, WG TB, AR
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BUE, ZHE NS TEARE Metarhizium anisopliae, NTAEMIGRE 14 G HEMASR 1R, 28, 3
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Isolation, identification and chemical control of a
fungus pathogenic to Protaetia brevitarsis
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KOU Jun-Feng LU Cai-Lu WANG Qing-Lei

(Hebei Key Laboratory of Soil Entomology, Cangzhou Academy of Agriculture and Forestry Sciences, Cangzhou 061001, China)

Abstract [Aim] Isolate and identify the fungus pathogenic that cause the death of Protaetia brevitarsis, and develop
methods to reduce mortality during the artificial rearing of this species. [Methods] A pathogenic fungal strain was isolated
and purified using the plate culture method. Bioassays were used to determine the pathogenicity of the isolated strain, which
was identified using morphological and molecular biological identification methods. The isolated strain was inoculated into
feed provided to P. brevitarsis, and the effectiveness of 7 chemical fungicidesat suppressing fungal growth were evaluated.
Three different treatments were set up: No fungi + fungicide, fungi + fungicide, and fungal infection + fungicide. The
mortality and growth rate of the larvae under each treatment were measured and compared. [Results] The pathogenic fungal
strain was identified as Metarhizium anisopliae. Mortality rate of the Ist, 2nd and 3rd instars was 100.00%, 91.67% and
76.00%, respectively, 14 days after inoculation. The most effective treatment was 20% triadimefonemulsifiable concentrate,
which reduced mortality tojust 12.22%+2.22%; a 62% reduction compared to the control. [Conclusion] Adding 20%
triadimefonemulsifiable concentrate to the diet of captive P. brevitarsis effectively preventedfungal infection, but was not very
effective at reducing mortality onceinfection had occurred.
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MR L4 Protaetia brevitarsis | H
Coleoptera 4 fi, Bl Scarabaeidae £t 4 fa W #}
Cetoniidae, FE/PMTEPE | W W, Wk
L HARFEEZR (BORAE, 2011 ), HAUR
S DL A L S E AR TR R
FERIRSL (B H B4, 2006 ), JTAFER, AT
HELERA THMR, L don et (G
HEPRAE, 2005 ), AR —Fh TR R AR AN
FIH

H A4 gl AT U FOKRFEFT L W P
W AR BB EMEEZ AN AIESY (1
MIAE, 2020 ), & H =AY RS — PP e &
M2 (Lietal, 2019) WAEMANUL ., A HF5ER
F A AL 4 f B X AT I 5 P S PRk 3 S () i
(XA, 2018 ), & B0 rhds i du 2 my 4
T BRARL NV B A e AN JERE ) (Ol A A
2019), HUZERE W SEFEBUBOR A S8 0 R AR K
(Joung et al, 2022 ), HUFET] I 4 & 0 K2
MR R (TP ES, 2024), HEALSRL)
HHRARESEAR. BERMEZMBEERR
(Ham et al, 2021), A5 alfE 25kt MRk
A (Hawkey et al, 2021; Nikkaha et al, 2021 ),
KE CAFENE ) fiddl, HEASRHR “F
wHPEK, HFEAE, ButmE, KB
E N AP Z 228 AR B, R &g iy
LR IR AR . B S AN /D B A
YL 5 s 240 Pl LA S 2 4 R R A A P (R
FELE 20065 W7 104, 20065 408 B4, 2008 ),
LA L, RS M BA LR H
T B UBEUR

TERFH ARSI, IRBEERE rT )
R R SR AR AR, 10 S TR 7 5 AR
WEHN P E R ZE AEAEESBANT
SRR, WERE A, R ER RE TR
AT IR 98% o YL AT ] H AR (LA , (AR I B P 22,
Je AR Ry, BEAUSRAR IR , 2158 R W]
MR A4S R B T B A TR BRI (X T
45, 20115 $EES, 2014), HEFHEES R
FEFE ) R R T AR G S AR R D AR
G S o3 B A b e B R, I 7 A
Xof g e R -ELA SR FH ) T B s A 2 ( gk i

G5, 2012), 38 AR 24 Xk Sk A T 0 AV FH 2 BT
RSB R AT R AAE, ek n]
DA il 2R 8 B 0 AR B R YL EE R 2577, figt
TRAE AR 4 f N A 35 B [

1 #R5HE

1.1 REHE

HAEES Y G HRAER 1-3 1B
FREA)) H v P T AR MR Be 1) 55 5 M 0 110 KA
s 7 P iRy (R 1); FRERSTH
34ecmx26 cmx 12 cm (£ x 58 x & ); DNA

FEPGAF & WG9 ITS1 1 1TS4,
1.2 RIEN{/EF

RQH-50/RQH-250 A\ TS M54, & MR}z
SIS PR A F A TR-6 T HERIR AL,
JE BRI A PR w4277 5 ETC-811 £EH 9™
AL, AT,

1.3 KREFHNDTS

PRBUR HUR LR B 22, HFh T PDA Kidrdk
L, & 2oy B AR, SRS —ARAEAL TR R
AP 9758, R TR

14 WEREBRHNE

VEIUERR 1) 1-3 #44h s HE 172 il s X
4955 SR T A T3 FH K TR 19 0.5% 1% Tween80 Fit
HA 10° 1 F/mL AR, SRTIE Bk fie
R, BRSSO e 12 3k, 3 REH,
AR E TR, RE+L T2, DIEE
BUKE ) 0.5%0) Tween80 Fik B X R, BT
ANTHFAE QRIE 26 °C, 1BE 70%, 6
16L : 8D ) H, EWHHEY) . 14 d FiH&ES)
RSB, WESIE , IR B SR Y
9o S TR o
1.5 FERENEVERDTFEE

B HERIEA T PDA Ri3e3t b, B FATE:
Fek6 (IRLEE 26 °C, 1B 70%, J6JEH 16L : 8D)
W%, WEC R EKIES, FEEITIR= /L, B
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o XL P 22 5 B RN A= f IR A L KON KA A
TR A5 3 ZAFE

PRICERAR TR P 22470 T PDA 355k b,
BE % 5 W A6 7 RN 22 DOl s 7 86 B RR, SR
A& ( GeneMark AWRHEA R ) 1L
DNA, PCR ¥"#RH 1 X EE#EHTY) ITS1
FoITS4 o Gl W JF % A ITSL - 5-
TCCGTAGGTGAACCTGCGG-3' , ITS4 : 5'-
TCCTCCGCTTATTGATATGC-3', PCR Jz Jui 1Ak %
49 uL: mix 25 uL, DNA #ifR 1 pL, F Rl
#7( 10 pmol/L )4% 1.5 uL, dd H,O #ME = 49 uL.
PCR JZ W 251 95 CHIAENE 5 min; 95 °CAF
:30s, 55 °CiEk 30s, 72 °CHEf# 30s, 335
AMEIR; 5 72 °CHEfH 10 min, PCR ¥7#4 /=4
T 1% AR WEEE I B A 414 =% N W) 4l
FERIY (LR A AR AT ),

1.6 7 MBAFNAEREEBIBRBFERBUR
R

B 60%2 T R Al YRR L 70% H SRR B R
AR . 80%AR ARG EE TR T . 75%

FE B . 20% =MeERFLIH . 50%EH 2
IKF . 20% k5 FLIMX 7 Fh 2y FE ui I 45 DL
TR TR BSOR T I 2 W8 P o T R AR 1 T4 oK
FEFF CHYRESURL /N R 0.25-0.50 ecm ) LA TG
K, BRI A K& 70%9 3E dUERE, B—3 4y
Fr s R A IR A TRy, BERIRE N 10° 7
F/kg B, WA SRR DR SCE 24 h, AR
KW, IR 3 A

1Al R+, AR 3R
Tk v A3 SN AT B G B R TR 25 38, R L A
300 mL/kg, LAWE/K AXTIE, BRASAbEERE 30 3k 3
e, 3WEE, MAFERE PRI,

2 . R FIARER, R S A
STIMABE B AN R 253, W Ee@la) 1 4,
PATE AKX IR . AR BRE 30 3k 3 @4, 3
WELE, BAFEREPHETE,

34 ARG, AR Z T
TSR, 4 B R 5 R BR iR AL, AR 090
SR e 5 AR AR S Ak BRI , SIS H A T
TEIR A TF U5 K o B iz A B 3 e 2 A E
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F1 HEHAAEHREXER

Table 1 The information of chemical pesticides tested

NI
550144 7 3T e FEREATTL PR
Medication names Category Reqommend Manufacturers
dilution
60%Z i 2 AR 71 HIFRMEERT R 1 200x BT R AP R RO BR A F]
60% Carbendazim wettable powder Benzimidazoles Xinyi Zhongxing Biochnology Co.,
germicide LTD.
70% I REBTL 1R R AT R 5 FIFPRIRE R R 1000 BRI R
70% Thiophanate-methyl wettable powder =~ Benzimidazoles Aoke Technology Co., LTD.
germicide
80% FUARGR B AT IR AL 53 7 TEREAE IR, 1 200% BT A R AT R A
80% Mancozeb wettable powder KAFA Xinyi Zhongxing Biochnology Co.,
Dithiocarbamate LTD.
germicide
75% A BT PR ) BRI/ R 1000 LR R AT IR T
75% Chlorothalonil wettable powder Benzene germicide Jiangyin Suli Study Co., LTD.
. e y A3k N
20% =L SR 000 P PEALAIRA
o) Mo 1 . . - Hebei Shenhua Pharmaceutical Co.,
20% Triadimefon emulsifiable concentrates  Triazoles germicide LTD
SRR 1 000x H BRI ATBR A A
S0% -2k A B R 1) N
. Plant growth Qinghai Lihua Industry Co., LTD.
50% Cycocelaqueous solution
regulator
20% 0k 72 3L LIRS U 3000~ SRR A W 24 M ey A BR 2
20% Pyridaben emulsifiable concentrates ~ Heterocycles Shanghai Hulian Biological

insecticide

Pharmaceutical Co., LTD.
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PR ECH: s T T 4 A e B SR g, B
ABCHIGF B 25500, dm e e L, DL 7K AT g
BRAAb BRI 30 3k 3 R4, 3IRER .

BB EE T AN TR T GRE 26 °C,
TR 70%, SEfEW 161 : 8D, ), 4 3 d FAE—IK
YT IR, A 18 d,

1.7 BESH

W45 Y ¥ H) 7E GenBank U4 i vh 4T
Blast [RIJEPEHLXT, I MEGA 7.0.26 #1752
M1, RHABITE: ( Neighbor-joining, NJ) 4%
ARG AR P52 8 Excel 2010 115341 i
FETTH, (REIK K, H SPSS 17.0 #E47 5 245
#r ( Duncan [CHr 2 #2218 ),

PET-H= (FET- BV S HE) x100%,

RER K R= (R IARE- P RERE ) /Hih
AT X 100%.

2 ER5HH
21 REEHSE

gzZWoresaife, B8 —HRHEE, 7£ PDA
Bigrdk bR IR, WkONRDE, G, S
WY J&. P Aok 22, 5-7 d JRmkT
RIFhR P RSk A A AT HE o B 55 IR I 8] 1Y
W, Vs AW R, AT E, BEARN
SO RIXE RS a2 LI-1.

22 REEEEER

U TSR o KR sk, iR
J9(2.5-3.0) pmx (8.0-14.0) pm, HHEHHE
FZEIGE (1996 ) fR MV . P gt For Ak
il FEESRIE, 2SS & T EE
Metarhizium anisopliae W& (Kl 1. A-C),

FIFH S8 ITS1 F1 ITS4 Xt @Ak LI-1 1
rDNA-ITS X791, §738 H 95 7 B ¥
} 537 bp. KiZFHIAE GenBank ¥ h kAT
Blast [RJJRPELLXT, & X, %35 4T ak
R A RIE PR ] 97% A B, I MEGA
7.0.26 HATRIEHHT, RHLRIEE (Neighbor-
joining, NJ) W& RFEIHK (K 2), FTLIE
SRR R 1 v A 4 f T SRR R R —
o A TOVERHE | X E AR 1TS 75 5 5048 %
H I ARRIE DL R BE T ITS 4 0 [R R A0, #
ZOGTAME LI-1 2558 I & fa T o R .

23 RWEEBREANE

WAL REH, HRENHREESR 13 1)
gl ALY WA 7 d SRS BUAEAR
WIIRBUON A, hiARg a2, 5
gk, HGERs AR ERRE—E. 14d 5
B H RSO HGET R, Hrp 123 B4 ke
1EFET=4354 100.00% ., 91.67%., 76.00%. FHIK
GBI HUA SRR IR A, 5 Z AT RIS TE A —3

Bl1 BELIHEBERESEYH, AEESRASERTES

Fig. 1 Protaetia brevitarsis larvae infected by LJ-1, colony and conidium morphology

A, B LI-1V R A B AL S fash JUEZS; B, BRk LI-1 78 PDA B53R3E FIIER; C. LI-1 WAEMTIES,
A. The morphological characteristics of LJ-1 strain infected larva of P. brevitarsis
B. The colony morphology on PDA medium of LJ-1; C. Spore morphology of LJ-1.
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0

0.001 1 AY646372.1 Metarhizium anisopliae strain NHJ11299

0

0.000 8 AY646373.1 Metarhizium anisopliae strain NHJ11448

0

MW113508.1 Metarhizium anisopliae strain SC46A04

0.000 2 0 [0.0012

AY646369.1 Metarhizium anisopliae strain NHJ5858

O4KX806656.1 Metarhizium anisopliae isolate Al

0.000 7 0.000 4

MG917658.1 Metarhizium anisopliaes train HbM-3507
0.001 1

MK955481.1 Metarhizium anisopliae strain MaH30Y 04

0.001 2

MW113309.1 Metarhizium anisopliae strain SC16A02
0.001 0 L

0.000 8 0.001 2

0.000 6 J-1

0.001 2100014 g ~790106.1 Metarhizium anisopliae isolate ANQ14
0.000 5

0.060 1

JQO062986.1 Metarhizium anisopliae isolate ARSEF 9613
0.0012

MK952550.1 Metarhizium anisopliae strain MaN19B01

MF593119.1 Beauveria bassiana isolate ATA076

0.066 0

B2 RAMEENEEKR LI-1WFINRELERH
Fig.2  Phylogenetic tree analysis of strain LJ-1 constructed by neighbor-joining method

24 THEFNBERSRAYRFEEHAERR

M2 AT LIE L, 5 1 A B 80% N 7RSS
FERT IR FIF 75% RS TR ) B %))
BT R E S TR (P<0.05), HAZHINL)
HOPETSRA BT B E M2 7 (P>0.05), 524
TR Ak L (1 &)y e A 9 K SRR R TG S 22
(P>0.05), H:APasn 20% ki 52 2L i 0 4 A
FIGRK RN 50.18% + 7.25%, TN 20% =Mk
FFLIH 4l HUA TG K b5 = 84.72% + 6.17%.

52 B, N 60%Z I R AT VR
F . 20% = MEEHFLIM . S0%EAEZR K] . 20%Mk
R FLIH 4 2R HAE TR I 2K X R
(P<0.05), Hrf 20% = WEHZLIH A S0% % F
IKFNFET SRR 12.22% +2.22%F1 12.22% +
2.94%, BXHHRFER T 62%. iX 4 FPEh5I B iA%L
S [RIBR WAE AT R BRI A 25 5 ]
BRI A BT R IR 70% Y JL 6 A R 7]
TR TR 20% — Ml 2L 31l Fr) 4l R0 T 1 4K R
= TR (P<0.05),

55 3 AIAb PR, 25 25 AN BE A 4 BT
TR, X R BISET R A5 R 88.89% + 2.22%,
20% — M L 70 (R 2l OB TR Il 58.89% +

4.01%, HBEFEMFXHR (P<0.05), HAhZy5 40
P L BB IR T X R, X £ 5
(P>0.05), A ULIEL) UYL 5 PR A 2550 B iR
RORAE . 7 A7 0 PR EE 3G K 2R 34 55 % R TG
FMEZRE (P>0.05), X HEAL) R AR K R
TN 65.96% + 8.21%, 80%CARER L4 di ik H
KRR N 53.21% *3.05%.

3 HFithitig

AHIEFE M B AE 4 f i BB 50— AR
JRE, Z%E N TAaEE, SHEwaEERAg
VIR G N )z, X EFHAE (2011) A
S5 (2014) X SRR A EE ST B PR 7 A5
b2, (B A Dt o L7 R L 5 4y 1 D)™ o
S B U S SR, ARAIE ST DS R 7 5 g [
B, 3 I A o i D 2 o) e A A A AR
JRAZGF], A B4 & 1 R AE A SR AR 1Y
HIY. kW5 (2012) FIZEEFA5E (2024) 8
TP S A A A 24 5 SR AR R AR A, D 4
SRAE SR FH H SR AR, HL B TE AR A SE B
23055 | 4l P ) 4 2 07 I s . AR
WS SEAR L FE IR A (R PR, B i Ao Jak e B ol
SN 24 70) WA AR, &8 S T i 0 S B
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R2 THAFNEFRET BdNEEXERIRYBANERZREDM
Table 2 The effects of seven pesticides at the recommended concentrations for 18 d on the
growth and development of Protaetia brevitarsis 3rd instar larvae

14 Groupl 2 4 Group 2 34 Group 3
. PR YK . PR . PR AR
ARA g (%) (;)i BT (%) (;)K T2 (%) (;)K
Medication names Mortality o Mortality o Mortality rate 7
rate (%) Weight growth rate (%) Weight growth (%) Weight growth
rate (%) rate (%) rate (%)

Z W R Carbendazim 1.11+1.11ab 73.91%7.73 ab 16.67£1.93bc 7438+2.57c 75.56+2.94 ab 64.78 £7.00 a
H LR 0.00+0.00a 7091+243ab 23.33+384ab 83.47+1.61lab 71.11+294ab 55.05+5.08a
Thiophanate-Methyl
fRARHGEEF Mancozeb 444+ 1.11¢c  7422+751ab  30.00+385a 75.11%3.14c 84.44+80lab 53.21%3.05a
JERERT 333+0.00bc 75.68+420ab  23.33+384ab 74.01+£254c¢ 7333+694ab 6548+5.11a
Chlorothalonil
= AR Triadimefon 0.00+0.00a 84.72+6.17 a 1222+222¢ 8549%*137a 58.89+4.01b 64.99+645a
o Z K5 0.00x0.00a 73.79+3.61 ab 1222+294¢ 73.01+191c 8222+80la 58.60+8.61 a
Cycocel
mkigh % Pyridaben I.11+1.11ab 50.18+7.25¢ 20.00£1.92bc 76.63£2.20bc 83.33%£5.09a 65.58+6.88 a
TR CK 0.00+0.00a 67.36+4.82abc 32.22+222a 70.67t2.64c 88.89+222a 65.96+821a

XPHR: K. RPBUE AT = prifEde, RSV G A R FRERR 22 57 3% (P<0.05, Duncan [T R ) .
CK: Distilled water. Data in the table are presented as mean+SE, and followed by the different letters within the same column
indicate significant difference (P<0.05, Duncan’s multiple range test).

AWFFEE L 3 AL ELAR HPEAL 25570 % B
IS A R B R | X R S ek B i P 1
Hl AR | &y UYL R I RRTTAICR . 45
TN, 60%Z TR R AR PER ] L 70% H B I R ]
T . 20% —BEERAZLIH . 50%REH: 2K 4
Tl 245 300 % H A 3 2R R A E K TG W T 7E
7 R R LTSN 60% 22 T R BRI L 20% —
WA TR L L 50% 2 2R KGR L 20% ki R L A
X RE AT g R A BT %, Horh 20% —
B LI AT 50% R R K F R SE T R A%, M
12.22% = 2.22%F1 12.22% +2.94%, 7 ok 5L
I 70% HH LG R 8 AT IR AR AT 20% — il
LT 4y H A B R I S v T IR TES 3 4
FIALER R 25 AbBRZ ROAE TSR B S T, ] WLAE
4y UL 5 PR 25 A AR 2, b 20%
R 2L 7 Ak B A Ay AR TSR A AR HL B E KT
XFIR, h 58.89% +4.01%, HAZHIAL BG4t
BT R TR RS (2 3, IR EE G KR 45 b 3
) JC i 2 25 5, B h AR AR TR | (R
B RER bR EZE B, W RE AN 1R 22 53 sl oA
Bl s 56, i EE A, R4l HURge

VS 24 700 AT A7 3500 B 40 B SRR RAE T, 7E )
HUBRYL S FR ISR B 22, LRG3 s, 20%
= ISR L P B TR AR B A o

iR A B, —MEEZESS 1 415 2 41
R ] 4 AR A A e g ) iR R
R, ORRREAE (2023 ) Gk B — k= me R i 2L
FEfr i SM3, ZWJE TR EE
Xanthomonadaceae , ¥ 6 5 B 1 AL R G
REAE A AL B AR 2 30 05 B R S5 L ( T R
A, 2004; Gao er al., 2013 ), Wang %5 (2022)
X H R E B AR AT T b, fEE 2 AE
SfpiEhhE R OAE Xanthomonadaceae
(IAFFE o ZE 38 4N = AR 78 2 A6 4 fa A il s e
YIPE R T &R TR, ORI T — M i B4 £
JE AR =4, IS8T Gy R (3, ]
W B R A S AT A Y | ST = MR 7E
H RS RN LSRRk, L5
AR (A EE 1S AL

AHIF ST oy B AR ) Y SE B N B ARG
(IR 180k, Y 1 4 B ABE T AT ik 3
100.00%, 2 %) HIET-HIKE] 91.67%, ZE W]
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N E AR SR AR B O B I6 S AR A B T Rl
GEIR . AT LRI A 2575 1 R AEE RN T
FHE LU G IRACR IR B T AR 5%
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