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Abstract: Virulence of eight Metarhizium strains as their hosts isolated from the larvae of Lepidoptera and
Hemiptera was evaluated against the 2" instar larvae and pupae of Spodoptera frugiperda by using dipping
method and the strains with strong virulence were identified according to morphological and molecular
biological methods. The results indicated that the eight isolates showed different degrees of pathogenicity to
the 2™ instar larvae and pupae of S. frugiperda among which strain FIMR2 and FJXY7 showed strong
virulence. When the concentration of strain FJMR2 and FJXY7 reached 5 x 107 spores/mL  the corrected
mortality to the 2" instar larvae of S. frugiperda were 88.76% and 82.13% respectively and the

corrected mortality to pupae were 86.57% and 84.00% respectively; LT, values of strain FJMR2 and

(2020R1024009) ;
( CXTD2021027 ;  “5511”

: (2021J01477) ;
(2020N0026) ; ( XTCXGC2021011 2021017)

' E - mail: 58291012@ qq. com;
E - mail: xue95711@ 163. com
Athor for correspongence: E —mail: yuxianhe_faas@ sina. cn

Received: 2022 -04 -07; Accepted: 2022 -12 - 15



1112 Journal of Environmental Entomology 45

FJXY7 were 4. 81 and 4.93 d to the 2" instar larvae and 4. 94 and 4. 83 d to the pupae respectively.
The strain FJMR2 and FJXY7 were identified as Metarhizium rileyi based on morphological characteristics

and rDNA ITS sequence analysis. In this study two strains of M. rileyi with strong virulence to the 2"

instar larvae and pupae of S. frugiperda were successfully screened which showed great potential for the

biological control of S. frugiperda.
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26 +

60% ~70% ~ L:D=14 h:

1
Table 1

10 ho 2 1

(2019) .

Basic information of Metarhizium strains used in the experiments

Isolate number Origin Host Collection year
FIMR1 Yongan Sanming Spodoptera frugiperda 2019
FJMR2 Changtai  Zhangzhou Spodoptera frugiperda 2019
FJXY3 Xianyou Putian Hemiptera 2019
FJMH4 Minhou Fuzhou Spodoptera frugiperda 2020
FILY5 Shanghang  Longyan Spodoptera frugiperda 2020
FJYT6 Yongtai  Fuzhou Lepidoptera 2020
FIXY7 Xianyou Putian Spodoptera frugiperda 2021
FJNPS Jianou  Nanping Spodoptera frugiperda 2021
1.2 20 0.05% Tween-80
SMAY o
( 26 =+ 1°C 70% =+ ( )
5% L:D=14 h:10 h) 15 d 8 do
0.05% Tween-80 o
6 1.5
5 x FJMR2
107 /mL o FIXY7 SMAY 26 +1°C.
1.3 2 70% 5% - L:D=14 h:10 h
N 2 7d
5x10"  /mL
5s o
( 26 £1°C 65% +5%) FIMR2  FJXY7
( 3 cm 3 cm) DNA IT1 (5°-TCCGT
o 3 AGGTGAACCTGCGG3") ITS4 ( 5--TCCTCCGC
20 0.05% Tween-80 TTATTGATATGC-3") rDNA-TS
2 o PCR « 50 pnL PCR DNA
8 d. 2 (20 ng/pl) N 2 pL( 10 pmol /L)
o 2 x EsTaq PCR Master Mix 25 pL ddH, O
1.4 50 pLo © 94C 5 min; 94°C 40 s
1 56°C 30 s 72C 30 s 35 ; 72°C
5x10"  /mL 5s 5 min. PCR 1.0%
( ( ) .
26 +1C 65% +5%) GenBank
( 6 cm 5 cm) MEGA 7.0 1 000

o
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1.6 8 2
Excel 2013 SPSS 17.0 FIMR2  FJXY7
Duncan 2 88. 76 %
Probit 82.13%; FINPS  FJMRI
(LTy,) - 77.78%  76.19%; FIMH4. FJYT6
(%) = / x 100 FILY5 52.33% ~60.70% ;
(%) = ( - FIXY3 28.25% . FIMR2
) / (100 - ) x100. FIXY7 2
( LTy,) 4.81d  4.93 d
2 FINPS  FJMRI LT, 5.37d
5.53 d; FIYT6. FJLY5S  FJMH4 LT,
2.1 2 6.94 d~7.14 d ; FIXY3
50% LT, ( 2).
5x10"  /mL 8 d
2 8 2

Table 2 Toxicity test of eight Metarhizium isolates to the 2™ instar larvae of Spodoptera frugiperda

(%) LTy, (95% ) (d) ?
Strains Corrected mortality Rgression equation 95% Confidence interval X2
FJMR1 76.19 +£3.83 b ¥ =0.368x —2.034 5.53 (4.88 ~6.05) ab 5.26
FIMR2 88.76 £2.13 a y=0.502x - 2. 475 4.81 (4.32~5.36) a 5.04
FJXY3 28.25 +3.54 d - - -
FJMH4 60.70 +4.40 ¢ y=0.517x - 3. 694 7.14 (6.72~7.73) ¢ 4. 69
FJLYS 52.33+4.79 ¢ ¥ =0.360x —2. 582 7.10 (6.61 ~8.12) ¢ 4.22
FJYT6 55.54+£2.78 ¢ y =0.365x - 2. 644 6.94 (6.48~7.09) ¢ 4.24
FJXY7 82.13 £2.22 ab y =0.599x -2.953 4.93 (4.61 ~5.24) a 4.70
FJNP8 77.78 £3.07 b y =0. 573x —3. 089 5.37 (5.06 ~5.75) ab 3.08
@ + ; ( Duncan P <0.05);
“-7 50% LTy, . @: o » Note: (D: The corrected

mortality rates in the table were mean value + SE; different letters in the same column indicated significant difference at P <0. 05 level
by Duncan’s new multiple range test respectively “— ” represented that corrected mortality rate was less than 50% LTs,value cannot

be estimated. (2): The confidence intervals do not overlap indicated significant differences . The same below.

2.2 FJILYS  FINP8 LT, 6.63 d
5x10"  /mL 8§d  6.29d; FIXY3  FIYT6
8 50% LT, ( 3).
FIMR2  FJXY7 FIMR2  FIXY7
86.57%  84.00%; 2 . .

FJNPS. FJMRI  FJMH4 72.74% ~ 2.3 FJMR2 FJXY7
75.39% FJLYS 56.55%; FIMR2  FIXY7  SMAY

FJIXY3  FJYT6 50% . . 74d 6 ~9 mm

FJMRI. FJMR2. FIMH4  FJXY7
(LTy,) 4.83~5.864d ; ; 1.1~
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4.2 wm; 2.5~4.0%x1.5~2.5 um
2.5~55%x1.5~3.0 um ( 1€ FJMR2  FJXY7
3~5 Metarhizium rileyi .

3 8
Table 3 Toxicity test of eight Metarhizium isolates to Spodoptera frugiperda pupae

(%) LTy, (95% ) (d)
Strains Correctde mortality Rgression equation equation 95% Confidence interval X
FJMR1 75.16 £1.01 be y=0.401x - 2. 241 5.59 (4.82~6.19) ab 3.74
FJMR2 86.57 £2.80 a y =0.487x —2.473 4.94 (4.30~5.42) a 3.02
FJXY3 37.78 £2.22 e - - -
FJMH4 72.74 +£1.03 ¢ y=0.367x -1.977 5.86 (5.11 ~6.53) ab 2.73
FJLY5 56.55+3.62 d y=0.326x -2. 161 6.63 (5.85~7.84) ¢ 4.51
FJYT6 41.67 £4.32d - - -
FIXY7 84.00 +1.04 ab y=0.413x - 1. 994 4.83 (3.82~5.61) a 3.95
FJNP8 75.39£2.37 ¢ y =0. 626x — 3. 989 6.29 (5.96 ~6.81) c 4. 61
1 2 ( FIMR2 )

Fig. 1  Morphological characteristics of Metarhizium rileyi and symptoms of infected Spodoptera frugiperda
external symptoms of larvae pupa of Spodoptera frugiperda after infection Metarhizium riley ( Take FJMR2 as an example)
A ;B ; C ;D v E 2
F o2 G . H o Note: A Initial stage of colony growth; B Late stage of colony
growth; C  Mycelia and branched conidiophores; D Symptoms of S. frugiperda infected by M. rileyi in field; E Initial stage of the
2" instar larvae infected by M. rileyi; F Late stage of the 2" instar larvae infected by M. rileyi; G Late stage of the pupae infected

by M. rileyi; H Initial stage of the pupae infected by M. rileyi.

ITS1 ITs4 FIMR2 o NCBI BLAST
FIXY7 DNA 1 550 bp 2 Metarhizium rileyi
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rDNA-TS FJMR2  FJXY7

Metarhizium

Fig. 2 Phylogenetic tree of the strain FJMR2 and FJXY7 with others related species based on rtDNA-TS sequences

Metarhizium rileyi.

2

Nomuraea rileyi

Spodoptera litura

( 1996) . Fabricius. Argyrogramma  agnata
( Staudinger) . Spodoptera exigua Hiibner
( 2019; 2020) .
( Srisukchayakul et al.  2005;
2018) - (2012) 5
10
60% ~95% o (2019)
2 8 Nr5772 5x10° /mL
3. 4.5 LT, 4.44 d.
28.25% ~88.76% LTy, 4.81 ~7.14d- 4.48d 4.85d. (2020)
2 1x10° /mL GZSF4
FIMR2  FJXY7 rDNA-TS 2 7d 100%



1117

FJMR2  FJXY7
2 5x10"  /mL
2 80%
(2021) .
FJMR2  FJXY7
5x107  /mL 84%
; (2021)
CDTLJ1
20%
(Ma et al. 2019)

( Rogge et al.
2017) .

FIMR2
FIXY7

( References)

Akutse KS = Kimemia JW Ekesi S et al. Ovicidal effects of
entomopathogenic fungal isolates on the invasive fall armyworm
Spodoptera frugiperda ( Lepidoptera: Noctuidae)
Applied Entomology 2019 143 (6): 626 —634.

Al-Sarar A Hall FR  Downer RA. Impact of spray application
methodology on the development of resistance to cypermethrin and
spinosad by fall armyworm Spodoptera frugiperda (J. E. Smith)

J . Pest Management Science 2006 62 (11): 1023 —1031.

Donald WR  Dymond JSL. Metarhizium spp.  cosmopolitan insect

pathogenic fungi: Mycological aspects J .

Microbiology 2004 54: 1 -70.

Advances in Applied

Gui FR Lan TM Zhao Y et al. Genomic and transcriptomic analysis
unveils population evolution and development of pesticide resistance
in fall armyworm Spodoptera frugiperda 'J . Protein & Cell 2020
13 (7): 513 =531.

Harrison RD  Thierfelder C Baudron F et al. Agro — ecological options
for fall armyworm ( Spodoptera frugiperda J. E. Smith)
management. Providing low — cost smallholder friendly solutions to
an invasive pest J .
2019 243: 318 -330.

Lei YY Wang DS Xue ZH et al. Identification of a Metarhizium

Journal of Environmental Management

J . Journal of

strain and its pathogenicity to Spodopiera frugiperda ( Lepidoptera:
Noctuidae) in Guangzhou area ]

Agriculture 2020 51 (6): 1265 - 1273.

Journal of Southern

J. 2020 51 (6): 1265 -1273
Liu YL Zhang YS Zhang S et al. Control efficacy of five ultra — low
volume liquid insecticides against Spodoptera frugiperda in corn field
J . Plant Protection 2019 45 (5): 102 - 105.
.5
] 2019 45 (5): 102 -105
LiZY Dai QX Kuang ZL et al. Effects of three artificial diets on
development and reproduction of the fall armyworm Spodoptera
Srugiperda (J. E. Smith) J
Entomology 2019 41 (6): 1147 - 1154.
.3
J. 2019 41 (6): 1147 -1154
Long XZ Gao XY Zeng XR et al. Screening of a Metarhizium rileyi

Journal of Environmental

strain and its virulences to Spodoptera frugiperda ( Lepidoptera:
Noctuidae) J Chinese Journal Biological Control 2021
37 (6): 1111 -1119.

2021 37 (6): 1111 -1119
Luo QQ Lu GL Xu Y et al. Identification of pathogenic fungus
Metarhizium rileyi isolated from lawn grass cutworm Spodoptera
depravata based on multiple — gene sequence analysis ] . Journal

of Plant Protection 2018 45 (3): 614 - 621.

I 2018 45 (3): 614 -621

Ma T Wang HF Liang SP et al. Effects of soil — treatment with fungal
biopesticides on pupation behaviors emergence success and fitness
of tea geometrid Ectropis grisescens ( Lepidoptera: Geometridae)

J . Journal of Asia-Pacific Entomology 2019 22 (1):
208 -214.

Nagoshi RN Fleischer S Meagher RL et al. Fall armyworm migration
across the Lesser Antilles and the potential for genetic exchanges
between North and South American populations J . PLoS ONE
2017 12 (3): e0171743.

Ordofiez-Garcia M Rios-Velasco C  BerlangaReyes DI et al
Occurrence  of natural enemies of  Spodoptera  frugiperda
( Lepidoptera: Noctuidae) in Chihuahua Mexico J . Florida
Entomologist 2015 98 (3) : 843 —847.

Pan XL Dong FS Rui CH e al. Risk assessments and

countermeasures of emergency chemical prevention and control of

fall armyworm ( Spodoptera frugiperda) in China J . Plant

Protection 2020 46 (6): 117 - 123.

2020 46 (6): 117 -123
Peng GX Zhang SL. Xia YX. Laboratory efficacy of insecticidal fungi for
control of Spodoptera frugiperda J . Chinese Journal Biological

Control 2019 35 (5): 729 -734.

2019 35 (5): 729 -734



1118 Journal of Environmental Entomology 45

Pu ZL Li ZZ. Insect Mycology M . Hefei: Anhui Publishing House of
Science and Technology 1996: 95 —97.
M . : 1996: 95 -97
Qiu LM Liu QQ Tian XH et al. Cold hardiness and overwintering
ability of fall armyworm Spodoptera frugipera populations in Fujian
Province J . Chinese Journal of Applied Entomology 2020
57 (6): 1299 —-1310.

2020 57 (6): 1299 -1310

Rogge SA  Mayerhofer ] Enkerli ] et al. Preventive application of an
entomopathogenic fungus in cover crops for wireworm control J .
Biocontrol 2017 62 (5): 613 —623.

Ruiz — Najera RE  Ruiz — Estudillo RA  Sanchez — Yéanez JM et al.
Occurrence of entomopathogenic fungi and parasitic nematodes on
Spodoptera frugiperda ( Lepidoptera: Noctuidae) larvae collected in
central Chiapas  México ] Florida Entomologist 2013
96 (2): 498 -503.

Song XB Peng AT Cheng BP et al. Review of biological controls of
Diaphorina citri using entomopathogenic fungi ] .

Biosafety 2016 25 (4): 255 —260.

2016 25 (4): 255-260
Srisukchayakul P Wiwat C Pantuwatana S. Studies on the pathogenesis
of the local isolates of Nomuraea rileyi against Spodoptera litura
J . Science Asia 2005 31: 273 -276.
Sun BB Hou ZR Dong M et al. Functional response of Orius sauteri
to the 1% — instar larvae of fall armyworm Spodoptera frugiperda
J . Journal of Plant Protection 2020 47 (4): 845 -851.
1
J. 2020 47 (4): 845-851
Tang Y Guo JF Wang QY et al. Three larval parasitic wasps of
Spodoptera frugiperda were found in Dehong prefecture of Yunnan
Province J . Plant Protection 2020 46 (3): 254 —259.
3
J. 2020 46 (3): 254 -259
Xu YD Wei HS Shi JW et al. Comparison of virulence of three

Journal of

Beauveria  bassiana  strains against fall armyworm Spodoptera
Sfrugiperda ] . Journal of Plant Protection 2020 47 (4): 867 -
874.
I 2020 47 (4): 867 -
874
Xu ZM Bing YC Li XW et al. Virulence of Nomuraea rileyi Nr5772
isolate against Spodoptera exigua ] .
Bulletin 2019 35 ( 15) : 146 - 150.
Ni15772 J.
2019 35 (15): 146 - 150
Zhan JP Zhang AM  Deng FK et al. Application and promotion of

Chinese Agricultural Science

mamestra brassicae nucleopolyhedrovirus suspension for control of
Spodoptera frugiperda ] .
2020 36 (6): 872 —873.

Chinese Journal of Biological Control

I 2020 36 (6): 872 -873

Zhang BZ Su X Zhen CA et al. Silencing of cytochrome P450 in
Spodoptera  frugiperda ( Lepidoptera: Noctuidae ) by RNA
interference enhances susceptibility to chlorantraniliprole J
Journal of Insect Science 2020 20 (3): 1-7.

Zhang YB  Zhang W  Zhang SK et al. Identification of four
entomopathogenic Metarhizium strains and their virulence against
Monochamus alternatus adults J . Scientia Silvae Sinicae 2020
56 (1): 103 -111. .4

I 2020
56 (1): 103 -111

Zheng YQ Hu HF Fu YF et al. Isolation and identification of
entomopathogenic fungi Metarhizium rileyi isolated from Spodoptera
Sfrugiperda (). E. Smith) ] . Plant Protection 2019 45 (5):
65 -70. .

J. 2019 45 (5): 65-70

Zhou LF Yu S] Liu YB et al. Laboratory assessment on virulence of

Nomuraea rileyi against noctuid larvae J . Chinese Journal of

Biological Control 2012 28 (1): 47 —52.

J. 2012 28 (1): 47 -52



