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Effect of five bio-pesticides on the virulence and digestive
enzyme activity of Chilo suppressalis
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Abstract [Aim] To clarify the physiological and biochemical mechanisms responsible for the lethal effects of five
biological pesticides on the rice stem borer, Chilo suppressalis. [Methods] Corrected mortality rates of third instar C.
suppressalis larvae after treatment with five biological pesticides, namely Metarhizium anisopliae CQMa421, Beauveria
bassiana ZJU435, Bacillus thuringiensis, spinetoram and avermectin, were determined using the diet incorporation method.
The toxicity of the most effective pesticide to different larval instars was then measured. Third instar larvae were treated with
the LCsy concentration of the pesticide, and dynamic changes in their total protein content, and in the activity of the digestive
enzymes a-amylase, sucrase, trehalase, trypsin and lipase, were investigated. [Results] Avermectin had the strongest toxicity
at the recommended dosage, with a corrected mortality rate of 97.78% after 4 days. This was significantly higher than that of
other pesticides (P<0.05). Moreover, first instar larvae were the most sensitive to abamectin; LCs, increased with successive
larval instars. Treatment with abamectin (LCso) significantly reduced the protein content of larvae (P<0.05), and

simultaneously abnormally elevated the activity of all five digestive enzymes monitored (P<0.05). [Conclusion] Avermectin
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is highly toxic to young C. suppressalis larvae. Treatment with the LCs, concentration of avermectin elevates the digestive

enzyme activity of larvae leading to a nutritional, metabolic imbalance. These results clarify the toxicological mechanism

underlying the effects of avermectin on C. suppressalis.
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Table 1 Reagents and recommended dosage

257 % B Insecticide name

L2557 FIH ¥ Concentration of tested insecticide

80 AZff1F/mL 4 fi, T4 E I CQMa421 W] /3l B i OD

Metarhizium anisopliae CQMa421 8x 10° spores/mL OD

100 127 /mL BRAL FUE A ZJU435 nREHE 7] WP
Beauveria bassiana ZYU435 1x10'" spores/mL WP

8 000 TU/uL 75 =4 ST EIF5 SC
Bacillus thuringiensis 8 000 IU/uL SC

60 g/L £ FEZ R EEI7H) SC Spinetoram 60 g/L SC
5% 44 1% 25 #L9h EC Avermectin 5% EC

1.6 x 107 4 F/mL
1.6 x 107 spores/mL

2x 10" 4 F/mL
2% 10" spores/mL

80 TU/uL

60 nug/mL
15 pg/mL

OD: [y EGMETE A ; WP: alRIERYF; SC: BiFil;

EC: Flih. TF[F.

OD: Oil dispersion; WP: Wettable powder; SC: Suspension concentrate; EC: Emulsifiable concentrate. The same below.
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Table 2 Toxicity of five biopesticides to 3rd instar larvae of Chilo suppressalis
FEIEAETZ®R (%)  Corrected mortality (%)
100 /Z8F/mL BRALFT 80444t F/mL 4x fo 74

mi] (d) R ZTU435 AR CQMad21 A[ M 8 000 IU/ML FRzds 60 g/L LHEEA  5%bi4E 2 7L
Time (d) 7 Wp T VE5] OD AR EIEN SC W EBIFH SC i EC
Beauveria bassiana Metarhizium anisopliae Bacillus thuringiensis Spinetoram Avermectin 5%
ZJU435 1x10"° CQMa421 8x10° 8 000 IU/uL SC 60 g/L SC EC
spores/mL WP spores/mL OD
1 1.11+£0.02 Cc 0.00£0.00 Cc 0.00+0.00 Cc 25.56+0.04 Bc 61.11+0.05 Ac
2 11.11+0.05 Cb 7.78+0.05 Cbc 14.44+0.08 Cb 34.44+0.05 Bbc  67.78+0.07 Abc
3 15.67+£0.05 Cb 14.524+0.08 Cb 16.90+0.06 Cb 40.46+£0.07 Bab  75.36+0.08 Aab
4 29.11+0.02 Ca 32.52+0.05 Ca 37.344+0.09 Ca 49.87+0.05 Ba 97.7840.06 Aa

[RIFT AN RS 5 B3 ) — HO AR AR ) I ) A A IESE T2 22 5 B3 (P < 0.01, Duncan [UBIE MK ) , RIS
[A)/INE T RER IR ) — U TR TR (8] RO RZIESE TR 25 57 3% (P < 0.05, Duncan [RGB M2 EAL) .

Different capital letters in the same row indicate significant difference in corrected mortality of the same instar at the same
time (P < 0.01, Duncan’s multiple range test), and different lowercase letters in the same column indicate significant
difference in corrected mortality of the same instar at different times (P < 0.05, Duncan’s multiple range test).

x3 MHEERHEXN_HWERRRPBLY RHBIEER

Table 3 Toxicity of avermectin against Chilo suppressalis larvae at different larval instars

w1 WE (pg/mLl) PN IE KIEFET- % (% ) Corrected mortality (%)
Instar Concentration (ug/mL) Number of insects tested 1d 2d 3d 4d
1 i 1 30 61.1145.09a 71.22+6.17a 78.9746.65a 80.45+5.89a
Ist instar 0.5 30 51.11£1.92b  57.90+2.36b  68.94£6.59b 75.21£7.29 b
0.25 30 38.8943.85c 40.8743.90c 47.53£0.95¢ 53.95+3.85¢
0.125 30 31.1145.09d  33.63+4.16¢c  39.96£2.91 ¢  42.09+3.86 d
0.062 5 30 21.114333 ¢ 22.7844.56d 26.07£5.28 d 28.85+5.09 e
2 1 30 45.56+1.92a 52.80+3.46a 62.53+2.79a 74.51+2.87a
2nd instar 0.5 30 38.8941.92b 47.16£5.39a 60.19+2.72a 69.53+6.87 a
0.25 30 33334333 ¢ 35.984238b 39.7741.74b  43.99+6.08 b
0.125 30 27.78+1.92d  29.2342.28 ¢ 31.84+2.35¢ 32.61+2.33 ¢
0.062 5 30 11.1141.92 ¢ 13.45£3.16d 18.16+3.80d 19.82+2.50 d
3 1 30 31.8341.69a 34.07+334a 43.5143.75a 46.96+2.82a
3rd instar 0.5 30 27.30£1.10a  30.58+1.83a 34.11+1.81b 38.58+2.59b
0.25 30 16.9842.87b 18.8442.26b 24.71%0.50 ¢ 30.11+1.83 ¢
0.125 30 12.3844.83b  12.89+5.19¢ 15.27+3.96d 16.84+3.98 d
0.062 5 30 22241.92¢c  2.3442.03d  821+1.85e  8.42+1.99 ¢
4% 1 30 21.11£1.92a 24.7141.74a 29.9142.28a 40.72+2.53 a
4th instar 0.5 30 21.11£1.92a 24.71+1.74a 26.42+1.31ab 31.40+0.64 b
0.25 30 16.6743.33b  17.9741.78 b  20.59+5.27b  25.53+3.56 ¢
0.125 30 8.8941.92c 10.084322¢ 11.46+1.63¢ 15.11+1.86d
0.062 5 30 0.00£0.00d  2.22+41.92d  5.63+5.12¢  6.94+3.39¢

[FIFAN ] B 2R R [F] — B AE A Rl BEAZ IESE TR 22 57 (3% (P < 0.05, Duncan [RGB R R 2206465 ) o

Different letters in the same column indicate significant difference in Corrected mortality among concentrations within the

same larval instar (P < 0.05, Duncan’s multiple range test).
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x4 MEFENMEZRYHOZSNEEAEZRBIEHKE (LCs )

Table 4 Virulence regression equation and median lethal concentrations (LCs) of
avermectin against Chilo suppressalis larvae across different larval instars

1A Sy THIK R LCso BEAFIX[H (95% ) (pg/mL)
Instar Virulence regression equation Correlation coefficient Confidence interval (95%) (ng/mL)
1 #% 1st instar Y=13.83+12.98X 0.90 0.10 (0.05-0.27)
2 #% 2nd instar Y =8.92+16.00X 0.90 0.37 (0.21-0.53)
3 1% 3rd instar Y=6.10+10.39X 0.91 0.85 (0.60-1.75)
4 i% 4th instar Y =4.62+9.24X 0.92 1.09 (0.76-2.63 )

x5 MARZRHFLGE_NIEHHNEARESE

Table 5 Protein content of Chilo suppressalis larvae treated with avermectin formulation

{3 i i b P TR )5 A 2 1 B & (U/mg)
Treatment Protein content after different treatment times (U/mg)
concentration 1d 3d 4d
CK 737.60£16.78 a 773.63+13.59 a 755.384+45.66 a 843.95+£34.09 a
LCs 627.76+53.62 b 619.03£5.99 b 562.68+44.47 b 572.52426.07 b

CK N TCH Kb BRI 28 0 B )T AS [) "7 g i A [ b 1) of 18 55 40k 2R ] 4 22 53 2. %% ( P < 0.05, Duncan [ &2 1 2%

HEAR) o FRF.

CK represents the blank control treated with sterile water. Different letters within the same row indicate significant difference
between the CK (sterile water) and treatment at the same time (P < 0.05, Duncan’s multiple range test). The same below.
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2T, FEARPR)E 4 d B, BTAETR R W )RR,
AEF 4 d IR IEFETRIK 97.78%, BEMT
oAt 4 P27, X—25 R 5 E HAF (2021) F
B AT (2022 ) WFSE—B. PRIk 1 2 Ak vk VR
THBEHEMMCRAER T, BiEJe, £k
MR NI 5%z, 5 -2 TR ( GABA)
ZARREAR A AR AR Ry, 38 a3 0 4 A AR
Cl-HiE B M T8 CI-N T, Ml GABA A1
L5 S TR B g oT A AL, 5]
PRBRIESET ( 22/, 2016 ) o E—2E0F 58 K 8K,
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Table 6 Digestive enzyme activities of Chilo suppressalis larvae treated with avermectin preparations
AL 2 b AL FHUAS [R) B 1) S5 AR il 5 1 ( U/mg )
Digestive Treatment Enzyme activity after different treatment times (U/mg)
enzyme concentration 1d 2d 3d 4d
a-FER CK 4.06+0.20 b 4.90+0.44 b 5.11£0.31b 5.56£0.46 b
o-Amylase LCsg 6.25+0.43 a 6.52+0.53 a 6.60+0.55 a 8.29+0.39 a
iR CK 672.78+63.10 b 1200.56+£108.44 b 1 100.55£9.62 b 1072.78+38.49 b
Sucrase LCs 1550.56+41.94 a 1 389.44+135.74 a 1 178.33+44.10 a 1 867.22+150.31 a
i i il CK 8.43+0.79 b 10.69+0.79 b 9.79£0.79 b 7.97+0.79 b
Trehalase LCso 18.85+0.79 a 27.9242.36 a 12.51+0.79 a 15.23£1.57 a
2R i CK 1.01+0.10 b 0.97+0.05 b 0.82+0.05 b 0.98+0.09 b
Trypsin LCsy 1.42+0.12 a 1.89+0.16 a 1.16+0.16 a 1.28+0.11 a
HE Wy it CK 16.28+0.14 b 14.3840.06 b 14.49+£0.20 b 14.454£0.19 b
Lipase LCsy 21.70+11.57 a 16.77+1.17 a 16.2240.19 a 18.53+£0.13 a
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S 3 00 A AT 4E T 25 A0 PR (LCso ) Ji —ALIE L)
) R S e SO ARG R TEE, 25 R AR5
X E A R G T B TR 7R
1-4 d, AbPRA )RR A & R IL T XTI, 26
4 KRFEZE 57252 U/mg, %R0 R4 T R
32.16%, 3% PHBATZfE o 25 ] g Bz sk (R HE I T
A BRSO 1A TR A, B AR
B RS B, O R A K R B BRI 5
Ko FULFEIRS, 5 Fhis B PR 2 90 R 5 T
m, TEPTAEE RS 5 4 K, a-VER G . HEME
it | VPR | PR 1 R AR 7 I ) a3
8.29. 1867.22, 15.23, 1.28 f118.53 U/mg, #
[ 3 %t FEZH 0 31 TR 49.09% . 74.05% . 47.67% .
23.44%F0 22.02%, H 2B FR 35 0 355 T 0 R4 .
Frit—2 3t KB, AS[FIE AL B % 2h 2828 Ak S 30
—EREFYE, a-TER IS R AL AR

AN A BRI TRLRR , EL 36 P )R 2 T v ] e 3 20 4
BERUR, 5 R A A 5 RS PE S el n
TR, AT RER 2450 eI I Je B 4 il i dE
HREJS . &y rh i o s R o3 g ok 4 H A £
i, B S0 AT A DA M B O S BORBE /A
GIBE LG A R RIS MEAES 2 Kakig
fi, BEJGS 3 RIEERARME, MR E fun
AL O BER Y o, PG i ] B T AERE
OTHAE, DCniElss 12 BT ae 1 5 BREE H it
LS TH R RS, ST R R T’
Y KA N &R , (H AT RES | R 4 A B 4L
E AR SRR, SEGBEIE, T4
AN E SR T s DR TS R LR 3 BT
e, WA BT SR N A AR AR w5 HIBE &>
T, (ANERIF S A o ik, T RE 2 X it Bz
R BO™ AR o X — R R BEE 4]
HAERTAE R R (MZRER ) JHCE 19— R
By, MO B AES A, SR iH AL T 1
T B4 T 8K A& P IE 5 23 CUneans
FIEFEERES ), B ARy RE R AN o5 12 3
T, MURIE R A BN RERROR , AR NE
TR | AR AT B, T REICIAERE
G SRS 2GR A SRR ( ELAE, 2025)



- 480 - R B 244k Chinese Journal of Applied Entomology 63 1

LR LRI, A5 5 PR 2, B E R R X
TACEARES (1-2 W) A AR T e,
E S S AR T, I 4 K ]

AEIE i A 2 s i, 5 AR I, 2k
TARSE A B E SR R A A R S
A P o] &4 7 3R DA e — AR R 2 (B P B 4t T B
CHERFNR A

S22k (References)

Bonvari A, Hemmatia S, Shishehbor P, 2024. Biochemical

characteristics of sorghum cultivars affect life table parameters,

feeding performance, and digestive enzyme activities of

Helicoverpa armigera. Entomologia Experimentalis et Applicata,

172(4): 312-323.

Chai YP, Zhang JY, Wang YX, Jia D, Ma RY, Guo YQ, 2016. Effects
of starvation and different plant feedings on the digestive
enzyme activities in the adults of alligator weed flea beetle
Agasicles hygrophila. Journal of Plant Protection, 43(5):
738-744. [SEHAME, ST, FAUEE, DM, DR, SRHEY,
2016. YU BE K IR AN [RI AR 400 S T i ok PV AL A 52
Wi, MR AR, 43(5): 738-744.]

Deng JD, Zhuang WX, Liu YJ, Song LW, Zhang LW, 2021.
Pathogenicity of white muscardine fungus Beauveria bassiana
against Japanese pine sawyer beetle Monochamus alternatus and
its compatibility ~with ectoparasitic  beetle  Dastarcus
helophoroides. Journal of Plant Protection, 43(3): 602-609. [X}
RFF, SR, RIEZE, KNS, skIptd, 2021, 5K ER
X BB KA B BOR 0 S H AT ARG AR A . A IR
1, 48(3): 602-609.]

Guan DJ, Wang JJ, Meng XK, 2024. Research advances in
insecticide resistance and mechanisms of Chilo suppressalis in
China. Journal of Jilin Agricultural University, 46(4): 523-530.
[FIEA, FEZE, @i, 2024, FE IR 251E & Rk L
mﬁmﬁ@umﬁ JE. EMAO 224, 46(4): 523-530.]

Han ZH, Liu XH, Li JM, Rong MQ, 2022. Laboratory toxicity
determination and field efficacy test of several biopesticides
against Spodoptera frugiperda in the South China seed breeding
area. Heilongjiang Grain, 2022(6): 42—44. [#i5 £, X D4HE, 2=
S, ZeIEH, 2022, JLFPLEIARZG X R B IX o ST I Y %
BRI INE K HI ] 25280050 FRRIETTAREL, 2022(6): 42-44.]

He C, Shen DR, Yin LH, Zhang R, Yuan SY, Tian XJ, 2021. Effects

of spinetoram on the growth and development of Assara inouei

Yamanaka. Chinese Journal of Tropical Crops, 42(6): 1706-1711.

[T, Pharog, JAArer, sk, R=ms, 2%, 2021 L5

ZARWR X LR BEE AL F 152, PO Y=,
42(6): 1706-1711.]

He SC, Zhou SX, Li LJ, Gao YB, Mao G, Liu J, Sun KN, Li GX, Lu
X, 2024. Loss of rice crops caused by the stemborer, Chilo
suppressalis. Chinese Journal of Applied Entomology, 61(1):
157-161. [AFREEE, R, 2500tH, &AM, BN, X181, #h
FREWE, 22065, &8, 2024, AR fE FE KRS - RIS
N R AR, 61(1): 157-161.]

Huang QT, Zhang GJ, Nan JL, Cheng WN, Keyan ZS, 2021.
Characterization of trehalose metabolic genes and corresponding
enzymatic activities during diapause of Sitodiplosis mosellana.
Journal of Insect Physiology, 135: 104324.

Huang ZH, 2022. Effects of music on the growth and developmentof

Aphis  craccivora. Master dissertation.

Changsha: Hunan

Agricultural University. [F5 £, 2022, FARMEFAERKET

PR TR R AT I SR I i el

Jin JE, Shen C, Meng M, Chen W, Xu CX, Liu Y, Liu XJ, 2024.
Tandem expression and functional analysis of common structure
short peptides of Bacillus thuringiensis cry toxins. Journal of
Henan Agricultural Sciences, 53(1): 96-104. [&5 X, LW, 7
1, I%‘)?—? WEH, XE, X4, 2024, BB HMFFRE Cry
B 20 M A I R IR 2R 3k S I RE A A TR AR B2
53(1): 96-104.]

Li XC, 2016. Avermectin and parasitic diseases. Biology Teaching,
41(5): 69-70. [Z=/N)1], 2016. FAEBE 25 754 U, A~
2%, 41(5): 69-70.]

Liao H, 2024. Screening and functional studies of proteins in
Plutella  xylostella interacting with Aux/IAA proteins.
Master dissertation. Fuzhou: Agriculture and Forestry University.
(B, 2024, /NEMP S Aux/IAA T/ AR R

RERFSE. AL umI i R (T} Vi NS

Long YT, Dai CG, Hu Y, Li HB, 2019. Labaratory toxicity and field
control efficiency of six bio-pesticides against Mythimna
separata. Agrochemicals, 58(12): 908-910, 914. [Jo & 4t, #

B, W, 2R3k, 2019. 6 ﬁi%%ﬂﬁﬂﬁ%ﬁﬂﬂ@él’\]n}ﬁ&
MR, 42, 58(12): 908-910, 914.]

Lu ZH, Li H, Tao X, Wan K, Chen Y, Ma RX, Gui FR, Chen YP,
2023. Effects of sublethal concentrations of emamectin benzoate
and chlorantraniliprole on digestive enzyme activity, growth and
reproduction, of Spodoptera frugiperda. Chinese Journal of
Applied Entomology, 60(4): 1280—1289. [G7 2, 2=k, ¥k,
Tibh, WRSE, SR, HERR, PRI, 2023, B ERTAER
FR R VP TR R0 S o A T i A1 35006 e % e i 5 1 8447 AL i
WA A KR T B AR . N R R E, 604):
1280-1289.]

Mohammadzadeh V, Naseri B, Razmjou J, Pourabad FR, Hosseini N,



24 XSS Rt AP AR WA 2506 A (KT g B T AR A £ B ) - 481 -

2023. Chickpea fertilization with chemical- and bio-fertilizers

affected oviposition preference, population growth and digestive

enzymatic activity of Callosobruchus maculatus (F.) (Coleoptera:

Chrysomelidae). Journal of Stored Products Research, 103:
102159.

Wang S, Huang JM, Guo FR, Liu C, Xie Y, Qiao ST, Chen YX, Wu
SF, Bass C, Gao CF, 2024. Flavin-dependent monooxgenase
confers resistance to chlorantraniliprole and spinetoram in the

rice stem borer Chilo suppressalis Walker (Lepidoptera:

Crambidae). Journal of Agricultural and Food Chemistry, 72(48):

26943-26956.
Wang Q, Liao SK, Mao XJ, Wei HJ, Lin HY, Chen H, 2024. Effects
of host plants on activities of three groups of enzymes in Perina

nuda larvae. Journal of Northwest Forestry University, 39(4):

88-103. [T B, BEIAAHl, BHFA, Tid, MILT, B, 2024.

IR XA BT e RN 3 EREHE VR, PUILAR
2FBEAFR, 39(4): 88-103.]

Wang Q, Wang LZ, Wang Q, Yan SC, 2025. Effects of sublethal
concentration of abamectin on the related protective enzymes,
detoxification enzymes and digestive enzymes in the Hyphantria
cunea larvae. Forest Pest and Disease, 44(3): 37-43. [FH, £
BB, EN, %4, 2025, FAEE 3R W EEHK R 5 [ 1
L ARV OR I | AR B O ARG PE R SZ . [ AR Mo
1, 44(3): 37-43.

Wen Y, Zhang LX, 2018. Avermectins, intelligently made in China.
Hereditas, 40(10): 888-899. [3C5E, TKIrf, 2018. FILER
FRE R, 8%, 40(10): 888-899.]

Ye GY, Fang Q, Xu HX, Wu SF, Teng ZW, Xu G, Dang C, Xiong SJ,
2023. Research advances on the occurrence, damage and
management of rice stem borers in China. Plant Protection,
49(5): 167-180. [MA84R, Jri, TReLE, RN, H%?SC, {7
Wi, SEHE, AEMFE, 2023, FEDKARIR 0k 4 RIAERBE TS #E
FYIEAR, 49(5): 167-180.]

Zeng JY, 2020. Biochemical and intestinal microecological response

mechanisms of Lymantria dispar asiatica larvae against stresses.
Doctor dissertation. Harbin: Northeast Forestry University. [ f
B, 2020. SR 4] X0 WA 2R Ab 5 I I A 2 o o
HU. LB A0E 30 MRS ARAbHll R ]

Zhong YQ, Wang Q, Sun F, Yu XP, Liu YP, Shentu XP, 2025. Effects
of tebuconazole on insecticidal activity and symbionts in brown
planthopper, Nilaparvata Ilugens (Hemiptera: Delphacidae).
Pesticide Biochemistry and Physiology, 208: 106283.

Zhou C, Chen MN, Wu CX, Zhang Y, Zhang TT, Ouyang M, 2024.
Toxicity and field efficacy of six insecticides to main
Lepidoptera pests in ear period of maize. Journal of Maize
Sciences, 32(1): 162-167. [JHf, WrMfaf, 53, k&, ki

BRBAZE, 2024. 6 Fho ORI FORFU F 200 H 3 i
1 BT EARBRE, 32(1): 162-167.]

Zhuo FY, Zhou RN, Meng LL, Li BC, Zhang L, Guo R, Xia YX,
Peng GX, 2024. Field effects of Metarhizium anisopliae
CQMa421 against Aphis gossypii and Apolygus lucorum. Plant
Protection, 50(3): 350-354, 360. [R& B, W5, SR, %
FUR, K, S8, B xS, ZEME, 2024 & TRER
CQMa421 XFHRLF . L% H W6 00 H Bk, YRS, 5003):
350-354, 360.]

Zhu JS, Wang J, Gao HY, Qin S, Qiao XW, Han JC, 2008. Effects of
sub-lethal dosages abamectin on food intake and digestive
enzyme activities of silkworm Bombyx mori L. Chinese Journal
of Applied Ecology, 19(11): 2527-2532. /R, E#, shitEil,
B, TRMERE, whEAT, 2008, T BECH BT R KA
W B v g 3 A TG P B2 R AR AR A AR, 19(1):
2527-2532.]

Zhu XM, Ma CL, Chen MN, Liu Q, Han MB, 2024. Toxicity
determination and field control effect of different biopesticides
on Trialeurodes vaporariorum in greenhouse tomato. China
Cucurbits and Vegetables, 37(12): 157-162. [/RF T, ST,
Fiptedit, ¥, shM, 2024, ARFEIAPIAR 2GR E G A8
TAYRE ST I8 B e 5k, P IR, 37(12): 157-162.]



