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1k 1 N 2 Ve 2 3 4
by WOk BAkEC #HERS RESZ
N 1 = 6 S 1***
AYE +EE° FRES LWH
(1. ZRARWBAGA R 547 5 Pt Z 2, &0 2300315 2. LR TC TR, TR 238300;

3. WiTL A AR B SR 0 2T RT, AR 3221005 4. SRR A FHARMRS S HEYE, S0 230041;
5. W ELML R EFRE YRS 2 BE, dEET 1000835 6. T ER VRGBSR, dbaT 100081 )

B E [BH)] BRREEEREH IR Spodoptera frugiperda ERALFXEUERT AR, W DBIIAK
BOHREBIARCR . [ FiE ] AT TR ARAT A 0T . Rm WU SRR T 24 6] 6 £ o DK R il 5 7 Mk 1)
SIAPHAR, T EFE TORT L TR SRR A= B A AR [ R ] S E RS B
1A, 255 14 dBIIARER M 60.90%+5.08%, 24 )5 23 d FTPRARFTE 60.02%+4.79% , 245 30 d F& 2 16.04%423.92%;
AT+ I E BFI64% 1 IR, RRZJE 3. 7 F1 14 d FIBFIARCR 3910 98.75%+2.80% ., 95.14%+8.13%F
79.20%+8.43%, KW\ I J5 BB R T I 2 22.00%+5.81%; MWL F1 S0t ORI FI B8 13k, 25 3 fl7d
BB IARCR A B 70.06%+2.47%F1 34.93%+11.83%; FEMIMISERIAE 1 W, HHIBIASER N 71.90%:+
27.06%% 85.83%+14.91%, WIKIABA HBIg ER, M= %5 11.59%+6.93%. [ &it ] Zaknimt
PG VIR, FRLERTH . BRI E A A 0 254t = IR B AL 2 AR 25 B3R 1 Ik, PR AU i 8 ok
SR, R SRR R M 5 2 B i R B A K b B I B 4 B OB
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Precision chemical control strategy for
Spodoptera frugiperda on fresh maize
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Abstract [Aim] To develop an efficient and precise method of chemical control to control Spodoptera frugiperda in fresh
maize crops, with the aim of reducing the frequency of chemical applications while improving control efficacy. [Methods]
The effectiveness of pesticide applications at different maize growth stages, including the pre-transplanting, seedling stage,
late whorl stage, and tasseling stage, were measured and compared to determine the optimal chemical control strategy for S.
frugiperda in fresh maize crops. [Results] The efficacy of applying "sending-off" pesticide to fresh maize before
transplanting was 60.90% + 5.08% 14 days after application, remained at 60.02% + 4.79 % after 23 days, then decreased to
16.04% + 23.92% after 30 days. Combining an application of "sending-off" pesticide with one foliar spray at the seedling stage,
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achieved efficacies at 3, 7, and 14 days after application of 98.75% + 2.80%, 95.14% + 8.13%, respectively, and 79.20% +

8.43%, after the final application, then declined to 22.00% + 5.81% at the late whorl stage. A single application of granules at

the whorl stage, achieved control efficacies at 3 and 7 days after application of 70.06% + 2.47% and 34.93% + 11.83%,

respectively. A single spray at the tasseling stage, achieved control efficacy during the ear stage of from 71.90%+ 27.06% to

85.83% + 14.91%. No damaged ears were observed at harvest, and the proportion of marketable ears increased by 11.59% +

6.93%. [Conclusion] One pre-transplanting application of pre-planting pesticide, combined with one spray of highly

effective, low-toxicity chemical pesticides at the seedling, late whorl, and tasseling stages, can effectively control S. frugiperda

in fresh maize crops. Of these pesticide regimes, the pre-transplant pesticide application and the tasseling-stage application

play key roles in managing S. frugiperda in summer-sown fresh maize.

Key words fresh maize; Spodoptera frugiperda; pesticide application period; precision pesticides control; control effect

B TOREA HMRZE” WL, &g
AR TYRMERR, AR, madE. &
PRLRE IR R i, B R AR A B 5 Hh O AR LSS,
2019; BEGCFEAH:EE, 2024 ), HEFE EKAE
JEBARR X B, 20 Ak et B I R T e A oK
(EZRHAE, 2023; ZhRAE, 2025), hELRHA
R K oK A 7 T A I s R A A
EhfE, 2016), R ELE 133.3 J7 hm L)
b, BIRAERARWH K, 2022 4E50 166.6 77 hm?
(SBRIESF, 2024 ),

ZTCFE BRI, 2R B F K RIS B
BRI 4 AR12E 7 AR, 56 E 0 ZHE, 47 1k
FEER AR AR FE WA, b ERE 24
T 7 Ay (HEGRE%, 2018), X—H s E
KE R E TR Spodoptera frugiperda 15
B EZEERE (BEAESE, 2024), 2019 4
1A, FH SRR ARIRE 25, B 1l
BEMEM (LEFE, 2019; B2FFL%, 2019 ).
(ZANEREE ¥ DAL NS TA S C RN -3 S0k e S R
(Day et al., 2017; SIFIESE, 2018), XJFK[E
TFoORAR PR ™ U o b TRk RS R
K FURAR X e £ R A 7 i ™ T UMY
RBRZE R, S FORTER N AR R
T EWEZE o L AR 2GR AT, AU T
b BRI BT 2 T AR, A R T K
FIAR Z55% BRIl 2026 ), 7 BEE FoK
T TS AL 2= PR BOR B LR

WG T 2024 4F 8-11 A LAZEOIC A TH B/
E A TR AR AT, FEE AN R A 0Tt P Ak 2 24
STl 5 1 K 1) DI TR, 3 SR M B K

=BT LR G WA, W SCHERT IR Y, DI
ST A B T K M B Ik e R R AL B
IAPORIRE, B — R R TR
TREEALITT . [R5k B R fIEE

1 #R5AHE

1.1 REEH

RS FR A HOEENG 676, W H LB
FRA .

RIE 257 : 200 g/L & B H BRI 70 %
BOEEE SR IL 25 AR TEAF ). 14%H
Y- B R EIFE R (LR KEEYRE AR
Al )L 0.7%5 - B AEER BRI (rp B R RLA
BEA YIRS BT 4R ). 25% L2 R FE K
SrECRIR (BHB ALV RHE AT R SRR ) Filh
7 PDMS-Z ( A R B Bt P iR 3 5 4 ™
oot JO B A F T T 1A A R ST 1 38 T K BT B
1 )s

R KEE T60 AR ANLAGE AR 11
3WBD-20L #4751 Ui s i 25 4 o

1.2 REFH*

1.2 REHIER R TN TR I R OK
FhAGIEHL (31°30' N, 117°96' E) ¥if7, FEihh
KRG, a5 e k- TR A, P,
TEWE, P RS, 2024 45 8 H 11 HIUE
HH L8 23 HR#k, 55667 m* EHIZI2 780 #k,
FEEE 0.3 m, 470 0.8 m, HHEIMAM—2, &4
B Y el A = S B
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122 iKigit W E R EAEPIE X
(A, IRRIFRKEIEX ), & A EBFIRX (B,
LT RIFR A BT IX ). B 25 RCR X X (T,, n
XTI FHRGILIK AR n+1 W25 ) FIASB iR T R X
(CK ). RIS R IR X ALBE , K54k X A A By X 8
RN 3 335 m®, & B2 R X H X &% CK
RN 67 m*, A 6 938 m?,

R IX B AT I 25 LR 1. Bk
Al 4-6 I R i A 25 0 7 £ =X Bl i 25 2
Wiz, FH/KE: 30 L/667 m*, MW\ Cl % F ks
PR IE N A 25 TR o A 1 B IX 1% B
TRk, SLREG 6 K, AR BAR S /i
F1IETit 15% B 4 - B BB IR R B R 2 U, /)
BRI 2 IR WA BTt 6% Br] 4 - S 2R It A2 7
FIBR 1K, 5%EUGIRFLIHF 25% 32 8
FOK AT BORL IR M 25 e 1 Uk, Ml 2
W 5% AR LI 25% & 52 R 2K EL

BFRIRBIZS PG 1K, 6% 4k - E AR BRI
%5 B 1 IR,
1.2.3 REEAE  HAERE . BERRiEZYE 7 M
14d, 4-6 MG 3. 7 Ff1 14 d, KEIwL T
MEZfa 3 F 7 d, ShEEBEZ S 7 #1021 d 5350
A EREOR U5 4-6 MHEZY ) 14 d Sk
WUCZE 5 3 d AR B EFE G RIS
(11 H 6 H) HE#F R 5,
WA BRI R 3 AN/NX
YERNTER, HEA/DXNRM 5 SRR T
. BisEA, BESELHA 20 Bk, HAEE
PRAL . HUhD . A EARECSE A . RO
R FE RS % W W (Davis scale ) JH#ERTE
(Davis et al., 1992 ), VLUgE R E 175
Gpo PRI EESIHA 10 Bk, SRIGEEE
BREUMFREIET , [A]AF IR A ORI THE A TR S m Ay
A RS

R1 FBURMEREHHRI X ELER

Table 1 The pesticide application status in refined area and single-application efficacy comparison area

JtZyital (H-H ) W

667 m? 2557 44 Bk S &

A3 Treatment

Spraying time ;s 2
(month-day) Growth stage Pesticide and dosage per 667 m A CK T, T, T,
8-22 2] 200 g/L S B BERZ 27757 (70 mL) A VA VARV
Before transplanting 200 g/L chlorantraniliprole
suspension concentrate (70 mL)
9-07 4-6 It 14} 14%FF 44E - ¢ USR] (30 mL ) + v oV

4-6 leaf stage

Bh#l (30 mL )

14% emamectin benzoate-indoxacarb suspension
concentrate (30 mL) + adjuvant (30 mL)

9-21 PNUIL/NEE G

Late whorl stage

0.7% 5 HL- HAELR AL (1000 g )
0.7% chlorantraniliprole-emamectin

benzoate granules (1 000 g)

10-10 A

Tasseling stage

25%ZHLZ AR ABEMH (12g) + A2 Y
Bh3F (30 mL)

25% spinetoram waterpower (12 g) +

adjuvant (30 mL)

AEFARS A SHRSHEAL AR IX, CK A% FIXHRIX, T, T,

VEITRIERT T AR s R RHATARARLE

T3 73 R HEAR 22 36 DX B 2 %) U IX . T 3R 1]

Treatment A, CK, Ty, T,, and Tj represent the precision chemical control, blank control, and the single application effect
comparison area, where the 1st, 2nd and 3rd application in the precision area. The same below.

V/indicates that the operation has been carried out; / indicates that the operation has not been carried out.

1.3 #HiESH
FH ()3 36 8504 Excel 2019 2231, LIANBTIG

CK MXHR, MR o E R R ol EF 5. ARk R
R A A A B B VAR | B Bk
W= 2 . 24 DPS V 9.01 # T &
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7 Z5H1 ( One-way ANOVA ), FHXEH KB E

W22 T 22 AR (P=0.05 ), BEFHHEEL.

BFARCR . B RO I = 2 i AT
Z( B R TR AR BAED

{ BH = 100 ;
LEELE T R <O g
BRYERR @) =

XRXHEERRR GEH0 -2 HEmeE. (850
XHRIXBERR GRE0

x100;
B ABUR (%) =
X B S0 S P Bt
o X Ak
W (%) =
Aab T X T oot e R — 0 DX o Al
oxof DX ot A

100;

x100 .

2 #RE5HH

2.1 BHAHABIERR

TR AIMZG )G 7 d JEA, KX, XTI
X FIAR P B X 2 e B0l S i ik 4 o, A
DRI, ARG BIHRRCR . AT J5 14 d,
FH V1) W] DAL by £ 7 ik 1-2 9840 1, RS AR IX R B
X T KB ER RN 20.80%F1 32.00%, CK
PEMRR RN 53.40%, L CK B ERRR Jxf it
BRI PHAEROR, KX AR 60.90%, &
FHBTXACH 39.94% (3 2), KX Bk miTm
55 it 245 1 B IR AR B E A T A B X B AR R B gs
i ( P=0.0013 ),

R2 BHAEHHAYLR
Table 2 Control effect of spraying before transplanting

5 1] el H b ALSE Treatment
Investigation time Survey indicator A B CK
#5144 BFEHR (%) Damage rate (%) 20.80+335¢  32.00£4.90b  53.40+7.80 a
14 d after spraying BiiARCR (%) Control efficacy (%) 60.90£5.08a  39.94+6.33 b /

R PR bR e . PR AT B AR TR BEES (P<0.05, XRERBIEHRZEEL). £ 3-%
50 AP A KHEALBIAIX, B AP HBIIX, CK AR HXIRIX . TR,

Data in the table are presented as mean+SD. The same below. Data followed by the different letters within a row indicate
significant difference (P<0.05, Duncan's multiple range test). The same for Table 3-Table 5. Treatments A, B and CK
represent the precision chemical control, the farmers’ self-control, and the blank control, respectively. The same below.

2.2 AEHEZEAIBEEAB AR

PR X255 5 3 KA 7 K, 7392
CK MR B AR B X IR, AN ] Ak 3
(I BIIA BT R s 24505 14 d LI CK $eEFRECh
X R AS R AL B B iR R (32 3 ), 24)5 3 d,
KEALDX . Ty A B X B IR 250k 98.75% .
89.64%71 77.81%, Kifb X BHiRRERS T, Z 74
WBE (P=0267 0), HEE®/FABKX (P=
0.030 0 ); 3 MALFRF B HASCR 512 96.75% .
90.46%F1 69.77% , KifLIXFI T1 X BE & TH
B X (P=0.004 1. 0.0133), 24J5 7d, KifkIX.
Ty A X BEIR AT HEECR50 8 95.14% .
60.02% . 58.76%7H198.67% . 67.82%. 60.16%, A%
Ak DX B 3 AN B UGR89 8 & =+ T, (P=0.000 1,

0.000 1 FATAPBHIX. (P=0.0013. 0.0039), T, 5H
BilX 3 AR E (P=0.3492), Z4j5 14d, X5
P 1 57 M 40y Ut BRI A5 DX
BRAFRIIRE] 59.00% L4 I, EHRHEE 100 KL
L, ABRSARIX . Ty FE B IX A R AR R
HBFEMT CK (P=0.000 0), BiiaZS45H
79.20%. 79.30%7%1 83.63%,

23 FRMEZALEXWU OB ERR

KM WIRE I HIZS )5 3 d, SR X E
KM EMCREE, I8 67.00%LL |, {HAEILIX
T, T, F1 A Bs DX 3 48 BORT A vk AU R T CKG
DL CK #E RO X R, TR I B B iR 4L
R, KEIX N 70.06%, 5 XM T, 225 A %
% (P=0.519 3, 0.078 3), HEEET T, (P=-
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Table 3 Control effect of spraying pesticide during seedling stage
5 1 il 45 MH  Treatment
Investigation time Survey indicator A B T, CK

255 3d BrERE (%) 1.00+£2.24 b 11.00+£7.42 b 4.00+6.52 b 50.00+17.68 a

3 d after spraying Damage rate (%)
HtkdEck) 2.00+£2.74 b 17.00+9.08 b 5.00+£8.66 b 58.00+14.40 a
Number of larvae per
100 plants (ind.)
BHVARCR: (%) 98.754+2.80 a 77.81+£1791b  89.64+16.39 ab /
Control efficacy (%)
B HURR (%) 96.75+4.64 a 69.77+£16.28b  90.46+17.35a /
Insect-proof effect (%)

2 7d BrERE (%) 4.00+6.52 ¢ 29.00+13.87b  27.00+8.37 b 67.00+18.23 a

7 d after spraying Damage rate (%)
Bkl (k) 1.00+2.24 ¢ 24.00£8.22 b 18.00+£7.58 b 62.00+£19.87 a
Number of larvae per
100 plants (ind.)
BVARCR (%) 95.14+8.13 a 58.76+12.53b  60.02+4.79 b /
Control efficacy (%)
B HORSCR (%) 98.67+2.98 a 60.16+9.51 b 67.82+18.18 b /

Insect-proof effect (%)

PERE (%)
Damage rate (%)
AkdE (k)
Number of larvae per
100 plants (ind.)

Zj5 14d
14 d after spraying

HEEFREL 16.67+6.89 b
Damage index
B iaRCR (%) 79.20+8.43 a

Control efficacy (%)

75.00+31.02 ab

133.00+29.28 a

59.00+14.75b  75.00+20.31 ab 90.00+5.00 a

100.00+£23.18 a  148.00+28.42 a 101.00+£10.25 a

13.11+3.28 b 16.67+4.51 b 80.00+4.44 a

83.63+4.04 a 79.30+£5.05 a /

0.002 8 ), Z4)5 7d, HAIH S KIFHEE, 439 LA
CK 18 TR A0 E i U X IR, TR A A B
DX B A5l HORECR o K Ak DX B 3 R BT HURCR 405l
1 34.93%F11 41.49%, T, Al T, BYBI7 1A R 24 1A
2 30%LIT, TiWEKRRELEBT CK; BB
X FAEVEART 3 d #-4T THiZ5Bh G, PG Ab;
HRCRAER R, M 51.18%F1 55.50% (£ 4 ),

24 AFEHEHLEEHG AR

THEIRE L X2 5 7 Fn 21 d, LA CK X8
TR RN R U X IR A AL B X B R
FIBH R WA 5. 25)5 7 d, FELIXIABTIR )
BRI A 71.90%F1 82.54%, 5 T4 )7 H By
X1 60.57%. 50.16% M T3 ) 52.57%F1 51.43%

Ty Ty MIBIR B BRI 52 31.33% .
12.86%F1 22.67% . 18.41%, #jJ5 21 d, #&AbFE
X ERRARLE 3.00%-20.00%, FH R 1-22
sk lal; AFA X B iA T AR R, BN
85.83%F1 90.91%, K HBIIXIKZ, 75H
62.50%F1 45.45%, T3 e BT AR 53 3B K
F 24.17%H 36.36%, LLEF T, 1 T, (B EHF
HIE Bk A Mg T CK; R IX A B A 3R
BEET T3 (P=0.0007),

25 REEERAMSTE

SRMSCHY e A SRE OU R i, DU (AT
AR IBIARBOR (£ 6) KLX AR A
REHEMNDL, R/ AP XREHEERN



54 TR AE S FOR B ST AL 2 BIR BOR K - 1363 -
F 4 KBINEEAAYR

Table 4 Control effect of pesticide spraying pesticide during the large trumpet stage

I ni}j]eﬁiagq;lt‘i ) iﬁ]ﬁ_ 5 _ﬁ AbPE Treatment

time Survey indicator A B T, T, CK

25 3d WEERER (%) 73.00+14.40 a  67.00+14.40a 76.00£17.10a 69.00+20.43a 86.00+21.62 a

3 d after Damage rate (%)

spraying PheE R 14.56+0.42¢c  15.89+2.50c  1822+191c  22.11+444b  48.89+3.70a
Damage index
kR (L) 21.00£5.48 ¢ 28.00+4.47bc  27.0046.71bc  41.00+18.17b  85.00+7.91 a
Number of larvae
per 100 plants (ind.)
BHIGHCE (%) 70.06+2.47 a 67.56+4.28a  62.40+£5.26ab  55.11£6.34 b /
Control efficacy (%)
B R (%) 74.98+7.69 a 67.10£3.55ab  68.00£8.56 ab  50.66+23.94 b /
Insect-proof effect (%)

255 7d W EMR (%) 60.00£12.75¢  45.00£791d  71.00£8.22bc  78.00+24.65b 92.00+6.71 a

7 d after Damage rate (%)

spraying HhE (L) 69.00£12.94b  53.00+13.51 ¢ 110.00+14.14a 126.00£12.94a 120.00£12.75a

Number of larvae
per 100 plants (ind.)

BiiaRCR (%)
Control efficacy (%)
B AR (%)
Insect-proof effect (%)

41.49+14.51b

34.93+11.83ab 51.18+7.15a

55.50£11.42 a

22.00+5.81 bc  16.04+£23.92 ¢ /

8.28+7.15¢ -5.21+6.48 d /

2.00%, LI CK Mg FEMA X, 5 mBih
BRI 100.00%H1 66.67%, SR, Ts. T,
T SRR FE R 53518 6.00% .10.00% ,12.00% ,
LETHEET CK 1 6.00%, LI CK R b HE- &
J xR, THROR AL BB R Hod ) RSB IX
PIHE =R, R 11.59%; HUCh Ty Ab3, 7y
A RIS PR R 9.95%

3 FitHitit

A= 97 3 e B T OK e BT R R 4 A
MFB (MRBRIEAE, 2025; BRRADAE, 2025),
A UBIESE A B, IR B iR ST i, G HIB A
e PR BRI A RCR 0 SCHE o B 3 50 60 00 1 1 oK
N ERE, JCHERIE RO, Bl F
s CERIFAESE, 2019 ). FOKET AR 32 3 51
GURSRON T, N S SR AR AR I SZ B
FEAET S A TR B R U RRAS B AR
UNSR TR IR, R B bk i AT
RTER B, A BUBENE S | MRS S5 70 ) o1

ACFEF), EE RS 14 d PIFERX B ST
ARG B BIARCR , i B oK A I A
PER, RESSIRER S Hh SO O ok faE , A
REWRAE (2024) BFIRERIL, ME)ES 28 X,
Ff AR AL B B kR S A E B 22 5 0 AR
R EB, BBRAWEPRE 14 d WFRGE
60.90%+5.08% , Z4J5 23 d B %A Al A F5 AE
60.02%+4.79% . hifFse% (2025) JRAM, 5
XFRRAR HE , PRSI 2 (RS AR AT SE i 25 ) AbHRLIX
AT 55 7 K HH (] SRRl 5 b 0 1k oy B R
i 9.05%. AT UL, BEARATIESE BiTH REAS A PR AIK
B A IR, O KA A KRR L R
F TR 5 1R, B RN SRR
REDRTENHE . AR LB, B AT+
BRI 3 W2y, SRUSOH SRR E R
H 6.00%, AT RS EK mirmE 55 it 24 A 3 R AR il
AR 1 Wit ZG b B, (H SRS AR A+
R S+ 4 U2 RS A XA L, 2R
Tl B I, SR (2025) JRAILKR
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Table 6 Damage situation and yield of ears during the harvest period

g BCERRR (%) BRARCR (%)

P (B/667 m*)

P it R
(kg/667 m?)

P AR R (%)

Increase rate of

Treatment 2??(%56 ff.c ontrolo Number of commezrcial Commercial yield commercial
0) efficacy (%) ears (ears/667 m” ) (ke/667 m?) yield (%)

A 0.00+0.00 b 100.00+0.00 a 2 746.47+0.00 a 657.55+£39.07 a 11.59+6.93 a
B 2.00+4.47 ab 66.67+£74.54 ab 2 460.84+112.30 b 599.47+34.33 be 1.63+3.89 ab
T3 6.00+8.94 ab 0.00+£149.07 ab 2 596.74+247.08 ab 648.89+41.12 ab 9.9543.37 ab
T2 10.00+12.25 ab —66.67+204.12 ab 2 476.244336.97 ab  593.93+65.54 ¢ 0.58+8.63 b
Tl 12.00+8.37 a —100.00+139.44 b 2 430.99+231.13 b 608.83+36.81 abc 3.4448.79 ab
CK 6.00+5.48 ab / 2 586.29+150.70 ab  589.88+27.14 ¢ /

PR — IR AR TR R B R (P<0.05, XBHE BT =ML ).

Data followed by different letters within a column indicate significant difference (P<0.05, Duncan's multiple range test).
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