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Effects of fall armyworm Spodoptera frugiperda on corn yield at different growth
stages and the control threshold
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Abstract: To clarify the corn yield loss caused by fall armyworm Spodoptera frugiperda in China and
calculate the control threshold, the 3rd-instar larvae of S. frugiperda were introduced at different growth
stages of corn to study the effects of its damage on yield and other related indexes. The regression equa-
tions between yield loss and damage rates at different growth stages were established. The results
showed that the plant height of corn was significantly affected by insect infestation at late whorl stage,
and the yield loss was significantly affected by different damage rates of S. frugiperda at all growth
stage of corn. According to the control cost and corn yield index, the economic injury level of corn in
China was 5.56%. The regression equations were then used to calculate the control thresholds at early
whorl stage, late whorl stage, and silk stage, which were 8.72%, 7.99%, and 6.17%, respectively.
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2.1 ITEKERS ER R

38 3 AT AN [ A R O RN [A] A= K AR R
(R M0 ] R0, /IR 11 B R 22 BBz P X R R bk
Jo & 2 520 (Ns WL e . F=0.863, df<1, 296, P=
0.354; - 2238] . F=0.199, df=1,344, P=0.656) , KW\
1A 2 U B oK R & A B3 2 (F=6.072, df=1,
371,P=0.014)(F 1),

F1 AEEKPAEREXRKSHFN
Table 1 Effects of infestation by Spodoptera frugiperda on plant height at different corn growth stages

etk

F1E; Plant height/cm

Stage AL P Inoculated with S. fiugiperda

AN A Without inoculation

/NI 3 Early whorl stage (V4-V6)
WU ] Late whorl stage (V10-V12)
223 Silk stage (R1)

251.3242.17 a
248.28+1.89 b
249.68+1.81 a

249.18+1.14 a
253.58+1.06 a
248.58+1.33 a

PR R R o [RIAT AN )N BRI [ — I 30 A 4 RS 12 AR PR 22 Tukey” s b ik A 30 22 S (2. 3% (P<

0.05)., Data are mean+SE. Different lowercase letters in the same row indicate significant difference between infestation by S. fiugi-

perda and the control by Tukey’s b test (P<0.05).

AN IUNSESENERSE = SUER S ey e s Al
(F=1.675,df=5,292, P=0.234) , {H }y F & 55 Il /N X
B i HA B R /NX S (£ 2) o KWL b
hy B FORBR R AT B (F=3.134,df=5,367,
P=0.009) , Jy 5 5 m /NX R R S SRR /N X
PR e AR5, ELXE BE R 5% R 3 R /N X bk g
25 T 80% h E K /N X bk 5 (80% vs CK: F=
8.469, df=1, 118, P=0.004; 80% vs 5%: F=9.066, df=
1,122,P=0.003) (F£2) . /NIy AR 22 1A )

“hy N T KR R T 2 S e (/N . =
1.375, df=5, 292, P=0.234; it 22 1] . F=0.076, df=5,
340,P=0.996)(5£2).
2.2 XMEKFEHERZM

ZINBRTA T 3001422 H0 6 K A B T I 2 5 T
(F=0.012,df=1,285,P=0.914) , KBl W\ 17131 Fnut 22
U4 HOGT T K A B A S 2 5 e (Rl WL B
F=6.003,df=1,354,P=0.015; "t 22 ] : F=21.345, df=
1,335,P<0.001) (F3) . /NIy AR AW
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Fe AU TR MERR B AR TE B 2 Nl o 1 B . =
0.819,df=1,285,P=0.366; KW [T : F=0.003, df=
1,354,P=0.957) , i 22 S 4% Hon FOKMERE HAR A W

FRM (F=24.152,df=1,335,P<0.001) (£3) . /Nl

WU R B A 22 B2 X TR Y A

Z 2 Nl WU 3 . F=35.660 , df=1, 28, P<0.001;
KWl . F=10.261,df=1,31, P=0.003 ; it 223 .
F=16.283,df=1,31,P<0.001)($3),

R2 FRERPTHERNERKSHIRM

Table 2 Effects of infestation by different densities of Spodoptera frugiperda on plant height at different corn growth stages

¥R Plant height/cm

Jem W\ #H Late whorl stage (V10-V12)

2248 Silk stage (R1)

Injury rate/%  /INEIW\ T3] Early whorl stage (V4-V6)
CK 248.30+£2.55a
5 247.53+1.68 a
10 247.85+2.45a
20 247.85+2.12 a
40 254.07+3.28 a
80 252.95+2.69 a

257.57£2.63 a
256.05£1.72 a
252.98+1.81 ab
249.92+2.57 ab
249.94+2.22 ab
247.07£2.47 b

247.83£2.96 a
248.39+2.21 a
249.14+£2.79 a
249.98+2.79 a
248.98+2.59 a
248.93+2.77 a

F s R R R . RIS RN PR R R — Y AN R DA T R AR B A 28 Tukey s b ik 22 57 3% (P<

0.05) . Data are mean=SE. Different lowercase letters in the same column indicate significant difference between different injury

rates by Tukey’s b test (P<0.05).

F3 AEEKBZERNER=SERHNEIT
Table 3 Effects of infestation by Spodoptera frugiperda on yield index at different corn growth stages

EORMERE R FORMERE B4R TR
Corn cob length/cm Corn cob diameter/cm 1 000-grain weight/g
i Stage Zm AR Fe AR fZm AR

Inoculated with ~ Without  Inoculated with Without Inoculated with ~ Without

S. frugiperda  inoculation  S. frugiperda inoculation S. frugiperda  inoculation

/NI WA T3] Early whorl stage (V4-V6)  17.03+0.27a 17.06£0.10a 5.08+£0.05a 5.03+0.03 a 256.88+4.37 b 289.11+3.31 a
FMWA 1 4] Late whorl stage (V10-V12)  17.17+0.24 b 17.74+0.11a 4.93+0.03a 4.93+0.01 a 275.40£6.25 b 296.83+3.23 a
i 221 Silk stage (R1) 16.83£0.34b 18.42+0.17a 4.80£0.03a 4.58+£0.02b 269.37+4.79b 293.44+3.71 a

PR B AR . RIS [R]/ING 5 RE R ] — I PR 15 12 HUR 7 B R AR 28 Tukey s b G 96 25 57 1 35 (P<

0.05) . Data are mean+SE. Different lowercase letters in the same row for the same yield index indicate significant difference be-

tween infestation by S. frugiperda and the control by Tukey’s b test (P<0.05).

ZNBRTWU T A [R] R 3 30 FOR MERE I B L oK
A AR R TR Y TG W 3 (R OK MR
i . F=0.76,df=5,281, P=0.578; £ KMl f 1% . F=
1.884, df=5, 281, P=0.097; T kL & : F=1.509, df=5,
24,P=0.224) (£ 4) . KWWl E IR F 250
NGRS IRS SR CRE b E S ([ N i
T K B . F=1.233, df=5, 350, P=0.293 ; T K i fH 1
& F=1.316,df=5,350,P=0.257) ,(HX%} TR A W
FR (F=6.399,df=5,27,P<0.001) ($4)., 22
ANTR) Ay 3 N TR MEREA BT | FOKMERE B AR D) e T
R E B 0 S (CROKMERE K I . F=2.331, df=5,
331, P=0.042; T KMERE 4% : F=2.933,df=5,331, P=
0.013; TkiH : F=2.855,df=5,27,P=0.034) (£ 4) .,
TR B AN ] A 3 X FOR A i A
(/NI 3 . F=7.435, dF=5,12, P=0.002 ; Kl W\ [

#: F=26.281,df=5,12, P<0.001; - 221} : F=15.809,
df=5,12,P<0.001) (F£4)., /NI B A 3
IKE 80% B A X 7 A7 I 252 i (F=19.200, df=1,
5,P=0.012) , KBRS A 22 B D0 A 35 ik |
20% it 55 0 B TR = i T 2 25 S R T 4
20% vs CK: F=43.702,df=1,5,P=0.003; - 22 1 20%
vs CK: F=13.836,df=1,5,P=0.020) . 2281 [E N
TR Z A A B 25, 40% F1 80% S 5
(07 i B AT 10% S F R0 & ChFE R 40% vs
FEZ10%: F=10.101,df=1,5, P=0.034; }E X 80%
vs HEZ10%:F=10.155,df=1,5,P=0.033).
2.3 FEHRKEEAEREMEEEEETER
ANTA] TR A A T 25 A H/IN X 7 B 45 R G
4 I ANTR] KA K BT R AUbRE B m 7
T R BEZ G0, 2k F ARk B 80% I, i 1
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(7 S R e 8 T 20% AR U, /BRI T 4
A BN D8 7 BB R R AR TR W S A 22
A AL PR/ IN DR AR G AR

B N H RN X, R RN Y, AR I 4

PRI A ARXTE N T R N A Sk Y=
6.140InX-7.735 (R*=0.924) , K Wi Wl 1 ] K v=
8.299InX~11.690 (R*=0.919) , it 22 ] &y Y=6.775InX~
6.771(R*=0.961)

R4 TRIERERPAAREAEEX = EBIERAFIT
Table 4 Effects of infestation by different densities of Spodoptera frugiperda on yield index at different corn growth stages

- Sy FORMEREC £>Kﬂ’rﬁ,%ﬁﬁé T‘?FEE . - FE%‘E?&K
Stage Injury rate/% Corn cob length/ Corn cob diameter/ 1 000-grain weight/ Yield/(kg/ht) Yield loss
cm cm g rate/%
7N T CK 17.00£0.24 a 4.95+0.07 a 299.64+4.64 a 9120.14+112.21 a -
Early whorl stage 5 17.14+0.19 a 5.09+0.04 a 287.11+£15.90 a 9018.08+210.00a  1.12+1.78 b
(V4-V6) 10 16.66+0.20 a 4.94+0.06 a 271.16£12.14 a 8 308.68+292.05 ab  8.86+3.50 ab
20 17.12+0.24 a 5.08+0.05 a 278.18+3.38 a 8 192.234220.65 ab 10.20+1.47 ab
40 17.01+£0.26 a 5.05+0.05 a 265.26+5.50 a 7 968.43+170.55 ab 12.56+2.92 ab
80 17.35+£0.36 a 5.15£0.07 a 270.30+£8.12 a 7249.62+411.90b 20.56+£3.97 a
Jemi i\ 11 4 CK 18.08+0.22 a 4.96+0.03 a 310.87+8.08 a 9341.39+70.65 a -
Late whorl stage 5 17.79+0.24 a 4.9240.03 a 306.71+4.29 a 9112.08+114.90a  2.46+0.56 b
(V10-V12) 10 17.53+0.22 a 4.91+0.03 a 297.59+4.59 ab 8971.11£201.00a  3.98+1.61b
20 17.40+0.20 a 4.87+0.02 a 274.22+8.13 b 7 743.79£231.15b  17.12+£2.14 a
40 17.47+£0.30 a 4.94+0.03 a 271.29+£6.34 b 7 638.51£296.55b 18.19+£3.64 a
80 17.34+0.31 a 4.97+0.03 a 273.78+8.51 b 7087.51£36.90 b  24.12£0.43 a
2434 CK 18.96+0.34 a 4.50+0.05 b 311.56£2.71 a 9334.74+45.90 a -
Silk stage 5 18.20+0.37 ab 4.60+0.04 ab 289.05+4.25 ab 9006.77£109.65a  3.52+0.77 ¢
(R1) 10 17.91+0.34 ab 4.67+0.54 ab 285.51£9.72 ab 8594.19£193.65ab  7.91+2.54 be
20 17.74+0.43 ab 4.65+0.05 ab 283.62+8.20 ab 7 843.01£131.10 be  15.99£1.06 ab
40 17.8240.36 ab 4.70+£0.04 a 269.67+5.91 b 7 608.48+242.25¢ 18.51£2.23 a
80 17.23+£0.45 b 4.73+£0.06 a 270.1249.16 b 7312.08+352.65¢ 21.70£3.44 a

R R bR . FORIE] A KR A RIS [R)/NS P RER R AN 35 32 77t FE AR 28 Tukey s biA G 22

S 3 (P<0.05) . Data are mean+SE. Different lowercase letters in the same column indicate significant difference among different

damage rates for the same developmental stage by Tukey s b test (P<0.05).

HR A 28 5 15 3 SRV AKE A 3K CxF/Y=<PxEx
100%, Hot C 2 FAHBBIIG AT , 2920 450 70/hm’* (2
FENTARIZGH) 5 Yo TR i, AR5 9 000 kg/hm?
P F KT , 298 2 T0/kg s EF&:BiiARCR , A
TRE R 90% ; F 222 U I3 A0, A e Ry 2, B
FW S AL TR 2 A5 A TR E o THRH K R Hl
TR MR 28 % 16 SRV KT 5.56% , K51 45 5 41
AW S Vi e iz N TS o s aE G NP N S S
AR TR Bl SR B R AT e/ NI TR
FIRF 8.72% , TE KWW H I Ry 35 %38 5] 7.99% , 78
I 22 3914 3 AR F] 6.17% o

3 iTig
AR AR [R]SHE R0 T K b B 12

ZE5 /NG I SR 22 399 B ok v S5 Rl WA 1T 30 )
PRimE (R 1), 35X T AESE TR RS ], KA
R A A 22 5 3 B, /N L T Y K
7 H 10 HE T, WA P 3K i Al e BURE A
g6 A 1HZG6H 15 H Wil nl BB AL T F KR
P o Tl , /ISR T S5 A% T r AR WA ) A
k22 SR ATRER SR A G, HIKE A AR EE 90
Y5 AR AR LE , AR T A AR e BERE LR
MERE AR B AR IR ARG, ks , R UG R R R
1o h 256 em, (EAS TR E X0 IR Fy ok e AT DR WA 1 34
I FX — K, HoAth 2 I AN 5 250 em, 3 AT fE
Je R TRV ANAE S i Y Rl A T Y, mT R T
G P AR A B AR B B R K . ASBIEFESS
AR, AR R ek e A R,
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FF AR LI B 40 36 5% T R AR A A 52 T A G LA
K, AT BB B b B R M =0 Ry KOS A G i
IR FORAE K5, NI S2 I T BRI S5 bk s . /D
UUIINSE: e s Ep 0 s R 7R G i 7 S = i3 I
AH ORI B s gt 5 I A AR i Mk 2 R
T TR 22 142 HOGF bR A ik 55 TG i 3 2 ) ) 2
TE P MU AR R AR E 2 R, o ST R
AN XA A KRR

HRE B 1A H6 b i R SCRT AT, e R [R] [ R A
XA 25 5, 3K 02 H TS [A] 1 G R DX ) BT A
TS, EARMAR S A AW S S . nEpR
TR /INAZ B R O A AR AT R b SRR Bk B TR T
B A s KO 0 3 (VE~V6) S 1 1 7k K 20%
(10%~30%) ; TR AR B (VI~VT) I H R
40% (30%~50%) ; T K HEREI] (R1~R3) SR HERE-F- 34
B FEZ20%(10%~30% ) (Prasanna, 2018 ) , 5k 2 H
[ 8 Shy 2 2R A R 43 FU s A 2 g S
W AERE BtAEERE Bt £k Bl 42 d iy I T
ST R B VR AR AR TS, 45 R R AEAE R Bt E
K )R 1 5 R B B PR 20 d RSB R FR bR 2
1.8 /10 Bk, 1% Bt(Cry IF 2 1) Tk F2:2.13K/10 8%
(Jaramillo-Barrios et al.,2020) . 7EAEVH ARSI BT
5 1) B M O M B VR PR AR B i T AR SY X T fig S
ANTF) Hb DX B 3 A B B RS AT K

Fook H )3 A 2 ARMECR IR IR g0 ) 7
A G TN E | Ir ARG R 2% 8 T —fR
Hi 5T R I &y L 3 L BRCES (e B8 R MR R A
KB BE = ZAE 3085 ) X KR A E O, BRI X
N T BT e & AR ) BUE AT T AR, ke
THRSAFR PR FE bR T RE 2 LU PR o 7R SEbRAE =
TN 25 TR 1l 5 A0 B ) — SR | L An ™ B R (—
P 1 S M A H R g 7 BB AR 1000 47 D _E ) DLKAE
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