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Abstract [Aim] To determine the occurrence patterns and spatial distribution of Spodoptera frugiperda, a significant
migratory, agricultural pest, in sorghum fields in Guizhou. [Methods] Field surveys were conducted in the Anshun, Guiyang,
Qianxi, Jinsha, and Renhuai regions of Guizhou Province and 6 aggregation indices, Taylor’s power law, and Iwao’s regression
analysis were used to analyze the spatial distribution of S. frugiperda larvae. [Results] Field surveys revealed that S.

frugiperda larvae primarily feed on leaves, causing irregular holes or other damage, during the 6th to 9th sorghum leaf
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stages. In the 5 surveyed regions, larvae were mainly 3rd instar larvae or younger, with few Sth and 6th instar larvae. The
number and density of larvae were significantly higher in southern compared to northern regions. Spatial distribution indices
indicate that larvae have an aggregated distribution pattern. There was a highly significant, positive correlation between the
infestation rate of sorghum plants and the number of larvae (R = 0.972 9, P < 0.01), which conformed to the regression
equation y = 54.646 Ox + 5.232 8(R* = 0.946 5). A theoretical sampling model for larval density was developed based on
analysis of the spatial distribution pattern: N = (3.84/D?) (1.945 8/x - 0.664 9). This model defines the number of sorghum
plants that should be sampled under different larval densities and allowable error ranges. Based on the larval density
control threshold, a sequential sampling interval calculation formula for larvae was derived: Tiyaom) = 0.27n % 1.96\/m .
[Conclusion] During the 6th to 9th leaf stages of sorghum in Guizhou, Spodoptera frugiperda larvae are predominantly

in the Ist to 3rd instar stages, exhibiting an aggregated distribution. Infestations are more severe in the southern regions.

The study also introduces a sequential sampling model based on pest density, along with control thresholds, providing a

scientific basis for field monitoring and integrated pest management strategies.

Key words Spodoptera frugiperda; sorghum; spatial distribution; sampling model; sequential sampling
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Fig.1 Damage symptoms of sorghum caused by Spodoptera frugiperda larvae at different instars

A.1-3#%; B.4#; C.5-6#, A. 1st-3rd instar; B. 4th instar; C. 5th-6th instar.



- 884 - R B 244k Chinese Journal of Applied Entomology 61 1

P IR, I S s B R IR, 4l U
B R SRR B PR A e, HERRAE T 3R
mE 2z E (E 1 B) 5 5-6 4 d AU
MR ARSI RRE I S e, TR S
i, B K], IR Ko R ZEHERRAE
MR AR Z I (1. C) o

22 HENTEESHERR

XFECMA LT, 52FH . BPE . A S
A1l DX ) D B el B A AR R, K
T Hy g Ay, P Y R b 4 H B R
(32.942.6) 3k ; HUETEH, V38 (24.9£2.4)
% BVEMY R E T, P (17.742.0)
ks VAR RFEER, 4 R e
(10.7+2.3) 1 (13.243.6) k. GeitirtrEi,
A7 5 M T 5 B4 2 A 5% B 3t DX ) e 5 I 3
FAmALEB A SV MRHIX (F = 1163, P <
0.05) (K& 2) . 5 AHuX i 5e 4 DL 5T i
AR S U 3, G R FRAR (#3) .
GEPH . M, PO AV HLIX 1-3 40 5 L
It 90.0%, Hir g s, A 94.2%, {4 1-3
BB e 85.6%; 4-6 W4l HUAE A B IX 1 He 4]
YR 15.0%, Hrb 6 4 dfm/, 2, 5t

40 .

35| i

30 b

25t

20 | ¢

—_— =
S W
[¢]

HragE (/)
Number of larvae (ind./plot)

|

ZIR 5HE B &Y L
Anshun Guiyang Qianxi Jinsha Renhuai

Hb A5 Site
2 5MMRESRELEMEARBOSH RS

Fig. 2 Thenumber of Spodoptera frugiperda larvaein
sorghum fields across five regions.

M EARA AN E/NE FEEFRR AR R X 2 [0 4 R R
J7 24541 Duncan KK I 7E P<0.05 K255 8%,

Lowercase letters above bars indicate significant difference
between regions based on one-way ANOVA followed by
Duncan's test at the P<0.05 level.

S W

7 6 ¥ 6thinstar 35 % 5 thinstar @ 4 {# 4 th instar
(13 # 3rd instar B2 # 2nd instar O 1 ¥ 1st instar

100
~_ 9}
S3g 80t

s
Egg 0
REE 60

B &
'E‘YO.: 50 t
§f§°§ 40 f
£8E 307
EEU 20 f
10}

Zh RE BE &Y SR8
Anshun Guiyang Qianxi Jinsha Renhuai
Hi 5 Site

3 5AMMIX R M it 7 B 4 4h R[] i HA EL 1)
Fig. 3 The percentages of different instar
of Spodoptera frugiperda larvaein sorghum
fields across five regions

PR PR B 2 Sk 6 4l iy, S PE A4 vb K
W6 14 HL,

RS R S F R 5 Mk 4 R 2 R S
MR Z FRZ R R, ST 5 HLIX A ARl B
B2 ERRCR T T A RIS R Pearson
FHRHE T . 25BN, RS Z F RS540
B Z AR BB IEME KRR (£=09729,
P<001), FEEGFENy = 54646 Ox + 5.232 8
(R?=0.9465) , XRWPFEHEI 1 4 H,
o SRR ) 32 T 343G I 54.646 0% (&14)

50
45
40
35
30
25
20
15
10

5

00 01 02 03 04 05 06 07 08
HpRah i 2B (3K ) Larval density per plant (ind.)

B4 SREOEMITEHHMBZES
EHRZEENXER
Fig. 4 Therelationship between Spodoptera
frugiperda larval population density and
plant damage rate in sorghum fields

ZEHE (%) Damage rate (%)




41

TRAERE AR SN A w5 F e 50 el Kk A R HL s [l Gy A 7 - 885+

23 HhHam=EESwE

P S AN A XA e, R 5 1 Bk 4
BRI EAAEER (£ 1) o Hf, @
4l % AR 0.58-0.74 Sk, SR M AEkE
0.42-0.56 3k . VI B 0.28-0.44 3 | &N
FERE 0.14-0.28 LA M AEHK 0.16-0.38 k.
A A5 B O RE A R HLE 5 (M) x ) KT
1, 2 BH 5 b 07 7 R 41 UL 45 M ey S T v 2 2R
LMo BRATIRSL, A kb DORE i 4 1048 2
(C) WKTF 1o FHPBFEIEDR (M) /34t
RER, BRI M, BVE IS VDI EE 43
Gb, REBHEEMMPEIPE R T 1. Ak, &
A M RAESSE (1) | I ASHE (K)
FIAEFHEE (Co) KT 0. L5 LAk, HHioy

IS BAE ST A4 e 3 HH b 22 R AR 3 A

WXL, SR EYE . SV A HLIX
e S FH v M B Ay R B R A,
Taylor Tk is th T4 HOF %80 (x) 5
2 (8?) ZEMKRR, BEFT RSN LI
1gs?=1.104 5lgx + 0.170 5( & 5: A) . 5 FH 1gs2 =
1.294 Olgx + 0319 0 (& 5: B) . 7l 1gs* =
1.108 6lgx + 0261 7 (& 5. C) . &1 1g8°
1.101 6lgx + 0.332 3 (& 5: D) A 1g$?
1.091 7lgx +0.3012 (Kl 5: E) . FifHuX (]
IHZEE b (43510 1.294 0, 1.104 5. 1.108 6.
1.101 6 F11.091 7) ¥KF 1, H lga (A KT 0.
ZiRRY], R ST AR TN 5 A HL X
e H R A S R A A A

®1 SRAEMFIRHEHAREEER
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- B W & S ER S " e "
B oo, e TR U OVEIREC sk ASHER RYUEH
3 Samolin A 2 c ;/[ 1 Negative Ca M /x
Site fie?l d g verage Variance Diffusion can Clumping binomial Kuno Agglomerati
(ir?deI/ISllth) index c:l(;wr(lzd index distribution index on index
/P & parameter value
Bl 1 0.62 0.89 1.44 1.06 0.44 1.42 0.70 1.70
Anshun 2 0.60 0.74 1.23 0.83 0.23 2.67 0.38 1.38
3 0.58 0.95 1.64 1.22 0.64 0.90 1.11 2.11
4 0.74 1.05 1.42 1.16 0.42 1.75 0.57 1.57
5 0.64 0.85 1.33 0.97 0.33 1.95 0.51 1.51
6 0.66 0.92 1.40 1.06 0.40 1.66 0.60 1.60
7 0.68 0.98 1.43 1.11 0.43 1.57 0.64 1.64
8 0.72 1.02 1.42 1.14 0.42 1.72 0.58 1.58
9 0.70 1.11 1.59 1.29 0.59 1.19 0.84 1.84
10 0.64 0.85 1.32 0.96 0.32 1.98 0.51 1.51
G e 1 0.54 0.91 1.68 1.22 0.68 0.79 1.26 2.26
Guiyang 2 0.50 1.01 2.02 1.52 1.02 0.49 2.04 3.04
3 0.48 0.77 1.61 1.09 0.61 0.78 1.28 2.28
4 0.46 0.68 1.48 0.94 0.48 0.95 1.05 2.05
5 0.56 0.99 1.76 1.32 0.76 0.74 1.36 2.36
6 0.44 0.62 1.41 0.85 0.41 1.08 0.92 1.92
7 0.52 1.06 2.04 1.56 1.04 0.50 2.00 3.00
8 0.42 0.78 1.85 1.27 0.85 0.50 2.01 3.01
9 0.56 0.89 1.59 1.15 0.59 0.95 1.05 2.05
10 0.50 0.82 1.64 1.14 0.64 0.78 1.28 2.28
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4% 1 (Table 1 continued)

.y ]

SEE L CFEET . " e "
g O ey g DHEREC LU OMEIREC SHUHK  ANHEEC RUUEH
Hb - > . g
Si Sampling  Average s? C Mean I Negative Ca M /x .
ite ' . - Diffusion Clumping binomial Kuno Agglomerati
field density Variance . crowded . DINoImie . .
(ind./plant) index degree index distribution index on index
’ parameter value
A FY 1 0.34 0.63 1.85 1.19 0.85 0.40 251 3.51
Qianxi 2 0.32 0.54 1.70 1.02 0.70 0.46 2.19 3.19
3 0.36 0.63 1.75 1.11 0.75 0.48 2.08 3.08
4 0.30 0.50 1.65 0.95 0.65 0.46 2.18 3.18
5 0.38 0.59 1.56 0.94 0.56 0.67 1.48 2.48
6 0.42 0.68 1.63 1.05 0.63 0.67 1.49 2.49
7 0.36 0.53 1.47 0.83 0.47 0.77 1.30 2.30
8 0.44 0.78 1.78 1.22 0.78 0.57 1.76 2.76
9 0.34 0.58 1.71 1.05 0.71 0.48 2.08 3.08
10 0.28 0.44 1.56 0.84 0.56 0.50 1.99 2.99
&b 1 0.20 0.45 2.23 1.43 1.23 0.16 6.13 7.13
Jinsha 2 0.26 0.40 1.54 0.80 0.54 0.48 2.07 3.07
3 0.18 0.33 1.84 1.02 0.84 0.21 4.69 5.69
4 0.16 0.28 1.74 0.90 0.74 0.22 4.61 5.61
5 0.20 0.38 1.91 1.11 0.91 0.22 4.53 5.53
6 0.28 0.53 1.90 1.18 0.90 0.31 3.21 421
7 0.14 0.26 1.89 1.03 0.89 0.16 6.33 7.33
8 0.24 0.39 1.62 0.86 0.62 0.39 2.57 3.57
9 0.22 0.44 1.99 1.21 0.99 0.22 4.50 5.50
10 0.26 0.56 217 1.43 1.17 0.22 4.50 5.50
= 1 0.18 0.33 1.02 1.84 0.84 0.21 4.69 5.69
Renhuai 2 0.22 0.34 0.76 1.54 0.54 0.41 2.44 3.44
3 0.26 0.46 1.03 1.77 0.77 0.34 2.96 3.96
4 0.34 0.68 1.33 1.99 0.99 0.34 2.92 3.92
5 0.20 0.37 1.07 1.87 0.87 0.23 433 5.33
6 0.30 0.52 1.04 1.74 0.74 0.41 2.47 3.47
7 0.16 0.28 0.90 1.74 0.74 0.22 4.61 5.61
8 0.28 0.41 0.74 1.46 0.46 0.60 1.66 2.66
9 0.32 0.56 1.07 1.75 0.75 0.43 234 3.34
10 0.38 0.77 1.41 2.03 1.03 0.37 2.71 3.71

K Twao BEAK RIBIRAMHTE, AR P SERR, BEHRES RN LM =1.157 6x +
G, BTG AV 5 AN HX e R 0.3183( & 6: A) . BFH M =1.9055x +0.257 1
DI IRAN B AL o S5 R BoR, AR (Kl 6: B) . BP§ M =1.3725x+0.534 1 (K
TIPBE (M) 5VHEE (x) ZEA71E 6:C). &I M =0.7807x+0.9299 (Kl 6:D) .
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Fig. 5 Spatial distribution pattern of Spodoptera frugiperda larvaein sorghum fields
across five regions based on Taylor’s power law

A.

FA= M M =0.8503x+1.5485 (Kl 6: E) . 7F
B, SEPHAE PG, BT REN) o RECKT
0 H g REKT 1, RPARHSTARIKL) HAEIX 3

Al X 75 5 FH AR S B DA Ry AR 1 43 Y
RENARHE, BAMRZ BIfEEMH WS 54
WA MM, IR o RECKT 0, BB
REUNT 1, RHYGHRIEX 2 MK EA
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®2 BREDRFEZETEME R HAEEHEL

Table2 Theoretical sampling numbers of Spodoptera frugiperda larvae at different densitiesin sorghum fields

R¥E D AR H T x T LSS () Theoretical sampling number at different larval densities (plant)
Error 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.1 7217 3481 2 235 1613 1239 990 812 679 575 492
0.2 1 804 870 559 403 310 247 203 170 144 123
0.3 802 387 248 179 138 110 90 75 64 55
WRAEESMIFFEAR, Y RO gh e SRR S 4l OB AT AR y = 54.646 0 x

B E R EEVEY L0 R Rk H] 20% 5 b 37 B

REBGERE (Feed the Future, 2018) . @S

+5.232 8, fffi b R b B SRk ) R B
BB EEFRIER 0.27 3k ¥ Iwao’s M x [A]JH 4
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HISE o F1 B AT BRI Tiyaom) = nmy
£l + Dmg +(B-Dml] > THEIEZLBTIARE
T A OF 1 20 R R T R DX () A O
Tiwaomy = 0.27n = 1.9650.477n o %A KARIEA[F]
FEAKR (n =50, 60, 70, ---F1200) & H
BB AL X ], EARZE IR LR 3,

®3 BREEMAREL RFEF RiMER
Table3 Sequential sampling table for Spodoptera
frugiperda larvae populationsin sorghum fields

FRER A e B (k)

Larval number intervals (ind.)

FFERRREL ()

Sample size TR Ty TR Togm
Upper limit Lower limit
50 24 4
60 26 6
70 30 8
80 34 10
90 37 11
100 41 13
110 44 16
120 47 18
130 51 20
140 54 22
150 57 24
160 60 26
170 64 28
180 67 30
190 70 33
200 73 35

TESEPRAREE R R, A RASIN 3 Y H i
%3 PR LR, WIRPRE R G B, W
RIBCHBLHIBG TG . a0, SahEERCh 50 Bk
I, 25 BB KT 24 Sk, sz BRI (4%
HGR) seAY) (R Biindint; AHb, Wil
BART MR, WZoRFiEs AR TRHR R, T
R BITITE T 5 4 U A TP 2 a],
s AR SEAAE LA T A 1

3 g
Bt 23 )43 A B 5 S B 2 25 22 O R0

Bz —, XAk . ERRPEAS RS A |
il R R R A AT B SR e L EE L Y
( Fernandes et al., 2003 ) . & Hb o3 77 gk 2 ek
FEAEDFERZ —, AMRPHE)E, PFRHLE
ANREY) 1Y 25 18] 53 A5 FEAE AL RE TR AL Fh A 2R

BFHIE, ORI E R R T
TR

FESRFEKEE CoEY, AT MTEARK
PFFRATES, “F KA B oTR kel h 522
MR TR TS S, ARy Bk B, 4R
M 5T 32 AR R TR 4 U R OK H Y 23 18] 43 A 43
Br b ( BsedE, 2022) . WF5ERM, 2019 4k,
b 5T I TR A 43 A 2 I S ) R
SyAnva Rl A R B ALK, (0 H 9 A
/> ol TR ST T M X ) e A st ) sk LT
ZRAR X, HH 2 R e (X R A
2021; FKTEHL, 2022; T42¥f, 2023) . A
(ESCMNAE L, SEPH . B0 . SV A 5 AR
X v 5 T v R b 5% 7 gk 4y UG A o e S ]
AT T A S 40T S5 R R, R (C2)I)
it (4208 ) |, B 0 A ik 4 e B30 B % AR
RSB, HESDE, 5N (2021)
ALY (2023) R4 R—E

XF5 N 5 S HLIX 6-9 A K 1 v 2 i H )
PR RO, B SR Mkl e E R, 3B
Mt B [V RR B (40 58 o X S AN Rl 5
RAMREDCEEN, B2 HiEREHERE KT
i, JUHE BT R RERAN A . AR, R
6-9 WA, B SR Mkl D 1-3 IR IR
N T, @iRghH (4-6 1) BoEid, X—
A5 PNINIEE (2019 ) 78 T K —4F W LK
W45 FARARL, HE 32 B R nl e 2 e i ol e HLA
BRI RE I M A BRAT N, S BRI RE LY
B (FEESE, 2022) ., it 6 NEREREE
Fr. Taylor FEvkM Iwao A = M9 43 Hr ik,
ACHIFSE B T R b 57k 4y T R B H 1Y) 5 ]
oA, ZEREW], YT E s FE R R
i, 5 ENAREE A Serra A1 Trumper( 2006 ) |
PhINIBAE (2019 ) FIXIRERISE (2021 ) X F K H
Hh R b SRR B 2 SR — 8k, AR SR D, Hh
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DR W )y HUTE iy 3 b S R A 0 A 1) B XL AT g
SRR AR I A) = R 2 A0 TR TR R W B,
e 1, B A 0 v G EBCET o LA ] T IR B
FEURS ) h R A (XITFRSE, 2021)
R, 5 SR B A A 21Tk
ROFE A d, Gk B Mythimna separata F1575 [G
Fh L Leucania loreyi, 1617 S F £ K H i 2 5
oA, e Zwislor A (Je¥sE, 2003) .
A, HA LA H F d g b, A 3ERHEUR
i Spodoptera litura . W. M £ K&  Ostrinia
furnacalis . BWRIEEE Conogethes punctiferalis FlIkf
¥ W Helicoverpa armigera, TEEKBIAFRARK
Wit R B R A RAE (BRIESE, 2016) o X
SR G4 B — DR S T AR AR o A
JEF H A (8] o A AU A

Iwao M Jm AR, FELM, 5%
PH RS VY L IX, B b 57 1 A AR 288 B B AP —
PR R, HE MRS R RIEn, RAEGH
OB A VDAY AL, R TR kA
A A B2, AR %R, RE
PEA Pt . NS dg i, R BT 4)
WY zS [ A ks R sz B SRR SRS F 52
W), AN2F =AY A & B B B A ( Subramanian
etal.,2020; Cui et al., 2022 ), de Melo % ( 2006 )
RO, HH BT ROARIA A (1-3 1) 7EEOKH
(i) 30 S SRR A A, T KA PR A
BB, midghid (4-6 %) My3Aa kL, Jt
HAEfG T KRR TN WI . Farias 45 (2008 )
g, 78 T oK H P R 4 d =2 R R A,
SR R I % B R N v, 0 B A ) R B
hn, AT RSG5 o AN, PR PR B
SR AR : g € Y T 9 P S U i
J S H R rp, T 2EER 575 B4l JUR A Ay
HYIEFEMERER,

FEXT O INAE 5 A4 Hb DX 57 5 FH v ol 5 730 0
R 151 s T = = VA 2 11 = g iU B N T
SRR, WG 1 5 6-9 it AL B B 9 1
W A T 1 o AR B B (R AN
BRR 0.5k ), A 667 m* T4 1 239-7 217 #k
e, DIRIRZE AT 0.1, A 138-802 B
MERZEA T 0.3; fEm% I (RUFHHE B

AR 0.5 3k ) W, B 667 m® T A 492-990 #
FE, DIBRIR2ZE AT 0.1, JHA 55-110 FRN
WEANELL 0.3, JF AR AL BhAa T A
AUz, JLHEH TR 88 R ()
/N, 2019 ) o ARHE A T8 E O Bl IR P A (4
FRRRSE 27 SkRHL DT R R B ), TR T B
MR VAT A, YU e R BB
Y B A8 v S FH v b 5 1 i 4y o
IR R, B g N g o
A AR RN, R A X, 4R
ORI s AERAER A SR KA X,
SR ORI P T [ i o PR b £ 7 ik ol e EL A e
RSP oA E M, B T AR SN 2 B XK
WA T R . BRI fa iR e R B . il
Tk 2540 S bt e 3 Al B 4 R 4% . St
2B IR I RIS, BEZRG R AT . KEUR L
FE B RBME LA L. WA, FHCTAE
N BT I SR S R TS PR B 3 1 e 4
PAT, LR HERZ I, ORRE S S, X TR
b TR S A B M v SR Y o A i ) ) 43 A
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