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Abstract Fall armyworm, Spodoptera frugiperda (J. E. Smith) is an important invasive species in China. In this
study. the damage on wheat and the spatial distribution of S. frugiperda in wheat fields were investigated in Xun-
dian county, Yunnan province. The results indicated that the percentage of wheat damaged by S. frugiperda in
the fields ranged from 30% to 100% , which significantly correlated with the average larval densities (ranged from
4.8 to 105. 6 individuals per meter square). The early larvae at 1st to 3rd instar were frequently observed on wheat
from seedling to tillering stages (the percentage was 98.3%) and late larvae used to be found in wheat jointing or
filling stages (the percentage of larvae larger than 3rd instar reached 75.4%). Spatial distribution analysis indicated that
the early larvae took a pattern of aggregation distribution and the late larvae exhibited an evenly distribution in
wheat fields. Further, a theoretical sampling model based on larvae age and density and a sequential sampling
technique in connection with larval control threshold were developed. This study indicates that S. frugiperda is an
important pest in Chinese wheat productive system, and provides a technical support for population density survey
and control of S. frugiperda in wheat ficlds.
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Table 1 Occurrence of fall armyworm in wheat fields in Xundian county, Yunnan province

FEHL JNGE A BERRK) Y LR/ AN 14 B 8 /3 Number of larvae at different stages
Sampling Development stage of Plant Sk em 2 1# 2 i 3 4 1 5% 6
field wheat damaged rate Average density 1st instar 2nd instar 3rd instar 4th instar 5th instar 6th instar
1 T Seedling stage 56 14. 4 3 2 3 1 0 0
2 1 Seedling stage 30 4.8 3 0 0 0 0 0
3 T Seedling stage 66 44. 8 23 4 1 0 0 0
4 Sy BERA Tillering stage 97 38.7 11 12 6 0 0 0
5 Sy BERA Tillering stage 100 88.0 32 21 2 0 0 0
6 4y BEH] Tillering stage 88 4.8 0 0 3 0 0 0
7 SrEEH] Tillering stage 97 84. 8 25 21 7 0 0 0
8 Sy BERA Tillering stage 61 6.4 2 2 0 0 0 0
9 4y BEH Tillering stage 100 105. 6 39 18 7 2 0 0
10 KT H Jointing stage 88 41. 6 1 13 10 2 0 0
11 K7 Jointing stage 46 8.0 0 0 4 1 0 0
12 KI5 H Jointing stage 87 16.0 0 6 4 0 0 0
13 KATH Jointing stage 97 35.2 1 1 16 3 1 0
14 #5H Jointing stage 100 62. 4 4 14 5 8 8 0
15 KI5 H Jointing stage 76 25.6 0 0 7 6 3 0
16 T H Jointing stage 100 51.2 0 2 7 10 12 1
17 ] Heading stage 66 14, 4 5 2 2 0 0
18 ] Heading stage 77 19. 2 0 5 7 0 0 0
19 ] Heading stage 100 83.2 0 2 25 18 7 0
20 A Heading stage 64 14. 4 0 2 4 2 1 0
21 Y Heading stage 100 60. 8 0 1 9 11 17 0
22 B Heading stage 100 83.2 0 2 11 15 23 1
23 WESIY Filling stage 100 76.8 0 0 2 14 24 8
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Table 2 Occurrence of fall armyworm at different development stage of wheat in Xundian county, Yunnan province

N A ZERE/ % SR/ AR HAL) B A/ % Percentage of larvae at different stages
JNE }
Growth sta; fc? of wheat R % em? 1% 2 W 3 % 4% 5 % 6 iy
g damaged rate Average density  1st instar  2nd instar  3rd instar  4th instar  5th instar  6th instar
1 Seedling stage 51 21.3 72.5 15.0 10.0 2.5 0.0 0.0
S BERA Tillering stage 91 54.7 51.9 35.2 11.9 1.0 0.0 0.0
T Jointing stage 85 34. 3 4.0 24.0 35. 3 20.0 16. 0 0.7
] Heading stage 85 45. 9 2.9 8.1 33 7 26.7 27.9 0.6
HESZ A Filling stage 100 76.8 0.0 0.0 4,2 29.2 50. 0 16. 7
100 ¢ 2.2 HHMZTES>HE
80 FEFTA TRA Y 23 HL b,k 3~6 #4 %) H LB
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Fig. 1 Relationship between larval density of fall

armyworm and damage rate to wheat plants
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Table 3 Aggregation indices of fall armyworm larvae in wheat fields

#ﬂ’_ﬂj %ﬁ?‘ﬁfi‘f/ 7'7‘% ﬁ”ﬁﬂ(%ﬁ C FHFHTE M~ U\"#J‘Eﬁ I ﬁ’lilﬁﬁfﬁfﬁbﬁ K i J45 Ca RYE% M* /x ﬂ‘ﬁi?é%ﬂjﬁ A
Sampling ke m—2 S2 Diffusion Mean crowded ~ Clumping  Negative binomial Cassie index Aggregating Aggregation
field  Average density Variance  coefficient degree index distribution index index intensity index
1 14. 40 1. 20 0.67 1.47 —0.33 —5.40 —0.19 0. 81 =
2 4. 80 0. 80 1.33 0. 93 0.33 1. 80 0. 56 1. 56 0. 56
3 44. 80 24.30 4.34 8.94 3.34 1. 68 0. 60 1. 60 3.95
4 38.67 6. 20 1.28 5.12 0.28 17. 09 0. 06 1. 06 4.71
5 88. 00 16. 50 1. 50 11. 50 0.50 22.00 0. 05 1. 05 10. 83
6 4. 80 0. 80 1.33 0.93 0.33 1. 80 0.56 1. 56 0. 56
7 84. 80 15. 80 1.49 11. 09 0.49 21. 61 0.05 1. 05 10. 38
8 6. 40 1.70 2.13 1.93 1.13 0.71 1.41 2.41 0. 26
9 105. 60 35.70 2.70 14. 90 1.70 7.74 0.13 1.13 12.22
10 41. 60 7.20 1.38 5.58 0.38 13.52 0.07 1.07 5.06
11 8. 00 1. 50 1. 50 1. 50 0.50 2.00 0.50 1. 50 0. 84
12 16. 00 1. 00 0. 50 1. 50 —0.50 —4.00 —0.25 0.75 —
13 35. 20 4. 80 1.09 4.49 0.09 48. 40 0.02 1. 02 4.52
14 62. 40 9.70 1.24 8. 04 0.24 32. 02 0.03 1. 03 7.71
15 25. 60 2.70 0.84 3.04 —0.16 —20.48 —0.05 0.95 —
16 51. 20 5. 30 0.83 6.23 —0.17 —37.24 —0.03 0.97 —
17 14. 40 1. 20 0. 67 1. 47 —0. 33 —5. 40 —0.19 0. 81 —
18 19. 20 2.30 0. 96 2.36 —0.04 —57.60 —0.02 0.98 —
19 83. 20 5. 80 0. 56 9.96 —0. 44 —23.51 —0.04 0. 96 -
20 14. 40 0. 70 0. 39 1.19 —0. 61 =%, 95 —0. 34 0. 66 —
21 60. 80 6. 30 0.83 7.43 —0.17 —44. 43 —0.02 0.98 —
22 83. 20 1. 30 0.13 9.53 —0.88 —11.89 —0.08 0.92 —
23 76. 80 4. 30 0. 45 9. 05 —0. 55 —17.39 —0. 06 0. 94 —
D I AR F R AR AR R I U R/ LA A1 40 R 1. 2. 1ARHE) . “— 7 SRR s i Sy pd i oy 4 R A o #i A PRI
FlRE SR AR50

Bold indicates the larvae show a pattern of aggregation distribution and others means that larvae exhibits an evenly distribution. “—" indi-
cates aggregation intensity index can not be calculated because of the non-aggregative distribution of fall armyworm in the specific wheat

field.
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Table 4 Theoretical sampling unit number of fall armyworm larvae at different densities in the wheat fields

NI L B (o) TR B Bl e R /A4

ﬁéf@ B2 D The number of theoretical sampling unit at different larval densities
Sample fields Errors

0.5 1 2 4 8 16

(R4l ok 32 0.1 909 470 250 140 85 58
Fields with more early larvae 0.2 227 117 62 35 21 14
0.3 101 52 28 16 9 6

AL ER 0.1 510 252 123 58 26 10
Fields with more late larvae 0.2 128 63 31 15 7 2
0.3 57 28 14 6 3 1

1) R ITHEAA 0. 125 m? .2 SHHIEENIE (0. 125 m®) i FEH fE (L 1. 2. D,

The size of sampling unit is 0. 125 m?.

A [ AR5 485 SR o e b 5 3 0 &)y e AR /N2
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anBARAST LRI AL .

Tt = nmo £t v/nl Ca+ Dmg 4 (B— Dmi ],
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z indicates the mean larval number per 0. 125 m? in the field.

A 2 Ty =611, 96 m;
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Table 5 Larval sequential sampling limits for fall

armyworm in wheat fields

HliFE R TT R BT L T R/ Sk
o6 M Hom /A Larval number intervals
Sample field Sample ERR Tion TBR Taom
number Upper limit Lower limit
IR 4y 3Ly 2 FH ER 1 12 0
Fields with more 2 21 3
early larvae 3 29 7
4 36 12
5 44 16
6 51 21
7 58 26
8 65 31
9 72 36
10 79 41
[ ES 1 11 1
Fields with more 2 20 4
late larvae 3 27 9
4 3 13
5 42 18
6 49 23
7 56 28
8 63 33
9 70 38
10 77 43

1) A EREE P EE BT A/ N R 0. 125 m?.

The size of sample unit for this table is 0. 125 m?.
3 g
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