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Abstract: In order to clarify the spatial distribution pattern and sampling technique of the subterranean
pests in wheat fields in southern Shanxi Province, the population of the subterranean pests was systemat-
ically investigated, and the spatial distribution patterns of different populations were analyzed by using
five aggregation indexes, m’-m regression model and Taylor’s power law. The reasons for aggregation
were analyzed by aggregation mean, and the optimum sampling number and sequential sampling model
were determined. The results showed that the spatial distribution patterns of the mixed population of
subterranean pests, white grubs and mole cricket belonged to aggregated distribution, with the diffusion
coefficient C>1, the clumping index />0, the negative binomial distribution parameter K>0, the Kuno in-
dex C,>1 and the patchiness index m'/x>1. However, all the indexes for one group of data of the wire-
worms did not conform to the aggregation distribution, and the rest was in accordance with the aggrega-

tion distribution. Based on the parameters of m -m regression model and Taylor’s power law, the spatial
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distribution patterns of the mixed population of subterranean pests, white grubs and wireworms in wheat

fields belonged to aggregated distribution; the aggregation degree depended on the density, and the ag-

gregation degree increased with increasing population density. The fundamental components of the ag-

gregation of the mixed population of subterranean pests, wireworms and mole cricket were individuals

that were mutually exclusive (<0, f>1), while the fundamental components of the white grubs were

colonies by mutual attraction (a>0, f>1). The reasons for aggregation varied with the population densi-

ty. The optimum sampling numbers for the mixed populations of subterranean pests, white grubs and

wireworms under different error rates and population densities were determined by using Iwao’ s meth-

od: when the permissible error D was 0.3 and their population densities were 4 larvae/m’, the optimum

sampling numbers were 44 m*, 26 m* and 114 m’, respectively.
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Table 1 Aggregation indices of various subterranean pest insect populations in wheat fields
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Population Field no. coefficient index distribution K Kuno index  Mean cr?wdlng index

c I value Ca " m*/x

A FhE 1 1.17 0.17 1.49 0.67 0.42 1.67
Mixed population 2 1.16 0.16 1.30 0.77 0.38 1.77
3 1.14 0.14 2.71 0.37 0.52 1.37

4 1.74 0.74 1.17 0.86 1.60 1.86

5 1.51 0.51 1.96 0.51 1.52 1.51

6 1.87 0.87 1.07 0.94 1.80 1.94

g ol 1 1.16 0.16 0.52 1.92 0.25 2.92
White grubs 2 1.04 0.04 1.20 0.83 0.08 1.83
3 1.11 0.11 1.84 0.54 0.30 1.54

4 1.11 0.11 3.33 0.30 0.46 1.30

5 1.31 0.31 2.10 0.48 0.96 1.48

6 1.08 0.08 3.07 0.33 0.31 1.33

SEFHR 1 1.11 0.11 1.42 0.70 0.28 1.70
Wireworms 2 1.16 0.16 1.06 0.95 0.33 1.95
3 0.98 -0.02 -8.80 -0.11 0.16 0.89

4 1.87 0.87 0.33 3.03 1.15 4.03

5 1.14 0.14 2.01 0.50 0.41 1.50

6 1.94 0.94 0.56 1.80 1.47 2.80

[P 1 1.53 0.53 0.42 2.37 0.76 3.37
Mole cricket 2 1.05 0.05 1.56 0.64 0.13 1.64
3 1.41 0.41 0.42 2.40 0.58 3.40
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Table 2 Bliackiths values of subterranean pest insect

populations in wheat fields

R G~ REFHE gty g
Field no. Mixed population ~White grubs ~ Wireworms
1 0.50 0.31 0.34
2 0.49 0.11 0.48
3 0.78 0.42 -

4 222 0.67 1.66
5 2.00 1.49 0.65
6 2.61 0.48 1.81
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1256 m?, 1M 24 FeiFiR 2% Do 0.3 0, M T3 R A
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HEOFERAL TN T (n) = 4n = 7.93V 0, SRS FREY
THREREI R T (n) = 4n + 614N/ i, G 5F AV EE K40
FERRIN T (n) = 4n + 12.80Vn .

WAVFRZE D 7 0.3, 1R F RIS TR A5 |
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B 44 26 F1 114 mP. S A S m? PN A3 IR
BRI, an R SR KT 38 3k, WA EE AT B
I AR BB/ NT 2 3k IR ZEHE 7RG 4
REBURRTEPE Z ], WAk2iid (3R 4) . MK
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A, R IR B IS AR R 44 m?, tEi BB
RRT 176 3k, T ZBEATHG . HIHA S m? A
UGEUE R N, G 2R AR R T 34 3k W 2 AT
Bisif s a2 BBUR /N T 6 3, WA b4 T B 5
IR RN AR AR 6], WAk S A (e 4) o K
EZEHE, B A B BLE AR R 26 m?, B R dUE

WERKTF 1043k, MITFZIATBE IR . 44 20 m* N
() 4 RPRERT, R SRR K 137 3k, W RR 2
PEATBIG ; AR AR /N T 23 3k MR TR ZE kA T
BiIA 5 A 5 SR A A A (R D gk S A (R
4) MR, H Z R RS TIRER 114 m?, Bpit 2
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Table 3 Optimum sampling sizes under different densities of subterranean pest insects in wheat fields

Pt ﬁl#b%ﬁ %8/ (3k/m?) Density of larvae/(No. of larvae/m?)
Population Perrrps?lble 1 2 4 6 8 10 20 30
variation
TRA TR 0.1 669 485 393 362 347 338 320 313
Mixed population 0.2 167 121 98 91 87 84 80 78
0.3 74 54 44 40 39 38 36 35
[ 0.1 536 336 236 202 186 176 156 149
White grubs 0.2 134 84 59 51 46 44 39 37
0.3 60 37 26 22 21 20 17 17
SR 0.1 1227 1092 1025 1002 991 984 971 966
Wireworms 0.2 307 273 256 251 248 246 243 242
0.3 136 121 114 111 110 109 108 107
R4 NEEMTEREFRMER
Table 4 Sequential sampling table of subterranean pest insects in wheat fields

FlRE i FH 1A P Mixed population I5i White grubs 4%l H Wireworms
Area sampled/m’ -BR Upper TBR Lower _-BR Upper TBR Lower _|-BR Upper FBR Lower

1 12 - 10 - 17 -

2 19 - 17 - 26 -

3 26 - 23 1 34 -

5 38 34 6 49 -

8 54 10 49 14 68 -

10 65 15 59 21 80 -

20 115 45 107 53 137 23

30 163 76 154 86 190 50

40 210 110 199 121 240 79

50 256 144 243 157 291 109

80 391 249 375 265 435 205

100 479 321 461 339 528 272

3 g A PR ECE AN AR DR R G R A, I 4 B e Y 2R

Hi 5 Ay TR S A A AR R R A
T TN T B R IO 18] By 16 15 e A o ASBF
el It 5 A AR R A FEFE bR I Taylor %12 ) A1
Iwao m -m [B] TR 4D A 25 4 R I T 3 RS
FE A0 R S O o TRAE A3 AT, 3 5 46 A T Iy
TR G251 o 200 H ) o3 A o 25 R — B (DR B2 5
1989 X1 2 45,2003 ) . I X SRR 1) 74T , Hb
TEAURA R R A T AR i R R F B R A

AR T RN AT R R SRS PR R R 5 R 3 1] RERR
T 4t FHRITHN S FR 2R R B e B 20 1 (4 R
PR A R S AR IR S AR I i 13
PO ) A DG A, R A T b N 3 K
GBS B R AR R PR 4 £ R RIS SRS
S WAERNRE, FRE, A EIR R 55 27 3
R | 3 0 R O A E T S i) 4 URPRE
() SR AR 5 Bl (CHUHE B AN 795, 2015) o ARWFSR4E
R /N M MR E AR BT, RSy
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A7 B S RS [R] A6 s 4~6 [ b T 35 HURR %5 B B i
fen TR R 1~3 1Y, T 7 2R 42 D DRI ARG 56 A 1~3 1Y
T 3 AR SRR 4~6 (LT 3 AR A
ANTA] 33X e FH T AN R ) H 11 585 B AN [m] B 8

AN[FFPEHD T 35 B B o F R AR, LA
WA ), FLR 4 fe FH AR 3 S S A A AR R
RE RO E, I 2 AL W Protaetia brevi-
tarsis %5 s A R LG O HOR 3 INE BN 4
g, B Holotrichia trichophora F 55 i i 4 o, H
Melolontha frater (8 HE B AR T35 ,2015) , H ILAE
AR b T 3 e B S Hh AR EIOR P T R T T
T AT, BN 45 A 1T AP R R iR 4
PRAFLR G o R 3 R O S iR TR bR . T
TCHE A T 3 A A FR S PR A 3 4 i
ANTE R PR SO 8 R 5 R IR R
b, A2 A 25 fdi FH 1

VRIS A AR R A 7 X CRIE AR o 2 AT
B NIIO7 T RAF G (P, 2009) . TEHLT
0 W 5 BORE R AR DT T BEE A TR T TR
. U Brandhorst-Hubbard et al. (2001 ) fiff 5% 25 H &
WP R A — PP AR A A B9 e 3 A T H
Zhang et al.(2003 ) FI FH BAA% JB 2% RN 2245 I 7 20 K
) 22 29 %o A5 Ml e 280 R R AT W, DU SRR A
B YR 3 R RSN S T P g e o S {HL Al
PR G SRS I A 2 1 B R S AR T A
Benefer et al. (2012) Xf 5204k R W H Agriotes linea-
tus ARG ) o3 A5 5 o FE AT IR A R AR Y
FSURE 7 5 e %k L 43 A B AT, 7 A 4l e ) JBORE 97
AN Ry 5 R ; Jordan et al. (2012) FF5E 45
B TR AERK RN A FE I SO I8 e mT A o T 0
TEFRRN A FERRE . MBI, [ HZ st i ™
B ) R AR AT O TR B 7 v R R T SR, T
R 24 b b T 3 o ) LA R ™ R R
1) B FsF 1] BURE 7 3 A T AR, BBORETR FE . 22 ¢
O BURORE TR FE N 3K 3] 20~30 em (Oyafuso et
al., 2001 ; B R 18855, 2017) o B2, ST H T 5 dUsE
SEF TG UE R IORE I VR e — DT
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