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Abstract: In order to clarify the infestation and spatial distribution pattern of Bembecia kaszabi larvae in licorice roots and
the theoretical sampling technique, provide technical support for the scientific population survey and control of the pest., in this
study, the spatial distribution pattern of the Bembecia kaszabi larvae in licorice roots was investigated by using six aggregation
indices(C, Ca, I, m", m"/m, and k), the Iwao regression analysis method, and Taylor's power law, and the theoretical and
sequential sampling techniques of Iwao were applied to calculate the Blackith's aggregation mean value A, the reasons for the
aggregation of the Bembecia kaszabi larvae were analyzed, and a theoretical sampling number and sequential sampling model
for the field survey of the Bembecia kaszabi larvae in the roots of licorice was established. The results showed that the
infestation rate of the Bembecia kaszabi larvae on different annual licorice ranged from 4.83% to 43.00%, and the average

population density ranged from 0.02 to 1.75 head/plant. The spatial distribution pattern of the Bembecia kaszabi larvae in the
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licorice field was generally aggregated, and the basic components of the distribution were groups of individuals, which were

attracted to each other, and were greatly affected by the population density, and the degree of aggregation gradually increased

with the increase of the population density, and the reason for the aggregation was a result of the joint action of the

environmental conditions and the inherent characteristics of the larvae. The theoretical sampling model and the sequential

sampling technique based on the control index for the Bembecia kaszabi larvae under different population densities were further

analyzed and proposed.

Keywords: licorice; Bembecia kaszabi; larvae; the Iwao regression analysis method; Taylor's power law; spatial distribu-

tion pattern; sampling technique
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Tab.1 Aggregation index calculation formula and judgment basis

R
Aggregation index

HHEAK

Calculation formula

F 5 kRAE  Discrimination criterion

C=S"/m
K=m"/(S*—m)

P HLAKZ(C) Diffusion coefficient
B 32501 Y K48 B

Negative binomial distribution K-value
A5 ¥0(I)  Bunchiness index
SEHHBTEE (m)  Average crowding
WHEFE B (m"/m)  Patchiness index
ABFHE%0(Ca)  Clumping index

I=(S*/m)—1
m=m+(S*/m)—1
m’/m=1+(S"—m)/m*
Ca=(S*—m)/m*

B 510345 AL BEHL I3 A1
Uniform distribution Aggregation distribution Randomized distribution
c<1 c>1 c=1
K<<0 0<<K<8 K— 4o
I<<0 >0 I=0
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Ca<<0 Ca=>0 Ca=0
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Fig.1 Occurrence of damage of Bembecia kaszabi

larvae in different ages of licorice
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Tab.2 Statistics of the frequency distribution of

Bembecia kaszabi larvae

Fe > 11111‘3?%5(_/1‘51% /(3 /8k)  Insect

e Smww o
1 100 83 15 2 0
2 100 87 12 1 0
3 100 89 10 1 0
4 100 83 17 0 0
5 100 77 22 1 0
6 100 79 19 2 0
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Tab.3 Mean and variance of each sampling site

BEMIE RSB AL BRI 4]
Sample Sampling Bembecia kaszabi larvae
number quantity T Mean )7 2% Varianc

1 100 0.19 2.3385

2 100 0.14 1.5556

3 100 0.11 1.013 8

4 100 0.17 2.8325

5 100 0.24 4.766 0

6 100 0.23 3.665 3
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Tab.4 Indiexes of aggregation of Bembecia kaszabi larvae in licorice fields

FE it 5 PR C KH&#n JER 7T BT EE (Gm*) m*/m A8k Ca 1815 53 A #Y

Sample number Diffusion coefficient K-value I-value Crow ding degree  m*/m value Ca-value  Distribution pattern

1 12.307 9 0.016 8 11.307 9 11.497 9 60.515 2 59.515 2 RS A

2 11.111 4 0.0138 10.111 4 10.251 4 73.224 3 72.224 5 RS

3 9.216 4 0.013 4 8.216 4 8.326 4 75.694 5 74.694 2 A i

4 16.661 8 0.0109 15.661 8 15.8318 93.128 2 92.128 0 R A

5 19.858 3 0.0127 18.858 3 19.098 3 79.576 3 78.576 4 A A

6 15.936 1 0.0154 14.936 1 15.166 1 65.939 6 64.939 5 R

45 Mean 14.1820 0.0138 13.1820 13.3620 74.679 7 73.679 6 RY5 A
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R T A A R Y 7 28 B EE Cmx) F1F- 1y L% 0 Wk 4y Y 7S (RS R BE AR bR A R R AR A

B (m), &S T Iwao m*-—m [T FFE(FES5) .
n*=1.156+67.809m., HH,a=1.156>0,FH K
AR BRI A B 51 B4 8=67.809>1, R I Ky 25
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Tab.5 Regression modeling of aggregation of Bembecia kaszabi larvae in licorice fields

o 7 o Ly Syt | MRREC
. . L Correlation coeffi-
Model name Model Regression equation Distribution pattern cient
Twao m*—m 7] ) 155 %1 m'=a+pm m'=1.156-+67.809m WAL i 0.854
Iwao m*-m regression model
Taylor 5L W Taylor power 1gS*=lga+ blgm 1gS"=62.902+41.868Igm WA 0.910

2.2.3 REFMNIH MR ATLIE I, LA
3HYNMEL/N T 2, W] H B TH Bl 80 W 0 32 B B B
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Tab.6 Analysis of the aggregation causes of Bembecia kaszabi larvae in licorice fields

] Fes Rk oK y A ] R 5 Rk oK v A
Sample number Mean Sample number Mean
1 0.19 0.034 0.455 2.543 4 0.17 0.022 0.455 3.516
2 0.14 0.028 0.455 2.275 5 0.24 0.025 0.455 4.368
3 0.11 0.027 0.455 1.854 6 0.23 0.031 0.455 3.376
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] ) 45 A, i =1.156+67.809m, H h B H a=
1.156,3=67.809, Bt t=1.96, L ¥Fi% 22 D 5 %
0.1.0.2.0.3, it 7515 Hh fl i ae B0 A Xk
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Tab.7 Optimum theoretical sampling number of Bembecia kaszabi larvae in licorice field

VIR S A O/ (Sk/BR)  Average number of insects
Allowable error 2 4 6 8 10 12 14 16 18 20
0.1 26 079 25 872 25 803 25 769 25748 25734 25725 25 717 25711 25 707
0.2 6520 6468 6451 6442 6437 6434 6431 6429 6428 6 427
0.3 2897 2875 2867 2863 2 861 2 859 2858 2857 2856 2855
2.2.5 JFEUMAERCR N MRS Iwao B m—m 0] SRR £ 20 50 24 100,200,300,400,500,600 #E

U A A, ol RS A A AN TE Y BROR R BR
m" =1.156+67.809m, & Hl Z % a =1.156, p =
67.809, B E 15 /K ¥ 1=1.96, 1% 2 H # M ¥l &
B 4 o B R A X T (n)=nm, £
1.96 n((1.156 + 1)m,+(67.809— 1)m?). HAj#
A SCHR M LS5 g R A AR v B
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Tab.8 Sequential sampling model of Bembecia kaszabi larvae in licorice fields under different control indexes
f%?é“?‘é’r%/(%/ﬂi‘) P rffﬂ?ﬂﬁiﬁﬂ Iﬁi‘ﬁ?‘éﬁ?/f%/%) P E*ﬁ?ﬂi#fﬁﬁ
Control index Sequential sampling model Control index Sequential sampling model
2 2156 66.809 Ty, T,(n)=2n=+32.298/n 8 2156 66.809 T, T,(n)=8n+128.421Vn
4 2156 66.809 T, T,(n)=4n+64.338/n 10 2.156  66.809 T, T,(n)=10n+160.461/n
6 2.156  66.809  T,,T,(n)=6n+96.381V/n
®9 HEHILERHARNF T
Tab.9 Sequential sampling table of Bembecia kaszabi larvae in licorice field
R my=2 my=4 m,=6 my=38 my=10
Number of in- R TR R TR R TR R TR R TR
vestigated plants  Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower
100 523 1043 1564 2084 2605
200 857 1710 2563 3416 4269
300 1159 41 2314 86 3469 131 4624 176 5779 221
400 1446 154 2 887 313 4328 472 5768 632 7209 791
500 1722 278 3439 561 5155 845 6 872 1128 8 588 1412
600 1991 409 3976 824 5961 1239 7946 1654 9931 2069
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