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Developing Sequential Sampling Plans for Evaluating Maize Weevil and
Indian Meal Moth Density in Rice Warehouse

Youngwoo Nam, Yong Shik Chun and Mun Il Ryoo*

Division of Environmental Science and Ecological Engineering, Korea University, Seoul 136-713, Korea

ABSTRACT : This paper presents sequential sampling plans for evaluating the pest density based on
complete counts from probe in a rice storage warehouse. Both maize weevil and Indian meal moth population
showed negative binomial dispersion patterns in brown rice storage. For cost-effective monitoring and
action decision making system, sequential sampling plans by using the sequential probability ratio test
(SPRT) were developed for the maize weevil and Indian meal moth in warehouses with 0.8 M/T storage
bags. The action threshold for the two insect pests was estimated to 5 insects per kg, which was projected
by a matrix model. The results show that, using SPRT methods, managers can make decisions using
only 20 probe with a minimum risk of incorrect assessment.

KEY WORDS : Maize weevil, Indian meal moth, Sequential sampling plan, Pest management, SPRT
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Fig. 1. Sequential change of Indian meal moth larvae (a) and maize weevil adults (b) followed by initial density.
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Table 1. Fitting test of negative binomial distribution pattern of Indian meal moth and maize weevil in brown rice (p > 0.05)

Indian meal moth Maize weevil
Average k G ealculated d.f? Average k G alculated d.f.
1.57 3.99 5.04%* 5 0.38 0.38 0.18* 1
0.80 0.14 3.11* 2 0.23 0.23 0.33* 1
3.33 6.74 2.53* 7 0.23 0.23 0.10* 1
4.67 5.65 5.07* 9 0.61 0.61 0.21* 2
3.40 6.17 2.06* 6 1.63 0.26 0.11* 1
3.77 16.94 4.07* 7 0.99 0.76 5.58%* 2
3.20 3.68 4.09%* 7 0.68 1.63 31.22™ 3
3.37 3.21 5.29* 6 1.17 0.99 3.07* 2
2.47 2.94 6.29% 5 0.62 0.68 1.06* 2
4.20 3.30 5.28%* 8 5.29 1.17 0.04* 1
4.20 3.30 5.28* 8 2.97 0.62 0.07* 1
3.47 1.49 6.22% 7 0.56 2.97 0.04* 1
4.07 9.79 4.96%* 7 0.30 0.56 0.03* 2
3.03 1.10 8.68%* 7 1.47 0.56 0.31* 1
4.33 0.93 10.37* 8 0.35 0.30 0.20* 1
3.63 2.70 2.90%* 8 2.50 1.47 15.01™ 2
1.57 0.92 1.06%* 5 1.84 0.35 6.44™ 2
1.43 0.84 3.56%* 4 2.24 2.50 2.59% 2
2.80 0.80 9.72* 7 1.04 1.84 2.01* 2
4.10 0.98 13.05* 8 1.87 2.24 4.00* 2
3.87 1.03 8.06* 8 0.87 1.04 2.47* 3
3.43 0.79 16.06™ 6 3.04 1.87 2.63* 3
4.52 1.51 8.72% 8 1.02 0.87 1.10%* 3
3.57 1.40 14.64* 8 1.95 3.04 0.73* 4
3.50 1.44 12.94* 8 10.79 1.02 0.50* 4
4.37 1.47 8.21* 7 1.65 1.95 0.16* 3
3.13 1.97 11.48* 9 4.78 1.65 1.30* 3
4.43 1.06 3.75* 8 2.14 2.14 2.59* 3
4.90 1.43 5.08* 9 2.02 2.02 1.92* 3
4.03 2.49 7.11* 9 4.51 4.51 1.08* 3
4.57 1.24 7.85% 9 2.73 2.73 0.96* 3
4.47 2.80 4.44%* 9 9.76 1.84 0.46* 3
4.03 1.11 14.67* 9 1.84 9.76 3.14%* 3
kcommon 0.4315 1.502

"Degrees of freedom; *Significant at 5% probability; “Non-significant at 5% probability
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Table 2. Formulae for computing stop boundaries for a SPRT based on Poisson, negative bionimial distributions

Distribution and parameters Low intercept (/o) High intercept (/) Slope (S)
_ +k

o m(2) m(7) (A0
Negative binomial; 1-a @ otk

Wo and Wi, k N 1y (pty + k) In 1 (g +k)) ! 1y (pry + k)

MO (Hl +k) Mo (Hl +k) n MO (1“’1 +k‘)

Wo: lower decision level W;: upper decision level k: constant of negative binomial a: type I error (3: type II error

(A)

Moth larvae per sample unit

No Control

T T T T T T T T
15 20 25 30 35 40 45 50 55 60

Sample number

(8)

Weevil adults per sample unit

No Control

10 15 20 25 30 35 40 45 50
Sample number

Fig. 2. Decision boundaries of the sequential sampling plan for
Indian meal moth larvae (a) and maize weevil adults (b) in
storage tonbag.
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Table 3. Validation of the sequential sampling plans for Indian meal moth and maize weevil as a function of the decision reached

using conventional sampling plans in 4 localities

Mean no. of Indian meal

Number of samples

Decision-making

» moth per 1 kg Economy
Localities - - - - - - o/ vk
Conventional Sequential Conventional Sequential Conventional Sequential (%)
plan plan plan plan plan plan
Gimpo 0.50 0.54 30 17 No-control No-control 43.33
Anseong 0.49 0.54 30 17 No-control No-control 43.33
Cheonan 0.55 0.57 30 17 No-control No-control 43.33
Namwon 0.47 0.43 30 17 No-control No-control 43.33
Mean no. of maize weevil Number of samples Decision-making
Localities per 1 ke Economy
Conventional Sequential Conventional Sequential Conventional Sequential (%)
plan plan plan plan plan plan
Gimpo 1.57 1.42 30 13 No-control No-control 56.67
Anseong 1.52 1.62 30 13 No-control No-control 56.57
Cheonan 6.22 6.12 30 13 Control Control 56.67
Namwon 1.59 1.59 30 13 No-control No-control 56.57

*1-(No. of samples at Conventional plan/No. of samples at sequential plan)
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