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Abstract - A fixed-precision-level sampling plan was developed to establish control of the two-
spotted spider mite, Tetranychus urticae, in two strawberry greenhouses (conventional plot,
natural enemy plot). 7. urticae was sampled by taking a three-leaflet leaf (1 stalk) from each
plant (3 three-leaflet leaves) from each sampling position. Each leaflet was divided into three
different units (1-leaflet, 2-leaflet, and 3-leaflet units) to compare relative net precision (RNP)
values for selection of the appropriate sampling unit. The relative net precision values indicated
that a 1-leaflet unit was more precise and cost-efficient than other units. The spatial distribution
analysis was performed using Taylor’s power law (TPL). Homogeneity of the TPL parameters in
each greenhouse was evaluated by using the analysis of covariance (ANCOVA). A fixed-precision-
level sequential sampling plan was developed using the parameters of TPL generated from the
combined data of the conventional plot and natural enemy plot in a 1-leaflet sampling unit.
Sequential classification sampling plans were also developed using the action threshold of 3 and
10 mites for pooled data. Using the results obtained in the independent data, simulated validation
of the developed sampling plan by Resampling validation for sampling plan (RVSP) indicated a

reasonable level of precision.
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At WHo] F2 AME-E I 9o H (Park ef al. 1999), WA
AR O R £AH R BEE 5 A = FA
Do gt A @ FEFES ALEA Sste FAE
. (Sequential sampling plan)©] o] HALE o] T} (Iwao
1975).
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Fig. 1. The greenhouse was divided into 32 areas and sampled for analysis. The two-spotted spider mite (TSSM) was sampled by taking three
leaflets (1 stalk) from each plant (3 three-leaflet) leaves from each sampling position.
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. Z7HEE B A (Spatial Distribution Analysis)
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Fig. 2. Diagram of three different sampling units (1-leaflet, 2-leaf-
let, 3-leaflet unit) used to sample the two- spotted spider
mite on the strawberry greenhouse. The areas of each sam-
pling unit were 49.5, 98, 146.25 cm’ for 1-, 2- and 3- leaflet
units, respectively.
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Table 1. Relative net precision of 1, 2, and 3-leaflet units for sampling the two-spotted spider mites

. 1-leaflet 2-leaflet 3-leaflet
TSSM' stage Date - B n - -
X SEM RNP X SEM RNP X SEM RNP
11-Nov-16 1.250 0.765 4.831 1.139 0.527 3221 1.194 0434 2.755
18-Nov-16 0.167 0.139 3.549 0.347 0.155 3.341 0.269 0.110 2.440
16-Dec-16 1.667 1.077 4.578 2472 1.019 3.615 1.833 0.695 2.637
23-Dec-16 3.361 1.244 7.993 3.111 0913 5.080 2.954 0.704 4.194
Motiles 20-Jan-17 15.396 3.152 14.447 24458 5.036 7.236 25427 4.302 5911
25-Jan-17 13.594 3718 10.811 13.854 2.562 8.056 13.830 2.294 6.028
3-Feb-17 5.208 1.396 11.034 5.552 0971 8.517 5.344 0.756 7.068
24-Feb-17 11.698 3.336 10.369 12.297 2.529 7.246 12.108 2,031 5.960
24-Mar-17 1.344 0.498 7973 1.495 0.400 5.567 1.556 0.372 4.180
31-Mar-17 5.260 1.870 8318 5443 1.304 6.217 5.594 1.030 5430
11-Nov-16 1.389 1.005 4.088 1.375 0.708 2.895 1.389 0.580 2.395
18-Nov-16 0.472 0.466 2.999 0.764 0.373 3.052 0.639 0.280 2.281
16-Dec-16 1.806 1.479 3.610 1.139 0.754 2.252 0.870 0.510 1.708
23-Dec-16 4.806 1.945 7.308 5.125 1.567 4.874 4.769 1.158 4.117
Eges 20-Jan-17 15.677 3222 14.391 22.052 3.837 8.562 23.705 3432 6.907
25-Jan-17 18.688 7.135 7.746 23.370 5.780 6.025 20.323 4.248 4.785
3-Feb-17 5.656 1419 11.789 6.641 1.155 8.570 5.906 0.845 6.987
24-Feb-17 15.302 3.845 11.771 17.505 3.226 8.085 16.771 2481 6.759
24-Mar-17 3.969 1.221 9.614 4458 1.273 5.218 4.372 0.983 4.448
31-Mar-17 15.219 4.653 9.672 15.339 3.344 6.834 16.024 2.710 5913
1Two—spotte:d spider mite
*Mean density per leaflet
*Standard error of mean
*Relative net precision
Table 2. Taylor’s power law results for the two-spotted spider mites motiles and eggs
Taylor’s power law
Insect stages " 2
loga (SEM") b (SEM) r
Conventional plot Motiles 2.704 (0.084) 1.721(0.039) 0.99
Eggs 3.001(0.144) 1.652(0.059) 0.98
Natural enemy plot Motiles 2.903(0.011) 1.797 (0.069) 0.98
Eggs 3.209(0.138) 1.683(0.071) 0.98
Pooling Motiles 3.125(0.101) 1.633(0.055) 0.98
Eggs 3.390(0.091) 1.586(0.041) 0.98

'Standard error of mean

2 AN ARG =& B7] 24 W Hutolgolil= b gt
o] g} 15T AN AT EXdM= AR AT (p<
0.05). o] gt Aat= B7] AR &) guto]gof ] &
A3} B3 (Choi et al. 2014)0| A B33k b (1.78) grol 12T}
82 {ARE AFS Ve Sl

Hufolgoff FEHERE FHAEZ LT HAYAEA 9
TPL 2439 AAtelA U2 dH (o) 71€7] (02 52
4L FEAHEA (ANCOVA)S o]&sto] #4385t 52
Qa4 A, duto]goff o] FH Y A HFEE UEd=
71&7) S E R AT HAYALEA A F27E G
A9 (F=1.02, df=3, 33, p=0.3203), AHL ZoFAtz 2
I AAGALEA A Zpo|7h Q= AR (F=7.27, df=2,

34, p=0.0108) A= it Huto]gof Y& nE7A 2 &
P I} HAGALEA A 71&7] (F=0.11,df=3, 31,
p=0.7387)= #Aol= GAAT, AH (F=4.67, df=2, 32,
p=00382)2 TAZALE Zo|7} = AL2 ZAEHT
b F2FE YA D FAGAEA A2 FHHrols
of FHEE FoNZIGT HAYAERS A7E T
(pooling)3til TPL 3| AW gh& A FA4ske] A4ttt
(Table 2).
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Fig. 3. Sampling stop lines (A: TSSM motiles, B: TSSM eggs) for fixed-precision levels of 0.25,0.30 and 0.35 for the various densities of the

two-spotted spider mite in strawberry greenhouses. The line on the top is Do =0.25, the middle line is Do =0.30, and the bottom line is
Do=0.35, respectively.
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B27h ok 18370, 12770, 93742 ZALETh o)) Yt & Ha5z A= Yz 2THE HFEE 02594
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% BE4IL F 1560, 1000, SONE ALHUOE, Y 28 FRS| A9 AFHE FE4E FAAE Aol F
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J‘F‘ Zojgtx AtrHth 14 A= 0.25,030,0352% S oF 12470, 7902 ZAFE Qo0 Huto] Sof ko] 7
A3 AL Southwood (1978)7F S| F Aol Bad 14 ¢ 1% HeE 035904 mo=3, mo=102 ) oF 1537}, 93
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Table 3. Resampling simulation results for validation of Green’s fixed-precision sampling plans (1970) using desired fixed-precision levels of
0.25 for counts of motiles and eggs of TSSM in strawberry greenhouses

Observed data Average statistics for 1000 sequential sampling iterations
TSSM' stage . 2 . .
Dac  Memdensty  Meandensiy  Comted D value - Sample number for densiy csimation
Desired D=0.25

16-Dec-16 2278 2294 0.23(0.29,0.13) 118 (166, 93)

30-Dec-16 31.35 32.05 0.24(0.32,0.16) 105 (144,77)

13-Jan-17 50.69 5141 0.23(0.30,0.17) 88(122,70)

Motiles 10-Feb-17 26.52 2724 0.23(0.31,0.18) 111 (150, 86)
17-Feb-17 17.71 17.84 0.19(0.24,0.15) 128 (162, 102)

24-Feb-17 20.08 2045 0.24(0.34,0.16) 123 (157, 90)
10-Mar-17 13.92 14.19 0.21(0.27,0.15) 140(179, 109)
17-Mar-17 14.90 15.10 0.23(0.28,0.18) 137 (186, 105)

18-Nov-16 22.08 2259 0.24(0.31,0.18) 134 (190, 92)
30-Dec-16 20.97 21.22 0.20(0.25,0.15) 137(173, 100)

10-Feb-17 29.74 29.79 0.20(0.26,0.15) 119(148,92)

E 24-Feb-17 36.55 37.61 0.21(0.28,0.15) 108 (142, 81)
&8s 10-Mar-17 24.86 25.13 0.20(0.27,0.16) 127 (164, 102)
17-Mar-17 30.78 3148 0.23(0.29,0.17) 117 (162, 88)
24-Mar-17 17.44 17.75 0.18(0.23,0.15) 146 (186, 117)
31-Mar-17 14.30 1447 0.20(0.27,0.15) 160(223, 124)

ITwo—spotted spider mite
*Fixed precision: SEM/m
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o oF 1547, 93702 2AME AT fAHA U g B9l
g 5 Slth(Fig. 4).
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Fig. S. Summary of resampling validation analysis for the count of TSSM motiles and eggs in strawberry greenhouses showing average sam-
ple number (graphs A and C) and average precision level (graphs B and D) for Green’s (1970) sequential sampling plan over a range of

TSSM densities. Precision levels for the sampling plan were 0.25.
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A

5. REEE FHA BA

Mo

RVSPE 0|83t 10008 simulation 23}, Aulo]-g-of o]
So% o BE WEzA A BREAE BT Use B
ol BHEETt Zol7t glglen, HAamESo A

o] AY B2E HolE7E #4 A AASHAY 1ZYS =
(Do=0.25)0] wj-- ZAFRE gho] =& E|QUTh(Table 3). Wk
A & AFelA e RSN ARETE 943 AL
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