O
HL
gl
O

RS 40(3): 197~202 (2001)
Korean J. Appl. Entomol.

ZFUZUM 2SS0 o|FEEZANY THE

o

Binomial Sampling Plans for the Citrus Red Mite, Panonychus citri
(Acari: Tetranychidae) on Satsuma Mandarin Groves in Jeju
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Jeong-Heub Song*, Chang-Hoon Lee, Sang-Hoon Kang,
Dong-Hwan Kim', Si-Yong Kang? and Key-Zung Riu’

Abstact — The density of citrus red mite (CRM), Panonychus citri (McGregor), on the commercial
satsuma mandarin Citrus unshiu L. groves were determined by counts of the number of CRM per
leaf using by leaf sample in Jeju for 2 years. Binomial sampling plans were developed based on the
relationship between the mean density per leaf (m) and the proportion of leaf infested with less than
T mites per leaf (Pr), according to the empirical model In (m) = a+ fIn (—1In (1 —P7)). T was defined
as tally threshold, and set to 1, 3, 5 and 7 mites per leaf in this study. Increasing sample size,
regardless of tally threshold, had little effects on the precision of the binomial sampling plan.
Increasing sampling size had litile effect on the precision of the estimated mean regardless of tally
thresholds. T'=1 was chosen as the best tally threshold for estimating densities of CRM based on the
precision of the model. The binomial model with 7= 1 provided reliable predictions of mean
densities of CRM observed on the commercial satsuma mandarin groves. Binomial sequential
sampling procedure were developed for classifying the density of CRM. A binomial sampling
program for decision-making CRM population level based on action threshold of 2 mites per leaf
was obtained.
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2% ol 2o AA zAide o)gEEEAbg-e A% FLolddmel(m)e} F-gol7}
TE]E]l_ﬂ_tq m.c, | &5 de] e (PHAY #FA =2 7|Rew 30 T= AEA o|FR-ETFH
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Aol A A E 2 9l FL A 713 A4 7
a1 9l E 32 sl FLol Panonychus citri
(McGregor) AR &= 2547t whal|v) o] of 20%%
A sl n glew, okA &g Wz s v
off o]2L-& A1 Uvh(Kim er al., 2000).

Fgoll= Az 10~1349 dagsh, daf Fujof
M HEAE S AEAL MEdE FEsleax &
A AEE FaATH A S do) sl W
o] Z=7]ed-& SU3H(Kim er al., 1978; Lee et
al., 1991). Kennett (1974)2 ¢zl 05=}2) &
a¥kAd =2 591, Riel (1978)2 zZF3¢eA &=
FUAE AAEE A FSolle auAdsE o
o 2k skal giet Ty o|E e ZF A
A FHEEie] 71=F F1 FAHE AL ohrh
Yasuda (1972)= &5 FdllE Ho] ¥ 2 ¥
< Z1Ag Yol wis] srAFEEFe] 50% o] s,
G224 ekl 20% A =gk )43 e, Furvhashi
(1978)= 49 IaA =, g 7 Usg
52 FAZHEE A HEPT] dF Habge)
242 71Ee = 55-667elzty e ey
Hare et al. (1992)2 #H 24 Y} AZHxrs} 19¢}
gl o)A Huigtx vl Zrvt S, A g
o] gleitdtx slee) FH oA Choi ef al. (1998)-2
AR A EAAL =Y e ss 2R 9 97
AFA =7} 3ute] o)slellA vHA| sl Ao dF F
g go] weba ssieh

F5o WhAled Be] HAA L Foo] Uxd FA
o] FW%r}, wofAl Ay wi= WA Hel] 7] &8l
Al Axstz 9o AFexgdrleds A
T GAIHA A AN F-5ol 8] WA A 7]
£ 9% HFUE 2-3ueE 7]Eez AAskE gl
ot ofel WEl mEzAPME g A7 A
o] Feoiz|A] EIh ot

HelF E4AR APM)A HFo] D=2 A H3)
FA%513, Usr} feeE(EEdY] B RS
| kA s =2geA] 4l4s] A 4 gl
= oyl HeEbe dEe) dx FAF a4
£ EFsls 2EAHQ UYeR o3mBERAPEE
o] &8 4 gt} o]9} L FAPHL o 71Ae
HP5F o] 4317] WEe 1A E B 7|23
wh pel W) ge) AA S} (Waters, 1955; Sterling,
1975). & 975 2F4 A E8ol8 4= 4
< A% clFgEEEAEE N, Hrlslr] $3he
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EREETTT
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5ol ZEERAE AFAY duber 5749
257 Aol 291(1999~200003) 59t 45
B 119747 g-gefel] A& 7~10d kA= A}
slodvt. FURY] FEE Fu FHRY|ger,
$8E 13~2003 8 o152, 2APHAL 05~1.2 had
o} ZALEAYS) EFELZ Al A Qe Hoiaa)e
we} 577 AgH ez He)E dhA F A S A
A&t et

A &AlEAE 2 2 2ARA719) 2-39 ofulef] Al
Al e, B2 250 WAE fd sF&
AZE 79 159 0] At Foll 2AME AABG T
FALZAFS] WA we} ZARHTES (1457005 ha)
= AAH ey, 2Ade ARG A4 60~
120 cm goleflA] v B2 30 cm EelA ZH2t
4vfe] A& gz ek A= 22 hair spray
Z BEFo] FLo7} olFE EI=F slolod,
spray}-& 24718 TR F zipper bagel]l Wi A9
Ar 7pxe} AA#ag slelM e FSele A
9} oF3 WEE A

o|EEEZTAIH O JHut

AL =(m)e} g-5ol7 Tale] B} o] ge]
A3t 38 (Pp7te] #A+ Kono and Sugino (1958)
o] A m3g ofgslyir).

In () =o~+pfln [—1In (1—-P7)] (1)

of W, a8} fE LIPS ARY FAo o] F
AE AF4ZEH(SAS Institute, 1995) 0]}, o] 232 AF
$3e T P EAEHE FEole Ha vl
tally threshold (T) 1, 3, 52} 74 FA o).

olglm Bzl AL HHeZ Hrlahr]) A
£ 29929 5 BAE ALsedel AoBinns
and Bostanian, 1990). o] BAME =28)= WL o
H Aok glot £ ARl BT BLUH
9 " E=RE HFo Eak(var[ln(m)]) F4-Z
Schaalje et al. (1991)¢] BF L o]&3}edv}. o] tally
thresholdel] w2 ojstmBzAl A|H] AHF=E H
7, ul sk ol 4geh

var (m)=m?[cl +c2-(c3-c4)] (2)

cl=(p*Pn/n(1—Pr)In(1—-Pr)?
c2=MSE/N+{In[~In(1—Pp]—Pn}?s%
c3=exp{lna-t+®b-2)[oa+pfIn(—In(1-P)]}/n
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c4=MSE

o W MSER 4 19 A5RTLA, N 4 1614
agl BE A8 o4 -‘1]:"']—.3] A8, Po
In(<n (1-P)8) A%,y B B4k 247,
= F& T2 a9} b Taylor’s power law®] Ab<=
Zre]<}(Taylor, 1961, 1971).

H el A& 2F2A(SE)Y v7F F¥w(d=
(s*m)*3/myel™, s?n-g 4] 204 o)A sh

d={(cl+c2+(c4—c3)) ©))
ole},
olgtm B-FAL] FX]|FA = e A 43} 54 2

5“ A Aks ]‘33"4—(Ny10p etal.,1989):
FAAEHUL)

UL =nPr+ zoon{[Pr(1 —PpH)/n}0s )
X skE(LL)
LL=nPr—zqmn{[Pr(1—Py)]/n}%s (5)

o 7]ellX] Pre action threshold (F-2¢] L >Tal
R HE), zontE ATAATH (A7) zanE
196)oleh. %k Sol7} Sl el wAr} ULS
dow zAE FASL S0 Uws} o sBAE
ol Aoz FRIT W2 LLuch of e 7

Fole £t DANE ooz Lase 2Ae
FRATh UG F3ole]) $A<) UL} LL Aol
Slow Ak AL, ol B8 Shae 28]
#5te] Resampling Validation for Sampling Program
(RVSP)2] Wald's Sequential Binomial®]-& o] 23}
454008 HFERES(ASN) AL 349

=8

HEZAAIES M

o|Fw2xA T FAgA it FE2AL Re-
sampling Validation for Sampling Program (RVSP)<£]
Fixed Sample Size (FSS) 3} Wald’s Sequential
Binomial (SPRT)-& o]-§-3le] ¥ 7}s}¢]ch(Naranjo
and Hutchison, 1997). Z} Z3l®l 2tz 3 500
simulation€ 4 A3} 2w, action threshold:= 3 x]
WA Ao 2 o)4HY g Y FLof D= 28}
2w PAFEE o2 UT FSSHME =
E57F 1009 o &g Hge] W) T=1442
AR} W w595, PRI A7 9 5
N7AA = ZH7t 04507 025002 Fgdom, ot B
L5 25 010005 syt

Hw o g

O[FEEZTAIY sy

AT 427 Ame) el HEUEE 9%
0.04~9.03r}e] g o™, Prglo] 04l 78 )23 407
o} A=E 71A 3 B4 et

In (m)¥} In[~In(1 -Pn]e] IFHX A T8 Aps=
e 7z @ 2YgeS HEDEe] gaae
Table 15} Z+kv}. o] AHH ]ﬂnﬂlc‘q AR A) (1)
7} 0.84~0992 FSof WA g 2F HFUw
FA ol 7 Aow Jeldth AR A4 e T
=15+ 3ol Zh2k 0999 0952 wWj$ Egre
MSES] e Tgte] 12 7ol et 3 27k
™ AEE B T=1Y 7} o)dm Bzl 7}7F

ubE Aoz vielyit

Fig. 1 T=1,3,59} 74 dle] d& FLof
Lo D7t FAE JeRd Aol o=
22 2ldA 223 Ae mde] Rtz A

]
=57 el FAE £ 9= FFuxe g4 g
(Naranjo et al., 1996). Prgke] 09964 FLo)e) &=
A AFUEE T=1,3,5% 7014 Z+2t 194,1691,
12.89¢} 10.31¢]9ew, Prgte] 0.01eA = 27}
0.06, 0.26, 0.583 0.919]3it}. o9} 7Fe] T=1e)A]
e REERG £ S 9lE Uz Hyst o 4

Table 1. Parameters of an empirical binomial model In (m) =
a+bIn [~In (1--Py)] relating mean mites per leaf to the pro-
pomon of leaves infested with more than 7 mites

T o 3] N 2 P 2 MSE

1 15218 09852 42 099 —19495 0.0003 00230
3 17881 06809 42 095 —-32116 00007 0.1119
5 17845 05055 42 0.89 -4.3191 00009 02364
7 17273 03965 42 084 —53625 00008 03413
1.0 _ S R
-9 oT=1
-~ 8 AT=3
%‘, 7 oT=5
2 6
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g 3
o
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Mean mites per leat

Fig. 1. Relationship between the proportion of Jeaves infested and
the mean number of mites per leaf with T=1, 3, 5, and 7.
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< Aoz g,

Tally threshold& = g35}7 A€lso} F3]5 72
7WAS} Helg 82 &Y 4 3luh(Nyrop and
Binns, 1991; Cho ez al., 2000). F3L 2] =X o] 1
gt mE=F719) tally threshold?] oJ3k-g Wajed-ga)
ZAE 2R 40 s HEEZ AR sl
2ALETH(Fig. 2). TEF7|= Tol| BAgle] A8
ol w]XE edgke] F 4] ort(Jones, 1994; Naranjo
et al., 1996; Cho et al., 2000), TZko] Z7}3bo]| u}z}
ol rzAge F¥ms) =24 ek HEw
= I7H 128 295 dolx)= Hgkelglen, T=1
£ A9t VPR R| tally threshold®] dgh-& % g
==z a8 3t d=0.25 & (Southwood, 1978)2-
dx Zch o= 4] 2¢0|A MSEZ} 713 2 o]
240]7] wFel] MSES] Aol dxpHez 3
A E e} (Jones, 1994). T=1oA = PrZle] 0.15~0.97
2] HHA BRI FAgle] 0258 el
AEEE vehlglont, 1Ry & Prfel s 82
77} F7VEE dghel welA= Age Hyth

-

d value
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Proportion of infested leaves

Fig. 2. Sampling precision (d) expressed as a function of pro-
portion of infested leaves al the sample size of 100, 150 and 200.

40(3), September 2001

FLeo 7-890 m&7)e] oA Zlale] whe
717k 6~129 2 % #(Lee et al., 1991), ©1 &
el F&el Y=ot 2z Zrlsle 7)7ke) 459
o]7] wj-Z-o]l (Furuhashi, 1978) o] A)7]el| = F2o) 2]
A7) AAel] 9le] W dmelx] o] Fo)Aof
g Aoz goEla ety B Qe Adsls
Prg FAsted 403 24t 2 Uiz
AG=Tt gomiM 2eevh AL 1000] Arat A
o= AFHG oM, T=10A Yo wgje] Umen
57} 025 ofste] 7] wjel FlAF ke Ao
vebytel.

Table 23= action thresholdZ =} 2vle]lz &
w9 olgg Rzl Z2 8L ERY Rolv) At
HEFL=7t 2eteld o, A 28 kAT Qe 14}
Hrod B2 Qo ug-g 7 4 glglen, o e
L 2k 0359} o] Zh& o) gsle] 4] 49 52
B AERzkd a3 Age Fo utel, Aed
= 1007 2AF2 9, Ieleuct g Feelrt &

Table 2. A binomial sampling program for decision-making
citrus red mite population level on satsuma mandarin
groves based on action threshold of 2 mites per leaf

Spray decision level (N/2)

No. leaves sampled

Spray if N;> Do not spray if N;<

50 24 11

75 34 18
100 44 26
125 54 33
150 64 41
175 74 49
200 83 57
225 93 65
250 102 73
300 121 &9

Stop sampling

N4, Total number of leaf infested with more than 1 citrus red mite.

Plno intarvention)

lagllinu 8|dwes abeloay

Pr

Fig. 3. Operating characteristic (OC) and average sample
number (ASN) curves for binomial sequential probability ratio
test with upper bound =0.45, lower bound = 0.25, a error = 0.10
and b error=0.10.
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AR slg7t 447) ol abe] HH =AME FA|S}
UAE AA S, HA WL 2670 o] ste]w] A
3A] I 2AFE FAI Y (Table 2). T2t A
75 3 Abele) Al HR AE 2AE AAS
.

Tl AT g5 (00)H Fdud
(ASN)®) A= Fig. 33} 2t 2854 F4
FA D] 18% oAM= 10]9l2m, 64% o]l

B

i

(o i

Jo

=

A 0olgich. Bal, WARL 23% ol A FH
Soll Aolodvh. FRmE4E WA EY B

g 035 B2l 7B Bgtew, F5efo] ¥
AFgo) A e AA WHEE ool = 1-1.
mlehel 9lg W FFERSE FUlelgen, 2 9
2] ey Fol=x ZAgolglr}. JALAA A A
A2o) 71-&7)ek AF9lek s9 AL A 03459
+2.447 )41t}

A TN

Kkl

=ZAtAEe gaM
BRE 10028 AT ofmrEAlE B3
ZAY Axel BE AR (ZES: 120~224)F
A dle] A2 7T} ¥lwetg el (Table 3). dub4 e
2 ol mell(T=1)e] s} FH40 FF AX 7
AN Ge]F A} dA|sigen, EHo =
A 28 gre] #Fmde] 3 95% A= 77
el S ZIoh(Fig. 4).

o} -2 Az F/lsle] B, o|FmBRA}
= AN ZLel] d=g AT ¢
= 7Zlez velyo) Tally threshold 7t 1Y W 2
AR F2 9L 5 e Foo 2=

=

e, i ¥ o

Table 3. Resampling validation of fixed-sample-size binomial
plan and Wald’s sequential binomial plan for independent col-
lected data sets based on binomial counts with the tally threshold
ol 1 mite per leaf

Average statistics )

Complete count over 500 simulation?

Data set
Date Density P n  Density PI ASN* OC¥
27 Apr. 249 060 128 249 0.60 12 0.002
Ora 29May 296 061 128 294 061 12 0000

21 Sept. 0.23 0.08 128 023 0.08 11 1.000
11Nov. 100 036 128 098 036 31 0430

12 Apr. 022 007 128 0.18 0.07 10 1.000
Weolsan 13 June 060 036 120 0.60 036 30 0388
50ct. 3.16 0.73 224 3.4 073 10 0.000

n, Number of sample sizes for each data set

*Number of sample sizes for a fixed-sample-size binomial sampling plan
was 100, And the required parameters, lower bound and upper bound,
and {3, for Wald’s sequential plan were 0.25, 0.43, 0.10 and 0.10, respec-
tively

¥ Proportion of infested of leaf

* Average sample number

*Qperating characteristic,

4 L
3
2 r
1
E o b
E . . OWeolsan
-1 Laeee ADra
-2
_a - J

In{=In(1-~7))

Fig. 4. The fit of the empirical model for independent collected
data sets using tally threshold of 1 mite per leaf. The dotted lines
represent 95% confidence intervals around the predicted equa-
tion (solid line).

0.5~8uta]ollA] AEwr} 02580 Hof A5 A
g3l FAL 4 ddrh =7, Jdm:erAHE
o] &3le] FALmP-po| wZ HlA|A]Y] HARARE
2438 IPM A Al A 845 Fo|dhAM &E34
o Ze] 715 Zle= Fadeh

A A

st 21 8kAl ok 2|4 RRCS A& ek
Aofjatd A A8 (SHRC)S) dATaAlz
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