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ABSTRACT

This study was conducted to develop a sampling plans for the citrus red mite,

Panonychus citri (McGregor) on satsuma mandarin, Citrus unshiu L., in Jeju during

1999~ 2000

The results are as follows;

1. CRM population was sampled by collecting leaves. Taylor’'s power law provided
better description of mean-variance relationship for the dispersion indices compared to
Iwao’s patchiness regression. Slopes and intercepts of Taylor's power law from leaf
samples did not differ among surveyed groves. Fixed-precision levels (D) of a
sequential sampling plan were developed using Taylor's power law parameters
generated from all motile stages of CRM in leaf sample. This sampling plan for leaf
sample estimate was tested with resampling validation for sampling plan using 4
independent data sets. Resampling simulation analysis demonstrated that actual
fixed-precision level values were better than desired D values of 0.20, 0.25 and 0.30.
Required numbers of leaf sample at the mean number of mite ranged from 0.6 to 1
were less than 90.

2. Binomial sampling plans were developed based on the relationship between the
mean density per leaf(m) and the proportion of leaf infested with <7 mites(P7),
according to the empirical model In(m)=a +B8In(-In(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. But the tally thresholds were decreased with higher tally thresholds in



spite of increasing sample size. T7=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.
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% ol4g AAs IzkaZolth eF Uzl

HAE = dF F o] e AogE= H-LM Panonychus citri (McGregor), Z8U %

il

QAL Aphis citricola van der Goot, &2 Phyllocnistis citrella Stainton 5&
F A% 2 Fol EEE 2F AR M FLG MFo2A A7 10~ 134 BT
ot #F&ol WA Az 2 WA 53 AE2 AA oAl v &9 20% FEE A
dtal e, GAAFH e Adta LA} ofele AFo|rt.

ool ofdt 2FUze FEE ey Ui Bgd 3 HHHor HRIt B
T 8¥ ool Sdoly oY A AMEAE FFEY] WE AELT FAdA B
@l g Fol 4 F8F Fav 2719 d4H 22 Ui B8 A
2 4 712 Roex & A A (Furuhashi, 1978, Kim et al, 1978 ; Lee et al.,
1991). 8Y o] o= Hdol® FHAE Fo AN EFAAS doA dof FHol HHA
A FFE FE o HIdE FAAHY AFAY AEoR 13t HAHo| A
#2of7t Tt og Zgto g HaErt ol M T )

Fgole] WA Ade Z3o] dxo BAGIol FHEIH FFANBY T FAY
o 71zt HEFAE X Ao AFEFH7IedHd AFEAAEY FENFF
AME Fgoe HAAE 9 FAUE 2~3vYE 7|Fo2 AAs oy, o]
e F3HAQ AFS BE FEZAMYA dE 7% A9 o|FojxA ¥ HAolt

Kennett (1974)& 23 A oA 05vte] o]4E s &dAroln, 057te& QA
=2 391, Riel (1978)2 #HZAdA FIBAE AAsts 5 28009 a4 4%
g 949 2vElE &3 Yok ayy olE @ BF FAAQ AN xE Fu
ZAE AL oty Yasuda (1972)F & A E Bo] &2 #HF d& 1A 9
g @AFstde]l 50%cldAn, dF2L FFE 20% HFE=TFn FHod,



Furuhashi(1978)= %9 #H&ld %, Gd & 7o L8 5o AR A &5
& 93 Hx B4 vte5rt 55~669tEi#t Aok 12y Hare et al. (1992)2
oA 4 AFAETL 199te] o] Huet® dvie] Aviy S, FHol J&o] AN
g atgeh. FolA Choi et al.(1998)2 fratol A HAUEY AfPes A A
dF AFHUE7} 3vtE olstell A WA st = Zol YFE F HHPE&o] ¥ s

e FT g IPM)el AdA AFE F Yz, FAAHAD AF T Fe dFer
B3 74820 (Ruesink and Kogan, 1982), %22l SJAIAA S A e HF9
AL g s FAHS, Ay A FEed adet FAAFE A o] ded
Ao 2= FHY Adf5T FFHE g4 HHEr] A% WU FEFEW
S W, o8 Uk BEFEFHE A A REFE A 5 A7) W
ARE ZAF BEFA 712 g ¥ 8d o] HA == FHol A.(Waters,
1955; Sterling, 1975)

¥ AFE Iwao's regression(Iwao, 1968)3 Taylor's power law(Taylor, 1961)l 7]%
g FSNY YFU 2 Yz Zgofel g 4 HEx FEAMY BEFEHS
Blasta 1 ZAMYPS AEREa, 8ol 2x FAN AHrES AEHoR 2R3

& gl ol EEZAPAS M, Hrhaty) Askel FRstArh



A 1. IEE L BEFEY

D Z2A23, 4 2 2A99 43

AFEW 7AW &F47 fedalA 19999 @E )T 2000862 F) 295 495
B 1147HA] 7~109 HAH o8 F&of g ZAMAT. ZAMA §717 &) HAE ¢
a3 sFE HEF Gl 10~15U0] FIAg Fol FAlsth AN 2FUR F
T2 AN, FEL2 13~-20d 01 A, FAPEA L 05~1.2ha¥lth. 25743
of Auh= A Fri@gel o HaAF LAl R AuE HAFIYoH, FIF 2
el s AA] 2 AES AU

ZARGF Y] WAL ZAERY Fd R WA we 4EFAY4T/005ha)E 2

L

om, 2AQe ZAUTY A4 60~120cm EoldA B A, W ¥ age] wpz
em AFol A FH3 &H UL A INY Y2 dsed YT F 8ALS AAHY

o AHF U2 hairsprayE HeFol F&ol7t oS RIEE dHPoy, 1~-38
sprayd-& €43 T §F zipper bagol ¥ AYPHZ A9 AA dv]H(x10) 3ol
A G 28l AFHd FF UEE FAE I

2) Y¥d ¥x

2 Ay 199993 2000 2tz 270(A, B)9 370(C, D, E)el EgolA zApsigioh
A Fgolo) AR} B YFel ohmy) wp%g P 7 mAde] A} £F
WE Adedth 2AI Bok 8o WEV 7MY BU%W TYES EXYOE 2AIR
FFAEs AP 47obe o, 299 £3 10~13vtel Atk TE 2AFE Ag
B 123, C, D, E¥ 7% 6, 9, 53l on, AT FE 47 17, 15, 12, 16, 24F Aot



3) YF X

=A™ 199993 20000 2z 10HF) 9 270(G, H) X3 dis] ZALstdoh 7
T FEohe] Wt FAFS XA 89l B&oNTFE fate] 7 A xgEe A
sttt EAZE T UFRH(E AFAME 30) FSof UEUb MY %W ¥FL H
EZow 135vted e, Fok GE3& 7tz 87, 7172l At

4) TAEA
wAHA 4= Iwao’s patchiness regression(IPR)3 Taylor's power law(TPL) ¥ 7}

*

HHE ol &3t IPRS 49 FdHUE(mol digh Hat 3 = ( m)

2
* S
=m+—-—1
m m

o 8344

*
m—a+5m

o|th(Iwao, 1968; Lloyd, 1967). 8+= A&l $#A& ol &3t Hel(EXHe)} BAHE
o] o= BE dEAT UEE YeEAHSouthwood, 1978). =3, a+1& vl
e dEoAe A dF FEae AAFE deEbd(wao, 1968).
TPLE log #3#(m)ol that log B4HsH9) 394
logszzloga+blogm
°|H(Taylor, 1961, 1971). 71 &€7l(b)= & 5°lAQ AFTE+E UeUE ZHolx
(log @) &7, REZA A o] 8€ HE d9je #AASHE #5 820t

)
s

A4 4FE FAsSEdUE SAS(SAS Institute, 1995)¢] kA & 3 A 2 2 (PROC
GLM)& o 838tdx, 7+ Ay mde AP AAAFE FAd s st
£ ALY 71717 1.08 % AdE AL Student t-testS o] &3to] WAHsPY o,
2 ZAPEARY 3 AA AU 71 €79 T FRAEM(ANCOVAIC 2 HAS A
{Sokal and Rholf, 1981).



TPLAIA AL 44 nHRFEFE( D=L )4 Ade d=g F4sted 9

23 FEAV]E AAsE= o] £HF(Green, 1970). HiF Uxo wat DS A=
d "a3t BY Ar7|(n)e
n=am®? p-2

4ol o3 78 F Ak,

Folzl DolN o) EEFEFAME

In T,=[log( D?/a)/(b—2)1+[(5—1)/(b—2)] X logn

o AE £ glon, o] if T,& FE noll i T84, n& FE AV, a9 b= TPL
dagteltt. FAME FAs e ol 88 D= 020, 025 18la 0308 ol &R
D3t
< FFY Aoz dA YdHSouthwood, 1978).

i)

o
e
lo

] Aol FEA7| daf At e wolgoAqAn, £ HF v

i

e
pi)

5) =AY 84

54 AgE F&d dig o FEXAA Ao A AgE FES FEFEH A
ol o] 852 ¥R FALAE] thal Resampling Validation for Sampling Plans (RVSP)
Z2 3% (Naranjo and Hutchison, 1997)& o]&3ta] Hrtstgdnt. o] & s 199997
200000l ZALE 4709 ZAIAEE ol &3tglon, o]59 FEFE 120~22470h. o]
RVSP simulation® A A Lore] FAMHNE Hristed ol &xm, F&E o ¥
¥, B AEgE, JAEUE 183 FF FEAV|7 Add



A2, olFEEEAY

D ZAxF, U 2 zA9e A4

FEH EEZALE AFAY dubgrle) 54 32 FH5del A 2d (1999~ 2000
A)Eet 49 2E 118707 F&olo] did 7~10Y¢ Aoz ALY 2FHPRY] F
28 F2 FHRZAALH, 4 13~203 40103, ZAHEHLS 05~1.2haflth. A
T 25Uz Aule A Fri@eged met Ui AgH o WHF WA 2 A
g AAskdh

ZAYR 2 Qo) AR FEo] D APIH FYHA XA

2) ol EZAY Y AL
FAAE(mE F&H7t Tote]l Boh o @o] A% J&te dA= Kono and
Sugino(1958)¢] ¥R d S o] &3ttt
In(m)= a + BIn[-In(1-P7)] (D
of W, a9 A= AP FARD FAH o FH
o] mele] 4 ghe tally threshold(T)7h 4% E-&7t 1, 3, 59 7o s F=A At
ol EEZA AYE Hristcdle FAFFA dI 4 Ao FH(Binns

44 gH(SAS Institute, 1995)°]th.

and Bostanian, 1990). ©] ¥4t FAH3= HHLS oY 7RI oy, & AFAME
Schaalje et al.(1991)2} HA3 FEHQ | n gz REl FFo EA(varllnm)D& FH 3t
At} ol tally thresholdol W oG FE-ZAL Alg o FYLE H7L vt o€tk

var(m)=m’[c1+c2+(c3-c4)] (2)

cl= (B°Pp/n(1-Pp)In(1-Pr)

c2= MSE/N+{In[-In(1- Pp)]-Pn}’s’s

3= explln a+(b-2)[ a + BIn(-In(1-Pp)]}/n

c4= MSE



ol W, MSEx 2 19 &AsHdea NS 4 1ol a9 B8 243 =Y o] &d 3|H
He A8, Pn& In(-In(1-Ppe) Bag, & A9 B4 ne A LS, a9 bi=
Taylor's power law?] Ar4=gte)c}

Hd(m)ol dgt EFQ2HSE) v7F A 2(d=(s¥/n)*/m)olni, s/ng 2] 2004 tjx5ha

d=V (cdl+ 2+ (c4— 3) (3)
olt}.
olYFEZALY FAF/AEL S A 49 50 o3 A4S A (Nyrop et al. 1989):

UL = nPr + z.,n{[Pr(1-PpP)/n}*® (4)

LL = nPr - zq.on{[P{1-PD1/n}*® (5)

o 7]l X Pri= action threshold(Z-8o] >TQ 9 Bl 8), zops AFAITEY (A7)

A zeps 19601t T o7t Qe A9 FHEI ULE dow ZAE F23a &

=

of RE7F S 8@dAE dojd 2eg ¥fFsy, V2 LLEY o e A $oE St
SAEE olgte EHeta] xALE FaIh AT FE&HY FAHFI UL LLAolo Q)

om zA: A&EY

3) BEZAIAY FEA

olFHEZAMY e FAEA L RVSP 21389 Fixed Sample Size(FSS)H & o] &
sted Wrtatch 2 Sdd A 5ol dis)] 500 simulation® A A8t FSSH S Ay
@ action threshold& &0} g, ol AT FLol U7} 2vt2lY oo BHPLS
ol &ttt E&7 100¥ W FSSHoz o&d Hao] sl T=1149 AARF
8] a1 3} o},



m 23 92 u%

A4 1. $XEX 2 BRFEY

DYFY ¥
TPLS Z2ARA4() HE 096~098°0 e}, IPRY rPE9E 075~09302 29
ofo] FZHE X TPLo] IPREY o & M s ci(Table 1).

Table 1. Intra-tree dispersion indices for motile stages of the citrus red mite, P. citri,

on five satsuma mandarin groves in Jeju, 1999~ 2000

v Sid a Taylor's power law Iwao's patchiness regression
car =ide Mg atSEM b+SEM a+*SEM  B+SEM 1

1999 Outside 22 141%£0.10 147£007 096 1.07£053 258+027 082
Inside 22 128£0.09 142+006 097 0931033 2.02*+0.13 093
2000 Outside 20 138011 135+0.06 096 208+0.72 1.75*024 075
Inside 20 1.35%0.07 144+005 098 1641082 198*0.26 0.77
Combined 42 135*005 142+0.03 098 1422030 2.02+0.11 081

® The number of m and s® or :n pairs used to calculate the regression statistics.

E3, TPLY %< adt b@tel [PRY a9 Brr} Mo|7} Hgir}y £3 TPL bgtol
HeE 1.35~147019 24, IPRY A& 1.75~2582 YA deldth. TPLY b3ts IPR
o) BEgS EF 184 FA=dH(P<0.05), ol ZFgoi7t 2FURYAA AFEXYgs
AU E BAFE Aolt}h ol &AM FLHY B E(Jones and Parrella, 1984)
ob Abstoll A Ab#-gof o] ¥ (Nyrop et al, 1989; Nyrop and Binns, 1991) A9} §A}
g 4%s ey

TPL HH(a)# 71€71(b)ell dis] FEAEAS 3 Aa S0 A% 2 g 942 3ol
ool AATHF=043, df=3, 79, P>0.1; F=0.94, df=3, 79, P>0.1). @wa}A], Taylor ¥y}
AAHNE o8 + Jdow, HFF Eazte] FgFaA 2do o] gd $ Yt}



TPLe 43E &3t D7t 020, 0.259 0309149 AP F&of HALUEe UQ
& BESE Fig 19 23

No. samples
8

Mean no. per leaf

Fig. 1. Relationships between required the number of leaf per sample and mean
density per leaf at fixed-precision levels of 0.20, 0.25 and 0.30 for the citrus red mite
on satsuma mandarin groves.

D@el 5248 181 4% 28] WFUESF WL4E O B R4V ¥
Aoz ueigth 7l dNAoE ojgHu At YYF T HFUE 201 & 7|
o7 & o "o FESE Datol 0.20, 0259 0.309) W& z+z 65, 41, 29702 Y
Ehs .

TPLY 44@%< o83t D@tol me FAML Fig. 29 Z3tch

o] FA M o] gL Tl A HAY A9 FH FL U7} FAAL U o
7= zAb B dubAom eFUZAA FEo) ZAMA 1098 ZAEE A4S D
gtol 020, 0259 0309 o F$of FHYEs} 747 94, 437 23v}elY © EAE Eg
&7 €k, |
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Fig. 2. Intra-tree sequential sampling stop lines for fixed-precision levels(D) of 0.20,

0.25 and 0.30 on the satsuma mandarin groves.

2) st ¥y

TPL# IPRE 7FX 32 YR A 24 27 287 AFEESE Ao YE

Hew, & o da#48S 2 UAtH(Table 2).

Table 2. Inter-tree dispersion indices for motile stages of the citrus red mite, P. citri,
on three satsuma mandarin groves in Jeju, 1999~ 2000

Taylor’'s power law

Iwao’s patchiness regression ~ Density

Grove n® range per
lgatSEM  b*SEM ¢ a*SEM B*SEM r tree

F 12 096*023 167%014 093 226+0.79 1.65+0.04 0.99 0.69~70.63

G 8 084%x035 170018 094 441+t330 154*+0.30 0.82 0.61~25.25

H 8 1.06*031 153*0.13 096 326+t222 145+0.11 096 1.38~25.69

Combined 28 095*0.15 1.62+0.08 094 280+0.99 158*+0.05 097 0.61~70.63

* . ..
® The number of m and s® or o DAITS used to calculate the regression statistics.

- 12 -



TPLO ZAAFE) ¥AE 093-0.96°123, IPRY) r? ¥ 0.82-099% . TPLY b
@& IPRO Bgte EF 1MTh ZHTHP<005). ol &N Fgof YR TNEES
ZARE o bet Bgtol ZH 1717 1128 8l =dl(Jones and Parrella, 1984), ¥ ¢
Axel vzt 28y IPRY adFgol UF ol AR} ofF g wo= FY
g ol EAste F&He w7t UF Ao wAsr|s) old. welA, [PRS AAAF
()7} TPLETH ¥ 04 U¥3F ZAMA] o] §& TPLo| o date Aoz vey.

TPL¥} [PRO H¥(a, )3 71€71(b, Bl dia] FEAENS & A7} 5% ZAIE
Bl freldol ATHa @ F=0.14, df=2, 24, P>0.1; a: F=0.69, df=2, 24, P>0.1; b:
F=0.37, df=2, 24, P>0.1; B: F=155, df=2, 24, P>0.1)). w&tA, Ut Taylore] 3A4L
ol 8% & dom, HFH Eakzte] @A mdd o] & 5 Yt

TPL®] 3+3t& o83t Dgkel 020, 0.259F 030914 9] FA4& Fig. 33 #%ch

2000
1750
1500
1250

1000

Cumulative no. mites(Tn)
o ~
o a
=) <)

N
[*d
o

(-]

No. trees sampled(n)

Fig. 3. Inter-tree sequential sampling stop lines for fixed-precision levels(D) of 0.20,
0.25 and 0.30 on the satsuma mandarin groves.
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ZA 4Rt HEFE 22D Dikol £S5 FAMAAY ¥H BTt v}
stith webA Fg o zAbel o} Azt vl &S HoFslr] MM E HAY 14F o4
S FAshE Zo] gttty #aHAT 14F A USEG 3 ZFLolyiE my A
E=F 0.20, 0259 030914 27 781, 242, 93vtEl Tk o) U D 8UL ZALHL o,
D=02514 8¥AUEE U 2022 W 14FE ZAlsl Fgof W%
e FE3 A=t A& S B Fi= Ao},

il

e

3) AR FaA

Mdd zAbgol o] 83 AE AAE Y] st AA TFAM AR s H}
st Ze ¢ Fa3th(Naranjo and Hutchison, 1997). ¥ QAFoME o]lg ¢4
resampling 7]=¢] Naranjo and Hutchison (1997)c] 7§33 RVSP simulationg ©] &3}
Bttt @7t ol8d 4 A9 AT F8) HAUEE 0.60~3.160ATH Table 3).

Table 3. RVSP statistics of 500 sequential sampling simulation runs for leaf sampling
estimates of the citrus red mite on independent data sets collected in 1999 and 2000

Data set Simulation
Grove Data set Estimate Desired Mean Mean Mean
s (Year) density precision  density sample size precision
A 9 June 1.90 128 0.20 1.95 67 0.14
(1999) 0.25 1.93 43 0.17
0.30 1.98 30 0.21
B 13 June 0.60 120 0.20 -2 - -
(1999) 0.25 0.62 84 0.19
0.30 0.63 59 0.23
F 11 November 1.00 128 0.20 0.99 100 0.20
(1999) 0.25 1.00 65 0.25
0.30 1.03 45 0.30
G 5 October 3.16 224 0.20 3.23 50 0.17
(2000) 0.25 3.25 33 0.21
0.30 3.32 23 0.25

® Results are not given at D=0.20 because expected sequential sample size was
higher than the sample number from data set.

_14_



AA AE DR RE ARAN Ashs DERT BT o]k ZAYol of 43ol
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oo Hydx 2vte) oo Al "ad FESFE Dol 0252 9ol 43
Mo AE Aoz deinth £33, AT e HAUE} 06~10Y © U TS
T 840131 Ao g EAH UG
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A3 2. o] FEEZAY

1) ol R EFAY

ZAG 4278 A5 28 HIEUEE AD 004~9.037tA g o, Pr gto] 09 AL
Aelg 40700 A8 E 7t BAAY 2 244U 47 HYUE(y)E FAYE(m)
2HH 438 + AUk y=4735+6.667x m(r*=091, F=364.78, df=38, P>0.0001).
In(m)# In[-In(1-Pp))el A2 el A 73 parameterE 7|22 3 HAYEH HYFUE
¢}o] 4212 Table 49} 3trt.

Table 4. Parameters of an empirical binomial model In(m)=a + B 1In[-In(1-P7)] relating

mean mites per leaf to the proportion of leaves infested with more than >7 mites

T a B n r’ P s% MSE
1 1.5218 0.9852 40 0.99 -1.9495 0.0003 0.0230
3 1.7881 0.6809 40 0.95 -3.2116 0.0007 0.1119
5 1.7845 0.5055 40 0.89 -4.3191 0.0009 0.2364
7 1.7273 0.3965 40 0.84 -5.3625 0.0008 0.3413

°of #Folgnde AHAF()7 084~0992 Fgof R % FFUE FA
°f 7bed Aoz vebdnh ZAAF §e T=13% 304 24z 0999 0953 Wi &3
om, MSES & Tgtol 12t Aol wet A F7tsks 43S va 7-19 947}
ol ERZAL 7HE gte Aoz Yeygd.

Fig. 4= T=1, 3, 59 79 @9 9% 3o Fodxst TAAEe] BAE Yehd Aol

ClFEERA oM T8 AL Rdo] FIUZ HIHI Hol FHY F UAx
B el @A olth(Naranjo et al, 1996). Prgkol 099914 F8ofo] 4 H7FAxE
T=1, 3, 59} 7oA 77} 194, 1691, 12.89% 10310121, Prgkol 001914 & 2+z 0.06,
026, 0.58% 09101 ol} o] T=144 2 FErd 4L & Y& UE Y7t
o He Aoz Yeid

- 16 -



oT=1

Pr)
~

Proportion infested(

.. 4
Mean mites per leaf

Fig. 4. Relationship between the proportion of leaves infested and the mean number
of mites per leaf with T=1, 3, 5, and 7.

tally threshold& Z&atAl deafjo} FAHA 7t H Holo F&FL 2 + ¢
HNyrop and Binns, 1991). #9429 FAo] did ELA7)9} tally threshold®] A%
S 2REEH 2AE BRG] dEN AYREE AA S A HHFig. 5).

BE¥A7IE Tol BAdel JFxd vxe ggo] HAork(Jones, 1994; Naranjo et
al, 1996; Cho et al., 2000), Tgkol S 7}3tol me} ol FE AU HHErt A4 et
At Agx= T7F 129 45 YolAe A golden, T=1¢ AYF Uyvx tally
threshold®] d#t2 a3 #e]l T2 dIdt d=0.25 F+F(Southwood, 1978)& A=A &
At ol A 2414 MSEZF 7HE 2 ®o] 840]7] wio]l MSEQ A dxpH o
2 #A8%(Jones, 1994). T=1914= Prito]l 0.15-0979 WololA FHE A7)0 BARl]
02589 ¥2 AEEE et oy, vy & PrgeMd s E¥A77F FHEFE d
#ol PolA= AEgE HAt. F&e 7-8¥9 :27)o Loy AFAA w3
< 6~12U2 vl FHil(Lee et al, 1991), 5l FZoH7 2w F7HtyE 7)7bo]
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4~5%0°]7] wj&ell(Furuhashi, 1978) ©] Al7]el= &-&ofo] WAAI7] A o] W& AE
oA o]FojAo} & oz wddrt wetx B A AYEA Pr& FAsed "L B

BrE 9o UsdAE JYur} Fowd BESTL He 1000 AE Ao wuud

® } n=100 © T=1 -4 T=3 & T=5 -& 7=7
8
|
T
*
8 { o0t 4 4 -G -G e e s e e e e e e e Seee
|
-5 P aa s bbb b a s A& & A A Aa & & Aked
4 [ s
! ' rS A
\‘,,‘*raAgaafa—iigﬁgat—atil
3t
i ®e °
2 L e 00 ®
i ¢ e--6 o o o © o0 © 60 O -8 © &
1
ot S — - .
1.0 -—
* m=150

6 |[®tese o & o - &G bGP G eSS S ES

B . = Al

-
5
+
i
1
|
’+
‘;
'

e o
2 A
e o o o —o——o0 o097
A
° - N e
1
n=200
oo oo o -> > — . — e
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Fig. 5. Sampling precision(d) expressed as a function of proportion of infested leaves
at the sample size of 100, 150 and 200.
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Aol 2ol 27HE ¥ £79 FYn Y WY urd Y Ure =
Aateld 7hd ¥ tally threshold® MElsiob &ch(Cho et al, 2000). ¥ oAz
T=1°14 W& bl Azl H3wr} 02505 0] 7] wjo 7hg Be o el

Table 5.3= action threshold® 1% 2vl2l2 #< wjo) o)FFHxA T2 1dS et

W gy,

Table 5. A binomial sampling program for estimating citrus red mite population

densities on satsuma mandarin groves based on action threshold of 2 mites per leaf

Spray decision level (N/)

No. leaves sampled

Sﬁray if Ni > 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 89

Stop sampling
* N;, Total number of leaf infested with more than 1 citrus red mite.

AP Fetdwot 2ok W, 4 28 A3 Yol Ivleing B Ao uge P &
ew, o) mWel ghe of 0357 o] &4 o8] A 43 5HE oYFEPEA Zz
29E TS weh 2EUE 1004 RS W, Inhduc e FSohh EAHE
AF7H 447h oldol MW zALE FASn WAE AAs, TP} %70 ol shold
JAE A @3 2AHE A0 adu 245 2 Aol A HEW AL 24}

g AAlsHA 9t

ok
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2) ERZAAY Y §EA
EEFE 1092 PN oFERZALS 58 49 Wse LE ZAGE(ER

T120~224)8 Asste] A& g vl w s A rH(Table 6).

Table 6. Resampling validation of fixed-sample-size binomial plan for independent
collected data sets based on binomial counts with the tally threshold of 1 mite per leaf.

Data set Complete count Average statistics over 500 simulation®

Date Density  PI’ n*  Density PI  PI max. PI mini.
Ora 27 Apr. 2.49 060 128 2.49 0.60 0.66 054

29 May 2.96 061 128 2.94 0.61 0.68 0.55

21 Sept. 0.23 0.08 128 0.23 0.08 0.10 0.04

11 Nov. 1.00 036 128 0.98 0.36 0.43 0.30
Weolsan 12 Apr. 0.22 007 128 0.18 0.07 0.09 0.02

13 June 0.60 036 120 0.60 0.36 041 0.30

5 Oct. 3.16 0.73' 224 3.14 0.73 0.81 0.63

* Number of sample sizes for a fixed-sample-size binomial sampling plan was 100.
¥ Proportion of infested
* Number of sample sizes for each data set

Mo o|FRA(T=1) s FHE FFS A AFZANA 2P A X
AT EF, SHHOR FAIG RE glo] BERdd thF 95% AT o] Soizt
}(Fig. 6).

olg} #& HAE T BY, o|FHEZAYE 2FURUNAM FLojo ARG
FAE + e Aoz JeRd tally threshold7l 1Y o 23R A 2 A8 4
A Fol DEEAA 05~8utE]ol A HREr} 0258 o} AEE HFsiA 23
T AT EF, o|FREZAY S o] &l FALREF mE HAAY] BAAIE G
&35t IPM A AAM v &S FolWA A LA o] 715 Ao Budy
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Fig. 6. 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 equation(solid line).
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SN AFYUE Astr] ko] AFAGY 2FLAUAAM Fgof BAFHHol
thal 270d(1999~2000%) ol 24 Q} Foll diste] 2t Al el FAUEE A TH
Taylor's power law$} Iwao’s patchiness regression® ©] 43t BAX+& wlustgo
o, 9 BEZAAME dubE o2 Taylor's power law’} Iwao’s patchiness regression
go} FA-24 #AE o F Jdebdl Ao Taylor's power lawe] 71879 HHE& =4}
g A Aolzh AL, A7)odA ol FFgE o] & A BE FAM %
gEol - AT P AZFEFFAMY REZAPES RS o FARY
3l resampling 714 & ol &3te] SHE 409 ZANEE ol &ste RMF Ay HA
IRFZEDICl &7HE DY 3¢ E%en, 497 #& U=V 06-17te]
Aol M dad zALFE 0BT okt

olFB LAY L AT FZoNALER(m)gt EEoNTE Totl g Bo] EAs= 9l
H &P BAE 71Eoz 3, Tt B33 oJFEXEH(In(m)=a+BIn(-In(1-P)]
ol 419 tally threshold2A & AFIAE 1, 3,5 7& AH&3tdtt. BEYY 9 F7}
T #ARle] oldEX RFY AT dFol A9 AUD WA T gol F7t
ol et BE2FE FTVMNALE AFETL QoA oL ERFHY A¥EE T-1Y 9
b4 =%ow, HH9 tally threshold?! Aoz Jelwdrh T3, o|FHEFAY §FFA
& ZAE] Aste SHE BEES F&, ZAEIE oY, 1 A 25U AAA F&ol

A

tlo

HEFAdE T=1U 3971 AR Aoz ddygAy
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