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Development of Optimum Sampling Plan of Citrus Red Mite
Based on Its Spatial Distribution in Jeju Citrus Groves

Jeong—-Heub Song

(Graduate School, Cheju National University)

SUMMARY

Integrated pest management, a decision making system of crop protection, is
based on monitoring of both pest and beneficial organisms. This study was
carried out to investigate the dispersion pattern and to develope optimum
sampling plan of citrus red mite on satsuma mandarin in Jeju. Data were
collected on citrus red mite densities and distributions over 4 years (1999~2002)
by leaf sampling and visual inspection. Dispersion indices of citrus red mite
were analyzed for intra- and inter—tree levels for the development of sequential
and binomial sampling plans.

More female adults of citrus red mite were found on abaxial surface of leaf,
while more male adults, nymphs and eggs were on adaxial surface of leaf. In
low temperature season, e.g. April, the female adults of citrus red mite were
more distributed on adaxial surface of leaf (55%). The percentage of citrus red
mite female adults on abaxial surface of leaf were increased from May (57%) to
August (80%) as temperature increased. The relationship between densities of
citrus red mite female adults on abaxial surface of leaf (x) and those on total
leaf (y) was linear: In(y+1)=1.2083In(x+1)+0.0488 (+*=0.97). In Autumn, the female
adults of citrus red mite were more distributed on fruit than on leaf as fruit
matured.

Dispersion patterns of citrus red mite were analyzed by Iwao’s patchiness

regression (IPR) and Taylor's power law (TPL). TPL provided better



description of mean-variance relationships of citrus red mite than IPR did.
Aggregated patterns of spatial distribution was observed over all developmental
stages of citrus red mite in order of egg > nymph > adult. Distribution pattern
at adult stage between adaxial and abaxial of leaf was not differed, whereas
those at nymph and egg stages were differed. Distribution pattern over each
developmental stages between outside and inside of tree was not differed.

In simple sequential sampling plan using the parameters of TPL of intra- and
inter-tree with sample unit of 10 leaves at action threshold of 2.0 female adult
mites per leaf, the required number of trees sampled were 3 and 6, respectively.
This indicated that the dispersion pattern of leaf as well as tree must be
considered in development of sequential sampling plan. The required number of
leaves per tree was 10, and the required number of sampled trees was 23 by
sequential cluster sampling plan. Sequential sampling program for decision
making based on action thresholds, 1.0, 2.0 and 3.0 mites per leaf by interval
estimates was obtained. The higher action threshold was, the wider range
between upper and lower limit was.

Binomial sampling plan is based on-the relationship between density of citrus
red mite per leaf (m) and proportion of infested leaves (P7). T is the tally
threshold. The precision levels of model were affected by tally threshold, but
not affected by sample size. The precision level was the highest at 7=2 among
T=1, 2 and 3, and within the Pr range of 0.2~0.9 which were equivalent to 0.
9~6.3 mites per leaf. In operating characteristic (OC) and average sample
number (ASN) curves, probability of incorrect classifying was around 0.5 and
ASN was maximum at action threshold. The density range of incorrect
classifying was reduced, as the minimum sample size increased. An empirical
binomial sampling program for decision making based on action thresholds, 1.0,
2.0 and 3.0 mites per leaf was developed.

The negative binomial probability distribution were followed 93.6%6 among

count data for number of citrus red mite based on chi-square tests. A common
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k (k) of 12874 was computed but appeared more suitable for mean densities
range of 1.6~11.8 mites per leaf. For mean densities range of 0.02~11.8 mites
per leaf, the parameter k of negative binomial was related to mean density(m):
k=0.7885+0.2896xlog10(rm).

The negative binomial sampling plan was developed by basic and Wilson and
Room’s model. The relationship between mean densities and proportion of
infested leaves with at least T mites (Pr, in this study 7=1, 2 and 3). Wilson
and Room’s model was the best described at T=1 (°=0.99). OC, proportion of
incorrect classifying, was near 0.5 at action threshold level. The range of
incorrect decision was decreased with increasing minimum sample number. The
remainder of minimum sample number from ASN was decreased with increasing
the minimum sample number. Results of the study was summarized as a
decision making table.

The validation of sampling plan was performed based on the independent data
which were not used for development of sampling plan. Results of Green’s
sequential sampling plan for leaf and tree showed more precise than the fixed
precision level. The required number of leaf was from 10 to 18 (e.g. 1 to 2
trees if 10 leaves per tree sampled) on fixed sample size binomial sampling
plan. As a result of Wald's sequential probability ratio test and sequential
cluster sampling plan, the required number of tree was increased at mean
densities near the action threshold. The efficiency of sample size for an
estimation procedure based on negative binomial sampling plan of Wilson and
Room’s model was found superior to any other models.

Here I propose the negative binomial sampling plan as the optimal with action
threshold of 2 adult citrus red mites per leaf which is conventionally accepted.
Following the guideline provided with the table and graph, IPM practitioners
may facilitate the sampling and decision making process more precisely and
efficiently, which eventually lead the economic and environment-friendly pest

management system.
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of 9 7} #ab, SpPek Syt AT A7)e) whEh dekrivk:

by
Sh=apm "’ Sh=aym

A7IA ap®t bp, awst bwte 22 UFE A3 TPL Zarolt)
Pringle & Giliomee(1992)% ©l& &4k g TPLe 7] %3 ZEZAIHS Aot

=, Foll A8 FE(@H Wird Aol tsl A oF & U (ng)

b w

L
fu

b by
1 npagm "+ aym "

(dm)? nr

nr=

o]jr_’
AP F(np)oll sl A oFE U Sl (ng)

b
aym w

rie

np= by

n(dm)?— agm

ol .

o SAREZAY

FAEL RGN EEAsE vg A4l YA Bk F, RATGON A 2A}
AL A Ao kel 2AL ASANE EARY T AAT F A7 o

Lotk JRAIR EE7F eWAE RO A HWeEE 2E FEa7F ZdeskA "Jd
(Shepard, 1980; Wilson, 1985). o]} 7o A&

e wieked v A #E5F
method (SCS)ell &3] 3t 4k b #A4kell 7128 Z2XAMH S s 5 9
tF(Nyrop and Binns, 1991). & <

T3l gk A (mtzoeSE, 2 Aol A At AT 200=1.96)

1/2

m-zye SE < mr < m-zoe SE
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=
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REENE
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=

3. Kono-Sugino9 72 & o|3 »nd

and Sugino(1958) 9]

a+in[-In(1-P7)]

In(m)

A4 FH(SAS  Institute,
HAa F&o) mEael tally

W

1999) o] t}.

threshold (7) 1, 2, 3°A +A 3t

}(Binns and Bostanian, 1990). ©]

s

Ak ske] of
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A7F o 2 AgelA e B xR H&ZFE Schaalje et al.(1991)¢]
Res ol

WS o] &35t FAH e Bt var[ln(m)])S FA3IATH ol& Tol| & o]d
XA Ao He s Ut vlaste=d o] & E
var(m)=m‘lcl+c2+(c3-c4)]

cl= (F*Pp)/n(1-Pp)In(1-Pr)°

2= MSE/N+{In[-In(1-Pp)]-P,.}’s’

c3= expiln a+(b-2)[a+fIn(-In(1-P7)1}/n

c4= MSE
ol W, MSEE In(-In(Pp)-In(m) 3#4 9] JIAAFHAT, N2 ast §& FH3E
H ol g8 ARF, Pn In(-In(1-Pp)e Bitdt, s & B ¥4 344, ne A

¥ 25 a9 b= Taylor's power law®] < gko]th(Taylor, 1961; 1971).

Amel e FZLAHSE) S v7t AR (d=(s"/n)""/m)el™, s/nS var(m)2)

d=V (cl+ 2+ (cd—3))
oty FA4F H(me AFHIA = tha Al o8 ALkst vt (Jones, 1994):
Inm+ z .V Var(lnm)

olFFEEANA FEEAE TATAE v Aol o Arts AT (Nyrop et

UL = nPr + zoon{[Pr(1-Pp)1/n)"®
SA8HH(LL)
LL = nPr - zoypond[Pr(1-Pp1/n}
o7l A Pr= AL Eo A9 TuiE] o] #&o LAAE, zops ATHAD

A(zoz = 196)0lth. T Soh7k = o FH7F ULs ded 2AME S48

IS AT} FEFAS JolH Ao HEsa, wile LR g Fe A4S
A= Soi7t FA™LE olstm EFste] AME TERIG AT T4 ZSoHTTt

ULZ LLMolol glow A= A%k o5e #3de 2A] 93l

Resampling Validation for Sampling Program (RVSP)2] Wald’'s sequential
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“(Average Sample Number, ASN) =4-& F3}3) o] F FAL AATSFE H
Zbebi=d o] 84 & &, OCE Fox Hatol| dld] AF7HES 75 g5
™, ASN2> 2 AT S BFE7) s Bes Fi gRFolrh

129 FEERA 21
7h F ()9 o|FEXE ATk

B(-)e] o3 eE R ¥ (Negative Binomial Distribution, NBD)= H#(m)3 A<
kol 98] EAX o2t (Johnson and Kotz, 1969). ©] k#tS NBDO IHE|Z Ao}
), k#ol #EFE AT mokxeE dubdl 2Ex¥HE JYehIE s
(Southwood, 1978). & Ao Al 7} ZAMA 7] 2 EZAGE kg of Aol o8 +
skl ek

_N \_ . _m

log( no)—k log(1+ k)
o] W, N & REF, nt E-sol7F HASA &2 FFola, me HAEEE Y
EFH T (Southwood, 1978). ©] WH2 WA 9 ks T3t 71 A% WHo=z o

2 kks Wikl 7 Wo] ZolA= ke Tek= Aol
FEol oy Aoy & EfdlA FHaAHs v A4S uE kgte A dn
=]

|53} shbe] AW k(k)E MAFE AL BARAT FAEE RN Ao
Ml Fadtth FRR VI kghe AARPL olgskel kel kot EA3
EAE A oE Zzke] Arel el F AL BAY, x[-m- (YNl o)

§ y'[=s>mlel FAANA FAAG ke 34 71279 A5 HY, A
& logio(m)ol tgk 1/ke] 3|AEAS Tl 42 374 A4 Foldel ofs) 3
7FTh o5 WAteld]l Aol At kol AFAdS sl Eu(Bliss
and Owen, 1958; Bliss, 1958; Southwood, 1978).

B9 o] FHES LhehlE WY o

Px: X:O, 1, 2,

Byl e el |
x! (k—1)! k+m k+m
o] wf, Pi= xvtE]le] #& o7k EA8tE 919 v]& o] th(Williamson and Bretherton,
1963). #5H Frd e} FAS kibS o] &3 F ()9 olF g5 vs 2 9
3 Akl

_15_



_ktx [_m 17, -0 1 2
Poni="p 4] k+m] Py x =01 2.

Z#EH7F gl (x=0) 9] &S

o=t

oltt. o] wj, Px= xvtg] e #&ol A= o] HlEo|th o] A& o] &5t
P& At o] = Microsoft Excels o] &3l A&SES ALt A
T oH#SoNE 20m e wizkAl ARtskdvh Fhol Al A B (0=0.05)3 HHEHE T
A9k F4e kgkel <1gk NBD 7|tix] 9 A3d-S A4t

-

ol
¢
e

. F-(-)9 o|FEEZAME
()¢ o] FEE XA (Negative Binomial Sampling Plan, NBS)o| A k#kg +
gsted wol o] gHE WHerE VERd:
_ m*
e
7 TPLY A+E o] &3t+= Wilson & Room(1983)¢] WiHo] 9tk

_ m
k= (am® '—m)

o714 a9} bE= TPL A4olil me Hitolt}, ol Ealo] ZAz o7 TPLS ut
2 ()9 o|gdE X (NBD)7} @t (Kemp, 1987).
NBDY| 7| 2R th52eo] 93] Aoz}

PO)= (1+-2) -
1714 P0)= 2AsA e 99 HE me Hitolx, ki AYAFoltt ke
TPLY bA 7 HFEE YeRIH(Bliss and Fisher, 1953). o] & Eab-# 1 37
A e PO)-Ho #ANeZRE A8 % dU(Bliss and Fisher, 1953; Wilson
and Room, 1983).
o] o] ko TPL 215 o] &3slo] Hrd=el P0)e] #AAS et oh
— min( b-1)

P(0) =exp amt —1

e POES TAAE P(DA-P0)E Y A5 o] &3t}

oA dpe A% 94 viEud Be 498 olgdd o ¥

<

rlo
g
k1



PT:

~

ke 919 AdA AXNEI, me B, T ZETEYQ oA A" Ao}
(Bliss and Fisher, 1953). w&}A Twig)rntt @& Soj7 &A= 99 HE(Py)

HIAE(m)et AF Z&ol7F T vl wop Zo] w3k A8(Pp37he] B4, 95%
A F7E 0Ce ASN=AS F3aleE WHLS Kono and Sugino® ZAdndy e
WS ol &3kt

olgFEZA I ZE=AX3A 3 FEAHL RVSP(Resampling Validation for
Sampling Program)9] FSS(Fixed Sample Size)® ¥ SPRT(Wald’s Sequential
Probability Ratio Test)¥H S ©]83lo] #7549 tH(Naranjo and Hutchison, 1997).
7t 5y zzo| ths] 500 simulationS AAlstGod, HAUEE A HAAH
o® ol§Hal S AT F&ol B 2ntgd wjo] TAPES o &Y FSS
Holl M= HEF7F 1009 W oS Hatol dis] T=101A49 A=H 3 st
al, SPRTHeA 4 A a9l 4 A= 0Ce ghol Zhz 07 19] & AP &=
stglom, ash O FE BT 0100272 3T

FEEAEE "Hrbety] f1ste] AR Jidol] AbEshAl Std SyE Agdd o

3] Microsoft Excel®] spreadsheetel] dHjo]E]H|o]|AE wrEdT) 18l vHnric)d

=

HEE BAND T oolF gFstel trinie] FAgS WHAFE AR
ow, % uE FARLEATS o FEEEAES Gt wmete] 2AFA U

P58 AASA ol 2 WHoE 2 AU vl 5008 wEstel oA
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g3lo] EAstdlon, o1 A3 Fig. 19 2o 43 A
Fo g oo AskE v Eo] 623%% SWET ohde] o #gton ymA =
B ol S o B o yEeRutel W A AF 921%; %k 83.8%;
& 60.8%). ol A*F Aol v wpgE Qe wadk i} vhe 95 A5 E]
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Fig. 1. Distribution patterns of various stages of citrus red mite, P. citri, on leaf

surfaces.
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Fig. 2. Seasonal changes for distribution of female adult mites percentage on

leaf surfaces.

3.0
y = 1.2083x + 0.0488
o5 2 =097 e

In(no. female/leaf+1)

0.0 0.5 1.0 1.5 2.0 2.5
In(no. female/upper side+1)

Fig. 3. Regression analysis of the female adults number of citrus red mite per
upper-side leaf and both sides of leaf.
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WEd el AAZI(E Astel B, ot A AL 9

30vhe]ld w9 el HdxE zhz 0963 1.70, 2387k 9t}

A HHgA Fgo AT HEHAE 2 0.02~7337g], FAHEL 001~
16.157F AtH(Table 1). #A e Asrrl & 8~1087b4] A X)# A (Y)ol A
#gol A% UEE In(Y+D=1.029In(X+1)2] #AA23 #A7F AATH=0.80). 2E
ZAA A A 03} Aok glglon, 3 e V&) 2AA 76 wet A
o7} ATk Aol ohF #ale] Goldw wgo] 84} 9ol 033 0.7% FAR
ok dellAe] Wmrh Eokot 10€elE L1272 drvk FdoA e E&eof dwrt
g e Ao dedth F a0 AFEs BobdFE Selzh dnn v
U @ol REai= A& gudtth oo UL o] A&l wel Uil %
AEAE - FRo] Fr HAw olgyH AN LErt dolH: AH < Bl

=]

9 AoE AAHAT ol gAML FF FAAL AT Basteh o

= Z7k9F TEle AAe]l we w7
i, 1976).

Table 1. Relationships of In(mean number+l) of citrus red mite female adults

between per leaf and per fruit for different seasons

Season n" Intercept+SE SlopexSE r
Aug. 5 0.014+0.023" 0.312+0.044 0.94
Sept. 25 0.052+0.053" 0.722+0.099 0.70
Oct. 33 0.013+0.063" 1.124+0.075 0.88
Combined 63 -0.00520.046" 1.029+0.065 0.80

ANCOVA  F(2, 59) 5.67(P=0.0056) 17.07(P<0.0001)

? The number of sample used to calculate the regression statistics.

b Coefficient not significantly different from O.
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wol REAAW, L7} Folgol met Axshe P olFstel 9 wwel
wol REFTGL AzHT Reslolt AABAS A W Yuv a5 2
Qol o gol BExaAT, ALsldt AWe wi Qo] © Bo] Bxs: Aom

Aoz 4 glom, ¥ 3

_o_Ur, AL(10T) ==

£
=
rlo
=2
>
rlr
to
ol
il
2
fol
oX,
o
g

oy ATh(EME, 1963). #& A A3

%—O
< #H(1997)0] #&o o] a27ld= o

Al 6~8del Aol ¥ wol] EEst= A A
Srell, A7lol= o sidel ¥ @k 3 A3 dde] e AR dAddn
T, oleld 4 AFe BES M ES o8 el o3 R 2 U4t &

250 FE AR, E&of A% dHH A dxEe 747 99 0.01~3.01
7 0.01~0420F21 Atk okE9] WmE 0.08~2276mtE] g om, & WrE (
50.3670 13, oF - AEFAE 0.01~47.93v+2] Stk A A Fol W3 TPLY AAA
F(AE 093~0930191 o, IPRS 0.16~0900.% TPLS rgko] =okth =g
TPLO 4429l In a8t b#tel Weole E(n a 0.70~1.02; b: 1.13~122)¢] IPRe] o
oF f(m 0.18~1.21; B 1.30~1.98)xtt Fodrh webA 47l Ase vruy &

A4 TPLe] IPREY ¢ 2 dWstdon, FX54S HoF= TPLY b¢ IPR
o Bgkel EF 1R AP<0.05) HTEEE 3te Aoz Yyt d=3k 9 %



AEA 2] 71%71(bsh B9t AW @ wel BF FEAEA(ANCOVAIS A
A@ A% IPRe] AW A Farol wol ZARIE 2w Aol7} gl

RA71P>0.07) wiiEel BE s 2@t & & AATh
FA AZo 3A2 e Fg-e TPL 088~09724 IPR 0.00~081%Th &gkom,

TPL In a9 b3 BH(n a 028~099; b 1.04~1.20)7} PR a$} [
-0.12~1.10; B 063~7.25)R 1t} Fvh BEZEALES vehl= TPLY IPRO 7]£&7]
(b} B)gkol IPRY 3 HEAS A9t 2% 18T 7A(P<0.05) FFEIEE &
AATE ZAMAE P A7k ANCOVAE AA A7 P>01= ZHo7F gld7] o
ol TPLS EE ARE =Fste] A&t Zo] 7Hsshd

ko g 3729 7k WHE TPL 0.83~096°% IPR 0.18~0.95% T} =
tow, TPLe H#|¥} 7]&7|9 Wo] %(ln a : 152~1.94; b : 1.15~141)°] IPR
(o : 1.60~845 B : 1.09~296)Ktt A%17] wjite] TPLe| IPRXEt} ¢ = Aws}
Atk BEEAQA F mdo 7]&7|(bet B)7F BT 1Rt A7 Wi JFEEE
e 2oz Yeihth 2ARIE B 233k 7179k A ke disl ANCOVAE

A3 IPRO| ZAMAEE A9 yrA = P>01% Aol7F IATH

k. g% Al g TPLI} IPRO| th3h £41S AAg Asxp 5749 5k
97 TPL 091~0.99=2 IPR 0.16~0978t} o E=9kth 374 g9 Wol &
TPL(In a : 145~1.82; b : 1.20~146)°] IPR(a : 1.60~10.05; B : 1.00~2.54) &t}
kvt webA TPLo) IPRET oF - 45 X & o & dusision, £¥574
S Yee 71€71069 B BT 1R AP<0.05) HFTEEE e o=
vEbs o g 2AE 9 X 392 717169 B9k AH(n ot ool o
sl ANCOVAE 2Ag Ay 2% P>0107] wiel] BE A5E 2Fshe Ao
7}Vs kA

ol gk A4 el WelE TPL 0.67~097= IPR 0.19~0985.th %9k
u, 394 o] 717k due] Mol TPL( @ 127~153; In a @ 1.58~2.08)¢]
IPR(F @ 1.00~2.04; o : 382~3533)Ht}t Fo] Fo} TPLe] IPREU &9 #XE
o #Z AWste ez JEyt 4o #x 54S deuE 71271068 Be
PR 3d EHE ALY A= BF 125 A(P<0.05) HFEEE YERL
o AN E L E A7 7] €719k Ao ik ANCOVAES AAE Az dxzk

a

ot

—

10
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Table 32 ¢

‘:H
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e
Ho
2
vy
e
Sh
[-'>~
D)
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it
<
o
=
M
o
o
ke
519
(g
_ﬂ
o

LR el A sle] 1A 7F U bR L Qb A o] gAY 4k 4= Table

49k 2ok 3949 Fgkel W9l TPL 0.91~0.98% IPR 0.10~0.758.0F = gtch &
A AFe] PR BE dud} %9 7]&7]= P>0.05= AFol7h fideh. 2k s

7}
Aol tig TPLe 7719k dd2 rdl o] 9x]e dial] sdg o= et
AHe] AAGe] ARE ]8T F AU AEEH A N2V dHLS A
okF& TPL2
o5H 71275 A yHAE UF g kEzte] o)zt gtk 1
oF - 4% <& TPL¥Y IPRY 7]&7]9F A BF o7k fldth #3olo 25
of #Agle]l BHe] & A vs JF=ot 3
Lo wpg ) okEel] 9129 Qo] FEfd 3
3 A 49 gke] TPL(0.88~0.98)0] IPR(0.22~093)H T} Egka, Ui upgZa of
o] 7]&7)9F Ao )i Wole] Zo] TPLe] ¢ Fo} TPLe] ¥AHHE ¢ =
Argstgnt. 2 AFel g PR AAGS “0"F o7t gl AR e
TR BEXEES el 712719 o] BF 1RY A(P<0.05) HISEXEE o=
Aoz uEpth Qe Ao wE 3] v]&7]ek due] s ANCOVA
AAE A3 25 P>010l97] Wi RE ARE Fgtste] At
#5&o) A AFol tal AR tE 2AAE 2 Axd Az EAbA
4% Table 63 2t} EAo] o] &3 27 i R1AIeH, 97 FadEs
0.01~12.997 2] g}, 317141 ¢] gkl M 9lE TPL 091~099% IPR 0.44~0.99%.t}
g Eokar, 3] 71&7]e o] Wel= TPL 1.20~1.46% 069~1.332 % IPR
1.28~2313 024~1.82KH 1t} Wolo] Fo] Ho] TPLo] #AHEHE ¢ & YEU
o BE 7]1&7]9 Fe] 1Et AP<0.05) JFEEE sk o2 YEyth &4}
dx = A 3AAe 7|79 dHo) tha] ANCOVAS AAe Az TPLS
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E5 P>0.05%7] Wl RE ARE 2@t AR Aoy, IPRS Ax3t
S P>0.05% AW ZAFEGZ 2L P<O.05E 3 Al &9 Aol F

dotA] @2 Aoz yerwnh w3 ¢l del] tigh I TE&7]e due

TPL2 1.2241°}F 0.8759, IPR< 1.762

& TPLe] o & Addstrt. o slix Hs2gh AiFolglon, o ehwat 5w Ao

°] ANCOVA &4 ZA oA 7%

FSol A AEe UF3F EAXSFE Table 73 2th 371249 F3e] WYE
TPL 0.80~0.98% IPR 0.87~0.99E.t} wtetot 7 7]&7]¢F Adye] wol= TPLoJ
Z+7y 1.34~1.863 -0.0198~0.74, IPRS Z+7Z+ 1.15~1.673 -1.29~281= TPLE]
o] FA yebgth mgh ARG 9D AR 7]E7]eF e bis)l ANCOVAE
Alg A3 TPLE B5F P>010]1 2w, PR 7]&7] % P<0.0001% IPR<
E ARE 2380 A& F gle Aoz yehg TPLE ol &3tE Ao g
Aoz YEryth Bk olo] ke gk 3914 V& 7]¢ dHe TPLS 1.4698
7} 06076, IPR 1.4008% 095260191 0.1, 2k &} 0929tk o sle] &
374 9] 71&719k d¥e] TPL2 7k 1.4343% 0.6373, IPRS 1.33577 1.062991 2
o, A8 Zh7E 0919 0942 IPRe] oFt :e Aow yehgoh o dwy sid
Atol o] ANCOVA A Ao A 7]&7]¢ A3

oo YA EE TPL A2 717 d<
o o2 FJITE7F gE=A HEut olef o] weuAEE gl vE A
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Table 8. Relationship of tree percentage infested with more than constant mean

densities per leaf (y) with mean mite densities per leaf (x) on citrus groves.

Mean no. mites per leaf n* Equation r
0o T Y=g 056e— 1.2260 0
1.0 123 Y= 7% 0.96
2.0 70 y:?f@ 0.92
3.0 68 y=10.38421n(x) 0.89
4.0 51 y=0.41751n(x) —0.1299 0.86

% Number of x and y pairs used to calculated the regression statistics.
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Table 9. Summary of simulations of sequential cluster sampling plan for citrus
red mite adult by point estimation (PE) and interval estimation (IE) for

Hoicheon area data sets.

9% Simulations resulting in a  Mean Median
Date oo Sampling decision number of number of
(Year) method 'Spray’ "Don't spray’ trees trees
sampled sampled
25 Jul. 350 PE 100 0 8.03 8(1~17)
(2000) 1IE 90 10 1.56 1(1~7)
29 Aug. 2.07 PE 94 6 22.00 22(22)
IE 55 45 4.19 3(1~16)
21 Sept. 2.26 PE 100 0 22.00 22(22)
IE 60 40 2.49 2(1~9)
23 Apr. 142 PE 0 100 21.87  22(15~22)
(2001) IE 15 85 1.84 1(1~7)
12 Jun. 0.17 PE 0 100 7.00 7(6~8)
IE 0 100 1.19 1(1~2)
8 Jul. 0.60 PE 0 100 11.52 12(8~15)
IE 0 100 1.45 1(1~2)
18 Jul. 091 PE 0 100 1860  19(12~22)
IE 0 100 1.87 2(1~4)
17 Aug  2.00 PE 53 47 22.00 22(22)
IE 52 48 3.77 3(1~11)
12 Sept. 4.05 PE 100 0 6.04 6(1~13)
1IE 100 0 1.62 1(1~7)
Webd B AToN AFFAELEANS AFAPEe] ohde PHEAWE S
olgalz By Ax TRIAE XARE ol gak Ao o AEHoH, YTy
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Table 10. Sequential cluster sampling plan for female adults of citrus red mite
for decision making at action thresholds (m7) of 1.0, 2.0 and 3.0 mites, with 0.25

precision level

Total number of female adults for decision making

No. m7r=1.0 2.0 3.0

trees Lower limit Upper limit Lower limit Upper limit Lower limit Upper limit
1 1 19 5 35 10 50
2 11 29 25 55 40 80
3 21 39 45 75 70 110
4 31 49 65 95 100 140
5 41 59 85 115 130 170
6 51 69 105 135 160 200
7 61 79 125 155 190 230
8 71 89 145 175 220 260
9 81 99 165 195 250 290
10 91 109 185 215 280 320
11 101 119 205 235 310 350
12 111 129 225 255 340 380
13 121 139 245 275 370 410
14 131 149 265 295 400 440
15 141 159 285 315 430 470
16 151 169 305 335 460 500
17 161 179 325 355 490 530
18 171 189 345 375 540

19 181 199 365 395

20 191 209 385 415

21 201 219 405 435

22 211 229 440

23 221 239

24 231 249

25 241 259

26 251 269

27 261 279

28 271 289

29 281 299

30 291 309

31 301 319

32 320
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oz 7FA 4= de7F 2 th(Wilson and Room, 1983; Kuno, 1986) i
B oAEe FHEEA B FH, F AT KE olEF F()9 o|FE oy

(Wilson and Room, 1983), & ©}& 3sluy= AIEXE o3k o] A Binns and
Bostanian, 1990). o] 4@ XA 7} AR disl] 29 EAst= @l
Fol wE H&d Frdeote AAE I|ARASIE oR o Ao Hitol
gk F8 A var(m) S AL = A= Aol d=dl(Nyrop et. al, 1989), ©] &

Ahel AEE A FAA olFdE R AL Agk W7HNyrop et al, 1989;

Lo

Binns and Bostanian, 1988)¢} F ¥ =7
T A gJAAA diE 2854 g 2 3} tH(Binns and Bostanian,
1990). ¥ Aol A o] &3 A5 = 300 AL #F&o Hee 9 0.01~12.9972] A
o, Prgkel “07Q1 A& Ae et EA e Ak

A7 (Lysyk and Sanders, 1987), ¥ 3%

lo
o
N
X
=2

Table 11. Parameters of an empirical binomial model In(m)=a+BIn[-In(1-P7)] of

mean mite densities per leaf and the proportion of leaves infested with at least

T mites
T a B N r P Si? MSE
1 06534  1.1734 289 0.96 ~1.3426  0.058385  0.06790
2 1.1383  0.8372 271 0.96 -2.2432  0.03149  0.06002
3 -0.0471  0.1657 248 0.25 -3.1044  0.08026  0.91283

In(m)¥} In(-In(1-Pp)) e} 872 elM 3 dahs 7|22 3 G ex G
wobe] 94221 Table 113 2tk 29 ghe T=13 2014 096012101, Tatol =1
b 2w F743 delds A4S wth I749 gL vehlE MSES)

w2 T=200M 7H8 A7) ol T=27F ol dF 2 Aol 7HE &5t Aoz wad
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Fig. 11. Sampling precision (d) expressed as a function of proportion of infested

leaves with the sample size of 100, 150 and 200.
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curves for binomial sequential probability ratio test with upper bound = 0.615,
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10, 30, 50 and 70.
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Table 12. The stop limits calculated using 95% confidence intervals for
decision—-making of citrus red mite based on action thresholds of 1.0, 2.0 and 3.0

mites per leaf

Action thresholds(my)?

No. trees
mT:l.O mT:Z.O mT:S.O
sampled LL® UL LL UL LL UL
1 _ _ _ _ _ _
9 - - 4 14 8 17
3 2 12 8 19 13 24
4 3 15 11 24 18 31
5 5 18 15 30 23 38
6 7 20 92 35 29 44
7 3 23 % 40 35 51
8 10 % 30 45 40 58
9 12 29 34 50 46 65
10 14 31 38 55 51 71
1 16 34 42 60 57 78
12 18 37 46 64 63 85
13 20 39 50 69 69 91
14 91 42 54 74 74 97
15 93 44 58 79 80 104
16 % 47 62 84 86 111
17 277 50 66 89 92 117
18 29 52 71 93 97 124
19 31 55 75 97 103 130
20 33 57 79 103 109 137

Stop sampling

@ Total number of leaf infested with at least 1 mite.

> ¢ T ower limit and Upper limit, respectively.

S WA GF(action threshold) & A3 1.07 2.0, 3.072]2 A& w 95% 412 F+3F
< o]&sto] ALE FE ALY gALAA ] tfgh o] & E XA 2 EE Table 12
of Aot o #&of HEdrt 20md W 2vke] o] e Sofrt EAcke= <1
H &8 04451 0w, o] kg o]&3dto] AHUL)¥ st3h(IL) #ts vk SAH2A
< T3 1085 2AetE A4S 15R A H e e oAb A A o] Thsstl oy, gE

E7F AP R REATMEEE WEY] 9siM = np>50]al n(1-p)>59]

&3
&
1o,
i
H

ofof shil, 158 2N W o] 2AL FHAIA 2al Asstach =A@

BREEAA 20 o gel Bgelsk EAstE 9 FAHF UL ol golW £AE T
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Table 13. Classification of citrus red mite population levels by binomial
sequential probability ratio test based on action thresholds of 1.0, 2.0 and 3.0

mites per leaf

Action thresholds(my)?

No. trees
mT:1.0 mT:2.O mT:3.0
sampled LLP UL LL UL LL UL
1 — — — — — —_
9 - - 6 10 10 14
3 3 5 11 14 16 20
4 5 7 15 18 2 %
5 6 8 19 2 28 32
6 8 10 23 % 34 38
7 9 11 27 31 40 44
8 11 13 31 35 46 50
9 12 14 35 39 51 56
10 14 16 39 43 57 62
11 15 17 43 47 63 68
12 17 19 A8 51 69 74
13 18 20 52 55 75 80
14 20 2 56 59 81 86
15 21 23 60 63 87 92
16 2 %5 64 68 93 98
17 24 % 68 72 99 104
18 % 2 72 76 105 110
19 27 29 76 80 111 116
20 2 30 80 84 117 122

Stop sampling
& D¢ Qe Table 12.

7 A (Sequential Probability Ratio Test, SPRT)& o]-&3H ¢
AVEARS 91 Aty kst e TE&V)9F HAFBE DS 5 Jon, o]E o] &35t
S WE 5 UtHTable 13). ZAFEAE wda] 98 2a
FF 1.094E 35, 203 3094 = 275 FAbstd 7sdle
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Aol 0.60~4.057F] Atk ARl Qg UirgE 95% CIE 2.33~4.365, SPRT
= 200~246F%2 SPRTY HFRAIUES7E Agon, 1 wgle] Zn Fgkr)
95% CIol A% Adg FAyd=7F 207 (20004 8 2993 2.26vF2] (20001 99 21
el Al 205744 Abstt et AMEAA S & e vl Eo] 77 199 45%0°] 9l
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Table 14. Summary of 100 simulations of empirical binomial sampling models by
959 confidence intervals (CI) and Wald's sequential probability ratio test
(SPRT) for data sets of Hoicheon, area

Date Mean % % incorrect Mean no. trees
(Year) density o decision—making classifying sampled
25 Jul. 3.50 95% CI 100 5 4.04(12)*
(2000) SPRT 100 9 2.25(5)
29 Aug. 2.07 95% CI 19 - 447(11)

SPRT 100 58 2.49(5)
21 Sept. 2.26 95% CI 45 - 4.36(12)
SPRT 100 51 2.46(6)
23 Apr. 1.42 95% CI 100 0 3.88(13)
(2001) SPRT 100 12 2.22(4)
8 Jul. 0.60 95% CI 100 0 2.38(6)
SPRT 100 0 2.04(3)
18 Jul 0.91 95% CI 100 0 3.69(12)
SPRT 100 7 2.34(6)
12 Sept. 4.05 95% CI 100 0 2.33(6)
SPRT 100 0 2.00(2)

# Maximum number of trees sampled
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Fig. 13. Negative binomial k-values associated with observed mean densities of
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Fig. 14. Regression analysis used to calculate a single, common k (k. for a

negative binomial distribution. The open circles represent data points excluded

from the regression.
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Bd=rF oF 157k Rt Weks W A kgke] Wold I wAZE AATh
A7 1.6~11.8nke] ol A= o] Aadol EAeHA esk7] witel o
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Fig. 15. Relationship between 1/k and logip mean number of citrus red mites per

leaf.

kegkol o7 B ® 167k oldtell = /N ks tiAE 5 glA7] wEe
Frd=(mol wE ks FAst7] 98t IAEAS Ak k=0.7885+
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Fig. 16. Probability of observed counts of citrus red mites per leaf compared to
counts projected from negative binomial = (NB) . distributions derived from
individual, common and regressed k-values (largest observed counts shown,
probabilities below or above 050 not shown). An asterisk(") indicates the
observed histogram followed the projected histogram based on a chi-square test
(0=0.05).

1)

ftlo
ofl,

#HEe] FHL

B
B>
)
—

A% A7E7F NBDE w23 kzko]l A 98 o
ukg] o] EAstE T2 HEolA =4 4 A (Southood, 1978). A
3 A S e] BAE Fig. 173 2uh #8o7F 24 x e

%=
ool Hgw AT FFAEE AAAd AAE zZkn YAen, rPghol 09352=

oft
”

3

=

A >
thresholdE S 7FA Aok dtth= AES YERYF& Aol

_62_



o L In(m) =1.1693In(-In(po)) + 0.7198 *»
r# =0.9352""

* 90 @

In(-In(po))

Fig. 17. Relationship between the mean density (m) of citrus red mites per leaf

and the proportion of sample units with no mite (po).

. F(-)Y olFEEEAHY

NBSE 7/f¥stes WH o R A4 k5 ot Wil wet 712293 Wilson and
Room&] Edo] F& o]&¥Ht} tally thresholdo] W& In(m)3} In(-In(1-P7)¢] 3
T2 el A - 2] Table 159 2t}

Table 15. Parameters of the negative binomial model In(m)=a+fn[-In(1-P7)]
relating mean mites per leaf to the proportion of leaves infested with at least T

mites

T o i N 7 P, S’ MSE
Basic model

1 06123 11703 287 097 -1.3155 0.04167 0.04926

2 1.0479 07709 277 094 -2.3908 0.03537 0.07136

3 1.1639 05717 284 087 -3.3707 0.05107 0.19770
Wilson & Room’s model

1 07035 12134 190 099 -1.0939 0.00013 0.00019

2 17394 12349 181 086 -2.0246 0.23790 0.23929

3 1.8899 1.0607 174 0.73 -25469 0.40895 0.48480

NNEwAo) A o] ke T=10] 0972 7} Eokom Tio] A4df=E AAASF
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Fig. 18. Operating characteristic (OC) and average sample number (ASN) curves
based on Wilson and Room’s negative binomial sampling plan for different

minimum sample size of 10, 30, 50, and 70.
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Table 16. The stop limits calculated using 95% confidence intervals for
decision-making citrus red mite population levels based on action thresholds of
1.0, 2.0 and 3.0 mites per leaf

Action thresholds(mr)?

No. trees
mT:1.0 mT:2.O mT:3.O
sampled 5 .

LL UL LL UL LL UL

1 — — — - - —
2 4 13 8 17 11 19
3 7 19 13 25 17 28
4 11 24 19 32 24 36
5 14 29 24 39 31 44
6 18 34 30 46 38 52
7 21 39 36 52 45 60
8 25 43 41 59 52 68
9 29 48 47 66 59 76
10 33 53 53 73 66 84
11 37 58 59 80 73 92
12 40 63 65 86 80 100
13 44 67 70 93 87 108
14 48 72 76 100 94 115
15 by AL 82 106 102 123
16 56 81 38 113 109 131
17 60 86 94 120 116 139
18 64 91 100 126 123 147
19 68 95 106 133 130 155
20 72 100 112 140 137 162

Stop sampling
& D¢ Gee Table 12.

of

Wald®l SPRTE o 83lW o2 4e 98 A4a3 saidel 71479 AAge
A 4 gtk o] AUAL ol&dle 95% AHFFoNel AW AL A
=

AXE WHE F UtH(Table 17). 2AMSAE Aws7] 913

o] &% fArAFAH S FAFTE Ades ARy sheke] Fo] FrhEklon,
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Table 17. A Wald’'s sequential probability ratio test for classification of citrus

red mite population levels at action thresholds of 1.0, 2.0 and 3.0 mites per leaf

Action thresholds(my)?

No. trees
mT:l.O mT:Z.O mT:S.O
sampled - .

LL UL LL UL LL UL

1 — — — — — _

2 7 10 10 14 13 -

3 11 14 16 20 20 -
4 15 18 22 26 28 32
5 19 22 28 32 35 40
6 23 27 34 38 43 47
7 27 31 40 44 50 55
8 31 35 46 50 58 62
9 36 39 52 56 65 70
10 40 43 58 62 73 7
11 44 47 64 68 30 85
12 48 52 70 74 88 92
13 52 56 76 80 95 100
14 56 60 81 86 103 107
15 61 64 87 92 110 115
16 65 68 93 98 118 122
17 69 72 99 104 125 130
18 73 76 105 110 133 138
19 77 81 111 116 140 145
20 81 85 117 121 148 153

Stop sampling
4 D¢ Qe Table 12.

S

95% AlE §A(95% CDoF SA855 8 (SPRT)S o] &3 o|dE LAY S 33
Aol Atz didl] 1003] simulations 3§+ A¥+= Table 18¥ #rt}. o] &3 7=
A FdEEHE 060~4.057F] Atk AR gk UF5E 9
802%, SPRTE 200~2535%2 SPRTVZF ¥a Uisr #Agon, Ure ue W
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3to] 2% FUrh 95% CIo 4 99 Fd=7F 2.07(2000d 89 299)3} 2.267F
21(20009 9€ 21)oll A 207744 ZAMSHH et AL AA S & 5 AU H[Eo] B
51%0°]lou, SPRT+ EE Ex WHeolA 100% A AHS & F = 3o
Vel ek A 2l A 2.077H2] (2000 89 299)Y wj 95% CI¢F SPRT
Gt 2AF YRR 242 4109 24652 7bY B2 UREFrE Zaedlon oy

ZE gAAA S el e B&& SPRTZF 95% ClEth =2 A ao|dth

o W
b

<
¢

v
i

Table 18. Summary of 100 simulations of negative binomial sampling model by
959 confidence intervals (95% CI) and a Wald’s sequential probability ratio test
(SPRT) for Hoicheon area data sets

Date Mean Method % % incorrect Mean no. trees
(Year) density decision—making classifying sampled
25 Jul. 350 959 CI 100 11 4.46(20)
(2000 SPRT 100 24 2.24(4)
17 Aug. 2.07 95% CI 51 - 4.10(15)

SPRT 100 12 2.46(5)
21 Sept. 2.26 95% CI 51 - 3.90(11)
SPRT 100 35 2.47(9)
23 Apr. 142 95% (I 100 0 3.11(10)
(2001) SPRT 100 7 2.29(8)
8 Jul. 0.60 95% CI 100 0 2.72(10)
SPRT 100 0 2.16(5)
18 Jul 0.91 95% CI 100 2 6.47(21)
SPRT 100 38 2.53(7)
12 Sept. 4.05 95% CI 100 0 2.10(4)
SPRT 100 0 2.00(2)

? Maximum number of trees sampled.
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MEE zAAIE ] o] &FAS Aotr] skl AAEZANA L] AR o8
grlele AL wl$ =938t (Naranjo and Hutchison, 1997). ¥ dF o= o=
98l resampling 7]4 ¢l Naranjo?} Hutchison (1997)¢] 7§'¢3F RVSP simulationS
o]-g&3ate] HrietArh. 1Ela JREE FAREZAPE Y Aol R ALY, F-(-)
o olFREXAMS HIFeY] fste] ol &3 AR UFES dom A€o
Microsoft Excelell Ho]EHo] =5 WHEo] oJAlAAGo] HQ g Z2F(UyF)E =
AbSEATE ARE3E A S = 2000 H-E 20023 74A 9] A ES TPL FHo| o] &34
FAE 3 (9), i), oADMY ZAREE AFEER o, dF FHEEEE

0.17~4.33v}2] At

7t Geen®| SXEEZAY
RVSP] Green®| FafxiEz=ApbHo] o3|
gt A3 Table 199 Zom, o] wo] HAREAY|= 1002 oty A4 Z2x
AP 9} simulationg S doiX Hyr WESE FASE AES How, Hiw
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-
AN
-
A
o

22

ol A 20004 9¢€ 21%, 20014 4€9 2393} 6¥€12Y, YAx19¢] 2001

W69 1293 4] 20019 59 69 FARAE ] diE] 1t B 5 0.2000 A

T ged ®Eav|7h 2ARE g2a3718n o 317] diel] simulation A3tE @
< F AT "M AgE FEE 0.25% s A4 AT BE dEA At
TPL &5 °18% F e Aoz yey

_69_



Table 19. RVSP statistics of 500 sequential simulation runs for leaf sampling

estimates of citrus red mite on independent data sets

Groves Date Data set Simulation
(Year) [Estimated n  Desired Mean Mean Mean
density precision density precision sample size
Hoichen 25 Jul. 3.50 240 0.20 3.61 0.19 31
(2000) 0.25 3.64 0.24 20
0.30 3.66 0.28 14
29 Aug. 2.07 240 0.20 2.08 0.19 45
0.25 2.15 0.24 29
0.30 2.19 0.28 20
21 Sept. 2.26 240 0.20 2.37 0.23 42
0.25 2.45 0.29 27
0.30 2.42 0.33 20
23 Apr. 1.42 240 0.20 1.47 0.26 58
(2001) 0.25 1.57 0.32 37
0.30 1.60 0.37 27
12 Jun. 0.17 240 0.20 - - -
0.25 0.19 0.40 154
0.30 0.21 0.47 108
8 Jul. 0.60 240 0.20 0.61 0.15 103
0.25 0.62 0.18 66
0.30 0.62 0.22 46
18 Jul. 0.91 240 0.20 0.91 0.15 78
0.25 0.94 0.18 49
0.30 0.94 0.22 35
17 Aug. 2.00 240 0.20 2.03 0.17 45
0.25 2.03 0.21 30
0.30 2.10 0.24 21
12 Sept. 4.05 240 0.20 4.12 0.16 28
0.25 4.23 0.20 18
0.30 4.17 0.23 13
Wolsan 22 Apr. 1.29 150 0.20 1.32 0.18 61
(2001) 0.25 1.35 0.23 39
0.30 1.35 0.27 28
6 May 4.33 150 0.20 4.53 0.22 27
0.25 454 0.27 18
0.30 4.64 0.32 13
11 Jul 0.29 150 0.20 - - -
0.25 0.30 0.21 107
0.30 0.31 0.25 75
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Table 19. Continued

Groves Date Data set Simulation
(Year) Estimated n  Desired Mean Mean Mean
density precision density precision sample size
Wolsan 19 Aug. 3.09 150 0.20 3.15 0.20 34
0.25 3.32 0.24 22
0.30 3.25 0.28 16
Euigwi 28 Apr. 0.53 150 0.20 0.55 0.15 110
(2002) 0.25 0.55 0.19 72
0.30 0.55 0.23 50
6 May 2.03 150 0.20 2.07 0.17 45
0.25 2.09 0.21 29
0.30 2.10 0.26 21
11 Jul 3.57 150 0.20 3.63 0.15 31
0.25 3.70 0.18 20
0.30 3.76 0.22 14
19 Aug. 1.83 150 0.20 1.81 0.16 49
0.25 1.84 0.19 32
0.30 1.88 0.23 22

? Results are not at D=0.20 because expected sequential sample size was higher

than sample number from data set.
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Table 20. RVSP statistics of 500 sequential simulation runs for tree sampling

estimates of citrus red mite on independent data sets

Groves Date Data set Simulation
(Year) [Estimated n  Desired Mean Mean Mean
density precision density precision sample size

Hoichen 25 Jul 35.0 24 0.20 35.6 0.16 10
(2000) 0.25 35.7 0.17 10
0.30 36.0 0.16 10
29 Aug. 20.7 24 0.20 20.3 0.15 10
0.25 20.3 0.16 10
0.30 20.2 0.16 10
21 Sept. 22.6 24 0.20 225 0.22 10
0.25 22.5 0.22 10
0.30 22.5 0.22 10
23 Apr. 14.3 24 0.20 14.4 0.29 12
(2001) 0.25 13.7 0.32 10
0.30 13.6 0.32 10
12 Jun. 1.8 24 0.20 = - -
0.25 - - -
0.30 1.80 0.38 15
8 Jul. 6.0 24 0.20 6.13 0.15 18
0.25 6.13 0.18 12
0.30 6.02 0.19 10
18 Jul. 9.1 24 0.20 9.37 0.17 14
0.25 9.23 0.20 10
0.30 9.12 0.21 10
17 Aug. 20.0 24 0.20 20.5 0.18 10
0.25 20.6 0.18 10
0.30 20.5 0.18 10
12 Sept. 40.5 24 0.20 415 0.13 10
0.25 41.2 0.13 10
0.30 415 0.13 10
Wolsan 22 Apr. 43.3 15 0.20 44.9 0.28 10
(2001) 0.25 45.0 0.28 10
0.30 44.6 0.28 10
6 May 29 15 0.20 - - -
0.25 - - -
0.30 3.17 0.26 11
11 Jul. 30.9 15 0.20 30.4 0.23 10
0.25 30.5 0.23 10
0.30 304 0.23 10
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Table 20. Continued

Groves Date Data set Simulation
(Year) Estimated n  Desired Mean Mean Mean
density precision density precision sample size
Wolsan 19 Aug. 129 15 0.20 129 0.22 12
0.25 125 0.25 10
0.30 125 0.25 10
Euigwi 28 Apr. 5.3 15 0.20 - - -
(2002) 0.25 5.49 0.26 12
0.30 5.38 0.29 10
6 May 20.3 15 0.20 20.6 0.16 10
0.25 20.6 0.16 10
0.30 20.5 0.16 10
11 Jul 35.7 15 0.20 35.4 0.11 10
0.25 35.2 0.11 10
0.30 353 0.11 10
19 Aug. 18.3 15 0.20 18.0 0.17 10
0.25 179 0.17 10
0.30 179 0.17 10

? See Table 19.
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Table 21. Resampling validation of fixed-size binomial plan for independent

collected data sets based on negative binomial counts with the tally threshold of

1 mites per leaf

Complete count

Average statistics over 500 simulation®

Groves Date

(Year) PI” Density n Density PI ASN°® oc?

Hoichen 25 Jul. 0.75 35 240 3.50 0.75 13 0.020
(2000)

29 Aug. 063 207 240 2.06 0.63 17 0.488

21 Sept. 063 226 240 2.24 0.63 18 0.474

23 Apr. 040 142 240 1.40 0.39 12 1.000
(2001)

12 Jun. 0.07 0.17 240 0.18 0.07 10 1.000

8 Jul. 0.39 0.6 240 0.61 0.39 12 1.000

18 Jul. 0.51 0.91 240 0.91 0.50 15 0.984

17 Aug. 0.71 2 240 2.00 0.72 14 0.060

12 Sept. 093 4.05 240 4.02 0.93 10 0.000

Wolsan 22 Apr. 0.75 4.33 1150 4,34 0.75 13 0.012
(2001)

6 May 0.21 0.29 150 0.30 0.22 10 1.000

11 Jul. 080 3.09 150 3.08 0.79 12 0.000

19 Aug. 0.53 1.29 150 1.28 0.52 17 0.964

Euigwi 28 Apr. 032 053 150 0.54 0.32 11 1.000
(2002)

6 May 0.70 2.03 150 2.03 0.70 15 0.100

11 Jul. 0.87 357 150 3.58 0.87 10 0.000

19 Aug. 067 183 150 1.78 0.69 16 0.150

n, Number of sample sizes for each data set.

? Number of sample size for a fixed sample size binomial sampling plan was 50.

And the required parameters,

lower bound and upper bound,

Wald’'s sequential plan were 0.43, 0.75, 0.10 and 0.10, respectively.

" Proportion of infested leaf.

¢ Average sample number.

d Operating characteristic.
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sampling

citrus red mite adult

10 outer leaves per tree
at least 2 blocks (1 tree per 5 a block)

cumulate no. infested leaves (IV;)

if N; > upper limit

keep | sampling

if N; > upper limit
or —
if Ni< lower limit

if no. sampled
trees > 10

if N; < lower limit

estimate mean no. mites per leaf

l

control

determine next sampling timing | <

Fig. 20. Sampling scheme of citrus red mite adults in citrus groves
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Table 23. The stop limits for decision-making citrus red mite population levels

based on action thresholds of 1.0, 2.0 and 3.0 mites per leaf

Action thresholds(my)?

No. trees
sampled I’)’ZT:LO mT=2.O mT=3.O

LL UL* LL UL LL UL

1 — — — — — —

2 7 10 10 14 13 -

3 11 14 16 20 20 -
4 15 18 22 2 28 32
5 19 292 28 32 35 40
6 23 27 34 38 43 47
7 27 31 40 44 50 55
8 31 35 46 50 58 62
9 36 39 52 56 65 70
10 40 43 58 62 73 77

Stop sampling
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